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HNPEINCJ/TIOBUE

VY4ebHo-MeTonnueckoe nocodne «XuMus 3JIEMEHTOB I IPOBHU30POBY
ABJISIETCST O0OOIIEHUEM OIbITA COTPYAHUKOB Kadeapsl obmei xumuu YO
«bI'MYVY» no npemnoaaBanuio npeamMera noj HazBanueMm «O01as 1 Heopranuye-
CKasi XUMHUSD» CTyJICHTaM MepBOTO Kypca GapMareBTHIeCKOro (haKkyabTeTa.

XuMHsI 3JIEMEHTOB Ha (hapMalleBTUUECKOM (PaKyJIbTeTe U3ydaeTcs B Teue-
HUE BTOPOr0 cemecTpa mepBoro Kypca. Hacrosiee u3maHue coAep:KUT Bce
HE00XOAMMOE JIJIsl YCIEIMIHOTO OCBOEHHUS 3TOr0 Kypca: MOAPOOHBIA HILTIOCTPHU-
POBAHHBIM TEOPETUUYECKUM MaTepuall, 3aJaHus JJI1 CaMOCTOSITEIIbBHOM MOArO-
TOBKH, PYKOBOJICTBO JIJII TIPOBEICHHUS DKCIIEPUMEHTAILHBIX paboT. B ydueOHO-
METOJMYECKOM MMOCOOMM OTPaKEHbI HE TOJIBKO XUMUYECKHE U (U3HUECKHE
CBOMCTBA COCIMHEHHM, HO U UX OMOJIOTHYECKasi pojib, CBEACHUS 10 UX MpUMe-
HEHUIO B MEIMIIMHE U B (papMarieBTUICCKOM aHAIH3E.

NuunmatopoM co3gaHus, aBTOPOM U PEJAKTOPOM ITOTO HM3JAHUS BBHICTY-
nui 3aBenyromuid kadenpoi obmeir xumuu bBI'MY, noktop Ouogornuueckux
Hayk, podeccop bapkosckuii Esrennii Buktoposuu (18.05.1946-26.12.2015).
ABTOPCKMIA KOJUIGKTHB, B KOTOPBIN BOIIUIM BEAYyIIWE COTPYIHUKHU Kadeapbl
obmeit xumun BI'MY, mocrapasncs cienath Kaxaylo riaBy JaHHOTO y4eOHO-

METOINYSCKOTO TTOCOOUS MCUEPITHIBAIOIICH.



I'/TABA 1
BBEJAEHHUE B XUMUWIO BUOT'EHHbBIX 3JIEMEHTOB

1.1. TEOJIOIr'MYECKHUE OBOJIOYKHU 3EMJIN

TpaaumoHHO BBIACTSIOT TPU T'€0JIOTHUECKHe 000J0UKH HaIlleH TIAHETHI: 1Umo-,
euopo- n ammochepy. Jlutochepa sBiasercs TBEpAOM 00070UKOM 3eMJIIH, TaK Ha3bIBa-
eMoi 3eMHOI kopoil. Hanbosee HaChIIEHHBIM KUBBIMU OpraHU3MaMHM SIBJSIETCS IO-
BEPXHOCTHBIA cJION juTOoCcdepsl. CUuTaeTCsl, YTO HEKOTOPBhIE OPraHU3Mbl CIIOCOOHBI
KUTh Ha Tiyoune g0 3,5-7,5 kM. DTta rpaHuiia pacupoCTpaHeHUs )KU3HU B JIUTOC(hepe
omnpeneNnsieTcs TeMIepaTypoll nepexoja BOAbl B Iap M TEMIEpAaTypoll AeHaTypaluu
0enkoB. [leficTBUTENBbHO, MOJ TBEPAOW 3€MHOM O0O0JIOYKOM pacrnojoKeHa pacIuiaB-
neHHas marma. [1o Mepe mpoaBuKEeHHS BIIIyOb 3€MJIM TEMIIEpaTypa U3MEHSETCS Clie-
JTYIOIIUM 00pa3oM: CHavaja CHIKAeTCsl, TaK Kak I0Ji BO3JICUCTBUEM COJIHEYHOTO CBETa
IPOrPEBAETCS TOJNBKO MOBEPXHOCTHAS YaCTh MOYBBI, @ 3aTEM HAUMHAET YBEIMUYUBATHCS
3a cu€r npuOImKeHus: K Marme. ToJbKO OTHENbHBIE BUABI apXeil CIIOCOOHBI BBIKUThH
npu Temieparype, npessimaronieit 100 °C, yto gaéT ocHOBaHUE Ha3bIBaTh TAKUE MUK-
poopranuszmsl Tepmoduinamu. B 1emom ke pacmpocTpaHeHHE >KMBBIX OpPraHH3MOB
OTrpaHUYMBAETCS BIUIYOb HECKOJIBKMMU METPaMH B Ipefesiax II0JOPOAHOrO CIIOS
MTOYBBI.

ATtMocdepa — 3T0 Bo3aymHas o6ojouka 3emun. CuuTaeTcsi, 4TO KU3Hb pac-
nmpocTpaHeHa B arMmocepe Ha BbicoTe 10 15-20 kM, TO €cTh B mpenenax €€ HUKHETO
ciosi — tponocepsl. ['paHniia onpenenseTcs HalIMUYUeM Ha JaHHOM BBICOTE 030HOBO-
ro cJos, 33Jep>KUBAIOIIEr0 KOPOTKOBOJIHOBOE YJIbTpaduOIETOBOE HU3IIyuyeHHe, TyOu-
TEJIbHOE JIJIS )KMBBIX OPraHU3MOB. Bo3MoykHa J1n %KU3HB €3 3alUThl 030HOBOTO €057
Kak Hu crpanHo, Bo3moxkHa. Takoi Bua Oaktepwmii, kak Deinococcus radiodurans,
crocoOeH BBDKMBATH IO BO3JICHCTBHEM HE TOJBKO YIbTPa(HUOIETOBOTO U3IYUCHHUS,
HO W paauanuu. M3BecTHBI emié HEKOTOphIe BUJBI OaKTEpH W apXei, oOamaroiime
HACTOJIBKO K€ MOIIHOM cucTeMol pernapanuu nospexaenui B JIHK. Ognako nonas-
astolee OONBIIMHCTBO JKUBBIX OPraHM3MOB Ha Halllel IIaHeTe, NO-BUAUMOMY, yTpa-
THJIO MPUCYIIYIO UX JAJIEKUM MpPeaKaM CIIOCOOHOCTh MPOTUBOCTOSATh TAKUM >KECTKUM
YCJIOBHSIM CYIIIECTBOBaHHMSI TIOC]Ie 00pa30BaHUs O30HOBOTO CJIOs. JIWITb TOHKUN CITOM
Tporocdepsl (I1eCATKH METPOB) MEPENOJIHEH KU3HBIO.

Bognas oGomouka 3emnm HasbiBaeTcs ruapocdepoit. KusHb pacrpocTpaHeHa
B ruapocdepe HepaBHOMEepHO. Hanbosbinas MIOTHOCTh 3acesieHUs] XapakTepHa s
IpaHull MEXAY Pa3HbIMHU reoJIOrHYecKUMH o0osioukamMu. boratel 6MoMaccoil kak mo-
BEPXHOCTHBIE BOAbI MupoBoro OkeaHa, Tak M ero JHO. EciM MCTOUYHHMKOM 3HEpPruu
JUIs OMoMacchl MOBEPXHOCTHBIX BOJ SIBISETCS COJTHEYHBINA CBET, TO OOMTATEISIM MOP-
CKOr0 JHa MPUXOJUTCS HCIOJIB30BaTh ajlbTEPHATHBHBIE HCTOUYHHMKU JHEPTUU (KakK
NpaBWIIO, OKUCIICHHE JKeJie3a, cepbl U UX coenrnHeHuit). Takum 00pazoM, KU3Hb B TH]I-
pocdepe Bo3MokHa Ha TiryOonHe 10 10 KM.

Te obnmactu o6oodyex 3emin, B KOTOPBIX BO3MOXKHA JKU3Hb, aKaJeMuK Briamu-
mup MBanosuu Bepnaackuii (1863—1945) o6benunun noa Ha3BaHueM ouocgepa. 11o-
BTOPUM MPUMEPHBIE TpaHullbl Onocdepsl: 10 7,5 kM BriyOb amutocdepst, 10 20 kM Haj
MOBEPXHOCTHIO 3eMJIM U 110 1Ha Muposoro Okeana (10 10 km).



ConepxaHue HEKOTOPBIX XMMUYECKUX AIIEMEHTOB B YKMBBIX OpraHW3Max 3Hayu-
TEJIBHO OTJIMYAETCS OT TaKOBOTO B jHTOC(hepe. Takue 31eMeHThl KaKk KUCIOPO, BOAO-
pon, yraepoa, gocdop, cepa, a30T U xJjop (Tabs. 1) HakamIMBarOTCS B KUBBIX Opra-
HuU3Max. J[pyrue sieMeHThl (B YaCTHOCTH: KPEMHHM, aTlOMUHUHN, Kelle30, KaJbIuil,
MarHui, HaTpui U Kajuil) B OOJIBIIICH CTETICHU PacpOCTPaHEHbI B 00BEKTaX HEKUBOU
IpUPOAbI (B MUHEPAIBbHBIX MTOPOJax), YeM B JKUBBIX OpraHu3max. EcTecTBEHHO, MHO-
T'H€ 3JIEMEHTBHI, COJIEPKAHUE KOTOPBIX B )KUBBIX OpraHM3Max HH)KE, YEM B TOPHBIX IO-
polax (Hampumep, KaJlbliMii), UTPAIOT BAXKHYIO POJIb B MpOLIECcCax >KU3HEIEATEIbHO-
cti. HTEepecHO MOAYEepKHYTh, YTO HAKOIUICHHE B JIUTOC(Epe TAKOro XHUMHUYECKOIrO
AJIEMEHTA KAK KB CBA3BIBAIOT C MOCIEACTBUAMM KU3HEIEATEIBHOCTH HEKOTOPBIX
BUJIOB MOJUIFOCKOB.

Tabnuya 1.1
Coaep:xaHue HeKOTOPBIX 3J1eMeHTOB (B %) B 3eMHOii Kope
H B OPTaHU3MaX KHBOTHBIX

DJIeMEeHT O Si Al Fe Ca Mg Na
3emHast Kopa 49 26 7,5 4,2 3,2 2,4 2,4
JKuBble OpraHu3MbI 65 <0,01 | <0,001 <01 1,4 <01 0,26

DJIeMeHT K H P C Cl S N
3emHas Kopa 2,4 1,0 0,7 0,35 0,20 0,10 0,04
JKuBbIe OpraHu3MbI 0,27 10 0,9 18,5 0,25 0,21 2,65

1.2. KNIACCU®UKAIIMA BUOTEHHBIX 3JIEMEHTOB

CornacHo Haubosiee 001IeMy Onpe/eTIeHHI0, OUOTeHHbIE 3JIEMEHThl — 3TO XU-
MHUYECKHE JIEMEHTHI, HOCHIOAHHO 6X00AU{Ue B COCTAB OPTAHN3MOB U 6bINOJIHAIOUAUE
onpeoenennvle Ou0I02UUECKUE PYHKUUU.

Urto kacaercs mepBoi 4YacTH MPUBEICHHOTO BHIIIE ONpeaeNieHus1, To U3 92 BCTpe-
YAIOIINXCS B MPUPOJC CTAOMIBHBIX 3JICMEHTOB B OPraHM3MaX XHUBOTHBIX OOHApYXKCH
81. SIBnstoTCS JTM BCE OTH AJIEMEHTBI OMOTEHHBIMK? BBIMOIHSIIOT JIM OHU OIpEIeICH-
Hele GyHkuuu? J7s oTBeTa HA 3TU BOMPOCHI HEOOXOIMMEBI Oosee YETKHUE KPUTEPUU
OTHECEHUS AJIEMECHTA K OMOTCHHBIM, TIPUBEICHHBIC HIDKE.

DJEeMEHT MOXKET OBITh OTHECEH K TPYIIe OMOTCHHBIX, €CIH OH YJIOBJICTBOPSET
CJIETYIOIINM TPEOOBAHMSIM:

— ROCMOAHHO NPUCYMCHMEYem B OPTaHU3ME B KOJIMUYECTBAX, CXOJIHBIX Y Pa3HBIX
WHIUBUIYYMOB;

— TKaHU TI0 COJICPYKAHUIO JIAHHOTO AJIEMEHTa BCETJa PacIioiaratoTcs 6 onpede-
JIeHHOM nopAoKe;

— CHHTETHYECKUW PAIMOH, HE COJCPKAIIUN ATOTO 3JCMCHTA, BBI3bIBACT Y JKH-
BOTHBIX XapaKTCPHBIC CUMHMOMbL HEOOCHIAMOYHOCIU W OTIpe/cIICHHbIE OMOXUMHU-
YeCKUE U3MCHEHUS B TKAHSIX;

— 9TU CUMIITOMBI U U3MEHEHUS 00JIHCHbI UCUe3anb TIOCIIC BO3BPAIICHUS JaHHO-
TO 2JIEMEHTA B PAIMOH.

Hayka, u3zydJaromniast pojb XMMHYECKHX 3JIEMEHTOB B MPOIIECCax KU3HEACATCIIb-
HOCTH, UIMEET Ha3BAaHUE «OUOIIEMEHMONO02UAY VU «ITIEMEHMOMUKAY.

CaMBIM KpYITHBIM Pa3/IeJIOM DJIEMECHTOMUKH SIBISICTCS «MEMAN10MUKAY, U3yda-
I0MIasi POJIb Pa3IUYHBIX MOHOB METAJUIOB B IMPOIIECCaX YKU3HEACITeIbHOCTH. Mertai-
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JIOM — 3TO COBOKYITHOCTh METaJUI0()epMEHTOB, METAINIONPOTENHOB U APYTUX METAaJl-
JICOJIEpKALUX OMOMOJIEKYII.

N3BecTHbI JBEe OOIIETPUHATHIC KiIacCU(UKAUKU OMOTEHHBIX 3JIEMEHTOB: TIO
(GyHKIIMOHATIBHOM POJIM U TIO COACPIKAHUIO B OPTaHU3ME YEJIOBEKA.

Knaccudukauus no ¢pynkyuonanvnoii ponu BKIOYAECT TPU TPYNIBI OMOTEHHBIX
AJIEMEHTOB: OPTaHOT€HBI, SJIEMEHTHI JIEKTPOJIUTHOTO (DOHA U MUKPOIJIEMEHTHI.

OpraHoreHbl — 3TO 3JIEMEHTHI, BXOJAIIME B COCTAB OPTaHHMYECKUX BEIIECTB:
yIIepoi, BOIOPO, KHUCIOpo/I, a3oT, hocdop u cepa. Ha ux pomo npuxogurcs 97-98 %
Macchl Tena. YTIepo, BOJOPOA U KUCIOPO BXOJAT B COCTaB BCEX )KU3HEHHO BaKHBIX
OMOTMOIUMEPOB: HYKJIIEMHOBBIX KHUCJIOT, OEJKOB, >KUPOB M YIIEBOJOB. A30T BXOJUT
B COCTaB HYKJIEMHOBBIX KHCIIOT (2 HIMEHHO — B COCTaB a30THUCTHIX OCHOBaHUI) U Oell-
KOB (32 CUET aMUHOTPYIII BCEX aMUHOKHUCIIOT U OOKOBBIX IIETIe TaKUX aMUHOKHUCIIOT-
HBIX OCTaTKOB, KaK JIN3WH, apTUHUH, TUCTUIUH, acllaparuH, IIyTaMUH U TpUnTodan).
®dochop HeobxoauM 11 co3aanus GochoandPUPHBIX CBI3EN MEXIY HYKICOTHIAMU
B JIHK u PHK. Kpome Toro, ocratku (pocopHOii KHUCIOTHI MOTYT MPUCOCAUHATHCS
K OOKOBBIM IIETISIM aMUHOKHUCIIOT, COJEPKAlIUX THIPOKCHIBHYIO Tpynmy (K CEpuHY,
TPEOHUHY U THUPO3UHY), B pe3yibTate (hochopunupoBanus. 3a cue€T ochopunupona-
HUSl OCYILIECTBIISICTCS PEryJsIusl aKTUBHOCTH MHOTUX (hepmeHToB. Cepa BXOIUT B CO-
CTaB TaKUX aMUHOKHCIIOTHBIX OCTaTKOB, KaK METHOHHMH W LMcTenH. Henb3s He oTMe-
TUTb, YTO CE€pa B METHOHUHE U IIUCTEHMHE MOXKET MOCTTPAHCIISIITUOHHO 3aMEHSATHCS Ha
ceneH. Jlyisi akTUBHOCTH MHOTHX (DEPMEHTOB TaKO€ 3aMEIeHUE SBISIETCS 00s3aTeNb-
HBIM YCJIOBHEM. B HEKOTOpPBIX MHUKpPOOpPraHW3Max Takas aMUHOKHCIOTA, KaK CEJIEHO-
IUCTEUH, KOAUPYETCs] TeHeTudecKuM KojoMm (komoHoM UGA, mo3anMcTBOBaHHBIM
y Tpuntodana). C oHONU CTOPOHBI, MOKHO FOBOPUTH O TOM, YTO CEJIEH HEOOXOIUMO
BKJIIOYATh B TPYMITy OMOTEHHBIX dJeMeHTOB. C apyroil CTOPOHBI, 00IIee ColepKaHme
CeJICHA B OPraHU3MeE MO MACCE HUXKE 107° %.

JJeMeHThI JJIEKTPOJUTHOr0 (poHAa — 3TO HATPHIA, KaIWid, MAarHUM, KaJIbIIUN
u xjop. Mouer Na* u Ca’* OTHOCSAT K OCHOBHBIM KaTHOHAM MEKKICTOUHOMN KUIKOCTH
u mrasmsl kpoBu. Katnoust K' u Mg?* sSBISIOTCS OCHOBHBIME BHYTPHK/ICTOUHBIMH
KaTHOHaMU. XJI0p B OpraHu3Me npezctapieH annoHamu Cl, pacnipocTpaH€HHBIMU Kak
B MEXKJIETOYHOU KUIKOCTH, TAK U BHYTPHU KJIETOK. IOHBI Na*, K, I\/Ig2+ u Ca®* co-
cTaBisOT 99 % 0611ero coaepkaHusi METAIOB B OpraHU3Me.

Muxkpo3jeMeHTbl — 3TO XMMUUYECKHE DJIEMEHTbI, aTOMbl WJIM HOHBI KOTOPBIX
BXOJISIT B COCTaB ()EPMEHTOB, TOPMOHOB U JIPYTUX OUOTOTUYECKH aKTUBHBIX BEIIECTB.
Hanpumep, HOHBI ZN>* SBISIOTCS. HEOTHEMIEMON 4aCThIO AKTHBHOTO [IGHTPA KapOOaH-
TUIPa3bl, KapOOKCUTIENTUAA3bl 1 MHOTOYUCIIECHHBIX (JAKTOPOB TPAHCKPHUIIIIUU (pery-
asTopoB nponecca cuaTe3a MPHK), coneprkamumx goMeH o Ha3BanueM Zinc Finger,
cesspiBatormiicst ¢ JIHK; mon Fe®" BXOIUT B COCTAaB aKTHBHOTO LIEHTpa KaTanasbl, Ie-
pOKCHAa3hl U APYyTrux (HEepMEHTOB; HOH Mo® Heobxomum st paboThl adbAETUI0KCH-
nazel; Co”" — my1s puOGOHYKIEOTHAPEYKTA3HL.

Knaccudukamnus no cooepicanuio >51eMEHTOB B OPraHU3ME BKIIIOYACT TPH TPYII-
MbI: MAKPO-, MUKPO- U YIBTPAMUKPOIIEMEHTHI.

MakpodJjieMeHTbl — 3T0 OMOTEHHBIE DJIEMEHTHI, COJIEP)KAHNE KOTOPBIX MPEBHI-
maer 102 % macchr Tena. K MakposneMenTaM oTHeceHsI mecTh oprasorenos (C, H,



O, N, P, S), noHsI 251eKTpOaUTHOTO (hOoHA (Na*, K", MgZ+, Ca2+, Cl") u arceneso. Ha no-
JIF0O MAKpO3JIEMEHTOB npuxoauTtcs 99,99 % maccel Tena.

Mukpo3JjieMeHTbl — 3TO OMOTEHHBIC DJIEMEHTHI, COJIEPKaHNe KOTOPHIX B Opra-
HHU3ME HaXOJIUTCS B IIpeieax oT 102 10 107° %. K 1M oTHOCATCS Zn, Mn, Mo, Cu, I,
F, Bru np.

YIbTpaMHUKPOIJIEMEHTbl — 3TO OMOTEHHBIC AJIEMEHTHI, COJIEP)KAaHUE KOTOPHIX
B OpraHU3Me MEHBIIIE, YeM 107° %. K aum otocares Al, Cr, Se n Ip.

MukposiaeMeHThl (HalpuMep, MapraHell Wil Melb), B TOM ciydae, Korja Hx
KOHIICHTpAILlWsl B OpTraHW3Me MPEBHINIAET OMOTHYECKYIO KOHIICHTPAIUIO, MPOSIBISIOT
TOKCHYECKOE JICHCTBUE Ha opranu3M. HaoOOpOT, TOKCHYHBIN 3JIEMEHT MBIIIBIK (AS)
B MHKPOJI0O3aX OKa3bIBAE€T OMOCTHMYJHpYIOIIee IeHCTBHE. ITH (PaKThl TPHUBOAST
K HNOHMMAHHIO TOTO, UYTO HET TOKCHYHBIX DJIEMEHTOB, €CTh TOKCHYHBIE 103bI. Emié
[Tapaniensc yTBepxAaN, 4TO «Bcé ecmb 10, u HUuUmMoO He auwieHo adosumocmu. Ooua
JUWDb 0034 Oeniaem 10 He3AMEMHbIM.

1.3. BHOTEOXUMHWYECKHUE ITPOBUHIINA

HeGnaronpusaTHpIM SBIISIETCS KaK HEOCTATOK JIEMEHTAa B OpTaHW3Me, TaK U €0
n30bITOK. [locTynaTe B OpraHu3M 4YejIoBeKa XUMHUYECKUE 3JIEMEHThI MOTYT B COCTaBe
Pa3IUYHBIX COCIMHEHUH, COACPKAIMXCS B MUIIE, BOJE U BO3AYyXe, Ky/la OHM Momaja-
IOT B OCHOBHOM M3 TIOYBBI IO MHUIIEBOM IIEMOYKE M 3a CUET pa3MbIBaHUSI TOPHBIX TO-
poa. Takum oOpa3oM, 0COOCHHOCTH COJCP>KaHMSI MUKPOJJIEMEHTOB B MOYBE Ha OIpe-
NENEHHOM TEPPUTOPUU JTOJDKHO OKa3bIBaTh BIIMSHUE HAa WX COJEPKAHUE B KUBBIX
OpraHu3max.

buozeoxumuueckue npoeunyuu — 3TO TCPPUTOPUH, JJISI KOTOPHIX XapaKTEpPEeH
M30BITOK WJIM HEJOCTATOK OMPEJCICHHBIX XUMHYECKUX 3JIeMEeHTOB. CleacTBUEM TIO-
CTOSTHHOTO MPOKUBAHUS HA TEPPUTOPHH OMOTEOXMMHUYECKON MPOBUHIIUMA U YIIOTPEO-
JIGHUS] TIPOJIYKTOB MUTAHUS, BHIPAIIEHHBIX HA 3TON TEPPUTOPHH, SIBJISIOTCS XapaKTep-
HBIE PEAKIIMUA OPTaHU3MOB, U3BECTHBIE KaK YHACMUYECKUE 3a00JIeBaHUSI.

JHAeMHuYecKHe 3a00sieBaHUsI (MHKPO03JIeMeHTO3bl) — 3TO 3a0o0JeBaHus,
B ATHOJIOTUM KOTOPBIX TJABHYIO POJb UTPAET HEAOCTATOK WIIM M30BITOK Kak OMOTEH-
HBIX, TAaK U TOKCUYECKUX MUKPOIJIIEMEHTOB.

B cnyuae nedunura xene3a B MpoayKTax MUTAHUS MOXKET Pa3BUTHCS JKee30/1e-
¢dunuTHas aHemus, B ciaydae u30biTka — cuaepos. [Ipu Hemocratke propa ycyryoss-
€TCsl Kapuec, Ipu M30BITKE BO3HHUKaeT ¢uiroopo3. HemocTaTok ceneHa MOXKET MPUBO-
JUTh K CHHIPOMY BHE3AIHOU CEpJIeYHON CMEpPTH y HOBOPOXAEHHBIX. [Ipn HEmocTaTKe
Hona pa3BUBaeTCs TUMIOTUPEO3, KPaHEH CTENEeHbIO Pa3BUTUS KOTOPOTO SIBJISIFOTCS H-
JIOTEHHBIA THPEOUIHBIN 300 U SHIACMUYECKUI KPETUHU3M. B MUpe M3BECTHO HECKOJIb-
KO OMOTCOXMMHUYECKUX MPOBUHIMKM C HU3KUM COJIEpKaHueM Hona B mouse (puc. 1.1),
0JIHa UX KOTOPBIX pacmoiiokeHa Ha Tepputopuu [lonechs.



Puc. 1.1. PacnoyioxxeHne OMOre0OXUMHYECKUX IMMPOBUHIUNA ¢ HEIOCTATOYHBIM COJIEPIKaHHEM
Woja B MO4YBe

1.4. PACIIOJIO’KEHUE BUOT'EHHBIX 3JIEMEHTOB B IEPUOJIUYECKOI CUCTEME

Ecnu BHUMAaTenpHO NPOAHAINM3UPOBATH CBEJACHUS O MAaKpPOIJIEMEHTaX, MOYKHO
NPUITH K BBIBOJlY, YTO OHHU pacnonoxeHsl B nepsoM (H), BTtopom (C, N, O), Tpetbem
(Na, Mg, P, S, Cl) u uetBeprom (K, Ca, Fe) nepuonax tadmumst JI. 1. MeHnneneesa.
To ecTb KM3Hb OCHOBAaHA Ha JIETKUX XUMHUYECKUX AJIEMEHTAaX. DTO OOYCIIOBIEHO TEM,
YTO COAEPKAHME JIETKMX 3JIEMEHTOB Ha Hallel IJIaHETE 3HAYUTEIBHO BBIIIE, YEM CO-
nepkaHue TsOKENbIX. Kpome Toro, s TSKENBIX 2JEMEHTOB XapaKTEPHO HaJIM4yue
OOJIBIIIETO YUCIIAa PAJUOAKTUBHBIX HU30TOIOB.

B ta6n. 1.2 MOXHO O3HAKOMUTBCSI C TpeMs MPUMEPAMH YBEIMYEHUSI TOKCUYHO-
CTH 3JIEMEHTOB IO Mepe ABMXEeHHs cBepXy BHU3 mo Tabmuue [I. M. Menneneesa.
M3BecTHO, 4TO MeIb ABJISICTCS OJAHUM M3 Ba)XKHEHIIUX MHUKPOIJIEMEHTOB, C IIOMOLIBIO
KOTOpPOTO (PYHKIIMOHUPYIOT COTHU MeTamiopepmMeHTOB. DepMeHThI, AJis OCYIIEeCTBIIE-
HUsl (QYHKUIMU KOTOPBIX HEOOXOIMMO cepeOpo MM 30JI0TO, HEM3BECTHHI. boiee Toro,
30JI0TO MPOSIBIAET TOKCUYECKOE JACUCTBHE B TOPa30 MEHBIIUX KOHIICHTPALMAX, YEM
cepeOpo. Ilo mepe yBennmueHus aTOMHON Macchl B noarpymnne |B cHuxkaercs comep-
YKaHHE JIEMEHTA B OPraHU3ME YeJIOBEKa U yCWIMBAETCS €r0 TOKCUYHOCTh. AHAIOTM4-
HblE TCHIACHIMHU XapaktepHbl u i moarpymm 1B u 1A (tabn. 1.2). Mon uunka —
pacnpocTpaHEHHBIA KO-(paKkTop Cpean MeTaopepMeHTOB, 6€3 KOTOPOro HEBO3MOXK-
HO OCYHIECTBJIEHWE MMM KaTajau3a, a KaJMUN U PTYyTb — TOKCHYHbIE MeTauibl. Ecnu
CTPOHIIMII BBI3BIBACT MOBBIIIEHUE XPYINKOCTH KOCTHOW TKaHM, 3aMelllas B HEW Kallb-
Ui, TO Oapuil SBJISIETCSI BBICOKOTOKCUYHBIM $IJTOM.

OpHako, HECMOTPS Ha SBHYIO OOIIYI0 3aKOHOMEPHOCTH (UeM JIerde JIEMEHT, TEM
BBIIIIE €0 COJIepKaHKNe B OPTaHU3ME), CYLIIECTBYIOT U UCKIIOUeHUs. B yacTHOCTH, NTH-
TUH, 6eprusuinid u 0op, Oynydn JEFKUMHU JE€MEHTaMH, HE UTPAIOT CYIIECTBEHHON POJIU
B () YHKIITHOHUPOBAHUH JKUBBIX OPTAaHU3MOB.
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Tabnuya 1.2
Conep:xanue (MaccoBasi 10151, %) B OpranusMe 4eji0BeKa
HEKOTOPBIX XUMHYECKHUX IJIEMEHTOB

IB nmoarpynmna 1B noarpynna 1A moarpynna
Cu 1-10~" Zn 1-10~° Ca 1,9
Ag 510° Cd 1-10° Sr 1:10°
Au 1-10°' Hg 1-10”' Ba 1-10°

OcHOBHbBIE BONPOCHI TEMBI:

1. I'panuiipl pacnpocTpaHeHUs KU3HU B aTMO-, JTUTO- U Tuapocdepe.

2. Kputepun 0THECEHUSI XUMUYIECKOTO AJIEMEHTa K OMOTEHHBIM.

3. Kiaccudukarusi OMOTeHHBIX 3JIEMEHTOB: 10 (PYHKIIMOHAIBLHOW POJIU U TIO CO-
JepIKAHUIO.

4. TlonsTHe 0 OMOTEOXUMHUYECKUX TIPOBUHIIUAX U DHJIEMUYECKUX 3a00JI€BAHUSX.

5. OCcOOEHHOCTH PpACIOIOKEHUSI OHMOTEHHBIX 3JIEMEHTOB B MEPUOAMYECKON
CUCTEME.

I'/IABA 2 _
XUMHUA BOAOPOIJA U EI'O COEAUHEHNU

2.1. XUMMYECKHUE CBOMCTBA BOJOPOJA U EI'O COEJUHEHMIA

Bonmopon — cameiil pacnpocTpaHEéHHBIN 31eMeHT Bo Bceenennoi. Ha ero nosro
npuxoaAuTcs okojo 92 % Bcex aToMOB (0Kk0JI0 8 % COCTaBJISIOT aTOMBbI Teus, A0S
BCEX OCTAJIbHBIX BMECTE B3AThIX 3JeMeHTOB — MeHee 0,1 %). [Ipuuuna takoit pac-
NPOCTPAaHEHHOCTH B TOM, YTO HanOoJjee 4acTO BCTPEUAIOLINICS W30TOI BOJIOPOIa —
MPOTUN — MpeACTaBIsIeT cOOOW MPOCTEUIINK aTOM, COCTOSIIIMNA U3 OJTHOTO MPOTOHA
Y OJTHOTO 3JIEKTPOHA.

MaccoBas 10511 BOJ0OpO/ia B 3eMHOM KOpe cocTaBisieT Bcero 1 % — 3To aecsThiil
[0 PacIpOCTPAHEHHOCTH 3JEMEHT. B TO e Bpems J0Js8 aTOMOB BOJOPOJA CPEaH
OCTAJIbHBIX JIEMEHTOB cocTaBiseT 17 % (BTOpoe MeCTO mociie KUCIOpoaa, A0Jis aTo-
MOB KOTOporo paBHa = 52 %). Kak B mpumepe ¢ pacrnpocTpaHEHHOCTBIO BOAOpPOJA
B 3€MHOH KOpe€, TaKk W B JPYTHX cCilIydasx (HampuMmep, ¢ COCTAaBOM OpPraHMYECKHX
COEJIMHEHUI ) MOJIbHAs J0JIs BOJOPOa 3HAYUTENILHO BBIIIE, YEM €ro MaccoBasi JA0JIs.

ITockosibKy BOJOPOJI COAEPKUT OAMH €IUHCTBEHHBIN 3JEKTPOH, OH MOXKET IpO-
ABJIATh CBOICTBAa BOCCTAHOBUTENS B peakUusAX ¢ Ooyiee 3IIEKTPOOTPHULATETbHBIMU
HemeTtamamu. Ilo aTo#t nmpuunHe Bojopon Haxoautca B |A rpymnmne nepuoanyeckoi
CHUCTEMBI JIEMEHTOB BMECTE CO IIEJIOYHBIMU METAUIAMMU.

Huxe npuBeneHbl NpuMephl peakMii ¢ pa3aIuyHbIMU HEMETAJIAMU, B KOTOPBIX
BOJOPO/I BBICTYIAET B KAYECTBE BOCCTAHOBUTEIIS.

H2 + F2 — 2HF

H, + Cl, — V"™ oHgl
H, + Br, — 2HBr
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Hy+ 1, —5 2HI
Hy+S -5 H,S
3H, + N, —— 2NHs;
2H, +C — CH,

2H, + 0, —° 2H,0

['azoBasi cMech, B KOTOPOM COOTHOIIIEHUE BOJOPOJia K KUCIOPOAY paBHO 1 : 2,
HAa3bIBACTCS «TPEMYUYEH CMECHIO», MOCKOJBKY PEAKIHS BOAOPOJA C KHUCIOPOIOM IPO-
TEKAET CO B3PBIBOM.

B KAade€CTBC BOCCTAHOBUTCIIA BO,Z[OpOI[ I/ICHOJ'IBByeTC}I B Hpouecce HOJ'IyLIeHI/ISI qu-
CTBhIX METAJIJIOB U3 UX OKCHUIOB.

CuO +H, - Cu + H,01

tO
Fe,O; +3H, — 2Fe + 3H20T
Oxcup azora (I1) B peakuuu ¢ BOOOPOIOM BOCCTAHABIMBAETCSA 0 MOJIEKYJIAPHO-
o a30Ta.

2NO +2H, — N, + 2H,0

HNHTepecHO OTMETUTDh, YTO BOJOPOJ CIIOCOOCH BOCCTAaHABIMBATH XJIOPHU] JKele3a
(I u xmopun meau (1) B BOgHBIX pacTBOpax.

2FeC|3 + H2 — 2FEC|2 + 2HC|

CUC|2 +H, — CUl + 2HCI

Jlo 3amoiHEHUs BHEIITHEro 3JCKTPOHHOIO CJIOS aToMy BOAOpOJa HEOOXOIMM
BCETO JIUIIIb OJIMH 3JIEKTPOH. B peakuusx ¢ MeHee 3JIeKTPOOTPUIIATEIbHBIMU HEMETAJI-
JaMU U ¢ aKTUBHBIMU METAJJIAMU BOJIOPOJI BHICTYNAET B KAUECTBE OKUCIUTENS, MPHU-
COEIMHSISL HEJOCTAIONIMK ANEKTPOH. JlaHHOE CBOWMCTBO MO3BOJISIET TOBOPUTH O CXOI-
CTBE BOJOPOJIa C TAJIOTEHaMU: B HEKOTOPBIX BapuaHTax Tabmwmibl JI. 1. Menneneesa
BOJIOPOJI MOKHO OOHApyXuUTh He ToibKo B |A, HO 1 B VIIA rpynne (Han ramoreHamn).

[Ipu oOBIYHBIX TEMIIEpATypax BOJIOPOJ pearupyeT TOIbKO C aKTUBHBIMU METall-
namMu, o0pasys TUIAPHUABI, U ¢ €AMHCTBEHHBIM HeMeTaioM — (pTopom, ob6pasys ¢ro-
POBOJIOPOI.

H2 + F2 — 2HF

2Na + H, — 2NaH

Hz +Ca— CaH2

['unpuasl akKTUBHBIX METAUIOB pPEarnpyroT C BOJON ¢ oOpa3oBaHUEM IIETIOYH
¥ BOJIOpOJIA.

KH + H,O0 — KOH + H,1

CaHz + 2H20 — C&(OH)Z + 2H2T

[Ipu oKuCICHUU TUIPUIOB AaKTUBHBIX METAIOB KHCJIOPOJIOM Takke 00pazyercs
IEJI0Yb.

CaHz + 02 — Ca(OH)2

HaubGonee pacmpocTtpaHéHHBIE CMOCOOBI MOJYYEHHUS BOJOPOJa B JaOOpaTOpHu
MpUBECHb HUXe. Bce 3TH peakuuu OCHOBAaHBI Ha B3aWMOJCHCTBHM TBEPAOU (Da3bl
(Tuapua Kablwsl, ATFOMUHUS, KPEMHUS, IITHKA) ¢ )XUIKOU (a30il (C BOJOI, BOIHBIM
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PacTBOPOM LIEJIOYH WIIM KUCIOTHI COOTBETCTBEHHO). /st cOopa raza B TaKMX peakiiy-
SIX MOYKHO MCIIOJIb30BaTh TPAAMIMOHHBIN pruOop — ammnapaT Kummna (puc. 2).

Puc. 2.1. Annapat Kurima

CaH, + 2H,0 — Ca(OH)2 + 2H2T

2Al + 2NaOH + 6H,0 — 2Na[Al(OH)4] + 3H,1

Si + 2NaOH + H,O — Na25i03 + 2H2T

Zn + H,SO4 — ZnSO,4 + Hy1

Bomopoa B MpOMBIIIUIEHHBIX MacIITabax 0ObIYHO TOJTYYArOT MYTEM JJICKTPOJIH3a
BOJIBI WJTM BOJTHOTO pacTBOpa XJopua HaTpus. B moOom cirydae BOIOPO BBIICIAETCS
Ha KaToJie.

2H,0 (anektponu3) — 2H,1 + O,

2NaCl + 2H,0 (anexTponnz) — 2NaOH + Cl,1 + H,1

2.2. XUMWYECKHE CBOMCTBA BO/IbI

Bona (oxcua BOAopoja) SIBISIETCS YHUKAJIbHBIM XMUMHYECKHUM COEAMHEHHEM.
Cunraercs, 4TO KU3Hb 3apOAMJIaCh UMEHHO B BOJAHOM cpene. Jlokas3aTh 3TO yTBEp-
KJCHHUE CII0KHO, HO TOYHO MOKHO CKa3aTbh, YTO COBpEMEHHbIE (hOPMBI KU3HU HE MO-
I'yT CyHUIECTBOBaTh 0€3 BOJbl, IOCKOJbKY BCE OMOXMMHUYECKHUE MPOLECCHI, SBISIOINE-
Cs1 OCHOBOM JKM3HEIEATEIBHOCTH, IPOTEKAIOT B BOJHBIX PACTBOPAX.

Monekyna BOAbl HE SBIAETCA JIMHEMHOW: Yrojl MEXAY IBYMsS KOBaJCHTHBIMHU
CBSI3IMH, 0Opa30BAHHBIMU KHUCJIOPOJIOM M BOJOPOAOM, cocTaBisieT 104,45° (puc. 2.2).
Takasi (popMa MONEKYITBI MOXKET OBITh OOBSICHEHA C MOMOIIBIO MOJENH SP°-THOpH-
IU3al1U JIEKTPOHHBIX opOuTanel. J[Be U3 4eThIpEx Sp3-rH6sz[HLIX opOuTainei aroma
KHCIIOPO/Ia YYacCTBYIOT B 00pa30BaHMM CBSI3€M C aTOMaMU BOJIOPOAA, elié 1Be opOuTa-
JM cozepikaT HenoJieJEHHbIE maphl AeKTpoHoB. Takas ¢opma monexynsl H,O cBuze-
TENbCTBYET O €€ moysspHOCTH. HemomenéHnupie mapel 3IEKTPOHOB KUCIOPOIa CIIoco0-
HBbI K 00pa30BaHUIO BOJOPOIHBIX CBsi3el. MakCUMaIbHOE YMCIIO BOJOPOIHBIX CBSI3CH,
KOTOpblE MOXET 00pa3oBaTh OJHA MOJEKYyJa BOJAbI, paBHO YETHIPEM: JIBE 3a CUET

aTOMOB BOJIOPOJIa, JIBE 3a CUET HEMOJCIEHHBIX Map 3JIEKTPOHOB aTromMa KHCIOPOa
(puc. 2.2).
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Puc. 2.2. Cxema 00pa3oBaHus BOJOPOIHBIX CBSA3EH MEKIY MOJIEKYIaMU BOJIBI

CrneacTBueM HaJIMYHS BOJOPOIHBIX CBSI3EH MEXy MOJICKYJIaMHU BOIBI SBIISIOTCS
e¢ aHoMalibHbIEe (PU3UYECKHUE CBOMCTBA (IO CPABHEHHUIO C aHAJIOTUYHBIMHU CBOMCTBAMU
JIPYTUX BOJOPOJHBIX COCTUHCHHWIA HEMETAJJIOB): BBICOKAs TEeMIIepaTypa KHUIICHUS
U TUTaBJICHUS, BBICOKAs TEIUIOTa MapooOpa30BaHUS W TUIABJICHHS, BBICOKAS TETUIOEM-
KOCTh ¥ BSI3KOCTb, BEICOKOE TTOBEPXHOCTHOE HATSHKCHUE.

Modekyibl BOJIBI MOTYT O00Opa30BbIBaTh BOJOPOJIHBIC CBS3M CO MHOTMMH Bellle-
CTBaMu (Hampumep, co cnupramu). HermopenéHHbIe maphl JIEKTPOHOB HA aTOME KUCIIO-
poJia MOJIEKYJIBI BOJBI CITOCOOHBI M K 00Pa30BaHNI0 KOBAJICHTHBIX CBSI3€H 1O IOHOPHO-
aKIIETITOPHOMY MexaHu3My. Hampumep, HOHBI BOJIOpO/1a, 0OBIYHO 0003HAYaeMbIe KaK
H*, He CymecTBYIOT B BOJHOM pacTBOpe B cBOOOJHOM BHje. B pesynbTate oOpa3oBa-
HUS IOHOPHO-AKIIENTOPHOW CBSI3M MEX]y MTPOTOHOM M MApOW 3JIEKTPOHOB aTOMa KHC-
N0posia MOJIEKybl Boabl Gopmupyercs HoH H;O', M3BeCTHBIN KaKk MOH THAPOKCOHHS
(puc. 2.3, a), umeromuii hopmy nupamuabl. [I0CKOIBKY aTOMBI BOJIOPOJIa CIIOCOOHBI
K 00pa30BaHUIO BOJOPOJHBIX CBSI3EH C aTOMaMU KUCJIOPOJa, MOKHO TOBOPHUTH O TOM,
YTO TPOTOHBI B BOJTHOM PAacTBOPE JICTOKATM30BAaHBI MEXTY MOJICKYJIaMH BOJBI, 00pa-
3ys Gonee cioxkHbIE KaTHOHBI, Takue kak HsO,  (mmm H3O'-H,0) — katnon 3ynnens
(puc. 2.3, 6).

AHanoru4HbeIM 00pa3om oOpa3yeTcss U KaTuoH aMMoHus (puc. 2.3, g). [Iporonu-
POBaAHUIO IMOJABEPTaeTCsl aTOM a30Ta aMMHaKa, KOTOPBIH COJEPKHUT OJIHY HEMOJIeIEH-
HYIO Mapy JIEKTPOHOB HAa BHEIIHEM CJIO€. XO0YeTCsl HATOMHUTh, YTO B MOHE aMMOHUS
JUTMHBI BCEX CBsI3ed PaBHBI JPYT IPYTY.

- - Vg o

a 0 6
Puc. 2.3. CxeMbI CTPYKTYpBI HOHA TUAPOKCOHUS (@), KaTnoHa 3yHaens (6)
Y KaTHOHA aMMOHU ()
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IIpn KOMHaATHOI Temneparype ¢ BOJOW B3aUMOICHCTBYIOT METaJLIbI, HAXOAIIH-
ecsl B psZly HaNpsDKEHUH 10 MarHus (TO €CTh IIEJIOYHbIE U IET0YHO-3eMeNbHbIe). Pe-
3yJbTaTOM TaKOM peakIH SBISIETCS 00pa30BaHKE LIEIOUYH U BOAOPO/IA.

2K + 2H,0 — 2KOH + H,1

Ba + 2H,0 — Ba(OH)2 + HZT

Meraiuibl, HAXOIAIIMECA B PSIAY HANPSHKEHUW MOCJE MArHus, HO A0 BOJIOPOJA,
pearupyroT ¢ BOJOM NpU BBICOKOW Temmeparype. Pe3ynbraTtoM peakiuu sBiseTcs 00-
pa3zoBaHME OKCHMJa MeTajia U Bojopoja. Kak orMeuanocs BellIe, BOJOPOA MPH OMpe-
JIEJIEHHBIX YCIOBUAX MOKET BOCCTAHABIMBATH METAJIII U3 OKCUAA.

Zn +H,0 -5 ZnO + Hyt

3Fe + 4H,0 — Fes0, + 4H,1

Cutyanus ¢ MarHueM He sIBJIsIeTCs oJHO3HayHOM. C XO0J01HOW BOJOM METalIN-
YeCKUU Marduu pearupyet MCIJICHHO. PeaKI_II/I}I 6BICTp0 3dKaHUYMUBACTCA 110 IIPUYHHC
o0pa3oBaHUsi HEPACTBOPUMOTO THUIPOKCHIA MarHus, MPEJOTBPAIIAIOIIETO JaIbHEH-
Imiece BSaHMO,Z[efICTBI/Ie Mardms cC BO,Z[OI>'I. Eciau xe ucmnoiap30BaTh MeJIKOI[I/ICHepCHHﬁ
MarHuii (IIOpOIIoK), TO peakiusi OyJeT MPOTeKaTh 3HAYUTEIBHO OBICTpEE BCIICICTBUE
YBCIIMYCHUA IJIOIIAaAN ITOBCPXHOCTU MCTAJIJIA.

Mg (nopomok) + 2H,0 — Mg(OH), + H,1

HpI/I 60J1ee BBICOKOU TCMIICPpATYypPC THAPOKCHUIA MArHUs paclagacTCsd Ha OKCHI
1 Boay. OOIee ypaBHEHHE peaKIuu OYIeT CICTYIOIIIM.

Mg + H,0 —% MgO + H,?

Uro kacaeTcss allOMUHMS, TO, OyIy4H JHUIIEHHBIM HNOBEPXHOCTHOM OKCHIHOMN
wiéHku (Al,O3), oH pearupyet ¢ Bo0H MOJ00HO aKTUBHBIM METaJIJIaM.

2Al + 6H,0 — 2AI(OH);3 + 3H,1

IIpn kOMHaTHOW TeMmeparype BOAA pearupyeT HE TOJIBKO C aKTUBHBIMU METAJI-
JIaMU, HO U C UX OKCHJaMU. ENMMHCTBEHHBIM IIPOLYKTOM PEAKLIUU SBJIAETCSA LIEI0Yb.

Kzo + Hzo — 2KOH

CaO + H,0 — Ca(OH),

MHorue KUCIO0THBIE OKCUABI IIPA CTAaHAAPTHBIX YCIOBUSAX TAKXKE MOTYT pearupo-
BaTh C BOJON C 00pa30BaHMEM COOTBETCTBYIOIINX KHCIOT (KUCIOTHBIX THAPOKCHIIOB).

503 + HZO — HZSO4

P205 + 3H20 — 2H3PO4

B3aumopeiictBue BOABI € rajJioreHaMH MPUBOAUT K OOPa30BaHUIO HECKOJIBKHX
npoaykToB. [Ipu KOMHATHO#M TemmepaType OCHOBHBIMH MPOAYKTaMH OyayT OecKHucio-
poliHas KHUCIOTa (CTENEeHb OKHCIEHUS TrajloreHa B Hed —1) M KUCIOopoJcoepkalas
KHCJIOTa, B KOTOPOM rajoreH MposiBIsET CTENEeHb okuciaeHus +1. B cinydae ¢ xiopom
B PEaKIMM C BOJOH NpM KOMHATHOW Temmeparype OyayT oOpa3oBBIBATHCSA COJISTHAS
Y XJIOPHOBATUCTasl KUCIIOTHI.

C|2 + Hgo — HCI + HCIO

[Tpu 6osee BBICOKOI TemmepaType BMECTO KHUCIOTHI, B KOTOPOW TajloTeH MPOsiB-
JSeT creneHb okucieHus +1, OyaeT oOpa3oBBIBaThCS KHCIOTA, B KOTOPOW CTENECHb
OKHCJICHHS TajlorTeHa paBHa +3: BMECTO XJIOPHOBATUCTOM oOpasyeTrcsi XJOopHOBaTas
KHCJIOTA.

3Cl, + 3H,0 — 5HCI + HCIO;
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BaxxHO MOq4epKHYTh, YTO caMa BOJA B TAKUX PEAKIMSIX HE BHICTYINAeT HHU B Ka-
YeCTBE OKHCIUTENS, HU B Ka4eCTBE BOCCTaHOBHUTENS. [1000HBIM 00pa3oM MpoTeKaeT
peakuus Boabl ¢ hochopom.

tO
4P + 6H,0 —— PH371 + 3H3PO,
B okHCIUTENBbHO-BOCCTAHOBUTEINBHBIE PEAKLIUHM C HEMETaUIaMU BOJAA BCTYIMAET
IIPU BBICOKOM TEMIIEPATYPE.

Si + 2H,0 — Si0, + 2H,1
C+H,0 Y5 CO+H,

2Cl, + 2H,0 - 4HCI + O,

['Mpponn3 — 3TO MpOILECC PaCLICIUICHUS XUMHUYECKOTO COEIUHEHHsI BOJIOM.
Ecnu peur uaér o HeOOpaTUMOM THAPOJIM3E HEOPraHMYECKUX COJIed, TO B Ka4eCTBE
MPOJYKTOB JOJDKHBI 0Opa30BBIBATHCS COOTBETCTBYIOIIASI KHUCIOTa M COOTBETCTBYIO-
11ee OCHOBAHHUE.

Al,S; + 6H,0 — 2A1(OH)3| + 3H,S1

HeoOpaTumslii ruipoin3 BO3MOXKEH MPHU JIBYX YCIOBHIX: COJb JOJKHA OBITH 00-
pa3zoBaHa cjaaboi KHUCIOTOM M ci1a0bIM OCHOBaHHEM; XOTs Obl OJMH M3 MPOIYKTOB
JIOJIKEH TIOJTHOCTBIO MOKUJATh PEAKIIMOHHYIO Cpey (BbIaAaTh B OCaJ0K WM MEPEXO0-
JUTh B Ta3000pa3Hoe cocTosiHue). Eciii 3TH yCciioBust He BBIOJIHAIOTCS, THIPOIU3 3a-
BEPIIUTCS YCTAaHOBIICHUEM PaBHOBECHS, TOCKOJBKY OYyJIeT MPOUCXOIUTh U OOpaTHBIN
MpoliecC — peakiusl HeuTpanu3auu. [ uapoan3y noaBepraroTcs 1 MHOTHE OpraHuye-
ckue coequHenus, Harpumep, AT®, yrneBoasl, 6enku, xupbl. OAHAKO ATH MPOLIECCHI
MPOTEKAIOT UCKITIOYUTENBHO B PUCYTCTBUHN (PEPMEHTOB.

Peakmiu B3aumMo1elicTBHS ¢ BOJIOM PA3IMUYHBIX OMHAPHBIX COEAMHEHUH, 00pa3o-
BaHHBIX METaJUIaMU U HEMETaJNIaMU, TaK’Ke€ OTHOCATCS K peakuusim rugaponuza. Cpeau
IPOJYKTOB NMPUCYTCTBYET THIAPOKCH/I METasllla U BOJOPOJHOE COEAMHEHHE HEMETaIA.

CaC, + H,O — Ca(OH)2 + C2H2T

Al,C;z + 12H,0 — 4AI1(OH)3| + 3CH41

Ca,Si + 4H,0 — 2Ca(OH); + SiH,41

MgsN, + 6H,0 — 3Mg(OH),| + 2NH3?

Mggpz + 6H,0 — 3Mg(OH)2l + 2PH3T

PacTBOpeHue BelecTB B BOJIE COMPOBOXKAAECTCS 0Opa30BaHUEM COJIbBATHBIX 000-
JI0OYEK BOKPYT HUX. DTOT IpoliecC MOAPa3yMeBAaeT He TOJIbKO (pOpMUpOBaHUE MOJISAP-
HBIX B3aUMOJIECTBUN MEXAY MOJEKYJaMU BOJAbl U PACTBOPEHHBIM BEILECTBOM (MJIH
ero OTAENBHBIMU (hparMeHTamH), HO U 0Opa3oBaHHE aKBAaKOMILIEKCOB. B wacTHOCTH,
MOHbl METaJUIOB OO0pPa3ylT KOOpPJIMHALMOHHBIE CBSI3M C aTOMAMHM KHUCJIOpOAa W3
H,O — ¢dopmupyercss KOMIIEKCHBI KaTHOH, B KOTOPOM B KadyeCTBE JIMT'AHJOB BbI-
CTYNAaIOT MOJIEKYJbI BOAbl. OJHAKO C HOHOM B3aUMOJAEHCTBYIOT HE TOJIBKO TE MOJIEKY-
JIbI BOJBI, KOTOpBIe 00pa3yloT BHYTPEHHIOW cdepy KoMmIuiekca. B mponecce Bbimapu-
BaHUs pacTBopa cojiu 4acTb Moiekyln H,O ocraércs B coctaBe CyXoro ocrarka —
KpHUcTajuioruapara. Bompoc o Tom, kakast 9acTh BOJIbI 00pa3yeT KOMIUIEKCHBIN KaTHOH
B JAHHOM KpHUCTaJUIOTHIpare, TpeOyeT MpOBENEHUs] OTIACIbHBIX HCCIEeIOBAHHMA.
[TosTomMy 00bIYHO (hopMyna Kpuctamtoruapara 3amuceiBaetcst B Buge MnCly-6H,0,
a He [Mn(H,0)4]Cl,-2H,0. MHorue cosu SIBISIOTCS TUTPOCKOIMUYHBIME: ¢ TEYCHHEM
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BPEMEHH OHU IOTJIOMIAIOT Maphl BOABI U3 BO3yXa — COCTaB KPUCTAIIOTUAPATOB U3-
MEHSIETCSl B CTOPOHY YBEJIMUEHHUS COACPKAHUS BOJIBI.

[Ipupoanbsle BOABI MOXKHO pa3/ieiInTh Ha MOJ3EMHbIE (apTe3UaHCKue), Tajble (00-
pasyrouriecs Mpyu TasHUW CHETOB U JISAHUKOB) U MOBEPXHOCTHBIE (IPECHBIE BOJBI PEK
u 03€p, coi€Hble BOABI MOpei U okeaHoB). Henmb3st HE BCHOMHHUTH O TOM, UTO CYIIE-
CTBYIOT HEKOTOpBIE 03&pa C COJEHOM BOJOM, KOTOpbIE OOBIYHO HA3BIBAIOT MOPSMHU
(MéptBoe u Kacnuiickoe). ApTe3naHCKie UCTOYHHUKHN TAaKKe OOBIYHO 00OTaIieHbl co-
nsMu. B 3aBUCUMOCTH OT KOHIEHTPALMM COJIEH MX MOYKHO Pa3feliuTh Ha MUTHEBHIC
Y MUHEPAJIbHBIE BOJIBI.

MuHepanbHble BOAbl — KakK IPAaBHIIO, MOA3EMHBIE BOJAbI, KOTOPBIE XapaKTEpH-
3YIOTCS HAJIMYMEM BBICOKMX KOHIICHTpAIUi OIpeNesCHHBIX COojel (XJIOpUIO0B, CYyJb-
datoB, ruapokapbonatos, ¢ropumo) u razo (CO,, H,S, Rn). B apresmanckux
ucrtouHukax Pecny6nuku benapych Boabl o0oramieHs! XJopyuaamMu U, B MEHbIIEH CTe-
nenu, cynabgaramu. B kauectse kaTroHoB BeicTynaoT Na* u K'. MuHnepanbHbie BObI
KaBkasza oTiau4aroTcsi TeM, 4TO COJAEpkKaHHE THIPOKapOOHATOB B HUX 3HAYUTEIIHHO
MIPEBBINIAET COJIEPKaHUE XJIOPUIOB U CYIh(HATOB.

B ¢apmaneBTrueckoM aHaIu3e UCMONB3YETCS AUCTUUIMPOBAHHAS WM JIEUOHU-
3MpOBaHHas BOJA B 3aBUCHUMOCTH OT KOHKPETHOW METOIMKH KaueCTBEHHOTO WJIH KO-
JUYECTBEHHOTO aHaiu3a. JMCTUIIMPOBAHHYIO BOAY IONYYAOT MYyTEM MEPETOHKU:
KUIITYCHUS C MOCIIEAYIONIEN KOHICHCae napa. B pesynbraTe AMCTUIIISLNN B BOJE
3HAYUTENBHO CHUXKAETCS MPUCYTCTBUE PA3IUYHbIX 3arpsi3HEHUH, OCOOEHHO HEJETY-
yuX. J|eMOHM3UPOBAHHYIO BOJIY MOJYYaIOT C MOMOIIBI0 MOHOOOMEHHBIX CMOJ, KOTO-
pBI€ CBSI3BIBAIOT KaK KATHOHBI, TaK U aHUOHBI. B IEMOHM3UPOBAHHON (JIeMUHEPATU3H-
POBaHHOW) BOJIE€ MPAKTUYECKH OTCYTCTBYIOT MOHBI. Kak mMpaBuio, MX coJep:KaHue
B JIEMUHEPAIM30BAHHON BOJE HUXKE, YEM B JUCTHIIIMPOBaHHOW. COOTBETCTBEHHO,
J€MOHU3UPOBAaHHAs BOJA JI0JKHA MCIOJIb30BaThCsA B TEX METOJUKAX, B KOTOPBIX MPHU-
CYTCTBHE YacTO BCTPEYAIOLIUXCSI B MUTHEBOM BOJIE MOHOB MOKET CYHIECTBEHHO IO-
BIIUSITH Ha pe3yJIbTaThl aHAIM3A.

B menuuuHe U1 pacTBOpPEHHS HMHBEKIMOHHBIX W MH(Y3MOHHBIX IpernapaToB
IIPUMEHSIETCS] allUPOT€HHAas BOJa — BOJA, HE COZEprKallas BEIIECTB, BbI3BIBAIOIINX
NIpU BBEJICHWU B OPTraHM3M IMOBBIIICHUE TeMIepaTypbl Teiaa. ANUPOreHHOCTh — OT-
CYTCTBHE B HMHBEKIIMOHHBIX M HMH(Y3MOHHBIX pAacTBOpax MPOAYKTOB MeTabOIu3Ma
MUKpPOOPIaHU3MOB — TaK Ha3bIBAEMbIX ITUPOIEHHBIX BEIECTB, WJIN MUPOreHoB. CBOE
Ha3BaHME 3TH BEIIECTBA MOJYYMIHN OT JATUHCKOTO «PYr» — *kap, oronb. /s nomyue-
HUSl allUPOT€HHON BOJIbI U3 NUCTUIUIMPOBAHHON MPOBOJAST JOMOTHUTEIbHYIO OYUCTKY
C TIOMOIIBIO MIEPMaHTaHaTa KaJlus U JAPYTUX BEIIECTB, CMIOCOOHBIX OKHCIUTH CONEp-
JKalluecs B HEW IPUMECH JIETyUYUX OPTraHUYECKUX BEIIECTB.

OcHoOBHBIE BOIIPOCHI TEMbI

. XMMHYECKHE PEAKLIMU BOJOPOJA C MPOCTHIMU U CIIOKHBIMU BELIECTBAMU.

. 'uapuabl menoYHbIX METAJIIOB.

. IIpombluIeHHBIE U J1AOOPaTOPHBIE CIIOCOOBI OTYYEHHS BOAOPOJA.

. CTpoenue MOJIEKyIbl BOJIbI, CKIIOHHOCTh K 00pa30BaHUIO BOAOPOIHBIX CBS3CH.
. XMMHUYECKHE PEAKIIUU BOJIBI C IPOCTHIMU U CJIOKHBIMU BELIECTBAMHU.

. I'moponus.

OOl WN -

16



1. KpI/ICTaJ'IJ'IOFI/II[paTI)I N aKBAKOMIIJICKCHI.
8. HpI/IMeHeHI/Ie BOJbI B MCAUIITMHC U q)apMaI_IeBTI/I‘IeCKOM aHaJIM3c.

3agaum u ynpaskHeHust

1. Paccuuraiite Maccy TBEPABIX BELIECTB (YpaBHEHUS pEaKLMM MPUBEIACHBI
HUXKE), C TIOMOIIbIO KOTOPBIX MOXKHO Nojyduth 200 oM’ BOJIOpPOJia B JIaOOpPAaTOPHBIX
YCIIOBUSIX.

CaH, + H,O —

Al + NaOH + H,0 —

Si + NaOH + H,0 —

Fe + HZSO4 (pas6) —

Omeemur. 0,188 1; 0,161 1; 0,125 ; 0,500 1.

2. Paccumraiite, kakoli 00BEM raza MOXXKHO IMOJYYUTh B PE3yJIbTaTe THIPOIH3A
10 r cmeqyronux COeTMHEHUM: a) KapOua Kanblus; 0) KapOu alFOMUHUS; B) CHIIUKAT
KaJIbIIMS, T) HUTPUJ Maraus; 1) hochu MarHus.

CaC, + H,O —

Al,C; + H,O —

Ca,Si + H,O —

M93N2 + Hzo -

M93P2 + Hzo -

Omeemur. 3,501;4,671;1,191; 4,48 1; 3,34 T.

3. Kakoii 06pem Boiopoa (I[Mg, H.y.) BBIICTIUTCS MPU B3aUMOJICUCTBUU TUAPUAA
KaJIis C BOJIOM, €ClU JIJIsi HEUTpaIU3alliy MOJYISHHOTO MPU 3TOM pacTBopa moTpedo-

Basioch 143,67 T pacTBOpa cepHOM KHUCIOTHI ¢ MaccoBoi noieir H,SO,4, paBHoi 2,2 %.
Omeem: 1,44 ,Z[MS.

4. Kakyro maccy CuSQOy4 5H,0 HeoOxoauMo MCMOIb30BaTh ISl MPUTOTOBJICHUS
500 cm® pactBopa cynbdara Meau ¢ kKoHuentpamueit 0,1 M.
Omeem: 12,5 1.

5. Jlabopant mpurotoBun 1M pactBop MnSO, wu3 kpucrammoruapara
MnSO,4-2H,0, HO He y4€n BBICOKYIO TUTPOCKOIMMYHOCTD 3TOM conu. KakoBa peanbHas
KOHI[GHTpALKst HOHOB MN”" B IPUrOTOBICHHOM PACTBOpPE, ECIH TIPH JUTHTEILHOM Xpa-
HeHnu 13 % KpucTamiornapara noraoTWin BoAy U npespatmwinck B MNSO,4-5H,0.

Omeem: 0,813 M.

6. H, —» H,O — HCIO — HCl — H,

7. CaH, — Ca(OH), — H,0 — Na[AI(OH)s] — H,0
8. H, —» NH; — NH4OH — (NH,),Cr,0; — H,0

9. H,0 — Ca(OH), — (CaOH);PO, — H,0 — O,
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I'/TABA 3
XUMUA HEJIOYHBIX METAJIJIOB

3.1. OBLIASL XAPAKTEPUCTUKA HIEJJOYHBIX METAJLJIOB

DneMeHTHl, pacnoyiokeHHble B |A rpymnne nepuoauyeckoil CucTeMsbl (3a UCKITIO-
YEeHUEM BOJOpOJA) HA3bIBAIOTCS IIETOYHBIMM MeTamiaMu. ClieqyeT OTMETUTh, YTO
MMEHHO B |A TpyIinie nepruoinyecKoi CUCTEMbl XUMUUECKUE CBOMCTBA 3JIEMEHTOB OT-
JIMYAIOTCS] BBICOKOM CTENEHbIO CXOACTBA. DTO OOYCIIOBIEHO HAIMYUEM €AUHCTBEHHO-
ro 3JICKTPOHA HAa BHEIIHEM CJIO€ Yy BCEX IIECJIOYHBIX MeTauioB. lllernounbie MeTaisl
MOXHO paccMaTpUBaTh KaK ATAJIOH METAJUIMYECKUX CBOMCTB: OHHM JIETKO BCTYIAIOT
B XMMUYECKHE PEAKIIUH B KAYECTBE BOCCTAHOBUTENEH M HUKOTJA HE BHICTYMAIOT B Ka-
YECTBE OKHUCIUTENCH. DTH MeTaibl 00pa3yloT HCKIIOYHUTEIIBHO OCHOBHBIE OKCH/IBI
U TUAPOKCUbI. OCHOBHBIE THAPOKCUABI IIEJIOYHBIX METAUIOB XOPOUIO PACTBOPHUMBI
B BOJIC, UX OTHOCST K CHJIbHBIM 3JIeKTpoiuTaM. Bee anemenTsl |A rpymnmsl (OnaTh xe,
KpOMeE BOJIOPO/Ia) OTHOCSITCA K aKTUBHBIM METaIaM. JTO 03HAYaeT, UTO BCE OHH CIIO-
COOHBI B HOPMAJIbHBIX YCIIOBUSAX PearupoBaTh ¢ BOJAOW ¢ 00pa30BaHUEM IIIEJIOYU U BO-
nopoaa. OgHaKO B peaKkuu C BOJIOM MPOSIBISIOTCS U HEKOTOPBIE pa3iNyuusl B aKTUBHO-
CTH IIEJIOYHBIX METAJIJIOB.

Bo Bpemst peakiun ¢ BOJOM JINTHI HE PACILIaBIISIETCS.

2Li + 2H,0 — 2LIiOH + H,1

OcranpHble MeTaIIBI 1 A Tpymmbl B caMOM Havajie peakiliu ¢ BOJAOW pacIuiaBisi-
I0TCs 32 CYET O0JIee HU3KUX TeMIIepaTyp IJIaBICHHUS.

2Na + 2H,0 — 2NaOH + Hj,?

B peakuuu xanusi ¢ BOJON KOJWYECTBO BbIICISAIONIEHCS TEIIOTHI JOCTATOYHO HE
TOJIBKO JJIsl TOrO, YTOOBI METaJll pacIjiaBUiICs, HO U JJIsl TOrO, YTOOBI HA4YaJach peak-
1M MEXY BOJAOPOJOM U KUCIOPOAOM Bo3ayxa. [loaTomMy roBopsIT, 4TO peakius Ka-
JIUS C BOJIOM MPOTEKAET 0COOCHHO OYpHO.

2K + 2H,0 — 2KOH + H;?

Cyns 1mo npuBeACHHBIM JAHHBIM, KaJIWil SBJISIETCS 00Jie€ aKTUBHBIM METAJLJIOM,
yeMm nuThil. Takoe mpeanogokeHue KakeTcs BIOJIHE JIOTMUHBIM, TOCKOJIbKY SHEPIHs
WMOHM3AIMU Kallusl HUKe, 4yeM y JauTus (cMm. Tabn. 3.1). ITockonabky aTOMHBIA paanyc
MIEJOYHBIX METAJIJIOB MOHOTOHHO YBEJIMYMBAETCS IO HAMPABJICHUIO CBEPXY BHU3
B MIEPUOJINYECKON CUCTEME, CUIIBI MPUTHKCHUS MEXIY SAPOM U BAJICHTHBIM JJIEKTPO-
HOM 3aKOHOMEPHO CHHXaroTcs. Kanuii okucsieTcs Jierue, 4eM JUTHR. DTO YTBEpXKae-
HUE€ TOJIKPEIUIAETCS W JAaHHBIMH 00 OTHOCHUTEIIBHOW JJIEKTPOOTPHUIATEIHLHOCTH IIe-
JA04HBIX MeTajtoB (Tadi. 3.1). [Touemy e B TAKOM CiTydae JUTHH HAXOAUTCSA B CAMOM
Hayajse psjia CTaHIaPTHBIX AJIEKTPOXUMUYECKHUX MTOTEHIIUATIOB?

Jleno B TOM, 4YTO B pAJly CTAHJAPTHBIX 3JIEKTPOXUMUUYECKUX MOTEHIIMAIOB
HE CPaBHUBAIOTCSA CBOWCTBA aTOMOB MeTaiioB. CpaBHEHHUIO (PaKTUYECKHU MOABEPraroT-
Csl SHTAJIBIIUK TIEPEXOJI0B OT MPOCTOTO BEIIECTBA K COCTOSTHUIO THIPATUPOBAHHBIX Ka-
tuoHoB. [lo 3akony ['ecca AH takoro nepexona 6yner paBHa cymme AH Ha Kaxaom u3
sTanoB nporecca: AH aTomuzanuu (pa3pyuieHus KpUCTAUIMUECKON PEeIETKH MeTall-
na), AH wonuzanuu (co6cTBEHHO, OKHCcieHus metaiia), AH rugparauuu (o6pa3oa-
HUS COJIbBATHOUW 000y04Kkn). [lepBbie ABE COCTABISAIONINE JEMOHCTPUPYIOT OOpaTHYIO
3aBUCHUMOCTb OT aTOMHOTO pajilyca IIEeTOYHOTO METayia: YeM OOJbIlIe aTOMHBIA pa-
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JYyC, TEM JIeT4Ye Pa3pyUIUTh KPUCTAIUTNYECKYIO PEHIETKY M OKUCIUTH aTOMbl. OTHAKO
TpeThsi cocTaBisitomas — AH rugpartanuu — JIEMOHCTPUPYET MPSMYIO 3aBUCHMOCTD
0T aTOMHOTO pajauyca (Tadi. 3.1). OOBSICHUTH ATOT (EHOMEH MOYKHO C UCIIOJIb30BaHU-
€M TaKOro MOHATHA, KaK IUIOTHOCTH 3apsijia MoHa. Bce MOHBI IMIENOYHBIX METaJIOB
UMEIOT OJIMH U TOT ke 3apsia (+1), HO pa3HyO IUIOIaAb MOBEPXHOCTU. YeM Oomblie
aATOMHBIN paJiyC MOHA, TEM HIDKE TOJOXHUTEIBHBINA 3apsijl, MPUXOIALIUICS HAa OTHY
U Ty XK€ IJIOUIab MOBEPXHOCTU. B pe3ynprare KOMMYECTBO MOJIEKYI BOJBI, 00pa3yro-
IIMX COJbBATHYIO 000JOYKY MOHA Kalius, MEHbIIE, YeM KOJUYECTBO MOJIEKYN BOJBI,
0o0pa3yroumx cojabBaTHYIO 000J04YKy HOHA JUTHS. COOTBETCTBEHHO, PAINYyC TUIPATH-
POBAHHOTO MOHA KaJHs MEHbINE, YeM TAaKOBOW I THAPATUPOBAHHOTO MOHA JIUTHS
(ta6mn. 3.1). DHeprus, BbLACNSAOMIAsCS NMPH THAPATAIMH HWOHA JIMTHS, 3HAYUTEIHHO
OoJIbIIle, YeM DJHEPTHUs, BBIACIAIONIASACS NPU TUApaTali¥ HOHa Kamus (Tabm. 3.1).
ViMeHHO TIOATOMY B STy CTAHIAPTHBIX SJIEKTPOXUMUYECKUX OTCHIIMAJIOB IIEJIOYHBIC
MEeTaJlTbl pactoiokeHsl B mopsiake: Li < K < Na.

Tabauya 3.1
CpaBHHTe/IbHASI XapaKTePUCTHKA MeTaJLUI0B |A rpynnbl
CBoiicTBO Li Na K Rb Cs
MeTaJnmn4ecKkuii paanyc, HM 0,152 | 0,186 | 0,227 | 0,248 | 0,265
Wonnslii paguyc D, um 0,068 | 0,102 | 0,138 | 0,149 | 0,170
[TnoTHOCTH 3apsiga 14,7 9,8 7,2 6,7 5,9
Panuyc runpatupoBaHHOTO HOHA, HM 0,340 | 0,276 | 0,232 | 0,228 | 0,228

Duransnus rugpataruu, AHp, D", kJIx/MoTb —-500 | =390 | —305 | —280 | —246

JHEPrHH HOHK3ANUH, 5B 5390 | 5138 | 4,339 | 4,176 | 3,893
|1, D" >0 +e

DneKTpooTpUIaTeIbHOCTH (110 [ToyMHTY) 0,98 0,93 0,82 0,82 0,79

Bepuémcs k Takoil XapaKTepUCTHKE MPOCTHIX BEIECTB, KaK TeMIeparypa IuiaB-
nenus. OHa B ciiydae CcO IICIOYHBIMH METAJIJIaMU JEMOHCTPUPYET OOpaTHYIO 3aBUCH-
MOCTh OT aTOMHOTO paauyca: TemrepaTrypa ruiaBnenus jutus — 181 °C, nesus —
29 °C. Bce mienounble METAUILI ABIISIIOTCS JOCTATOYHO MSITKHMH, UX MOYKHO JIETKO
pe3aTh HOKOM.

3.2. XUMHUYECKHUE CBOMCTBA LIEJOYHBIX METAJIJIOB U UX COEJJUHEHMI1

Xpanarcs 00pa31ibl MEJTOYHBIX METAIIOB T0J] CIIOEM KEPOCHHA B TUIOTHO 3aKpbI-
TBIX COCYJIaX, HOCKOJBKY OHH JIETKO OKHUCIISIOTCS BOJIOM M KHCIOpOJ0oM Bo3ayxa. Pac-
CMOTpHUM T0JIpoOHEe B3aMMOJICHCTBUE IIETOUYHBIX METANIOB C KUCIOPOIOM.

OCHOBHBIM IIPOJTYKTOM PEAKIIHMH JTUTHUS C KUCIOPOJOM SIBJISIETCSI OKCHJT JTUTHSL.

4|_| + 02 — 2L120

[Ipy okucaeHUU HATPUsSI OCHOBHBIM MTPOYKTOM SIBIISIETCS IEPOKCHU.

2Na + 02 — Na202

JI1st BceX OCTaJIbHBIX IIEJTOYHBIX METAUIOB (HAUMHAsI C KaJlMs) OCHOBHBIM IpO-
JTYKTOM pPeaklnu ¢ KUCIOPOJIOM SIBISIETCS CYTEPOKCHUI.

K+ 0O, — KO,

Bo3MoxHO U 00pazoBaHUE TAaKOr0 OMHAPHOTO COEIMHEHHUS HIETIOYHOTO METaslia
C KUCJIOPOJIOM, KaK 030HU/ (IIPH CKUTAHUM Kalusl, pyOuIus U 1Ie3Usl B O30HE).

K+ 03 — KOg
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Bce OunHapHbie COeTUHEHHS IIEI0YHBIX METAIOB C KUCIOPOAOM SIBIISIOTCS HOH-
HBIMU. B OKcHie B poJii aHHOHA BBICTYIIAET 0%, B IICPOKCHUIE — 0,%, B CYIIEPOKCH-
ne — O, , B o3oamnne — O3 . Kak cynmepokcupl, Tak ¥ IEPOKCHIBI MICIIOYHBIX METAJI-
JIOB 00pa3sylOT OKCHABI B PEaKIHUH C H30BITKOM COOTBETCTBYIONIETO METaula IPH
BBICOKOM TeMIIepaType.

KO, + 3K — 2K,0

tO
Na,O, + 2Na —— 2Na,0
B nomo6HO# peakyuy MOKHO TIOJYYUTh EPOKCHJL M3 CYTIEPOKCHIA.

tO
2KO; + 2K — 2K;0,
[TomyunTh OKCH HATPUS WM KaIHs BO3MOXKHO U IIPU OCTOPOKHOM HAarpeBaHHU
COOTBETCTBYIOIIETO NEPOKCUA WM CYIIEPOKCHIA B BAKyyMe.

2Na,0, —> 2Na,0 + 0,1

4KO, — 2K,0 + 30,1

I/I3 XUMHUYCCKUX CBOﬁCTB HepOKCI/II[OB IICJIOYHBIX MCTAJIJIOB HpaKTquCKYIO 3Ha-
YUMOCTb HpCI[CTaBJ'IHCT nx CHOCO6HOCTB K peaKHI/II/I C BOI[OfI (I/IJII/I C er'ICKI/ICJ'IBIM ra-
30M) C BBIAEJIEHUEM KUCIOPOIA.

2Na,0, + 2H,0 — 4NaOH + OzT

2Na202 + 2C02 — 2N82C03 + OzT

B peakuuu mea04HbIX METAUIOB ¢ BOAOPOAOM 00Pa3yrOTCs MM IPUILL.

2K + H, — 2KH

[Ilenoynble MeTaIbl CIOCOOHBI K B3aUMOJICUCTBHIO U C APYTHUMH HEMETalIaMU
¢ o0pa3oBaHNEM COOTBETCTBYIOIINX OMHAPHBIX COSAMHEHUH.

2Rb + Cl, — 2RbCl

2Na+S - Na,S
oLi+2C - Li,C,

12K + 4P -, 4K4P

Oxcupl METOYHBIX METAJUIOB MTPOSIBIISIFOT UCKIIIOUUTEIIBHO OCHOBHBIE CBOMCTBA!
pearupyroT ¢ KUCIOTHBIMHU OKCHJAMH, KUCIIOTaMHU U BOJIOM.

Kzo + 803 — KZSO4

Na,O +2HCI — 2NaCl + H,0

B peakuuu ¢ BOOW OKCHIBI HIETOYHBIX METAIJIOB 00Pa3yl0T COOTBETCTBYIOIINE
TUIPOKCUBI, POSBISIONINE UCKITIOYUTEIIBHO OCHOBHBIE CBOMCTBA.

2KOH + 803 % K2804 + Hzo

NaOH + HCI — NaCl + H,0

WNHTepecHO OTMETUTh, YTO MPHU BHICOKON TeMIlepaType Cpeiu BCeX TMIPOKCHIOB
IIEJIOYHBIX METAIOB pasjaraetcs UCKIrunTenbHo LIOH, HO He TMapOKCH Bl HATPUS
U Kajusl.

. t° .
2L|OH — leo + Hzo
B p€akiu C THAPOKCHAAMHU IICIOYHBIX MECTAJJIOB aM(l)OTeprle T'NAPOKCHUIBI
1 OKCHUJBI TPOABIIAIOT KUCIIOTHBIC CBOMCTBA.

3NaOH + AI(OH); — Nag[AI(OH)e]
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2KOH + ZnO S | K,Zn0, + H,0
I/ISBCCTHLI peaKHI/II/I menoqeﬁ C HpOCTBIMI/I BCIIICCTBAMMU.

6KOH + 3Cl, — 5KCI + KCIO; + 3H,0
2NaOH + 2Al + 6H,0 — 2Na[Al(OH),] + 3H,?
2KOH + Si + HZO — KleOg + 2H2T

2NaOH + 2P + H,0 v, Na,HPO3; + PH3?

B BOJHBIX PACTBOPAX KATHOHBI S -DJICMEHTOB THMAPATHPOBAHBI M CYIIECTBYIOT
B (popme akBakommiaekcos: [Li(H,0).]"; [Na(H,0)g]". CBa3p Mekay KaTHOHOM Ilie-
nounoro meramta (K™ u Na') ¢ momekymnoit moHodopa Taxxke MpencTaBIsAeT coOoif
KOMILJIEKC, B KOTOPOM aTOMBI KACIOPOa BHICTYMAIOT B KAYECTBE JINTAH/IOB.

Honodopsl — 3TO KUPOPACTBOPUMEBIC MOJIEKYJIBI, CTIOCOOHBIE CBS3BIBATH KaTH-
OHBI CBOEH BHYTPEHHEU TruApo(UILHON YacThi0 M MEPEHOCUTH UX Yepe3 KICTOYHYIO
MeMOpaHy 3a CU€T CrOCOOHOCTH B3aUMOJICWCTBOBATH C HEW CBOEH BHENIHEH THUIPO-
¢oOHoi1 yacTeio (puc. 3.1). [Ipupoansie HOHODOPHI CUHTE3UPYIOTCS HEKOTOPHIMU BU-
JaMu OaKTepUi C TENIbI0 HAPYIIICHHS TPAHCIIOPTa KATHOHOB CKBO3b MEMOpPaHbBI APYTHX
BHJIOB OaKTEepHIA.

Puc. 3.1. Cxema cTpoeHus HOHOPOpa (BAIMHOMHUIIMHA)

Kpucrannoruapatsl (emé oAuH NpUMEP COEAUHEHUHN, B KOTOPBIX MOHBI LIEJI0Y-
HBIX METAJIJIOB BHICTYINAIOT B KaUECTBE IIEHTPAJILHOTO aTOMa) 00pa3yloTcs MpH BbINa-

pPUBaHUU COOTBETCTBYIOIIMX PAacTBOPOB coiiel menouHbix MeTaioB: Na,COz 10H,0;
Na,SO,-10H,0.

3.3. BUOJIOTMYECKASI POJIb M MPUMEHEHUE B MEJIULIMHE COEJIUHEHMIA
IEJIOUYHBIX METAJLJIOB

B ncuxumaTpum ucnonp3yercs Takhe Ipenaparsl, COJAep Kallue JUTUN, KaK Kap-
OoHaT, HUTpatT, OEH30aT U OPOTAT. DTH MpPENapaThl, IEUCTBYIOIIUM HAYAIOM KOTOPBIX
sBnsoTcss MoHb! Li*, mcmonb3yroTcs B TedeHHH MM30(GPEeHMH M OUIOIAPHOTO pac-
ctpoiicTBa. CunTaeTcs, YTO UOHBI JINTUS BCTYNAIOT B KOHKYPEHIIMIO C HIOHAMU HATpPHS
U Kajusi, B YaCTHOCTH, B HaTPUEBBIX U KaJIMEBBIX TPAHCMEMOpaHHBIX KaHajaX, Hapy-
n1asi IPOBEACHUE HEPBHOIO UMITyJIbca. He NCKI0YaeTcss 1 KOHKYPEHIUs HOHOB JINTHS
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C MOHaMM MarHusi 3a aKTHUBHBbIE LIEHTPhl (PEPMEHTOB, TaK WJIM HHAY€ BOBJICUYEHHBIX
B OCYILIECTBJIICHUE HEPBHOM AESATEIBHOCTH.

buonornueckas ponap AUTHSA B OPraHU3ME YEIOBEKA OCTAETCS HEW3BECTHOM,
B OTJIMYME OT TAKOBOM I MIOHOB HATPUS U KaJIUA.

Na" — BakHeHImii KaTHOH BHEKJIETOYHOTO MPOCTPAHCTBA: €r0 OCHOBHAS POJIb
3aKJII0YAeTCAd B TMOAJEPKAHUM OCMOTHYECKOTO JABJIEHUS BHEKJIETOYHOW KHUIKOCTH.
K" — OCHOBHOI KaTHOH BHYTPUKJIETOYHOIO IPOCTPAHCTBA, MIPAIOIIMIl OCHOBHYIO
pOJIb B MOJAEPKAHUM OCMOTUYECKOTO JTaBJICHHS] BHYTPU KJIETOK. VIOHBI HaTpus U Ka-
TS, a TOYHEE, Pa3HOCTh B MX KOHIIEHTpAlMUM BHYTPHU U CHApYy>KU KIETOK, SBISIETCS
INPUYMHON CO3/1aHud OMO3JIEKTPUUYECKOr0 MEMOpPAHHOTO NOTEHLHMada MOKos. MeM-
OpaHHBIN MOTEHIMAN MMOKOS BO3HUKAET 3a CU€T JedUIuTa MOJOKUTEIbHBIX JIIEKTPHU-
YECKUX 3apsI0B BHYTPH KJIETKH, BOZHHUKAIOIIETO U3-3a YTEUKU U3 HEE MOJIOKUTEIBHO
3apsKEHHBIX HMOHOB Kajusi 4epe3 KajlueBble KaHajbl U 3JIEKTPOTEHHOTO JEHCTBUS
HATPHIi-KaJMEBOTO HACOCA, KOTOPBIA OCYIIECTBIAET aCHMMETPUUHBIH 00MeH Na' u3
BHYTPHKJIETOYHOTO MpOCTpaHcTBa Ha K’ U3 BHEKIETOUYHOTO NPOCTPAHCTBA B COOTHO-
meHuu 3 : 2.

duznosornyeckasi KOHUEHTPALKsd HOHOB HATpUsl B KPOBU — OT 135 MMoIIb/1 10
145 mmons/n. Tunepuatpuemus ([Na'] > 145 MMoNB/1) MOXKET HACTYIHTh IPU BOJ-
HOM HCTOIIEHUH, YTO, B CBOK OYEPEAb, MOXKET MPHUBOJUTH K JETUAPATALMNH KIETOK
mosra. I'unonatpuemus ([Na'] < 135 Mmons/i), Ha00OPOT, MPUBOAUT K THIIEPTHAPA-
TaluM KIeTok Mosra. I'mnokamuemus ([K'] < 3 MMomb/n) BIeuéT 3a co60ii HapynIeHne
MIPOBEACHUS AIEKTPUUYECKOr0 MMIYJIbca MO KJIETKaM HEPBHOW M MBIIIEYHON TKaHH,
YTO peaiu3yeTcsl B pa3BUTUN MBIIIEYHOU cTa00CTH U TaXUKapIuu (B yYallleHUH pUTMa
cepaua). I'mnepkxanuemus ([K'] > 5,5 MMonb/) He MeHee OMAcHa, YeM THIIOKATHEMHs,
MOCKOJIBKY MOXET MPUBOJUTH K Opaaukapauu (K 3aMeJICHHI0 puTMa cepama), Gpuob-
PUJUISIIIUY JKEITYJOUYKOB U OCTAHOBKE ceplia.

B kxayecTBe aHTMapUTMHUYECKOIO CpEACTBA MCIOJIb3YETCs Mpenapar MoJ TOpro-
BBIM Ha3zBaHueM Acmnapkam, AcriaHruH win [laHaHruH, npeacTaBiasioNuil co0oi ac-
naparvHart (CoJb acapariHOBOW KHUCJOTHI) Kaldusl U MarHus. Pa3nuuHele conu Kanus
MOT'YT BXOAUThH B COCTAB BUTAMUHHO-MUHEPATbHBIX KOMIUIEKCHBIX MPETapaToB.

B kauecTBe miazmo3aMenIaloONIero CpeACcTBa MCMONb3YETCs (PU3MOIOTHUECKHMA
pacTBOp XJIOpHUA HATPHs, MacCoBas J10J1a cojin B koTopoM paBHa 0,85 %. Konienrpa-
st pusnonorndeckoro pacteopa NaCl pasna 0,15M, a 0cMOJIIPHOCTb U OCMOJISITh-
HocTh — 0,3M. Xutopua HaTpus MCHOJB3YETCs C 3TOM LEIbI0 IO TOM MPUYUHE, YTO
KaTUOHBI HATPUS U aHUOHBI XJIOpa SIBJSIIOTCSA Hanbosiee pacnpocTpaHEHHBIMU HOHAMHU
B IIJIa3M€ KPOBHU.

Henb3s He mepeurcnuTh 1 HEKOTOPbIE TPYIIIbI JIEKAPCTBEHHBIX CPEJCTB, B KOTO-
pPBIX MOHBI HATPUSI M Kajusl HE SBISIOTCS OCHOBHBIM JIEHCTBYIOIIUM KOMIIOHEHTOM.
Bpomuel Hatpus u (pexe) Kanusi UCTIONb3YIOTCS B KAYECTBE YCIIOKOUTEIBHOTO CPel-
cTBa. Moauapl (1 HOaaTh) HATPHS U KAIUs HCIIOIB3YIOTCS [T BO3MEIICHHS Ae(HUIITa
Ho/a B opraHu3Me, BXOJST B COCTaB HOJIMPOBAHHON coau. DTOpU HATPHS UCIIOJIB3Y-
eTcs s npoduiakTUKU Kapueca (nmpu Hepoctatke ¢ropa). Llutpar Hatpus — wus-
BECTHBIA KOHCEPBAHT KpOBH. ['MapokapOOHAT HATPUS — HE YTO MHOE, KaK MHUILEBast
CO0J1a, KOTOPasi MOKET UCIOJIb30BATHCS B KAUECTBE aHTaluaa (A1 CHIXKEHUS! KUCIIOT-
HOCTH JKETTyJIOYHOTO COKa). B kauecTBe crabOUTENBLHOTO CO BpPEMEH CPEIHEBEKOBbS
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ucnonb3yetrcs ['maybepoBa conmb — Na,SO,4 10H,0. B kadectBe nesuHdpekTaHTa MO-
JKeT OBITh MCTIOJB30BaH pa30aBiIeHHbBIN pacTBOp nmepManranara kamus — KMnO,.

3.4. UICNMOJBb30BAHUE COEJUHEHUM IEJOYHBIX METAJIJIOB
B ®PAPMAILIEBTUYECKOM AHAJIM3E

Conu nMUTHUA OKpPAIIMBAIOT OECIIBETHOE IUIaMsi TOPEJIKH B KAPMUHHO-KpacHBIN
uBeT. KauecTBEHHOW peaknreldl Ha KaTUOHBI JIMTHUS MOXET CIYKUTh MX B3aUMOJICH-
cTBUE ¢ ruapodocdaT-uoHamMu B MIEIOYHOM Cpeie ¢ 00pa30BaHUEM HEPACTBOPUMOTO
oesoro ocanka LisPO,.

3Li* + HPO,* + OH™ — Li3PO,| + H,0

Karnon HaTpus okpammBaeT OeCLBETHOE IJIaMsi TOpeKu B KENTHIN 1BeT. Kaue-
CTBEHHOMW peakIuell Ha NOH HATPHUsl SIBISETCS €r0 B3aUMOJICHCTBHUE C YPaHWIIALETATOM
L[MHKA B IPUCYTCTBUU YKCYCHOI KHUCIIOTHI.

NaCl + Zn[(UO,)3(CH;CO0)g] + CH3;COOH + 9H,0 —

— Nazn[(UO,)s(CH3;CO0)e]-9H,04 + HCI

[IpuBeneHHas BbIlIE peakUUs OTHOCUTCS K MUKpOKpHUCTaIockonuyeckum. Ha
NpeIMETHOE CTEKJIO HaHOCAT Karuito pactBopa NaCl, cierka ynapuBaroT 10 Hauyaia
oOpa3zoBaHusi OeJOM KaeMKH IO KpasM Karuil W MpUOaBIAIOT KaIlIl0 pacTBOpa ypa-
Huanerara nuHka. Yepes 2-3 MuH HAOMIOJAIOT TMOJ MHKPOCKOIIOM OOpa3oBaHUE
YKEJTBIX OKTA3PUUECKUX U TETPAIIPUUECKUX KPUCTAIIIIOB.

Peakuus ¢ rekcaruapokcoctrdarom (V) Kaus He SIBISETCS CTOJb YyBCTBUTENb-
HOM, KaK peakius ¢ ypaHWIaleTaTOM IIMHKA. DTy PEaKIi0 He0OXOAUMO MPOBOIUTH
UCKJIIOUUTENIBHO B HEUTPAIIBHOM cpefie.

NaCl + K[Sb(OH)s] — Na[Sb(OH)g]| + KCI

Crnenyer OTMETHUTH, YTO M3 Pa30aBICHHBIX PACTBOPOB OCAJOK I'€KCAruJIPOKCO-
ctubara (V) HaTpus BbINIAJACT MENJIEHHO WIM BOOOIIE HE BbIMaaaeT. B cuibHO mie-
JIOYHOH cpeJie OcaJoK He 00pa3yeTcs Jake MpH OOJBIION KOHIICHTPAIIMH HOHOB
HaTpus. V3 CUIIbHO KUCIIBIX PacTBOPOB BbIAEIsIETCS Oeblid aMOp(HBIA OCaloK MeTa-
cypbMsiHo# kucnoTsl (HSbO3), KOTOpEIit MOKHO OMIMOOYHO MPUHATH 32 OCAJIOK F'eKCca-
runpokcoctubata (V) narpus. [loatomy obGpazoBaHue Genoro ocaaka camo mo cede
elle HEeJOCTATOYHO JUIsl BhIBOJIA O MPUCYTCTBUU KAaTHOHOB HATpUs — HEOOXOIUMO
IPU PaCCMOTPEHUU IOJ] MUKPOCKOIIOM YOEIHUTHCS B TOM, UTO 3TOT OCAJ0K KpHCTaJl-
JINYECKUH.

Kartuonsl kanusi okpammnBaioT 0€CIBETHOE TUIaMsi TOPEIKU B (DUOJIETOBBIN IIBET.
KauecTBeHHOH peakiyieil Ha KaTMOHBI Kajus SBJISETCA €ro B3aUMOJICHCTBHE C reKca-
Hutpokobabrarom (111) HaTpws.

2K+ + Nag[CO(NOQ)G] - KzNﬁ[CO(NOz)G]l + 2Na+

Ocagok rekcanutpoko6anbrata (111) kanus-nHaTpust UMeeT ApKuid KENTHIN 1IBET.

Baxxno momMHuTh, yTO peakuus c¢ rekcanutpokodansTaToMm (l1l) HaTpus nomxHa
MPOTEKATh B KUCJION Cpejie, MOCKOJIbKY B IIEJIOYHOM cpejie BhIManaeT Oyphlid 0cazok
Co(OH)s, menraronuii 06Hapyxenmio noxa K':

Nag[CO(NOQ)s] + 3NaOH — 6NaNO, + CO(OH)gl

AnlbTepHaTHBHAs KA4E€CTBEHHAs PEAKIUs — C BUHHOW KUCJIOTOM.

K* + HOOC-(CHOH),-COOH — HOOC-(CHOH),-COOK | + H"

O6pazyromuiics 0caiok — TUAPOTapTPaT KalKs — UMEET OeIyl0 OKpackKy.
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M3BecTHa M KaueCTBEHHAs! PEAKIIMs Ha NOHBI KaJIHs ¢ KOMIUICKCHBIM COCTUHECHU-
eM 1oj] Ha3BaHueM TekcaxioporutatuHaT (1V) Bogopona (Miam rexkcaxjaopriiaTHHOBAS
kucnota). [Ipu 3TOM BEIMIAAET KENTHI KPUCTATUIMYECKAN 0CAIOK TeKCaXJIOPOTUIATH-
nata (1V) xamus:

TakuM ke HOHHBIM YpaBHEHUEM MOXKHO OIMCATh U B3aWMOJICHCTBUE MOHOB Ka-
nus ¢ rekcaxjoporuiatunatom (V1) marpus.

2K" + Na,[PtClg] — K,[PtClg]| + 2Na*

WoHbl HATpUs W Kajusl BXOJAT B COCTaB OOJBIIOTO YHCIA PEareHTOB, TaK WA
WHAYE UCIIOIh3YEMBIX B (papMarieBTHYecKoM aHanm3e. Hanboee n3BeCcTHBIC peareHThI
MIepEYHCIICHBI HIKE.

Ks[Fe(CN)eg] — xpachast kpoBsinast conb — rekcarmanodeppar (1) xamus —
HCIIOJIB3YeTCS B KAUECTBEHHOI Peakiuy Ha HoHbl Fe’,

K4[Fe(CN)e] — x&ntas kpossiHast coinp — rekcanuanodeppar (1) xanus — uc-
TOJIB3YeTCS B KAYECTBEHHBIX Peakuusx Ha nonsl Zn°*, Cu?*, Ph?*,

Na,HPO, — ruapodocdar HaTpuss — sBIsETCSA peareHTOM JJIsi OTKPBITHS KaTH-
onos Mg?*.

Na,S,03 — THocynbdaT HATpUsI — HUCTIOIB3YETCS B TAKOM METOJE OKUCITHUTEIb-
HO-BOCCTaHOBHUTEILHOTO THTPOBAaHUS (TO €CTh, B KOJMYECTBCHHOM aHAIM3E), Kak
WOJOMETPHA.

KMnO, — mepMaHTaHaT KaJus — MPUMEHSETCS B Ka4eCTBE TUTPAHTA B TAKOM
METOJIC OKUCITUTEIHHO-BOCCTAHOBUTEIHLHOTO TUTPOBAHMUS, KaK IEPMaHTaHATOMETPHSL.

Na,B;O; — nepBuuHbIi cTaHmapT s Takoro TutpanTa, kak HCI.

OcHOBHBIE BOIIPOCHI TEMbI

1. CpaBHuUTENbHAS XapAKTEPUCTUKA IIEITOUHBIX METAJIIOB.

2. [TpoayKThl B3aUMOIEUCTBHS IEI0OYHBIX METAIIOB C KUCIOPOIOM.

3. XMMHYECKHE CBOMCTBA OKCUIOB U THIPOKCUIOB IIEIOYHBIX METAIIIOB.

4. buonornyeckas pojb KaTHOHOB HATPHUS U KaJIHsL.

5. Ucnonp3oBaHue COENMHEHUI IIETOYHBIX METaNIOB B (hapMaleBTUYECKOM
aHaJuse.

TecToBBIN CAMOKOHTPOJIb

1. Boaopoxa BblaensieTcsi NP B3aMMO/AeiCTBUH:
a) TUIPHUIA HATPUSI C BOJIOH;
0) amOMHUHUS C BOJHBIM PaCTBOPOM IIEJIOYH;
B) OKCH/JIa aJTIOMHHUS C BOAHBIM PacTBOPOM HIEJIOYH;
T) JKeJe3a ¢ pa30aBIICHHOM CEpHOMN KUCIOTOM.
2. YkaxuTe HeBepHble yTBepxkaeHUusA. Bogopoa cniocoGeHn pearupoBarth:
a) TOJIbKO C TPOCTHIMU BEIIECTBAMHU;
0) TOJIBKO CO CIIOKHBIMU BEIIECTBAMH,
B) TOJIBKO C HEMETaJNIaMH,
') KaK C MPOCTHIMH, TaK U CO CIIOKHBIMU BEIIECTBAMM.
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3. T'uapun uon (H) u aToM BO0PO/Ia OTITHYAIOTCH MEKTY CO0OIi:
a) YUCJIOM MIPOTOHOB;
0) 4MCIIOM HEUTPOHOB,;
B) YHCJIOM 3JIEKTPOHOB,;
T') OKUCJIUTEbHO-BOCCTAHOBUTEILHBIMUA CBOMCTBAMHU.
4. B kakux pacTBOPHUTEJSIX HeJIb35l XPAHUTh HATPHIA?
a) Boje;  0) YKCYCHOM KHCIIOTE;  B) 3TaHOJIE; T') KEPOCHHE.
5. I'mapokcua HaATpus He oOpa3syercs:
a) MpH JIEKTPOJIM3E PACTBOPaA XJIOpHIa HATPHUS,
0) Mpu ANEKTPOJIU3E paciuiaBa XJIOpHUaIa HATPHUS,
B) B peaKIIiy TUApUa HATPUs C BOAOH;
T') IpY B3aUMOJAEHCTBUM KapOOHAaTa HATPUS C TUIPOKCHIOM KaJHsl.
6. C pacTBopoM rHApOKCHIA HATPHS PearupyoT:
a) XJopua Kayusi;  O) MUHK;  B) XJIOPUJ MAarHUsl;  T) XJOPHUJ AJTFOMUHHUS.
7. OTMeTbTe CXeMbl peakiluii, B pe3yJibTaTe KOTOPbIX 00pa3yeTcsi THAPOKapOo-
HAT HATPHUS:
a) NH4HCO; + NaOH(u36) —
6) 1 moxs NaOH + 1 mons CO; —
B) 1 moib NaOH + 2 mons CO, —
r) KHCO3; + NaOH(u36) —
8. ®@opmy.Jia HOHA THAPOKCOHMS MOKET ObITH NMpPeICTABIEHA B BHjIE:
a) H,0,; 6)H,0-OH; B)H,O-H"; r)H;0"
9. Harpuii maccoii 23 r B3anMoeiicTByeT ¢ Boaoil Maccoii 78 r. MaccoBasi 10J1s1
(%) 1meJI0ouH B MOJIy4eHHOM PacTBOpe PaBHA:
a) 40,00; 6)39,60; B)41,00; T1)38,50.
10. Ykaxxute CMMBOJI HIEJIOYHOT0 MeTAJLJ1a, IPU B3auMoaeicTBuu 3,42 r KOTOPO-
ro ¢ Bogoii Beiesiercst 448 cm® Bojaopoaa (H.y.):
a)Li; 0)K; B)Na; r)RD.

OrBerbl: 1 —a,0,1;2—a,0,B;,3—B, 1;4—2a,0,B;5—0,1;,6—0,B, T}
7—0,8;8—B,1;9—a; 10 —r.

3anaum U ynpaxHeHUst

1. Onpenenute 00bEM KUCIOPOJIA, yUaCTBYIONIETO B peakiuu ¢ 50 r: a) nIurtus,
0) HaTpus, B) KaIKs. YUHATHIBAaTH 0OPa30BaHKE TOJBKO MPEUMYIIECTBEHHOTO TIPOIYKTa
B KQXKJIOU U3 ITUX PEAKIUU.

Omeemur. 40 JIM3; 24,3 21M3; 28,7 e,

2. Haiigute 00bE€M BOJIOpO/AA, KOTOPBIM 00pa3yeTcs Mpu B3aMMOJICHCTBUU C BO-
noit 50 r: a) K, 6) KH.

Omeemor: 14,4 ,21M3; 28 21M3.

3. CMech runpokcuaoB HaTpus U autust Maccor 20,1 r narpenmu. Macca cmecu

yMeHbIInaack Ha 5,3 r. HaliTu MaccoBbie 10U THAPOKCUIOB B CMECH.
Omeem: 70,1 % LiIOH; 29,9 % NaOH.

4. Na — NaOH — NaHCO3; — Na,CO3; — NaCl
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6. K02 — KZO — K2C03 — KzSO4 — KNO3
7. NaH — NaOH — NaCl — NaNO; — Na,O

JKcnepuMeHTAIbLHAs padoTa
«M3yyeHue XUMHYECKHX CBOMCTB COCJUHEHHUI 3/1eMeHTOB IA rpynnen

Ileab pa6oThl: 03HAKOMUTBCS C KadeCTBEHHBIMH peakiuamu Ha nousl K™ n Na”,
a Takke 0COOEHHOCTSIMU MPOBEICHUS ITUX PEAKITUH.

PeakTuBbl: pactBopsl KCl, NaCl, consHoit kucinote, KOH, rekcaHUTpOKOOaITh-
tata (I11) HaTpus, ruapoTapTpara HaTpus, rekcaruapokcoctudara (V) xKamus.

Onbit 1. Peaxyus uonose Na' ¢ zexcazuopoxcocmubamom (V) Kanus
K[Sb(OH)¢].

[TomemaroT B npoOupKy 2—3 Kariu KOHIIEHTPUPOBAHHOTO PacTBOpa KaKOH-1100
COJIM HATpHs, MpUOABIAIOT K HeMy cToibKO ke pacTBopa K[Sb(OH)g] u mortuparor
CTEKJISIHHOW MaJlouKOi O CTeHKU NpoOupku. Ilpu sTom Beimamaer OGenblil KpUCTAILIN-
YECKHUM 0CaI0K:

NaCl + K[Sb(OH)e] — Na[Sb(OH)¢]| + KCI

Na® + [Sb(OH)s] — Na[Sb(OH)e]|

OnwbiT 2. Peakyus uonoe K ¢ zexcanumpoxoéansmamom (\11) nampua
Nas[Co(NO2)e].

[TomemaroT B mpoOupky 1-2 Karum ciierka MmoJAKUCICHHOTO COJISTHOW KHCIOTOU
pacTBopa Kakoi-InOo coiu Kaius, NMPUOABISIIOT 2 Kaljld pacTBOpa IN€KCaHUTPOKO-
Oanprata (l11) HaTpUA U MOTUPAIOT CTEKISTHHON MajlouKol O cTeHKH npobupku. [Ipu
STOM BBINAJAET KEIThII KPUCTAIUITMYECKHII 0CaT0OK TBOMHON COJIM TeKCAHUTPOKOOAIb-
tarta (I11) kanusa Hatpus:

2KCI + Nag[Co(NO,)s] — K,Na[Co(NO,)e]¥ + 2NaCl

2K* + Na* + [Co(NO,)s]* — K;Na[Co(NO,)s¥

OnwIT 3. Peaxyus uonos K* ¢ zuopomapmpamom nampus NaHC,H,O.

[TomemaroT B mpoOupKy 2—3 Karju pacTBOpa Kakou-mubO conu Kaius, npuoas-
JSIOT 2 Kaluld pacTBOpa THIAPOTAPTpaTa HATPUS U MOTHUPAIOT CTEKIISTHHOW MallOUuKOU
O CTeHKH MpoOupku. Yepe3 HEKOTOpPOe BpeMs BBINAMACT Oesblii KPUCTATUMYECKUIN
0CaJIOK:

KCI + NaHC4H406 — KHC4H406l + NaCI

K+ + HC4H40& — KHC4H406l

N3y4aroT OTHOIICHHWE BBITIABIIETO OCaJKa THUAPOTApTpaTa Kalus K JEHCTBHUIO
muHepanbHbiX KucioT (HCI) u menoueit (KOH). B cunbpHOKHCTON cpenie ocagoK pac-
TBOpsieTCA ¢ BblAeAeHHeM BUHHOUM KucaoTsl Hy,CyqH4Og.

KHC4H4OG + HCI — KCI + H2C4H406

B cunpHOIIETOYHOM cpeie MPOUCXOAUT PACTBOPEHUE OCAKa, COMPOBOXKIAIOIIES-

ecst oopazoBanueM cpeaneit conmu K,C4H40g.
KHC4H406 + KOH — Hzo + K2C4H406
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I'/TABA 4
XUMUSA JIEMEHTOB IIA TPYIIIIBI

4.1. OBIIASL XAPAKTEPUCTUKA DJEMEHTOB IIA IPYIIbI

OneMeHTsl ||A Tpynmnbl HEe CTOMb CXOXKH [0 CBOMM XUMUYECKUM CBOMCTBAM, Kak
mienounbsie MeTauibl U3 |A rpynmnel. CaMblii Jerkuid sneMenT rpynmsl IA — 6epui-
il — sBisercsd aMoTepHbIM MeTaiioM. Ero xumuueckue cBoicTBa OOJIbIIE MTOXO0-
KU Ha CBOICTBA alIOMUHUS, KOTOPBIM pacloyiokKEH B IEPUOJUUECKON CUCTEME HE MO/
OepuiiveM, a o AMAroHaIM BIPaBO U BHU3. [ uapokcu Oepriiust nposBisieT aMdo-
TepHbIE CBOMCTBAa. Marnuii, B OTJIMYME OT KaJIbLIUs, CTPOHIUS U Oapusi, HE CIIOCOOeH
K 00pa3oBaHUIO MIENOYH (PAaCTBOPUMOIrO CHUJIBLHOTO OCHOBaHWs). [ 'MIpOKCU MarHus,
Oyayun crnaObIM 3JIEKTPOIUTOM, IJIOXO0 pacTBOpUM B Boje (mipu 25 °C ero pactBopu-
MocTh coctaBisgeT 0,64 mr Ha 100 MiT), 4TO HE MO3BOJSET MPOKIACCHPHUITMPOBATH €TO
KaK 11e04b. B cBA3M ¢ yKka3aHHBIMU BbILIE PUYMHAMM OCPUIUIMI U MarHuil OOBIYHO
HE OTHOCHT K IIEJT0YHO-3€MEIbHBIM METaJUIAM.

B rpynne A metannuyeckuil 1 MOHHBIA pajlyC MOCTENEHHO BO3PACTAIOT IO
Mepe JIBIKEHHUS CBepXy BHH3 IO Mepuoandeckoi cucreme (tabdi. 4.1). B cBs3u ¢ aTuM
SHEpPrusi MOHU3ALUUU U BJIEKTPOOTPHULATEIbHOCTh MOCTENEHHO CHUXAIOTCSA IS 3Jie-
MeHTOB U3 |IA rpynmsl mo Mepe pocta ux aToMHOI Macchl. [1noTHOCTE 3apsiaa (B cBsi3u
C TE€M, YTO 3apsij] y BCEX MOHOB pacCMaTPUBAEMbIX JIEMEHTOB OJIMHAKOB) 3aKOHOMEP-
HO CHUAETCs 10 MEPEe POCTa UX aTOMHBIX PaJAMYCOB, YTO MPUBOJAUT K YMEHBIIECHUIO
PaaryCcoB UX THIPATHPOBAHHBIX HOHOB (Ta0. 4.1).

Tabauya 4.1

CpaBHuTe1bHAsA XapaKkTepucTHKa MeTa 108 | |A rpynnsl

CBoIicTBO Be Mg Ca Sr Ba
Mertamndeckuii paanyc, HM 0,113 0,160 0,197 0,215 0,221
WonHbIH pagnyc 32+, HM 0,034 0,074 0,104 0,120 0,138
[InoTHOCTH 3apsna 58,8 27,0 19,2 16,7 14,5
Pannyc rupaTHpoBaHHOTO HOHA, HM 0,460 0,440 0,420 0,420 0,410
Sueprun nonnsauuy, 3B: Iy, 3% = I'+e 9,32 7,65 6,11 5,69 521
DnekTpooTpunaTenbHOCTh (1Mo [onunry) 0,98 0,93 0,82 0,82 0,79

4.2. XUMHWYECKHUE CBOMCTBA METAJLJIOB I1A TPYIITbl U UX COEAUHEHUI

Kanpumii, ctpoHnmii n 6apuii XpaHsT B KepocHHE (IOJOOHO HIETIOYHBIM METaJ-
JaM), TIOCKOJBbKY OHH CIIOCOOHBI PearnupoBaTh C KUCIOPOAOM BO3ayXa B OOBIYHBIX
ycloBusAX. bepuiinunii 1 MarHuil Ha BO3JlyXe OKUCISIOTCA ¢ 00pa30BaHMEM 3allUTHOMN
MOBEPXHOCTHOH MIEHKN okcuaa. Heo6XoauMo OTMETHUTh, YTO OCHOBHBIM MPOTYKTOM
B3auMo/IeicTBUSA MeTauioB || A rpymnmsl ¢ KMCIOPOAOM SABIIAETCA OKCU/L.

2Mg + O, — 2MgO

Marnuii cnocobeH ropetb He TOJNBKO B KHCIOPOJAE, HO U B YIJICKUCIIOM rase
(B OTCYTCTBHH KUCJIOPOJIA) C BBIJCIEHHEM aMopdHOro yrieposa (yris).

2Mg + CO, —» 2MgO + C

[Tpu B3aumopeicTBUM ¢ BoAOpoaoM MeTaiibl |IA rpynmbl 06pa3yroT ruapub.
I'mapunpl MENOYHO-36MENBHBIX METAJNIOB UMEIOT MOHHOE CTPOEHUE B OTINYHE OT

27




TuaApuaoB ﬁepI/IJIJII/IH N Marbdus, B KOTOPbIX MCTAJIJI COCI[HHéH C BOOOpOOAOM KOBAJICHT-
HBIMH IIOJIIPHBIMHU CBA3AMU.

FI/IHPI/II[BI ISJIIOYHO-3EMCIIBHBIX METAJIJIOB — CHUJIBHBIC BOCCTAHOBHUTCIIN.

CaH, + 2H,0 — Ca(OH)g + 2H2T

HpI/I cirabom HarpC€BaHuH r'Apyul KaJIbIUA OKHUCIIACTCA KHCJIOPOAOM BO3AyXaA.

tO
CaH2 + 02 — Ca(OH)z
Metamnsl ||A rpynnsl 00pa3yloT ¢ HEMETaUIAMH COOTBETCTBYIOIIME OWHAapHbIE
COEJIMHEHUS IIPU HarpEBaHMH.

Ca+Cl, -2 caCl,
Sr+s -, srs

3Ba+ N, —— BasN,
Mg + 2C - MgC,

3Mg + 2P -5 MgsP,

[I{ero4HO-3eMENBHBIE METAJIIBI PEArUPYIOT ¢ BOJAOW NPU KOMHATHOW TeMIIepa-
Type NM0I00HO IIEIOYHBIM METaIIaM.

Ca + 2H,0 — Ca(OH), + H,1

Sr + 2H,0 — Sr(OH), + H,?1

Ba + 2H20 — Ba(OH)Z + H2T

bepunnuii ¢ BOgoM HEe pearupyeTr Jake IPU TEMIIEpaType KPacHOTO KaJICHMS.
OnHako B pacTBOpE MIEI04YH OepUILTUil pacTBOPSETCS MO00HO ATIOMUHUIO.

Be + 2NaOH + 2H,0 — Na,[Be(OH),] + H,?1

Yrto Kacaercs Marauvs, TO B KOMIIAKTHOM COCTOSSHUHU IIpHU KOMHATHOM TEMIICpa-
Type 3TOT METAJUI C BOJAOW MPAKTUUECKU HE pearupyer. [Ipy MoBwIlLIeHUN TEMIIEpATY-
PBI peakuys NpoTeKaeT ¢ 00pa30BaHUEM OKCHJIa MarHusl.

Mg + H,0 —% MgO + H,?

Tonbko TOHKOAMCHEPCHBIM MarHuil (MOPOIIOK) pearupyer ¢ BOJOH, oOpasys
TUJIPOKCUL.

Mg + 2H,0 — Mg(OH),| + H,1

Kak okcuapl, Tak ¥ THAPOKCHIBI 1ETOYHO-3€MENIbHBIX METAJIJIOB U MarHus mpo-
ABJIAIOT UCKJIFOUUTEILHO OCHOBHBIE CBOMCTBA.

BaO + SO; — BaSO,

MgO + 2HCl — MgCl, + H,0

Sr(OH)g +CO, —» SI‘COgl + H,0

Ba(OH)2 + H2804 — BaSO4l + Hzo

I'mapoxcuabl sneMenToB |IA rpynmsl pasnararorcs 1Moja BO3JIEHCTBUEM BBICOKON
TEeMIIepaTypbl Ha COOTBETCTBYIOLIUE OKCHU/IBI U BOJLY.

Ca(OH), -5 CaO + H,0
Ba(OH), —— BaO + H,0
FI/IZ[pOKCI/II[ KaJblIUsd HU3BECTCH 110 TpI/IBI/IaJIBHBIM Ha3BaAHUCM — TrallacHasa Hnu3s-

BecTh. Heramenass u3BecTb — 3TO OKCH/J KaJIbIIHUA. Tpa}IHHHOHHBIﬁ CIoco0 moJjryue-
HUS HETaIlIeHON U3BECTH — MMPpOKaJIMBAHUC U3BCCTHSKA.

CaCO; —» CaO + CO,t
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[Tpouecc «rameHus» U3BECTH HE YTO MHOE, KaK peaklys OKCHUIA KaJbIUs C BO-
JIOM, COTIPOBOK/IAOIASCS BBIJICIICHUEM OOJBIIOT0 KOJTUYECTBA TETIOTHI.

OauuM U3 CMOCOOOB TMOATBEPXKACHHUS TOTO, YTO BBLACISIIONIUMNCA B PEaKIUu
ra3 — 9TO JUOKCUJ YIJIepoJia, SBJSETCS METOJ MPOMYCKaHHUs €ro uepe3 pacTBOP
rameHoi u3BecTH (M3BECTKOBYIO Boay). CHauana kapOOHAT KalbLUA W YIJIEKUCIBIN
ra3 pearpyroT B COOTHOILIECHUU OJWH K OJJHOMY U 00pa3yroT HEpaCTBOPUMBINA KapOo-
HaT KaJIbIIHS.

Ca(OH), + CO, — CaCOs| + H,0

B pesynbrare ganbHeWIero NponyckaHusi yrieKUCIoro ra3a 4epes3 pacTBOp U3-
BECTKOBOI BOJBI O€NbIil 0CaJ0OK HAYMHAET PACTBOPATHCA MO MPUYUHE 0Opa3oBaHUA
KHUCIION COJM — TUAPOKapOOHATa KaJblus, KOTOPBIM OTJIMYAETCsl OT KapOoHATa Jyd-
Iei pacCTBOPUMOCTHIO.

C&COgl + CO,; + H,O — C&(HCOg)Z

CyMMapHOe ypaBHEHHE PEaKIIMH MOXKHO MPEJICTABUTh KaK 0Opa3oBaHHE TUJIPO-
KapOoHaTa KallblUs MPU B3aUMOJCUCTBUM THJIPOKCHAA KAJbIUS W YTIEKHUCIOTO ras3a
B COOTHOIIICHUHU OJIUH K JIBYM.

Ca(OH), + 2C0O, — Ca(HCO»),

HoHbl Kanblivsg U MarHus CoiepKaTcsl B MUThEBOM Bojie. VX cymMMapHasi KOHIICH-
TpaIiys Ha3bIBaeTCs KECTKOCThIO BOABL. 1o ogHOM U3 Kiaccudukamuii »kECTKON Boa
CUMTACTCS B TOM CIIydae, ecili cyMMa KoHieHtpanuit Ca’t u Mg®" B Heil npessimaer
5 ™Mo/, Msrkod Boja CUHTAEeTCs, €CIAM DSTOT TIOKa3aTelb HE MPEBBIMIACT
1 mmonb/n. Boga ¢ copepkaHMeM HMOHOB KajbIlusi U MarHus B mpeaenax ot 1 1o
5 MMOJIB/JT CYUTAETCS BOJIOW YMEPEHHOM KECTKOCTH.

ECTeCTBEHHO, OMHMO KaTHoHOB Ca?’ u Mg2+ B BOJIC JIOJDKHBI TIPUCYTCTBOBATh
U aHWOHBI. V3BECTHO, YTO TpU KHUISTYCHUU BOABI THIPOKAPOOHAT-UOHBI PACTaar0TCs
Ha KapOOHAT-WOHBI, YIJIEKUCHBIA ra3 u Boay. OOpasyromuecss B pe3ylbTaTeé HOHBI
COz* pearnpytor ¢ karnonamu Ca>* u Mg”" — kapGOHATHI KalbLWs U MATHUS BbINa-
JIAI0T B 0CAJI0K, 00pa3yst Hakuib. C MOMOINIBI0 KUISTYCHUSI MOKHO TTOHU3UTH KOHIICH-
TpPalMI0O MOHOB KaJIbIIMSl U MarHusi Ha MOJIOBUHY OT MCXOJHON KOHUEHTpAlUu TUIpO-
KapOOHAT-MOHOB.

2HCO; — CO5* + CO,1 + H,0

COs* + Ca?* — CaCOg)

CO5* + Mg — MgCOs|

Ta yacTh XECTKOCTH BOJIbI, KOTOPYID MOXHO YCTPAaHUTh MYTEM KHUIISTUCHHUS,
Ha3bIBACTCSl BPEMEHHOMN KECTKOCTHIO.

AHanornyHsIM 00pa3oM MEpeBeCTH THAPOKapOOHAT-HOHBI B KapOOHAT-MOHBI
MOXHO C TMOMOILBIO PEAreHTHOTO YMSITYEHUsI C UCIOJIb30BAHHEM TallleHOW HM3BECTH
(TuapoKcHaa KajabIus).

Ca(HCO3), + Ca(OH), = 2CaCO34 + 2H,0

[TockonbKy KOHIIEHTpAIIMS MOHOB KaJIbIMsl U MarHus B BOJIC OOBIYHO MPEBBIIIACT
KOHIIGHTPAILUIO THAPOKApOOHAT-NOHOB, BBIJCIAIOT U MOCTOSHHYIO XKECTKOCTh — TY
4acTh JKECTKOCTH, KOTOpas OCTAHETCS TOcJie KHUMsS4YeHUs. PeareHTHoe yMmsrdeHue
C TIOMOIIBbIO KapOoHATa HATPUS CHUKACT KOHIICHTPAIIUIO MOHOB KAJIBIHMS U MarHUs
B OOJIBIIICH CTETICHH, YEM KHUTITUCHHUE.

CaCl, + Na,CO3; = CaCOs{ + 2NaCl
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Haubonee »ddekTuBHBIMU cIOCOOAMH MOHUXKEHUS KECTKOCTH SIBISIOTCS KaTH-
OHHMpOBaHHUE (UCIOJB30BAHME MOHOOOMEHHBIX CMOJI, CIIOCOOHBIX CBSI3BIBATH HOHBI
KaJIBLIMSI U MarHusi) 1 oOpaTHBIN 0CMOC (MCIIOIb30BAHKUE MOJTMAMUIHBIX MEMOpaH, ye-
pe3 KOTOpbIe HE MOTYT ITPOXOJIUTh MOHBI KaJIbIUsl U MarHus).

4.3. BUOJIOTHYECKASI POJIb Y UCTIOJIb30BAHUE B MEJUIIAHE
COEJJMHEHMIA METAJLJIOB I1A IPYIIIBI

Jleryune U pacTBOPUMBIE COEIUHEHHS OepMILIUS BBICOKOTOKCHYHBI. bepummii
o0jasaeT BBIPAKEHHBIM AJIEPTUYECKUM M KAHIIEPOTEHHBIM JeicTBUeM. Babixanue
BO3/lyXa, COJIepKalllero OepuiLiuii, MPUBOJIUT K TSKEIOMY 3a00JIEBAHUIO OPTAHOB JIbI-
XaHus1 — OepUILIHO3Y.

Wonbl Maruus urparoT 3HaYUTENbHYIO pPOJIb B METAJUIONPOTEOMUKE, SIBISSACH KO-
(dhakTopoMm MHOTUX coTeH MeTamodepmerToB (B Tom uuciie JJHK- u PHK-mommepas).
Mg®" — Bropoii 1o cogepxkanuio (ocie K*) KaTHOH BHYTPH KIETOK.

buonorudeckas posp KanblMsl 3aKJII0YAETCA B TOM, YTO €T0 COEUHEHUS CITyKaT
OCHOBOI KOCTHOU M 3yOHOIT TkaHu. Haunbonee yacto BcTpeyaroiieecs cCoeTMHEHnE —
runpokcuanaTtut [Cayg(PO4)s](OH), — coctaBnser mpumepHo 50 % OT Macchl KocTei
1 96 % oT Maccel 3Manu 3y00B. [ MIpOKCHIIbHBIE TPYHIBI B TAKOM COEAMHEHUH MOTYT
3aMelaThesl Ha GTOPUI-UOHBI (B 3yOHOM 3Maiu), Ha KapOOHAT-UOH U Ha XJIOPU]I-UOHBI
¢ oOpazoBaHueM pTopanaTuTa, KapOOKCHANaTUTA U XJIOpAaTUTa COOTBETCTBEHHO.

dopmyny TUApOKCHANaTUTAa MOXKHO MpEACTaBUTh Kak KoMmOuHanuio (ocdara
KaJIbIMsI ¥ THAPOKCHA KaJIbIUs B COOTHOIICHNH TpH K ogHOMY: 3Caz(PO,),-Ca(OH),.

TT0CKOJIBKY CTPOHIIMH SBISIETCS AaHAIOTOM KAIIbLWsi, HOHEI SI°* MOTYT 3aMelars
wousr Ca’* B rumpokcnarnarute. ECTeCTBEHHO, HHTEHCHBHOCTD TAKOTO H30MOPQHOTO
3aMelleHusl BO3pacTaeT NMpu JeuurTe KaIblMs B MHUILEBOM PAL[MOHE U MOBBIILIEHHOM
MOCTYIUICHUH COEAMHEHHI cTpoHuMs. Uem Bhlllle coJep:KaHue CTPOHLUSA B COCTaBe
MUHEPAIbHON OCHOBBI KOCTHOM TKaHU, TeM 0oJiee XpYIKUMH CTAaHOBATCS KOocTH. Eciu
K€ B KOCTHOI TKAaH! HAKATUINBACTCS PaIHOAKTHBHBIA H30TOII CTPOHIHS “°SF, TO pac-
MOJIOKEHHBIE PSIJAOM TKaHM HAYMHAKOT TOABEprarhcs OeTa-usnydeHuto. OcoOyro
OIAaCHOCTh TaUT 00JIydeHHE KOCTHOTO MO3Ta, B pe3yJIbTaTe KOTOPOTO MOBHIIIAETCS Be-
POSATHOCTh PA3BUTHSI 3JI0KAYECTBEHHBIX HOBOOOPA30BAaHUM M3 KJIETOK-NIPEIIIECTBEH-
HUKOB (DOPMEHHBIX DJIEMEHTOB KpoBH (j1eliko3a). [lepuos moypacmnana %0Sr cocraps-
eT 29 ner.

BaxxHO OTMETHUTH, UTO UOHBI KaJbIUS SIBISIOTCS

BTOPUYHBIM TOCPEHUKOM TPOBEJICHUS CHUTHAJIOB /.r/
B KieTke. Ha mnoBbllIeHWE KOHUEHTpAlUMU KaJbIUs @

B KJIETKE B MEPBYIO OUEpeb pearupyer OeJoK MoA \
Ha3BaHUEM KAJIbMOIYJIWUH. DTOT OEIIOK COJAEPKUT CIie- \ {
nupuIecKnit MOTUB JJIsI KOOPJAWHAIIMY MOHOB KaJIbIIHUS 0

noj| Ha3Banuem EF-hands — motuB «anbda-crmpains —
netis — ajgb(a-crupaiby, B MeTiie KOTOPOTO HAXOIAT-
Csl AMMHOKHCITOTHBIE OCTATKH ACMAparnHOBOW W TIIy-

N Puc. 4.1. ®parment N-koHIa
TaMHHOBOH KHCIOTHI (puc. 4.1).

KaJIbMOJYyJIMHA CO CBsA3aHHBIMU
HMOHaMM KaJIbIIUsA
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[Tocne cBsA3bIBaHMS HMOHOB KajbIMS KaJlbMOIYJIMH CTAaHOBUTCS CIOCOOHBIM
K B3aUMOJICWCTBHIO C JPYTUMHU OelKaMu, TO €CTh K repefade curHana. Takum oOpa-
30M (4Uepe3 KaJIbMOJIYJIMH) UOHBI KalblIUs YYaCTBYIOT B PETYJISLIUUA MPOLIECCOB BOCIIA-
JICHUSI, MBIIIIEYHOTO COKpAILEHUSs, aroInTo3a (3anporpaMMUPOBAHHON THOEIH KJIETOK)
u namsatd. HecMOTpst Ha TO, YTO KOHLIEHTpAlMsi HOHOB MarHusl B KJIETKE MPUMEPHO
B 1000 pa3 BbIlIe, 4YeM KOHIEHTpAIUsi MOHOB KaJIbIIMs, KaJbMOIYJIUH CTeUpUIECKH
pearupyer Ha Malleliine KoJeOaHusi KOHIEHTpaluu ca®. Cnenyer n00aBUTH, YTO
MOHBI KaJIbI[Usl MOTYT CHEIH(PUUECKH CBS3BIBATHCA U CO MHOTMMH JIPYTUMHU OelKamMu
U (pepMeHTaMH, COECPIKAIIMME U HE coepxanumu MotuBbl EF-hands.
O HNoHbl Kanbuus, B OTINYUE OT MOHOB MarHus, sIBJs-
IOTCSI KATUOHAMHM BHEKJIETOYHOI'O IpocTpaHcTBa. M3Bect-
HO, 4TO HOHBI Ca’* SBISIOTCS OMHUM 13 bakTopoB CBEP-
ThIBaHUS KpoBU. [1o 3Toll mpuunHE BemiecTBa, CIOCOOHbBIE
CBSI3bIBAaTh MOHBI KaJIbI[MS, MOTYT HCIIOJb30BaThCs Kak
KOHCEpBAHTHI Uil KpoBHU. K TakuM BellecTBaM OTHOCATCS

\\\\\N [IUTpaT HATpUsS | OTUICHAWAMUHTETpaaleTaT HaTPHs
(BOATA). Hurpat-uon u SATA sBIAIOTCA MOTUIACHTAT-

\ HBIMH JIMTaHAaMH (OJIHA MOJIEKYJIa COJAEPKUT HECKOIBKO

Q aTOMOB, 00pa3yIOUIMX KOOPIUHAIIMOHHBIE CBS3U C HOHOM

/ \ metaiia) (puc. 4.2). B pe3yabTate 00pa3yeTcst KOMILICKC-

o) C HOE COEJIMHEHHE — HMOHBI KaJbIIUs TEPSIOT BO3MOXKHOCTh

// B3aMMOJICHCTBUS ¢ (akTopamu CBEPTHIBaHUSA KpoBU. [lo

o) TaKOMY K€ MPUHIHUITY (32 cY€T 00pa30BaHMs KOMILIEKCOB

Puc. 4.2. Cxema ctpoerus  © MOHAMH KaJIbHI/ISI)Z +pa60Ta}0T noHoopsl, crenudpuye-
xommiexca DJITA ¢ nomom CKHe HMeHHO st Ca™" (Harpumep, HOHOMULIMH).

KaITBITHS PactBop cynbdara MarHusi ¢ KoHuneHTpamueit 25 %

(Marues3us) HCMOJB3yeTCS B KAa4yeCTBE TUIOTEH3UBHOTO

cpeicTBa (CHIIKAET JaBJICHUE) MPU BHYTPUBEHHOM BBeneHUU. JOokEHas MarHesus

(MgO) wmcronb3yeTcsi B Ka4ecTBe aHTalUaa Npu npuéme BHYTph. CHUKATh KUCIIOT-

HOCTh KEJIYJOYHOTO COKa CIOCOOHBI W JAPYTrHe MperapaThl, COAEpk aIIue MarHHii:

MgCO3; u (MgOH),CO3. Aurmmiickas conb (MgSO, 7H,0) u3BecTHa Kak Cl1abUTENb-

HOE cpeICTBO. B cocTaB BUTAMUHHO-MUHEPATHHBIX KOMIUIEKCOB MarHWil BXOJUT B BU-

Jie IIUTpaTa, JIakTara, opoTaTa Wi acrmaparuHara.

B kadecTBe JieKapCTBEHHOI'O CPECTBA UCIIONIB3YETCs XJIOPU Kalblus (KaK Mpo-
TUBOAJIJIEPTUUECKOE U TEMOCTAaTHYECKOE CPEJICTBO) M KapOOHAT Kajbllus (KaKk aHTa-
ua). B coctaB BUTAMUHHO-MUHEPAIBHBIX KOMILJIEKCOB MOTYT BXOJUTH TAKUE COEJIH-
HEHUS KaJbIUsl, KaK JJAKTaT, TaHTaMat, TaHTETOHAT U TIIOKOHAT.

Kpucrannoruapatsl cynbhara Kaablusi HAlUIA CBOE MPUMEHEHHE B OPTOMEAMH.
Kpucramnmorugpar CaSO42H,0 wu3BecTeH moJ Ha3BaHUEM «METUIIMHCKHUNA THIIC)»
(TBEPBIA KpHUCTAIUIOTHAPAT). [ UTICOBBIC MOBSI3KM MPU3BAHBI 00ECTIEUNBaTh UMMOOU-
JU3aLUI0 CIOMAHHOM KOHEYHOCTH B T€UEHHE MEPHUOJa BOCCTAHOBJICHHS 1IETOCTHOCTH
koctu. [Iporiecc M3rOTOBICHUS TAaKOW MOBSI3KH — 9TO, (DAKTUUYECKH, THAPATAIIHS
s€okéaoro rurca (CaSOy Y2 H,O) — pacceimyaroro mopoimnka. [IpuBeeHHOE HUKE
YpaBHEHHE BBIPAKAET MPOIIECC 3aCTHIBAHUS THIICA.

2(C3.SO41/2 HzO) + 3H,0 — 2(CaSO42H20)
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4.4. UCTIOJIL30BAHHUE COEIVMHEHWII METAJIJIOB I1A TPYIIIIBI
B ®APMALIEBTUYECKOM AHAJIN3E

CoeanHEeHMs] MarHus CroparoT ¢ OCJIEIUTENBHO OeNbIM m1aMeHeM. KauecTBeHHas
peakius Ha MOHBI MarHUsi — C aMMHAYHBIM PacCTBOPOM, COEpPKAIIKUM Tujapodocdar
HaTpusi. B pe3ynbrare peakuuu oOpasyercsa Oenblii pocdar MaruHus aMMOHHUS, KOTO-
PBIii pacTBOpsieTCS B YKCYCHOU KHCIIOTE.

MgSO4 + Na.zHPO4 + NHg — Nast4 + MgNH4PO4l

Benwiit ocamok obpaszyercs U npu B3aUMOACHCTBUM COJIEH MarHusi ¢ pacTBOPH-
MbIMH  KapOoHaTamu. CocTaB »3TOr0 OcCajJka MOXHO BBIPA3UTh (OPMYIIOH
(MgOH),CO3. leno B TOM, YTO KaTHOHBI MAarHUs MOABEPrarOTCS THAPOIU3Y IO Mep-
BOM CTYIIEHU.

2MgCl, + 2Na,CO3 + H,O — 4NaCl + (MgOH),CO3| + CO,1

Ocanok rujgpokcokapOoHaTa MarHusi pacTBOPUM HE TOJIBKO B KHCJIOTaxX, HO
U B pacTBOpax COJ€H, YaCTUYHO MOJBEPTaIOMIMXCS TUIPOIU3Y MO0 KAaTHOHY (HANpHU-
Mep, B pacTBope xjopuaa aMMoHus). [Ipu 3TOM mpoTeKkaroT peakiun HeUTpanu3anuu
u obpazoanus CO, u H,0O. Eciau npeactaButh popmysry THAPOKCOKapOOHATAa MarHUS
kak Mg(OH),-MgCO3, MOXHO OMKCATh ATH MPOIECCHI O-OTACIBHOCTH.

Mg(OH), + 2H* — Mg?* + 2H,0

MgCO; + 2H* — Mg?* + CO,?1 + H,0

Tperuii cnoco6 oOHapyXeHUs HOHOB MAarHUs OCHOBAH HA HU3KOM pacTBOPUMO-
CTHU TUJPOKCHJA MarHus, KOTOPBHIM HAaUYMHAET BBINANATh B OCAJA0K Ja)ke Ipu qo0aBiie-
HUU CJ1a00T0 OCHOBAHUS — THAPOKCHIIA AMMOHHSI.

Mg®* + 2NH,OH — Mg(OH),| + 2NH

CoenuHeHus KalblUsl OKPALIUBAIOT ITUIaMsl TOPEJIKM B KUPIUYHO-KPACHBIH 1IBET.
KadectBenHoit peakiueil Ha KaTHOHBI KaJbILIUsI, Oapysi U CTPOHIIMS SIBJISIETCSA PEaKIUs
¢ cynbdarom HaTpus. CynbdaThl Kadblius, Oapust ¥ CTPOHIIUS MaJIOPACTBOPUMEI. Mx
HEBO3MOXXHO PAaCTBOPHUTH HU B KUCJIOTax, HU B Imenoudax. OgHako cynbdar KamabIus
pacTBOpsIETCS B HACBHILIIEHHOM pacTBOpE Cyib(haTa aMMOHHUS, UTO TIO3BOJISIET OTIIMYUTh
KaTHOHBI KaJIbIIMS OT KATHOHOB 0apus U CTPOHITHS.

CaSO4 + (NH4)2SO4 — (NH,4)2[Ca(SO,)]

Cynbdat 6aprs MOKHO PacCTBOPUTH TOJIBKO B KOHIICHTPUPOBAHHOW CEPHOM KHC-
J0Te ¢ 00pa30BaHUEM KUCIION COJIH.

BaSO, + H,SO, — Ba(HSO4)2

KauecTBeHHON peakuueld Ha KaTUOHBI KaJIbLUS MOXET CIYKUTb U DPEaKLHs
¢ uuTpar-uoHamu. benblil ocasok nuTpaTa Kajablus 00pa3yeTcs TOJIbKO MPU HAarpeBa-
HUU pacTBopa. HTepecHa 1 peakiisi HOHOB KaJbIUsl C OKCcallaT-aHUOHAMH, B PE3YJIb-
TaTe KOTOPOU BBITIAZACT OebIid 0CaIOK OKCaIaTa KaJIbIIHsL.

Ca” + C,0% — CaC,0,]

DTa coJib HE PacTBOPSIETCA B YKCYCHOM KHUCIOTE (TaK Kak IIaBelieBasl KUCIOTa
aBigeTca Ooyiee CHIBHON KHUCIOTOM MO CPaBHEHHUIO C YKCYCHOM), HO PacTBOpSETCS
B MUHEPAJIbHBIX KACIOTaX.

Ocanok kapOoHATa Kablvs, OOPa3yIOIINICS B PEaKIUU MEXITY PaCTBOPHUMBIMU
COJIIMHM Kajbllusg U KapOOHAaTaMH, PaCTBOPUM KaK B MHHEpaJbHBIX KHCJIOTax, Tak
U B YKCYCHOM.
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Coenunenus 6apus OKpaIIMBaIOT OECIIBETHOE IIaMs TOPEJKU B KENTO-3€ICHBIN
user. Monsl Oapusi KpailHe TOKCHUYHBI JIJIi OpraHU3Ma, TaK KaKk OHM KOHKYPUPYIOT
C MOHAMU MarHusl W KaJbIUs 32 CAWTBI CBS3BIBAHUS C MHOTOYHCIICHHBIMHU OCIIKaMH.
Cynbdat Oapusi, Oyayuu KpaiiHe MalopacTBOPUMOI COJIbIO, UCIOJIB3YeTCS B PEHTIe-
HOorpaduu JUIsl 3alOJHEHUS MOJBIX OPraHOB >KEIYJOYHO-KUIIEYHOro Tpakrta. Jlaxe
KEITyTOUYHBIA COK (MOKHO CKa3aTh, YTO 3TO PACTBOP C BBICOKUM COAEPKAHHUEM COJISI-
HOM KHCIIOTBI) HE CIIOCOOEH pacTBOPUTH cylbdar Oapus. OHaKO HAJIUYHUE B PEHTTE-
HOKOHTPACTHOM BeIECTBE MpHMECH KapOoHaTta Oapws, Jierko pactBopumoro B HCI,
MOJKET MOBJIEYb HEMOMPABUMBIE JIJISl 3[I0POBbs 00CIIETyeMOr0 MOCIEICTBUS.

Jlsis mpoBeieHNs aHANHM3a Ha MOJUTMHHOCTD IperapaT, KOTOPBIA JOKEH COCTO-
ATh U3 cyib(dara Oapusi, KUMATAT ¢ HAachIieHHBIM pacTBopoM Na,COsz, uTo MpUBOIUT
K 3aMeHe ocajka cynb(ara Oapus Ha ocaJoK KapOoHaTa Gapus.

BaSO, + Na,CO3; — BaC03l + Na,SO,

3areM 0caJioK OTQUIBTPOBBIBAIOT, @ B (PUIBTPATE OMPENENAIOT CYJb(aT-HOHBI
10 M3BECTHOM KaueCTBEHHOW peakmuu ¢ xjopuaoM Oapus. Ocanok ke (BaCOjz) pac-
tBOpsitoT B HCI 1 B mosmydeHHOM pacTBOpe ONPEEIISIIOT HOHBI Oapust MyTEM MpoBe/Ie-
HUA BCE TOMU K€ KaueCTBEHHOM PEaKInu ¢ Cyib(haT-nOHAMHU.

[TpoBepky Ha unctory (Ha Hammuue npumecun BaCOz; B BaSO,) mpoBoasaT myrém
no0aBIeHUsT K ONpEIeIICHHOMY KOJIMYECTBY Ipernapara yKCycHou Kuciotel. Cymnbdar
Oapusi B YKCYCHOHM KHCIIOTE HE paCTBOPSETCS, B OTIMYNE OT KapOoHara.

BaCOQ,l + 2CH;COOH — (CH3COO)ZBa + H,0 + COZT

Hanee nepactBopuBmmiics BaSO, oThunsTpoBbIBaOT, a B QuiIbTpaTe 0OHAPY-
YKUBAIOT MOHBI Oapus C MMOMOIIBIO0 PEAKIUU C CYIb(}haToM HATPHSI.

(CH3;CO0),Ba + Na,SO, — 2CH3;COONa + BaSO,|

KauecTBenHoit peakiueit Ha HOHBI Oapus (MIOMUMO peakluu ¢ Cyab(aT-nuoHaMM)
SIBIIICTCS PeaKIMsl ¢ TUuXpomMaT-uoHamu. Haymo yTouyHUTH, 4TO B pacTBOpE CYIIECTBYET
paBHOBECHE MEXAY IUXPOMAT- U XpOMAaT-HOHAMH, KOTOPOE MOYKHO OIHCATh CIEIYIO-
MM YPaBHEHUEM.

Cr,0;* + H,0 2 2Cr0,* + 2H"

Xpomar Oapusi — MEHEE pacTBOpHUMAsi COJb, 4eM auxpomat Oapus. Ilo sToii
NPUYMHE PaBHOBECHE CMEIIASTCS B CTOPOHY 0Opa3oBaHMs HEPACTBOPHMOIO Xpomara
Gapysi, 4TO HEMUHYEMO BJIEUET 3a cOOO yBenmdyeHye KoHIeHTpanuu nonos H' B pac-
TBOpe. J[nsi HeWTpanm3amuy STUX MOHOB B PEAKIMOHHYIO CpeAy JOOaBISIOT alneTar
HATpUS: alleTaT-uoOHBI MPOTOHUPYIOTCS ¢ 00pa3OBaHUEM CIIA00N YKCYCHOH KHCIOTHI.
OO0m1ee ypaBHEHUE PEAKIIUU IPUBEICHO HUXKE.

2BaC|2 + K,Cr,0; + H,O 2 ZBaCrO4i + 2KCI + 2HCI

OcHOBHBIE BOIPOCHI TEMBbI:

1. CpaBHuTenbHas XxapakrepucTuka Metayios |IA rpynmsl.

2. XuMuyeckue cBoiicTBa MeTayyioB |IA rpynmbl ¥ uX COeAMHEHUIA.

3. [TonsiTHE 0 KECTKOCTH BOJBI U CITOCO0AX €€ YCTpaHEHHUSI.

4. Buonoruyeckas posb 35ieMeHTOB ||A rpymnmnbl.

5. Ucnonw3oBanue coeaumnenuii metamioB |IA rpynmel B Menuiiuae u ¢apma-
LEBTUYECKOM aHaJIn3e.
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10.

TecTOBBIN CAMOKOHTPOJIb

OT KOHUEHTPAIMU KAKHX HOHOB 3aBHCHT KECTKOCTH BOABI?

a) Mg®":  6)Ca*"; B)Ba*"; r)Sr*".

YkaxuTe MOTHB HAJABTOPMYHON CTPYKTYpPHI 0ejika, ¢ KOTOPHIM HauboJiee
YacTo CBA3BIBAIOTCH HOHBI KAJbIMS:

a) 6eTa TSOK — eTis — 0eTa TSIk,

0) anb(da cniupanb — neTis — anbda cuupab;

B) OeTa TshK — TeTIs — aybga Cupab,

r) anb(da cupanb — neTias — 6era TsK.

OCHOBHBIM KOMIIOHEHTOM KOCTHOH TKAHM SIBJISIETCS:

a) TUAPOKCOANaTHT;

0) XJOpanaTur;

B) TOpANaTUT;

') KapOOKCHANaTHT.

IIpu Haceimenun BoaHoro pacrsopa Ca(OH), cepHucTsIiM razom odpasyercs:
a) OKCHUJ] KaIbIUs

0) cynb(GUT KaJIbIHS;

B) TUJIPOCYJIb(PUT KAIBIIHS;

I') TUAPOCYIh(AT KaIbITHS.

K mresiouam oTHocsATCH:

a) KaJbIui THAPOKCHI,

0) Maruuii TUPOKCHU]T;

B) 6apuii TUIPOKCHT,

) OepWLINI THIPOKCHI.

K aHTanmaHbIM cpecTBaM OTHOCSTCS:

a) kKapOOHAT MarHus;

0) ruAPOKCUKapOOHAT MarHus;

B) OKCHUJI MarHus;

r) cynbdar Maraus.

B :kénTo-3es1eHbIi BET OKPALIMBAIOT IIAM$ IOPEJIKH COJIHU:

a) Kanpuusa;  O) MarHus;  B) Oapusi;  T') CTPOHIMS.

Ykaxure GopmMyabl BeleCTB, ¢ KOTOPHIMH pearupyet rupoOKCH/ MarHHus:

a) HNO;;  6) CaO; B)HCI; 1) H,0.

Kaxoe coequHeHHe HCIOJIb3YIOT B Ka4ecTBe PeHTT¢eHOKOHTPACTHOI0 BelecTBa?
a) kapboHat Gapusi;

0) kapOOHAT KabLIUs,

B) cynbdat 6apus,

r) cylb(dat KalbLus.

Kakyio MUHHMaJIbHYI0 Maccy (T) THAPOKCHIA KAJbUMA cjaeayeT NPpUOaBUTH
Kk 200 r pactBopa ¢ocopHOIl KHCIOTHI ¢ MACCOBOI 10Jieil eé 2 Y% nis nmoJry-

YeHHsl CpeAHeH cou?
a) 8,88, 0)4,44, B)2,96; 1)5,92.

OrBerbl: 1 —a,0;2—6;,3—a;4—8B,5—a, B, 6—a,0,B,7—0;

8—a,B;9—B;10—0.

34



3agaum u ynpaskHeHust

1. B 0,01M pacrBope Ca(OH), 06sémom 400 cm® pacrBopun 0,336 gm° CO,.
Haiinure maccy comu (coseit), oOpa3oBaBIIMXCS B pe3yibTaTe 3ToM peakuuu. Brima-

JIET JI TIPH DTOM OCaI0K?
Omeem: 0,648 r Ca(HCOs),.

2. Macca ocaaka BaSO, paHa 1,2 1. Ocamok o0pa3oBajicsi B pEaKIMH MEXIY
u36srrkom BaCl, u 100 cv® pactBopa Na,SO,. Haiinre KOHLEGHTPALMIO PAacTBOpaA
Na,SO;,.

Omeem: 0,052 M.

3. B pesynbrare kunsaenust 800 cM® BOJBI BBIIAT 0CALOK, cocTosiuii u3 0,02 T
CaCO;3 u 0,014 r MgCOs;. Paccunraiite Bemu4nHy BpEMEHHOM KECTKOCTH (B MOJIB/I).
Omeem: 0,46 MMOJIB/1.

4. CaCO; — CaO — Ca(OH), — Ca(HCO3), — CaCO;
5. CaO — Ca(OH), — CaCO3; — Ca(NO3), — Ca(NO,),
6. Mg — MgO — MgCO3; — MgCl, — Mg(NOs),

7. Ba(OH), — BaO — Ba(NO3), — BaCl, — BaSO,

JKCIepUMeHTAIbHas padora
«M3y4yeHne XUMHYECKHX CBOICTB coeinHeHUil 3s1eMeHTOB |IA rpynnbi»

Leab padoThI: 03HAKOMUTBHCA C KAaYECTBEHHBIMU PEAaKLUSMH Ha HOHBI Mgz+,
Ca®*, Ba*, a Taroke ¢ 0COGCHHOCTSAMH HX [POBEICHHUS.

PeaktuBbl: pacteopel BaCl,, CaCl,, MgCl,, Na,SO,, CH;COOH, HCI,
K,5Cr,09, CH3COON8., N32C03, (NH4)2C204, NH,OH, NH4C|

Xo00 evinonnenus pabomaol

3ananue 1. U3yuynTh Ka4ecTBEHHbIE PEAKIIMU HA MOHbI MATHUA Mgz+.

Onvim 1. Peakyusa uonos Mg2+ C pacmeopumviMu KapooHamamu.

Comnu maraus ¢ Na,CO3 unu K,CO3 006pa3yroT O6enblii 0cagok kapOoHaTa MarHus
MgCQOg;, nerko ruapoau3upyoIuiics BoJ0MH ¢ 00pa3oBaHUEM OCHOBHOIO KapOoHaTa
maruus (MgOH),COs.

MgClZ + 2Na,CO; — MgCOgl + 2NaCl

2MgCO;3 + 2H,0 — (MgOH),CO3| + H,0 + CO,?1

[MomemaroT B mpobupky 2—3 karum pactBopa MgCl,, npubasnsroT 2 kamm pac-
tBOpa Na,COs. Bemamaer 6emnbiit ocamox (MgOH),COs:

2MgCl; + 2Na,CO3 + H,O — 4NaCl + (MgOH),CO3| + CO,1

2Mg* + 2CO% + H,0 — (MgOH),CO3| + CO,1

[Tonyuennsrit ocangok (MgOH),CO; pactBopuM B kucinoTax u B n30biTke NH,CI:

(MgOH),CO3| + 4NH,CI — 2MgCl, + CO,1 + 4NH3; + 3H,0

(MgOH),COs] + 4NH," — 2Mg* + CO,1 + 4NH; + 3H,0

[MposepsroT aerictBue Ha ocangok (MgOH),CO; ykeycHoi kuciaotel (CH;COOH)
u xiopunaa ammonust (NH4CI).
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Onvim 2. Peakyus uonos Mg2+ c cuopokcuoom ammonus NH,OH.

[TomermraroT B mpobupky 2—3 kamiu pactBopa MgCl,, npubasisror 2 karmmm pac-
tBopa NH,OH. Beinagaet Genslit amopduslii ocagok Mg(OH),:

MgCl, + 2NH,OH — Mg(OH),| + 2NH,CI

Mg?* + 2NH,OH — Mg(OH),| + 2NH

Ocanoxk Mg(OH), pacTBopsieTcs B KUCIIOTaX, a TAakKKe B pacTBOpax CoJield aMMo-
HUSI, IPUCYTCTBUE KOTOPBIX TTOHIKaeT pH pacTBopa:

Mg(OH), + 2H* — Mg + 2H,0

IIpn nobGaBneHnn K pacTBOpam cojieit maruus ciadboro ocHoBanus NH,OH oca-
xneane Mg(OH), Oyzaer HEMOIHBIM, a B IPUCYTCTBUU COJIEH aMMOHHSI OCAJIOK HE BbI-
Ma/1aeT COBCEM.

[IpoBepsitoT neiictBue Ha ocagok Mg(OH), ximopuaa aMMoHUS.

3ananue 2. U3yunTh Ka4eCTBEHHbIC PEAKIIMU HA HOHbI KAJIbLIHS Ca™,

Onwvim 1. Peakyusn uonos Ca**c pacmeopumvimu Kapoonamamu.

[TomemaroT B mpooupky 2—3 karum pactBopa CaCly, mpubasisroT 2 karumu pac-
tBOpa Na,CO3; nnu K,CO3. Beimagaer 6enblii ocagok kapoonaTa kanbius CaCOj

CEICIZ + Na2C03 — C&COgl + 2NaCl

Ca” + CO¥ — CaCOs)

N3yuaroT pactBopuMocts CaCO3 B YKCYCHOM M COJISTHOM KHMCIIOTax. 3aluIINTe
COOTBETCTBYIOILIME YPaBHEHHUS PEAKIINI U ONMUIIUTE BHEITHUE Y(P(DEKTHI.

Onwvim 2. Peakuusa uonos Ca®* ¢ okcanamom ammonus (NH,),C>50,.

[TomemaroT B npooupky 1-2 kxarmiu pactBopa CaCl, u 100aBisioT HECKOIBKO
karenb pactBopa (NHy),Co04. Ilpu 5TOM M3 KOHIIEHTPHPOBAHHOI'O PacTBOpa Cpasy,
a u3 pa30aBJICHHOrO MOCTENEHHO BBIMAAAeT OCNbIH METKOKPUCTAITUYECKUM 0CaI0K
oKcaJiaTa KaJlbITus:

C&Clz + (NH4)2C204 — CaC204l + 2NH4C|

Ca” + C,07 — CaC,0,)

[TonyuuB ocanok CaC,04, U3y4yaroT IEUCTBUE HA HETO YKCYCHOM U COJISTHOM KHC-
JIOT. 3anuIlIKTE COOTBETCTBYIONIEE YPaBHEHHE PEAKIIUN U YKAKUTE BHEIIHUE YPPEKTHI.

3aganue 3. U3yunTh KayecTBeHHbIE PeaKMU HA HOHBI Oapus Ba®*,

Onwuim 1. Peaxyus uonoe Ba** ¢ pacmeopumvimu ¢ 60de cynvpamamu.

B npobupky HanuBarot 2-3 kamiu pactBopa BaCly,, mpubasinstor 2—3 xarumu pac-
tBOpa Na,SO,. Bemamaer Genbrit kpuctamummaeckuii ocagok BaSOy:

BaC|2 + Na2804 — BaSO4l + 2NaCl

Ba’* + SO — BaSO,|

NsyuaroT neiictBue Ha ocagok BaSO, yKCycHOM U CONSTHOM KUCTOT.

Onwvim 2. Peaxyus uonog Ba** ¢ xpomamom unu ouxpomamom xanus.

[Tomemator B npobupky 1-2 kammm pactBopa BaCl,, npubasnsror 2-3 karum
pactBopa K,Cr,0O; u 2-3 karum pactBopa amerara HaTpuss CH3COONa. Breimagaer
XKENThI Kpuctamudeckuii ocanok BaCrO,, HepacTBOPUMBIN B YKCYCHOM KHCIOTE
B omymame ot ocajaka SrCrO, (CaCrO, pactBopuM B BoJze):
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2BaCl, + K,Cr,0; + H,O 2 ZBaCrO4i + 2KCl + 2HC1
2Ba?* + Cr,0% + H,0 2 2BaCrO,| + 2H"

Jlist Toro 4ToOBI JOCTUTHYTH MoONHOTO ocaxaeHuss BaCrO,, weobxomumo
YMEHBIIUTh KOHICHTPAI[MIO HOHOB Boaopoza. s 3TOro m00aBisiOT M30BITOK pac-
TBOpA areraTta HaTpus. Haxomsiuecss B pacTBOpE alleTaT-HOHBI CBS3bIBAIOT HOHBI BO-
J0poJia U 00pa3yroT MOJICKYJIBI CIA00T0 JICKTPOJIUTAa — YKCYCHOM KHUCJIOTBI, CMeIast
STHM PaBHOBECHE BIIPABO.

I'/TABA §
OBLIASI XAPAKTEPUCTUKA d-DJIEMEHTOB

5.1. DJIEKTPOHHBIE KOH®UTYPALIMM d-DJIEMEHTOB

TpauIIMOHHO XUMHYECKUE SJIEMEHTHI, PAaCIOOKeHHbIe B (-0JIOKE JUIMHHOIIE-
pUOIHON mepuoanYecKkor cuctembl (B rpymmnax nobGounsix nepuozos: [HIB-VIIIB
u |B—11B), knaccupunupyroT kak d-371€MEHTHI WIN KaK IMepexoaHbie MeTayuibl. OqHa-
ko cornacHo knaccugukanuu MIOITAK k nepexoaHbiM MeTamiaM cieayeT OTHOCUTh
DIIEMEHTBI, aTOMBbl WM HOHBI KOTOPBIX HWMCIOT HE3alOJHEHHBIA O-110ypOBEHB
MpeIBHEIHET0 ypoBHS. Eciu cTporo cienoBaTh TakoW KiacCU(UKAIMK, TO U3 YUCITA
MEPEXOJHBIX MeTaIoB npuaércsa uckmountsk Zn, Cd u Hg, pacnonoxxennsie Bo 1B
rpymme. J{edCTBUTENbHO, aTOMBI ATHX DJEMEHTOB MMEIOT MOJHOCTHIO 3aIOJTHEHHBIN
d-moypOBEeHb MPEABHEIITHETO CJIOSI, & KX HOHBI UMCIOT CTETICHh OKUCIICHHS +2 3a CUET
NOTEpU AJIEKTPOHOB C BHEIIHETO S-TMIOJAYPOBHS, a HE MPEABHEIIHEro J-1oypOoBHSI.
B cBs3M ¢ 3TUM B HEKOTOPBIX BapuMaHTaX NEPUOJUUYECKUX cUcTeM 3iemMeHThl 1B mon-
TPYNIBI KJIacCU(PUIUPYIOTCS KaK MOCT-TIEPEXOJHBIE METAUIBl BMECTE C MeTaJUlaMH
u3 p-6moka.

Atombl MetaiioB u3 |B moarpymnmel, a Takke aToMbl NaiaJdsg B OCHOBHOM
COCTOSTHUM WMCIOT TOJHOCTBIO 3aIllOJHCHHBIC MpeiABHENIHHE J-TIOJypOBHH 3a CUET
«TIPOCKOKa» 3JIEKTPOHOB C BHEIIHUX S-ypoBHEH. IMEHHO [UIsl 3THX 3JIEMEHTOB U ObLIa
chopmynupoBana nonpaska B onpeneneane MIOITAK oTHocuTensHO HOHOB: B CTETIE-
HSIX OKHUCJIeHHU BhIle +1 y Menu, cepedpa U 30J10Ta, U B JIFOOOH MOJNOKHUTENBHON cTe-
NICHW OKHCJICHUS Y MaJulajus TpPEJABHENIHUN (-MoypOoBEeHb HepecTaéT ObITh 3aroJi-
HEHHBIM.

B HacTosimeM mocobun [uis ynooctBa kinaccudukanuy K d-aeMeHTaM OTHOCST-
cs Bce MeTaiuibl 13 d-0J10Ka.

OOumM CBOMCTBOM JUisi OONBIIMHCTBA O-2JIEMEHTOB SIBJISIETCSI CXOXKEE CTPOCHHE
BHEIITHETO 3JIEKTPOHHOTO CJI0S: HA BHEIIHEM CJIO€ HAXOASTCS TOJIBKO JIBa S-3JIEKTPOHA.
OTUM 00BACHsETCS TOT (aKT, YTO HauboJee XapaKTepHOU CTENEHbIO OKUCICHUS IS
COOTBETCTBYIOINIMX KaTHOHOB SIBJSICTCS CTETICHh OKUCIICHUs +2. B ueTBépTOM mepuoe
tonbko 1Ba d-anementa (Cr u CU) HMEIOT 3NIEKTPOHHBIE KOHPHUTYpAIUU C OTKIOHSHH-
SMHU OT O0IIIEro MpaBuJiIa 3aMlOJHEHHS JICKTPOHHBIX opouTaneid. ¥ atoma xpoma Ha 4S
NOJIypOBHE HAXOJIUTCS OJMH DJICKTPOH, a Ha 3d moaypoBHE — MATh. Takoe OTKIOHE-
HHE CBSI3BIBAIOT C TEM, YTO COCTOSIHHE C IATHIO d-OpOuTaNIsiMH, Ha KaKI0H U3 KOTOPBIX
HAXOJAUTCS OJUH DJIEKTPOH, fABIsAETCS Oojiee PHEPTeTUYECKH BBITOAHBIM: B OOIIEH
CJIIOHOCTH y aToMa MOSIBJISIIOTCS IIECTh HECMApPEHHBIX 3JEKTPOHOB. Y aToMa MeIu
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B HOPMAJIbHOM COCTOSTHMH Ha 4S MOJypOBHE HAXOJUTCS TOJIBKO OJMH 3JICKTPOH, a 3d
MOYPOBEHb TMOJHOCTHIO 3aMOJHEH AECITHIO AIEKTPOHAMHU. DTa OCOOCHHOCTh Xapak-
TepHA W JUIA OCTalbHBIX 31MeMeHToB u3 IB moarpymmer (Ag, Au). MaTepecHo oTme-
TUTh, YTO DJIEKTPOHHAS KOH(UTYpAIMs aTOMa XpoMa «IIOBTOPSIETCS» TOJIBKO Y MO-
nubaeHa (M3 MATOTO TMEpHojaa), HO He Y Boib(dpamMa (M3 mIeCTOro mepuojaa). Takum
0o0pa3oM, B MIECTOM IEPUOJE CYIIECTBYIOT TOJBKO JIBa 3JIEMEHTA C OTKIOHECHUSIMHU
B DJIEKTPOHHBIX KoHpuUTypamusx: AU u Pt. B aToMax miaTHHBI TOJBKO OJUH U3 DJIEK-
TPOHOB C 6S TIOAYPOBHS MEePeX0ouT Ha 5d Mo AypoBeHb. MOXHO CIIEKYJIUPOBATH O TOM,
YTO B TAKOM COCTOSHUU Pt mMeeT /Ba HeclapeHHBIX JIEKTPOHA, YTO sIBIISIETCS Oojee
OHEPTEeTUYECKH BBITOMHBIM. OHAKO YIIOMWHABIIWICS BBINIE MDA (U3 TSATOTO
Meproa TOM K€ MOATPYIIbI) «IPEANOUYNTACT» COCTOSIHUE C MYCThIM 5S MOAYPOBHEM
H MOJIHOCTBIO 3aMOJIHEHHBIM 4d TIOYPOBHEM.

B msarom nepuose 6 u3 10 d-3ieMeHTOB UMEIOT OTKJIIOHSHHS B TIOPSIIKE 3aI0JIHE-
HUS 3JIEKTPOHAMH DHEPTEeTHYECKUX TOypOBHEH. B 4acTHOCTH, 3JIEKTPOHHYIO KOH(HU-
I'YpaLHIO ATOMOB HHOOWs B HOpMambHOM coctosiHud (5574dY) MoxxHO 06BscHUTS Tak
Ke, KaK ¥ KOHQHTypamiio MoauoaeHa (5574d°): 4icio HecapeHHBIX IEKTPOHOB SIB-
nsieTcst MakenMaibHeM. Y mamtanmst (55°4d™) u cepetpa (55'4d™%) monsocTsIO 3am00-
usetrcst 4d momypoBeHb. OMHAKO T OOBSICHEHUS OCOOCHHOCTEH 3JICKTPOHHBIX KOH-
durypammit pyrermst (55'4d”) u pomust (55°4d°) Helb3s HCIONB30BATh HY TUIIOTE3Y 06
YHEPreTHYCCKON BBITOJIC TOJIHOCTHIO 3allOJHEHHOTO O-IIOAYpOBHS, HU THIIOTE3y 00
DHEPTETUYECCKOW BBITOJIC COCTOSIHHSI C MaKCHMAaJbHBIM YHCIIOM HECITAPEHHBIX AJICK-
TpoHOB. OueBUIHO, YTO OOBSCHEHHE TAaKUX KOHQUTYpaIMil JOHKHO ONMUpaThCcs Ha
TTYOMHHBIE TIO3HAHUS B 00J1aCTH KBAHTOBOM (DU3UKH.

OObsCHEHHE TOABACHUS CIENU(DUUSCKON OKpPacCKH pacTBOPOB couieil d-amemeH-
TOB TaK)Ke onupaercs Ha (HU3MUECKOoe SIBICHHE TOTJIONICHHS CBETA B ONMPEICIEHHOM
Jrarna3oHe BUAUMOM 00JacTH CHEKTpa HECMapeHHBIMH djeKTpoHaMu. Kak mpasuro,
WOH, MMCIONIMK XOTsI ObI OJIMH HECHapeHHbIH d-3JeKTpOoH, OyIeT naBaTh OMpEICIEH-
HYIO OKPacKy B BOJHOM PacTBOpPE, & MOHBI, BCE DJEKTPOHBI KOTOPHIX CIIAPEHBI, OYIyT
naBaTh OECIIBETHBIN BOJHBIN pacTBOp. HekoTtopsie mpuMeps! npuBeaeHs! B Tabm. 5.1.

Tabnuya 5.1
Okpacka BOIHBIX PACTBOPOB HEKOTOPHIX HOHOB (-3/1eMEHTOB
Hon Iser DJIeKTPOHHAas DJIeKTPOHHAsA
KOH(pUrypauusa aroma KOH(pUrypauus uoHa
Ti** |®uoneroso-xpacHsiii |4s® |3d* 4s” [3d"
RN o
Mn“* |BreaHo-po3oBbiit 45 |3d” 4s” [3d°
MEEEEEEEEE HEEEEERE
Fe”*  |3enéusrii 4s° [3d° 4s° |3d°
IR MEEEREEE
Zn°* | BecserHsrii 4s° |3d™ 4s° 3d"
A EEEEY A E I
Ag" | BecuseTHsblii 45" [3d" 4s” [3d™
EE I EY AR ED

[TpaBuiio 06 okpacke pacTBOpoB 0-32I€MEHTOB, KATHOHBI KOTOPBIX COAEPKAT He-
CIIapEHHbIE AIEKTPOHBI, XOPOILIO pabOTaeT TOI1a, KOrja 3TH HOHbI 00Pa3yIOT MPOCThIE
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akBakoMIUieKkchl. Ecnu sxe oOpa3yeTcst Oosiee yCTOWYMBOE KOMILIEKCHOE COETUHEHHE,
TO HA OKpPAcKy €ro BOJHOI'O pacTBOpA CYIIECTBEHHOE BIUsSHUE OyAeT OKa3bIBaTh MPHU-
2+ .
pona nuranaa. Hanpumep, non Cu™ umeer oAMH HECHApPEHHBIN 3JIEKTPOH. AKBaAKOM-
2+
mwiekc 3toro uona ([Cu(H,0)¢]”") umeer Gieano-roayoyro okpacky. Ilpu mobaBiaeHuH
pacTBOpa aMMHaka K pacTBOPY COJIM JBYXBAJIEHTHOW mMenu oOpasyercs (pUOJIETOBBIN
(v 2+

KaTHOHHBIN KomIuieke cienytomiero coctaBa: [CU(NH3)4(H,0),]". O6pa3zoBanue ko-
OpIVHAITMOHHBIX CBSI3€d MEXIy MOHOM MEIW W MOJEKYJIaMH aMMHaKa OKa3bIBaeT
BIIMSTHUE HA BEJIMYMHY SHEPTUU, HEOOXOAUMOMN JIJIs TIepexo/ia HECTTAPEHHOTO AJIEKTPO-
Ha Meau B BO30OyxkIEHHOE cocTosinue. Kpucrammueckuid 6€3BOAHBIN cynb(aT Meau
(I sBIseTcs OeCLBETHBIM: JIMHA BOJIHBI ITOTJIOIICHHUS I HErO HE BXOAMT B JMara-
30H BUIMMOTO CBETA.

5.2. JAHTAHOUJIHOE CKATHE

[Ton naHTaHOMAHBIM CKaTHEM MOHUMAIOT /Ba (peHOMeHa. Bo-niepBhIX, B cepusix
nanTaHouoB (f-2IeMEHTOB) aTOMHBIC paliyChl YMEHBINAIOTCS B HAIPABJICHUH CIICBA
HampaBo B OOJbIIEH CTEMEHH, YeM STOr0 MOXKHO Obulo Obl 0XHAaTh. Bo-BTOpBIX,
y 3JIEMEHTOB C 3aroJIHeHHBIM 4f-monypoBHEM (HaunHas ¢ d-371eMEHTOB 6-T0 TIEpUO/Ia)
aTOMHBIE PaJMYChl «CKUMAIOTCS» HACTOJBKO, YTO HPUONMKAIOTCS K TaKOBBIM IS
AJIIEMEHTOB M3 Tpeablayliero nepuoja. Harmsanas wiutrocTpaius 3Toro ¢eHoMeHa
npuBeeHa B Ta0. 5.2,

Cpenusis pa3HOCTh MEKIY aTOMHBIMH paguycaMu (-3JIeMEHTOB M3 5-T0 M 4-TO
epuonoB paBHa 12,6 + 2,2 M, B TO BpeMs Kak CpeaHss pa3HOCTb MEXAY aTOMHBIMH
pamuycamu 0-371€MEHTOB U3 6-TO M 5-TO MEpUOJOB paBHA Bcero juib 1,2 + 1,4 mm.
Xouercs NOAYEPKHYTh, YTO MOCIEAHSAS] pa3HOCTh HEJJOCTOBEPHA 10 pe3yJbTaTaM CTa-
tTucTuueckoir oopadorku (P = 0,13). JleficTBUTENIbHO, sl YeTHIPEX Tap d-3JE€MEHTOB
u3 6-ro u 5-ro nepuogos (Nb/Ta; Mo/W; Ag/Au; Cd/HQ) aromHbIe paarychl paBHBI
IpyT Ipyry, a maus radHus u3 6-To mepruojaa aTOMHBINA paauyc Ha 1 MM MeHbIIe, YeM
JUIS TUPKOHUSA U3 5-TO MEPHOJA.

Tabauya 5.2
AToMHBIe paguychbl d-3JieMeHTOB 4-10, 5-T0 1 6-T0 IepHoI0B

4-1 Sc Ti V Cr Mn Fe Co Ni Cu Zn

nepuod (162 v 147 v | 134 v | 128 v [ 127 im (126 v [ 125 v | 124 iim | 128 1im | 134 1im

5-it Y Zr Nb Mo Tc Ru Rh Pd Ag Cd

nepuox | 180 mm (160 oM | 146 im [ 139 mm [ 136 im | 134 im (134 im [ 137 im | 144 im [ 151 im

6-it La Hf Ta W Re Os Ir Pt Au Hg

nmepuon | 187 mm |159 v | 146 v | 139 im | 137 v | 135 im | 136 M | 139 im | 144 im | 151 1im

Jlis oObsICHEHUS TMPUYHMHBI JIAHTAHOHMJIHOTO C)KAaTHs NPUOETaloT K TUIOTE3e
0 HETIOJHOM 3KpPaHUPOBAHMM 3apsjia Aapa, C MOMOIIBI0 KOTOPOH OOBACHAIOT M H3-
BECTHBIN ()EHOMEH CHUKEHHUS aTOMHOTO pajudyca MpH ABMKEHHUH CJeBa HalpaBo IO
nepuofy. I[lonoxkurenpHblid 3apsaa SApa aToMa KOMIIEHCHUPYETCSl OTPULIATEIbHBIM 3a-
PAAOM 3J1eKTpOoHOB. HecMoTps Ha TO, 4TO 1O MOAYIIO 3apsl siApa paBeH CyMMeE 3aps-
JIOB BCEX JJIEKTPOHOB, TSDKEIbIC sapa MPUTATMBAIOT K ceOe KaKJblii KOHKPETHBIN
AJIEKTPOH CcuibHEe, 4eM JErkue. CuuTaercsi, 4To 3JIEKTPOHBI HPEABLAYLIETO CIOS
HE TOJHOCTBIO PKPAHUPYIOT 3apsal AApa JUIsl 3JIEKTPOHOB BHEIIHETO CIIOS, MPUYEM,
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yeM OoJbllle OpOMTaIbHOE KBAHTOBOE YMCIIO JJIEKTPOHA, TEM XYK€ OH IKPaHUPYET
HOJIOKUTENBHBIN 3apsii MpoTOHOB. COOTBETCTBEHHO, 14 f-351eKTpOHOB ¢ 4-r0 ypOBHS
BHOCAT MAQJIBIA BKJIAJ B IIPOLIECC 3KPAHUPOBAHUSA: DJIEKTPOHBI 5-T0 M 6-TO ypOBHEH
IpUOIHKAIOTCS K sIpaM aTOMOB.

Emé Gonee nunTepecHoe 00OBbsACHEHHE JIAHTAHOUAHOTO CXKATUS TAET TEOPHs OTHO-
CUTEJIbHOCTH, COTJIaCHO KOTOpPOM Macca Teja (B YaCTHOCTH, AIEKTPOHA) CYIIECTBEHHO
BO3pacTaeT MpU MPUOIHMKEHUU €ro CKOPOCTH K CKOPOCTH cBeTa. YeM Oouiblie 3apsij
Allpa aTOMa, TEM CUJIBHEE €r0 BO3JECHCTBUE HA KAKIBIM OTAEIBHO B3STBIM 3JIEKTPOH,
U TeM OBICTpee IBUXKYTCS NEKTPOHBI BOKPYT Hero. B pesynbraTe Macca OBICTPO ABH-
KYIIUXCS IEKTPOHOB BO3PACTAET, U OHU HAYMHAIOT CWJIBHEE NPUTATUBATBCA K SAIPY:
aTOMHBIN paguyc «cxkuMaercs». CyIEeCcTBEHHYIO pOJib B 3TOM I'PaBUTALIMOHHOM IIpHU-
TSKEHUU UTPAET Macca caMoro sapa.

[TocnencTBueM JaHTAaHOUIHOTO CXKATHUsI CUMTAETCA (PEHOMEH CHUYKEHUS XUMuye-
CKOW aKTUBHOCTH (-3JIEMEHTOB MpPH JIBWKECHUHM CBEPXY BHH3 IO MOATPYIIIIC: MHOTHEC
TSKENBIE METAUIBl U3 6-r0 NepHuoja SBIIIOTCS XMMHYECKH MHEPTHBIMU. B KauecTe
npuMepa MoxxHo npuBectd VIB moarpymnmy, Hambosnee XMMHUECKH AaKTUBHBIM 3JIe-
MEHTOM B KOTOPOW SIBJISIETCS XpOM. B KauecTBe KpUTEpHs aKTUBHOCTH HCIIOJIb3YEM
CIOCOOHOCTh XpOMa pearupoBaTh ¢ pa30aBICHHBIMU CEPHOM M a30THOW KUCIOTAMH.
MonubaeH, B OTIIMYUE OT XpOMa, paCTBOPSIETCS TOJIBKO KOHIEHTPUPOBAHHON a30THOU
kucinore. Bonbppam ke He pacTBOpsAeTcs HU B KOHIEHTPUPOBAHHOW a30THOW, HU
B KOHIICHTPUPOBAHHOW CEpHON KHUCJIOTE. /[ paCTBOPEHMS ITOrO TSKEIOrO METalia
UCHOJIB3YIOT CMECh a30THOM U IJIaBUKOBOU KUCNOT. B monrpynne IB mens u cepedpo
pPacTBOPSIOTCS B KOHIIEHTPUPOBAHHBIX a30THOW M CEPHOM KHMCIIOTAX, B OTJIMYHE OT 30-
JI0Ta, JJi1 PaCTBOPEHHUS KOTOPOro HEOOXOAMMA «UApCKas BOAKA»: CMECh KOHLEHTpPH-
pPOBaHHOM COJsTHOM (c MaccoBoi moneit 32—35 %) 1 a30THON KUCIOT (C MaccoBOil J0-
nei 65-68 %) B 00bEMHOM cooTHOMmEHNH 3 : 1.

5.3. BAJJEHTHBIE BO3MOKHOCTH d-2JIEMEHTOB

Oco0eHHOCTBIO d-3JIEMEHTOB SIBJISIETCS TO, YTO B 0Opa30BaHHUM CBSI3EH y HUX MO-
I'yT IPUHUMATh y4acTHE HE TOJIbKO 3JCKTPOHBI C BHEIIHErO CJI0s, HO U O-3J€KTPOHBI
¢ mpeaBHelHero cinod. [lo 3Tol mpuyrMHe MakcuMalbHasi CTENIEHb OKUCIECHUS CPeau
d-smeMeHTOB 4-TO Mepuoja 3aKOHOMEPHO IOBBIIIAETCSA [0 HAIPABJICHUIO CliCBa
HampaBO OT CKaHJWS 0 MapraHua. J[eMCTBUTEIbHO, CKAaHAWM MOXKET «OTAaTh» JiBa
S-2JIeKTpOHA U oJiuH d-3JIEKTPOH Ha 00pa3oBaHME CBsI3EH, a MapraHel] CriocoOeH OKKC-
JUTHCS 10 CTEMEHU OKHUCJICHHS +7: MPU 3TOM B 00pa30BaHUU CBSI3EHM y4acTBYIOT JIBa
S-3JIeKTpOHA W BCe MATh 0-371ekTpoHOB. IIp manbHeWIeM IBHI)KCHHHM BIIPABO II0
d-6;oky MakcuMaibHasi CTEIICHb OKUCIICHUS CHWXaercs. J[iis jkene3a MakCUMallbHOM
CTENEHbIO OKUCIIEHUS CUUTaeTCs +6, HEKOTOPhIE COEAMHEHUS CO CTEIIEHbIO OKUCIECHUS
+8 OTHOCAT K HMCKIIOUeHUsIM. UTo kacaeTrcs KoOajabTa W HHMKEIS, TO OHH CIOCOOHBI
OKHCJIIUTBCA MAaKCUMyM JI0 cTerneHu okucienus +4, meap — no +3. LluHk u3BecTeH
KakK 3JIEMEHT C TTIOCTOSIHHOM CTETICHBIO OKHUCIICHUS 2.

[Tpu4rHOW CHU)KEHUSI MAaKCUMAJIbHOM cTeneHu okuciieHus y d-anementos VIIB
MOATPYMIBI CBA3BIBAIOT C YBEJIMYCHHEM MPHUTKCHHS 3JCKTPOHOB K s/py (3a CUET
YBEIIMYCHHUS 3apsja spa U HETMOJIHOTO SKPaHUPOBAHUS 3TOTO 3apsia d-31eKTpoHaMu),
YTO OTPAXAETCs B YMEHBIUICHWU AaTOMHBIX PAJNYCOB COOTBETCTBYIOIIMX 3JIEMEHTOB
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NP JIBUKCHUU clieBa Hanpaso (Tadu. 5.2). HemanoBakHBIM MOMEHTOM SIBJIICTCS U TO,
yro y saementoB VIIIB moarpymmsl Ha d-mogypoBHE MOSBISIOTCS CIAPEHHBIC DIIEK-
TPOHBI, KOTOPHIE HE TaK JIETKO 00pa3yloT CBS3H, KaKk HeCIIapeHHbIE. ATOMHBIE pany-
cel nemMenToB u3 IB u |IB moarpynm Gosnbie, yem TakoBbie s anmeMmeHTtoB VIIIB
IpyNIbl, OJHAKO, UX MAaKCUMAaJbHbIE CTENECHU OKHCIICHUS HUXKE, YeM JUIsl Pacrioio-
KCHHBIX JIEBEE DJIEMEHTOB. [IpHUMHON 3TOMY SIBISIOTCS TONHOCTBIO 3aIlOJTHEHHBIC
d-moxypoBuu 3memenToB |B u 1B moarpymnm: 3anonaeHHbIH d-1I0AypOBEHD SKpaHHUPY-
eT 3apsj sapa JIydille, YeM He3aroJIHEHHbIH — caMu (-3JeKTPOHBI MPUTATHBAIOTCS
K Py CUJIbHEE, a AJIEKTPOHBI HAPY>KHOTO S-TIOIYPOBHS — ciabee.

Jnst d-3meMeHTOB, CIOCOOHBIX HAXOIHMTCS B PAa3HBIX CTENCHSX OKUCIICHHUS,
U3BECTHA CJIEYIONIAas 3aKOHOMEPHOCTh: YeM BBIIIE CTENEHb OKHUCICHUS, TeM OIuxKe
oOpa3yromiecs: CBSI3U K KOBaJEHTHBIM, TEM CHJIbHEE BBIPAKECHBI KUCIOTHBIE CBOMCTBA
coequHeHn. B KkadecTBe mpuMepa OOBIYHO MPHUBOIAT COSAWHEHUS XpOMa: OKCHIL
Cr?*O u cootBercTByrommii eMy ruapokens Cre'(OH), B Gomblireii CTENCHH MPOSIBIIS-
FOT OCHOBHbIC CBoiicTBa, okcnn Crp,0; u rugpoxcnn Crrf(OH); — amdorepHsre,
a OKCHII Cr+603 U THUAPOKCH] H2Cr+604 B OOJIBIIIC CTETICHH MPOSBIISIIOT KHCIOTHBIE
cBoiictBa. CunTaeTcs, 4TO B COCTMHEHHSIX MEPEXOJHBIX METAIOB B BBICOKUX CTETIe-
HSX OKHCJICHHS MMEET MECTO rubpuamsanus S u 0 opOuTaieil, B pe3ysibraTe 4ero
d-2IIeKTPOHBI OTHAJSFOTCS OT siApa aroma. Torja NeHCTBUTEIHLHO CTAHOBHTCS TOHST-
HOM JIOTMYeCKas [IENOYKa: YeM BBIIIE CTCTICHh OKHUCIICHUS y d-3IIeMEeHTa, TeM MEHbBIIE
AIIEKTPOHOB OCTa&Tcs Ha d-TIOAYPOBHE, TEM XYyXKe IKPAHUPYETCS MOJIOKUTEIBHBIN 3a-
ps siapa aToMa, TEM MEHBIIE BEPOSITHOCTh 0Opa3oBaHUS MOHHOW CBSA3U (C IMOJHBIM
OTPBIBOM 3JIEKTPOHOB OT fAJ[pa aToMa MEePEX0THOTO METAIINIA).

CreqyeT MOMHHTB O TOM, YTO pacCUUTaHHAs CTCICHb OKHCIICHUs O-3JeMeHTa He
BCEI/Ia COOTBETCTBYET peanbHoi. Hampumep, B okcune Fe;O, paccunranHas creneHb
OKHCIIEHHS Kele3a paBHa +2,6. Ha camoM fesie B cocTaBe 3TOro OKCHAA BCTPEUAIOTCS
KaK noHsl Fe?*, tax u nonsr Fe**, B coorrHomrennu 1 : 2. Torma bopMyIly TaKOro OKCH-
Jla MO>KHO mipeacTaBuTh Kak FeO-Fe,03. CyiecTByeT u 00JbIIOE KOJTUYECTBO HECTE-
XHOMETPHUECKUX COCIMHCHHH, B YaCTHOCTH, CYJIbGUIO0B kene3a: Fe;Sg, FegSy.

H3BecTHBIM CBOWCTBOM U-3JIEMEHTOB SIBIISICTCSl MX BBICOKAsi CHOCOOHOCTH K 00pa-
30BaHUIO0 KOMIUIEKCHBIX coeluHeHui. Ilpu oOpazoBaHMM KOMIUIEKCHBIX COEIMHEHUMN
MOHBI TIEPEXOTHBIX METAJUIOB BBICTYNAIOT B KAYECTBE JIOHOPOB ITYCTHIX AJIEKTPOHHBIX
opOuTasiel U akUENTOPOB Map ANEKTPOHOB aTOMOB JIUTAaHAOB. COOTBETCTBEHHO, YeM
0oJbIlle Y MOHA BaKaHTHBIX OpOUTANEi, TEM BbIIIE MOXKET ObITh €ro KOOpIAWHALUOH-
HOE YKCII0. Y MOHOB (-3JIEeMEHTOB MOXET OCTaBaThCsl BAKAHTHOM S-OpOUTAsIb BHEIIIHE-
'O CIIOS ¥ JIO IISITH OpOHTaNIel peIBHEIIHETo 0-110lypOBHS, KPOME TOT'0, CBOOOIHBIMU
OCTAIOTCSl U TPU OpOMTANIU BHEIIHETO P-moaypoBHs. To ecTh, B 00pa3oBaHue KOOpIu-
HAIIMOHHBIX CBSI3€Hl MOTYT BOBJCKAThCS MO0 9 SJIEKTPOHHBIX opoOwuTtaneir. OmHaKo
Hau0oJIee YacTO BCTPEYAOIIUMHUCS KOOPIUHAIIMOHHBIMU YUCIIaMU JJIs d-3JIEMEHTOB
aeisrores: I, 1V u VI.

OcCHOBHBIE BOIIPOCHI TEMbI:

1. Kputepun oTHeceHUs XMMHUYECKHUX 3JEMEHTOB K NEPEXOJHBIM METaJlIaM II0
knaccupukanun MHOITAK.

2. OcOOEHHOCTH AIIEKTPOHHBIX KOH(UTYpaluii d-371eMeHTOB.
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3. CBs3b 1IBETa BOJHBIX PACTBOPOB cojiell d-3JIEMEHTOB C AJIEKTPOHHBIMH KOH-
(burypanusiMd COOTBETCTBYIOIIUX HOHOB.

4. T'unote3bl, 00BACHSIOMNE (PEHOMEH JIAHTAHOUTHOTO CXKATHUSA.

5. CBsi3b MEXKIy CTENEHBIO OKHCICHHs (-3IeMeHTa M THIIOM O0pa3yeMbIX HM
CBSI3EH.

6. Cxi1oHHOCTD 0-37IEMEHTOB K 00pa30BaHUIO KOMIUIEKCHBIX COCAMHCHUH.

I'/TABA 6
XUMUs 3JIEMEHTOB 111B-VIB I'PYIIII

6.1. XUMUYECKHUE CBOIMCTBA XPOMA U EI'O COEJJUHEHUI

CBo€ Ha3BaHME AIEMEHT XPOM IMOIYYHI MO0 MPUYHHE TOTO, YTO €r0 COCTUHEHUS
UMEIOT SIPKYIO OKpacKy (ITO-TPeUecKH «XpoMa» — IBeT). B mpupoie XpoM BeTpedaeT-
Csl ICKJTFOYMTEIILHO B BHJIC COCIMHEHUH, HanOo0JIee PacpoCTPaHEHHBIMHU U3 KOTOPHIX
sBistroTcss XpoMuT (FEO-CryO3) u kpokout (PbO-CrOs), u3BecTHbIN Kak «CHOUPCKUM
KpPacHBIM CBUHEI». DTU COCTUHEHUS M0 CTPOCHUIO SBIISIOTCS CMECSAMH OKCHJIOB, HO
MOTYT OBITH TIPEJCTaBJICHBI B BHJE cojeil: xpomuta xene3a (FeCr,04) m xpomara
ceuniia (PbCrQOy,).

[ToBepXHOCTH XpOMa MOKPHITA TOHKUM IUIOTHBIM 3aIIMTHBIM CJIOEM OKCHIA
Cr,03, KOTOPEII 3alUIACT METAIUT OT JATbHEHIIIET0 B3aUMOJICHCTBHS C KUCIOPOIAOM.
B consHOM KHMCnoTe (M OpYrMX KHCIOTaX-HEOKUCIUTENAX) XPOM pacTBOpPSIETCS MpU
HarpeBaHWM MEJJICHHO. Y JaJICHHWE 3alUTHOM IUIEHKH (COCKAaOJIMBaHUEM WIIM BO3JCH-
CTBHEM BOCCTAHOBUTEJS) CYIIECTBEHHO aKTUBUPYET Mporecc. Buavane npu sTom 00-
pa3yroTCs CONH JBYXBAJIEHTHOTO XpOMa, KOTOPHIE 3aT€M OKHCISIOTCS KHUCIOPOIOM
BO3/lyXa J0 COJIel Xpoma TPEXBAIEHTHOTO.

Cr + 2HCI -5 CrCl, + Hy?
4CrCl, + O, + 4HCI - 4CrCl, + 2H,0

B kucnorax-okucnurensx (B a30THOM M KOHUEHTPUPOBAHHOM CEPHON KUCIOTaX)
XpoM Tpu OOBIYHOW TemrepaType naccuBupyercsa. llocie BbLaepKMBaHHS XpoMa
B KOHIIEHTPUPOBAHHOM a30THOM KHUCJIOTE OH NEPECTAaET pearnpoBaTh C KUCIOTAMHU-
HEOKHCIIUTEISIMU J1aXke P HarpeBaHuu. [Ipy BBICOKOW TeMIlepaType XpOM BCTYNAeT
B PEAKIMIO KaK ¢ KOHIICHTPUPOBAHHOW CEPHOM, TaK M C a30THOM KHCIJIOTOM.

2Cr + 6H,S0, (koHIL) —— Cry(SO,)s + 350,71 + 6H,0

Cr + 6HNO; (konm.) —-— Cr(NO3); + 3NO,1 + 3H,0
KommaktHbI# XpoM pearupyeT ¢ kuciaopoaom npu temmneparype 1800-2000 °C,
B TO BpeMs Kak MeJKopa3apoosieHHsin — yxke mpu 300 °C.

4Cr + 30, - 2Cr,0,

Tonbko pU CUIBHOM HarpeBaHWU XPOM HAauMHAET pearupoBaTh C rajJjoreHamH.
[Tpuuém, ¢prop OKUCHSET XPOM J0 CTeneHel okucienus +6 wnmm +5, xjaop u 6pom —
JIO CTEIICHU OKHWCJICHMA +3, a Mojx — 10 cTeneHed okucieHus +3 wmim +2. Peakmum
C IpyTMMM HEMETAJlJIaMU, BO3MOXHBIE MPU BBICOKON TEeMIEpaTrype, 4acTo MPUBOJAT
K 00pa30BaHHMIO HECTEXUOMETPUUYECKUX OWHAPHBIX COCIMHECHHMI. XpOM HE pearupyet
C BOJIOPOJIOM, HO CIIOCOOEH MOTJIONIATh €ro, KaKk MHOTHE IPYTHe METaJLIbI.

42



C ra3000pa3HOil BOJOH XpOM B3aWMOJICHCTBYET IMPH BBICOKOH TemIepaType
¢ obpazoanuem okcuaa xpoma (l11), a ¢ razoo6pa3HBIM CEPOBOIOPOIOM — € 00pa3o-
BaHueM cynbduma xpoma (11).

2Cr + 3H,0 —% Cry05 + 3H,1

tO
Cr+H,S — CrS + Hy?
Oxkcun u ruapokcupa xpoma () sBiIsAIOTCS HEYCTOWYMBBIMH COEAMHEHUSIMH,
OKHCIISIONTUMHUCS ITPH HarPEBaHUU KUCIIOPOIOM Bo3ayxa A0 coeaunenuid xpoma (I11).

4Cr0 + 0, - 2Cr,0,

ACr(OH), + 0, —5 2Cr,03 + 4H,0

B npucyTcTBUUM Bilaru MocienHss peakius 3aKaHYMBaeTCs 00pa30BaHHEM TH-
pokcuma xpoma (111).

4Cf(OH)2 + 02 + 2H20 — 4Cf(OH)3l

B nieniom, CrO u Cr(OH), nposBisiioT OCHOBHBIC U BOCCTAHOBHUTEIIBHBIC CBOWCTBRA.

Oxcun xpoma (I1l) mposiBnsier amdorepHbie cBoiicTBa. CriexyeT OMHHUTB, YTO
cwibHO npokaneHHbld Cr,O3 XxuMuuecku MHEpTeH. B MpUBEICHHBIX HUXKE PEaKIUIX
peub uaét 06 okcuae xpoma (1), momydeHHOM MyTéM OCTOPOKHOTO 00E3BOKUBAHHS
COOTBETCTBYIOIIETO THAPOKCHIA.

Cr,0; + 6HCI — 2CrCl; + 3H,0

Cr,0; + 6KOH + 3H,0 —s 2K5[Cr(OH)g]
Cr,0; + 2KOH (kp.) —-— 2KCrO, + H,0
Cr,03 + 3503 — Cry(SO,)s

Cr,05 + Na,0 —— 2NaCrO,

[Iponykrom peaknuu okcupa xpoma (ll1) ¢ xpucramnnueckoil mENOUbI WU
C OCHOBHBIM OKCHUJOM MpU CIUIABJICHUU SBISAETCS COJIb IOJ HAa3BAHHUEM XPOMMT.
B BoaHOM pacTBOpe mienoun npu HarpeBanuu okcu xpoma (111) odpasyer komiuiekc-
HYIO COJIb — T'€KCarupoKcoXpomar.

[Togo6HO apyruMm TBEPABIM amdoTepHbIM okcuaam Cr,0Os; cmocoOeH BBITECHATH
YTJICKUCIIBIN a3 U3 KPUCTATUIMUECKUX KapOOHATOB MPY HarpeBaHUU.

Cr,0; + CaCO; —' CaCr,0, + CO,t

dopmyna XpOMHUTa JBYXBAJIEHTHOTO MeTajula MOXET OBITh 3amucaHa Kak
CaCr,0y4, a e Ca(Cr0,),.

N3 oxcupa xpoma (l11) monmydaroT 4uCThI XpoM MyTEM BOCCTaHOBJICHUS C TO-
MOIIBIO AIFOMUHMS, KaJbIUsl, BOJAOPO/A, YIJIepoaa UM YyrapHOTO ra3a Mpu BBICOKOM
temneparype. Cam okcun xpoma (I11) MoxHO monmy4uuTh NpU paznoKEeHUH THIPOKCHIA
xpoma (Ill) mmu guxpomara ammonus. IlocrmenHss peakiusi OTIMYACTCS 3PEJIUIIHO-
CTBIO: JIOCTaTOYHO TMOJHECTH 3¥OKEHHYIO JTYYUHY K HEOOJBIIOW MOPIUU CYXOTO JH-
XpoMaTa aMMOHHS, KaK HAUMHAETCS MPOLIECC €ro Pa3JIoKEHUs C BBIACICHUEM 3€JIEHOM
Mmaccel okcrga xpoma (111), HanoMuHarOmMKUM U3BEPKEHNE BYJIKaHa.

tO
(NH4)gcr207 —— Cr,05 + NzT + 4H,0
Pasnaraerca moj BO3JEHCTBHEM TeMIlepaTypbl M auxpomar kanus. OOpasyro-
IMICS TIPU STOM XPOMAT KISl TJIABMTCS HE Pa3iiarasch.

4K,Cr,0; —Y 4K,CrO, + 2Cr,0; + 30,7
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I'mapoxcua xpoma (1) — TBEpmoe BelecTBO 3€IEHOrO I[BETA, MPOABIAIOIIEE
amporepusie coiictBa. IToayuurs Cr(OH); MOXXHO B3aMMOAEWCTBHEM COJH XpOMa
(1) ¢ pacTBOpOM IIETOYH.

CrCl; + 3NaOH — Cr(OH)s] + 3NaCl

N3BectHO, uTO XMMHUYecKass akTUBHOCTh ruspokcuna xpoma (lll) pesko cuumxka-
€TCS IPU CTOSTHUH. B TIPUBEACHHBIX HIDKE PEAKIUSAX PeUb UIET O CBEKEOCAKIEHHOM
THAPOKCHIC.

Cr(OH); + 3HCI — CrCl3 + 3H,0

Cr(OH); + 3NaOH — Nas[Cr(OH)¢]

2Cr(OH); + 2NaOH (kp.) —— 2NaCrO, + 4H,0

Cr,0O; + 3H,S0, — Crz(SO4)3 + 3H,0

Okpacka cosell TpEXBaJIEHTHOI'O XpOMa 3HaYUTEIbHO BapbUPYET B 3aBUCUMOCTH
OT CTPOEHHS COOTBETCTBYIOUIUX KPUCTALUIOTUAPATOB. [IpHBBIUHBIN SpPKO-3€IEHBIN
1BeT Kpuctajuioruapara xiopuaa xpoma (I11) mocrenenno 6aeaneet mociae pacTBope-
HUS €r0 B BOJIE, a 3aTeM CTaHOBUTCA (ProjeToBbIM. [IprunHa Takux mnepemMeH — Io-
CTETNIEHHBIN NIEPEXO0/1 XJIOPHUI-MOHOB U3 BHYTPEHHEHN CPepbl KOMIUIEKCA BO BHEIIHIOHO.

[CfClg(HgO)dCl + H,0 — [CYCI(H20)5]C|2

[CfCl(HgO)5]C|2 + H,0 — [Cr(Hzo)g]Clg

Oxcua xpoma (V1) — TBEpmoe BemecTBO KPACHOTO IBETA, MPOSBIISIONICE CBOM-
CTBA OKHMCJIMTENS M KUCIOTHOro okcupaa. [Ipu B3aMMOAEHCTBUU C BOJOW ITOT OKCHUL
naétr H,CrO, — XpomoByI0 (IIpM OTHOCUTENHHO HM3KOW KOHIICHTPAIMU OKCH[A)
u HyCr,Oni1) — MOIMXPOMOBBIE KHMCIIOTHI (IIpH 00Jiee BBICOKOW KOHLEHTpALUH).
B cB060/IHOM COCTOSTHUM XpOMOBasi M MOJIUXPOMOBBIE KUCTIOTHI HE BBIJIEJICHBI, TaK KaK
pacnagatorcs Ha okcug xpoma (VI) u Boxy. OgHaKO XOPOIIO U3BECTHBI X COJH, CO-
JiepIKalife aToMbl XpoMma B cTereHu okucienus +6. [Ipocteitmas dhopmyna aHnoHa
Takoii comu — CrO,°" — HMMeeT Ha3BaHUE «xpomaT». B kucioi cpene mpoucxomut
JUMepU3aIisl TaKUX aHHOHOB € 00pa30BaHUEM Cr,0>” 1 BOIBI — pacTBOp OTJIMYAET-
CsA SIPKOM OPaHKEBOM OKpACKOW. B HEUTpaJbHOM M IIEIOYHOM Cpelle PaBHOBECHUE

CMEINIaeTcs B CTOPOHY OOpa30oBaHUs XPOMAaTOB — pPAcCTBOpP MPUOOpETAaeT KENTYIO
OKpAacky.
3 -
2,5 1
HCrOy
2 ]
Crogs
pCr 15 T————— i

Cra0,”

0 . ; . .
) 9,0 6 6,5 7

pH
Puc. 6.1. T'paHHIIBI CYIIECTBOBAHUS THIPOXPOMATOB, XpOMATOB U JUXPOMATOB B BOJTHOM
pacTBope B 3aBUCUMOCTH OT KUCJIOTHOCTH cpepbl (PH) u konmenTparuu xpoma (pCr)
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B cuibHO KHCIOM cpeie Mpolece MOIMKOHASHCAIMU XpOMaT-HOHOB MPOI0JKa-
eTcsi ¢ 00pa3oBaHUEM TPH- M TETPAXPOMATOB, TO €CTh COJICH MOTUXPOMOBBIX KHUCIIOT.

B KOHLEHTpUPOBAHHOM KHCIIOM BOJHOM PacTBOPE ITUXPOMAT-HOHBI POTOHUPY-
IOTCSI ¥ TIEPEXOJIAT B THAPOXPOMAT-aHUOHKI (pHc. 6.1). IMeHHO THAPOXpOMAaT-aHUOHBI
HETOCPEICTBEHHO MOJIBEPTAIOTCS OJMKOHICHCAIIUU C BBIACICHUEM MOJICKYJIbI BOJBI.

2CrO,” + 2H* < 2HCrO, < Cr,0;> + H,0

B nenoM, xumuyeckre CBOMCTBAa COCAMHEHUN TPEXBAICHTHOTO XpOMa MOA00HBI
TaKOBBIM JUISI COCAWHECHHUH aJIOMHUHHS, a XUMHYECKHE CBOMCTBA COCIMHCHUM IIESCTH-
BAJICHTHOTO XpOMa — CBOMCTBaM COOTBETCTBYIOIIMX COCAUHEHUMN CEPhI: CEPHOU KHC-
JIOTHI U CYNb(aTOB.

6.2. XUMWYECKHUE CBOMCTBA COEJUHEHUI TUTAHA, BAHAJIUA,
MOJIUBJIEHA U BOJIb®PAMA

OTAnYUTENHHBIMU OCOOEHHOCTSIMU TUTAHA SIBIISIFOTCSI BBHICOKAs MPOYHOCTh, HU3-
Kasl INIOTHOCTh M YCTOWYMBOCTH K KOppo3uu. COOTHOIICHHE MPOYHOCTH K IIIOTHOCTH
JUIsl TUTaHa SIBISIETCSl HambOosee BBICOKMM JUIsl BCEX METAUIOB. B mpupopae TuTaH
BCTpEYACTCsS B COCTaBE MUHEpaja PyTWia, COCTOSIIero u3 auokcunaa tutaHa (T10,)
C MPUMECSAMH XKeJie3a, 0JIOBA U JIPYIUX AJIEMEHTOB, & TAKXKE B COCTABE WIbMEHUTA
c OoJiee BBICOKUM COZICpKaHUEeM AByXBasieHTHoOro xeine3a (FeO-TiOy).

[ToBepxHOCTH THUTaHa MOKpPHITA IUNIOTHBIM clloeM okcuaa tutaHa (1V), koTopsrii
IIPEAOTBPAIACT €ro JAJBHENIEEe OKUCICHUE KUCIOPOIOM BO3ayxa. TuTaH ycTOWUYNB
K BO3JICHCTBUIO COJITHOM M pa30aBIECHHOW CEPHOW KHUCIOTHI, a TAaKKe OOJBIIMHCTBA
opraHudecknx KuciaoT. OIHAKO KOHIEHTPUPOBAHHBIC KHUCIOTHI-OKUCIHUTENIN CIIOCO0-
HbI K PEaKLUH C 3TUM METAIIJIOM.

HauGonee ycroiiunBas CTENEHb OKUCICHUSA TUTaHa +4, SBISIOMIASICS MaKCH-
MaJIBHOM 7151 3TOTO AneMeHTa. [1o aToi mpuuunne Ti*" ckioHeH k 00pa3oBaHUIO0 KOBa-
JIEHTHBIX, @ HE MOHHBIX CBA3€H. JIEMCTBUTENBHO, CTPOCHUE JUOKCHUIA TUTAHA HE UOH-
Hoe, a atoMHOe (puc. 6.2).

Puc. 6.2. CTpoenue THOKCHIA TUTAHA

Xnopun tutana (I1V) B HOpManbHBIX YCIOBUSAX HPEACTABISET COOON JIETKO UCTa-
PSIOLLYIOCS JKUAKOCTh, KOTOpas MOJBEPraeTcsi HE0OpaTUMOMY THAPOJIM3Y B MPHCYT-
CTBHUM BOJbI (B3aMMOJAEHCTBYET JJaXKe C BOJOM, COAEpIKAILENCs B BO3IyXe, B Pe3ysbTa-
TE YEeTO «JIBIMUT» 3a CU€T 00pa3oBaHMs TBEPOTO IUOKCHA TUTAHA).

TiCl, + 2H,0 — TiO; + 4HCI

Crnenyer yTOUYHUTH, YTO HA MIPOMEKYTOYHON CTaJUW OMUCAHHOHN BBIIIC PEaKIUU
oOpasyercsi TutanoBas kuciora HyTiO4, KoTOpast ObicTpo pacmamaercs Ha TUOKCHI
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TUTaHa U BOAY (BoJa B (pMHAIILHOM ypaBHEHUU cokpamiaetcs). Cojau TUTaHOBOM KHcC-

JOTHl — THUTAaHAaThl — MHOTOYHMCIIEHHBI B COCTaBe pPa3MuHbIX MuHepasnoB. Counu,
. 4
conmepkamue aHuoH 110, , HA3BIBAIOT OpMOTUTAHATAMH, COCAWHCHHSI C AHHMOHOM
s~ 2
TiO3" — mematuranatamu. CyliecTBYIOT U Pa3HOOOpa3HbIE nOIUTUTAHATHI — COJU

HOJIMMEPHBIX KHCIOT ¢ 06meit hopmymnoit Hop TimO am+n).

N3 xumnueckux cBoicTB okcuaa tutana (1V) HeoOXoIuMo yOMSIHYTh €ro CIo-
COOHOCTb K PEAKIUsIM C KOHLEHTPUPOBAHHON CEpPHON KHUCIOTOM M KOHUEHTPHUPOBAH-
HBIMU IejouaMu ipu HarpeBaHuu. Kak u B ciydae ¢ okcuaoM xpoma (1) u okcnmom
AJIOMHUHUS, HAanOoJIee aKTUBEH CBEXEOCAKAEHHBIN Ti0,.

TiO, + 2H,S0, — Ti(SO,), + 2H,0

] to ]
T|02 + 2NaOH I Na2T|03 + Hzo
[Tpu HarpeBanum ¢ kapOoOHATaMK U ¢ OKcuaamu MeTauioB T10; cmocobeH oopaso-
BBIBaTh TUTAHATHI, (POPMYIIBI KOTOPBIX MOKHO MPEICTABUTh B BHUJIE TBOWHBIX OKCHUJIOB.

TiO, + K,CO3 — CO,1 + K,TiOz (=K,0-TiOy)

TiO, + BaO — BaTiO; (=BaO-Ti0,)

Boccranosinenuem xnopuna tutana (1V) moxso nmomyunts xmopun tutana (I11).
[Tocnennuii mpu BBICOKOM TeMIlepaType AUCIPONOPIUOHUPYET M 00pa3yeT cMech
xnmopuaa tutana (1V) u xnopuna turana (11).

2TiCl, + Hy —— 2HCI + 2TiCl,
2TiCl; — TiCl, + TiCl,

CoenuHeHus] TUTaHA B CTETNCHSIX OKHUCICHUS +2 U +3 MPOSIBISIOT CBOMCTBA BOC-
crtaHoBuTesned. B peaknuu ¢ consiHoit kuciotou xmopua tutana (Il) oxucnsercs mo
xsmopuaa tutana (I11).

Ecnu TuTaH oTiMyaeTcss MHEPTHOCTHIO U XOpOIleld OMOJIOTMYECKON COBMECTUMO-
CThIO, TO BaHAJAUN — METAJI TOKCUYHBIM. UMCTBHII BaHAJAWN TMOKPBIBAETCS CIOEM
okcuna V,0s, koTopsid, B otiuuue ot T10,, MEeIJICHHO pearupyeT ¢ BOJOW MPH HOP-
MaJbHOU TeMmmeparype, 00pazys mMeraBaHaaueByto kuciory — HVO;. MeraBananue-
Bas KHCJIOTa pearupyeT ¢ BOAOW U 00pa3yeT OpTOBAHAIUEBYIO.

HVOg + Hzo — H3VO4

AHUOHBI OPTOBAHANEBON KHUCIOTHI MOAOOHBI MO CTPOECHUIO AaHHMOHAM KHCIIOTHI
oprodocdopHoii. UMEHHO ¢ 3THUM CXOJICTBOM CBS3BIBAIOT TOKCHYECKUU 3(P(DEKT co-
eIVHEHUI BaHaIus: OPTOBaHAIATHl 3aMEHSIOT opTodocdaTsl B KOMIUIEKcax ¢ ¢ep-
MEHTaMH, Hapylias padoTy OOJIBIIOro KOJMYECTBAa OMOXMMHYECKHX mpoieccoB. Kak
u B ciyvae ¢ pocharamu, BaHaJaThl MOTYT MOJUKOHACHCHUPOBATHCA U 00pa30BbIBATh
MOJTMBaHA/IaTHI.

Oxkcua Ba"aaus (V) UCIONIB3YETCSl B KAYECTBE KaTald3aTopa B TaKOM Ipoliecce,
kak cuHTe3 okcuaa cepsl (VI) uz okcuaa cepol (1V). @aktuuecku, SO, okucnsercs
HETMOCPeICTBEHHO oKcHIoM BaHaaus (V) ¢ oopazoBanreM okcuaa Banaaus (1V).

tO
SOZ + V205 E— 803 + 2V02
Oxkcua Banaaus (IV) 3areM OKHCIISETCS KUCIOPOJIOM /10 UCXOJHOTO COCTOSIHHUS,
Y IIUKJI IOBTOPSIETCH.

4V02 + 02 — 2V205
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HNutepecHo ormetutbh, uto V,0s5 HEIb3s Ha3BaTh UCKIIOYUTEIBHO KHCIOTHBIM
okcuaoM. [Ipu 00paboTKe ero a30THOM KUCIOTOM MOIY4YaeTCsl COJib, B KOTOPOM TSATH-
BaJICHTHBIM BaHAIUM BXOJUT B COCTaB kaTMoHA. OJHAKO KATHOH, COIECPKAIIUMA \Val
(TTepBaHaIUII-HOH ), BKJIFOYAET JIBa aTOMa KMCJIOPO/Ia.

V205 + 2HN03 — 2V02(N03) + Hzo

Ecmu ¢ V,05 pearupyroT KUCIOTHI, HE SIBISIFOIIMECS TAaKUMHU CWJIBHBIMH OKHCITH-
TCIIIMH, KaK a30THas1 KHUCJIOTa, BaHaI[I/Iﬁ BOCCTAHABJIMBACTCA 4O CTCIICHU OKHUCJICHUA +4.

V,05 + 6HCI — 2VVOCI, + Cl, + 3H,0

Karvon BaHaius B CTEIICHW OKUCIICHHs +4 nMeeT Ha3BaHme BaHaauil. [Ipencra-
BUTHh ceOe 0Opa3oBaHME BaHAAWIA U MOJAOOHBIX €My MOHOB MOXXHO Kak IOCJEI0Ba-
TEJIBHOCTH M3 THAPOJIK3a (110 IBYM CTYICHSM, pu 3ToM U3 AByx OH rpymm oOpa3yercs
0JIHA MOJICKYJIa BOJBI, @ OCTABIIUICS aTOM KHCIIOPOJa COCTIUHSICTCS C V4+) 1 00pazo-
BaHUs aKBaKOMILIEKCA.

V* + 2H,0 — V(OH),** + 2H*

V(OH),** — VO* + H,0

VO?# + 5H,0 — [VO(H,0)s]**

Haunbonee n3BeCTHBIM COEIMHEHNEM BaHAIUS ABJISAETCS METaBaHAaIaT aMMOHMS,
HCHOHBSYMMHﬁCH B KOJIMYECCTBCHHOM UM KAaUYCCTBCHHOM aHAJIU3C. HpI/I TepMI/I‘-IGCKOM
Pa3I0KEHUHU TOM COJIM 00pa3yeTcsi COOTBETCTBYIOIIME OKCH/I, aMMHUaK U BOJIA.

2NH,VO; —5 V,05 + 2NH; + H,0

ITo xXuMHuYEeCKHM CBOMCTBAM MOJHMOACH B OOJBIICH CTEIEeHH Moa00eH Boib(dpa-
My, a HEe Xpomy. JlelcTBUTEIbHO, HanboJiee CTAOMIBHBIMU CTENICHAMH OKUCTICHUS IS
MonOaeHa ABISAOTCA +4 1 +6, B TO BpeMsl Kak Ui XpoMa XapakTepHa CTENeHb OKHUC-
nenus +3. CBsA3aHO 3TO C TEM, YTO COCIUHEHHUS MOJUOJIEHA B HAWBBICIICH CTENEHU
OKUCJICHHSI SIBIITIOTCSI HE TaKUMHU CHIJIBHBIMU OKHCIIUTEISIMU, KaK COOTBETCTBYIOIIUE
coequHeHus: xpoma. C KHUCIOPOAOM MOJMOAEH oOpaszyeT KuciaoTHbIM okcua MoOg,
KOTOPBIA pearupyeT ¢ KOHIEHTPUPOBAHHBIMH PACTBOPAMH HIEIOYECH.

MoO; + 2NaOH — Na,MoO, + H,O

Monu6aatel (conu ¢ aHUOHOM MOO427) MTOJIMKOHJICHCUPYIOTCSL IPYT C IPYroM
B KUCJIOU cpene, popmupyst moaumMonudaarel. Takue moJMMepHble aHMOHBI MOJTHOTe-
HOBOW KHCJIOTBI MOTYT TOJIMKOHJICHCUPOBATHCS U C AHMOHAMU JIPYTUX KUCJIOT, B TOM
yucie ¢ pochopHoit, 00paszyst eeneponoIUKUCIOTHI.

Bonbdpam oTnmuaercs Hanbosee BBICOKOW TeMiieparypoit tiasienus (3422 °C)
CPeIId BCEX M3BECTHBIX MPOCTHIX BemecTB. OOBACHSAIOT 3TO CBOMCTBO BOJIb(hpama TeM,
YTO CBSI3M MEXK/y €r0 aTOMaMHU SIBJISIOTCS HE METAJUTHYCCKUMU, @ KOBAJICHTHBIMHU, UTO,
B CBOIO O4Yepelb, SBISETCS MOCIEICTBHEM JIAHTAHOUIHOTO Cxkatus. [Ipy HOpMambHBIX
YCIIOBUSX METAJUTMUECKHUIA BObPPaM HE pearupyeT ¢ KUCIOPOIOM, KUCIOTaMH U IIIe-
ngouamu. Oxcupa Boabdpama (V1) sBiasieTcs KHCIOTHBIM OKCHAOM. [lomydaroT 3T0T OK-
CHUJl U3 MHUHEPAJIOB, COACPKAIINX BOIbGpaM, MPEACTABISIONMX CoO0N BOJIb(PpaMaTh
Kelesa, Mapraiia i Kanbiusa. CHavana Bosib(ppamaTr 00padaThIBAIOT COJISTHOW KUCIIO-
TOM, KOTOpasi BEITECHSIET BOIL(PAMOBYIO KHCIIOTY U3 COJU. 3aTeM BOJb(paMoBasi KHC-
JIOTa pa3jaraeTcs 1Moj1 BO3ACHCTBIEM TEMIIEPaTyphl Ha Boy U okcu Bosib(hpama (V).

CaWO4 +2HCI] — C&Clz + H2W04

H,WO, — H,0 + WO,
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WO3; pactBopsieTcs B 1iesioyax ¢ o0pa3oBaHHeM BOJIb(pamMaTOB.

W03 + 2NaOH — N3.2WO4 + Hzo

Bonwsdpamatsl moaBepratoTcs THApPOIM3Y B KUCIONU cpelie ¢ 00pa3oBaHUEM BOJIb-
bpamoBoii kuciaoThl. BonbppamoBas KuciIoTa CKJIOHHA K MOJMKOH/IEHCAIIUN B PacTBO-
pax ¢ Hu3kuM 3Hauenwem PH. I[lpu monmukoHaeHcaMU BOJBPPAMOBON KHUCIOTHI B
npuUcyTcTBUU PocopHOr 00pazyeTcsi 00JIbIIOE KOJTUUYECTBO PA3HOOOPA3HBIX AHUOHOB
(Tabm. 6.1), M3BECTHBIX MO OOIIMM Ha3zBaHHEM (ocHOPHOBOIL(PAMOBas KUCIIOTA.

Tabnuya 6.1
3aBHCHMMOCTH COCTaBa AaHMOHOB (hochopHOBOILPPAMOBOI KUCIOTHI
ot pH pacTBopa

pH OcCHOBHbBIE KOMIIOHEHTbI

1,0 | [PW1,04]"

2,2 [PW1,040]" ", [PaW21071]°, [PW11030]

3,5 [PW12040]", [PaW210711°, [PW11030]"", [PaW15062]°", [P2W19067]"
54 [PaW21071]°, [PW11030]", [PaWi5062]"

73 | [PWgOs]™

83 | PO, , WO, ~

OmuuM 13 cnoco6oB monydeHus ¢GHochopHOBOIbPPAMOBOM KHUCIOTHI SBISETCS
peakmus Mexay BosbdpamaTrom Hatpus (Na,WO,), dochopHOit KUCTOTON M CONTHOM
KHACIOTOU (TIOCIIETHSS UCTIONB3YETCS ISl 3aKUCIICHUS CPEIIBI).

dochopHOBOIBGpPaMOBas KHCIOTa — MPHUMEP TETEPOMOIUKHUCIOTEI — KOM-
TJIEKCHOTO COEIMHEHUsI aHHOHHOTO THIIA, COAEPIKAIIEro BO BHYTPEHHEH KOOpIUHAIU-
OHHOH c(epe B Ka4eCTBE JIMTAHJOB aHUOHBI HEOPTAHUYECKUX TOTUKUCIOT (MO0 Ie-
HOBBIX, BOJIb()PAMOBBIX, PEKE BaHAIUEBBIX, HUOOUEBHIX U Jp.), & B KauecTBEe aToMa-
KoMmIuiekcooOpaszoBarenst (rerepo-aroma): P(V), As(V), Si(1V), Ge(lV), Ti(lV),
Ce(IV). Kak BunHo Ha puc. 6.3, B neHTpe annoHa GpochopHOBOIBGPaAMOBON KUCIOTHI
HAXOJIUTCS OJIMH CIMHCTBEHHBIN aToM (docdhopa. Bokpyr 3TOro aroma — 4eTbIpe aTo-
Ma kuciopoja (ocraBmuecs oT gocdara), KOTOpble 00pa3ylOT MO TPU KOBAJIEHTHbIE
CBsI3M ¢ aroMaMu Bolib(ppama. Kaxnprit atom Boib(ppama oOpasyer mo mecTbh KOBa-
JICHTHBIX CBSI3€M C aTOMAaMH KUCJIOPO/a.

Puc. 6.3. Cxema cTpoenust annoHa (GpochopHOBOIBGPAMOBON KUCIOTHI
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6.3. BUOJIOIrMYECKAS POJIb U UCITIOJIb30BAHUE B MEJUIIUHE COEJIMHEHUI
METAJUIOB IIIB-VIB reynnbl

CoenuHeHHsI XpOMa B CTETIEHN OKUCIICHUsS +6 (KaK XpOMAaThl, TaK U JHUXPOMATHI)
BBICOKO TOKCHYHBI 32 CUET TOTO, YTO SIBIAIOTCS CHIBHBIMU OKucCIUTETsIMH. [lo 3TOM
e MPUYUHE XPOMAaThl U JAUXPOMAThl OTHOCAT K YHCIy KaHIleporeHoB. OOpamaThes
C 3TUMH COJIIMH B J1aOOpaTOpHM CIEAYET C 0COO0N OCTOPOKHOCTHIO, MOCKOIBbKY OHU
YacTO BBI3BIBAIOT KOHTAKTHBIM JIEPMATHT 10 TUITY aJUIEPro3a: OKUCIS ()yHKIIMOHATb-
HBbIE TPYIMIBl aMUHOKHCIIOT B Oenkax coeauHeHuss xpoma (V1) cmocoOCTBYIOT Hapy-
[ICHUIO UX CTPYKTYPbI U MOSBICHUIO HA HUX HOBBIX MUIIIECHEH (3MUTOIOB) AJI pa3BU-
THUS AJUIEPTUYECKUX PEAKITHIA.

HecmoTpst Ha TO, YTO COEAMHEHNUST BaHAAWS TOKCUYHBI JJIs YeIOBEKa (BaHaIaThI
3amemaT GocdaTsl B COOTBETCTBYIOIIUX CaiiTax CBSI3bIBAaHUS (PEPMEHTOB, TTOMUMO
TOT0, YTO HAaHOCAT Hecneuuduueckuit ymepo Oyayyu CUIbHBIMU OKUCIUTEISIMU ), HE-
KOTOpBIE BOJOPOCIH MCHOJB3YIOT BaHaJAWN Kak KO-(aKTop AJs XJIOp- U OpOMIEpPOK-
cuzaa3. [locneqnue ucnonp3yroTcs UMH B (DepMEHTATUBHOM MPOIECCE XJIOPUPOBAHUS
W OpPOMHUPOBAHUS YTIIEBOOPO/IOB.

Monu6aeH urpaet HeMajJoBaXXHYIO poJib B OMOCUCTEMAX, SBISASACH FETEPOATOMOM
B KO-akTope (MOIMOAONTEpUHE) HUTPOreHa3 azoTukcupyromux Oaktepuii. briaro-
Japsi HATPOT€HAa3aM 3TU OaKTepUH BOCCTAHABIMBAIOT MOJIEKYJISIPHBIN a30T O aMMHUaKa,
KOTOPBIH 3aTEM MOXET OKHCIUTHCA O HUTPUTOB UM HUTPATOB. Y YEIOBEKA U3BECTHO
JIMIIb HECKOJIBKO (PEPMEHTOB, pabOTAOIIUX C MOMOIIBIO MOX0XKET0o KO-(haKTopa, co-
nepskamiero MoianoaeH. OauH U3 Takux GEepMEHTOB — Cylb(uUTOKCHIa3a — HE00XO0-
UM ISl OKUCJICHUS CYJIB(UTOB J0 CyIb(})aTOB, YTO SBISETCS ITAIlOM METa0oIM3Ma
cepocoiepKallluX aMUHOKUCIOT (METUOHMHA U IIMCTEMHA), MOCTYMAIIMIUX C MUIIEH.
HenocraTouHocTs MOMO/I€HA B NUIIEBOM PAaIlMOHE MOXKET MPUBECTH K JOCTHUKEHHIO
TOKCHUYECKOM KOHIEHTPAIH CYJIb()UTOB B KPOBH.

Bonsdpam mHTEpPECEH TE€M, YTO ATOT METAI SIBISETCA HauOoJee THKEIBIM XHU-
MHUYECKHM DJIEMEHTOM, UCTIOIBb3yeMbIM JKUBBIMH OpraHu3Mamu. EcTecTBeHHO, ICCeH-
[IUATBHBIM BOJIb(paM SIBISIETCS] HE ISl YETTOBEKA, a JIUIIb ISl HEKOTOPBIX BUIOB OaK-
TEpUN U apXei.

6.4. UCITOJIb30OBAHUE COEJUHEHWIN METAJLIOB |1 I1B-VIB reynmnsl
B ®PAPMAIIEBTUYECKOM AHAJIN3E

JluxpomaTsl MMUPOKO MCHOIB3YIOTCS B KOJUYECTBEHHOM aHAJHM3€ B PA3JIUYHBIX
METOJaX OKUCIUTEIbHO-BOCCTAHOBUTEIILHOTO TUTPOBaHUs. B 3aBUCHMOCTH OT MeTo1a
U croco0a TUTPOBAHMS AUXPOMAT KaJlUsl MOXKET BBICTYINATh KaK B KA4eCTBE TUTPAHTA
(B AMXpOMATOMETpPUH), TaK U B KayeCTBE peareHra, W30BITKOM KOTOPOro oOpadaThI-
BalOT mpoOy (B HomomeTpuu, mepmMaHraHatromeTpuu). [Ipu Hanmuyuu BO3MOXKHOCTHU
BBIOOpa MEKIY TIEpMaHTaHATOMETPHEH U TUXPOMATOMETPUEH MPENOYTeHHE OTIAET-
ca nocneanen. JeicteutensHo, pactBop KyCroO7 roToBAT 10 TOYHOM HaBECKE, KOH-
HEeHTpal|s ero, B ommune oT KoHueHTpauuu KMnO,, mnpakTuuecku HE MEHSETCs
¢ TeueHueM BpemeHu. EmE 6osee BaxkHo To, uto K,Cr,O; mpu HOpMalbHOM Temmepa-
Type HE BOCCTaHABIMBACTCS OOJIBITMHCTBOM OPTaHWYECKHX BEHIECTB, OOBIYHO TPH-
CYTCTBYIOIIMX B JMCTWUTUPOBAHHOW BOJE B CJENOBBIX KOJHYECTBAX, M XJIOPU-
HMOHaMHU.
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N3BecTHBIM PUMEPOM HCIIOJIB30BAHUS TUXpoMaTa Kalis B (papMaleBTHUECKOM
aHaJIM3€e SIBISIETCS] OMpPEIENICHUE C €ro MOMOIIBI0 KOHIIEHTPAIMU 3TaHOJA, KOTOPBIH
TP 3TOM OKHCIISIETCS IO YKCYCHOU KHCIIOTHI.

3C,Hs0H + 2K,Cr,07 + 8H,S0O4 — 3CH3COO0OH + 2Cr,(SO4); + 2K,SO,4 + 11H,0

[TonykonMuecTBEHHO OLIEHUTh KOHIIEHTPAIMIO 3TAHOJA 110 TOMY METOY MOXKHO
M0 M3MEHEHUIO OKPACKH pacTBopa (OT OpaHKEBOM K 3€JIEHOM), YTO paHee MPUMEHS-
JIOCh ISl OIIGHKH CTETICHH ONbSHEHUS B KPUMHHAIUCTUKE. bonee TOYHBIN pe3ynbTaT
JOCTUTAETCS MYTEM JTaIbHEUIIETO ONMpPEeeNIeHNs] KOHIICHTPAIIMU W30BITOYHOTO KOJTUYe-
CTBa MepMaHraHaTa Kajius B mpoOe METooM HogoMeTpuu. Bo3moxkHOo 1 OoJiee mpocToe
pElICHHe — WCIIOJIb30BaHUE IS (PUKCAITMM TOYKUA SKBHUBAJICHTHOCTH OKHUCIUTEIHLHO-
BOCCTAHOBUTEIHLHOTO MHJIMKATOPA, KOTOPBIM M3MEHSET CBOIO OKPACKY B 3aBUCUMOCTH
OT COOTHOIICHHSI KOHIEHTPALIM OKUCIUTENeH U BoccTaHOBUTENEH B cpexe. M3Bect-
HBIC OKHCIUTEIIBHO-BOCCTAHOBUTEIBHBIC WHIUKATOPHI: AU(EHIWIAMHUH, AUPEHUIOCH-
3UJIUH, TUPEHWIOEH3UIUHCYIb()OHAT HATPUSL.

Jluxpomar Kajgusi MOXKET HCIOJIb30BAThCsl U B OCAJAUTEILHOM TUTPOBAHUU: JJIS
ompeneneHns KoHueHTpauun noroB Ag®, Ba®', Pb®*, ¢ KOTOpBIMH IHXpOMAT-HOHEI
JIAI0T HEPACTBOPUMBIC OCAJIKH.

K>Cr,0O; + 2A9N03 — Angr207l + 2KN03

[Tocnenusisi peakiys UCTIONB3YETCS U TSl ONPeIeTICHUs] KOHIICHTPAlUU U30bITKA
TUXpoMaTa KaJids B TUXPOMATOMETPHH.

XpoMar Kajus, Tak XK€ KaK M JAUXPOMAT Kajusl, — PEarcHT IS BBISIBICHHS
ronos Ba”" u Pb®" B pactBope. B pesynprare peakimum 06e COIM JAIOT HEPACTBODPH-
MBI XpOMaT COOTBETCTBYIOIIETO METAILIA.

BaCl, + K,CrO4 = BaCrO4| + 2KClI

2BaCl, + K,Cr,0;7 + H,0 = 2BaCrQ,| + 2HCI + 2KCl

PbCl;, + K,CrO4 = PbCrO,4| + 2KCI

2PbCl, + K,Cr,0; + H,O = 2PbCrQO,4| + 2HCI + 2KCI

Kak ocamok xpomara Oapus, Tak W OCaJOK XpomaTa CBHUHIIA HUMCIOT XKEJITYIO
OKpPAacKy, HE PacCTBOPSAIOTCS B YKCYCHOU KHCIJIOTE, HO PAaCTBOPSIOTCS B KOHIIEHTPUPO-
BaHHOU a30THOM KHUCTIOTE ¢ 00pa30BaHUEM JUXPOMOBON KUCIIOTHI.

2PbCrO4 + 4HNO; — 2Pb(N03)2 + H,Cr,0; + H,0

OTnuuuTenbHOW OCOOEHHOCTBHIO XpoMaTa CBUHIIA SBISETCS €r0 CIHOCOOHOCTH
K pPaCTBOPEHHUIO B LIEIOYU.

PbCfO4 + 4NaOH — Nag[Pb(OH)4] + Na,CrO,4

Kak cunbnbiii okucnutens metaBananatr ammoHust (NH;VO3) ucnonb3yetcs
B OKHCIIUTEIIHLHO-BOCCTAHOBUTEIILHOM TUTPOBAHHUH (B METOJIE 110]] Ha3BAaHUEM BaHaJa-
tomeTpust). CxoxkuMmu cBoicTBamu oOiamaer u monubOgat ammoHus (NH4),MoO,.
B kaudecTBeHHOM aHayM3e JUISl BBIABICHUS HEKOTOPBIX AIKAIONI0B W (ocdar-noHOB
UCTIOJNIB3YETCS CMECh METaBaHajaTa W MOJUOaTa aMMOHUS, U3BECTHAS KaK MOJIUOjIe-
HOBOBaHAIMEBBIN peakTuB. B peaknun mommubaara aMmmoHus ¢ GochOopHOI KUCIOTOM B
KUCJOM cpezie odbpasyercs (hochopHOMONIUOACHOBAS KUCIOTA, UMEIOIIAst KENTHINA LBET.

HsPO, + 12(NH4),M00, + 21HNO3; — (NH4)3PO, 12MoO3{ + 21NH,NO; + 12H,0

Camu 1o cebe TeTepOIOJIMKUCIOTH, Takue Kak (ochopHOMOIHUOICHOBAS,
(dhochopHOBONIBGPaMOBasT U KPEMHHEBOJIb(PaMOBasi, UCIOJIB3YIOTCS B KaUY€CTBEHHOM
aHaJIM3e 11 OOHAPYKEHUS PA3TMYHBIX aJTKAJIOU/IOB.
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Oxkcun tutana (IV) urpaer BaxxHyI0 posib B MPOMBIIUIEHHOCTH, TaK KaK UCIOJb-
3yeTcsl B KauecTBE JOOABKH B MOJTUMEPHI (TTOJTUATUIICH, MTOTUIPONIICH) AJIs IPUAaHUS
UM HerpospadHocTH. [1og00HBIM 00pa3oM mcnonb3yor 110, U B gapmanuu — ero
N00aBISIOT HEMOCPEACTBEHHO B 000JIOUKH TaOJIETOK, YTOOBI 3alIUTUTH JIEKAPCTBEH-
HOE€ CpPEJICTBO OT cBeTa. [locie MOKphITHS Takoi 000JI0YKO JIeKapCTBEHHBIE CPEICTBA
MOJKHO XPaHUTh Ha CBETY.

B meaumuHe MCmoNb3yrOTCS pa3HOOOpa3HbIE CIUIaBhl HA OCHOBE THTaHA, OHH
HEOOXOIMMBI JJI1 U3TOTOBJICHUSI JeTallei SHIOMPOTE30B, UMIUIAHTATOB, CKOO U Jpy-
IUX W3JeJUi, MpeJHa3HaYeHHBIX i1 NMPUMEHEHHUsS B TPABMATOJIOIHH, OPTOIEIUH,
CTOMATOJIOTHHM W YEIIOCTHO-IHUICBOW XUpypruu. CocTaB OAHOTO M3 HCIIOIH3YyEMbBIX
CILIaBOB (B MacCOBBIX J0JIsAX): TUTaH — 84 %, Huoobuit — 7,5 %, amomunuit — 6,5 %,
monubaen — 1,5 %, tantan — 0,5 %. MnHepTHOCTBIO (a CilemoBaTeabHO, XOPOIIeH
OMOCOBMECTUMOCTHIO) 00JIaJaeT HE TOJILKO TUTaH, HO U LIMPKOHMM, YeM 00yCIIOBIICHA
0€30MMacHOCTh MPUMEHEHUS TAKUX HETPATUITMOHHBIX CIIOCOOOB JICUCHHSI U MPOQHUITAK-
TUKU Pa3IUYHbBIX 3200J1€BaHUH, KaK HOIIEHUE IUPKOHUEBBIX OPACIETOB.

OcHOBHBIE BONIPOCHI TEMBI:

1. Xumudeckre CBOWCTBAa XpoMa U €ro COeAUHEHUM.

2. YcoBUs U MEXaHHU3M IIPEBpaIicHUH XpOMAaTOB B TUXPOMAThI U 0OPATHO.

3. dusnyeckre 1 XUMAYECKUE CBOMCTBA TUTAHA U €TI0 COCAUHEHUIA.

4. TlpuurHBI TOKCUYHOCTU COCTUHCHUH BaHA U,

5. ®uznyeckne U XMMUYECKUE CBOMCTBa MOJMOCHA B BOJIib(ppamMa B CpaBHCHUH
C TaKOBBIMU JIJIsI XpOMa.

6. I[loHATHE O MONMKUCTOTaX U FETEPONMOTUKHUCIOTAX.

7. Ucnionp30BaHue COCAMHEHUN XpOMa, TUTaHA, MOJIUOJCHA ¥ BaHAIUS B MEIH-
[UHE ¥ (papMaleBTHUECKOM aHAJIH3E.

TecTOBBIN CAMOKOHTPOJIb

1. VYkaxurte 3apsi fiApa aToMa, y KOTOPOro KOH(HUrypauusi BaJeHTHBIX JJeK-
TPOHOB B 0CHOBHOM cocTosinnu [Ar]3d°4s?;

a) 13; 0) 19; B) 23; r) 18.
2. Kakoii u3 OKCHI0B XPOMa NPOSIBJIsieT CBOMCTBA HCKJIKYUTEIbHO OKUCIUTEs1?
a) CrO; 0) Cr,03; B) CrOgs; r) Cr,0.
3. KuciorHble cBoOiicTBa HanboJiee BHIPAXKeHbI Y OKCH/IA, (popMyJia KOTOPOro:
a) Cr,03;,  6) CrO; B) BeO; r) CrOs.
4. Ilpu temmneparype 20 °C xpom He pearupyer c:
a) AgNO; (p-p); 6) HNOs(korr.);  B) HCl(p-p); r) HpSO4(koHLL).

5. VYkaxure coeJUHeHMS, HA3BAHUS KOTOPbIX 3aKAHYHUBAKOTCS HA -aT:
a) K,Cr,07; 6) NaCrO,;  B) Nas[Cr(OH)¢];  r) Na,CrO,.
6. Kakmue BemectBa B peakuuu ¢ BaCl, narwor xéntblii ocagok?
a) K2804, 6) K2Cf04; B) KzCOg, r) chr207.
7. YKaxkuTe NPOAYKTHI, oOpa3ywuiuecss NpH CJIHUBAHHUM BOJIHBIX PaCTBOPOB
Cr(N03)3 H Na2C03:
a) Cry(COs)3; 0) NaNQOg; B) Cr(OH)s3; r) CO,.
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8. Kakoe coequHeHHe HCIOJIb3YeTCsl MJISl 3aIIUTHI JIEKAPCTBEHHBIX CPEICTB OT
NONAaJaHus NPSAMBIX COJTHEUHBIX JIyYei?
a) Cr,03; 0) TiO,; B) WO;; T) V,0s.

9. Ilpu xaxom 3HayeHuu pH pacnagaercs ¢pocdopHo-BoabppamoBas kucaora?
a)2; 0) 5; B) 7; r) 9.

10. s oOHapyskeHHMsl KAKHX HOHOB HCHOJb3YyeTcsl MOJIMOJeHOBaHAINEeBbIN
peakTuB?
a) pocdar-uoHOB;  0) XJTOPHUJ-UOHOB;  B) HUTPAT-UOHOB;, T) HUTPUT-HOHOB.

OrBerb1: 1 —B8;2—8;3—r1;,4—0,B,1;5—a,B,1;6 —0,1;,7—0,B, T}
8—0;9—r;10 —a.
3agaum U ynpaxHeHHus

1. CxombKO TpaMMOB XpoMa MOKHO moyduTh u3 2,28 kr Cr,03 mpu BOCCTaHOB-
JICHUU aIIOMHHHEM, €CJIH BhIXoJ mpoaykra 85 %7? Kakas macca Al, comepxkamiero
4,7 % mpumecei, MOHaT00UTCS TSI 3TOr0?

Omeem: 850 r.

2. Paccunraiite MaccoByro oo snemeHTta xpoma B cmecu K,CrO4 u K,CrpO4,
B KOTOPOI MaccoBast 101 eMeHTa kanus paBHa 39,00 %.
Omeem: 27,57 %.

3. CMech TUXpOMATOB Kaiausi U aMMOHHs Maccod 30 T moaBepriach MOTHOMY
TEPMUYECKOMY pa3iIoKeHUI0. B pe3ynpraTe BhIACTIIIOCH 2,19 nu° rasa. Haiimre mac-

COBYIO JIOJIIO TUXpOMaTa Kajiis B CMECH.
Omeem: 50 %.

. ¥Ypasusiite OBP: K,Cr,07 + H,S + H,SO, —
. Ypasusiite OBP: Na,CrO4 + NaBr + HCl —

. Ypasusiite OBP: Cry(SO4); + Cl, + KOH — KCI + K,CrO, +
. Cr,03 — Cr(OH)3; — Na3[Cr(OH)g] — Cr(NO3)3 — Cr,03 — Cr
Cr — CrCl, — CrClz — Cr(OH)3z — NaCrO; — Cry(SO4)3
10. K,Cr,O; — Cry(S04)3 — Cr —CrCl; — Cr(NO3); — Cr,03
11. K,CrO4 — K,Cr,O; — CrCl; — K3[Cr(OH)g] — Cr(OH); — NaCrO,

4
5
6. Ypasusiire OBP: Cr + KCIO; + KOH —s KCI + K,CrO, +
;
8
9.

JKcnepuMeHTAJIbHAsA padoTa
«M3yyeHue XUMHYECKHX CBOMCTB COCAMHEHUI XpoMa»

eap padoThI: 03HAKOMUTHCS C KUCITIOTHO-OCHOBHBIMHU U OKHCJIMTEIBLHO-BOCCTA-
HOBUTEIBHBIMHA CBOMCTBAMH COCIMHEHUN XpOMA.

PeaxtuBbl: pactBopel coneii — Cry(S04)3, Na,CO;, Kl, K,CrO4 K,Cr,05,
Kpaxmasna.

PacrBopbr: NaOH (21.) u H,SO,4 (21.), H,0; (3 %).
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Onwit 1. ITonyuenue u ceéoiicmea zuopoxcuoa xpoma (111).

B nByx mpoOupkax moiay4aroT MajJopacTBOpuMbIi ruapokcus xpoma (I11) Bzanmo-
neiicteueM pactBopa cosu Cry(SOy); (3—4 karm) ¢ 2M pactopom NaOH (1-2 karwin).

HcnwiteiBator otHomeHne Cr(OH); k KucaoTe W K M30BITKY IET0YH, JUISl 9ero
JOOABIISIOT B OJHY MPOOHMPKY 10 KarursiM 2 H. pactBop H,SO4, B npyryto — 2 H. pac-
tBOp menoun NaOH o pactBopenwms ocaka.

3anuchIBalOT ypaBHEHUs peakmuid. J[emaroT BBIBOJ O KHUCIOTHO-OCHOBHOM Xa-
paktepe Cr(OH)s. (PactBop, comepsxamuii Nas[Cr(OH)g], coxpansiot ms omnsita 3).

Crg(SO4)3 + 6NaOH — ZCI'(OH)gl + 3Na,SO,

CepO-3€JIEHbIN
ZCI’(OH)gl + 3H,S0, = Cr2(804)3 + 6H,0
P-p CUHE-3€JICHbII
Cr(OH)gl + 3NaOH = Nag[Cr(OH)G]

P-p 3€nEeHbIN

OunbiT 2. Coémecmunlit 2udponu3 cyivhama xpoma u KapoonHama Hampus.

K 2-3 xarmumsam pactBopa Cry(SO4); mpubasisitor no kamisiM Na,COs 10 odpaszo-
BaHus ocajka Cr(OH);. OTMeuaroT BeIIeTICHHE Ta3a.

Harnncars MosekyIJIsipHOE 1 MOHHOE YpaBHEHHS peakumii. [louemy He nmomydmiics
kapoonat xpoma (III)? Kakas dopma rumponusa Cry(SO4); uMena MecTo B JTaHHOU
peakiuu?

Crz(SO4)3 + 3N32C03 + 3H,0 — 2C|’(OH)3l + 3Na,SO, + 3C02T
2Cr** +3CO% + 3H,0 — 2Cr(OH);| + 3CO,1

OnbiT 3. Boccmanosumenvhute ceoiicmea coneit xpoma (111).

K nonydyernnomy B ombite 1 pactBopy Nas[Cr(OH)e] no6asistor 1-2 karm mie-
noun NaOH u 3-5 kanens 3%-Horo pactBopa nepokcua Bogopona H,O,. Harpesator
CMECh JI0 TMepexoja 3eJEeHOW OKPACKH B JKENTYI0, YTO YKa3blBaeT Ha 0Opa3oBaHME
xpomata Hatpusi Na,CrO,.

3anuceiBaroT ypaBHeHue peakuuu okucieHus Naz[Cr(OH)g] B Na,CrO4 amek-
TPOHHO-HOHHBIM METOJIOM.

2N3.3[Cf(OH)6] + 3H,0, — 2Na,CrO, + 8H,0 + 2NaOH

BOCCTAHOBUTCIIb OKHCJIHUTCIIb

[Cr(OH)e]* + 20H — 38 — CrO? + 4H,0 2
6
H202 +2e — 20H 3
2[Cr(OH)e]* + 40H ™ + 3H,0, — 2CrO% + 8H,0 + 60"
20H"

OnbIT 4. Okucnumenvhste ceéoiicmea coeounenuit xpoma (V1).

K mnoakucieHHoMy cepHOW KHCIIOTOW pacTBopy auxpomara kamus K,Cr,0Oy
(4-5 xamenp) modaBnsaoT 3—4 Karn pactBopa noauaa kanus Kl. OTMmeuaroT nu3Mmene-
HHUE OKpackH. JI0Ka3bIBalOT ¢ TOMOIIBIO PAacTBOpa Kpaxmaja BbIACICHHE CBOOOIHOTO
fona, st 9ero B MPOOUPKY € 5—6 KaruisiMu Kpaxmalia BHOCST OJHY KaIlIio MOJTy4YeH-
HOTO B OIBITE pacTBOPA.

CocTaBIISIIOT ypaBHEHUE PEAKLIUU 3JIEKTPOHHO-UOHHBIM METOJIOM.
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K,Cr,0; + 6Kl + 7H,S04 — Cry(SO4); + 4K,SO, + 31, + 7H,0
Cr,0% + 14H" + 68 — 2Cr*" + 7H,0 1
6
21" - 28 — Iz 3
Cr,0% + 14H" + 21" — 6Cr*" + 7H,0 + 31,

OmnbIT 5. Xpomamor u ouxpomamut

a) Ilepexoo xpomama kanus 6 ouxpomam

K pactBopy xpomata kanmus K,CrO4 (3—4 karum) npuOaBisSiOT MO KamjsMm 2 H.
pacTBOp cepHOW KHUCIOThL. OTMEUal0T OKpPAcCKy B3SITOTO M TMOJYYEHHOTIO PacTBOPOB
Y yKa3bIBAIOT, KAKUMHU HOHAMHU 3TH OKPACKH 00YCIaBIMBAIOTCA.

3anuChIBAIOT YpaBHEHUE PEAKITUU.

2K,CrO,4 + H,SO, — K,Cr,0; + K,SO4 + H,0

YKEITHIN PacTBOp OpaHKEBBII PacTBOP

0) Ilepexoo ouxpomama xkanus 6 xpomam

K pactBopy mamxpomata kanus K,Cr,0O; (3—4 karmm) npuOaBIIsSIOT MO KaruisiM
pactBop menourn NaOH 10 n3MeHeHUsT OKpacKH.

3anuChIBAIOT YPaBHEHUE PEAKITUU.

K,Cr,07 + 2NaOH — K,CrO, + Na,CrO, + H,0

OpaHXKEBBIil PACTBOP YKEIITHIN PacTBOp

Pas6uparor cMmemmenne papHoBecus: 2CrO2 +2H" = Cr,02 + H,0

npu 106aBIeHUK: a) KUCIOThI; 0) menoun. Kakoit non CrO?” umu Cr,0O5 cymecTtByer
B pactBopax npu pH <7, pH > 77?

I'TABA 7
XUMUA JIEMEHTOB VIIB I'PYIIIbI

7.1. OBIIASI XAPAKTEPUCTHUKA SJIEMEHTOB VIIB rpynsbl

Onementsl VIIB rpymmer (mapranenr Mn, texnenuit Tc, pennii Re, 6opuit Bh)
MMCIOT AJICKTPOHHYI0 KOH(UIYPALMIO BaJICHTHBIX d71ekTpoHoB (N — 1)s°p°d°ns’.
ATOMHBIE pajyChl TEXHEIMsI U PeHUs OJM3KU BCIEACTBHE JIAHTAHOMJAHOTO CXKATHUS.
Nx cBoiicTBa Oosee CXOOHBI MEXAy co0Oi, ueM cBoilcTBa MapraHua. B psany
Mn-Tc—Re temneparypa nnaBnenus ysennuuaercs. [1o TyromnaBkocT peHuil ycry-
MaeT TOJIBKO BOJb(PpaMy. XuMHUUECKas akKTUBHOCTh B TPYIINE CBEPXY BHU3 yMEHbIIIa-
€TCsl C YBeNIMUeHHEM aTOMHON Macchl. B psiay cTaHIapTHBIX 31€KTPOJHBIX MOTEHIMA-
JIOB METAJUIOB MapraHell CTOUT J0 BOJAOPOJa, a TEXHEUUNA U PYTEHHUI pacrojararoTcs
nocie Bogopoaa. B coenunenusix Mn, TC, Re mposBIsiOT MEpeMEHHYIO CTENEHb
okucienus (0, +2, +3, +4, +6, +7). Haubonee xapakTepHbIE CTETICHU OKUCICHHS IS
Mapranmna +2, +4, +6, +7; B consx camasi YCTOWYMBas CTENEHb OKHUCICHUS +2
(MnSQ,); B okcumax camas yctoWumBas creneHb okucieHus + 4 (MnO,). C Huskoi
CTENeHbI0 OKHucIeHus (+2) B coenuneHusx snementoB VIl B rpynmer mpeobnamaer
MOHHBIN XapakTep XMMUYECKOU cBA3U. B BbICOKMX cTeneHsX okuciaeHus (+7) Halmro-
JlaeTCsl KOBAJIGHTHBIM XapaKTep CBS3U, T. K. C YBEJIMUYEHUEM CTEIICHU OKUCIICHUS Map-
radua ot +2 1o +7 yMeHbIIaeTcsl painyc HOHA, a 3apsi/i YaCTULbl PacTET, YBEIMUNBA-
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€TCsl TOJISIPHU3YIONas CIIOCOOHOCTh MapraHila U CBSI3b B COCAMHEHHUSX MpHOOpeTaeT
Bce 0oJiee KOBAJCHTHBIN XapakTep.

B npupoze Tonpko MapraHen U peHUN BCTPEYAIOTCS B BUJIE COCIMHEHUM, TEXHE-
Ui 1 O0pUi TOJYYaroT C TIOMOIIBIO SICPHBIX MpeBpaiieHnid. Ha3BaHue «TexHeuin»
OTpakaeT TOT (pakT, YTO ATO ObLT MEPBBIM AIEMEHT, CHHTE3UPOBAHHBIN MCKYCCTBEHHO.
Mapraser B npupojie BCTpeuaeTcs MPEMMYIIECTBEHHO B Buje mupotito3ura MnO,
u popoxpo3uta MNCOj;. B kauecTBe mpumMecu Maprael] MOYTH BCErAa COACPIKUTCS
B xene3HeiX pyaax. o 1,88 % peHuss HaxoguTcs B NPOMBIIIJIEHHOM MHHEpase
Moo aenure MoS,.

7.2. XUMMYECKHUE CBOMCTBA COEJJMHEHUA MAPTAHLIA

Mapranen o6nagaer HauOoJbIIEH aKTUBHOCTBIO cpeau anemeHToB VIIB rpym-
nel. [Ipy 006bIYHOI TemMmepaType MapraHel] He 00JaaeT 3aMEeTHOM PeakIMOHHON CII0-
COOHOCTBIO, HO TIPU HAarpeBaHuu OypHO pearupyet ¢ cepoit, hochopom, a30ToM, yrie-
pOIOM, KpeMHHEM U TamoreHamu. Ha Bo3ayxe mapraHen yCTOHYMB, TaK Kak TMOKPBIT
OKCHJTHOM TUICHKOM, KOTOpast MPEISATCTBYET AaIbHEHIIIEMY OKUCIICHUIO.

Mn —22 5 MnO —2%2 5 Mn,0; —22 5 MnO,

[Tpu kKOMHATHOI TemIepaType MapraHel] ¢ BOJOW pearupyer O4eHb MEIJICHHO;
IIPU HarpeBaHUM PEAKLIHs YCKOPSIETCS.

Mn + H,0 —% Mn(OH), + H,

AKTI/IBHO pearupyet MapraHela €O MHOI'MMH KHCJIOTaMH. XOJ’IOI[HBIG CCpHad
H a30THasA KOHOCHTPUPOBAHHBIC KUCJIOTEI HC pCarupyroT ¢ MapraniucM, HO pCarupyroT
IIpU HarpeBaHUH.

3Mn + 8HNOj3¢,) —— 3Mn(NO3), + 2NO + 4H,0
Mn + H,SO044. — MnSO, + SO, + 2H,0

Okcunpl ¥ THAPOKCUABI MapraHila B 3aBHCHMOCTH OT €ro CTENEHU OKHCIICHUS
NPOSBIISIOT Pa3HbI KUCIOTHO-OCHOBHBIM xapaktep. Okcun mapranua (l1) obmamaer
OCHOBHBIMM CBOWCTBaMH.

MnO + 2HCI — MnCl, + H,0O

Oxcuay mapranma (I11) Mn,Oz; cootBerctByeT Meraruapokcus MnO(OH). Hx
KHCJIOTHO-OCHOBHBIE CBOMCTBAa BBIPAKEHBI cNab0, TaKk KaK OHW Yalle BCTYMAKOT
B OKHCIIUTEIbHO-BOCCTAHOBUTEINIbHBIE, 2 HE B KHCIOTHO-OCHOBHBIE peakiuu. OKHUCIs-
10T KHCIIOTHI, KOTOPBIE 00J1aaf0T BOCCTAHOBUTEIILHBIMHA CBOMCTBAMU.

Mn,O3 + 6HCI — 2MnCl, + Cl,1 + 3H,0

Oxcuna mapranna (I11) u ero MeTaruapoKCcHa pearupyroT ¢ KHCI0TaMHU-OKHCIIHU-
TEJSIMU:

2MnO(OH) + H3SO04pas6.) — Mn+§04 + Mrf{lO2 } +2H,0

2Mn,03 + 8HNO;(,) — 4Mn(NO3) + O, + 4H,0

Oxcua mapranna (IV) MnO, o6magaet aMmpoTepHBIMU CBOMCTBAMHU.
4NaOH + MnO, %, Na,MnO, +2H:0

CILIIaBJI.
OpTOMaHIraHaT HaTpusA

MnOZ + 4HC|(K) — MnCIZ + C|2+ 2H20
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C pazbaBieHHbIMU KHucCJIOoTamMH okcuj mapranma (1V) He pearupyet, mposBIIsICT
OKHUCJIUTEIHbHO-BOCCTAHOBUTENIBHYIO IBONCTBEHHOCTD:

Mn02 + 2NaCl + 3H2804 — Ml’lSO4 + 2NaHSO4 + 2H20 + Clz

MnO, + 2FeSO,4 + 2H,S0O, — MnSO4 + Fey(SO4); + 2H,0

3MnO, + KCIO; + 6KOH 2, 3K, MnO,+ KCI + 3H,0

2MnO, + 3PbO, + 6HNO3, — 2HMnO, + 3Pb(NO3), + 2H,0

[Tocnmenusis peakuus SIBASETCS KAYECTBEHHOW PEAKIMEN ONPENCIICHUS MapraHua,
Tak Kak oOpaszytomiasicsi mapranionas kuciora HMnO, nmeeT ManmuHOBBIN LBET.

N3BecTHa HecTolkas mapraHiosuctas kuciora H,MnO,, koTopas B pacTBope
TUCTIPOTIOPITUOHHUPYET.

3H2Mn04 - Mn02 + ZHMnO4 + 2H20

MaHraHaTbl — CHJIbHBIE OKUCIIUTEIHN U cl1abble BOCCTAHOBUTEIH.

KoMnOy(okucnurens) + 8HCIl(x) — MnCl, + 2Cl, + 2KCI + 4H,0

2K,MnOy(Bocctanosutens) + Cl, — 2KMnO, + 2KCl

Oxcua mapranna (VII1) Mn,O; nposiBiisieT KUCIOTHBINA Xapaktep. B Bome oOpa3y-
eT MapranioByoo kucaotry HMnO,, koTopas cyiecTByeT TOIbKO B XOJOAHBIX BOJHBIX
pactBopax. [Ipu koHmeHTpamnmsx 6ombire 20 % 3Ta KUCI0Ta pasyiaraeTcsi, YTO COIMpPOo-
BOXK/IACTCS OKHUCITUTEIIBHO-BOCCTAHOBUTEIBLHON PEAKIIECH 1O BHYTPUMOJICKYIIPHOMY
MEXaHHU3MY.

4HMnO,4 — 4MnO; + 30, + 2H,0

Conm MapraHIOBOW KHCIIOTHI — IMePMaHTaHaThl — KpacHO-()HOIETOBOTO MBETA,
CWJIbHBIE OKHCIIUTEN, OCOOCHHO B KUCIION Cpejie.
2KMnQO, + 5Na,S0;3 + 3H,SO4 — 2MnSQO,4 + 5Na,SO, + 3H,0 + K,SO,  (pH < 7)
2KMnO4 + Na,SO3; + 2KOH — 2K,Mn0O,4 + Na,S04 + H,0O (pH=7)
2KMnO, + 3Na,SO3 + H,0 — 2MnO, + 3Na,SO,4 + 2KOH (pH>T7)

Conu mapraHiia co CTENEHbIO OKHCIEHUSI €ro +2 MOABEPraloTCs TUAPOIH3Y 10
katuony. IIpu aTom pH cpeawr Oyaer < 7.

Mn®* + H,0 2 MnOH* + H* (MnCl,, MnSO, 1 T. 11)

[Ipn HOpPMAaNIbHBIX YCIOBUSX THUIAPOJIN3 3aKaHUYUBAECTCS HA TIEPBOM CTYICHH.
KMnO, runponu3y He noasepraetcs, T. K. Mapranuosas kuciora HMnO, — cunphas
KHACTOTA (Clan. = 93 %0).

7.3. BHOJIOTHYECKAS POJIb MAPTAHIIA ¥ EI'O COEJIVHEHUI

Mapranen; — aGCOTIOTHO 3CCEHIUATBHBIN ()KU3HEHHO HEOOXOJUMBIH) DIIEMEHT.
Cpe/Hsis KOHIIGHTPAIMS Maprania B KpoBH coctaBimseT 2,64 + 0,70 - 10°° moms/m.
B chiBOpoTKEe KpOBM KOHIIEHTpalnus MapraHua npuMepHo B 10 pa3 Himke
(2,14 + 0,18 - 10" momb/1), Tak Kak 90 % HMOHOB ITOr0 METAlUIa HAKAIUIMBAKOTCS
B sputpouutax. CyroyHas moTpeOHOCTh YelOBEKa B MapraHile COCTaBisSeT OT 3 /10
8 mr. OcoOeHHO OoraThl MapraHiieM HEKOTOpbI€ pacTeHMs: OaryjibHHUK, BaxTa Tpex-
JMCTHAsA, CBEKJIa, MOMUAOPHI, kKapTodens. [locTynas B opraHu3m uyenoBeka Kak depes
KEITyIOYHO-KHMILICYHBII TPaKT, TaK M yepe3 JETKue, COSAMHEHUSI MapraHia B pa3iud-
HBIX CTEIICHSX OKHCJICHHS BOCCTAHABIMBAOTCS 10 Mn?*. B opraHmsMe MIeKomuTaro-
LIMX MapraHel NpeuMyIeCTBEHHO KOHLIEHTPUPYETCS B MO3T€, MOIKEITYIOUHOM XKelle-
3¢, medeHH u moukax. Mousr Mn?* sBrsiorcst ko-(hakTopamMu [uisi MHOTHX (hepMEHTOB:
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apruHa3bl, NUPYBAaTKApOOKCHIIa3bl, MUTOXOHJPHUAIBHON cynepokcuaaucmyrasbl, N-
u C-kapOokcunenTtuaas, ryTaMUHCUHTeTa3bl. M30bITOK MapraHia nmpuBOJAUT K MaH-
raHU3My, 4YTO NPOSBISAETCS B YTOMIIIEMOCTH, COHJIMBOCTH, OCJA0JIEHUM NaMSTH,
a B KOHEYHOM HUTOre — K 3a00JI€BaHUIO, CXOAHOMY IO CUMITOMATHKE C OOJIE3HBIO
[Tapxkuncona. [IpenenbHo qonmycTrMas KOHLIEHTpALKUs MapraHia COCTaBJIseT B BO3Y-
xe 0,03 mr/v°.

M3BeCTHO, 4TO B CBSI3bIBAHME HOHOB Mn?* HanGoree wacto Y4acTBYIOT aMHHO-
KHCJIOTHBIE OCTaTKW TMCTUMHA, aClIAparuHOBOM W IIyTaMHUHOBOW KHCIOT. JTU aMu-
HOKHCJIOTHI Yallle pacIioyiaraloTcsi B CTPYKTYPHOM MOTHBE «OeTa-TsK — MeTiis — Oera-
TAK» WIH «OeTa-TsK — meras — anbda-cnupanby. OTINYUTENbHON 0COOEHHOCTHIO
caiiToB cBsisbiBarmst Mn?* ot TakoBbix st Mg?* sBisieTcst BBICOKAsI 9aCTOTA HCIIONb-
3oBaHus rucTHanHA. TeM He Menee, noHsl Mn”" MoryT 3amemars noust Mg” B ak-
TUBHBIX LIEHTpaX (hepMEHTOB, B HOpPME padOTAOIIKX C IOMOILBIO KATHOHOB MarHusl.

[ToBbIIeHNEe KOHIIEHTpauu HOHOB Maprania (ll) B KieTke NpuBOIUT K HAKOII-
JICHUIO HYKJIEOTHIHBIX MyTanuil B npouecce permkauuu JHK. Cuuraercs, yro on-
HOI M3 OCHOBHBIX MPUYUH MOBBIIICHHUS] BEPOSITHOCTH BO3HUKHOBEHUSI MYTallUi SIBJISI-
eTcsl 3aMelleHue MOHOB MarHug voHamu Mmapranma (ll1) B axtuBaom nentpe JHK-
noJimMepa3 U3 ceMmencTBa ora. AHamoruyHeIM 00pa3om noHbl Maprania (1) moBsi-
IIaI0T CKOPOCTh, HO CHIKAIOT TOYHOCTH padoThl npaiimMasel — JIHK-3aBucumoit PHK-
NoJIMMepa3bl, OTBETCTBEHHOM 3a cuHTe3 «3arpaBku» g JIHK-nmonumepas. O600umB
W3JI0KEHHBIE JTaHHBIC, MOXHO CJeJIaTh BBIBOJ O TOM, uTO MOHBI Mapranua (1) moryt
CYIIIECTBEHHO MOJAYJIUPOBAaTh paboTy (PEPMEHTOB, PEIUTHIHPYIONIUX HYKJICHUHOBBHIE
KHCJIOTBI, BCTYMAasi B KOHKYPEHIIMIO C MOHAMU MarHus.

Jedbunut mMapraiiia B OpraHu3Me MPUBOJUT K CHUKEHHIO CHHTE3a XO0JIECTEpUHA
U TTOJIOBBIX TOPMOHOB, YTO BEJIE€T K CHI)KEHHUIO PENPOAYKTUBHOMN (PyHKINN.

7.4. IPUMEHEHHUE COEJUHEHWI MAPTAHIIA B MEJUITHE
U ®APMAIEBTHYECKOM AHAJIM3E

B nocnennue roapl COEAMHEHHs] MapraHiia HCIOJb3YIOTCS B MHUHEPAIBHO-
BUTAaMUHHBIX KOMIIOHEHTaX, OMojorndecku akTuBHBIX noOaBkax (BAJl) x mumie. Co-
€IMHEHNs MapraHia BKIKYAIOT B COCTaB HEKOTOPBIX HA3aJIbHBIX CIPEEB AJIS JICUEHUS
aJJIEpruYecKOro pUHUTA.

[upoko KCHOAB3YETCS B METUIIMHCKON MPaKTUKE pacTBOP MepMaHraHaTa Kajus
KMnO, B kadecTBe aHTHCENTHYECKOIO CPEJCTBA JJS MOJOCKAHWM, CIPUHLIEBAHUM,
CMa3bIBaHUs SI3BEHHBIX M 0KOTOBBIX MOBEPXHOCTEW, MPOMBIBAHUSI MOUYEBOTO ITY3bIPs
U Kenynka. B xadecTBe pBOTHOrO cpeicTBa A mpuéMa BHYTPh HPU OTPABICHUSAX
MOp(GUHOM, aKOHUTUHOM M HEKOTOPBIMH JIPYTHMHU aJIKaJOUIaMH HCTIONIb3YIOT pa3das-
nennslit (0,02-0,1 %) pacTBop mepMaHTaHaTa Kaius.

Ha peakumsix pa3ziaudHbIX BEIIECTB C PACTBOPOM IE€pMaHTaHaTa Kajaus OCHOBaH
MeTO]1 fepMaHranaromeTpuu. OKHUCIIEHHE MPOBOJAT B CUIILHOKHUCIION Cpesie, B KOTO-
pOii MepMaHraHaT-uOH MPOSIBISIET HanboJee CHIIbHBIE OKHCIUTENbHbIE CBOMCTBA. Me-
TOJ TIEPMAHTaHATOMETPUHU IIUPOKO MPHUMEHSIETCS Ha TMPAKTHKE JJIS OIpeneseHUs
OKHUCJIMTENIEH U BOCCTAHOBUTEJEH, a TaK)Ke BEIIECTB, HE MPOSBIAIOMIUX OKUCIUTEIb-
HBIX HJIA BOCCTAHOBHTENBHBIX CBOHCTB (HATIpHMeEp, s ompejesncHus noxoB Ca’*
B MarepHajax Kak HEOMOJIOTMYECKOTO, TaK U OHOJIOTMYECKOTO MPOUCXOKICHHS).
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Merton Takxe HUCIIOJIB3YCTCA OJIAA KOHTPOJIA Ka4CCTBa MUTHEBOM BOABI U OIIPCACIICHUA
IICPOKCHaa BOAOPOIa B q)apMaI_IeBTI/ILIeCKOM aHaJIn3c.

HepMaHraHaT KaJusg UCHOJBb3YCTCA B OPraHM4YCCKOM CHHTC3C B Ka4CCTBC OKMC-
JIUTCIIA AJIA MO,I[I/I(l)I/IKaI_II/II/I (bYHKI_II/IOHaJ'II)HBIX I'PYIIII pa3JIMYHBIX COCJIMHCHMMU.

OcHOBHBIC BOIIPOCHI TEMBI:

1. O6mas xapakrepuctuka d-anementoB VIIB rpymms! (3sekTpoHHbIE KOHDHTY-
panuy aTOMOB, aTOMHBIE PaJAWyChl, SJHEPTMH HOHU3ALMM, TEMIIEpaTyphl IUIABICHU,
XapaKTepHbIE CTENIEHU OKUCIIEHUS; IPUPOIHBIE PECYPCHI, IOITYUEHHUE).

2. Odusnyeckre U XUMHYECKHE CBOMCTBAa MapTaHIIa.

3. CoenuHeHust Maprasiia B CTeNeHsX okuciaeHus +2 u +3. KucioTHo-oCHOBHbIE U
OKHCJIUTEIbHO-BOCCTAHOBUTEIILHBIE CBOMCTBA, CIIOCOOHOCTh K KOMILTIEKCOOOPa30BAHUIO.

4. Oxcua mapranna (1V), ero amgorepHbie cBONHCTBA, OKUCIUTEIBHO-BOCCTAHO-
BUTEJIbHAS ABOWCTBEHHOCTb.

5. CoenvHeHusl Maprasia B CTENEHU OKHcIeHHs +6. MaHranartel, ux obpa3oBa-
HUE, TEPMUYECKAsl yCTOMYMBOCTh, JUCIPONOPLHUOHUPOBAHNUE B PACTBOPE U YCIOBHS
CTaOMIIM3aLHH.

6. CoenuHeHust Maprasua B CTENICHH OKHMCIeHHs +7. MapraHioBas KMCIOTa U ee
conu. IIpoayKTel BOCCTAHOBIEHUS NEPMAHIAHATOB IPU Pa3Iu4HbIX 3HaueHusx pH.
OxwucieHne OpraHuvIecKux COeAMHEHUH ¢ moMoIIpio pactBopa KMnO,.

/. buonornyeckoe 3Hau€HWE MapraHla U €ro COeIMHEHUM, IPUMEHEHHUE COeIH-
HEHHI MapraHiia B MEJUIIMHE U (papMalleBTUYECKOM aHaJIHU3e.

TecToBBIN CAMOKOHTPOJIb

1. ¥Ykaxure H?aBI/IJILHLIe YTBeP KICHUS:
a) noHsl MN“" akTHBUPYIOT MHOTHE (DEPMEHTHI;
0) oxcua maprania (1) mposiBisieT OCHOBHOI XapakTep;
B) NIEpMaHTaHaT KaJlus MOJBEPraeTCs THAPOIUY;
T') BBICIIIUE OKCHUJIBI U COOTBETCTBYIOIINE UM THIPOKCHUIBI C OJJMHAKOBBIM HOMEPOM
rpynnst (VIIA 1 VIIB) 61u3ku o cBoiicTBaM.
2. Kak u3MeHSIIOTCSl KMCJOTHO-OCHOBHBbIE cBoiicTBa B psixy MnO — MnO, —
Mn03 —Mn,0,?
a) YCUJIMBAIOTCS OCHOBHBIE CBOMCTBA;
0) HEe U3MEHSIOTCS;
B) YCUJIMBAIOTCS KUCIIOTHBIE CBOMCTBA;
r) ociabeBaroT KUCIOTHBIE CBOWCTBA.
3. Ykaxure cyMMy KO3(PUIHEHTOB B YPABHEHHH PeaKkLMH, NpoTeKaoue mo
cxeme Na,SO3; + KMnO, + H,O — ...
a) 12; 0) 13; B) 11; r) 10.
4. Ykaxute coelMHEHHs] MAapraHiia, B KOTOPbIX €ro aToMbI CyIIeCTBYIOT B CO-
cTaBe AaHHOHOB!
a) MnSQOy; 6) K3[Mﬂ(C204)3]; B) KMnOQy; F) KoMnOQO,.
PbO,

5. B cxeme mpeBpamenuii 2 moabr K,MnO, —5>MnO, +HHCL oy ——Z
2 4

MapraHencojepskaiiee Bemecrso Z npeiacrasisier co0oii:
a) MapraHI[OBUCTYIO KUCIIOTY;
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0) OCHOBHOM OKCHJT;
B) MapraHIeBYIO KUCIIOTY;
) aM(OTEpHBIN OKCHUJL.
6. /I OKMCJIHMTEIBLHO-BOCCTAHOBUTEIBHOM peaknun Na,SO; + KMnO, + KOH
— ... YKAXKUTE CXeMBbI MePexo1a YJIeKTPOHOB:
a) MnO; +8H" + 58 — Mn*" + 4H,0;
6) MnO; +& — MnO7{ ;
B) SOZ +20H —-2&8 — SO? + H,0;
r) SO% + H,0-28 — SOZ +2H".
7. Ykaxute MeTa/LIoepMEHTHI, B HOPMeE coJiepKalie B CBOEM COCTaBe KaTHO-
Hbl mapranmna (11):
a) apruHasa;
0) kapOoaHTruapasa;
B) KapOOKCHIIETITH IA3a;
T') nupyBaTkapOoOKcuiIasa.
8. OxucauTebHAasi COCOOHOCTh MAPraHUa B MapraHieBoil KHUCJIOTe WU B ee
COJISIX MAKCUMAJIbHA:
a) B IIEJIOYHOU Cpelie;
0) B HEUTpaJILHOU Cpejie;
B) B KHCJIOH cpejie.
9. B BOAHOM pacTBOpe MAaHTAaHATOB CAMOINPON3BOJILHO 00Pa3yIOTCSI:
a) COJIM MapraHIeBOU KUCIIOTHI;
0) oxcua mapranna (II1);
B) okcup mapranna (II);
r) okcua mapranua (IV).
10. 'mapou3y He MOABEPrarTCsi:
a) mepMaHTaHaT HATPHUS;
6) cynbdart mapranmna (I);
B) IIEpMaHraHaT KaJlus;
r) xjopun mapranma (11).

OrBernl: 1 — 2,0, 1;2—8B;,3—0;,4—0,B,1;5—B;6—0,B,7—a,r;
8—nB;9—a, ;10 —a, B.

3agauu M ynpakHeHus

1. B noAKUCIEHHOM CEpHOM KMCIIOTOM pacTBOpE MEpMaHraHaTa Kajlaus MOJIsipHast
KOHIEHTpallUs JKBHBAJIEHTa yKa3zaHHOUW cosn pasHa 0,01 monb/nm°. Kakoii 06bem
ATOr0 PacTBOpa HEOOXOAMM JJisl TIOJIHOTO OKUCeHUs cyhbdara xkenes3a (I1), comepka-
merocst B kpucramioruapare cocraBa (NH;),SO4FeSO46H,0 maccoii 9,8 r? (B pe-
3yJbTaTe pEaKLNU Fe*? oxucisiercst 1o Fe™, a Mn*’ BoccranasiuBaercst 10 Mn+2).

Omeem: 2,5 M.

2. Kakue creneHn OKHCICHHS XapakTepHbl i atoMoB d-3nementoB VIIB rpyn-
nb1? [IpuBenuTe mo ABa mpuMepa COSTMHEHHU 3TUX IEMEHTOB B XapaKTEPHBIX CTere-
HSIX OKUCIICHUS M Ha30BUTE HX.
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3. [IpuBeauTe mpuMepbl pa3IUYHBIX COCIMHEHUN MapraHiia, B KOTOPBIX €ro
aTOMHBIE YacTUIIBI 00pa3yloT KAaTHOHBI, aHUOHBI. XapaKTepHa JIM aHHOHHas (opma
s Mn (11); katnonnast popma aiis Mn (V) ?

4, VkaxuTe pa3Iuuus B CTpoeHHH aTomoB anemeHToB Tpymmn VIIB u VIIA.
B kakoii cTerneHu OKHCIIEHHs aTOMbl MapraHiia M XJiopa o0pa3yloT OJHOTHIIHBIE CO-
eIMHCHMsI, HanboJiee CXOMHBIE MO XMMHUYECKHUM cBoiicTBam? [IpuBemuTe COOTBET-
CTBYIOIIHE TPUMEDPHI.

5. Oxapaktepu3yiite mojoxkenune Mn, Te, Re B 3JIEKTPOXUMHUYECKOM pPSIY
HaAMpsDKEHUM METaJUIOB M MX OTHOIICHHWE K BOJE, KUCIOTaM, Iienodam. Hamwmmmre
YPaBHEHHSI COOTBETCTBYIOIIHUX PEAKIINI, HA30BUTE MPOJTYKTHI.

6. CpaBHUTE TEPMUYECKYIO YCTOWYMBOCTh WM OKHCIIUTEIbHBIE CBOMCTBA OJHO-
TUIMHBIX coenrHeHuid Mn u Re, B KOTOPBIX MX aTOMBI HAXOJSTCS B BBICIICH CTENEHU
OKHCJICHUSI.

7. Hanmumwte ypaBHEHHsI peaKIWid, B KOTOPHIX COCIUHEHUS MapraHIla MPOsBIIs-
10T CBOMCTBA: a) OKUCIIHUTENbHBIC, 0) BOCCTAHOBUTENbHBIC;, B) OKUCIUTEIHHBIE U BOC-
CTaHOBUTEIbHBIE OJHOBPEMEHHO.

8. Kakue coeqmHeHHs MapraHia MOTYT MPOSIBISATh OKUCIUTEIBHO-BOCCTAHOBH-
TEJIbHYIO IBOUCTBEHHOCTh?

9. [Ipoananu3upyiTe KHCIOTHO-OCHOBHBIE CBONCTBA OKCHJIOB U THJIPOKCHIOB
MapraHIia, B KOTOPBIX €ro aTOMBI HaXOSTCS B Pa3HBIX CTCIICHIX OKHUCIICHUSI.

10. Paccmotpute okuciautenbhbie cBorictBa KMNO, B pa3mmunbix cpemax. Ka-
kue coequHeHus: Mn o0Opa3yloTcs mpu BOCCTAHOBJICHHHM TEPMAaHTAaHATOB B KHUCIIOH,
HEUTpaNbHON U 1eNoYHoM cpenax ? Kak mpu 3ToM U3MEHseTCs OKpacka pacTBOPOB?

11. CpaBHUTE THIPOIU3YEMOCTh BEIIECTB MPU WX OJUHAKOBBIX KOHIICHTPAIIUSX
B pactBope: a) MnCl, u MnCls; 6) K,MnO4 u KMnO,.

12. YcroitunBel 1M MaHTaHATHl B HEUTpaJdbHBIX pacTBopax? Hamumure ypaBHe-
HUE PEAKIUU JUCIPOIIOPIIMOHUPOBAHUST MaHTaHata. Kakue BU3yalbHBbIC M3MCHCHHS
mpeTepreBaeT Mpu 3TOM €ro pacTBop?

13. Hanumure ypaBHEHHUS pPEAKIUi, MPU IMOMOIIA KOTOPBIX MOXHO OCYIIE-
CTBUTH TPEBPAICHUS:

a) KMnO4; — MnO, — MnCl, - HMnO, — KMnOy;

6) KMnO4 — MnSO, — MnCO3; — MnO — Na,MnQO,.

JKcnepuMeHTaAJIbHas padora
«M3y4yeHne XUMHUYECKHUX CBOMCTB COCAMHEHNH MapraHua»

Ilenrs paGoThl: O3HAKOMHUTHCS C KHUCIOTHO-OCHOBHBIMM U OKHCIMTEIBHO-
BOCCTaHOBHUTEJIBHBIMYU CBOMCTBAMM COEAMHEHHUI MapraHua.

BemecTBa M 000py1oBaHue: NpOOUPKH, CTEKISIHHbIE MATOYKH, MUKPOILTIATEH.
Oxcun mapranua (1V), cynasdar mapranua (I1), xmopun mapranna (1), yausepcanbhas
MHIMKaTOpHas Oymara.

PactBopsbi: consHoit kuciotsl (0,1M), ceproii kucnotsl (0,1M), a30THO# KHCTO-
161 (0,1M), yrcycHoit kucnotsl (0,1M), cynbdarta mapraunna (0,5M), xjgopuaa MapraH-
na (0,5M), mepmanranara kamus (0,1M), cynbdura matpus (0,5M), ruapoxcuaa
Hatpus (0,1M), nutputa Hatpus (0,5M), cynbdata xenesa (1) umu comn Mopa.
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Omnbit 1. Kauecmeennasa peakyus Ha uoHbl Mn?*,

B npobupky momerniator pactBop conu Mapranma () u (5—6 xamens) pactBopa
a30THOW KHCIOTHI. J[0OABJISIFOT C MOMOINBID MHKPOIITIATEISI HEMHOTO BHCMYyTaTa
Hatpus NaBiOjz. OTmeyaroT MOSBICHHE KPacHO-()UOJCTOBOH OKpPAcKH pacTBoOpa
BCJIeICTBHE oOpa3oBaHusl nmepManraHat-uoHoB MnO ;. PaccraBusitoT ko3 puireHTsr

B OB'peaKHI/II/I, HpOTeKaIOIJ_Ieﬁ I10 CXEME:
MnSO4 + NaB|03 + HNOg — HMHO4 + Bl(N03)3 + Nast4 + NaN03 + Hzo
B vionnom Bune:

5Na* + 2Mn?* + 5BiO; + 14H" — 2MnO; + 5Bi*" + 5Na* + 7H,0

Onwit 2. ITonyuenue u ceoiicmea zuopoxcuoa mapzanua (11).

B npobupky BHOcAT pactBop conu Mapranua (l1) u 1o6aBnsoT pacTBop ruapok-
cuja HaTpus. Beimamaet ciabo-po30BbIil Wi MOYTH OeCBETHBINM Ocanok. [lomyueHHbIi
0CaJIOK TIEPEHOCAT B ABE Mpobupku. B oaHy mpoOupKy q00aBIsIOT pacTBOP COJISTHOM
KHUCTIOTHI, B JPYI'yl0 — pacTBOp ruapokcuaa Hatpus. Ocalok JIETKO pacTBOPSETCS
B kucnotax. OOpasyercs 6ecuBeTHbIN pacTBOp. Hanumnre ypaBHeHHE peakuu.

[Tpu mobGaBreHWU MIETOYNU U YHEPTUYHOM TOMENIMBAHUU CTEKIISTHHOMN MallOuKon
runpokcua Mapranna (l1) HeycToiunB U OBICTPO OKHCISETCS KUCIOPOJAOM BO3IyXa,
T. €. O€JbIi CTYACHUCTBIN OCaloK OBICTPO CTAHOBUTCA OYpPBIM, a IOTOM YEPHO-OYPBIM.
N3menenue 6emoro 1BeTa ocajika Ha BO3/lyXe OOBSCHSETCSA TeM, YTO CHavyaiga oopasy-
ercs metaruapokcua Maprania (111), a 3arem okcun mapranna (1V).

PaccraBmnsior ko3 HUIIMEHTHI B CXeMaX ONMHUCAHHBIX PEaKIUi:

Mn(OH)2 +0, - MHO(OH)i + H,0

MnO(OH) +0, > MHOZl + H,0

OnbiT 3. Okucnumenvhute ceoiicmea oxcuoa mapzanua (1V).

B npo6upky momemnaroT 2 MEKpoInaTens okcuaa maprania MnO, (1V), npunu-
BAIOT PAaCTBOPbI CEpHOU KHUCIOTHI U cyibdata xerne3a (1) FeSO, (MoxHO B3sITH pac-
TBOp cosiu Mopa). Peakiiusi npoTekaeT o cxeme:

MnO, + FeSO, + HZSO4(pa36,) — MnSQO, + FeZ(SO4)3 + H,0

Crnenyet uMeTh B BUAY, YTO ¢ pazbaBieHHbIMU kuciaotamu MnO, He pearupyer.
OTMeyaroT OKpacKy pacTBopa Mocje peaxiuu.

OnsIT 4. OKucaumensvuvie COUCMEA NEPMAHZAHAMA KAAU 6 3A6UCUMOCHIU
om pH cpeoui.

B tpu mpoOupku BHOcAT 3—4 kamnu pactBopa nepmanranara kaiauss KMnO,.
B oany npobupky n00aBisIOT pacTBOp CEPHOM KHCIOTHI, BO BTOPYIO — BOJY, B Tpe-
THIO — PACTBOP ILEIOYH. 3aTEM B KaXKIYIO MPOOUPKY T00ABISIOT OAMHAKOBOE YHCIIO
Kamenb (5—6 xamnens) pacrBopa HuTputa Hatpus win Kanus (NaNO, uiu KNO,). OT-
MEYalOT W3MEHEHHE OKPACKU PACTBOPOB M PACCTABIAIOT KOAP(UIMEHTH B CXeMax
npoucxogaumx OB-peakunii. BMecTo HUTpUTa HATPUS MOKHO MCIIOJIB30BaTh CYJIb-
¢ut Hatpus (Na,SO3).

KMnO4 + KN02 + H2804 — MnSO4 + KNOg + K2804 + Hzo

OecLBETHBIN
KMnO,4 + KNO; + H,O — MnO,| + KNO3; + KOH
OyphIii
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KMnQO, + KNO, + KOH — K;MnO, + KNO3; + H,0

SIPKO-3€JICHbIN

OnsIt 5. Peakyus oucnponopuyuonuposanus manzanama kanus K;MnO,.

B mpobupky ¢ pacTBOpoM MaHTaHaTa Kaius, TOJYYCHHOM B ONbITEe 4, BHOCAT
3 kammm pa30aBIICHHOTO pPacTBOpa YKCYCHOH KuciaoThl. HaOmromaioT W3MEeHEeHHe
OKpacK{ pacTBOpa € SPKO-3€JIEHOTO 10 KPacHO-(PHOIETOBOro (0O0pazoBaHHE TMEepMaH-
ranat noHoB MnQO ) u Beimagenue 6yporo ocaaka MnO,. PacctaBnsaroT koahduiiueH-
TBI B CXEME PEAKIIMH JUCTIPOTIOPIIMOHUPOBAHNS MaHTaHATA.

K,MnO, + H,0 —~— KMnO, + MnO, + KOH

WITH

MnO: + H,0 — MnO, + MnO; + OH"

OnslIt 6. I'uoponus conei mapzanua (11).

BHOCST HECKOTBKO KPUCTAIIOB COJIEH XJIOpUAA WIH Cyib(ara MapraHia B mpo-
OMpKY ¢ AUCTWUTMPOBAHHOUN BomON. OTMEUaOT U3MEHEHUE OKPACKU YHHUBEPCAJIbHOU
WHIMKATOPHON OyMa)kKH, OMYIIEHHON B pacTBOp. COCTaBISIOT ypaBHEHUE PEAKIIUU
THJIPOJIN3a COJIM B MOJICKYJIIPHOM M HOHHOM BHJIC.

I'/TABA 8
XUMMUSA JIEMEHTOB VIIIB I'PYIIIIbI

8.1. OBIIAS XAPAKTEPUCTHUKA DJIEMEHTOB VIIIB rPYIIIBI

Bce d-anementsr VIIIB rpymmbl — mMeTtamisl. B oOpa3zoBaHuu CBsI3eil y4acTBYIOT
AIIEKTPOHBI NS-TIOAYPOBHSI U 3JICKTPOHKI Ipeanociieanero (N-1)d moxypoBHs.

Coenuaenusi d-3JIEMEHTOB JIETKO BCTYHAKOT B OKUCIIUTEIHLHO-BOCCTAHOBUTEIb-
Hble peakuun (OB-peakuun). C yBeqnueHHEM aTOMHOTO HOMEpPA MOBBIIIAETCS CTa-
OUIIBHOCTH COEIMHEHUH, COIEepIKAIMX aTOMBbl B O0Jjiee BBICOKOM CTENEHH OKUCIICHUS.
Hanpumep, ocmuit (OS) u pyrennit (RU) 00pa3yroT ycTOMUMBBIE COETUHEHUSI CO CTe-
neHpro okucienus +8. Jlims coequHeHuWi jxene3a Oojee yCTOWYMBBI COCIUHCHHS
CO CTEINEHBbIO OKUCIECHHA + 3, a COCNMHEHHs XKejle3a CO CTENEHbI0 OKUCIEeHUs +6
HEYCTOMYMBBI U SIBISIOTCS CUJIBHBIMU OKUCTUTENIMHU. CyIIEeCTBOBAaHUE COECTUHEHUI
JKeJe3a co CTENEeHbI0 OKUCIEHHS +8 TUCKYTUPYeTCS.

Metannel VIIIB rpynnbl M3BECTHBI KaK KaTalW3aTOPbl, OHU CIIOCOOHBI MOIJIO-
IIaTh BOJOPOJ M aKTHBHPOBATH €r0; BCE METAJUIBI ATOM IPYIIBI 00pa3yloT OKpalieH-
HbI€ HOHBI (COCIMHEHNS) U CKJIOHHBI K KOMIUIEKCOOOPa30BaHHUIO.

CaoiicTBa xene3a, KoOaabTa U HUKEJIS OUYEHb CXOJHBI MEXAY COOON M CHUIBHO
OTJIMYAIOTCSI OT CBOMCTB COCETHUX AIIEMEHTOB IO rpymmam, mosromy Fe, Co, Ni gacto
BBIJICJISIFOT B CEMEHNCTBO JKene3a, a Tsukessie Metasl VIIIB rpynmer (Ru, Rh, Pd, Os,
Ir, Pt) — B ceMeicTBO MIATHHOBBIX METAJIIOB.

MerTannsl ceMelcTBa Keie3a BCTPEYaroTCsl B IPUPOE NIPEUMYIIECTBEHHO B BUE
COeIMHEHUHN (B OKCHIAX M Cynb(uIax) U MpeaCTaBISIOT co00il cepeOpucTo-Oemnsie
metauiel ¢ cepoBatbiM (Fe), pozoBateiM (Co), sxenroBareiM (Ni) oTiimBoM. UmcThie
MeETaJlJIbl TYTOIUIaBKH, IPOYHBI U IUIACTUYHBI.
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Xumuueckass aKTHBHOCTh METAJIOB CHIDKaeTcst oT skenesa (Fe) k mukemo (Ni).
B oTCyTCTBMHM BNarm MeTayUIBl JOBOJIBHO YCTOWYUBBI M TP OOBIYHBIX YCIOBHSIX
HE pearupyroT ¢ KUCIOPOAOM, Cepoid, XJtopoM u OpomoM. [lpu HarpeBanum pearupyror
MIOYTH CO BCEMH HEMETAJTAMH.

3Fe + 20, -4 Fe 0,
2Co + 0, -5 2C00
2Ni + 0, -1 2NiO

BaxxHO OTMETHTH, YTO MO MEpE MOBBIIICHUS TEMIEPATYpPhl CHUKACTCS CTEIICHBb
OKHCIICHHSI JKene3a B 00pa3yroIeMcs: OKCH/IE.

4Fe + 302 — 2F6203 (t <570 OC)

3Fe + 20, — Fe;0, (t=570-1200 °C)

2Fe + O, — 2FeO (t>1200 °C)

Cpenu rajoreHOoB HaMMEHEe MHTEHCUBHO NMpOTeKaeT peakuus ¢ gpropom. drop,
XJIOp U OpOM OKHCIISIFOT JK€JIe30 J0 CTENEeHU oKuciaeHus +3, a iogq — mo +2. KobansT
OKHCIISIETCS 10 CTETICHW OKUCIIEHUS +3 (TOPOM M XJIOPOM, a HHUKEIb B PEAKIUIX CO
BCEMHU rajloreHaMu J1aéT COeAMHEHUS, B KOTOPBIX IPOSIBIISIET CTENIEHb OKUCIIEHUS +2.

[Tpu B3amMozecTBUM C YyTiepoaoM o0pa3yloTcs pa3HbIe MO COCTaBy KapOWwl,
HO XapakTepHO oOpazoBaHue coenuHeHuid popmyiel MeszC. A30T B O0JIBIIMX KOHIIEH-
Tpauusx oOpaszyer ¢ xesne3oM HUTpuz Fe,N; ko0anabT 1 HUKENb ¢ a30TOM HE pearupy-
10T. [Ipu crijaBieHnu METaioB ¢ cepoit 00pasyroTcs cynbpuabl coctaBa MeS.

[Tpu HarpeBaHUM C BOJOM METaJUIbI CEMEINCTBA Kelle3a 00pa3yloT OKCHUIbIL:

3Fe + 4H,0(map) — Fe30, + 4H,
Co +H,0 -1 Co0 + H,

Ni + H,0 — NiO + H,

Keneso, ko0anbT U HUKEIb PEarupyroT ¢ pa30aBICHHBIMU KUCIOTaMH, HO C KO-
0aJIbTOM U HUKEJIEM KUCIIOThI pearupyroT TOJBKO MPU HarpeBaHUH.

Me + 2HC1 — MeCl, + Hy;

Me + H,SO, — MeSO4 + H,

Vionst Fe?*, Co®*, Ni** runpatupyiores u o6pasyror aksakommuiexcst [Me(H,0)e]*
pPa3HOro 1BeTa: Fe*" — Genno-3emenbiii; Co’r — ApKo-po30BIit; Ni" — spKo-3e1eHblii.

Mertamnsl U3 ceMelicTBa keJe3a MacCUBUPYIOTCS KOHIEHTpUpoBaHHBIME H,SO4
u HNOg, HO npu HarpeBaHUM MaCCUBUPOBAHUE CHUMAETCS.

Fe + 6HNO3(x) , Fe(NO3); + 3NO, + 3H,0

3Co + 8HN03(p) — COCNOg)Z +2NO + 4H20

2Fe + 6H,S0,(x) — Fey(SO4); + 35S0, + 6H,0

C ropsunM KoHLIEHTpUpOoBaHHBIM pacTBopoM NaOH pearupyert nuuib xxenes3o.

Fe + 4NaOH(x) + 2H,0 — Nau[Fe(OH)g] + H,

Mertannsl cemeiicTBa Keje3a P HarpeBaHUM U NOBBILIEHHOM JABJIEHUH pearu-
pytot ¢ okcuom yriepoaa (11).

Fe + 5CO — [Fe(CO)s]

2C0 + 8C0O — [Co,(CO)g]

Ni + 4CO — [Ni(CQO),]
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Kap6OHI/IJ'IBI, coacprKamumc MCTallIbl B CTCIICHHU OKHUCJICHUS HYJIb, MaHOYCTOﬁqH-
BBI. JTO JICTYYUC U TOKCHUYHBIC BCIICCTBA.

8.2. CPABHUTEJIbHASI XAPAKTEPUCTUKA XUMUUYECKUX CBOMCTB
COEJIMHEHUM ’KEJIE3A, KOBAJIBTA U HUKEJIS

Oxcuapl MeTaisoB obmeit popmynsl MeO He pacTBOPSIOTCS B BOJIE M HOCSIT OC-
HoBHOM Xxapakrep. Okcuapl FEO n CoO pacTBOPSIIOTCS TOJNBKO MPU KUIISTYEHUHN B KOH-
LEHTPUPOBAHHBIX PACTBOPAX IIETOYCH.

CoO + 2NaOH + H,0 — Nay[Co(OH)4]

I'uapoxkcunpl obmert hopmynsr Me(OH), oGpa3yroTcst mpu B3aUMOJEHCTBHH CO-
neit ¢ pactopamu menodeii. Me** + 20H™ — Me(OH), /|

I'mapoxcun sxenesa (1) 6ecreTHbIit; ruapokcu kobdanbta (1) — po3oBoro 1Be-
Ta, HO TIPU €T0 OCAKJEHUU MIEIOYbI0 U3 COJIEH CHadalla MOSBISETCS OCaZOK CHHETO
[IBETA, COOTBETCTBYIOLINI OCHOBHOMW COJIU:

Co?* + OH — CoOH" (cunero usera)

CoOH" + OH™ — Co(OH), (po3oBoro 1seTa)

I'unpoxcun xxenesa (1) okucnsieTcst KUCIOPOAOM BO3AyXa O COSTUHEHUS JKee-
3a (I1l), mpu 3TOM OCaioK UMEET CHavalia IPsI3HO-3€JICHBIN 1IBET, a 3aTeM — OypHI:

4FE(OH)2 + 02 + 2H20 — 4F€(OH)3
WIH

4FE(OH)2 + 02 — 4FCO(OH) + 2H20

metaruapokcns xenesa (111)

I'uapoxcuapl coctaBa Me(OH); HeusBecTHbl, x0T dopmyna Fe(OH); mmpoxo
WCIIOIB3YETCS B DJIEMEHTAPHOM Kypce XUMUH IS yrpoleHus. boinee Touno ¢popmyny
ruapokcuaa keneza (lll) Beipaxkaer dopmyna mFe,03:nH,O. T'mapokcun Huxens
(INi(OH); ¢ kucmopomoM pearupyer MeICHHO.

Comu Fe?*, Co™*, Ni** IIOJBEPratOTCs TUIPOIIU3Y.

Me®* + HOH 2 MeOH" + H'

MeOH" + HOH 2 Me(OH), + H'

KommiekcHbie coenuHeHus, KOTOPbIE 00Pa3yIoTCsl MEXAY TUIPOKCUIAMU O0IIeH
dbopmynsr Me(OH), u aMmmMuakom, YCTOWUYMBHI JIMIIb B TBEPJIOM COCTOSHUU U B BOJIC
JIETKO pa3pyIIaroTCs.

[Fe(NHg)G]Clz +2H,0 2 FE(OH)Z + 4NH; + 2 NH4C|

Comnu xkene3a (Il) merko OKUCISAIOTCS KUCIOPOJIOM B HEUTpaIbHOU cpejie 10 OC-
HOBHBIX coJieit sxenesa (111).

4FeSO4 + Oy + 2H,0 — 4F€(OH)SO4

B xucnou cpene conu Fe?* okucnsrores JI0 CPETHUX COJIEU Fe*

4FeSO4 + 02 + 2H2804 = 2F92(804)3 + 2H20

Bonee ycroiiunBa Kk okucieHHIO KucaopoaoM coiib Mopa (NHy4),Fe(SOy), - 6H,0,
yem FeSO, - 7H,0.

Cpenn okcunoB metamioB (l1l) cemeiictBa »xeneza ycrtoiuuB Tonabko Fe,0s3;
Ni,O3 u Co,0O3 HEeyCcTOWYHMBBI B OOBIYHBIX YCIOBHSX U Pa3jiararoTcs.

6C0203 — 02 + 4C0304

Oxcunsi xene3a (1) pactBopsiercst B kucimorax.

Fe203 + 6HCI + 9H20 — 2[FC(H20)6]C|3
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Oxcupt Ni,Oz 1 Co,03 MPOSBISIOT OKMCIUTEIbHBIE CBONCTBA.

Ni$* O + 6HCI — 2Ni"Cl, + Cl, + 3H,0

2Ni203 + 4H2804 — 4N|SO4 + 02 + 4H20

[Mpu crmaBnenun Fe,03 Co menoyamu uian KapOOHATaMH IMIETOYHBIX METAJUIOB
obpasyrorces okcodeppatsl (1) uau hepputsr (comu xenesucroit kucmorel HFeO,):

Na,CO; + Fe,05 — 2NaFeO, + CO,1

2NaOH + Fe,0; — 2NaFeO, + H,0

['nppoxcunsl odmeit popmynsl Me(OH); unu metaruapokeuasl MeO(OH) oOpa-
3YIOTCS TPU B3aMMOJICHCTBUU COJIEW C pacTBOpaMHM IIEIOYEH WIM MpU B3aUMOJIEH-
ctBur Me(OH), ¢ okucnurensimu.

Me** + 30H — MeO(OH) + H,0

2Co(OH), + NaCIO — 2CoO(OH)| + NaCl + H,0

2Ni(OH); + Br, + 2NaOH — 2NiO(OH)| + 2NaBr + 2H,0

KHCIIOTHO-OCHOBHBIE CBOMCTBA MeTarnapokcuaa Co°' BBISBHTB MPAKTHUCCKH
HEBO3MOKHO M3-3a BBICOKOW akTUBHOCTH B OB-miporeccax:

2Co0O(OH) + 6HCI — 2CoCl; + Cl,1 + 4H,0

4COO(OH) + 4HZSO4 — 4COSO4 + 02 + 6H20
17001

4CO(OH)3 + 4H2804 — 4COSO4 + 02 + 10H20

Amnanornunsie peakuuu xapaktepusl s NiO(OH).

NiO(OH) u CoO(OH) ne pearupyroT ¢ pactBopamu Ienoueii, Ho FeO(OH) 3a-
METHO PacTBOPSETCS B KOHIIEHTPUPOBAHHBIX PACTBOpPAX MIesouei, 00pa3ys reKcarui-
pokcodeppatsi (111)

H,O + FeO(OH) + 3NaOH, — Nag[Fe 3(0OH)e]

Ipu crutasnennn: Fe(OH)s + NaOH — NaFeO, + 2H,0

bepput HaTpuUs

Comm xeneza (lll), ko6ansra (I11) u Hukens (I11) TposABAAIOT OKUCIUTENHHBIC
cBorictBa. Cpeau 3Tux cojneit conu kobanbta (l11) camble cunbHBIE OKUCTUTENN: OHU
JTa’ke OKHUCIISIOT BONY.

4Co%" + 2H,0 — 4Co* + 4H" + 0,

17001

4COC|3 +2H,0 — 4COC|2 + 4HCI + 0O,

Comu xene3a (111) mogsepraroTcst runponu3y cuiabHee, ueM coiu xxenesa (1)

Fe** + HOH 2 Fe(OH)*" + H;

Fe(OH)*" + H,0 2 Fe(OH); + H".

B aHATATHIECKOI XMMHH HCTIONB3YIOTCS KoMIuiekcHbie comn Co®* n Fe®

FeCl; + Ky[Fe(CN)s — KFe[Fe(CN)g| + 3KCI

GKEJITad KpOBsHAs COJIb» 6epJ'II/IHCKa$I Jasypb

Ipu B3anmoseiictun pogonnaa kamus KSCN ¢ comsmu Fe** oGpasyercst psin
koMILtekcHbX noHoB oT Fe(SCN)]** o [Fe(SCN)g]*". B ympoieHHOM Buze 3TO B3au-
MO/JICHCTBHE 3aIUChIBACTCS KaK

FeCl; + 3KSCN 2 Fe(SCN); + 3KCl

NzBecthsl conu xenesza (VI), kotopeie HazbiBatoTes hepparamu. CTeneHb OKKcC-
nenust +6 xapakrtepHa smmb st kene3a. Oxemn (V1) FeO; m xkenesHas kuciora
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H,FeO, He monydeHsl, HO BbICNICHBI (PeppaThbl, KOTOPHIE MOTYT OBITH MOJIYYEHBI C TO-
MOILBIO CHEAYIOIIUX PEAKIIUH.

2Fe(OH); + 10NaOH + 3Br, — 2Na,FeO, + 6NaBr + 8H,0

2FeO(OH) + 10NaOH + 3Br, — 2Na,FeO, + 6NaBr + 6H,0

Fe + KCIO3 + 2KOH = KCI + K,FeO, + H,0.

2Fe(OH); + 4NaOH + 3NaCIlO = 3NaCl + 5H,0 + 2Na,FeO,

®deppaTbl — 3TO KpacHO-(PHOJIETOBBIE KpUCTAIIIMYECKE BemecTBa. [Ipu Harpe-
BaHUM (eppaToB OHU MPEBpaIIAlOTCs B EePPUTHI:

4K,FeQ, _100-200°C  4KFeO, + 2K,0 + 30,

B cB0OOIHOM COCTOSTHUU BBIICTUTH XKee3Hyo kucinoty H,FeO4 He ynaercs, Tak
KaK OHa MTHOBEHHO pa3jiaraercs.

4H,FeO, — 2F9203 + 30, + 4H,0

deppaTbl — CHIBHBIC OKUCIUTEIN, 0COOCHHO B KHCJION cpeae. OKHUCISIIOT BOAY
cunsnee, ueM KMnO, mmu K,Cr,04.

4Na,FeO,4 + 6H,0 — 4FeO(OH) + 8NaOH + 30,

2Na,FeO,4 + 10H,0 — 4Fe(OH); + 4NaOH + O,

2K,FeQ,4 + 16HCl () = 2FeCl; + 3Cl, +4KCl + 8H,0

2K,FeO, + 3H,0, + 5H,S0, — Fey(S0,); + 30, + 2K,S0, + 8H,0

4K,FeQ4 + 20 HNO3; — 4Fe(NO3); + 30, + 10H,0 + 8KNO;

8.3. BUOJIOTMYECKAS POJIb JKEJE3A, KOBAJIBTA, HUKEJISI U UX COEJUHEHMIA

Kene3o0 — scceHIMaANbHBIN AIEMEHT. BXOAUT B cOCTaB TaKOM MPOCTETUYECKON
TPYMIBI, Kak TeM. 'eM BXOIUT B COCTaB T€MOTJIOOMHA, MHOTJIOOWHA W IIUTOXPOMOB.
B xommiekce ¢ apyrumu O6enkamu (B T. 4. C TPAaHCHOPTHBIMU OenKamu: (heppUTHHOM,
TpaHcheppPHHOM, TaKTODEPPHHOM) JKeIe30 HAXOAUTCS B BUe HoHa Fe°*. MoHbI xeme-
3a UTpar0T Poib KO-(aKTOPOB Ui MHOTHX ()EPMEHTOB, B TOM YHCIIE JUIsI KaTana3bl
U Tiepokcuaassl. M3BecTHO, 9TO Yail M Kode yrHeTaroT BcachkIBaHHE JKeJie3a U3-3a MpH-
CYTCTBUS B HUX MOJTU(EHOIBHBIX COSAMHECHHIA.

Henocratok kene3a B opraHU3Me MPUBOJIUT K TUIIOCUACPO3Y, T. €. K JKeIe30/e-
¢buruTHOM aHemuu (ManokpoBHiO). [Ipu 3TOM HaAOIIOAETCS CEPHE3HOE MOPAKCHHE
OpPraHOB M TKaHEW, UYTO COMPOBOMKJAETCS YTOMIISIEMOCTBIO, OJBIIIKON MPU Harpyske,
CWIBbHBIM cepaneonennem. [Ipu neuenun runocuneposa 3hPeKTUBHO BBEJICHHUE TOJb-
ko coenunenuit xxenesa (11). st oTux 1eneil ucrmoap3yr0T HEOPTAaHUYECKUE COJIH HKe-
ne3a (xjopua, cyabdaT, KapOoHAT) M KOMILIEKCHI XKeme3a (ackopOar, rmimepdocdar,
JaKTaT, caxapar, copoar, pymapar, uTpar).

[Tpu n30BITKE XKene3a BO3ZHUKAST TUIIEpCUIepo3 (WM MPOCTO CHIAEPO3), YTO Ya-
e BcTpeudaeTcsi y pabounx ropHo-000TaTUTENbHBIX KoMOuHaTOB. [Ipu 3TOM HabMIO-
naetcsi puznyeckas ciiaboctb, moTeps Beca. [Ipu TSHKENbIX OTpaBICHHUSIX MOBPEXKIACT-
Csl CIIM3UCTAsi 000JI0YKA KUIICUHUKA, PA3BUBACTCS IEUEHOYHAST HEJJOCTATOYHOCTb.

Hukenp — yCIIOBHO 3CCEHIMANBHBIA AJIEMEHT s denoBeka. CumTaeTcs, 4yTo
HUKEJh BJIMSIET Ha KPOBETBOPEHUE W PENPOAYKTUBHYIO (YHKIMIO. VI30BITOK HUKEIsS
MOJKET BBI3BIBATh HapylleHHe MeTabonmueckux mporeccoB. Kak ko-dakTtop HUKENb
BXOJIUT B COCTaB epMeHTa ypeasbl. Cou HUKENS B MEIUIIMHE HE TIPUMEHSIOTCS, T. K.
CYXaroT KOPOHAPHBIE COCYIbI M 3TO pacCMaTpPUBACTCSA KaK OJWH U3 (aKTOPOB pa3BH-
Tus uiemudeckoit 6oneznu cepaua (MbC).
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KobanbT 3cceHnuanes Juisi opraHu3Ma 4eloBeKa, BXOJIUT B COCTaB BUTAMHHA
B12, KoTOpBIN HEOOX0IUM ISt 00pa30BaHus SpUTPoLUUTOB. Butamun Bi, npumensiercs
JUIs1 JICUCHUSI aHEMUU, HEPBHBIX 3a00JIeBaHUM.

8.4. IPUMEHEHHUE COEJJUHEHUM SJIEMEHTOB VII1B reymnmnbl
B MEJINIIUHE U ®PAPMAIIEBTUUYECKOM AHAJIN3E

Jlyist onipesieNieHust MOUIMHHOCTH COCIUHCHUN ITMHKA W MEIU B JICKAPCTBEHHBIX
npernaparax NpUMEHSIOT KOMIUIeKCHYI0 coiib skene3a (11) Ky[Fe(CN)g].

3Zn** + 2K* + 2[Fe(CN)e]* — KuZns[Fe(CN)g]|

OemnbIii
2Cu** + [Fe(CN)s]* — Cu,[Fe(CN)el|
KpacHO-OYpBIii

Vzoton ®Co npumensieTcst [t pa3pyILICHNUs 3710KaYECTBEHHBIX Omyxoueil. Colb
cynbdar kobanbta (1) BXOIUT B cOCTaB MOTMBUTAMUHHBIX TaOJIETOK.

Jlnist onipeienieHus MOJUIMHHOCTU COSIMHEHUN Kalusl B JIEKAPCTBEHHBIX Mpernapa-
TaX UCHOJIB3YIOT KOMILICKCHYIO coiib KoOanbTa Naz[Co(NO,)e].

2K2 + Na' + [CO(NOz)s]& = KzNa[CO(NOQ)G]l

JKEIThIA

s aHATMTUYECKOTO OMpEeaeTICHUS Ni%* HCIIOIB3YIOT AUMETHUITIUOKCUM (B pe-
akuuu Yyraesa), KOTOpbI 0OpasyeT c Ni%* komrieke KpaCHO-MaJIMHOBOT'O IIBETA
(puc. 8.1).

JH
a—

HaC N N CH
NP N
2NN
C C
H3C/ \T/ \T¢ \CHs
o~

Puc. 8.1. CtpoeHne TMMETUTIIMOKCUMATA HUKEIS

OcHOBHBIE BONIPOCHI TEMbI:

1. O6imas xapakTepucTUKa JIEMEHTOB CEMENCTBA kKee3a (IJIEKTPOHHbBIE KOHDH-
rypaiyy aToMoOB, aTOMHBIE PaJUyChl, SYHEPTUU HOHM3AIUHU, XapaKTEepHbIE CTENEHU
OKHCJICHHUSI, TPUPOHBIE PECYPCHI, IOTyUEHHUE).

2. XKenezo. BzaumoneiicTBue xene3a ¢ pa30aBICHHBIMA U KOHIIEHTPUPOBAaHHBI-
MU KHCIIOTaMH, C BOJIOMU, TaJIOT€HaMH, KUCIIOpoaoM, okcuaoM yriiepona (11).

3. Coenunenus xenesza (1) u xeneza (l11). Kucinorno-ocHoBHbIE cBOMCTBA, 00-
pasoBanue (GepputoB. OKHCIUTETFHO-BOCCTAHOBUTENIBHBIE CBOWCTBA M CIOCOOHOCTD
K KoMmIuiekcooOpa3zoBanuio. KomruiekcHbie coeaunenus skene3a (I1) u xemeza (I11)
C IIMaHKU/I- ¥ THOLMOHAT-UOHAMU. ['eMOTTI00UH U Kele30coaepxaline pepMeHTHI.
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4. ®depparthl, MOITYYEHHE U OKUCITUTEIIbHBIE CBOMCTBA.

5. [Ipumenenue xene3a u xkene3zocoaepamux GpepMeHToB B MEAUIMHE U (ap-
Manuu (B TOM 4Hciie U (papMalieBTUIECKOM aHaIu3e).

6. KobanbT u HUKenh. XUMHYECKHE CBOWCTBA MO CPABHEHUIO C XUMHUYECKUMU
CBOICTBaMHU KeJe3a.

7. Coenunenust kobanbTa (Il u 111) u sukens (I1). Kucinorno-ocHoBHBIE U OKHC-
JUTEIHbHO-BOCCTAHOBUTEIbHBIE CBOWCTBA. CHOCOOHOCTh K KOMILIEKCOOOPA30BAHUIO
(peakmus Yyraesa).

8. [I[pumeHeHne coelMHEHM KOOanbTa M HUKEIS B MEAUIIMHE W (papManuu
(B TOM yMciie U papMaleBTUYECKOM aHAIU3E).

TecTOBBII CAMOKOHTPOJIb

1. ¥YkaxuTe NnpaBWIbHbIE YTBEPKICHHUS:
a) TP TOPSHHUHU MTOPOIIKOB METAIIIOB XKeje3a, KoOalbTa M HUKEIS 00pa3yloTcs OK-
cunsl Fe;0,, CoO, NIO;
0) DJIEKTpOHHBIE KOH(PUTYpallMM HEBO30YXKJICHHBIX aTOMOB CEMEWCTBa JKee3a
pa3IMYaroTCs YUCIOM (-3JIEKTPOHOB;
B) XUMHYECKast AKTHBHOCTh METAJUIOB YBEITMYHBACTCS OT JKeJie3a K HUKEIIO;
') IpY HarpeBaHUU NMACCUBHUPOBAHHME METAJUIOB CEMEWCTBA >Kejle3a KOHIEHTPHUPO-
BaHHBIMU CEPHOM 1 a30THOM KUCIOTaMU CHUMAETCSI.
2. Jlust oGHapy:keHnsi HoHOB Fe?’ B pacTBOpe MPpHUMeEHSIIOTCS COTD:
a) rexcaunanogeppar (1) kamus;
0) rexcarmmanodeppar (I11I) kamms;
B) POJAHU/ KaJIUS;
I') TUAPOKCU HATPUSL.
3. B cxeme npespamenuii Ni(OH), X NiO(OH) —< Y X u Y sBasiorcs
BelecTBaMu, (opmMyJibl KOTOPBIX:
a) H,O u N|C|3, B) Clhu N|C|3,
4. Honbl kodaabTa (111):
a) cliadble OKUCITUTEINH;
0) cimabble KOMIIIEKCOOOpa30BaTENH;
B) CHUJIbHBIE OKUCITUTENH;
I') CUJIbHBIE BOCCTAHOBUTEIIH.
5. Kakme nBa BelecTBa BCTYNHJIN B PEAKINI0, €CJIM B pe3yJibTaTe 00pa3oBaJics
MeTaruapokcusu kexeza (111)?
a) F203 51 Hzo,
0) Fe u H,0;
B) FE(OH)Q nu HzOz;
F) Fe;O, u H,0,.
6. B cxeme mpeBpamenuii Ni __+HC! , y H\;OH; Y —NeOH o > cTenmeHb OKHCJIEHHS
2 cl,
HHKeJs B BemecTBax X, Y, Z COOTBETCTBEHHO PaBHA:
a) +3, +2, +3; 0) +3, +3, +3; B) +2, +2, +3; r)+2, +3, +3.
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7. YKaxkuTe MeTa/Ul, KOTOPbI B O0OBIYHBIX YCJIOBHSAX B PacTBOpe I'HAPOKCHAA
HATpPHUS HE PACTBOPsSieTCs, HO C TOPSIYUM KOHIIEHTPUPOBAHHBIM PACTBOPOM
NaOH pearupyer:

a) Mn; 0) Co; B) Fe; r) Ni.

8. VYkaxkute cymmy K03(PUIIHEHTOB B YPABHEHHHU PeaKI UM, MpoTeKalouieii mo

cxeme: CoO(OH) + HCI — CoCl, + Cl, + H,0:
a) 14; 0) 15; B) &; r) 10.
9. Jlns OKHUCIMTETbHO-BOCCTAHOBHTENLbHOI peakmuu Fe,0O; + KNO; + KOH

CILUTaBJICHUEC

YKa:KUTe cXeMbI Nepexo/1a 3J1eKTPOHOB:
a) 2Fe*® — 68 — 2Fe®";
6) N + 28 — N*;
B) 2Fe* + 28 — 2Fe?";
r) N* + 58 — N°.

10. HemocTaToK HUKeJISI B OpraHu3Me NMPUBOJAUT K:
a) UHTUOMPOBAHUIO HEKOTOPBIX NMEYEHOYHBIX (DEPMEHTOB;
0) HApYIICHUIO ABIXATEIIbHBIX MPOLIECCOB B MUTOXOHIPUSIX;
B) U3MEHEHHUIO COJCPKAHUS JIUIHJIOB B TICYCHH,
') BOBHUKHOBEHHIO 3JI0KAYECTBEHHBIX HOBOOOPA30BAHUI.

OrBerbl: 1 —a,0,1;2—0,3—06;,4—8,5—8B;6—8B,7—8;,8—0;
9—a,0;10—a,0,B.

3anaum U ynpaxxHeHHust

1. Tlpu oxnaxaeHnu pactBopa oobemoM 0,2 am° (p = 1,23 r/em®) ¢ MaccoBoii
noneir Hutparta xene3a (l11), pasuoit 25,0 %, BbIaEMIICS OCaAOK KpUCTAIIOTUIpaTa
JnanHou conu Maccoit 40,32 r. OnpeaenuTe ero cocTaB, €CJIM B paCTBOPE HaJ 0CaJIKOM
MaccoBasl 10J151 PACTBOPEHHOTO BenlecTBa cocTasisieT 18,16 %.

Omeem: Fe(NO3)3-9H,0.

2. Kakue cTeneHn OKUCIICHUs XapaKTepHBI JI aTOMOB JKeJle3a, KoOaabTa U HUKe-
751 B UX coeiuHenusix? [IpuBeauTe no aBa npruMepa COOTBETCTBYIOIIUX COEAMHEHUH.

3. Hanummure ypaBHEHUs peakiil B3auMOJEHCTBUS KeJe3a, KoOanbTa U HUKENs
C Q30THOM, CEpHOI U COJISTHOM KUCIOTAaMHU B UX Pa30aBICHHBIX U KOHIICHTPUPOBAHHBIX
pacTBopax.

4. Tlpu kakuX yCJIOBHSIX KeJIe30, KOOAIbT U HUKENIb pearupyroT ¢ Bojaoin? Kakue
IPOJYKTHI IPU 3TOM 00pa3yroTcs?

5. Hamummre ypaBHEHHS peaknuii B3auMoecTBUS TuapokcuaoB kodaneta (111)
u Hukens (1) ¢ consiHol, cepHO U a30THOM KUCIOTaMU.

6. Hanuiure ypaBHeHUs peakiuil moiayyeHus ¢peppara Kajausi B3aUMOJIEHCTBUEM
xKelesza ¢ 0epTONIeTOBOM COJIBIO B IPUCYTCTBUU ILETOYH.

7. Kakne xumudeckre cBOiicTBa HamOosiee xapakTepHbl s ¢epparoB? Hamu-
IINTE YpaBHEHMs peakIMil B3auMOJACHCTBHs (eppaTa Kajaus C BOJOHW; C aMMHAKOM;
C COJITHOM KHMCIIOTOM; ¢ pa30aBiIeHHBIMU CEPHON U a30THOW KHCIOTAMH.

8. Vcrionb3ysi 3HAaYeHHs OOLIMX KOHCTAaHT HecToikocTH HoHOB [CO(NHs)e]®'
1 Co(CN)g]*", onpenenure, B Kakyio CTOPOHY CMEIICHO PABHOBECHE B CHCTEME:

[Co(NHs)s + 6CN™ 2 [Co(CN)6]* + 6NH;

69



9. Ipoananusupyiite ruaponuzyemocts cojieit FeCl, u FeCls mpu ux omuHako-
BOI MOJISIpHOM KOHIIEHTpauuu. [Ijist coiiu, KOTopas TUAPOIU3YETCsl CUIIbHEE, HAITHUIIIU-
T€ COOTBETCTBYIOIIEE yPaBHEHHE.

10. Hanumure ypaBHEHHUS pEaKIUil, MpPH MOMOIIA KOTOPBIX MOXKHO OCYIIE-
CTBUTH MPEBPALCHUS:

a) Fe — FeCl, — Fe(OH), — Fe(OH); — Nay,FeOy;

6) Na,FeO, — FE(OH)3 — NaFeO, — FE(OH)g — Fe,0;3 — FeO.

11. 3akoHUYNTE ypaBHCHUS PEaKIIMA:

a)Fe+02+HZO—>

0) Fe(OH), + O, + H,0 —

B) FeSO, + O, + H,O0 —

r) Fe(OH); + HCI —

1) Co(OH); + HCI —

e) FeCl; + Kl —

)K) Fe(OH)3 +Cl, + KOH —

12. Kakue peakiii MCIOIb3YIOTCS Ul OOHAPYKEHHS B PacTBOpax HoHOB Fe?*
u Fe¥*?

13. KakoBa poiib xene3a B Mpolieccax Ku3HeaesTebHocTH? ['1e 1 B KakoM BUe

KOHI[EHTPUPYETCSI 3TOT SJIEMEHT B OPraHU3Max YeJIOBEKa U JKUBOTHBIX ?

14. Yo npencrasuser coOoil rem kpoBu? Ha yem ocHOBaHa ero crocoOHOCTh
CBSI3BIBATh U TIEPCHOCUTH KUCIOPOI?

15. K yemy npHBOJIUT HEJAOCTATOK JKeJie3a B OPraHU3Max 4eJoBeKa U JKUBOTHBIX ?
Kak ero Mo>xHO BOCIIOJTHUTB?

16. Kakue mpoayKTsl MUTaHUS HanOoJiee OOTaThl Keae30M?

JKcnepuMeHTAJIbHAs padoTra
«/Kene30, K00aJbT, HUKEJIb U UX COeTUHEHM D)

Heanb padoThl: MoSyYeHUE U U3yUYCHHUE CBOWCTB COSIMHEHUM kKeje3a, KodanbTa
Y HUKEJIS.

PacTBopbl U 000opyaoBaHMe: MPOOUPKH, MHUKpOIINATeNd. bpoMHas Boja wiH
opom. Cosb Mopa. PactBopsl: cynawsdara xeneza (1) (0,1M), xmopuna xenesa (I11)
(0,IM), ponanuna kanusa (0,1M), nepmanranara kanus (0,1M), cynbdara koOanbTa
(1 (0,1M), cynndara vukens (1) (0,1M), rexcananodeppara (I1) xkamus (0,1M), rek-
carmanodeppara (111) kamus (0,1M), ruapokcuna Harpus win kanus (0,1M), cepHoit
kucnotsl (0,1M), azotnoit (0,1M), ioguna xanmus (0,1M). YHuBepcanbHas MHAMKA-
TOpHas Oymara.

Onbit 1. Kauecmeennasa peakyus Ha uonst Fe?* u Fe**

a) eticmsue na conu scenesza (11) eexcayuanogeppama (111) kanus.

K pactBopy cyabdara xeneza (I1) unu x pactBopy conu Mopa npuiauBaroT Mo
KaruisiM pacTBop rekcaumaHodeppara (ll) kamuss — kpacHO#l KpoBSHOM comu —
Ks[Fe(CN)g]. lexcarmanoddar (111) kamus oxucmster Fe®* B Fe®*:

Fe?* + [Fe(CN)s]> — Fe®* + [Fe(CN)]*

O6pasoBaBuinecs noHbl Fe°* o6pasyor ¢ anmonamu rekcanuanogeppata (l1)

HOBBIII KOMIUIEKCHBII aHNOH;
Fe** + K* + [Fe(CN)e]* — KFe** [Fe?*(CN)g]|
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Coemunenne KFe** [Fe”*(CN)g] HocHT Ha3BaHHe «TYpHOYIICBA CHHBY M3-32 TEM-
HO-CHHETO IBETA.

Peakiuio mpoBoasT B KHCIOW Cpefie Ui TOJaBICHUS TUAPOIIN3a COJIeH xKeesa.
Ocazok pasnaraercs meao4yamu.

B 061eM BuIe ypaBHEHHE PeaKiii oGHApyKeHus HoHoB Fe?* saruchiBaroT Tak:

Fe?* + K" + [Fe(CN)s]* — KFe** [Fe**(CN)s]* |
WITH

FeSO, + Ks[Fe(CN)s] — KFe* [Fe?*(CN)g]| + K,SOy,

0) Heticmeue na conu scenesza (111) cexcayuanogeppama (1) kaus.

K pactBopy xnopuna sxenes3a (I11) npunusator pactBop rekcaunanodeppara (11)
Kajaust — skentoil kpossiHo comn — Ky[Fe(CN)g] .O0pasyercs TeMHO-CHHHI OCaT0K
rexcanimanodeppara (1) xenesa (l1l) («6epnuHCKas 1a3ypb»), KOTOPBIA, MO TaHHBIM
PEHTTEHOCTPYKTYPHOTO aHAJIN3a, HJICHTUYCH «TypHOYJICBON CHHI:

FeC|3 + K4[F€(CN)6] = KFE[Fe(CN)G]l + 3KCl

Fe** + K + [Fe(CN)]* = KFe[Fe(CN)g]|

B) Heticmsue na conu scenesa (111) pooanuoa ammonus unu pooanuda xanus.

K pactBopy xnopuna xenesa (l11) mpuiuBatoT pactBop pogaHuaa aMMOHUS (Ka-

nust). TlodmydeHHBIH pacTBOpP MMEET KPOBaBO-KPAaCHBIN IBET M3-3a 00pa3oBaHHS poja-
uua xenesa: FeCly + 3KSCN = Fe(SCN); + 3KCI.

OnsIT 2. Obpaszosanue cudpokcudos xeenesa (11) u ncenesa (111)

a) K pactBopy comm xeneza (Il) mo6apimsror mo kamism pactBop NaOH wmm
KOH no o6pazoBanus 6enoro ocaaka Fe(OH),. Okpacka ocajika ¢ TeueHHEM BpeMEHH
U3MEHSIETCSI 10 3€JICHOM, a 3aTeM o0pa3yeTcsi KpacHO-0ypsiii ocanok Fe(OH)s.

Fe?* + 20H™ = Fe(OH),

0) K pactBopy comnu xenesa (11l) no6asnstor pacteop NaOH wnn KOH no karuisim
10 00pa3oBaHUs KPAaCHO-Oyporo ocajika, KOTOPbIA MPEICTaBIseT COO0M MEeTaruapoK-
cun coctaBa FeO(OH). I'mapokcun xene3za Fe(OH); HensBecTeH, XOTS IS POCTOTHI
u3noxenus matepuana dopmyna Fe(OH); mmpoko MCTONB3yeTCsl B AJIEMEHTAPHOM
Kypce XUMUHU.

FeCl; + 3NaOH = Fe(OH)3| + 3NaCl
WK

FeCl; + 3NaOH = FeO(OH)| + 3NaCl + H,0O

OnbiT 3. Boccmanosumenvhvie ceéoiicmea coeounenuit sxeenesa (11).

a) B pacTBOp mepMaHraHara Kanusi, MOJKUCICHHOTO pa30aBIeHHON CEPHOU KHUCIIO-
TOM, MPUJIMBAIOT CBEXKCIPUTOTOBICHHBIN pacTBOp coim Mopa (NH,4),SO4 FeSO,46H,0.
JIJisi IPUTOTOBIIEHUST ATOTO PAcTBOpa MOMEMIAIOT B MPOOMPKY 2 MUKPOINIATENS I10-
pomka coian Mopa u pacTBOpsitOT e€e B 4—5 kamnsix Boabl. KpacHo-ghuonemosas
oKpacka TIEpMaHTaHaTa Kaius ucueszaeT. PaccTaBisioT K0dQGUIMEHTH B YpaBHEHUU
peakLuu, TPOTEKAIOIIEH M0 cXeMe:

FESO4 + KMnO4 + H2804 — Fez(SO4)3 + KzSO4 + MnSO4 + Hzo

B nonyueHHOM pacTBOpE ONPENEIIAIOT HOH Fe** kauecTBeHHOI peakiuen ¢ THo-
nmanatoM aMMmoHust NH4SCN wmm ¢ tnonmanarom kanmust KSCN. 3anuceiBatoT ypas-
HEHHUsI peaKLUH.
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0) K pacteopy conu Mopa, MOAKHUCIEHHOTO CEPHOM KUCIOTOM, IIPUIIMBAIOT pac-
TBOp HNCPOKCHUAA BoAOpoOaa. PeaKHI/Iﬂ IIPOTCKACT 110 CXCMC!

H,O, + 2FeSO, + H,SO, — F62(804)3 + 2H,0.

PaccTaBasioT K03 QUIMEHTH B CXEME ypaBHEHHs PEakiMu. B momydeHHOM pac-
TBOPC OIPCACIIAIOT HOH Fe3+ KaK B IIPpCABIAYIICM OIIBITC.

OnbIT 4. Okucnumenvusie ceoiicmea coeounenui rcenesa (111).

K 3-4 xkamnam pactBopa FeCly; mobGaBnsior 1-2 kammm hommma kamus Kil.
HabGmronaercs BwieneHue ilojla U pacTBOp OKpamiuBaeTcss B Oypbld 1BeT. Peakius
MPOTEKAET IO CXeMe:

F9C|3 + KI — FCC12 + |2 + KCI.

PaccraBnsior k03 ULIMEHTHI B CXEME PEaKIuu.

OnbIt 5. I'uoponus coneit ncenesa.

a) I'maponus coneit xxene3a (I1). C momoipio 1aKMycOBOM OYMa)XKu TIPOBEPSIOT
pH BogHoro pactBopa conu cynbdarta xenesa (l1). 3anuceiBaloT ypaBHEHUE PEAKIINU
ruapoin3a cynbdata xenesa (I1).

6) l'unponus comneii xxenes3a (I11). C momoripo JaKMyCOBOW OYMasKKH MPOBEPSIIOT
pH Boanoro pactBopa xnopuaa sxenesa (111). 3anuceiBaioT ypaBHEHUE peaKUU THI-
poausa xiopua xxenesa (11).

OnblIt 6. Ionyuenue gheppamos u ux ceoiicmea.

a) B nmpoOupky BHOcAT 10—15 kamenb KOHIIEHTPUPOBAHHOTO PacTBOpPa TUIPOK-
CHUJIa KaJlus WM HaTpus, 100aBistoT 4—5 karnesnb pactBopa xiopuaa xkenesza (1) u 1-2
karu Opoma. [IpoOupky ocmoposcno varpeBaroT B BHITSDKHOM Iikady. [losBrusercs
PBDKEBATO-KPACHBIN 1IBET PACTBOPA, XapaKTEPHBIN /It heppaToB. 3aMHUCHIBAIOT CXEMY
PEaKIuy U pacCTaBIsAIOT KOIDPUITHESHTHI

Fe(OH); + KOH + Br, — K,FeO4 + KBr + H,0.

K mony4yenHol cMecu IpUIIMBalOT BOJY U PA3eNSIFOT pacTBOP Ha JBE IPOOUPKH.

0) K pactBopy deppara menouyHoro MeTauia J00aBIsSIOT pacTBOpP XJIopuaa Oa-
pusi. Beimamaet kpacHo-Oypblil ocafiok deppata Oapus 1o ypaBHEHHUIO PEaKIUU:

K,FeO, + BaCl, = BaFeO,| + 2KCI

B) K pactBopy (deppara mienounoro meramia 00aBISIOT PACTBOP CEPHOM KHC-
motel (0,1 monw/m). HabmromaroT BhIJENICEHHE rasza. 3alldCBIBAIOT CXEMbI PEaKIUi
1 PaccTaBISIOT KO DUITUEHTHI:

K,;FeO, + H,O — FeO(OH) + KOH + O,

FeO(OH) + H2804 — Fez(SO4)3 + Hzo

Onslit 7. O6pazosanue zuopokcuoos xkooarvma (11) u kooanema (111).

K pactBopy comu xobanmsra (II) moGaBnsitoT pacTBOp THAPOKCHIA KIS WIH
Hatpust. HaOmromaror BbimajgeHue cuHero ocaaka ocHoBHOM comu CoOHCI wmm
(CoOH),S0Oq. ITpu nobGapneHnn U30BITKA MIETOUYM CHHUN OCAIOK MEPEXOJIUT B OCAIOK
rugpokcuaa kobansta (11) po3oBoro npera. 3anmuchIBalOT ypaBHEHUS peaKIuii:

CoCl, + NaOH = CoOHCI| + NaCl

CoOHCI + NaOH = Co(OH),| + NaCl
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K nosnydyeHHOMY P0O30BOMY OCajKy JOOaBISIIOT HECKOJBKO Kalleslb MEpOKCUAA
BOJIOpO/ia U HAOII0AaI0T 00pa3oBaHUE KOPUYHEBO-OYpOro ocajka MeTaruipoKchaa
kobOanbTa (I11). 3anuceiBatoT ypaBHEHUE pEaKIUu:

2C0(OH), + H,0, = 2Co00(OH)| + 2H,0.

Onbit 8. O6pazosanue 2udpokcuooe nukensn (11) u nuxens (111).

K pactBopy conu nHukens (11) 100aBisrOT 1Mo KarisiM pacTBOP THIPOKCUIA KaJHs
win Hatpus. HaGmonaercs Boinagenue ocaaka ruapokcuaa vukens (1) 3enenoro mgera.

Ni%* + 20H™ = Ni(OH),|

B npoOupky ¢ ocagkom g06aBistoT 3—5 Kanesib OpOMHOM BOJBI WK OAHY KAIlTO
Opoma. HaGmiomaercs mosiBjeHHE Ocajka YepHOro I[BETA. 3alMChIBAIOT ypaBHEHUS
peaKIuu.

2Ni(OH), + Br, + 2NaOH = 2NiO(OH)| + 2NaBr + 2H,0.

OMBIT IPOBOJIAT B BRITSDKHOM HIKady.

I'JIABA 9
XUMUSA JIEMEHTOB IB I'PYIIIIbI

9.1. OBIIASI XAPAKTEPUCTUKA MEJIU, CEPEBPA M 30JI0TA

Bce mertamsr IB rpynmer (Meab, cepedpo, 30J10T0) B OCHOBHOM COCTOSTHHUM UME-
FOT OJIMHAKOBYIO SJICKTPOHHYIO KOH(HUTYPaIHH BAICHTHOTO clIosi aToMoB: ns'(n—1)d?,
HO YCTONYMBBIE BAJICHTHBIE COCTOSIHUS Ui HUX Pa3UYHbL. DTO OOYCIOBIEHO BIIHUS-
HUEM DJICKTPOHOB BHYTPEHHHX cloeB. Hanbosee ycroitunBas cTeneHb OKUCICHUS Me-
i +2, MEHEEe YCTOMUYUBBI coeIMHEeHUs Meau +1, coequuenuss meau +3 v +4 U3BECTHBI
B OUY€Hb HEOOJBIIIOM YHCIE. YCTOMUYMBOM CTEIICHBIO OKHCJICHUS cepedpa B COoeIHMHE-
HUAX sBJsieTcs +1, 3HAUYUTENbHO MEHEe YCTOMYUBHI CTENEHU OKHUCIeHus +2 u +3. 30-
JIOTO TaKXE€ MOXKET 00pa30BBIBATh COCAUHEHUSI CO CTENEHBIO OKMCIEHHUs +1, 0JHAKO
CYIIIECTBEHHO 00Jiee YCTOMUUBBIMHU SIBISIOTCS COSAMHEHUS 30710Ta +3.

Metb — 3T0 GHOTCHHBINH MHUKDOdIEMEHT (cofepkanue B oprarmme 10°—102%).
Cepebpo u 30JI0TO — MPUMECHBIE JIEMEHTHI C YMEPEHHO BBIPAKEHHON TOKCHYHO-
CTBIO JIJIsSi OpTaHU3Ma.

Menp u cepebpo BCTpeuaroTcs B MPUPOJIC MPEUMYIIIECTBEHHO B BHUJIE COEIUHE-
Hult ¢ cepoii: Cu,S (xampkosun), CuS (xosenun), CuFeS, (xanpkonupur), Ag,S (ap-
reHTuT). CaMOpoIHOE 30JI0TO BCET/la COACPKHUT MPUMECH APYTHMX METAIOB (Meu,
cepebpa, ceMelcTBa MJIATHHOBBIX METAJIJIOB), MTOATOMY MMEET pa3HbIi 1BET (Oemblii,
3€JICHBIN, XKENThIN, OpaHKeBBIN, KpacHbI). [Ipumecn cepebpa u pexe 3070Ta couep-
JKATCS BO MHOTHX MOJIMMETAIUTMYECKUX PYyJIaX, OTKYJa UX U3BJICKAIOT B 3HAUUTEIHHBIX
KOJIMYECTBAX.

9.2. ®U3NYECKHUE U XUMHUYECKHUE CBOMCTBA MEJIU, CEPEGPA M 30JI0TA

Menpb, cepedpo 1 30710TO — MSTKHE METaJUTbI, KOTOPhIE 001a/Ial0T UCKITIOYUTEIb-
HO BBICOKOM 3JIEKTPOIPOBOIUMOCTHIO M TEIJIONMPOBOAUMOCTRIO. 1o moarpytie cBepxy
BHU3 aTOMHBIM paJiiyC U OTHOCHTEIbHAS AJICKTPOOTPHUIIATEIHPHOCTh METAIOB YBEIH-
YUBAIOTCS, @ AKTUBHOCTh METAJIJIOB M BOCCTAHOBUTEJIbHBIE CBOMCTBA YMEHBIIIAOTCSL.
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MOJ'IGKYJ'ISIPHI:-IM KHCJIOPOAOM OKHUCIIACTCA TOJIBKO MCIb.

2CU + Osustmmoy —3—> 2CU
t,>1t

4Cu + OZ(HEHOCTaTOK) L’ ZCUZO

CepeOpo OKHCIIIETCS 030HOM.

4Ag + 403 — A920A9203 + 40,

30710TO HE OKUCIIAETCS HU KUCIOPO0M, HU O30HOM.

Mertamnsl IB rpynmsl He B3aUMOJEHCTBYIOT C BOJIOPOJIOM, YTIIEPOIOM U a30TOM.

Bce metamibt |B rpyminbl OKACTSIOTCS TaJIOTCHAMMU.

Menp pearupyer ¢ XJIOpoM U OpOoMOM IIPU KOMHATHOM TeMmiieparype, a propom
OKHUCJISIETCA TOJIbKO IPH MOBBIIIEHHON TeMmiiepatype. Bo Bcex ciydasx oOpa3yrorcs
rasorenu il Meau (11); Toapko B peakiuu ¢ ogom odpasyercsa noaua meau (1).

CepeOpo OKHCIIIETCS BCEMH rajJOTeHaMU IIPH TIOBBIIICHHON TEMITEpaType.

30710TO pearupyeTt npu KOMHATHON TeMIeparype TOJIbKO ¢ OpomMomM. OmHAKO oA
B BOJIHOM PacTBOPE MOJIUJIa KAJIUsI IEUCTBYET Ha 30JI0TO IIPU KOMHATHOM TeMIlepaType:

2AU + |, + 2KI — 2K[Aul,]

O6nanas HU3KOM aKTUBHOCTBIO MeJlb, CEPEOPO U 30JI0TO HE PEarupyroT ¢ BOJOM,
a TaKKe KHCIOTAMH, SBIAIONIMMUCA OKHCIHTENSIMH 3a cueT moHoB H'(H;0"):
HZSO4pa36.a CH3COOH, H3PO4 U T. O

OnHako Mellb pearupyer ¢ MoJI0BOIOPOAHOM KUCIIOTOM:

2Cu + 2HI — 2Cul + H,

Mertamisl |B Tpymimbl MOKHO OKHUCIUTE C MIOMOIIBI0 KUCIIOT, (DYHKITUIO OKHUCITH-
TeJIS B KOTOPBIX UTPAET aHUOH:

Cu+ 2H2804(K0HH.) — CuSO,4 + SO, + 2H20

3Cu + 8HN03(pa36_) — 3CU.(N03)2 + 2NO, + 4H,0

Cu+ 4HNO3(K0HL{.) — CU(N03)2 + 2NO, + 2H,0

2Ag + 2H;SO040m) —> Ag,SO4 + SO, + 2H,0

3Ag + 4HNO3(pa36.) — 3AgN03 + NO + 2H,0

30JI0TO YCTOMYMBO IO OTHOMIEHUIO K A30THOW U CEPHOM KHUCIIOTaM, HO pearupyer
c OoJiee CHIIBHBIMH OKHCIUTCISMH: O€3BOJHOW CEIICHOBOM KHCIIOTOM WM IapCKOM
BOJKOM (CMEChIO KOHIIEHTPUPOBAHHBIX a30THOM U COJISTHOW KHUCIIOT).

2AuU + 6H,Se0, — AUZ(SEO4)3 + 35e0, + 6H,0

Au + HNO; + 4HCI — H[AuCl,] + NO + 2H,0

HecMoTpss Ha HH3KYI0 aKTHBHOCTh, MEIIb M CEpeOpO HE BIIOJHE YCTONYMBBI
B OOBIUHBIX YCIOBHUAX K aTMOC(PEPHOMY BO3AYXY, COJAEpKAIIeMy YIJICKHUCIIBIM ra3
U CIIEJIbl CEPOBOAOPOJIA, COOTBETCTBEHHO.

2Cu + 02 + C02 + HQO - (CUOH)2C03

4Ag + 2H,S + O, — 2AgQ,S + 2H,0

Cnoco6HocTh MeTauioB |B rpymmbel 00pa3oBbIBaTh YCTOMUMBBIC IIMAHUIHBIE KOM-
TUIEKCHI 00YCTIOBIMBAET BOSMOKHOCTh IEPEBOJIa MEIH, cepedpa 1 30JI10Ta B pacTBOP.

2Cu + 4KCN + 2H,0 — 2K[Cu(CN);] + 2H, + 2KOH

4Au + 8KCN + O, + 2H,0 — 4K[Au(CN),] + 4KOH

Oxcua meau (1) Cu,O umeeT 0OCHOBHO# XapakTep:

Cu,0 + 2HCI — 2CuCl + H,0

74



JlocTOBEpHBIX CBEIECHHIT O cyliecTBOBaHMH ruapokcuaa meau (l) Her.
Oxcun meau (1) o6mamaeT OKMCIUTETFHO-BOCCTAHOBUTEIPHON JBOMCTBEHHOCTHIO:

Cu,0 + H, -4 2Cu + H,0

Cu,0O + 6HNO; — 2CU.(NO;3)2 + 2NO, + 3H,0

Coenunennst meau (1) TUCIpONOPHHOHUPYIOT:

Cu,O + HZSO4(pa36.) — CuSO,4 + Cu + H,O

Mens (1) oOpa3yeT ycToHYMBBIE KOMIUIEKCHI C aMMHAaKOM, THOCYIb()AaT-HOHOM,
THOIIMOHAT-UOHOM, ITUaHUI-HOHOM.

Cu,0 + 4NH3; + H,O0 — 2[CU(NH3)2]OH

CllIl +2Na,S,0; — Nag[CU(Szog)z] + Nal

Oxcua meau (1) CuO — oCHOBHOI, HO 3a CYET MOBHIMICHHS CTEIIEHH OKHCICHUS

Meu IproOperaeT ciaadbiii aMpOTEpHBIN XapakTep:
CuO + 2HCI — CuCl; + H,0

CuO + Na,0 — Na,CuO;,

Oxcuny memu (ll) coorBercTByer ruapokcua Cu(OH), co cinabeivu amdorep-
HBIMH CBOWCTBaMHU.

Cu(OH), + 2KOH — K,[Cu(OH),]

[Tocrmeqnsist peakiys BO3MOXKHA TOJIBKO C MPEACIHHO KOHIICHTPUPOBAHHBIM pac-
TBOPOM IesiouH. Eciu ucronb3oBaTh MeHEe KOHIIEHTPUPOBAHHBIN PacTBOP IIENIOYH,
to ocanok CU(OH), mepexoIuT B KOJUIOMIHOE COCTOSHUE (KaXKyIleecs pacTBOPCHHE
ocajaka).

Muorue comu wmemam  (II) mamopactBopumbr: CuS, Cus(POy),, CuC,0,,
(CuOH),COs3. PactBopumsbie cosr meau (1) moaBepraroTcst THAPOTU3Y:

Cu*?+HOH 2 CuOH" +H*; pH<7

Cu(NO3), + H,0 2 CuOHNO3 + HNO;

B pactBope nonbl mexnu (11) Haxomsites B ruapartuposantoM Buge: [Cu(H,0)4]%".
AxBaxomruiekcel Meau (1) umerot ronyOyto okpacky. M3 pacTBOpoB coiu KpUCTaIU-
3yl0TCs B BUJIe KpucTtawtoruaparo: CuSO, - SH,0 cunero ngera.

Coenunenus menu (11) IposiBISIIOT yMEpEHHbBIE OKUCIUTEIbHBIC CBOMCTBRA!

CuSO4 + 4KI — 2Cul + 1, + 2K,SO,

3CuO + 2NH3 — 3Cu + N, + 3H,0

Mens (I1) oOpaszyer ycTOHYMBBIE KOMITJIEKCHBIE COSTUHEHUSI:

CuCl, + 4NH; —PX2%® , [Cu(NH,),]Cl,

Jltst oGHapykeHUs HOHOB CU'? HCIIONB3YIOT PEaKIMIo 00pa3oBAHMS AMHHOKOM-
TUIEeKCA.

[Tpu ocTOpoKHOM JOOABICHUN PACTBOPAa aMMHUAKa K aHAIM3UPYEMOMY PacTBOPY
B TIPUCYTCTBUU COJICH MeIW CHadaia o0pa3yeTcsl OCalloKk OCHOBHOW COJNM CHHE-
3eJE€HOr0 IBETa, a MpH J00aBICHUN M30BITKA peareHTa 0caJoK pacTBopsercs ¢ oOpa-
30BaHMEM PacTBOPAa MHTEHCUBHO-CHHETO I[BETA!

2CuSO,4 + 2NH3 + 2H,0 — (CuOH),S0O4| + (NH,4),SO,

(CuOH),SO, + 8NH3 — [Cu(NH3)4]SO4 + [Cu(NH3)4](OH).

Honst menu (1) mpu goGaBieHun mienodeid oOpa3yrOT OCaJ0K ToIy0oro IBera
Cu(OH),, pa3nararomyiics pu HarpeBaHWU 10 TEMIIEPATYPBl KUIICHHS ¢ 00pa30BaHU-
eM dyepHoro ocanka okcuaa menau (I1).

75



CuCl, + 2NaOH — Cu(OH),| + 2NaCl

Cu(OH), -4 CuO + H,0
Oxcun cepedpa (1) Ag,0 obitagaet BbIpaXKCHHBIMU OCHOBHBIMH CBOHCTBAMH:
Ag,0 + 2HCIO, — 2AgCIO,4 + H,0

Oxkcwuja cepedpa (1) Tepmudecku Heycroituus: 2Ag,0 SLIN 4Ag + O,.

BonpmuacTBO coneii cepedpa (1) mamopactBopumsr B Bome: AgCIl, AgBr, Agl.
[lon neiicTBreM ynbTpaduOJIETOBBIX MM PEHTIC€HOBCKHUX JIy4el rajloreHusl cepedpa
(1) pasnararorcs:

2AgBr -, 2Ag + Br,

OnHoit 13 HEeMHOTUX pacTBOPUMBIX coliert cepedpa () siBisiercs Hutpat. Boaubrit
pactBop AgNO; uMeeT HelfTpanbHYIO PeakiMIo cpelbl, T. €. HoHbl Ag’ He ToaBepra-
I0TCS THAPOJU3Y. DTO KOCBEHHO YKa3bIBaeT Ha TO, 4TO ruapokcun cepedpa AgOH,
cooTBeTcTBYIOIIMI okcuay AQ,0O, NokeH ObITh CHIIBHBIM OCHOBAaHUEM, OJHAKO JO-
CTOBEPHBIX CBEJIEHUH O CYIIECTBOBAHUU 3TOTO TUAPOKCHU]IA HET.

JleiicTBue 1Ienouell Ha pacTBOpP HUTpaTa cepedpa MPUBOAMUT cpaszy K oOpa3oBa-
HUIO OKCHUJIA:

2AgNO; + 2NaOH — Ag,0 + H,0 + 2NaNO;

Cepebpo (l) o6pa3yeT MHOTOYHCIIEHHBIE KOMILJIEKCHI, YTO MCIOIB3YIOT ISl Tie-
pEBO/Ia B paCTBOPUMOE COCTOSTHUE HEPACTBOPUMBIX COSIUHEHMI cepedpa.

AgzO + 4NH3; + H,O — 2[Ag(NH3)2]OH

Ag,0 + 4KSCN + H,0 — 2K[Ag(SCN),] + 2KOH

Agl + 2KCN — KJ[Ag(CN),] + KI

AgBr + 2N3.28203 — Na3[Ag(8203)2] + NaBr

Coenunenust cepedpa (l) 061anar0T OKUCAUTETFHBIMU CBONCTBAMH.

2K[AQ(CN),] + Zn — K5[Zn(CN)4] + 2Ag]

CH,CHO + Ag,0 — PP . CH,COOH + 2Ag|

Jlnist 0OHapy>KEeHUSI HOHOB cepedpa MCIOJIB3YIOT COUCTAaHUE PEAKIMI OCAXKICHUS
1 KOMILIEKCOOOpa30BaHMs.

AgNO; + HCl — AgCl] + HNO;

AgCl + 2NH; _ PACTROLS, [Ag(NHg)z]Cl

[Tpu nobGaBiieHUU K PacTBOPY, COJEpKalieMy HOHBI cepedpa, CONSTHOM KHCIOTHI
oOpasyercs Oenblii ocalok XJopuaa cepedpa. 3aTeM K 0cCajKy T00aBiISIOT W30BITOK
aMMUaKa, B pe3yJibTaTe 4ero 0Ca/oK MepexoJUT B HEOKPAIIECHHBII pacTBop.

He xommuiekcHbIX coenuHeHui 3omo0Ta (1) kpailHe Mallo U BCE OHU HEPACTBOPH-
Mol B Bojzie: AUCI, AUCN, Au,S. Tlpu HarpeBaHWH UX BOIHBIX CYCIIEH3HH MPOUCXOIUT
JTUCTIPOTIOPIIMOHUPOBAHHUE:

3AUCI + H,0 - H[AUCI;OH] + 2Au

Oxkcup 3050712 (1) MOKHO MOTYYUTH O PEAKLIUU:

AuCl + NaOH — Au,0 + NaCl

Coenunenust 3os0ta () 06mamar0T OKHCIUTEIHHO-BOCCTAHOBUTEIBHOM JBOM-
CTBEHHOCTBIO:

2K[AU(CN),] + Zn — K,[Zn(CN),] + 2Au

B mpOMBINIIEHHOCTH 30J10TO MOJYYaIOT MyTEM BOCCTAHOBIICHUS €TO M3 PacTBO-
POB KOMIUIEKCHBIX COECTUHEHHH.
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Crenenp okucieHUs +3 XapaKTepHa MPaKTUYECKH TOJIBKO ISl 30J10Ta B 3TOH
noarpymie. Oxcup 3omota (111) Au,O3 XxapakTepu3yeTcst KHCIOTHBIME CBOHCTBAMH.

Au,03 + 2NaOH + 3H,0 — 2Na[Au(OH),4]

Au,03 + 8HCI — 2H[AuUCl,] + 3H,0

Oxcuny 3050ta (1) coorBerctByer Metaruapoxcus 3omo0ta (111) AUOOH (301m0-
Tast KUCIIOTA)

Au(OH); — AuOOH + H,0

AuOOH + KOH + H,0 — K[Au(OH),4]

AUuOOH + 4HNO3z; — H[Au(NO3)4] + 2H,0

OOGpaiaet Ha ceOs BHUMaHUE TO, YTO OKCH U Tusipokcu 3o0i0Ta (I11) Bectymaror
B PEaKIMH U CO MIEI0YaMH U C KUCIOTaMH, HO TIPU ATOM 00pa3yroTcs TOJIbKO aHHOH-
HBIE KOMILIEKCHI 30J10Ta. DTO KOCBEHHO CBUETEILCTBYET O KUCIOTHOM XapaKTepe OK-
cuma 3omoTta (I1).

Metaruapokcun 3om0ta (1) Tepmudecku HeycTONUMB.

2AUOOH —5 Au,0; + H,0

2AU(OH); — Au,03 + 2H,0

[Monassiromiee OOMBIIMHCTBO coenuHeHui 300Ta (111) — KoMIUTIeKCHBIE coenu-
HEHUSI.

HonoB 30710Ta +3 B pacTBOpE HE CYIIECTBYET M3-32 HEOOPATUMOT'O THIPOJIN3A:

AuCl; + H,O — H" + [AuCI;0H]; pH<7

Coenunenns 300t1a (111) 061a1a50T OKHCIUTEIEHBIMU CBOMCTBAMU

H[AUCl,] + 3KI — Aul + I, + HCI + 3KCI

2H[AUCl,] + 3H,S — 2Au + 3S + 8HCI

9.3. BUOJIOTUYECKAS POJIb U MEJUIIUHCKOE 3HAYEHUE
COEJMHEHUM SJIEMEHTOB IB IPYIIIIbI

B opranusme B3pocioro yenoBeka B cpenHeMm coaepxutrca 100 mr meau, 1 mr
cepebpa, 10 mr 30mota. Cyrouynas norpedbHocTs — 2,5-5,0 Mr meam.

B opranmnsmMe uyenoBeka MHOTO Meabcojiepxkaniux 0einkoB. Bece ¢pepmenTsr obec-
MEYNBAIOT MPOTEKAHUE C HY)KHOM CKOPOCTHIO OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX Me-
TaOOJMMYECKUX PEaKIMil, UTPaIoluX KIYEBYI0 POJb B OOMEHE BEIIEeCTB Pa3HBIX
kjaccoB. Ponp Mean oOBsSICHSIETCS CYIIECTBOBAHHEM JBYX OJMM3KUX YCTOWYMBBIX CTe-
neHel okuciieHus +1 u +2, MeXay KOTOPBIMU BO3MOXKHBI 00OpaTHMBIC TIEPEXO/IbI.

HekoTopble T0CKOHAIBHO N3YYCHHBIE MEAbCOIEpKAIUe (EPMEHTHI:

1) muroxpomokcunaza (I[XO) — oaMH U3 KOMIIOHEHTOB JBIXaTCIBHOU IEIH
(JIoxanmuzyeTcs B MeMOpaHax MUTOXOHIPHI), KaTaTU3UPYET PEAKIIUIO:

O, + 4H" + 4& (u3 ABIXaTeNBbHOM I1eMH) X0, 2H,0
Ecnu mporcxonuT HemoHoe BoccTaHoBleHHe kuciopoaa (O, + & — O, ), obpa-

3yeTcsl CYNEePOKCUI-aHUOH paJrKall, KOTOPHIN SBIISIETCS OU€Hb CHIIbHBIM OKHCIUTENIEM
Y HapyllaeT HOpMalbHOE Pa3BUTHE KIIETKHU.
2) nurorasMaTudeckas cynepokcuaaucmyTasa (COJl) kaTaauzupyeT peakiuo:

0, +0, +2H" —°4, 0, + H,0,
3) HeppyIIOIIIa3MHH BIHSET Ha PEIOKC-PABHOBECHE MeX Ty HoHamu: Fe™ 2 Fe*,
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HoHbI coemuHEeHN MEIU CBS3BIBAIOT THOJIBHBIC TPYIIIBI M OJIOKUPYIOT aMUHO-
TPYIIIbI pa3IHdHbIX O0€JIKOB, 00pa3ys xenatHslie coequHenus (puc. 9.1).
N30bITOK Me B OpraHU3ME BBI3BIBACT PA3IMUHBIC TUTIEPKYTIPEO3BI.

2HN -Ra- [NH]-co-R1sH} Cu™—»

—_—+ HN-R;-
AN~ Ry~
co R

Puc. 9.1. Cxema oOpa3oBaHUsI X€JIATHOTO COCTUHEHUS MEJIU C OCIKOM

Hapyxno ucnonssytor: 0,25 % pactBop CuSO, npu KOHBIOHKTUBHUTAX; Mpema-
paThl METANIMYECKOT0 KOJUIOUIHOTO cepedpa (IIpoTaproi, KOiaproyi) Kak MpOTHUBO-
BOCHAIUTEIbHBIC, TPHXKUTAIONINE, BSHKYIITUE CPECTRA.

[Ipenapatsl 3050Ta (KpU3aHOI, aypaHO(PHH) MPUMEHSIOT JIJIs JICYCHUS PEBMATO-
HTHOTO apTpPHTA.

9.4. IPUMEHEHME COEJMHEHUIi DJIEMEHTOB IB r'PYIIIbI
B ®APMALIEBTUHYECKOM AHAJIN3E

JInsi BBISIBIEHUS albJETUIHBIX TPYII B COCTaBE€ OPraHUYECKUX COEIUHEHUI
NPUMCHSIOTCS JIBa peakTuBa: peaktuB TomeHca u cBexenpurorosieHHbIii CU(OH),.

Jlns mpuroroBnenus peaktusa Tosmnenca pactBopsaoT | r AgNO;3; B 10 mut BoasL.
[lepen mpuMeHeHUEM HEOONBIIOE KOJTUYECTBO ATOIO PACTBOPA CMEIIUBAIOT C PaBHBIM
o0sémom pactBopa 1 T NaOH B 10 M Boasl. Bemasmmii ocagok Ag,O pacTBopsioT,
OCTOPOXKHO J100aBJIsisi KOHUEHTpUpoBaHHbI pacTBop NHs. B pesynbrare B pactBope
obpasyeTcss KOMILIEKCHBIH KaTnoH auammuuocepedpa [Ag(NHs),]". Ipu B3aumoneii-
CTBHM C aJbJETHJIHOW TPYIIOH cepedpo BOCCTAHABIMBACTCS U IMOKPHIBAET CTCHKHU
MpoOUPKH TOHKUM ciioeM (oOpa3yeTcsi cepeOpsiHOe 3epKaio), a albJeruaHasi Tpymma
OKHCJIIEeTCA 10 KapOOKCUIBHOM.

CeexenpuroropieHHblii CU(OH), moiy4arot myTéM cMmeleHus pacTBopa Cyibda-
ta Meau (1) u ménoun. Ilpu HarpeBaHUM TaKOro pacTBOpa C OPraHUYECKUM COEIUHE-
HUEM, COepKAIllUM aJbJAETHIHYIO TPYIIy, OyJeT MPOUCXOUTh OKHCIEHUE TIOCeIHEeN
10 KapOOKCHIIBHOM TPYIIITBI M BOCCTAHOBIICHNE Meau 10 okcuaa meaw (1) Oyporo msera.

Tot ke pearent (cBexenpuroroBieHHbii CU(OH),) oOpa3yer ¢ mosuaTOMHBIMU
COUPTaMU M JAPYTUMH COCTUHEHUSIMHU, COACPKAIIMMHU HECKOJIBKO THUIPOKCHUIIBHBIX
rpynn, TEMHO-CUHUN PACTBOPUMBIN KOMIUIEKC.

OcHOBHBIE BOIIPOCHI TEMbI

1. Obmas xapaktepucTuka 3jeMeHTOB |B rpynmbl W pacnpocTpaHEeHHOCTh
B IIPUPOJIE.

2. OU3NKO-XMMHUYECKUE CBONCTBA MPOCTHIX BEIIECTB.

3. XuMu4eckue CBOMCTBA COSTMHEHUN Meu, cepedpa 1 30J10Ta.

4. buonornyeckas pojb U MEIUIIMHCKOE 3HAUCHUE.
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10.

TecToBBII CAMOKOHTPOJIb

Hamu6osiee ycToliunBble cTeNeHH OKHCIeHUsI B coennuenusix aias Cu, Ag, Au
COOTBETCTBEHHO PAaBHBI:

a) +1, +2, +3; 0) +3, +2, +1; B) +2, +1, +3; r)+2, +2, +3.
B psay okcuaon: CuO, Ag,0, Au,0O3; KHCJIO0THBIE CBOICTBA:

a) YMEHBIIIAIOTCS;

0) BO3pacTaroT;

B) CHaJajla YMEHBIIIAIOTCS, a 3aTeM BO3PaCTaloT;

T') CHauaia yBEIIMYMBAIOTCS, & 3aTEM YMCHBIIAIOTCSI.

YKaxkuTe cXeMbl HEOCYIIECTBUMBIX PeaKIMIi:

a) Cu + H,SO,4(pa36.) — CuSO, + Hy;

0) Cu + H,SO4(kon11.)— CuSO4 + SO, + H,0;

B) Ag + HNO;(pa36.) — AgNOs; + NO + H,0;

r) Ag + HNO;3(kon1r.)— AgNO;z + NO, + H,0;

1) Ag + Cu(NO3),—AgNO; + Cu;

x) Ag,S + 0, — Ag,0 + SO,

Ykaxure HOK nass OBP pacTBopeHnst 30/10Ta B «11apCKoil BoAKe» ¢ 00pa3o-

BaHMEM KOMILJIEKCHOTO COeIMHEHM I 30J10Ta:

a) 2; 0) 3; B) 4; r) 6.

Hanummure peaknuio B3aumoaeiictBust 6pomuaa cepedpa (1) ¢ tuocyabparom

HATPUA M YKaXKUTe cCyMMy KO3((UIIHEHTOB B COKPAILIECHHOM HOHHOM ypaB-

HEHUM:

a)7; 0)5; B) 4; r) 3.

Ykaxure cymMmmy KO3Q(PUIMEHTOB VISl PeaKUUN B3aUMOAEUCTBHS CyJbdaTa

menu (11) u nonuaa kaaus ¢ oopazoBaHuemM CBOOOIHOTIO ioaa:

a) 11; 0)9; B) §; r) 7.

Ykaxknute cyMMy MOJISIPHBIX Macc (I/M0JIb) Meabcoep:Kalux Bemects A, B

u I 1J91 Henoyky XuMUYeCKHX NMpeBpallleHuil, MPOTEeKAIIINX M0 cXeMe
CU(N03)2 t0 s A +H,S0, (p—p). s B +NaOH(pa36.136.) sB +HNO;, (136.) s T

a) 321; 0) 366; B)481; 1)526.

Ykaxknute CyMMy MOJIIPHBIX Macc (I/M0Jib) Meabcoaep:kammx Bemects B u I'

JJISl HEeMOYKHM XMMHUYeCKUX NpeBPallleHuil, MPOTEeKAIIINX 10 cXeMe

1 MOJII)CUZS +0, (136.)t° s A +HNO;.(136.) s B +2monsKOH (p—p) sB +2monbHNO; (pas6..) N

a) 268; 0) 286; B)331, T1)376.

IIpu npoxamuBanuu Hurpara meau (I1) maccoii 4,68 r nonyunsm 4,02 r TBep-
poro ocrarka. Omnpenenure, KakoBa cTeneHb pasJoxenuss (%) Hutpara
menu (11)?

a) 25; 0) 14; B) 30; r) 50.

IIpu B3aumopgeiicreuu 3,92 r ruapokcuaa meau (1) m 150 ma BogHoro pac-
TBOPAa aMMHAKa € IIOTHOCTHIO (0,907 r/em® o0pa30BaJicl paCTBOP r'HAPOKCHIA
terpaammunamenu (11). MaccoBas gous (%) 3TOro BelecTBa B MOJY4E€HHOM

pacTBOpe paBHa:
a) 6,8; 6)57; 839 147
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OrBerbl: 1 —B;2—B;3—a,n,¢e x;4—0;,5—0;,6—a;7—06;,8—s;
9—a;10 —r.

3amayu u ynpakHeHust

1. Oxapakrepusyiite crpoeHre aromoB O-anmementoB I rpymmbl. KakoBa smek-
TpOHHas KOHQUTYpalus WX TPEABHCITHUX M BHENIHUX DSHEPreTHYSCKUX YPOBHEU
B OCHOBHOM COCTOSIHUU?

2. PaccMoTpuTe M3MEHEHNE aTOMHBIX PANyCOB, SHEPTHH HOHU3AIMH, CPOJCTBA
K DJIGKTPOHY H JIEKTPOOTpHUIIaTeIbHOCTH B psany Cu — Au.

3. Kakue creneHn OKHCICHHS XapaKTepHBI I aTOMOB PacCMaTPHUBACMBIX dJie-
MeHToB? Kakne n3 HIX HauboJee XapakTepHbI I MeIu; I cepebpa; st 30i01a?

4. PaccMOTpHTE OTHOIICHUE YKa3aHHBIX METAJNIOB K KHCIIOPOJY, TaJlOreHaM, cepe.

5. OxapakTepusyiiTe OTHOIICHUE MeEIH, cepedpa W 30JI0Ta K Pa30aBICHHBIM
Y KOHLICHTPUPOBAHHBIM PaCTBOPaM KHCIIOT, K PaCTBOPAM ILEJIOYEN U COJIEH.

6. Kakue peakuuu mMpoTEeKarOT IMPH PACTBOPECHHUH 30JI10Ta: B «I[APCKOW BOJKE»; B
KOHIICHTPUPOBAHHOH COJISTHON KUCIJIOTE, HACBHIIIICHHON XJIOPOM; B CEJICHOBOW KUCIIOTE?

7. Uem 00OBsicHsIETCS 00pa3oBaHKE 3€JICHOTO HAjJeTa Ha MEIHBIX U3JCIUAX U T10-
YepHEHUE CEPEOPSHBIX MPEJAMETOB TPU JUTUTEIHPHOM TPEOBIBAHUM HX Ha BO3Myxe?
HanwmuTe ypaBHEHUSI COOTBETCTBYIOIIMX PEAKIIUH.

8. CpaBHHTE OKHCIUTEIbHBIC CBOHCTBA KaTHoHOB Cn’' 1 Ag' B BOJHBIX pacTBo-
pax. Kakoit u3 HUX BOCCTaHABIIMBACTCS HA KAaTOE TP JICKTPOJIN3E B TIEPBYIO OUYCPEIh?

9. KakoBo BIusHUE CTETICHW OKHCJICHHS MeTallla Ha KHCIOTHO-OCHOBHBIC CBOM-
CTBa OKCHJIOB M THUJPOKCUIOB MeIH M 305i0Ta? Kakoe coeMHEHUE 30JI10Ta Ha3bIBACTCS
«30JI0Tast KUCIOTa»?

10. KakoBa cpena Boaubix pactBopoB AgGNOs; Cu(NO3),; K[AU(OH),]?

11. OneHNTE KOMILIEKCOOOPa3YIOIIYIO CIIOCOOHOCTH KatiHoHOB Ag” 1 Cu™,

12. PaccMoTpuTE TEPMHUUECKYIO YCTOMYUBOCTH OKCHJIOB, TUPOKCHIOB U KUCIIO-
poJcoaepKaIMuX coyiel meau, cepedpa u 3o05i0Ta. Hamumiure ypaBHEHUs peaKiHil
tepmuyeckoro pasnokenus Ag,0; AgNO;; Ag,SO,4 CuO; CuSO4 Cu(NOs)y;
AuU(OH)3; AuCls.

13. OxapakTepusyiite OMOJIOTHYECKYIO POJIb MEIU B MPOIECCax >KU3HEACITEIb-
HOCTH.

14. 3akoHunTE ypaBHEHUS PEAKIUH, paccTaBbTe KOAD(HUIIUEHTHI:

a) (CUOH)2C03 L

0) Cu + HNO3(p) —

B) CU + H,SOy4(x) —

r) Cu + CuCl, —

n) CuCl + O, + 4HCl —

e) Cu,S+0, _rC |

)K) CUZS + HNOg(K) —

3) CuO + NH; _tC

) CuCl + 0, 120,

k) Cu + FeCl; —

J'I) CUCIZ + KI —

w) Ag + HNOs(p) —

80



1) AgNO; + KOH —>

0) AgNO; _tC |

H) AgN03 + SﬂClg —

p) Agzo + NHg + Hzo —

c) [Ag(NH3)2]Cl + H,S —

T)AU + HCI + HNO; —

y) Au(OH); _tC

$) Au,0; _tC,

15. Hanuiuure ypaBHEHWs PEAKIWM, TPH MOMOLIM KOTOPBIX MOXHO OCYIIE-
CTBUTH CHeI[yIOH_H/Ie HpeBpaH_[eHI/DIZ

a) Cu,S 15 CuO —25 Cu(OH), _3, CuCl _4, [Cu(NHs),ICl,
6) Cu,0 —1» CcuCl, —25 CuO _3, CuCl _4, CuSO,
B) Ag -1 AQ,SO, —25 Ag,0 _%, [Ag(NH3),]JOH _4, Ag,S

r) Au -1 AuCl; —2> Au(OH); —3, NaAuO, 4, AuCl; 5, Au

16. Mennyro miacTuHKy Maccoi 10 r omycTuau B pactBop maccoit 200 r ¢ mac-
coBoii moneit xyopuna xkenesa (l11), paBuoit 22 %. Yepe3 HekoTopoe Bpemsi macca
IUTACTUHKM YMEHBbUIWIIAch BJBOE. YeMy paBHBI MAacCOBBIE JIOJIU COJiell B 00pa3oBaB-
niemMcst pactBope ?

Omeem: FeCl; — 9,1 %; FeCl, — 9,68 %; CuCl, — 5,15 %.

17. Cmecw nutpatoB Meau (1) u cepedbpa obuieit maccoit 10,56 T nmpokanuau 10
OKOHYaHUs peaknuil. Macca cMecu oOpa30oBaBLIMXCS TBEPABIX BEIIECTB OKa3alach
paBHoOi1 5,92 1. Uemy paBeH o0muii 00beM (H. y.) CMECH BBIJCIIUBIINXCS Ta30B?

Omeem: 2,46 ,Z[MS.

JKcHepUMeHTAIbHAas padoTa
«XHUMHYECKHEe CBOICTBA COeAUHEHNI 31eMeHTOB | B rpynnbi»

Heab padoThl: U3y4YUTh HEKOTOPbIE XUMUYECKHE CBOIMCTBA 3yeMeHTOB IB rpym-
MBI ¥ KX COCIUHEHUH.

OOopynoBanue: NpoOUPKH, MUMETKH, CIUPTOBKA.

PeakTuBbl: Menp (CTpykka). PacTBOpbl: Kpaxmala; a30THOM KHCIOTH (2 H.;
pacTBOp C IUIOTHOCTHIO 1,4 F/CMg); CEepHOM KHUCIOTHI (2 H.; pacTBOP C IUIOTHOCTBIO
1,84 F/CMS); XJIOPOBOJIOPOTHOM KHUCIOTHI (2 H.; pacTBOp C IUIOTHOCTHIO 1,19 F/CMS);
eIKOro HaTpa wid Kaau (2 H.); ammuaka (2 H.; 25%-ubIi); cyiasdara meau (1) (0,5 H;
0,1 n.); nomuna xamus (0,5 H.); THocynbdara Hatpus (0,5 H.); cynbdura HaTpuUs
(0,5 n.), mutpara cepebpa (0,1 H.); xmopuaa kamus (0,5 H.); opomuaa kaaus (0,5 H.);
xpomara kamwus (0,5 H.).

Onwit 1. B3aumooeiicmeue meou ¢ pazdasieHHbIMU U KOHUECHMPUPOBAHHBIMU
Kuciomamu.

B Tpu npobupku momemaroT Mo KycOoukKy Meau M ImpuOaBisioT Mo 5—6 kameinb
2 H. pacTBOPOB KHCIIOT: B MEPBYI0 — XJOPOBOAOPOJHOM, BO BTOPYIO — CEpPHOM,
B TPETHIO — a30THOW. OKpacuIICs JIn pacTBOP B MPOOUPKAX B CHHE-TOIYOOM IBET, Xa-
pakTepHsIil st nosa Cu®*?

[IponenbIBalOT aHAJTOTUYHBIN OMBIT C KOHIIEHTPUPOBAHHBIMH KHCJIOTAMU —
XJIOPOBOAOPOIHOM (TuioTHOCTH 1,19 r/em’), cepHoll (ruoTHoOCThH 1,84 r/em®) 1 a30THOI
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(totHocTs 1,4 r/cm®) Ges HarpeBaHus u npH HarpeBaHuu (ocmopovcno!). C KakuMu
KHCIIOTAMH B3aUMOJICHCTBYET Meb ?

[Ipy HanmucaHWM ypaBHEHHS PEAKIMU B3aUMOJCUCTBHS MW C pa30aBICHHOU
a30THOW KUCJIOTOM, CUMTATh, UTO a30THAs KucioTa BocctaHaBinuBaercs 10 NO. Iloue-
My MeJb HE B3aUMOJICHCTBYET C XJIOPOBOJOPOAHON KUCIOTOM U ¢ pa3z0aBiIeHHON cep-
HOM KuCIoTOM ?

Hanucare ypaBHEeHHs peakuuii B3aUMOAEHUCTBUS MEAU ¢ KOHUECHTPHUPOBAHHBIMH
KHCIIOTAMH, CUUTAsi, YTO KOHLEHTPUPOBAHHAS a30THAs KUCJIOTAa BOCCTAaHABIMBAECTCS
MEJIbIO 0 TUOKCHUA a30Ta, a CepHasi — JI0 TUOKCHUIA CEPHI.

1. Cu+ HCl(p) #

2. Cu + HySO4(p) #

. 3Cu + 8HNO3(p) = 3Cu(NO3), + 2NO1 + 4H,0

pacTBop ronyGoro rgera 3a cuer [Cu(H,0)4]**

w

4. Cu + HCI(x) #

5. Cu + 2H,S04(x) —— CuSO, + 2S0,1 + 2H,0
3anax KKE€HOM cepbl
6. Cu + 4HNO3(x) = Cu(NOs), + 2NO,1 + 2H,0

PacTBOp l"OJ'IY6 Ooro IB€Ta

OnbIT 2. ITonyuenue cuopokcuoa meou (11) u uccnedosanue e2o ceoiicme.

a) Ilonyuenue cuopokcuoa meou (1) u paznoscenue eco npu nacpesanuu.

BrocsaT B npobupky 3—4 kamnu pactBopa cyibdara meau (1) u 2 H. pacTBopa
miesour. OTMEYaroT [BET BbIMaBinero ocaaka ruapokcuaa meau (11). Ocmoposicno
HarpeBaroT NMPOOUPKY C TMOJY4YEHHBIM ocaakoM. Kak m3MeHsieTcs IBET ocajka MpH
npeBpatieHuu rugapokcuaa meau (1) B okcua?

3anuchIBalOT ypaBHEHMsI peakiuii oOpaszoBanus ruapokcuaa meau (ll) u ero
Pa3IoKEHUS.

CuSO,4 + 2NaOH = Cu(OH),| + Na,SO4

rony0oii, reneobpa3Hblii
Cu(OH), -4 CuO + H,0
YEpHBIN

0) Omnowenue cuopoxcuoa meou (1) x kucromam u wenovam

[Tonyuator B nByx mpoOupkax ruapokcua meau (). K momydeHHsiMm ocagkam
npuOaBISAIOT B OJHY MPOOUPKY 5—6 Kamenb 2 H. pacTBOpa CEPHON KHUCIOTHI, B JIPY-
I'yI0 — CTOJIBKO K€ 2 H. PacTBOpA ILIEJIOUH.

B xakowm ciyudae mpoucxoaut pactBopeHue ocanka? Kakoi BBIBOJ MOXHO clie-
JaTh U3 3TOTO OMbITa O CBOMCTBaxX ruapokcuaa meau (11)?

CU(OH)Zl + H2804 = CUSO4 + 2H20

Cu(OH),] + NaOH(p)# Bo3MOKHA TOJIBKO C OYEHb KOHIICHTPUPOBAHHBIM pac-
TBOPOM IIIEJIOYH.

Onpit 3. Ilonyuenue uoouoa meou (1).
BHocst B mpobupky no 3 kammu pactBopoB cynbdara meau (1) u moguna xanus
(0,5 H.). OT™MeuaroT oOpa3oBaHHE OCaJKa W OKpAIIUBAHHUE COACPKUMOIO MPOOUPKH
B JKeNThIM 1BeT. J[OKa3bIBalOT C MOMOUIBIO pacTBOpa Kpaxmala, YTO KEJITO-KOpHY-
HEeBasi OKpacka 00ycIlIOBIIEHA BbIJIEJICHUEM CBOOOIHOIO o1a.
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Jlns ompeneneHus 1BETa BhITIABIIETO ocajka noauaa meau (l) cBoOoaHbIHN o,
MacCKUPYIOIINN CBOCH OKpacKO# IIBET Ocajka, MepeBOAAT B OeciBeTHBIM HOH. C 3TOM
1eJIbI0 MPUOABIIAIOT B MPOOUPKY IO KaruisiM pacTBop cyibdura HaTpus (0,5 H.) 10 uc-
YE3HOBEHHMS JKEJITON OKpacku. Ocadok coxpawsiom 0is onvima 4a.

Kaxos niBet noguna meau () ? HanmucaTs ypaBHEHUS peaKiiyii:

— B3aumozeiicTBus cynabdara meau (1) c nonumom kanus:

2CUSO4 +4KI = ZCUIl + 12 + 2K2804

1) Cul|] — Gemnprif;

2) B COYCTAHMU C KOPHYHEBBIM PACTBOPOM HOa CO3MacTCs BIeuyaTiieHne obpa-
30BaHUS 0CAJIKa IPSI3HO-KOPUYHEBOTO 1IBETA;

3) O3TOMY K IPOAYKTaM pEakiliu J00aBIIsAIOT PaCTBOP Kpaxmaja — IMOSBIISIETCS
CHHE-YepHOE OKpalIuBaHue (KaueCTBEHHas peakius Ha |,);

— B3aUMOJICHCTBUS 10/1a C CYJIb(PUTOM HATPHS B IPUCYTCTBUU BOJIBI:

I, + 2Na,SO3 + H,O = 2Nal + Na,SO, + H,SOs.

I, +2e=2I" 211

SOZ +H,0-28 — SO% +2H" 1

I, + SO + H,0 =21+ SO: + 2H"
HcdeszaeT sxenThiii IBET, IBET ocaaka Cul | OembIid.

OmnbiT 4. Komnnekcuvie coeOunenus meou.

a) [lonyuenue komniexcrnoeo muocyavghama meou (1)

B npo6upky ¢ ocankom nonuaa meau (l), momydeHHBIM B OmbITe 3, MPUOABISIOT
HECKOJIBKO Karellb pacTBOpa THOCysb(aTa HaTpus. Habmo1aioT nojaHoe pacTBOpeHHe
ocaJika, MPOUCXO/SIIEe BCIEACTBUE 00pa30BaHUs XOPOIIO PACTBOPUMOTO KOMILIEKC-
Horo THocyibdara menu (1).

3anuCHIBAIOT ypaBHEHHUE MPOTEKAONIEH PEaKMK, YIUThIBas, 9TO HOHBI S,0% 8-

JISIOTCS MOHOJIEHTATHBIMH JIMTAHAMH, 2 KOOPAHHAIMOHHOE yncio CU'-1oHa paBHO 2.
CuIl + Nazszog, = Na[CU(Szog,)g] + Nal
OecIBETHBII pacTBOp
0) Ionyuenue ammunorxomniexca meou (11)
B npobupky ¢ pactBopom cynbdara meau (1) (2-3 karim) npuOaBisSIoT Mo Kan-
JsIM 2 H. pacTBOp aMMMaka J0 MOJHOTO PAcTBOPEHHsI OCaJKa OCHOBHOW COJIU
(CuOH),SOy, BrimaBmiero npu 100aBICHUN MIEPBBIX KAIEJIb PACTBOPA aMMHAKa.
OTMe4aroT OKpacKy HMCXOJHOTO pacTBOpa cyib(dara Meau M pacTBOpa, MONY-
YHUBILIETOCS MOCJIE PACTBOPEHUS OCAIKA.
3anuchIBalOT YpaBHEHUS PeaKIIUi:
— B3aumoyeiicteus cynbdara meau (I1) ¢ pactBopom amMMuaka ¢ oOpa3oBaHHEM
ocHOBHOTO cyibdara memnu (I1):
2CUSO4 + 2NH3 + 2H20 = (CUOH)2804l + (NH4)2804
roJryoou O€ECIIBETHBIN CHHE-3E€JIE€HBIN
pacTtBop pactBop
— pacTBOpeHHs] OCHOBHOTO cynbdara menu (l1) B n30bITKE aMMuaka ¢ OJHOBpe-
MCHHBIM 00pa30BaHUEM KOMIUICKCHON COJMM U KoMIuiekcHOro ocHoBauust menu (I1),
VUHTBIBAsA, 9TO KOOPAMHAIMOHHOE drcio Cu>* paBHo 4;
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(CuOH),S0,4| + 8NH3 = [CU(NH3)4]SO,4 + [Cu(NH3)4](OH),

CHHe-3eJIEHBII PacTBOp MHTCHCHUBHO-CUHET'O IBETA

Kakue noHbl 00yCIOBIMBAIOT OKpPAacKy pacTBOpa, COJIEPH AIIETO aMMHHOKOM-
TIJIEKCHI Meau?

[Cu(NH3)4]SO; — [Cu(NH3),]** + SO}

[CU(NH3)4](OH), — [Cu(NHj),]*" + 20H"

00yCIIOBJIMBAIOT CHHUI I[BET pacTBOpPA

Kakoe ocHoBanue cuibHee: rugpokcun Mean (I1) wim rugpokcua TerpaaMMuH-
meau (11)?

CunbHee pacmeopumblii KOMIUIEKCHBIM rusipokcus menu (1), yem HepactBopu-
mblii ruapokena meau (11).

Onsit 5. Ilonyuenue oxcuoa cepeopa (1).

B npoOupky ¢ pactBopoMm HuTpara cepedpa (3—4 Karum) NprIMBalOT HECKOIBKO
Karenab 2H. pacTBOpa THUAPOKCHIA HATPHUS 10 BBIMAJACHHS OcaJka OKcHaa cepedpa.
Ocaoox AQ,0 coxpansitom ons1 onvima 66.

Kakoe 3akiitoueHre o MpOYHOCTH THIPOKCHA cepedpa MOXKHO CIeaTh Ha OCHO-
BaHUU 3TOTO ONbITA?

2AgNO; + 2NaOH = Ag,0| + 2NaNO; + H,0

YEPHO-KOPUYHEBBII

OmnbIT 6. Manopacmeopumele u KOmMnieKcHole coeOunenus cepeopa.

a) l[lonyuenue ammunoxkomniexcog cepeopa (1)

B uetbipe mpoOupku BHOCAT MO 2 Kamjid pacTBopa HUTparta cepeOpa. B oany
NpoOUpPKy A00aBistOT 2 Karmu xinopuaa kanus (0,5H.), BO BTOpyt0 — OpomMuaa Kaiaus
(0,51.), B Tperpto — moauaa kanus (0,1H.), B yeTBepTyto — xpomara kanusi K,CrO,
(0,51.). OT™MeUaroT IBET BHIMABIIMX OCAAKOB. J[00aBISIOT BO BCE YETHIPE MPOOHPKH
no 3 xarum 25%-no20 pactBopa ammuaka. Ocaiky KakKMX BEIIECTB MPAKTHYECKH MOJI-
HOCTBIO pacTBOPWINCH B amMmuake? OJMHAKOBO JIM aKTUBHO HWJAET B3aMMOJCHCTBUE
xJiopuja, Opomuia u noauaa cepedpa ¢ aMMuakom?

3anuchIBalOT B MOJIEKYJIIPHOM M HOHHOM BHJI€ YPaBHEHHUE PEaKLIU:

— o0pa3zoBaHusl MaJIOPaCTBOPUMBIX COJIel cepedpa:

1) AgNO; + KCI = AgCl| + KNO3

OembIii
2) AgNO; + KBr = AgBr| + KNO;
CBETJIO-XKETHIN
3) AgNO; + KI = Agl| + KNO,
JKEIJIThIN

4) 2AgN03 + chrO4 = Agzcr04l + 2KN03,

nBset?

— pacTBOpeHHs XJOopHaa, OpoMuaa U Xxpomara cepeOpa B aMmMuake ¢ oOpa3oBa-
HUEM KOMILIEKCHBIX COeIMHEHHH, YUNTBIBAS, YTO KOOPAUHAIIMOHHOE yncio Ag -1oHa
paBHO 2.

AQCl| + 2NH; = [Ag(NH3),]Cl monHOCTBIO OBICTPO PACTBOPUICS

AgBr| + 2NH3 = [Ag(NH3),]Br memienHo pacTBOpHIICS

Agl| + 2NH; # He pacTBopucs
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AQ,CrO,4| + 2NH;3 = [Ag(NH3),]CrO,4 pactBopuiics

Ha ocHOBaHMM HaAOMIOJCHHUI M 3HAYCHHUN MPOHM3BEIACHUN PACTBOPHUMOCTH Tallo-
TEHUI0B cepedpa OOBICHAIOT pa3ininue UX paCTBOPUMOCTH B aMMHUAKE.

K¢ (AgCl))=1,8-10"

K (AgBr})=6,0-10"

K (Agl))=1,1-10""°

Ks (Ag,CrO,))=1,1-10"

0) Ilonyuenue komniexcro2o ocnosanus cepedpa (1)

K ocaaky okcuma cepeOpa, MOJIYICHHOMY B OMBITE 5, MPUOABIISIOT TI0 KarUlsaM
2 H. pacTBOp ammuaka. HabmromaroT pacTBOpeHHE OcajKka BCIICACTBHE 0Opa30BaHMUS
PacTBOPUMOT0 KOMILIEKCHOTO OCHOBaHUs cepeodpa.

3anuchIBalOT ypaBHEHUE NMPOTEKAOIICH peaKIuu:

Agzo + 4NH3 + Hzo = 2[Ag(NH3)2]OH

YEPHO-KOPUYHEBBIN OecLIBETHBII pacTBOP

I')IABA 10
XUMUA JEMEHTOB |1B I'PYIIIIbI

10.1. OBIIASI XAPAKTEPUCTHUKA SJIEMEHTOB IIB MOArPynnsbl

DJeKTpOoHHAass KOHPUTypalus aTOMOB ITUHKA, KaAMHs U PTYTH B OCHOBHOM CO-
crosirmn ns*(n — 1)d™. LlMHK u KagMuil B COSOMHEHMAX MMEIOT CTENCHb OKHCICHHS
TOJIbKO 12, a pTyTh — +1 u +2. CreneHp oKucieHus pTyTu +1 oObsIcCHsIETCST 00pa3o-
BarneM nona (Hg'™—Hg")?'; coxpaenno Hg?*, mo 1OHOPHO-aKLEITOPHOMY MEXaHH3-
My MEXIy aTOMOM PTYTH 1 HoHoM Hg".

[uak — 3TO0 OMOreHHbIN MUKpodaeMeHT. Kaamuii u pTyTh — NpUMeECHBIE 3Jie-
MEHTBI, BHICOKOTOKCUYHBIE JUIsl OpraHu3ma.

Meramnsl (1I1B) rpynmbsl BcTpeyaroTcst B MPUPOJIE MPEUMYIIECTBEHHO B BUJE
cynbuaapix pya: ZnS (Bropuut u chanepur); CdS (rpukonut); HgS (kuHOBaph);
a taoke ZNnCO3 (ranmeit, cCMUTCOHUT). PTyTh BCTpeuaeTcsi 1 B CaMOPOJIHOM BHUJIE.

Bce merannel || B rpymnmnbl nerkonnaBkue, a pTyTh — €AMHCTBEHHbBIN >KUAKUN
MeTall pu 0O0bIYHBIX ycnoBusX. [lo moarpynmne cBepxy BHU3 aTOMHBIN pajnyc U OT-
HOCHUTEJIbHAS 3JIEKTPOOTPHUIATEIbHOCTh METAVIOB YBEITMYUBAIOTCS; & AKTUBHOCTh Me€-
TaJJIOB U BOCCTAHOBUTEJIbHBIE CBOMCTBA yMEHBINAIOTCS. PTyTh B psily CTaHIapTHBIX
anekTpoAHbIX noreHuuanos (PCOII) pacnonoxkeHa mocie BOJOpPOa, IO3TOMY UMEET
MOJIOXKUTETLHOE 3HAY€HHUE CTAaHAAPTHOTO 3JIEKTPOIHOTO OTEHIIMANA.

10.2. ®U3NYECKUE U XUMUYECKHUE CBOMCTBA COEJUHEHMII [IUHKA,
KAJIMHUS U PTYTH

Bcee metannst |IB rpynmel nmpu cxkUranuy Ha Bo3ayxe oOpa3yroT OKCHJIbI MeTal-
noB (I1):

2Zn+ 0, =2Zn0O

Bce MeTauibl OKUCIAIOTCS CEpOU, IPUYEM, PTYTh IIPM KOMHATHOM TEMIIEpaType:

Hg + S =HgS
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OTa peakiusl HUCIONb3YeTCs ISl CBSI3bIBAHUS HEOONBIIUX KOJIWYECTB PA3JIMB-
LICUCS PTYTH.

B peaknmsix ¢ rajoreHamMu Bce MeTaUTbl 00pa3yroT rajioreHuabl. PTyTh o6pasyer
TaJIOTeHUIBI C PA3HBIMU CTETICHSIMH OKUCIICHUS:

Hg + Cl, —="C, HgCl, xnopuz pryru (11), cynema,

Hg + Cl, —*2%C , Hg,Cl, xnopux pryru (1), Kamomers,

Hg + |, = Hgl, mpu komHaTHOI Temmeparype.

Ha Bo31yXe IIMHK ¥ KaJIMUAK MEJICHHO OKHUCIISTFOTCSI Ha TIOBEPXHOCTH:

2Zn + 02 + 2H20 = ZZn(OH)2

2Zn+ 0, + CO, + H,0 = (ZnOH)2C03

[ToaToMy, npu OOBIYHBIX YCIOBHUSIX LIMHK U KaJMHA HE OKHUCISIOTCS BOJOH, OJI-
HAKO TIPHU BBICOKUX TEMIIEpaTypax W IIMHK, U KaJMHA PEarupyioT C BOJSHBIM IapoM.
PTyTh HE B3aUMOJEHUCTBYET C BOJIOM.

Zn+H,0 -5 ZnO + H,
Cd + H,0 -5 CdO + H,

[luHk W KagMUH JETKO OKHCISIOTCS KHUCIOTaMH, B KOTOPBIX EIUHCTBEHHBIM
oknciureneM sistores nouel H (H;O"): HCI, H,SO, pasos M3PO4 1 T. 1. PTyTh C Ta-
KHMH KHCIIOTaMH HE pearupyer.

Zn + 2CH3COOH — (CH3CO0),Zn + H,

Bce meramiet 1I1B rpymmer okucisitorest H,SO4 kontienTpupoBanaoit 1 HNO:s.

Hg + 2H,SO4(kon1.) — HgSO,4 + SO, + 2H,0

6Hg + 8HNO;(pa36.) — 3Hgy(NO3), + 2NO + 4H,0

3Hg + 8HNO;3(kon11.) — 3Hg (NO3), + 2NO + 4H,0

Hg + 4HNOs(koni.) —— Hg(NOj3), + 2NO, + 2H,0

[{uHK n€rKo pacTBOpsAETCA B LIEI0YAX:

Zn + 2H20 + 2NaOH — Naz[zn(OH)4] + H2

[{uHK — 3TO €AMHCTBEHHBIN 0-37IEMEHT, KOTOPBIA OKHCIACTCS BOIHBIM PAaCTBO-
POM aMMHMaKa B OTCYTCTBUU KUCJIOPOJIa:

Zn + 4NH; + 2H,0 — [ZH(NH3)4](OH)2 + H,

Oxcun maka ZnO 1 cooTBEeTCTRYONIMI eMy ruapokcua Zn(OH), umerot ampo-
TEPHBIN XapaKTep:

ZnO + 2HCI] — ZnC12 + HZO

ZnO + 2KOH s K,Zn0, + H,0

ZnO + 2KOH + H,0 —P2XT% , K [Zn(OH),]

ZH(OH)Z + H2804 — ZHSO4 + 2H20

Zn(OH), + 2NaOH —*", Na,ZnO, + H,0

Zn(OH), + 2NaOH X%, Na,[Zn(OH),]

FI/IJIPOKCI/IJIBI IIMHKAa U KaaMUusd CJ'I216BIG OCHOBAaHU, IMTO3TOMY HX COJIM IMOABEpPTra-

FOTCA TUAPOJIN3Y IO KaTHOHY:
Cd?+HOH 2 CdOH" +H"; pH<7
Cd(NO;), + H,0 2 CdOHNO; + HNO,
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Oxcun kagmust CdO u cootBeTcTByronmii emy ruapokcun Cd(OH), umerot cia-
060 amdoTepHbIi XapakTep.

Cd(OH), + 2KOH -, K,CdO, + 2H,0

Kommieke oOpa3yercst ¢ 04eHb KOHIICHTPUPOBAHHBIM PACTBOPOM IIICJIOUH, a TIPH
pa30aBICHUHU PacTBOPA IEIOYN KOMILIEKC pa3pyliaeTcs:

Cd(OH), + 4NaOH — Na,[Cd(OH)¢]

Oxcuapl pryta | 1 11 (Hg,0 u HJO) — 3T0 OCHOBHBIC OKCH/IBI.

['UApPOKCHIBI IIMHKA M Ka MUl Pa3JIaraloTcsl IPH BHICOKOW TeMITepaType.

Zn(OH), —4» ZnO + H,0;  t,>100°C

Cd(OH), —2» CdO + H,0;  t,>300°C

I'mppokcun prytu |l paznaraercs 6e3 HarpeBaHUsI B MOMEHT OCaKICHUS.

Hg(OH), — HgO + H,0

[ToaTomy u3 pacTBOpoB coieit prytu | u |l mpu goGaBneHuH menovert ocaxia-
IOTCSI OKCHJIBI PTYTH:

Hg(NOs3), + 2NaOH — HgO| + 2NaNO; + H,0

OKcUIbI PTYTH TOXKE TEPMUYECKH HEYCTONYUBBHI:

2HgO — 2Hg + O,

2Hg,0 -4 4Hg + O,

OnHOl U3 HEMHOTMX PAacTBOPUMBIX COJIEM PTYTH SIBISIETCS HUTPAT, KOTOPBII
B BOJHOM pacTBOpPE B 3aBUCHUMOCTH OT YCJIOBHUU mojBepraerca ruaponusy (pH pac-
TBOpa < 7) COrIaCHO YPaBHECHUSIM:

Hg(NOs3), + H,O — HgOHNO3;| + HNO3

Hg(N03)2 + H,0 — HgOl + 2HNO;

Bce meramner 1IB rpynmsl xoporme koMmiiekcooOpasoBatenu. Kpome runpox-
COKOMILJIEKCOB IIMHK U KaJAMHUI 00pa3yroT NpOYHbIE aMMHUHOKOMILIEKCHI:

Zn(OH)2 + 4NH;  PAcTiop [Zn(NH3)4](OH)2

CdC|2 + 6NH4OH — [Cd(NHg)G]Clg + 6H20

Y CTOMYMBOCTS aMMHHOKOMIUIEKCOB YMEHBIIAECTCS OT UHKA K PTYTH. AMMHHO-
KOMIUIEKCHI PTYTH 00pa3yloTcs TOJIbKO B IPUCYTCTBUH cojieil ammoHus. B orcyTcTBUM
coJieit aMMOHMS 00pa3yroTCsl aMUAOIPOU3BOAHBIE PTYTH.

HgCl, + 2NH; —PX™% , He(NH,)Cl| + NH,CI

Hg,Cl, + 2NH; X%, Hg(NH,)Cl] + NH,CI + Hg|

O0e peakiuy HCIONB3YIOTCA B XMMUYECKOM aHAIHU3e Ui OOHApY)KEHHS HOHOB
Hg® u Hg? .

VY CTOWYNBOCTh KOMIUIEKCOB C TaJOreHHI-MOHAMH BO3PACTaeT OT IIMHKA K PTYTH
1 OT XJIOpa K Moxy.

K,[Znl,] manoycroitans B pactBope (Ky = 9,3 - 10°°), ckopee 9T0 aBoiiHas comb
Znly-2KI1.

CdS| + 4NaCl(kon1r.) — Na,[CdCl4] + Na,S

Kommexke Nay[CdCl,] 6onee yeroituns B pactBope. Ocobasi yCTORYMBOCTH KOM-
mrexcroro noua [Hgly)® (Ky = 1,5 - 10°%) ompenenser BO3MOKHOCTE pacTBOPEHHS
PTYTH B M0I0BOJOPOAHON KUCIIOTE:

Hg +4HI — Hz[Hg|4] + Hz
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HgS + 4KI — K;[Hgly] + K,S

VY CTOMYMBOCTh IMAHUTHBIX KOMILJICKCOB TAK)KE BO3PACTACT OT IUHKA K PTYTH.

Cd(OH), + 4KCN — K,[Cd(CN),] + 2KOH

Ku[Zn(CN),J> =1,3-107"

Ky[CA(CN),J* =1,4-107"°

Ku[Hg(CN),J> = 4,0-10*

[To ¢pu3HIeCKUM U XUMHUYCCKHM CBOMCTBAM PTYTh 3HAYUTEIBHO OTIMYAECTCS OT
MHKA U KaaMmusa. Kpome yke MmepedrcaeHHOro, pTyTh PACTBOPSIET MHOTHME METAJLIbI,
o0pasyst TBEpAbIC W JKHIKHAE CIUIaBbI — aMalibl'aMbl. EJMHCTBEHHBIM METAJIOM,
HEe 00pasyroImuM amaiabramy, SBIseTCs skenne30. 110 3TOi mpuYHMHE PTYTh IEPEBO3ST
B JKEJIE3HOM Tape.

Ianorennasl u mmanug pryta: (HYCly, HgBr,, Hgly, HY(CN),) sBastroTcs coenu-
HEHHUSMH MOJIEKYJISIPHOTO CTPOEHHUS ¢ KOBAIIEHTHBIMU CBS3SIMU (0C000 TMPOYHAsK CBS3h
Hg-C). Dt coeauHeHuss HE DIEKTPOIUTHI U XOPOIIO PACTBOPSIOTCS B HEMOJSPHBIX
PacTBOPHUTEISIX.

Coenunenust prytd | MeHee ycToiumBbl, ueM coeaunenuss pryta Il Pryts
B IIPOMEXXYTOYHOM CTEIIEHN OKUCIIEHUS CKIOHHA K TUCIIPOIOPIIMOHHPOBAHUIO:

ng(:lz — HgClZ + Hg

Hg2(CN), — Hg(CN), + Hg

Coenuaenust pTyTd | TPOSBISIOT OKHUCIHUTEIHHO-BOCCTAHOBHTEIBHYIO JBOM-
CTBEHHOCT.

Hg2(NO3), + Zn — Zn(NOg), + 2Hg

2Hg>(NO3), + O, + 4HNO3; — 4Hg(NOs), + 2H,0

Cynemy (HgCly) u xamomens (HQ,Cly) momyuaroT ¢ mOMOIIbI0 MPUBEACHHBIX
HIKE pEaKILIUi.

HgSO, + 2NaCl — Na,SO, + HgCl,
2HgC|2 + Hz[an|4] — Hg2C|2 + Hz[an|6]

10.3. BUOJIOIrHYECKAS POJIb U MEJIUIIMHCKOE 3HAYEHUE
COEJMUHEHUMN SJIEMEHTOB IIB rPYIIIbI

B opranusme B3pocnoro uenoBeka B cpenHeM coaepxutcs 1,8-2,3 rpamm nuHka,
50 mr kagmus, 13 mr prytu. Cyrounas noTpeOHOCTh — 8—22 MTI LMHKA.

[{uHK BXOAMT B COCTaB aKTUBHBIX LICHTPOB MPE/ICTABUTENEH BCEX IIECTH KIacCOB
(bepMeHTOB, KOTOPBIE KAaTaIU3UPYIOT Peakluu: TUAPOIN3a; OKUCICHHS; BOCCTAaHOBJIE-
HUS; IEpeHOca IPyNI; KOHICHCALUN; N30MEPU3ALINH.

HekoTopele mpuMepsl IUHK-coAepKauX (hepMEHTOB MPUBEICHBI HIKE.

Kapboanrmnapasa kaTanu3upyeT peakiuio:

CO,+H,0 4, HCO; +H"

IIpn HepocTaTke WM NOJHOM OTCYTCTBHM KapOoaHruipasbl ruapatamus CO;
3ameuIach 061 B 107 pas, 4To HAPYIIMIO GBI HOPMAIBHBINA Ta3000MEH M JBIXAHHE.
Ecnu B akTUBHOM 1IeHTpe 3TOro ¢epMeHTa MOH LIMHKA 3aMelllaeTcs Ha MOH MapraHia
I, xkapboaHruapasza CTaHOBUTCS EPOKCUIAZ0M.

KapOokcunenTtugasza kaTaqau3upyeT PEakIUI0 PACHICTICHHUS] MENTHIHOW CBS3U
C KapOOHMJIBHOTO KOHIIA Oernka.
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AJIKOTOIBAECTUAPOTEHA3a KaTAIU3UPYET OKUCIEHHUE CITUPTOB.

[Tomumo KaTanuTUYECKON (YHKIIMU, MOHBI IIUHKA BBIMOJIHAIOT CTPYKTYPHYIO
(YHKIUIO: CTAa0MIN3UPYET TPETUUHYIO CTPYKTYpY Oenka, JJHK, PHK.

[{uHK-1eUIUTHBIE COCTOSIHUSI MOTYT MPOSIBISITHCSI MHOYKECTBOM CUMIITOMOB U3-
3a pazHooOpa3usi GyHKINUNM MOHOB IIMHKA.

Kanmuii, pTyTh U UX COCAMHEHUS SAOBHTHI, SBISIOTCS KyMYISTUBHBIMH TOKCH-
KaHTaMH C UTUTEIHHBIM MEPHOOM IOTYBBIBEACHNUS, KOTOPBINA ISl KaIMHUSI COCTABIIS-
eT 25 ner.

PtyTh 1 kaaMuii MOTYT GJIOKUPOBATH CYIb(MTHAPUIbHBIE TPYHIBI (HEPMEHTOB.

OtpaBieHne KaAMUEM Ha3bIBACTCS KAIMUO3, & PTYTHI0 — MEPKYpPHAIH3M.

Jlnist neyeHust IMHK-ASPUIIMTHBIX COCTOSIHUN BHYTPh Ha3HAYalOT TJIFOKOHAT IMH-
Ka, acrapTar IUHKA, TOJIMBUTAMUHBI C MUKPO3JIEMEHTAMH.

HapyXxHO pUMEHSIOT Ma3b IIMHKOBYIO, TACTY CAMIIAIOBO-IIHHKOBYIO, TTPHCHITI-
Ky aerckyro (ZnO) xak cpeacTBa aHTUCENTHYECKOTO, BSDKYIIETO, MOJICYITHBAIOIIETO,
MPOTUBOBOCTAIUTEIHHOTO JIEHCTBUSI.

Boansrit pacteop (0,25 %) ZnSO, — rnasueie kamm. ZNCl, ucnonws3yroT s
NPYOKUTAHUS TTAAIOM B CTOMATOJIOTHH.

Jlnist eueHus: KOXKHBIX 3a00JeBaHU paHee MPUMEHSUIA JKENTYI0 PTYTHYIO Masb
(HgO), 6enyro pryrayro ma3b (HGNH,CI), mis nesmndexknumm — pacTBop Cysaembl
(pasBenenue 1 : 1000).

10.4. IPUMEHEHUE COEJUHEHUI | 1B rrynmbl
B ®PAPMALIEBTHYECKOM AHAJIM3E

N3Becten peaktuB Hecciepa (memounoi Boaublii pactBop Ky[Hgls]), ucnoms-
3YIOIIMICS JJISI KAYECTBEHHOTO M KOJIMUECTBEHHOTO OMPEIeNICHUS aMMHUaKa.

NH," + 2[Hgl,]* + 40H™ — HgO-Hg(NH)I | + 7" + 3H,0

OO0pa3yromuiics KpacHO-KOPUYHEBBIA 0CaOK CBUAETEILCTBYET O MPHUCYTCTBUU
amMMHaka B pacTBoOpe.

OcHOBHBIE BONIPOCHI TEMbI:

1. O6mas xapaktepuctuka 31meMeHToB |IB rpynmel u pacmpocTtpaHeHHOCTH
B MPUPOJIE.

2. OU3UKO-XMMHUYECKHE CBOMCTBA MPOCTHIX BEIIIECTB.

3. X¥MMUYECKHUE CBOMCTBA COCTMHCHUH ITMHKA, KaIMUS U PTYTH.

4. buonorudeckas poyib 1 MEAUIIUHCKOE 3HAUCHUE.

TecToBbIil CAMOKOHTPOJIb

1. HOCTOHHHle CTECNICHb OKHCIICHHS B COCIMHCHHUAX NMPOABIAKOT aTOMBI 3Ji€-
MEHTOB, CHUMBOJIbI KOTOPLIX:
a) Zn u Fe; 0) Zn u Hg; B) Zn u Cd,; r) Zn u Be.

2. YKaxxute 4YHCJI0 3JIEKTPOHOB Ha MPEANMOCICAHEM JICKTPOHHOM CJIOE€ B OCHOB-
HOM COCTOAHMM aTOMA KaIMud:

a)2; 0) 18; B) §; r) 6.
3. Kakue TUNBI XUMH4YECKOii CBSI3M BCTPEYAKOTCSH B COJIAX PTYTH?
a) MeTaJTnyecKasi; 0) KOBaJICHTHas; B) MOHHASI.
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10.

Cokpauiennomy monnomy ypasuennio Cd’* + S = CdS| orBeuaer B3ammo-
JaelficTBHE:
a)CduS; B) Cd(OH), u K,S(p-p);
6) Cd(OH), 1 H,S(p-p); r) CdSO, u Na,S(p-p).
B pacTBope MeaHOIro Kynopoca BbIIep:KMBAJIM IUIACTHHKHU U3 KeJie3a, cepeod-
pa u unHka. KpacHblii HaJleT NOSABUTCS:
a) Ha )KeJIE3HOU U cepeOpsHON MJIaCTUHKAX;
0) TOTBKO Ha >KEJIE3HOH IITaCTUHKE;
B) Ha JKEJIE3HOM M LIMHKOBOM TJIACTHHKAX;
') Ha [IMTHKOBOM U CEpeOPSIHON MIIACTUHKAX.
YKa:xkuTe cXeMbl HEOCYIIECTBUMBIX PeaKIHii:
a) Zn + HCl(p-p) — ZnCl, + Hy;
0) Hg + HCI(p-p) — HgCl, + Hy;
B) Zn + H,SO4(kon1.) — ZnSO, + Hy;
r) Cd + H,SO4(pa36.) — CdSO,4 + H,
1) Zn + MgSQOy(p-p) — ZnSO, + Mg
¢) Cd + CuSOy(p-p) — CdSO,4 + Cu
Coun coctaBa Me,ZnO, o6pa3yercs: Ipu B3auMOIeiiCTBHM:
a) Zn u Ca(OH)y(1) (1);
0) ZnO u KOH(T) (1);
B) Zn(OH), u NaOH(p-p);
r) Zn(OH), 1 KOH(T) (1).
Ykaxkute cyMmMy K03(Q(PUINMEHTOB B COKPAIIEHHOM HOHHOM YPaBHEHUH pe-
aKiuu Mexxay pacrBopamu coaep:xkamumu 0,1 moabr Ky[Zn(OH)y| u 0,2 moan
HNO;:
a)9; 0) 11; B) 6; r) 5.
B pactBope, conep:xkamem ZnCl, maccoii 1,36 T, MOJHOCTHIO PACTBOPHIH
HaTpuii Maccoii 0,92 r u noJryyuiIn:
a) 0,01 mois Na,ZnO,;
0) 0,01 moab Zn(OH),;
B) 0,04 Mo Na,[Zn(OH),];
1) 0,01 moss Na[Zn(OH)4].
Ykaxkure cyMMy MOJIIPHBIX Macc (I/M0Jib) HUHKcOAep:kamux BemecTs b u I
AJIS1 HeMOYKH XUMHUYECKHUX NMpPeBpallleHii, MPOTEeKAIIUX M0 cXeMe
ZnO +KOH (p—p,u36.) SA +HNO, (136.). > B t° sB +Ba(OH), (1),t° s T
a) 423; 0)288; B)333; T1)380.
OrBerbl: 1 — B, 152 —0,3—0,8,4—1,5—8B;,6—0,B, 10,7 —0,T;

8—1B;9—r;10—a.

3agauu M ynpakHeHus

1. Oxapakrepusyiite crpoeHue atomoB d-anmementoB Il rpymmbl. KakoBbl ux

AJIEKTPOHHBIE KOH(UTYpallii B OCHOBHOM U BO30YKICHHOM COCTOSIHHSIX ?

2. Ilpoananu3upyiTe XapakTep U3MEHEHHsI: aTOMHBIX PaUyCOB; SHEPTUNA MOHU-

3allMM; CPOJICTBA K AJIEKTPOHY; JIEKTPOOTPHUIATEILHOCTH aToMOB B psny Zn — Hg.
YeM 00yciioBIeHa HEMOHOTOHHOCTh M3MEHEHUS YKa3aHHBIX aTOMHBIX XapaKTepUCTUK?

3. Kakue Tumnsl cBsizeit xapaktepusl 11t ZNn, Cd u HY B ux coenuHeHusax?
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4. Kakue 3HaueHUs! BaJCHTHOCTU M KAKUE CTENEHU OKHCIIECHUS XapaKTepHbI AJIs
yKa3aHHbBIX 3JIeMeHTOB? Kak MOXHO OOBSICHUTBH, IOYEMY OHHU HE MPOSBISIOT CTENEHEH
OKucCIJIeHUs Oospie +27

5. Kak u3MeHs0oTCs BOCCTaHOBUTENIbHBIE (METAUIMUECKHE) CBOMCTBA MPOCTHIX
BeniecTB B psany Zn — Hg? KakoBbl o0mue XMMHUYECKHE CBOMCTBA 3THUX METAJIOB
U B 4eM ux paznuuue? OxapakTepus3ylWTe OTHOIIEHHWE METAJIOB K BOJE, PacTBOpam
KHCJIOT, IIeJI0YeH U coiel. Hannmmre ypaBHEHHsI COOTBETCTBYIOIIUX PEAKIINH.

6. [ToueMy Tak CUIBHO OTJIMYAIOTCS 3HAYEHUS CTAHJIAPTHBIX SJEKTPOIHBIX MO-
TEHIIMAJIOB MEIU M IIMHKa, X0Ta B Tabnuue [lepnoanueckoit cucreMsl snemMenTsl Cu
U ZN pacroioKeHbl psaom?

7. Kak U3MEHSI0TCS KUCIOTHO-OCHOBHBIE U OKUCIHMTEIHbHO-BOCCTAHOBUTEIbHbBIC
CBOICTBa OKCHUJIOB M THAPOKCUAOB B psiny Zn — HQ? Hanummre ypaBHeHHs peakiui,
XapaKTepu3yIux aMm(poTepHble CBOMCTBA OKCUJA U THAPOKCHIA IIMHKA.

8. Kak m3mensieTcs TepMuieckast yCTOMIMBOCTh OKCHIIOB, THAPOKCHIIOB M COJEH
KHUCTIOPOJICOACPKAIIMX KUCIOT B psangy Zn — HQ? Hamumute ypaBHEHHs peakiui,
NpoTeKaromux Mnpu nobaBieHun u30bITKa pactBopa NaOH k pactopy HQ(NO3)y;
K pactBopy Hgo(NO3),.

9. Hammmure ypaBHeHHsI peakmmii Tepmudeckoro paszioxerus HQ(NOz);
Hg>(NO3); HgSO,.

10. Kak m3MeHsieTcsT KOMILIEKCOOOpasyromas aKTUBHOCTH KAaTHOHOB B PSIIY
Zn** - ng+? Hammmmre ypaBHEHMsI peaknuil B3aMMOJEUCTBUS XJIOPHUJIOB LIMHKA,
kaamust U pTyTH (I m 1) ¢ KOHIIEHTPUPOBAaHHBIM PACTBOPOM aMMHaKa. B kakux ycio-
BUSIX 00pa3yroTCsl aMMUAYHbIe KOMIUIEKCHI PTYTH?

11. HanumuTe ypaBHEHUs! peakuu B3aumojiencTBusa okcuaa prytu (I1) ¢ noau-
JIOM KaJIis B BOJHOM pacTBope. HazoBHTE NOJIydeHHOE COEIMHEHUE.

12. B yeMm 3akirodaeTcsi OCOOCHHOCTh AJIEKTPOIUTHYECKOW JAMCCOLMALINU Tallo-
reHusoB 1nuHkKa, kagmus U prytd (11)? Tlouemy smeKTpompoBOAMMOCTH pacTBOpa
HQCl, sBisiercst oueHb HU3KOM J1axe B pa30aBJICHHBIX PacTBOPax?

13. HanumuTe ypaBHEHUS peakiyil rUIpoiIn3a HUTPATOB LIMHKA, KaJAMUSI U PTY-
tu (Il) B pacTBOpax.

14. OxapaxTepu3yiite OMOIOTHYECKYIO POJIb COEUHEHUI LIMHKA, KaAMUs U PTY-
tu. Kaknue Mepbl npe1oCTOPOKHOCTH HEOOXOAUMO COOII0AATh MPH paboTe CO PTYTHIO
1 ee coennHeHUAMA? Kakue criocoOsl ie3akThBaliiy pTyTH Bel 3Haere?

15. Kakue 13 coequHeHu HUHKA, KaIMUS U PTYTH HaXOAST B IPUMEHEHUE B Me-
muiuHe? YTo Takoe cynema, Kajaomellb, KHHOBaph? Kakoe M3 3THX BeUIECTB Ype3BbI-
YaiiHO STOBHUTO, a KAKOE COBEPILIEHHO HE s10BUTO? YeM 3TO MOKHO OOBSICHUTH?

16. 3akoH4nTe ypaBHEHHS peakiuii, pacctaBbTe K03 PUIIHEHTHI:

a) Zn + KOH + H,0 —

6) ZnO + NaOH —%»

B) ZnO + K,CO3 —>
F) Zn0O + Hzo + Ba(OH)2 —
1) Ko[Zn(OH),] + CO, —
e) NazznOZ + HQSO4(I/I36) —
k) Zn + HNO3(ou. paz0.) —
3) Zn(OH)g + NH; —
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I/I) Zn(OH)2 + Zn(N03)2 —

k) ZnSO, + NH3(uen.) + H,O —
1) ZNSO, + NHy(u36.) + HyO —
M) ZnS0O, + K,CO3 + H,O0 —

1) Cd(NO3), —

0) Cd + H,SO4(x) —
1) CdCl, + NH,l(136.) —
p) Hg + HCI + HNO; —
C) HgClZ + NH; —

T) H92C|2 + NH3 -

y) Hg(NO3), —

$) Hgz(NOs); + KOH —

x) Hgz(NOs), + KOH —

) HgO + Kl + H,0 —

17. HamummTe ypaBHEHMsS peaklUMid, IpU MOMOILIM KOTOPBIX MOXHO OCYyIIe-
CTBUTH CIICAYIOLIUE IIPEBPALCHUS

a) Zn(OH), —X5 Zn % ZnOHNO; _3, K,Zn0, _4, Zn(OH),
6) Na,[Zn(OH),] -1 ZnO —25 (ZnOH),SO, _3, Zn _4, Na,Zn0,
B) CdSO, —1» Cd —25 [CA(NH;)e]SO,4 —3, CdS _4, Cd(OH),

r) Hg -1 HgSO, —2» HgO _3, HgCl, _4, K,[Hgl,] —5 HgS

18. PaccumTaiiTe mMaccy IHMHKA, KOTOPBIM HY>KHO JH00aBUTH B PAacTBOP Maccoi
100 r ¢ maccoBo# goJieit cepHoil KUCIOThI 19,6 % 175t monydeHus: pacTBOpa CpeaHen
COJIN.

Omeem: 13 1; 28,6 %.

19. Cmech okcuna u cynbhuaa muHka oomet maccot 33,15 T momecTunu B pac-
tBOp Maccoit 200 r, cogeprkamuii u3osiTok HCI. Tlocne okoHuyanus peaximii o0pa3o-
BaJICA PAacTBOpP, B KOTOPOM MaccoBasi A0Jisl co IMHKa paBHa 21,35 %. Beruuciauth
3HAUYCHHUSI MACCOBBIX JIOJICH COeIMHEHUN ITMHKA B UCXOJHOM CMECH.

Omeem: ZnO — 12,2 %; ZnS — 87,8 %.

20. Cmech IMHKA W KaJMUsI PaCTBOPWIIM B pa30aBIeHHON CEPHON KUCIIOTE, B pe-
3yJbTaTe YEro BBIAESIUIICS ra3 0o0beMoM 6,72 e (n.y.). 3 oOpa3oBaBierocst pacTBo-
pa BBLIECTUIN cMech Cyib(haToB obmiel maccoi 53,00 r. Berauciauth Maccy UCXOIHOM
CMECH METaJIJIOB.

Omeem: 24,2 1.

JKcnepUMEeHTAJIbHAsA padoTa
«XuMH4YecKue cBoiicTBa coeqMHeHni 3j1eMeHTOB |IB rpynns»

Heas padoThl: M3YYUTh HEKOTOPHIE XMMHYECKHE CBOMCTBA 3JEMEHTOB IOJI-
TPYIIIBI IUHKA U UX COCAUHEHUH.

OO6opynoBanue: npoOUPKH, MUIETKH, CIIUPTOBKA.

PeakTuBBI: 1IMHK (TIBUTb W TPAHYJIUPOBAHHBIN); JIAKMYC (HEUTpaIbHBIA PAcTBOD);
cynbdaT MHKa; cynbdar kaaMusi. PacTBOpbI: cepHOM KUCIOTHI (2 H.; KOHIIEHTPUPOBAH-
Hasl KHACJIOTa C INIOTHOCTHIO 1,84 F/CMS); XJIOPOBOJOPOAHOM KuCHOThl (1 H.); eakoro
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HaTpa (2 H.); ammuaka (2 H.); cynbdaTa kagmus (2 H.); cynbdaTa uHKa (2 H.); CyIbhu-
Jla aMMOHHMSI (HaCBIIIEHHBIN); mepManranaTa kamus (0,1 M); muxpomarta kanus (0,1 M).

OnbIt 1. Pacmeopenue yunka ¢ Kuciomax u wieaiouax.

HanuBatot B npoOupky 4—5 kamnesnb 2 H. pacTBOpa CEpHOU KUCIIOTHI, JOOABISIOT
1 Mukpommarenb HUHKOBOW MBUIM W CJerka MOJOrpeBaioT. To ke MpOJeNbIBalOT
C KOHLIEHTPUPOBAHHOW CEpHOM KHUCIOTOW (I1oTHOCTH 1,84 r/em®) 1 1o 3amaxy ompe-
JIeIISIOT BBIJICIICHNE CEPHUCTOTO Ta3a.

OnuceiBator Habmogaemoe. Ilouemy pasz0OaBieHHass M KOHILIEHTPUpPOBaHHAs
H,SO, no-paznomy pearupyet ¢ nuHkoM ? Kakoil aToM U B KaKoil CTeeHH OKUCICHUS
SIBIISICTCSI OKUCIIUTEJIEM B TOM U APYTOM cirydae ?

Zn 4+ H; SO4(p-p) — ZnSO4 + Hy1

BOCCTaHOBUTCIIb OKHUCIHNTCIIb

Zn + 2H,80, (k) — ZNSO4 + SO,1 + 2H,0

3amnax KKE€HOM Ccepbl

4Zn + 5H,S0,(k) = 4ZnSO, + H,S1 + 4H,0

OnbIT 2. Boccmanosumenvnsle ceoiicmea yuHKa.

Kycouku 1iuHKa OmmyckarT B JIBE MIPOOUPKH, COAEpKAIINE COOTBETCTBEHHO MOJI-
KHUCJICHHBIE CEpHOM KUCIOTON pacTBOpbl nmepmanranata kanus KMnO, u nuxpomara
kamust K,Cr,0;. [Iponcxoaut nu3MeHeHne OKpacki pacTBOPOB 3a CYET BOCCTAHOBJICHHUS
HMOHOB:

. 0/710/7 12+ —
MnO, — Mn* e (OZn /Zn"") =-0,76B
q)HOHeTOBBIﬁ 6eCHBeTHBH71 ZN° — CUJIbHBIN BOCCTAaHOBUTCIIb,
- 2 (v
cr,0 — crf —» cr* B3aMMOJICCTBYET CO MHOTUMU
OPAaH)KEBBIM  3CJICHBIN CUHUU OKHCIUTCIIAMH.

5Zn° + 2KMnO, + 8H,50, — 5ZnSO, + 2MnSO, + 8H,0 + K,SO,
Zn’ — 28 =Zn" 5
10
MnO; + 8H" + 58 = Mn?* + 4H,0 2

57Zn + 2MnO; + 16H" = 5Zn*? + 2Mn*" + 8H,0

3Zn0 + chr207 + 7H2804 — 3ZHSO4 + Cr2(804)3 + 7H20 + KzSO4
Zn® - 28 =7Zn" 3
6
Cr,0% +14H*+ 68 = 2Cr* + 7H,0 1

3Zn + Cr,0% + 14H*=3Zn" + 2Cr™ + 7H,0

Zn° + Cry(S0,)s —28<, Zns0O, + 2CrsSO,
zZn’ - 28 = Zn*? 1
2
2Cr+ 28 = 2Cr*? 1
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OnbIT 3. I'udpokcudsvt yuHKa U KAOMUA U UX CEOUICMEA.

HanuBator B nBe nmpoOupku no 3—4 Kamiu pacTBopa COJIM LIMHKA, a B JIBE JIPY-
THUe — CTOJBKO )K€ pacTBOpa coyiv KaaMus. B kaxayro mpoOupKy 100aBIsIOT MO Karl-
JISIM 2 H. pacTBOP €JKOM IIEIOUH 10 MOSBICHUS ONbIX CTYJEHUCTBIX OCcaakoB. Mcmbi-
TBIBAIOT OTHOLIEHUE MOTYYEHHBIX TUIPOKCUIOB K KUCIOTaM U IIETI0YAM.

Kako#t BbIBOJ MOXHO clieaTh O CBOMCTBaxX THAPOKCHJIOB LIMHKA W KaaMHSs?
3anuchIBalOT ypaBHEHUs PEAKUMA B MOJIEKYJISpHOW M MOHHON (opme. OOBACHAIOT
pasinuue B CBOMCTBAX T'MIPOKCUIOB.

ZnS0O,4 + 2NaOH — Zn(OH);| + Na,SO4

Oenblit

CdSO, + 2NaOH — Cd(OH),| + Na,SO,

Oenblit

Zn(OH);| + 2NaOH — Na,[Zn(OH)4]

O€CLIBETHBIH, TPO3payHbIi pacTBOP

Cd(OH),| + NaOH(p-p) # peakuust KOMILIEKCOOOpa30BaHMs BO3MOYKHA TOJIBKO C
OYEHb KOHIICHTPUPOBAHHBIM PACTBOPOM IICIIOYH.

Cd(OH), — runpokcun co crabvimu aMpOTSPHBIMHA CBOMCTBAMU

Zn(OH)2 + H2804 — ZnSO, + ZHZO

Cd(OH)2 + H2804 — CdSO4 + ZHZO

Omnbit 4. Cynvpuost yunka u Kadmus.

B nBe mpoOupku, B OJHOM M3 KOTOPBIX COACPKUTCS 3—4 Karuid pacTBOpa COJH
IIMHKA, & B JPYrOl — CTOJIBKO K€ pacTBOpa COJIM KaaMusi, T0OaBIAIOT 10 2—3 Kariu
HacvluenHo2o pacTBopa cyibuaa aMmmonusa. OTMeuaroT BET 00pa30BaBIINXCS OCA/I-
KOB M OOABIISAIOT B KaXKIYI0 MPOOUPKY MO OAHOM Karuie 1 H. XJI0pOBOJOPOAHOM KHUC-
notel. Kakoit u3 cynsdumoB 601ee pacTBOpUM B KHUCIIOTE?

[Tonb3ysich npaBusioM npousBefeHni pacTBOpUMOCTH (KS), 00BACHSIOT paznud-
HYIO PACTBOPUMOCTH CYJIb(PUAOB IIMHKA U KaJMUs B KUCJIOTE. 3alKUChIBAIOT YPABHEHUS
peaKIuu.

ZnSO4 + (N H4)28 - ZnSl + (N H4)2804

OeJIbIit

CdSO4 + (N H4)28 - CdSl + (NH4)2804
HAaCBHIIICHHBIN JKeJIThIN
pactBop

ZnS| +2HCl — ZnCl, + H,S?
OECLIBETHBII  3amax TYXJIbIX ULl
pacTBop

CdS| + 2HCI — CdCl, + H,St

MCIJICHHEC PACTBOPACTCSA

Ky(ZnS) = 1,6 - 10 Yem menbine Kg ocaznka, TeM TpyaHee OH paCTBOPSETCS
Ky(CdS)=7,9-107%
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OnbIT 5. I'uoponu3s coneii yuHKa u KAOMUAL.

[TomemaroT B 0HY MPOOUPKY HECKOJNBKO KPUCTAIUIMKOB COJM IIMHKA, B JIPY-
I'YI0 — CTOJIBKO € COJIM KaJMHsI U PacTBOPSAIOT UX B 1—2 karisx Bojsl. JloOaBistoT
B KaX]IyI0 MPOOUPKY 1o 2—3 Karulk pacTBOpa JJaKkMyca U clerka mojorpenatoT. B tpe-
THIO MPOOUPKY HATUBAIOT 2—3 KarlIk pacTBOpa JakMyca U 1—2 Kariu BOJbI U CPaBHU-
BAIOT I[BET COJICPKUMOTO 3TOM MPOOUPKH C OKPACKOM MOJy4eHHBIX pacTBOpoB. Ha ka-
KYIO PEaKLUIO CPe/bl YKa3bIBA€T OKpACKa JIAKMYCa B pacTBOpax cosiei? 3amuchiBaoT
B MOJIEKYJISIPHOW ¥ MOHHOM (popMe ypaBHEHHUS IMPOIIECCOB, BHI3BIBAIOLIUX W3MEHEHHE
OKpacKH JIaKMyca.

l. Zn**+ HOH 2 ZnOH"* + H*; pH<7

ZanO4 + 2H20 2 (ZnOH)zSO4 + H2804

Il. ZNOH" + HOH 2 Zn(OH), + H™;
(ZnOH)ZSO4 + ZHZO 2 ZZn(OH)2 + HZSO4
[To BTOpO# cTaguu ruApoIU3 MpakTUYECKH He uaeT. B pacTBopax coneit pH < 7
(kucyast cpefa) U BET JIJAKMYCa — PO30BBIN (KpacHBIH).

OnbIT 6. Komnnexkchvle coeOuHeHus WUHKA U KAOMUAL.

[Tomemaror B IpoOUpKy | Karuio pacTBOpa COJU IMHKA W JOOABISIOT 2 KarulH
2H. pacTtBopa ammmaka. Ocalok Kakoro BelecTBa ooOpazoBaicsa? K momydeHHOMY
0CaJIKy MPWJIMBAIOT IO KaIlIsiM U30BITOK pacTBOpa aMMHAaKa JI0 PACTBOPEHUS OCaJIKa.

3anuChIBAIOT ypaBHEHUS PEAKIUM, CUMTAasl, YTO XapPaKTEPHBIM KOOPJIWHAIIMOH-
HBIM YHCJIOM HOHA KOMIUIEKCOOOpa3oBaTeis sBIsieTCS 4. 3amuChIBalOT YpaBHCHHE
JUCCOIMAIIUA TIOJYYCHHOTO KOMIUJIEKCHOTO COEIMHEHHS W KOMIUIEKCHOTO HOHAa,
a TaK)Ke BBIPAXKEHUE KOHCTAHTHI HECTOMKOCTH.

ZnSO, + 2NH3 -H,0 — Zl’l(OH)zl + (NH4)2SO4

Oebli

Zn(OH)2 + 4NH3 : Hzo — [ZH(NH3)4](OH)2 + 4H20

OecIBETHBII pacTBOp

Zn(OH), B omimume ot Al(OH); pacTBopsieTcst B M30BbITKE pacTBOpa aMMHAKa.
| [Zn(NH3):](OH)2 — [Zn(NH;),]** + 20H"

1. [Zn(NH3)4]*" 2 Zn*" + 4NH,

[Zn*][NH,]*

[Zn(NH,),1*

Cd(OH),| He pacTBOpsieTCs HU B IIEJI0YH, HU B aMMHUAKE.

Ku([Zn(NH3)J*) =

95



I'/TABA 11
XUMUA JIEMEHTOB A TPYIIIIbBI

11.1. OBIIASI XAPAKTEPUCTUKA DJIEMEHTOB IIIA rPynnbl

I'pynna IIIA Tabnuubel MeHaeneeBa COCTOUT U3 MATU 3JIEMEHTOB: Oopa, alroMu-
HUS, TaJUTHSI, UHIUS, TAUTUS. DNEeKTpoHHast (JOpMyiia BHEIIHETO BaJIEHTHOTO YPOBHSI:
ns’np’.

Ha npenBHemHEeM 3HEPreTHYeCKOM ypoBHE y 00pa 2 3JIEeKTpOHa, Y aJFOMUHUST —
8,ayGa, In, TI — 18 saeKkTpOHOB.

DNEKTPOHHOE CTPOCHUE H3TUX DJIEMEHTOB XapaKTepU3yeTCsl HAIMYUEM JIMIIb
OJIHOTO HECHApEHHOTO JJIEKTPOHAa HA BHEIIHEM pP-YPOBHE, BCIEICTBUE YETO0 OHU
JOJDKHBI OBLITH OBl TIPOSIBIISITH BAJIGHTHOCTD, paBHYIO enuHuile. OHAKO TaKkue COeau-
HEHUsl HeyCTONYMBHI (3a UcKItodeHueM T1). AnmroMuHMI 00pa3yer Takue COeTUHEHUS
TOJIBKO B Ta30BOH (haze mpu BbICOKOM TemmnepaType (Hampumep, AlCI).

JUig 3THX 3IIEMEHTOB OoJiee XapakTepHa BajeHTHocTh, paBHas |ll. Tpu Hecna-
PEHHBIX 3JIEKTPOHA TOSIBIISIFOTCS 32 CUET Mepexoja Mpu Bo30YKISHUU OJTHOTO S-DJIEK-
TPOHA B CBOOOJIHYIO STYEHKY P-TIOTYPOBHSI.

Bop o6pa3yeT coOcTBeHHBIE MUHEPAJIBI U TI0OBIBAETCS B TOBOJIBHO OOJBIINX KO-
nudecTBax. bop BcTpedaercs B MPUPOJIE TOIBKO B CBA3AHHOM COCTOSSHUU. OCHOBHBIE
muHepanbi-0opater: Na,B,O7-10H,0 — Oypa, H3BO3; — Gopras kuciora (caccoymn),
HuTpuz 6opa — BN.

AJIFOMUHUI — 3TO TPETHH MO OTHOCUTEIIBHOMY COAEPKAHUIO SJIEMEHT 3€MHOMU
kopbl. Hanbomnbiee 3nauenne umeroT 00kcuT Al,O3:NH,O u kpuonut NazAlFg. Pac-
MPOCTPAHEHHBIM TJIMHUCTHIM MUHEpaaoM sBisieTcst kKaouHUT Al,O3:2S10,-nH,0.

OcTaJibHbIE 3J€MEHTBI TPYIIBI OTHOCATCS K Majo paclpoCTpaHEHHBIM. DJIeMeH-
Thl TaJJIMN, UHJIUHN, TAJUIMH OTHOCATCS K PACCESIHHBIM 3JIEMEHTaM, He 00pa3yroluM
MPAKTUYECKU 3HAYMMBIX MECTOPOKIAECHUN COOCTBEHHBIX MUHEPAIIOB.

Panuycel aToMOB cBepxXy BHH3 B MOATPYMIE YBEIMYUBAIOTCS, HO aTOM TaJUIUS
SIBJISIETCSI «BBITIAJAIONIEH TOUKOW» Ha 3TOoM npsimont (Tabn. 11.1). Ilpuunnoit sToro de-
HOMeEHa siBysieTcst d-c)kaThe: UIMEHHO Y aToMa TaJlIHsl MOSIBJISICTCS TIOJTHOCTBIO 3aroJI-
HEHHBIN MpeIBHENIHUN 0-TI0JypOBEHb, IEKTPOHBI KOTOPOTO 3KPAHUPYIOT 3aps Aapa

XyKe, 4eM P-3JEeKTPOHBI U, 0COOCHHO, S-3JIEKTPOHEI.
Tabnuya 11.1

OO0mast xapakTepucTuka 31eMeHToB |11A rpynnsi

CBoiicTBa 3J1EMEHTOB B Al Ga In TI
Coneprkanue B 3eMHOI Kope, %o 6-107 6,6 1,5:10° | 1,5:10° | 4,5.10°
ATOMHBIN painyc, HM 0,083 0,143 0,122 0,166 0,171
WonHBIN paanyc 9?', HM 0,027 0,054 0,061 0,08 0,089

9Hep_1gn;1 VOHU3AINH,
3 —5" 5B

DIIeKTPOOTPULIATEITLHOCTh 2,04 1,61 1,81 1,78 2,04
CreneHpb OKUCIECHUS -3, +3 +3 +3 +3 +1,+3

8,298 5,986 5,998 5,786 6,108

Onementsl |HIA rpymnmbel xapakTepusyroTcs MpeoOiaJaHueM MeTaTHYeCKIX
CBOWCTB, HECKOJIBKO OCIa0JIEHHBIX BCIEICTBUE MOSIBICHUS BAJIEHTHOIO 3JIEKTPOHA Ha
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p-TIOJypOBHE M YMEHBIIEHUsI aTOMHBIX paauycoB. B rpymnme IIIA nHemeramiom sBiis-
eTcsl TOJIbKO Oop. MeTtamnueckuii XapakTep TpyHIbl B LEJIOM CBSI3aH C ACPUIUTOM
BaJICHTHBIX 3JIEKTPOHOB. DTUM OOYCIIOBJIEHO TaKXe MPOSBICHUE KUCIOTHBIX CBOMCTB
HE TOJBKO HEMETAIJIOM 0OpOM, HO U METAJlJIaMU: aTIOMUHUEM, TaJUIUEM U UHIUEM.

[Tpu sTOM MeTarunyeckue cBoiicta p-3nemeHToB IIIA rpymnmel cnabee, yem y co-
OTBETCTBYIOIIMX 3JIEMEHTOB IJIaBHOW MOJATrPYIIIbI S-3JIEMEHTOB, 0COOEHHO A rpymnmsbl.

XapakTepHasi cteneHb okuciieHust 3neMmentoB |lIA rpynmer paBHa +3. OgHako
C YBEITMYEHHEM MAacCChl (CBEpXy BHM3) MOSBISIOTCA U OOJiee HU3KUE CTENEHU OKHCIIe-
HUS JUIA Tauldug HauOoJiee YCTOWYHMBBI COCTOSIHMSI, B KOTOPBIX CTENEHb OKHUCIICHUS
paBHa +1, TaK KaK y4acTHe BHEIIHHX S° SJIEKTPOHOB B OOPA30BAHMH CBSI3CH MOHHKA-
ercst. DIEKTPOHHas mapa 6S° y Talulhst ocobeHHO mHepTHA. Jlist Gopa BCTpedaeTes
CTENeHb OKHUCIICHUs, paBHas —3 (C MeTaJuIaMH).

Poct snepruit nonmzanuu (tadn. 11.1) mpu nepexone ot In k Tl sBisiercs pe-
3ynbTatoM Kak d-, Tak u f-cxkaTusi, MPUBOMAIIMX K YCHUJICHUIO B3aMMOJICHCTBUS Ba-
JICHTHBIX 3JIEKTPOHOB C SPOM aTOMaA.

11.2. XUMHUYECKHE CBOMCTBA BOPA 1 EI'O COEJIMHEHUIT

OTHOCHUTENBFHO HEBBICOKOE COJIEpKaHUE Oopa B 36MHOU Kope OOBsICHSAETCS JIeT-
KOCTBIO B3AaMMOJEHUCTBUSA €T0 SAJIep C HEUTPOHAMU:

105B + lon — 42He + 73Li

B npocrom BemiectBe aToMbl O0pa 00bEAUHAIOTCS B Ipynnsl o 12 atomoB, 00-
pa3ysl MKoca’Jpbl — JABAJALATUTPAHHUKHN. PaznuyHasi yrnakoBKa MKOCA3JApOB B KpHU-
CTaJu1ax 00yCIaBIMBaeT BO3HUKHOBEHUE PsiJla Pa3HOBUIHOCTEN MPOCTOTO BEIIECTBA.

Bbop uzBecten B amopdHO# (KOPUYHEBOI) U KpUCTAITNYECKOM (uepHO) hopMax.

B 00b1yHBIX ycnmoBusix 60p (Mog00HO KPEMHHIO) BEChbMa MHEPTEH U HEMOCPE.-
CTBEHHO B3aMMOJIEHCTBYET TOJbKO ¢ (propom; npu HarpeBanuu (400—700 °C) okucins-
eTCsl KUCIIOPOJIOM, Cepoi, XiopoM u aaxe azotoM (Beimre 1200 °C). C Bogopoaom 60p
HE B3aUMOJCHCTBYET.

Bbop B3auMozeicTByeT U cO CI0KHBIMH BenlecTBaMu. Boza He aelicTByeT Ha Oop
0e3 HarpeBanus, a pu HarpeBanuu J0 550 °C Gop oKucseTCs mapamMu BOJBI C BbIJe-
JIEHUEM BOJIOPOAA:

B+ Hzo - 8203 + HzT

bop u3 MUHEpaTbHBIX KHUCIOT BOJOpPOJA HE BbITecHseT. KOHUEHTpHpOoBaHHBIE
CEpHasi U a30THAsl KUCIIOTH OKUCIISIFOT OO MPU HArpeBaHUU A0 OOPHOM KUCIIOTHI:

2B + 3H2504 = 2H3B03 + 3802

B+ 3HN03 = H3B03 + 3NOZ

Kunsinue cosisHas ¥ MIaBUKOBasi KMUCJIOTa HA HETO HE JIEHCTBYIOT.

AMop¢HBbIii 00p pacTBOpsieTCs B KOHIEHTPUPOBAHHBIX pPACTBOpaAxX IIEIOYEH
¢ obpazoBaHueM MeTabOPaTOB:

2B + 2KOH + 2H,0 — 2KBO, + 3H,

Kpucrannmmueckuii 60p npu CIJIaBICHUH CO MIETOYaMU B MPUCYTCTBUH OKHUCITHU-
Tenei oOpaszyeTt conu — OOopaThl:

2B + 2KOH + 2H,0 — 2KBO,; + 3H,1

4B + 4KOH + 30, — 4NaBO, + 2H,0
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Bo Bcex cnydasx KpuUCTaNIMYeCKUd OOp XUMHUYECKHM MEHEe AaKTHUBEH, YeM
amop®HbIil. B xuMuueckux peakiusax 0op yaiiie BHICTYIAeT Kak BOCCTAHOBUTEIb.

C metaimamu 00p oOpaszyeT OopuJIbl IEPEMEHHOTO cocTaBa. B 3aBucuMocTu ot
YCIIOBUHM OJIMH M TOT K€ METaJul 00pazyeT OOPHIbI pa3HOrO COCTaBa.

BonpmmucTBO G0pra0B d- U f-311€eMEHTOB OYEHDb TBEP/IBI U XUMHUYECKH YCTOWYU-
Bbl. bOpHUABI S-37IEMEHTOB XMMHUUYECKU aKTUBHBI, B YACTHOCTHU, pa3fiararoTcsi MoJl Aei-
CTBUEM KHUCJIOT, 00pa3ysi cMmecu 60pOBOAOPOIOB:

6MgB, + 12HCI — H, + B4;H, + 6MgCl, + 8B

HeoObr4HbIM KTacCOM COEIMHEHUN SIBISIOTCS OOPOBOIOPOABI Wik OopaHbl. BhI-
JIeJIeHbl B CBOOOTHOM COCTOSIHMM TUIpuabl 6opa coctaBa ByHp.4 1 ByH 6.

[Ipocreiiee coenuHeHne TpexBajleHTHOro 6opa ¢ Bogopoaom BHj me cymie-
CTBYET, U BMECTO Hero obOpasyercs numep (mnubopan) B,Hg. OOpazoBanue ammepa
oOBsicCHsIETCSA AEPUIUTOM 3JIEKTPOHOB y aroma 0opa, T. K. Ha YEThIpE BaJICHTHBIE Op-
outanu 6opa (28, 2Py, 2Py, 2P;) IPUXOJUTCS TOIBKO TPH BAJIEHTHBIX JJIEKTPOHA.

BopoBoopoibl XUMHUYECKH OY€Hb aKTHBHBI, HAa BO3TyX€ CAMOBOCIITIAMEHSIOTCS .

BzHG + 302 - BgOg + 3H20

Kak u xpemHeBO10pO1bI, OOPOBOIOPOIBI THAPOIUZUPYIOTCS C BBIACICHUEM BO-
nopoja:

BzHG + 6H20 - 2B(OH)3 + 6H2T

[Ipu narpeBanuu OGopaHbl pa3IararoTCs:

BzHG — 2B + 3H2T

bynyan kucnotaeimMu, OunHapHbeie coenuaenus 6opa (I11) mpu B3aumopeiicTBum ¢
OCHOBHBIMH COEMHEHUSIMU 00Pa3yIOT aHHOHHbBIE KOMILIEKCHI:

2NaH + B,Hs — 2 Na[BH,]

TeTparuapodopaT HaTpus
NaH + BF; — Na[BF;H]
¢roprunpodopat HaTpus

Kom1nekcHbIN MOH UMEET TETPa3APUUYECKOE CTPOCHUE.

lanorenuapr 6opa (Tayuybl) — 3TO AIEKTPOHOACHUIIMTHBIE COSAUHEHUS, T. K.
aToMm Oopa MMeeT CBOOOAHYIO BAJICHTHYIO OpOUTalb. ['amupl — CHIIbHBIE aKIIETITOPHI
AJIEKTPOHHOU Maphl, OTINYAIOTCS BHICOKOW PEAKIIMOHHOW CITOCOOHOCTHIO, MPOSIBIISIIOT
KHUCJIOTHBIN XapaKTep.

Kucnornas npupona TpuraiuaoB 60pa MposSBISIETCS TMPH UX TUIPOJIU3E, KOTO-
PBIii IpOTEKAeT HEOOPATUMO C 0OPa30BAHUEM KHUCIIOT:

BHa13 + 3H20 = H3803 + 3HHal

Bcenencreue atoro BCl; u BBr; Bo BiaxkHOM BO37yX€ NBIMAT, B3aUMOJICHCTBUE
Bl; ¢ Bomoit mpoTekaet co B3phIBOM.

Oxcupn 6opa B,03 oOpasyercss mpu B3auMOACHCTBUHM O0Opa ¢ KUCIOPOJOM IpHU
HarpeBaHWM WM TIPH JETUIPATAIIMTHH OOPHOW KUCIOTHI (TIPOKAIIMBAHUNN):

4B + 302 — 28203

2H3803 - 8203 + 3H20

Kak xucnorusiii okcupa B,O3; s3HEpruyHO B3aUMOACHCTBYET C BOJOW ¢ 00pa3oBa-
HueM 0opHoM kuciaoThl H3BO:s.

OpTtobopHas kucioTa — 0enoe KPUCTAUIMUYECKOE BEIIECTBO, Maj0 PaCTBOPUMO
B BOJIC, UMEET CJIOUCTYIO KPUCTALTUYECKYIO PELIETKY, B KOTOPOM MOJIEKYJIbl CBSI3aHbI

98



B IJIOCKHE CIIOH 3a CYET BOJOPOJHBIX CBs3ei. B TBEpIOM cocTosiHMM OOpHAs KUCIIOTa
NPEICTABIISET COOOH YCITyHKH, YKUPHBIC Ha ONIYIIb.

OptoOopHasi KucI0Ta — OUYEHb ciiabasi, 0OIHOOCHOBHAs. B oTinune oT 0OBIYHBIX
KHCJIOT €€ KUCIIOTHBIC CBOMCTBA MPOSBIISIIOTCS HE 3a CYET OTHICIUICHUS MPOTOHA, a 3a
cuet npucoenuHernss OH -1oHOB!

B(OH); + 2HOH «> [B(OH),]” + H"

[Tpu HarpeBanum OpTOOOPHAS KHUCIIOTA TEPSET BOIY, NEPEXOMAs B MOJIUMEPHBIC
MeTabopaThl BOJIOPO/IA, a 3aTeM B TETpaObOpaThl U, HAKOHEII, B OKCH Oopa:

HsBO; — HBO, —5 H,B,0; — B,0;

[Tpu HeWTpanu3anuu OPTOOOPHON KHUCIIOTHI IIEIOYbI0 00pa3yeTcst COJb TeTpa-
O00pHOI1 KUCTOTHI (0ypa), BBIACIAIONIAsACA U3 paCTBOPA B BUAEC KPUCTAIUIOTHAPATA:

4H3BO3; + 2NaOH + 3H,0 — Na,B,0;-10H,0

MeTtabopatsl Moy4aroT CIJIaBICHUEM OKCUAA Oopa Wil OpTOOOPHON KHCIOTHI €
OKCHJIaMU METaJIJIOB:

CaO + 5203 — Cﬁ(BOz)z

11.3. XUMMUYECKHUE CBOMCTBA AJTIOMUHMSI M ETO COEJUHEHUIA

[Ipu OOBIYHBIX YCIIOBHUSIX AFOMHUHUN OKUCIACTCS KHUCIOPOIOM M TOKPHIBACTCS
NPOYHOM TOHUakIIel okcuaHou tieHkor Al,Os, KoTOpas ocnabiaseT MeTalTHIeCKui
OJIecK aJTIOMUHUSA U JeJIaeT ATIOMUHUN YCTOMYUBBHIM B aTMOC(HEPHBIX YCIOBHSIX.

[Ipu HarpeBaHWM aTIOMHUHUNA pearupyer € cepoil, azoTom, yriaepoaom, docdo-
pPOM; C BOJIOPOAOM ATOT METAILT HEMOCPEICTBEHHO HE B3AaUMOJECHCTBYET.

AJOMUHUEBBI MOPOIIOK BOCCTAHABIMBAET MHOTHE METaUIbl U3 OKCUIOB (XKe-
71€30, MapraHel], XpoM U T. 1.). DTH PEaKIUU COMPOBOXKIAIOTCS BbIICIEHUEM OOJBIIIO-
ro KOJWYECTBA TEIUIOTHI, & METAJUIbl BOCCTAHABIMBAKOTCS U3 OKCHJIOB B PACIUIABJICH-
HOM COCTOSIHUHU.

Cr,05 + 2Al — A|203 + 2Cr

AOMUHUHN pacTBOPSAETCS B paCTBOpaxX KHUCIOT M Ieiouel, o0pazys KaTHOHHbBIC
Y aHUOHHBIE KOMIUIEKCHI. OKHUCIEHUE aTOMUHHUS COMPOBOKIACTCSA BBIJICIICHUEM BO-
opoza.

2A| + 6HC| + 12H20 - 2[A|(H20)6]C|3 +3H2T

2Al + 6KOH + 6H,0 — 3K3[AI(OH)g] +3H,1

CunbHO pa30aBiIeHHBIC, & TAKKE KOHIIEHTPUPOBAHHBIC a30THASI U CEpPHAsT KUCIIO-
Thl HA ATFOMUHUI HE AEUCTBYIOT. [1oa BO3A€CTBUEM KOHLIIEHTPUPOBAHHBIX KUCIOT OH
MaCCUBUPYETCS ¢ 00pa30BaHUEM 3AITUTHOM TICHKH.

AOMUHUHI, KaK U 00p, — AJIEMEHT ¢ AePUIIUTOM IJIEKTPOHOB. AMtOMUHUH (+3)
BeJIeT ceOs Kak akKIenTop IeKTpOHHOH nmapbl. Hamuunem cBo6oHOTO 3d-110AypOBHS
00ycCJI0BJIEHa BO3MOXKHOCTD MPOSIBJICHUS KOOPIMHALIMOHHOTO uncia 6 (a He ToNbKO 4).
C murangom F oOpasyercst MIECTHKOOPAMHAIIMOHHBIA KOMIUIEKC, a ¢ jurangom Cl
OOMBIIOTO painyca — YETHIPEXKOOPAMHAIMOHHBIN KOMIIIEKC:

A|F3 + 3NaF — Na3[A|F6]

AICI; + NaCl — Na[AICly]

["anoreHuap! (ranuapl) aTlOMUHUS — OECIBETHBIC KPUCTAJUIMUECKUE BEIIECTBA.
B oTimune oT THIMUYHBIX coliei Tanupl anroMuHus (Kpome AlF3) — BecbMa peakmu-
OHHOCIIOCOOHBIE BelecTBa. VX B3auMOJEHCTBUE C BOJOM COINPOBOXKIAETCS 3HAUU-
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TeJbHBIM BblIeTIEHUEM Teria. [Ipu 3TOM OHM CUJIBHO THAPATUPYIOTCS U MOJBEPraroT-
Csl TUJIPOJIN3Y 10 KaTHOHY.

A|C|3 + 6H20 - [AI(Hzo)s]Clg

Bonee npounbie cBsi3u, 4eM KHUCIOPOJ, ¢ alltoMUHHEM oOpasyeT ¢rop. [loatomy
dbTopu aMOMUHMS HEPACTBOPUM B BOJIE U HE TUAPOIU3UPYETCS.

N3-3a gedummra 37IEKTPOHOB MOJIEKYJIBl COSAUHEHUN ATFOMUHUS MOTYT JaBaTh
JTUMEPBI, COCTUHSSACH TI0 JIBE MOJIEKYJIBl. XJIOPU]] ATIOMUHUS B TA3000pa3HOM COCTOSI-
uun (~ 180 °C) cocrout u3 monekyn (AlCIs),, umu Al,Cl.

Haubonee MHOTOYMCIEHHBI COEIUHEHUS ATIOMUHUS, B KOTOPBIX OH CBSI3aH
C KHCTIOpOJOM. TakMMH COCTUHEHUSIMHU SIBIISTFOTCS OKCHJ W THAPOKCHUI ATFOMUHUS,
COJIM KHCIIOPOACOJAEPKAITUX KUCIOT, KPUCTAJUIOTUIPATHI JIOOBIX COJICH, MPUPOIHBIC
QITFOMOCUJTUKATHI.

Oxcun amomunust Al,O3 u3BecTeH B BuAe Heckonbkux Moaudpukanuii (o-Al,Os3
n y-A|203).

Haubosnee ycroiunBoi kpucramnieckoi Gopmoit seisercs a-Al,O3 (pom60o31-
pudeckas pemerka). 3ta MoAu(pUKaIlKsa BCTpEYaeTcsl B 36MHOM KOpe B BUJIE MUHEpaJia
KOPYH/a, KOTOPBIH 4acTO COJEPKUT MPUMECH, MpUIaroniue eMy okpacky. IIpo3pad-
HbIE OKPAIICHHBIC KPUCTAILTBI — pyOUH (KpacHsIi — npumecs Cre') u candup (cu-
uuit — npumecs Ti*, Fe®', Fe?") — nparouenusie kamHy.

Kpucrammueckue moaudukamu Al,O3 XUMUYECKH OYeHb CTOWKH, HE B3aUMO-
JNEUCTBYIOT C BOJOM M KUCIOTaMH. Pa3pyliaroTcs OHM JIMIIB IIPU CIUIABJICHUU CO MIe-
JoyaMu, KapOoHATaMU WIIH OKCUIaMU C 00pa30BaHKEM METaaTlOMUHATOB:

A|203 + 2NaOH — 2NaA102 + Hzo

A|203 + K2C03 - 2KA102 + C02

A|203 + Ca0 — C&(AlOz)

I'unpoxcun amomunus Al(OH)s mpeacraBnsier coboit TumuuHOe am@oTepHOE
BemecTBO. CBEXKEMONYICHHBIN THIPOKCH T ATFOMHUHHS JIETKO PACTBOPSETCS U B KUCIIO-
Tax, M B IIeJI0Yax. B 3aBUCUMOCTH OT CpeJibl 00pa3yrTCsl KOMITICKCHBIC KATHOHBI HITH
AHUOHBI:

+ H* H* -
Al(H,0), 3<O—T>AI(OH)3<O—T> AI(OH),

BzaumonelicTBue ¢ KUCIOTaMH W MIEIIOYaMH COMPOBOXKIAeTCs 00pa3oBaHUEM
coJiei almfOMHUHUS (B KHCTIOW Cpesie) WU THAPOKCOATIOMUHATOB IIEIOYHBIX METAJUIOB
(B miesI0uHOM cpene).

[Ipu crinaBieHWE TUAPOKCUIA ATIOMHUHUS CO HIEIOYaMH 0OpazyeTcs MEeTaallro-

vunar: Al(OH); + NaOH —4 NaAlO, + 2H,0.

Conu anOMUHUS U KUCIOPOJICOIEPKAIMX KUCIOT PaCTBOPUMBI B Bojie. Mckito-
yeHue cocrapiseT amoMunnii pochat AlPO,, KOTOpBIH MOKET HAKATUIMBATHCSA B MUO-
Kap/e, BbI3bIBas HApPYIICHUS PUTMA CEPACHYHON AEATEIBHOCTH. YcBoeHue ¢ocdopa
OPraHM3MOM YMEHBIIACTCS B MPUCYTCTBHH KaTioHOB Al BemenctBme oGpasoBamHms
B KHIIEYHUKE MAJIOPACTBOPUMOTO alfOMUHUN ocdaTa. IT0 00CTOATETLCTBO HYKHO
YYHUTHIBATH IPH Ha3HAUYCHUU MIPETIAPATOB AITFOMUHHUS.

W3 KUCIBIX PacTBOPOB BBLACISIOTCS KPUCTAJUIOTHIPATHI COOTBETCTBYIOLINX CO-
Jei aJIOMHUHUS C pas3iu4yHbIM  cojepkanueMm Moisekyn Bomel:  AlCl36H,0,

AI(N03)39H20, A|2(804)318H20 " ap.
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AmoMuHuN 00pa3zyeT ABOMHBIE COJM, OTHOCSIIHMECS K CEMEICTBY KBaclOB. JTO
NBOIHBIE Cynb(haThl, coAep)Kalllie OJHOBPEMEHHO PaBHOE YHCIO OJHO3aPSIHBIX
U TpeX3apsaHBIX KaTHOHOB. Bce KBacubl KPHCTALTU3YIOTCS M3 PAacTBOPOB C OJHUM
U TEM K€ YHCIIOM MOJIEKYJ BOJIBI.

Me*Me**(SO,), 12H,0

['unpun amomunus (anan) AIH; — mopoiikooOpa3Hblil MOIUMEp, €r0 MOTy4aloT
KOCBEHHBIM I1yTeM, Hampumep, aeiictBueM AlCl; Ha 3¢dupHbIE pacTBOpPBI TUApHU-
noamromuaaros: 3LI[AIH,] + AICI; — 4AlH; + 3LICl.

AnaH — OeJblil TOPOIIOK, KOTOPBII MpU HAarpeBaHUM JIETKO PA3jiaraercsi ¢ Bbl-
nenenueM Bogopoaa: 2AlH; — 2A1+ 3H,.

11.4. XUMUYECKHUE CBOCTBA TAJIVSL, MTHIWS U TAJLIHAS

[Mannumii, uHAMNA ¥ Taumid oOpa3yroT BCe XapaKTepHBIE JJI METAIOB XUMUYE-
ckue coeuHeHust. OKCuAbl U TUAPOKCUIbI ramnus (+3) u uaaud (+3) ampoTepHsbl, TaK
K€ KaK U COOTBETCTBYIOIIUE COSTUHEHUS aTFOMUHUSA.

Tannuii cylecTBeHHO OTInYaeTcs OT rajuius U unaus. CoenuHeHus tamius (+3)
UMEIOT CHJIbHBIE OKUCIHUTENbHbIE CBOMCTBA. s Tamiusa Ooiee xapakrepHa CTENEHb
okucieHus +1.

[TogoOHO amOMUHUIO, TAUIMA W UHAWM Ha BO3JyXE MOKPBHIBAIOTCS OKCHUIHOM
IJICHKOM, HO MEHEE MPOYHOM, YEM ATFOMUHUM. TallJinuil )K€ MEIJIEHHO OKUCIISETCS.

PaccmaTtpuBaeMble METaUIbl PACTIONOXKEHBI B PANY HAMPsDKEHUN 10 BOJOpOA.
lammuit 1 uHAMA pacTBopsioTcs B pasdaenenHbix kuciaorax (HCI, H,SO4 HNO3)
¢ oOpa3oBaHMEM COJIEH TPEXBAJICHTHBIX 2JEMEHTOB (Kak amoMuHuil). Tammuii npu
B3aMMO/ICHCTBUU C KHCJIOTaMH 00pasyer npousBoaubie Tamums (I). B consiHoit u cep-
HOM KHCJIOTaX OH MAacCUBUPYETCs 3a cueT oOpa3oBaHus HepacTBOpuMbIX B Bojae TICI
u T1,SO,. PacTBOpsieTcs Tayunii IUITh B KUCIOTAX-OKUCIUTEISX.

Coenunenus tamus (I) oO6magaroT OCHOBHBIMH CBOMCTBaMU, TaUIUNA CO IETO-
yamMu He B3auMojeicTByeT. Conu tamnus (1) ruaponn3sy He moiBepraroTcs.

11.5. BUOJTOTHYECKAS POJIb U UCITIOJIb30BAHUE B MEJJUIIMHE
COEJMHEHUM SJIEMEHTOB IITA IrPYIIIbI

[lo comepxaHui0 B opraHuzMme uenoBeka d3aeMeHThl IIIA rpynmbel oTHOCSATCS
K MHUKPORJIEMEHTaM.

Bop koHUEHTpUpyeTCs TIIaBHBIM 00pa3oM B JIETKUX, UIUTOBHUIHOM *kKenese, cere-
3eHKe, IeYeHU, MO3Ie, cepIedHOl MbIe. buonoruueckoe aeiicteue Oopa erie Heao-
CTaTOYHO M3y4yeHo. M3BecTHO, yTO OOp BXOJUT B COCTaB 3yOOB M KOCTEW, OUEBU]IHO,
B BU/JIE TPYAHOPACTBOPUMBIX COJIel OOPHOI KMCIIOTHI C KATHOHAMH METaJIIOB.

VYnorpeOieHne MUIEBBIX MPOAYKTOB ¢ OONBIINM COEpKaHueM Oopa HapylIaer
B OpraHu3Me oOMeH YTJIEBOJIOB U OENKOB, YTO MPHUBOJUT K BOSHUKHOBEHHUIO DHICMU-
YECKUX KHUIIEYHBIX 3a00JIeBaHUN — SHTEPUTOB.

Bopnast kucnora npuMeHsieTcss B MEIUMIIMHE KaK MPOTHBOMHKPOOHOE CPEICTBO
OpU HEKOTOPBIX 3a00JEBaHMIX KOXH M CIM3HCTHIX 00osiouek. Bricokas pacTBopu-
MOCTh OOpHOM KHCIOTHI B JHMMNHAAaX oOecreyuBaeT OBICTpOE NPOHUKHOBEHUE €€
B KJIETKU 4epe3 JUMUAHbIE MeMOpaHbl. B pe3ynbrate mpoucxoauT cBepThIBaHUE O€l-
KOB (JIeHaTypauys) HMTOIIa3Mbl MUKPOOPIaHU3MOB U UX THOEIb.
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Bopnas xucnora goaroe Bpemsi cUMTanach abCOMIOTHO O€3BPEIHBIM BEIIECTBOM
U HIMPOKO MPUMEHSJIACh B PAaCTBOpax, Ma3six, B TOM YHCIIE B MEIUATPUUECKON Mpak-
tuke. [lo3qHee ObUIO yCTaHOBJIEHO, UTO OOpHAsl KMCIIOTA JIETKO BCACBIBAETCA U 3aTEM
KOHIIEHTPUPYETCS] B MO3re, NeueHu U xKupoBoi TkaHu. [locie Toro kak Obuia ycra-
HOBJICHA CBSI3b MEXIY BOSHUKAIOIIMMU OCIOKHEHUSMU U IPUMEHEHHEM OOpPHOM KHc-
JIOTHI, €€ IPUMEHEHUE OIPAHUYMIN, HO HE 3aIPETUIIH.

Kak aHTHCENnTHK MMPOKO NPUMEHSIOT OYpYy — KPHUCTAJUIOTUAPAT HATPUS TETpa-
6opara. dapmakoioruueckoe IeUCTBUE Mpernapara 00yCIOBICHO THAPOJIU30M COIH
C BbIJIeJICHHEM OOPHOM KHUCITIOTHI.

AJIOMUHUN KOHLIEHTPUPYETCS TJIaBHBIM 00pa3oM B CHIBOPOTKE KPOBH, JIETKHUX,
MEYEeHH, KOCTSIX, HOTTAX, BOJIOCAX, BXOJUT B CTPYKTYpPY HEPBHBIX 000JI0YEK MO3Tra 4ye-
JIOBEKa.

AJIFOMUHUI BIUSET HA PA3BUTHE SMHUTEIUATIBHON U COCAUHUTEIILHON TKAaHEH, Ha
pereHepanuio KOCTHbIX TKaHel, BiauseT Ha oOMeH (ochopa U oka3bIBaeT BO3IEHCTBUE
Ha epMEHTATUBHBIE TTPOLIECCHI.

N30bITOK aTtOMUHUSL B OpraHU3Me TOPMO3UT CHHTE3 reMOorjo0uHa, Tak Kak Oa-
rojiapsi OBOJBHO BBICOKOM KOMIUIEKCOOOpa3yoIiell ClIOCOOHOCTH aIFOMUHUN OJIOKHU-
pyeT aKTUBHBIE IIEHTPHI ()EPMEHTOB, YUaCTBYIOIIUX B KPOBETBOPEHUU.

JlekapcTBEHHBIE CPEICTBA, COACpXAIIME ATIOMHHHIA, MPUMEHSIOTCS HE TOJIBKO
HapyxHO (amoMuHueBO-KamueBbie KBacbl KAI(SOy), 12H,0 B kadecTBe BSHKYILETO
cpenctBa i nonockanuii, npomeiBanuii; Al(CH3COO); B coctaBe xuakoctu Bypo-
Ba), HO U MEPOpaIbHO (TUAPOKCU] ATFOMUHUS — CPEACTBO, CHUXKAIOIIEE KUCIOTHOCTh
KEIYZOYHOTO COKa).

dapMaKoJIOruuecKoe ACHUCTBUE COJICH aTIOMHUHHS OCHOBAaHO Ha TOM, YTO HMOHBI
Al o0pa3ytoT ¢ 6enkamu (IpoTenHaMu Pr) KOMITIEKCHI, BBINTAJAIONTME B BUE Teei:

Al + Pr — AI"%Pr

OTO NPUBOAMT K TUOENM MHUKPOOHBIX KIETOK M CHHXKAET BOCHAJIUTENIbHYIO
peaxkuuio.

Kak ruapoku amoMUHMSA, TaK U €T0 COJIM UCHOJIB3YIOTCS B KaU€CTBE aJIbIOBAH-
TOB JUI OEJKOBBIX W MENTUIHBIX BAaKIMH: AHTUTEHBI, CBA3aHHBIE C MOMOIIBIO e,
MOCTYMNAIOT B OPTaHU3M MOCTENEHHO, o0ecneynBasi 0ojiee KaueCTBEHHYIO BbIPaOOTKY
MMMYHHOT'O OTBETA.

Cnenyer uMeTh B BUAY, YTO COCJUHEHHUS AJIOMHHMS JTOCTATOYHO HIMPOKO MC-
MOJIB3YIOTCSI U B KOCMETHYECKHX CpPEJICTBAaX: CTeapaT M CUJIMKAThl aJOMUHHUS Kak
HAMOJIHUTENH MYyJp W MacT, KPUCTAJUIOTHAPAT XJIOPHAA allOMUHHS BXOJMUT B COCTaB
MIPAKTUYECKHU BCEX J1€30/JOPAHTOB.

AJIOMMHHNA OKCHJI — COCTaBHasl 4acTh 3yOOBpaueOHBIX IEMEHTOB — «I[EMEHTa
U1 (pUKCAallMd HEChEMHBIX MPOTE30B», KOPOHOK, MOCTOB. Ilpu moTpebieHun Hanmut-
KOB (Hampumep, «PaHTa») U NUIIKA C HNOBBIIIEHHOW KHCIOTHOCTBIO TAKHE LIEMEHTHI
JIOBOJIBHO OBICTPO Pa3pyIIalOTCs.

B HacTtos1ee BpeMsi HET JOCTOBEPHBIX CBEJCHUHN O CYIIECTBOBAHUU KaKUX-JIHOO
OpraHU3MOB, HYKJAIOIIUXCSI B aJIOMUHUU, MOSBUJIACH TEHACHIUS OTHOCUTH AIIOMU-
HUN K YMEPEHHO TOKCHYHBIM 3JIEMEHTaM.

Uro kacaeTcs rajuivsl, MHAWS U TS, TO TOKCUYHOCTb 3THUX 3JIEMEHTOB YBEJIN-
YUBAETCS OT raJiiusl (MaJOTOKCUYHBIM AJIEMEHT) K TaJUIhI0 (BBICOKOTOKCUYHBIN 3Jie-
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MeHT). CoelMHeHMsI rajuTusl M MHJUS ¢ MEIULMHCKUMHU LEIsIMU He TpuMeHsitorces. s
neuebHoN nenwiannu (yAajJeHHs BOJIOC) B MEAMIIMHE MCIIOJIb3YeTCsl TaJUIMEBbIM Iia-
CTBIPb, COACPIKAINN alleTaT TAJIIU.

Tannuii HaKamIMBaeTCsl HEKOTOPBIMU PACTEHUSMU (CBEKJIA, IIMUHAT, IIUKOPUIL)
U JKUBOTHBIMH, MPEUMYIIECTBEHHO MOPCKHMHU (Meny3bl, MOpckue 3Be3fbl). [1oBbI-
IIEHHAs] KOHLEHTpAIMsl COEIUHEHUI HAOII0AeTCsl BOKPYT KPYIHBIX METAJUTypruye-
CKHMX NpeanpusaTuil. TOKCHKO3 BBIPaXXaeTCsl B NMOPAKECHUU LEHTPAJIbHOW HEPBHOW CH-
ctemsl (ITHC).

Tannuii B opranu3me 4eaoBeKa HaXOAWUTCS MPEUMYIIECTBEHHO B BHIE CBOOO-
HBIX HOHOB. TOKCHUYHOCTbH TAJUIMSI CBA3BIBAIOT, PEANOJIOKHUTEIBHO, CO CIIOCOOHOCTHIO
€ro MOHOB 3aMeIIaTh OJIM3KUE IO MOHHOMY PaauyCy MOHBI Kanus. OJHUM U3 CUMITO-
MOB OTPaBJICHHS TAJJIUEM SIBJIIETCS BBINAJIEHUE BOJIOC (AIOIEIIHS).

11.6. ©ICIIOJIb30OBAHUE COEJUMHEHUN SJIEMEHTOB IIIA TPYIIIbI
B ®PAPMAIIEBTUYECKOM AHAJIM3E

Kucnora Gopnast siBnsiercss cnaboi 0JJHOOCHOBHOM KUCIOTOM. BoaHbIi pacTBOp
uMeeT cIaboKHCIyIo peakiuio. KucioTHeie CBONCTBA KUCIOTHI OOPHOM YCHIIMBAIOTCS
IpU €€ B3aUMOJCHCTBUU C MOJIMOJIAMU (HAIIPUMED, C MNIMLEPUHOM), YTO UCIIOIb3YETCS
B €€ aHaJu3e.

[Tpu mpoxanvBaHUM KHUCIOTHI OOpHON HAOMIOJAETCs TMOSBIEHUE XapaKTepHOU
CTEeKII000pa3Hoit Macchl okcuaa 6opa (B,03):

B(OH), %2()) HBO, - B,0,

C araHonoM OGOpHasi KUCJIOTa B MPUCYTCTBUM KOHIeHTpupoBaHHoi H,SO,4 o6pa-
3yeT OOPHOITHIIOBBIN A(DUP, KOTOPBIN TOPUT TUTAMEHEM C XapaKTEPHOW 3eJIeHOM KaMOM:

H,SO 4 (koHiI.
B(OH), + C,H.OH %B(OCZHS%

Hatpus Terpabopar npu pacTBOpPEHUH B BOJE JIACT LICIOYHYIO PEAKLHUIO CPE/Ibl
BCJICJICTBHE TUIPOJIN3A:

B,O,* +5H,0 — 2H,BO> + 2H;BO;

H2803_ + Hzo — H3803 + OH

['uapokcua almtOMUHHS — TUIMHYHBIN aM(OTEPHBIN THAPOKCU, IPU B3aUMOACH-
CTBUU C BOJIHBIMHU PacTBOPAMH IIEJI04YEH 00pa3yOIIMi THAPOKCOATIOMUHATHI:

Al(OH); + NaOH — Na[Al(OH),]

Na[AlI(OH)4] + NH,Cl — AI(OH); + NaCl + NH,OH

[Tpu B3auMOAEMCTBUYU IMAPOKCUAA AIFOMUHUS C HUTPATOM KOoOanbTa 00pasyercs
TEHApOBa CUHb:

4A|(OH)3 + 2C0(N03)2 — 2CO(A102)2 + 4N02 + 02 + 6H20

OcHOBHBIE BONIPOCHI TEMBbI:

OOmras xapakrepuctuka siaemenToB |1 A rpynmsr.

XUMHYECKHE CBOWCTBa OOpa M €ro COeTMHEHUH.

XUMUYECKUE CBOMCTBA aTFIOMUHMS U €TI0 COCTUHCHUN.

XHUMUYECKUE CBOMCTBA TAJUINS, MHAUS U TAJUIAS U UX COCTUHEHUM.
buonorudeckast poib ¥ UCTIOIB30BaHKE B MeAuInHe coequHenuit |11 A rpymmebr.
UcnonwszoBanue coenurenuit |11 A rpymnmsl B papmarieBTHYECKOM aHAIIU3E.
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TecTOBBII CAMOKOHTPOJIb

1. Kakoii pacTBOp He/Ib35l KUIIATHTH B ATIOMHHUEBOM cocyje?

a) NaNOgs; 0) Hg(NOs3),; B) Na,COg; r) KCI.

2. B BHIe KaKkoro coeJuHeHUs: MOJY4YUTCS OOp MPH ero B3auMOJeiCTBHU € KOH-
LEHTPHMPOBAHHOW a30THOM KHCJI0TOM?

a) B(NO3)s; 0) B20s; B) H,B,07; r) H3BO:s.

3. YKakuTe 4YHMCJIO BellecTB, ¢ KOTOPbIMH pearupyer Kak aJIOMHHHUI, TaK U €ro
OKCH/: BOJOPOJ, eIKHIl HATpP, BO/a, HerameHass M3BeCTb, KOHIEHTPUPOBAaH-
Hasl A30THasl KMCJI0TA, YIJIEKHCIbIi ra3, KOHHEHTPHPOBAHHAS CEPHAs KHCJI0-
Ta, ralieHas U3BecCThb:

a) 4, 0) 8§; B) 3; r) 6.

4. BbiOepuTe mapsbl cXeM peakuuii, B KOTOPbIX B 000MX XMMH4YECKHUX NpeBpae-
HHUAX MOJKET MOJYYHTHCS AJIOMUHUH THAPOKCHA (BTOPOM peareHT B3AIT B H3-
ObITKE):

a) Al,(SO,)s + H,0 — u Al,C;3 + H,0 —

0) Al,S; + H,O — u Al amansrama + H,O —

B) A|C|3 + Na2C03 — U Nag[AI (OH)6] + 3HCIl —

F) A|203 + Hzo — U A|C|3 + NHgHzo -
5. OTMeTbTe BCe BepHbIe YTBEPAKICHHUS:

a) Bce BbICIIME OKCHJIbI U ruApokcubl 3nemMeHToB |IIA rpymnmel sBiastorcs amgo-
TEpPHBIMU U HEPACTBOPUMBIMHU B BOJIE;

0) Kak aTIOMHHHUEN THIPOKCHI, Tak U 0JioBO(ll) Tuapokcua nucconuupyroT B Bojie
CTYIEHYATO ¢ 00pa30BaHUEM B KaUeCTBE aHMOHOB TOJIBKO THPOKCUI-UOHOB;

B) 711 60Jiee MOJTHOrO OCaXJIEHUs alIOMUHUUN TUIPOKCHIA U3 BOIAHBIX PaCTBOPOB
coJieH JIydllle UCIIOJIb30BaTh HE PACTBOPHI LIEI0YEH, a pacTBOp TUIpaTa aMMHAKa;

') U3 METaJUIOB, OTHOCSLIUXCS K P-2JIEKTPOHHBIM CEMEWCTBAM, TOJIBKO METaslIbl
[11-A rpynmnsl 00pa3ytoT okcuabl coctaBa 9,0s3.
6. Yka:kuTe 4YMCJI0 XapPaKTePUCTHK, KOTOPbIe BEPHO OTPAKAIOT CBOWCTBA MPO-

CTOr0 BelecTBa aJIOMUHNS:

1) camblii pactipocTpaHEHHBIM METAIII B 36MHOM KOPE;

2) OTHOCUTCS K P-2JIEKTPOHHOMY CEMEICTBY;

3) BXOJUT B COCTaB Kak KOpyHJa, TaK U KapOOpyHAa;

4) B CBOMX COEUHEHUSAX MPOSIBISIET IOCTOSIHHYIO CTEIIEHb OKUCIICHUS;

5) n€rkui, TeTKOTUIaBKHI METAILT;

6) UMEEeT MEHBIIIYIO SHEPTUI0 HOHU3ALIMY, YeM OapHil U MarHuii;

7) KOPPO3UOHHO-YCTOMUMBBIM METAIIII C XOPOLIEH AMEKTPUUECKON IPOBOIMMOCTBIO;

8) UCHOIB3YETCS B AIIFOMOTEPMUU JIJISl IOJYYEHHSI aMajibram;

a) 3; 0) 4; B) 5; r) 6.
7. Me:xay co0oif B3aUMOeHCTBYIOT BelllecTBa B apax:
0) B,O3 n H,0; r) B(OH); u NaOH.

8. VYkaxkute (opmyJibl BelleCTB, ¢ KOTOPHIMU MPH ONpPeAeTeHHbIX YCJIOBHUSIIX
pearupyer 1uOOpaH:
a) Oy; 0) KMnOy; B) H,0; r) NaH.
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9. Vkaxurte popmyJibl BellleCTB, KOTOPbIe 00Pa3yIOTCHA MPH CIJIABJIEHNUH OKCH/IA
Oopa co meJ04aMu:
a) KBOz, 6) NaBOZ, B) KgBOg, F) NaBO;g.

10. Ilpu B3auMOA€eHCTBUM AJTIOMHHHA ¢ MATHETUTOM MOJIy4eHO 1 MoJIb Kejie3a.

quy paBHa Macca MOJYYCHHOI'0 IIPA 3TOM OKCHIA aJ'IlOMI/IHI/Iﬂ?
a) 51; 6)5,1; B)453; T1)43.5.

OrBerb1: 1 —0,8;,2—1;3—8B;4—4a,0,B;,5—0,B,6—a;7—0, B, T}
8—a,B,1;9—a,0;10 —B.

3anauu U ynpaskHeHust

1. Kaxkoit 06bem 1M pactBopa NaOH Hamo 3atpatuth ajis HerTpanuzaimu 200 T
3%-Horo pacTBOpa OOPHOM KUCIIOTHI, €CJIM MPOAYKTOM peakiuu spisercs Na,B,0;?
Omeem: 0,048 z[M3.

2. OmpeienuTe MaKCUMAJIbHYI0 MAacCy HaTpuUi THUAPOKCHIA, CIIOCOOHYIO BCTY-
IIUTH BO B3aUMOJICHCTBHUE C PAaCTBOPOM, COJCpIKaIUM 3,42 T allOMUHHI CyJbdara.
Omeem: 4,8 1.

3. OmpenenuTe Maccy ocanaka, oOpa3yrolerocsi NMpHU CIMBAaHUM PacTBOpPa, CO-
nepkamero 14 r NaOH, u pactBopa, coaepsxkamero 13,35 r AlCls.
Omeem: 6,47 1.

4. Cmech kene3a U allOMUHUSA 00paboTajau COJSHOM KHUCIOTOM M MONY4HIIN
30,35 r cmecu xynopuaoB. Takyro ke Maccy MCXOIHOM CMecH MeTayuioB oOpaboTaiu
U30BITKOM pa30aBlIeHHOW cepHOW KUCIOTH U nonydmnnd 37,40 r cmecu cynb(haToB.
Halinute Maccy amtoMUHUS B CMECH.

Omeem: 2,7 1.

5. BH; — B,Hg — B,O; — B — KBO,

6. B,O; —» B — H3;BO3; — Na,B4,0; — H3;BO; — B(OC,Hs)3
7. Al — AICl; — AlI(OH); — NaAlO, — Al(OH);

8. Al,O; — Na[Al(OH)4] — AI(NO3); — Al,03 — KAIO,

JKCNepUMEHTAJIbHAs padoTa
«M3y4yeHue XuMHU4eCKHX cBOiicTB 3jieMeHTOB |l 1A rpynnbi»

Heab padoThi: 03HAKOMUTHCS € peakuusaMu daeMeHToB [II A rpynnsl u BnusiHu-
€M pa3IMYHBIX (PAKTOPOB HA ITU PEAKIIHH.

OOopynoBaHue M peaKTUBBI. TPOOUPKH, MITATUB, CTEKISIHHAS Majiouka, (op-
dopoBas manouka. bopHas KuCIOTa, XJIOpU HATPHS, HOAM] Kalus, HUTpAT cepedpa,
XJIOpHU]T aTIOMUHUSA, cylbdar amomunus. PacTBopsl: Oypbl (HACHIIEHHBIN), OOpHOM
KHUCIIOTHI, cepHoit kucnotsl (0,5 M, p = 1,48 F/CM3) ammuaka (0,1M), sTunoBoro crup-
Ta, JJakMyca (HEWTpaJbHBI pacTBOp), HUTpaTa cepelpa, cynbdara menu, Cyiabpua
aMMOHWUS, THAPOKCH]IA HATPHSL.

Onpbir 1. IHonyuenue opmo6opHoil Kuciomot.

B npobupky ¢ 5-6 KamisiMH TOpSYEro HACBHIIIEHHOTO pacTBopa Oypsl
Na,B4O; - 10H,0 BHOCAT 2—3 Kamiu KOHIIEHTPUPOBAHHOM CEPHOM KUCIOTHI (MIOTUpA-
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10T CTEKJISIHHOW MaJIOYKON CTEHKH MPOOHMPKHU Il 00pa30BaHUs IIEHTPOB KPUCTAJLIH-
3aruu). OTMeqaroT OBICTPOE BhINIAJCHUE KPUCTAIIIOB OOPHOI KUCITOTHI.

2NazB407 + HzSO4 + 12H20 — 8H3803 + Na2804 + 2NaOH

Comnpl0 KakoW KHCIIOTHI SIBJISETCSA TeTpadopar HaTtpusa? 3amuchiBaloT (GopMymny
9TOM KHUCJIOTHI.

Onbit 2. Ionyuenue u zopenue 60pHoImMu106020 Ihupa.

Heckonpko kpucTamioB OOpHOI KHCIOTHI MOMeNIaloT B ¢GaphopoByIO YalKy,
n00aBIISIIOT 2—3 Karulki KOHLIEHTPUPOBAHHOW CEPHOU KHUCIOTHI (TUIOTHOCTH 1,84 F/CM3)
n 10-15 kanenb 3TUn0BOro cnupra. MemarT cMeCh CTEKIISIHHOM MAJIOYKOM, MOIKHU-
raroT cogepxkumoe. OOpaniaroT BHUMaHUE Ha 1BET IJIaMeHU pupa (3eJeHBIH).

H3BOg + 3C2H5OH — B(OC2H5)3 + 3H20

KonuentpupoBanHasi cepHasi KUCJIOTa CBSI3bIBA€T 0OPa3yIOIIYIOCS BOIY U TIpe-
MSATCTBYET TUAPONIH3Y ddupa.

Onblit 3. IHonyuenue manopacmeopumsix 60pamos.

B tpu npobupku BHecsT mo 3—4 Karum HachIIeHHOro pactBopa Na,B,0; u mo-
0anAIOT MO HECKOJBKY Karelb pacTBOPOB: B MEPBYID — HHUTpara cepedpa, BO BTO-
pyto — cyibdara Meau, B TpeThio — cyibdaTta anmoMuHus. OTMEUYaroT 1BET BHITIAB-
IINX OCAJIKOB.

NazB407 + 2AgNO3 + 3H20 — 2H3803 + ZAQBOZ»L + 2NaN03

Na,B,0O; + CuSQO, + 5H,0 — 3H3BO3; + CUOHBO,| + 2Na,SO,

3Na,;B40; + Aly(SO4)3 + 21H,0 — 12H3BO; + 2AI(OH)3| + 3Na,SO,

Brimanaromye ocaaku npeacTaBisioT co00i B MEpBoi Mpodupke meTadbopar ce-
pebpa, Bo BTopoit — ocHOBHYIO coib mean CuOHBO, — Metobopat ruapokcomenu,
B TPEThEH MPOOUPKE — THUAPOKCU ATTFOMUHHS.

OnbIt 4. I'uopokcuo anromunus, e2o nojiyyeHue u ceolcmaea.

B nBe npoOupku BHOCAT 10 2—3 Karuik pacTBOpa COJM allOMUHUSA U MO 2—3 Kan-
JM 2H. pacTBOpa KO0 HaTpa 10 o0pa3oBaHus OcajJKa I'MIPOKCUAA altoMUHMs. B ox-
HY MPOOUPKY K MOJYy4YEHHOMY OCaJKy MpUOaBISAIOT 3—5 Kamesib 2H. pacTBOpa COJITHON
KHUCIIOTBI, B JAPYIYI0O — CTOJBKO e 2H. pacTBopa €AKOro HaTpa. YTo HMpOUCXOIUT
B 000X ciyyasx?

JlenatoT BBIBOJ O CBOMCTBAaX TMAPOKCHAA ANIFOMUHHUA. 3alUCHIBAIOT YPaBHEHMS
peaKuurii: MOJIy4YeHUsI TUAPOKCU/IA aJTFOMUHHUS U €r0 B3aUMOJCHCTBUS C COJISTHOM KHC-
JIOTOU W €KUM HATPOM, YUUTHIBAs, UTO B IIEJTOYHON cpeie 00pa3yeTcsi KOMIUICKCHBIN
annon [Al(OH)g] . YkasbiBaroT Ha3BaHUS ONTYYCHHBIX COCAUHEHHIT ATIOMHUHISL.

OnwIT 5. I'uoponus coneit anromunus.

a) B nBe mpoOupku ¢ HEHTPATBLHBIM PACTBOPOM JIAKMYCA BHOCAT IO 2 KpUCTaJIA!
B MEPBYIO MPOOUPKY — XJIOpHA aIFOMUHUS, BO BTOPYIO — cCyibdara aTtioMHHHS.
BeTpsixuBatoT mpoOupku 10 pacTBOpeHuUs cosieil. OTMeUarT, Kak U3MEHUJIACh OKpac-
Ka JJakMyca ¥ OOBSICHSIIOT IPUUUHY 3TOTO U3MEHEHHUs. PacTBOpHI pa3z0aBIsitoT BOIOM.

3anuchIBAlOT B MOJICKYJISIPHOM M MOHHOM BHJIe YPaBHEHHME PEAKIIUU THUIPOIU3A
Ka)KJI0M COJIU.
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0) B mpobupky ¢ pacTBOpoM cyibdaTta aTlOMUHUS TPWIMBAIOT PACTBOP CyIb(u-
na amMmMoHUs. OTMEYarOT BBINAJICHHE OCajJKa W BBIACICHHE cepoBomopona. CIuBaroT
XKUIKOCTh HAJl OCAJKOM, OCaJ0K IPOMBIBAIOT BOJIOW M pa3NeisioT Ha aBe dacth. K oj1-
HOW YacTH MPWINBAIOT Pa30aBICHHYIO COJISTHYIO KHCIIOTY, K IPYTOil — pacTBOp THJ-
pokcuna Hatpusi. Uto mpoucxoaut? Kakoil BBIBOJ O cOCTaBe IMOJYYEHHOTO OCalKa
MO’KHO CJI€TaTh?

Aly(SOy)3 + (NH4)2S — AlySz + (NH,4),SO,,

CyIbGUI ATFOMUHHS TTOABEPTaeTCs THIPOIIH3Y:
AlgSg + Hzo — AI(OH)gl + HzST
[Toyemy ruapOIN3 B JAHHOM Cydae MpOTEKaeT A0 KOHIa?

I'/IABA 12
XUMMUS DJIEMEHTOB IVATPYIIIIBI

12.1. OBIIASI XAPAKTEPUCTHKA DJIEMEHTOB IVA TPYIIIBI

B rnmaBuyro noarpymnmy |V rpynmsl nepuogndeckoil CUCTEMBI BXOST SIEMEHTHI:
YIJIEpOJ, KPEMHUM, T€pMAHUM, OJJOBO M CBUHEI. YTJIEPOI U KPEMHUU SIBISIOTCA TH-
NUYHBIMUA HEMETAJJIaMH, a OJIOBO M CBHUHEL — TUIUYHBIMU MeTajilaMu. ['epmaHuit
3aHUMaeT MPOMEXKYTOUHOE TMojokeHue. [Ipu OOBIUHBIX Temreparypax repMaHuil —
MOJIYIIPOBOJAHUK, UMEET aTOMHYIO0 KPUCTAINIMYECKYIO PEHIETKY, OUY€Hb XPYIIOK, IpPO-
ABJIIET HEMETAJIMYeckue cBoiicTBa. OAHAKO IMPHU MOBBIMICHHBIX TEMIIEpaTypax rep-
MaHU MpHOOpeTaeT XapaKTepHbIC METaUIMYECKHE CBOMCTBA, TakWe Kak IUIaCTUY-
HOCTb U BBICOKAs AJIEKTPOIIPOBOJHOCTh. ATOMBI YIIIEPOJa, KPEMHUS, FT€pMaHus, 0JI0Ba
U CBUHI]A B OCHOBHOM COCTOSIHUM HMEIOT OJMHAKOBYIO CTPYKTYpPY BHEIIHETO 3JIEK-
TpoHHOTO c1osi (NS°NP®) 1 OTHOCATCS K p-d1eMeHTaM. JUis repMaHHsi, 0J10Ba U CBUHIIA
OJIMHAKOBOM SIBJIIETCS U DJEKTPOHHAS KOH(PUTypaIys MpeIBHEIIHEr0 YPOBHS (MMeeT-
Cs1 TOJIHOCTBIO 3armoJiHeHHBIN (N-1)d-ToaypoBeHb). DTH dIEMEHTHI 00JIagar0T OJIM3KH-
MU XUMUYECKUMHU CBOWCTBaMH, (POpMUPYS TakUM 0Opa3oM CEMEHCTBO repMaHusl.
BBuny orcyrcTBus d-TIOAYpOBHS Y aTOMa YIiiepo/ia, BAICHTHOCTh YIIIepo/ia HE MOXKET
ObITh OOJbIIIE YEeThIpeX (Yero Henb3sl CKa3aTh O KPEMHUU U DJIEMEHTaX ceMeicTBa
repMaHus), B CBS3U C YEM YIJIEpOJ HE CocoOeH 00pa3oBbIBaTh KOMILJIEKCHBIE COEIH-
HEHUs. TO 0OCTOATEIBCTBO, a TAK)KE€ HU3KUU aTOMHBIA PainyC M BBICOKAS 3JIEKTPO-
OTPHULIATENIBHOCTH YIJiepoa (M0 CPAaBHEHUIO C OCTaNbHBIMU 35ieMeHTamu |V A rpytiribn)
OOBSACHAIOT, MOYEMY XUMHUYECKHUE CBOWCTBA 3TOTO 3JIEMEHTA CYIIECTBEHHO OTJINYAIOT-
Csl HE TOJIBKO OT XMMHYECKHX CBOMCTB I'€pMaHHs, O0JIOBAa M CBUHIA, HO U OT XMUMHUeE-
CKUX CBOMCTB KpemHus. OOmias xapakrepuctuka 3nemMeHToB 1V A rpymnisl npeacTas-
neHa B Tabm. 12.1.

Ipu nepexone ot Si k Ge oTHOCUTENBbHAS ATeKTpooTpuliaTeabHOCTh (OD0) yBe-
JMYMUBaeTCS. JTO OOBACHSETCS TeM, YTO y aToMa IrepMaHus, B OTJIMYUE OT aroma
KPEMHHSI, CYIIECTBYET 3amonHeHHbi 30" moxypoBeHb. JMeKTPoHbI Ha (-0pOHTAIIX
AKPAHUPYIOT 3apsij Aapa XyXKe, YeM 3JIEKTPOHbI Ha P- U OCOOCHHO Ha S-OpOUTAISIX.
B pesynbrare HabmogaeTcss HEOONbION MPUPOCT ATOMHOTO pajuyca y repMaHus OT-
HOCHUTEJIBHO KPEMHHS, a 3JIEKTPOHBI C BHEIIHETO YpPOBHS NPUTATUBAIOTCS CUJIbHEE
K Ipy T€pMaHus, 4YeM K APy KPEMHHUS.
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Tabnuya 12.1
O0mas xapakrepucTuka 3jieMeHTOB | VA rpynnsl

Conep-
HAMME B | g Tun kpucras- JuekTpoHHasi | Paamyc
3eMHOI JIHYEeCKOM > 020 CO
CTBa KOHuUrypauus HM
Kope, pemeTkn
macc. %
Cc |01 Heme- |Artomuas 25°2p° 0,077 | 2,50 | +4, +2, —4
Tal
Si |27,6 Heme- |Artommas 3s5°3p“3d” 0,134 | 1,74 | +4,+2, 4
TaJlI
Ge |7,0.10° [Meran- |Atomuas mmm  [3d-4s“4p°4d’ 0,139 | 2,02 | +4,+2, 4
JIOUJ MeTaJUTnYecKast
Sn [8,0:10° |Meramn |Aromuas wiu 4d105325p25dO 0,158 | 1,72 +4, +2
MeTaJUTnYeCKast
Pb [1,6:10° |Meramn |Merammueckas |4f 5d 65°6p°6d’ | 0,175 | 1,55 | +4, +2

Bce anementsl |V A rpynnsl nposiBisitor crenedb okucienus (CO): +4 u +2.
VY COeIMHEHUI IEMEHTOB CO CTENEHBIO OKHUCICHUS +4 B psAly OT yriepoja K CBUHIY
YCHJIMBAIOTCSI OKUCIIUTEIbHBIE CBOMCTBA, & Y COEIMHEHUI CO CTENIEHbIO OKUCIIEHUS +2
oca0JIsI0TCsl BOCCTaHOBUTENbHBIE CBOMCTBA. Hampumep, repmanuii 1 0J0BO B CTere-
HU OKHCIIEHUS 12 SBISIOTCA CUJIBHBIMU BOCCTAHOBHUTENSMHU. JlJI1 CBHUHIIA CTENEHb
OKHCIICHUsI +2 sBIseTCsl HauOoyiee YCTOMYMBOM, @ COEIMHEHMs] CBHUHIA B CTENEHU
OKHCJIEHUS +4 — CUJIbHBIE OKUCIIUTEIN.

12.2. XUMMYECKHE CBOMCTBA YIJIEPOJIA M1 EI'O COEJUHEHUI

Coneprkanue yriaepojaa B 3eMHO#M kope 1o macce cocrasisier 0,087 % (13-e me-
cT0), a mo uuciay aromoB — 0,129 % (11-e mecro). ['eoxumus yriaeponaa ITOBOJILHO
cnoxHas — B Buze CO; oH Bxoaut B coctaB arMocdepsl (0,03 % mo macce), paznuy-
HBIE YTIIEpOACOAepKalue MUHEpaibl (POPMUPYIOT TBEPAYIO 000T0UKY 3eMIIH: KAIbLUT
(u3BectHsiK, Mpamop) CaCOs, gomomut CaCO3-MgCO;, marnesutr MgCOs, cuneput
FeCOs, manaxut (CUOH),COs. Yriiepos — OCHOBa OpraHMYECKHUX BEmIeCTB (OCIKOB,
HYKJIEMHOBBIX KHUCJIOT, YTJI€BOJOB, *HUPOB), & TAaKXKE€ MOJIE3HBIX MCKOMAEMBIX: YTJIf,
He(TH, IPUPOJIHOTO Ta3a.

IIpocToe BemecTBO yriepo/ CyneCTBYET B BUE HECKOIBKUX AJFIOTPOIHBIX MO-
aruQUKayii, BAXKHEHIIIIMHU U3 KOTOPBIX ABISAIOTCS ajaMas, TpapuT, KapOuH, QysiepeH.
Ha 3emiie pactipoctpanens nepBbie ABe. CTpoeHHE KPUCTAUIMUECKHUX PEIIETOK aliMa-
3a, rpaduTa U mpocTeiiei MoeKybl QpysuiepeHa nokazaHo Ha puc. 12.1.

AJaMa3 — OeciBeTHOE (B YUCTOM BHJIE) XPYIKOE BEIIECTBO C KPUCTAIUINIECKON
pEIIeTKOW aTOMHOI'O THUIIA, XapaKTEepPHU3yeTCsl MCKIIOUUTEIbHOU TBEPIOCTHIO, TEILIO-
MIPOBOJICH, HO AJIEKTPUYECKOM MPOBOJUMOCTHIO HE 00J1a/1a€T, OYEHb XOPOILO MPEIOM-
JSeT CBET (MCKYCCTBEHHO OTPaHEHHbIE alMa3bl — OpPWILIMAHTBI — OTJIMYAKOTCS U3Y-
MUTENBHOW WIPOW CBETAa M BXOAAT B pasps] AparolieHHbIX KaMmHeW). B kpucramnne
ayiMasza KaXKJIblil aTOM yTiiepoja CBsI3aH C YEThIPbMSI COCEAHUMH PaBHOIICHHBIMU OJU-
HapHBIMU CBA3SMU G-TUNA (anuHa cBsi3u = 0,154 HM), T. €. yraepoj B anmasze 4eThl-
pPEXBAJIEHTEH; BEJIMYMHA BAJICHTHOTO yria paBHa npumMepHo 109°. Ilo Teopun BaneHT-
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HBIX CBSI3€H CTPOCHHE ajMa3a OOBICHICTCS sp3-r1/16pnzmsau1/1e171 opOuTasieii aToma yr-
aeponaa. ITomoO6HO BceM BelecTBaM ¢ aTOMHOM KPUCTAJNTMYCCKOM PEIISTKOM, aimas
tyromiaBok (t,, = 3500 °C), He pacTBOpUM B BOJE, KUCJIOTAaX, IIeJI04aX, OTINYACTCS
TBEPAOCTHIO U XPYIIKOCTBIO.

S
Q}SW
a
Puc. 12.1. Ctpykrypa ajoTpOIHBIX MOTUGHUKAIMIA yriiepoaa:
a — anwma3z; 6 — rpadur; 6 — ¢ymiepen Cego
I'pa¢ur — MsATKOE, JIErKO pacciiauBarolIeecsl BEIIECTBO CEPO-UYEPHOTO IBETA

C METaJNIMYECKUM OJIECKOM, Ha OIIYIb KKETCS >KUPHBIM, OYEHb MATOK, XOPOIIIO TIPO-
BOJIMT DJICKTPUYECKUN TOK W Teruto. Kak BumHO Ha puc. 12.1, aToMBI yriiepoaa B Tpa-
¢duTe pacmoa0KeHbl OTIETBHBIMU CIIOSAMH, 00pa30BaHHBIMU U3 IUIOCKUX IIECTHUYTOJIb-
HUKOB. PaccTosiHue mexay atomamu yriepoaa B Hux 0,142 uwm, yto 6osee 4em B JBa
pasza MEHbIIIE PACCTOSHUS MEXIYy aToMaMM yriepojaa u3 coceanux cioeB (0,335 um).
[ToaTOMy CBSI3b MEXKIY OTACIbHBIMU CJIOSIMH OTHOCHUTENIBHO cliafas: TpaduT JErko
paccianBaeTcs Ha OTAENbHbIE YEHIYWKHU, MATOK, €ro MIOTHOCTH (2,22 F/CM3) MECHBIIIC,
deM y anmasa (3,51 r/em?).

Crpoenue rpadura oOBICHSIETCS TEM, YTO OpOMTAIM aTOMOB YIJepojia B HEM
HaxXOJSTCS B COCTOSIHUH sz-FI/I6pI/II[I/I3aIII/II/I. ['ubpuanbie opbutanu GopMUPYIOT KOBa-
JICHTHBIE CBSI3U BHYTPHU LIECTUYJICHHBIX KOJIEI] U MEXJy HUMHU (B MEpeesnax OgHOTo
Y TOTO K€ CJI051); HeruOpuaHbIC 2p-0pOUTANIH, HAIIPABICHHbBIE TIEPIICHAUKYIISIPHO STUM
KOJIbIIaM, 00pa3yloT T-CUCTEMY, aHAJIOTMUHYIO TAKOBOM B MOJIeKyJie OeH3o0a.

Jlenokanuzanuys 3JIEKTPOHOB 00YCIIaBIMBAET UX BBICOKYIO MOJIBHKHOCTD, BCIIE/I-
CTBUE 4Yero rpauT B HAMpPaBICHUU CJIOS XOPOIIO MPOBOJIUT DIICKTPUUYECKUN TOK.
DnekTpryeckas MPOBOJAUMOCTb B MEPIECHANKYJISIPHOM HAIpPABICHUU B 10* pa3 MEHb-
1Ie, 4YeM B MapajjieIbHOM (OTHOCUTENIBHO CIIOEB). ['pauT — TyromiaBkoe BeliecTBO
(t... = 3550 °C).

KapOun — uepHsblii nopomok (rmiotHocts 1,9-2,0 r/em’) ¢ KPUCTAIIINYECKON
pelIeTKONW aTOMHOT'O THIA, TOCTPOSHHON U3 MPAMONIHHEHHBIX 11enouek C,,, B KOTOPBIX
KQKJIBIM aTOM YIJIEpOJa CBSI3aH C COCEIHMMU JIBYMsI aTOMaMU OJWHAPHOM W TPOMHOMN
cBs3bi0 (—C=C—C=C-) wim nByms nBoiHbIMU CBsi3siMu (=C=C=C=C=). CtpocHHe Kap-
OMHA OOBSCHSIIOT SP-TUOPUIM3AINEH BAIGHTHBIX AIEKTPOHHBIX OpOUTAIeH yriepoa.

@dyJuiepeH — MOJIEKYJIIpHas aJJIOTpornHas Moaudukanus yriepona. Ero mosne-
KyJIbl UMEIOT YETHOE YHCJIO aTOMOB yriepojia u uMeroT coctaB Cgy, Cro, Cgo U T. 1.
Monexkyna Cgo umeeT Bua GyTOOTBHOTO Msi4a, MOCTPOCHHOTO W3 MIATH- U IIECTUYJICH-
HBIX YIJIEPOJIHBIX IIUKIIOB ¢ 00muMu pedpamu (cm. puc. 12.1). IlnotHOCTh dysuiepena
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Ceo paBHa 1,7 r/cM’; B oT/HuMe OT APYTHX ATMOTPONMHEIX MoaubuKammii (yiepen
pacTBOpPUM B HEMOJIAPHBIX pacTBopuTeisax (B CS,, 6eH3ole), XuMUUeCcKu 0ojiee aKTH-
BeH. DyuepeHsl NpeaCTaBIAI0T CO00H KPUCTAJUIMYECKUE BEIIECTBA YEPHOTO IIBETA
¢ MeTamTaecknM Omeckom. Ilpu maBnenun mopsiaka 2-107 kIla 1 KOMHATHOI TeMiTe-
patype pymiepen Cgy npeBpaiaercs B aimas. Brepsbie npocTeitmmii Qymeper Obi1
nony4eH B 1985 1. B 1992 r. ¢ynnepens: 6pu1r 00HAPYKEHBI B IPUPOJIE.

XuMudeckass aKTUBHOCTh aJUIOTPOMHBIX (OPM YIiepoaa BO3pPacTaeT B POy
anma3 — rpadut — KapOuH — (QyJUIepeH.

AmopdubIit yraepos (yroJib) odpazyeTcsi Ipy HarpeBaHUU YIIEPOACOAEPKALTIX
BemiecTB 0e3 ocTymna BO3AyXa, MpeICcTaBiIsIeT coboi yepHyro maccy. MccrnenoBanus
MOKa3alii, YTO aMOP(HBIA YIIIepOa COCTOUT U3 OECHOPSATOYHO PACIIOIIOKEHHBIX Ya-
ctull rpaduta. B 3aBUCUMOCTH OT IPOUCXOKAEHUSI aMOP(HBIN YriIepo1 Ha3bIBAIOT MO-
pa3HOMY: KOKC, IPEBECHBIN yrojb, KOCTHOM yIoJib, CaXa.

Hanpumep, apeBecHBIN yroib MOTyYar0T HaArPeBaHUEM JPEBECHHBI 0€3 M0CTyma
BO3Nyxa. biaronmapsi mopuctoMy CTPOEHHUIO APEBECHBIM yroyib 00JalaeT BBICOKOM
a7IcopOLIMOHHOM crOCOOHOCThIO. [1OBBICUTH TOPUCTOCTH YIS, a 3HAYUT U €r0 al-
COpOIIMOHHBIE CBOMCTBA, MOXXHO OOpPaOOTKOM YIisi BOASHBIM MapoMm. DTOT MPOIECcC
HA3bIBAETCSl aKTUBALIUA YTJIs, & BBICOKOMOPUCTHIN aMOP(HBINA yriepoa — aKTHBHPO-
BAHHBIU yIOJIb.

[Ipu OOBIYHBIX YCIOBHSX BCE AUIOTPOIHBIC MOIUGUKAIMK yIiIepoaa WHEPTHBI.
[Ipu nHarpeBanum HamboJiee PEAKIMOHHO CIOCOOEH aMOPGHBIN yriaepos (MEIKOKpHU-
CTATMYECKUI TpaduT), KOTOPBINA MPOSBISET KAK OKUCIUTEIbHBIC, TAK U BOCCTAHOBHU-
TeJbHbIe cBOMcTBAa. Hanbomnee XxapakTepHbl IJIsl yriepoaa BOCCTAHOBUTEIbHBIE CBOA-
CTBa, KOTOpPBIC OH TPOSBIISIET B PEAKIHAX C CEPOH, KHUCIOPOAOM, a30TOM, (TOPOM,
PSAZOM CIOKHBIX BemiecTB. Hampumep, peakiius ¢ W30BITKOM KHCJIOPOJA MPHUBOJIUT
Kk oOpa3oBaHuto okcuaa yriaepona (1V):

C+ 02 300-500 °C C02

[Tpu Gonee BBICOKOH TeMmIlepatype M HEJAOCTaTKe KUCIOpoJa oOpa3yeTcsi OKCH]L
yraepona (11):

2C +0, 20°C ,5co

dakTUYeCcKH, TOCIEAHSS Peakius MPOTeKaeT B JBa dTara: BHa4yaie oOpazyercs
okcup yraepoaa (1V), koTopelit pu 6osiee BHICOKOM TemIepaType U30BITKOM yIiiepo-
na BoccraHaBnupaetcs 10 CO:

Cc+0, -4 Co,

2C+0, -5 2C0

B xecTkuX yCIoBHUSIX YTIIEPO PEATUPYET C CEPON U a30TOM:
C(rpadur) + 28 700-1000 °C Cs,

+3 -3
2C + N, ZEPEL DT (CN), (qiumman)

@dTOp HE BCTYyMAaeT B peakiuu ¢ aiMa3oM. AMOp(QHBINA yriepon pearupyer
co (TopoM yxe Mpu KOMHATHOW TeMmmeparype, rpautr — mpu TeMmiepaTrype BbIlIe

900 °C:
C(rpacur) + 2F, —>CF,
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Peakuuu yriepoja ¢ ocTajabHbBIMU IaJIOT€HAMH MPOTEKAIOT C HUYTOXKHO MaJIbIMU
BBIXOJIaMU U ITPAKTHUECKOT0 3HAYEHUS HE HMEIOT.

BoccraHnoBuTenbHbIE CBOMCTBA rpauTa MCHOJIB3YIOTCS ISl IOJYYEHUs] MeTal-
JIOB U3 UX OKCUAOB. [TOCKOIBKY 3TH peakiyy IpOBOJAT MPHU U30bITKE yriepoja u npu
JIOCTATOYHO BBICOKOM TeMmIepaType, HapajielbHO o0pa3yercs, B OCHOBHOM, OKCHJ

yriaepona (11):
t
Cu0O+C — Cu+CO
t
Fe,O; +3C — 2Fe + 3CO
B ciyuyae OKCHIOB aKTHBHBIX METa/UIOB (IIEIOYHBIX, IEIOYHO-3EMEIIbHBIX,
ATFOMUHUS, MarHUS) B 3THX YCIOBUSAX OJHOBPEMEHHO 00pa3yIOTCsl KapOuIbl:

CaO +3C —» CaC, + CO

HO 3T0171 HpI/I‘{I/IHe JJIsL HOJIy‘-IeHI/I}I AKTUBHBIX MCTAJIJIOB B YHMCTOM BHUAC U3 UX OK-
CHUJI0B yrnepoz[ HC I/ICHOJ'ILSyeTCSI. HpaKTI/I‘{eCKI/I Ba)KHOfI SIBJISICTCIA peaKLII/I}I YI‘J'I}I C I1a-
paMHu BOJBI:

C+H,0 CO + H, (BozsiHoii raz)

Takum ciocoO0M B MPOMBIIIUIEHHOCTH MPOBOAAT ra3uUKaIuio yriis s MoJy-
YEHUs BOJIOPO/Ia.
KonnentpupoBanHasi cepHasi 1 a30THasi KUCIOTHI OKUCIISIOT aMOP(HBIIN YTIIepo/I:

C + 2H,S0, (kou1.) —— CO, + 250, + 2H,0

C + 4HNO; (koni.) —— CO, + 4NO, + 2H,0
yFJ’IGpOI[ OKHCJICTCA COJIAMHA KUCIIOPOACOACPKAIIUX KUCIIOT:

2C + Na,CO; —— 2Na + 3CO
4C + BaSO, ——> BaS + 4CO

t

5C + 4KNO; — 2K,CO3 + 3CO; + 2N,

OxucnuTenbHbIE CBOICTBA YIiepoja MPOSBISET B peakuusx C BOJAOPOJIOM, 0o-
pPOM, KPEMHUEM U METAJIJIAMU:

= °C. Ni
C+H, <« t=800°C, N CH,(meTan)
t = 1500-2000 °C, Ni
2C+H, «

t=1300 °C
_

t>800 °C

C,H, (aueruiien)

+4 -4

C+Si SiC (kapOopyHn)

Kap6opyna (SIiC), mnm xapOuI KpeMHHS, XUMHYCCKH H TEPMHUYECKH OYCHB
yCTOWYMB, 00J1a/1a€T BEICOKOW TBEPAOCTHIO U TYTOIUIABKOCThI0. KapOopyH1 oTHOCUTCS
K TUITy OMHApHBIX COECIUHEHUH, Ha3bIBaeMbIX KapOujgamu. B kapbunax yriepon mpo-
SBJIIET OTPULIATEIBHYIO CTETIEHb OKUCIICHUS.

BpICOKOM XMMHMYECKOW HMHEPTHOCTBIO U TYTOIUIABKOCTBIO OTJIMYACTCS TAKKE
Kapouj 6opa:

¢ o4

C + 4B —— B4 C(xap6uz 60pa)

BaxxHpIMu mpencTaBuUTENsIMA OMHAPHBIX COCAMHEHUH yriepoja SBISIOTCS Kap-
OMIBI METAJIJIOB:

t=550°c 2 -
Ca+2C —= = CaC, (kapOu1 KaJIbIus)
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t=550°C 5
4A1+3C —— = Al C, (kapOuT aTFOMUHYS)

3Fe + C —» Fe,C (kapOu xeresa)

Kapouabl — 570 OMHapHBIE COEIMHEHUS yriiepoja ¢ MEHEe 3JIEKTPOOTpHIla-
TEJIbHBIMU JIEMEHTaMU. B 3aBHCHUMOCTH OT THUIA XUMUYECKOM CBS3HM pa3inyaloT MOH-
HbIe (coneobpasubie) (CaC,), koBanentHsie (SiC, B,C) u Meramionoao0Hbie KapOu bl
(FesC, WC). B kapOuaax HamOoyiee aKTHBHBIX METAJIOB (IICIIOYHBIX, IIEI0YHO3EC-
MEJIbHBIX, MATHUS, AIFOMUHUS, JIAHTAHOUI0B) XUMUYECKasl CBSI3b HOHHOTO THMA: B y3-
JaxX KpPUCTAJUIMYECKON pPemETKM HAXOJsATCS KaTHUOHBI METajula U aHUOHBI yriepoja,
KOTOpPbIE MOTYT OBITh, B TOM YHUCJIE, TPOU3BOAHBIMU METaHa (c*, Sp3-FH6sz(H3auHﬂ)
wmn anermtena (C,°, sp-ruGpransamys). VIOHHbIE KapOHIBl PeaKIMOHHOCTIOCOGHBI:
B3aMMO/JICHCTBYIOT C BOJOW WM pa30aBIEHHBIMH KUCJIOTaMU C OOpa3oBaHUEM pa3-
JUYHBIX YTIIEPOJICOICPIKAIMNX MPOTYKTOB; OKUCISIOTCS, PA3IaraloTes CO B3PHIBOM.

Hampumep, kapOuapl MIENTOYHBIX U MIET0YHO-3EMENbHBIX METAJJIOB, MEJIU U Ce-
pebpa pacTBOpsIOTCS B BOJE U pa30aBICHHBIX KUCIOTaX C BBIJIEICHHEM alleTHIICHA
(TTOATOMY ¥ TIOTYYWIIN Ha3BaHWUE dTHHHJIOB WJIH allCTHIICHUIOB):

CaC, + 2H,0 — Ca(OH)Z + CyH,

CaC, + 2HCI — CaCl, + C,H,

KapOuapl anroMuHuS 1 OSpHIUTHS B ATHX YCIIOBHSX BBIACISIOT METaH (OTHOCSTCS
K METaHHIaM):

Al,C; + 12H,0 — 4Al(OH); + CH,

Kap6un maraus cocraa MgC, B aHaIOTHYHON peakluu Takke o0pa3yeT areTH-
nieH, a kapouy coctaBa Mg,C3; — cMech H30MEPOB: MPOIKUHA U MPONAUEHA.

M92C3 + 4H20 — ZMg(OH)Z + C3H4

KoBanenTHbie kapOHWIbl XWMHUYECKM WHEPTHBI. XHUMHYECKHEe U (U3MUECKUE
CBOMCTBA METAJIONOAO0HBIX KapOHIOB OMPEACIISIOTCS THIIOM UCXOHOW MEeTalIhde-
CKOM KPUCTALTMYCCKOW PEIICTKH MeTajuia. Takue KapOuabl, HE MMCIOIINE Ompe/e-
JICHHOTO CTEXHOMETPHUYECKOTO CocTaBa, oOpa3yror OosbimHCTBO d-35memenToB (WC,
MnsC, CosC u I[p)

Oxcupa yraepoaa (I1) npu oObuHBIX ycnoBusix — r1a3 (fgn = —191,5 °C) 0e3
1Bera, Ge3 3amnaxa, IIOTHOCTh — 1,25 /v’ (HEMHOTO JIerde BO3yXa), II0X0 PacTBO-
puM B Bojie (2,3 ma B 100 ma H,O nipu 20 °C), ssA0BUT.

B cooTBeTcTBHM € Teopuel BaleHTHBIX cBsized B Mosiekyiae CO peanusyercs
TPOWHAs CBSA3b: IOMUMO JIBYX CBSI3€i MEXK/y HECIIAPSCHHBIMU DJICKTPOHAMH, PEan30-
BaHHBIX TI0 MEXaHH3MYy OOMEHa, CYIIECTBYET U TPEThsl CBS3b, OOpa30oBaHHAsS IO J10-
HOPHO-AaKIENTOPHOMY THUTY (TIapa AJEKTPOHOB KHCIOPOJa B3aMMOJICHCTBYET C Ba-
KaHTHOW OpOMTajbi0 aToMa yriiepoja). BaJeHTHOCTh aTOMOB KHCIOpOJa M yIiaepoaa
B CO pasna 3 (puc. 12.2), a cTeneHN OKUCICHUS COOTBETCTBEHHO —2 U 12,

$C =08

Puc. 12.2. Cxema crpoerus monexkyiasl CO

C remorno6unoM kpoBu CO CBA3BIBAETCS MPOYHEE, YEM KHCIOPOJ, TEM CaMbIM
OJIOKHpYsI IEPEHOC KUCIOPOAA B OpraHU3Me:
Hb-O, + CO S Hb-CO + O,
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[Tpu BeIcOKOM KOHUIEHTpauun CO naHHOE paBHOBecHEe cMmellaercs Bipaso. [lep-
Basi IOMOILb IOCTPAIaBLUIMM — BJbIXaHHE YHCTOTO BO3/1yXa.

[Ipu oObryHBIX ycioBusix okcun yriepoaa (1) He B3amMomeHCTByeT ¢ BOJOW,
KHCJIOTaMH U IIeJ04aMu. DTO HecoJieo0pa3yroImuil OKCH/I.

[Tpy NOBBIMIEHHBIX TEMIIEPATypax UM 00JydyeHUH cBeTOM akTuBHOCTH CO pes-
KO BO3pPAaCTaeT; B ATUX YCIOBUSAX OH MOKET BCTYNATh B PEAKIIMHU COCIUHEHUS U OKHC-
JIEHUS-BOCCTAHOBJIEHMU S, POSIBIISAS IPKO BbIPa)KEHHbIE BOCCTAHOBUTEIbHBIE CBOMCTBA!

2CO +0, - 2CO,

CO +Cl, -5 COCl, (docren)

I[Tpu Beicokux Temmepatypax CO BOCCTaHABIMBACT MHOTHUE METAJIBI M3 UX OK-
CH/IOB:

CO +CuO=Cu+CO,

10 cBoiicTBO OKcua yriepoa (I1) ucrons3yeTcst py BBIMIABKE METAIUIOB M3 PYI.

Kak Bocctanosurens CO Oonee 3ppeKkTUBEH, 4YeM KOKC, MOCKOJIBKY B IPUCYT-
crBud raza (CO) miomaab COMPHUKOCHOBEHUS PEareHTOB CYIECTBEHHO BBIIIIE.

W3-3a HaIWYKs HEMOEIICHHBIX TIap 3JEKTPOHOB Y YIIepoa M KHCIOpoaa MOHO-
OKCHJT YTJIepo/ia MOKET BBICTYNATh B Ka4eCTBE JIUTAHIA, 00pa3ys MpOYHbIe KOMILICK-
CBhI C TEPEXOAHBIMU MeTauilaMu — KapOoHwiel, Hampumep, [Ni(CO)4], [C0o(CO)q],
[Fe(CO)s].

0
5CO + Fe —s [Fe(CO).] (menrakapbonuKene3o0)

KapGouunabl — 3TO JerkosieTyune TBEp/ple BellecTBa WM kujkoctu. Kap6o-
HWIBI JIETKO MPU HAarpeBaHuu pasnaratores Ha metat 1 CO. DTo 0MH U3 CIIOCOOOB
MOJIYYEeHUS YUCThIX MeTamioB. KapOOHWIIbI BCTYMalOT B peakIMi OKUCIEHUS, BOCCTa-
HOBJICHUS U PEaKMU 3aMelEeHUS] KapOOHUIIbHBIX JIMTAHOB.

[Tpu narpeBanuu CO OKUCISIETCS CepOit, 00pa3ys THOOKCHI:

CO+S=C0S

COS — aT0 OecuBeTHbIN ra3, 6e3 3amaxa, XOpoIllo pacCTBOPUM B BOJE U MEIICH-
HO C HEW pearupyer:

COS + Hzo = HzS + H2C03

IIpu B3aumoaeiicteun CO ¢ BOJOPOAOM B PA3IMYHBIX YCIOBHSX MOJYyYArOT Me-
TaHOJI WM aJIKaHBbI:

CO +2H, — X2 RCUOKROs , 1, OH (metanon)
t, Ni

mCO + (2n + 1)H2 EE— CnH2n+2 + nHzo
Oxkcup yriepona (11) obpatuMo B3auMOACHCTBYET C BOASIHBIMU MapaMu:

CO +H,0 <5 CO, + Hy, AH<0

ITpu Temnepatype 830 °C 00beMHBIE 10JIM BCEX KOMIIOHEHTOB 3TOTO PaBHOBECHS
onuHaKoBHI. [IOHMKEHNE TeMIIepaTyphbl CMEIAaeT paBHOBECHE BIPaBo (Oosiee CHITbHBIN
BoccTaHoBuTeNb CO), a MOBBIIIEHHE TeMIIepaTypbl — BJIEBO (0oJiee CUIIbHBIN BOCCTa-
HoBHTEb Hy).

B npomsinuiennoctn CO NOdAy4aroT CAeIyIOIMMU ClIoco0aMu:

1) mpornyckaHHeM JUOKCHIA yriepoja HajJ PacKaJIEHHBIM YIJEM MpPU BBICOKOM
TeMIeparype:

CO,+C S 2CO
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2) OKUCIICHHEM YTJIEpO/ia B HEJJOCTATKE KUCIOPOIa:

2C+ 0, > 2CO

B naboparopuu okcua yriaepoga CO mosyyaroT, 100aBisia MO KarisM KOHIEH-
TPUPOBAHHYIO CEPHYIO KUCIIOTY K MypaBbUHOW KUCIIOTE:

HCOOH 2% ,co + H,0

[IlaBeneBast KMCIOTa MPU HArPEBAHUM C CEPHOM KUCIOTOH MaéT cMech BYX OK-
CH/JIOB:

H,C,0, 2% ,C0o, + CO +H,0

CMech MOJTyYeHHBIX T'a30B MPOMYCKAIOT Yepe3 pacTBOp THMAPOKCHAA Oapwus, Ko-
TopbIil nornomaet Toybko CO,.

Oxcun yraepoaa (1V) (CO,, yriekucnslii ra3, aHTHIPH] YTOJIbHOW KHUCIIOTHI,
JTHOKCHI yTIIepoia) — OECIBETHBIN ra3 MpH OOBIYHBIX YCIOBHUSIX, HIMEET CITa00KHCIIBII
BKycC, B 1,5 pa3 tspkenee Bo3ayxa (p = 1,98 /).

JlBe o-cBs3u B mMosiekyne CO; (puc. 12.3) oOpa3yroTcst 3a cUeT HepeKpBhIBaHUs
Sp-ruOpuaHbIX opbutaneit aroma C u p-opOuTaneil KHCIopoaa, a JABe T-CBSI3U — 3a
CUeT NepEeKPhIBaHUs p-OpOUTaiell KUCIopoaa U HETHOPUAHBIX 2p-opOuTaineil yriepo-
na. OTo JuHeiHas MoJekyna. BanentHocts atoma yraepoga B CO, paBHa IV, a cre-
NIeHb OKHCJIeHUs +4.

0) )
T T

Puc. 12.3. Cxema crpoenust Mosiekyinsl CO;

[Tockonbky monekyna CO, HenoJsipHa, PaCTBOPUMOCTD YIJIEKHCIIOrO ra3a B BOJIE
Maja: B oqHOM oO0beme Bojibl pu 20 °C 1 HOpManbHOM JaBjieHuu pactBopsiercs 0,88
ero oobema. [Ipu oxnaxaenun g0 —79 °C (p = 100 kIla) yrnekucnplil ra3 MOXKHO Te-
PEBECTH B TBEPJOC COCTOSHUE, MHHYS >KHIkoe. TBepubiii okcup yriepoxa (IV) —
cHerooOpas3Has Macca (Ha3bIBaeTcs CyxuM JjbaoM). [Ipu ucnapenuu cyxou nej mepe-
XOJIUT B Ta3000pa3HOE COCTOSIHUE, MUHYS KHUIKOE (BO3rOHKa, cyOnumanus). Yrie-
KUCJBIN ra3 B O0JBIINX 103aX SAO0BUT.

Tepmuuecku MosieKyna YIIEKHCIIOTO ra3a O4eHb yCTOHYMBA, HAUWHAET pasia-
ratbcs mpu Temmeparype npuMmepHo 2000 °C, a mOJHOCTBIO pa3yiaraercs TOIbKO IPU
5000 °C:

2C0O, «» 2CO + 0,

[To cBoeli xuMuYeckoii mpupose okcua yraepona (1V) — THUMUYHBINA KUCIOTHBIH
okcup. [lpu pacTBopeHHH B BOJie OH 00paTHMO C HEll pearupyer, o0pa3ys HeyCTONYH-
BYIO yrojibHyto kuciotry: CO, + H,O < H,COs.

B peakmusx co menouamu CO, oOpasyer cpennue (KapOOHAThI) WM KHUCIIBIE
(ruapokapOOHATHI) COJIM YTOIBHOW KHCIOTHI:

CO; + KOH — KHCO3;

CO, + OH — HCO,

C02 + Ba(OH)z — BaCOgl + Hzo

CO, + Ba™ + 20H™ — BaCOs| + H,0
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C ocHoBHbIMU OKcuaamu akTHBHBIX MeTaiwioB (1A u IlA rpynm) CO, o6pasyet
KapOOHATHI:

Ca0 + CO, «— CaCO;

[Tpu mponyckanuu u3osiTka CO, uepe3 BOIHbIE PaCTBOPHI WIIM B3BECU KapOOHa-
TOB IIEPEBOJUT MOCIEAHUE B THAPOKAPOOHATHI (KHCIIBIE COJIH):

CaCO; (kp.) + CO, + H,O — Ca(HCOg), (pacTtBOp)

CaCO; + CO, + H,0 — Ca?* + 2HCO;

Na,COj3 (pactBop) + CO, + H,O — 2NaHCO3; (pactBop)

CO% +CO, + H,0 — 2HCO;

C BoAHBIMHU pAacTBOpaMU aMMHaKa yriIeKUCIbIA ra3 o0pa3yeT coli aMMOHUS:

CO, (u36.) + NH3 - H,O (pa36.) —» NH4HCO;

CO, + NH;3 - H,O — NH, + HCO,

CO, (memoct.) + 2NH;3 - HyO (konir.) — (NH,),CO3 + H,O

CO, + 2NH; - H,0 (xorm.) — 2NH; + COZ + H,0

ITockonbky aTom yriiepona B Moisiekyie CO; uMeeT BBICIIYIO CTENEHb OKMCIICHUS
+4, yrIekucablid Ta3 B peakusiX ¢ BOCCTAHOBUTEISIMU MOXKET MPOSIBISATh UCKIIIOUH-
TEJIBHO OKHMCIIUTENBbHbIE CBOMCTBA. Hanmpumep, Mpu B3anMOIEHCTBUHN YIJIEKUCIIOTO ra-
3a C MarHUEeM U aJIOMUHUEM KpOME OKCHOB 3TUX METAJIJIOB, OJHOBPEMEHHO 00pa3y-
1orcs kapouasl Mg,C, MgC, u Al,Ca:

CO, +2Mg —> 2MgO + C

3CO, + 4Al — 2Al,0, + 3C
KaranutuueckuMm BoccTaHoBleHHeM okcuaa yriepoaa (1V) Bogopoaom nonyya-

IOT PA3JIMYHBIC AJIKaHbI, HAIIPUMCP!

CO, + 4H, «“*& , CH, + 2H,0

ITpu B3aumoneiictBun CO, ¢ EPOKCUIAMHU BBIIEISETCS KUCIOPO:

2C02 + 2H202 — 2N32C03 + OzT

Baxxueiimas B OMOJIOrMYECKOM OTHOUIEHUHM PEAKLUs C y4aCTUEM YIIJIEKHCIIOIrOo
rasza — 9TO Iporecc (poTocuHTe3a:

6C02 + 6H20 XJIOpOUILI, CBET C6H1206 + 602T
IIpu B3aumoaeiictBuu CO, ¢ aMMHMaKOM IMOJy4arOT LIEHHOE a30TCOJIeprKallee
ynobpenue — kapoamu] (MOYCBHHY):

CO, + 2NH3 —5 OC(NH,), + H,0

O6napyxenne okcunaa yraepona (V) ocHoBaHO Ha BbINIaJIGHUM OCajKa MpH B3a-
umoserictBur CO, ¢ n30BITKOM H3BECTKOBOUM BOJIBI WIIH OApUTOBOM BOJIBI:

Ca(OH), (pactBop) + CO, — CaCOs| + H,0

Ba(OH), (pacteop) + CO, — BaCO3] + H,0

Peakuutio crienyeT mpoBOIUTH OCTOPOXKHO, mponyckas CO, yepe3 pacTBOp He-
00nbIMIKUMH TOpUUSAMU. Eciu MOTOK ra3a MHTEHCHBEH, 0CaJI0K He 00pa3yeTcsi, TaKk Kak
npu u3obITke CO, HepacTBopuMbie CaCO3 u BaCO3; 6bicTpo mepexoasT B pacTBOpHU-
MbI€ TUIPOKAapOOHATHI:

tKOMH.
CaCO, (1) +CO, (r) < Ca(HCO,), (pactBOp)

KHUITTYCHUEC
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B naGopaTopHBIX YCIOBUSAX YIJIEKUCIBIA Ta3 IMOJYYaloT JCHCTBUEM COJISTHOU
KHCJIOTHI Ha M3BECTHSAK (CEPHYIO KHCIOTY OpaTh HE pEKOMEHIYeTCs M3-3a 00pa3oBa-
HUS IUI0XO0 PACTBOPUMOTO Cyib(aTa KaabLus):

CaCO;3 + 2HCI — CaCl; + H,0 + CO,1

CaCO; + 2H* — Ca®* + H,0 + CO,?

[Tockonpky CO, TspKenee Bo3ayxa, okcua yriaepoaa (1V) cobuparor B mpoOupky,
MOMEIICHHYIO TOPIIBIIIKOM BBEPX.

B pOMBIIIIICHHOCTH YTIIEKUCITBIN Ta3 MOTYYaloT 00KHIOM H3BECTHSKA HITH KOKCA:

CaCO; —5 H,0 + CO,1

C+0, -5 COyt

CO, BbIIENSAETCS KaK IOOOYHBIN MPOITYKT IPU CIIUPTOBOM OPOKEHUH TITHOKO3bI:

CeH1,0p —LRPMEHTEL | 50 H.OH + 2CO,1

PactBopsisick B BoJie, YIIIEKUCIBIN Ta3 0OpaTUMO B3aUMOJIEHCTBYET ¢ Heil, oOpa-
3ys yrojibHyto kuciioty HoCOg. [Ipu 3TOM B pacTBope yCTaHABIMBAKOTCS PaBHOBECHS,
KOTOpBIE MPHU OOBIYHBIX YCIOBMSIX CHJIBHO CMeIleHbl BIeBO (okono 1 % ot oOmiero
quclia pacTBOPEHHBIX MoJieKyd CO; BCTYNAIOT B pEAKLMIO).

Hzo + C02 g H2C03 g H+ + HCO; g 2H+ + CO g_

Taxkum obpaszom, H,CO3 — cnabas (K; = 4,5-10’7, K, = 4,8-10’11), HEYCTONYH-
Bas, KUCJIOPOICOAepkKaIiasi, TBYXOCHOBHas KUCIOTa. [Ipu OOBIUHBIX yCIOBUSX B CBO-
00THOM COCTOSIHUU YT'OJibHAsI KUCJIOTa HE MOJIyYEeHA, T. €. U3BECTHA TOJIBKO B PACTBO-
pax. Ctpoenne monekyssl H,CO3 mokazano Ha puc. 12.4.

H—O\ .
/C—O
H—O

Puc. 12.4. Cxema cTpoeHHS yTOIBbHON KUCIIOTHI

B BOaHOM pacTBOpe yroJjibHasi KHCIOTa JUCCOLUUPYET CTYIIEHYATO U, IJIaBHBIM
o0pa3oMm, 1o NepBON CTYNEHHU:

1. H,CO, <> H" + HCO,

2. HCO,; <> H" + CO%

U3-3a manoii koHuentpanuu uonos H™ Boamblii pactBop H,CO; okpammubaer
JTAKMYC B pO30BBIH (a HE B KpaCHBIH!) 11BET.

VYrosbHas KHCTIOTa pearupyer co IieaoyamMu ¢ o0pa3oBaHUEM CpeaHux (KapOo-
HATOB) WJIM KUCIBIX (THAPOKApOOHATOB) COJICH:

H2003 + NaOH — NaHC03 + Hzo

H2CO3 + OH7 — HCO; + Hzo

H2C03 + 2NaOH — Na2C03 + 2H20

H,CO; + 20H — COZ% +2H,0

VYronpHasE KUCIOTa Kak JJIEKTPOJIUT CUJIBHEE CEPOBOJOPOJHON, KPEMHHMEBOU
Y XJIOPHOBATUCTON KUCIIOT, (PEHOJIA, IIOATOMY BBHITECHSET 3TU KUCIOTHI U3 UX COJICH:

NaCIlO + H2C03 — NaHC03 + HCIO

501041
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NaClO + H,0 + CO, — NaHCOs + HCIO
ClO + H,0 + CO, —» HCO; + HCIO

K,SiO; + 2H,0 + 2C0O, — H,Si05| + 2KHCO4
SiO2™ + 2H,0 + 2C0O, — H,SiO3] + 2KHCO,
C,H.ONa + H,0 + CO, - C,H.OH + NaHCO,

(enomAT HATpUS

KZS + 2H20 + 2C02 — KHC03 + HzST

B cBoro odepens cama yroyibHas KHCIOTa BBITECHSICTCS W3 CBOMX coJieii Ooiee
CWJIBHBIMH KUCIIOTaMH (COJISTHOM, CEpHOM, a30THOM, (ocHOpHOM, CEPHUCTOM, YKCYCHOM):

NaHCO3; + CH3;COOH — CH3COONa + H,0 + CO,1

CaCO; + 2HCI — CaCl, + H,0 + CO,?

C aMMHaKkoM yToJIbHasI KHCJIOTa 00pa3yeT COTM aMMOHUS:

NH3 + Hzo + COZ — NH4HC03

2NH3 + Hzo + C02 - (NH4)2C03

Coun yroJibHO# KHCJIOTBI MOTYYaIOT MMyTeM MPOIyCKaHUs TUOKCHIA YTiIepoaa
Yyepe3 pacTBOP LIET0UH MO0 B peakiiui 0OMEHa MEXY IBYMs COJISAMHU:

CaCl, + Na,CO3; — CaC03l + 2NaCl

Ca’* +CO% — CaCOg)

[Tocmeqauii ciocod WMeeT CBOM OTpaHUYCHHSI, HAKJIAbIBACMbIC SBIICHUEM TH]I-
posnusa. Tak, mpy CMENIMBAaHUKM BOIHBIX pacTBOpPoB kapOonatoB u coneir Al, Fe(lll),
Cr(111) Henp3s momyuuTh KapOOHATHI 3TUX METAUIOB. B 3TOM cityuae n3-3a B3aUMHOTO
YCHUJICHHSI THAPOJIN3a B OCAT0K MEPEXOIAT TUAPOKCHIBI:

AIZ(SO4)3 + 3Na,CO; + 3H,0 — 2A1(OH)3l + CO, + 3Na,S0O,

B anamornynbIX peaknusax ¢ ydactuem cosieii Mg, Zn, Cu(ll) B ocagok Beimasa-
10T OCHOBHBIE KapOOHATHI:

2CuS0O, + 2Na,CO3; + H,0 — (CUOH)QCOgl + CO, + 2Na,S0O,

Kucnbeie conu yroiapHOM KHUCIOTHI MOJy4aroT, mnpomyckas u30oeitok CO, yepe3
BOJIHBIN pacTBOpP KapOoHaTa NMOO MOCTENEHHBIM (10 KaruisiM) 1o0aBlIeHueM CHIIbHOMN
KHUCIIOTHI B BOJIHBIN pacTBOp KapOoHaTa:

K2C03 + C02 + HZO = 2KHC03

CO; +CO, +H,0 - 2HCO,

Na,CO; + HNO3; — NaHCO3; + NaNO;

[Tpu B3aMMOJEHCTBUY CO MIETIOYAMH WM TPU HarpeBaHUM (TIPOKAJTMBAHNUN) KHC-
JIbIE COJIH TIEPEXOMISIT B CPEAHHUE:

KHC03 + KOH — K2C03 + Hzo

HCO; + OH — CO; +H,0

2NaHCO; (pactBop) + Ba(OH), — Na,CO; + BaCO3| + 2H,0

2HCO; +Ba*" + 20H — CO? + BaCOs] + 2H,0

NaHCOj; (kp.) — Na,COs + H,01 + CO,?

B Boze xopouio pacTBOprUMBI KapOOHATHI IIEIOYHBIX METAIIOB (KpOME JIMTHS)
U aMMOHUS. I3 KuCbIX cosield B CBOOOTHOM COCTOSIHUU BBIJICJIEHBI TOJIBKO THIAPOKAP-
OOHAThI IIEIOYHBIX METAJUIOB M aMMOHHUSA (MX PAaCTBOPUMOCTbh MEHBIIE, YeM CPETHUX
COJIeil); PacTBOPUMOCTb THIPOKApOOHATOB IIEJIOYHO3EMEIbHBIX METAJJIOB OOJIbIIE,
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YeM CpeIHUX; U3 KUCIBIX COJIeH IIEJOYHBIX METAJIOB CPAaBHUTEIBHO TUI0XO (9,6 T Ha
100 r Bogs!r mpu 20 °C) pacTBOpuM ruapokapboHat Hatpus. [loaToMy maHHYIO COJb
MOXHO TIOJIYYUTh CMEIIMBAHUEM TOPSYUX HACBHIIMICHHBIX PAaCTBOPOB COOTBETCTBYIO-

HIUX COJIeH C MOCTIEAYIOMUM OXJIaKIEHUEM PEaKIIMOHHON CMECH:

NaCl (pactBop) + KHCO;3; (pactBop) — NaHCO3| + KCl

Na"+ HCO,; — NaHCOs|

DTOT NPUHIMI MOJIOXKEH B OCHOBY MPOMBIIIICHHOTO MOJIYYEHUs THAPOKapOOHa-
ta Hartpus 1mo merony CosbB3: KOHIICHTPUPOBaHHBIN oxnaxacHHbd pactBop NacCl
HACBIIIAIOT aMMHUAKOM U 3aTeM uepe3 Hero noj aasieHuem mnpomyckaioT CO,. [lpu
3TOM MPOTEKAIOT CIEAYIOIINE PEAKLIUN:

NH3 : Hzo + COZ — NH4HC03

NaCl + NH4HCO3 < NaHCO3| + NH,4CI

PactBopuMBIe B BOJI€ COM YrOJILHOM KUCIOTHI MOABEPTAtOTCA TUAPOIU3Y, MIPHU-
4yeM B OOJIbIIIEH CTETIEHH CPEIHUE COJIH, PEeaKIHs pacTBOpa — IIEJIOYHAs:

Na,CO3; + H,0 <> NaHCO3; + NaOH

COSH,0«>HCOZ +OH"

KHCOg + HZO g HzCOg + KOH

HCO; + H,0 <> H,CO, + OH"

Bonee menoynyro peakiu pacTBOpa UMEIOT KApOOHATHI; B Clydae KHUCIBIX CO-
JIeH MEeTOYHOCTh CpeJlbl YCTaHABIUBACTCS HE BCEMH MHAUKATOpaMu (HampuMep, Hellb-
351 YCTAaHOBUTH IIECTIOYHYIO PEAKIINI0 (PEeHOIPTATCHHOM).

[Ipu BBINIOJIHEHUN YCIIOBUM MPOTEKAHUS peaKUil HOHHOTO OOMEHa COJM YTOJb-
HOUM KUCIJIOTBI PEarupyroT C IPYTUMH COJISIMH, IIETI0YaAMU:

K,CO3 + MgCl, — 2KCI + MgCOs)

COZ + Mg* — MgCO, ¥

K,CO;3; + Ca(OH), (pactBop) — CaCO3 + 2KOH

COZ +Ca* —» CaCO, {

NaHCO; (pactBop) + NaOH — Na,CO3 + H,0

HCO; + OH™ — COZ +H,0

OO01iee CBOMCTBO BCEX COJICH YroJIbHOM KHUCIOTHI — B3aWMOJICHCTBHE C CHJIIb-
HBIMHU KHcJIoTaMH ¢ BeiaenenueM CO,:

NaHCO; (pactsop) + HCl —> NaCl + H,0 + CO,1

HCO; (pacteop) + H* —s H,0 + CO,?

CaCO; + 2HNO; —» Ca(NO3), + H,0 + CO,?

t
CaCO; + 2H" —— Ca®* + H,0 + CO,1
Tax xak yrosibHasi KHCJI0Ta ciiabee YKCYCHOM, TO €€ COJIM Pas3siaraloTcst yKCyCHOM
KHUCJIOTOM:

NaHCO; + CH,COOH —'» CH,COONa + H,0 + CO,?
HCO; + CH;COOH —'» CHCOO™ + H,0 + CO,?
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Tyromnaskue okcuabl (SiO,, Fe,03, B,Os, Al,O3) npu HarpeBaHuu pasiararot
kapOoHaTsI ¢ BeieneHueM CO,:

Na,CO; + Si0, —> Na,SiO, + CO,?

CUJINKAT HaTpUs
Na,CO; + ALO; —*5>  2NaAlO,  + CO,t
METaaJIlOMUHAT HATPUs

[Tpu mpomyckaHuu M30BITKA YTICKUCIIOTO ra3a Yepe3 pacTBOPBI CPEIHHUX COJICH,
MOCIICTHUE TPEBPAIIAIOTCS B KUCIIBIC:

(N H4)2C03 + C02 + HzO — 2NH4HC03

[lpu HarpeBaHuM KapOOHATOB METAUIOB HaONIOMACTCS WX pasziiokeHue. [lpu
stoMm BoiAensieTcs CO, u 00pasyeTcst okcul Metaiiia. Ha npakTuke pa3nuyaroT kapOo-
HATBI JBYX THUIIOB: a) KapOOHATHI, pasJlararolirecs Mpyu HarpeBaHWW 0 TUIABJICHHS,
0) kapOOHATHI, pa3ararIIrecs Mocje Mepexoaa B paciuIaBIeHHOE COCTOSHUE (YCIIOB-
HO WX CYMTAIOT TEPMUICCKH YCTONIHBBIMHU ).

Tak, TepMHUYECKH YCTOWYHUBHI (T. €. 3aMETHO HE PAa3JararoTcs A0 TUIABJICHHS)
KapOOHATHI MICIIOYHBIX METaLUIOB (Kpome yutus); s Hux t,, (Na,CO3) = 852 °C;
t. (KoCO3) = 891 °C. KapOoHATHI JIUTHSA M IPYTHX METAJLIOB Pa3jiararoTcs 0 TUIaB-
JICHUS, IPUYEM KapOOHATHl MEHEE aKTHBHBIX METaUIOB — TpH 00Jiee HU3KOH TeMIIe-

parype:
1450 °C

BaCO; «X°%°C , Ba0 + CO,t

CaCO; «22°C, Ca0 + CO,t

FeCO; S0C, Feo + CO,1 (uneptHas atmochepa)

Oco0eHHO Jierko pasnaraeTcsi KapOoHaT AMMOHUS:
60 °C
(NH4)2C03 E—— NH3 + COzT + Hzo
[Ipu KunsiuYEeHWH BOAHBIX PACTBOPOB WJIM HATPEBAHUU TBEP/IbIX COJIEH THIPOKAp-
OOHATHI TIEPeXoAT B KapOoHaThl ¢ BbiaeneHueM CO,; ruapokapOOHAT aMMOHUS pas3-

Jaraercs MoJIHOCTbIO:

Ca(HCO5), (pactBop) ——> CaCO;] + CO,1 + H,0

2NaHCO; (kp.) —222°C, Na,CO,| + CO,1 + H,0

NH,HCO; —> NHs + CO,1 + H,0

B BosHBIX pacTBOpax 0OHAPYKUTH HOHBI (CO3)2_ win (HCO3)™ MOKHO 110 BbIjIC-
neanto CO, npu 100aBIEHNN CUIIBHBIX KHCIIOT:

CO gﬁ + H+ - COZT + Hzo

HCO; + H+ — COzT + Hzo

Brigenenue yriekucnoro rasa, B CBOIO O4epeslb, YCTaHABIMBAIOT IO XapakTep-
HOMY UIMTICHUIO WJIM 110 BBINIAJICHUIO M OBICTPOMY PAaCTBOPEHHIO OCAJIKa MPH MPOITyC-
KaHUU €ro Yepe3 BOAHBIN pacTBOP M3BECTKOBOU JIMOO OApUTOBOM BOJIBI:

Ba(OH)g +CO, —» BaCOgl + H,0

Ba®* + CO2" — BaCOs|

Terpadropua yraepona CF, — odenp uHepTHbIN 133 (L, = —128 °C). OH He
pearupyeT HM ¢ KUCJIOTaMH, HU co mienodamu. [losTomy ero, kak u apyrue ¢gropco-
nepxarue coenuuenusi, B uactaoctu, CF,Cl, (t,, = —155 °C, t.,, = —30 °C) ucnossb-
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3YIOT B KauecTBe ()pEOHOB — pabOUYuX BELIECTB B XOJOAUIBHBIX MallnHax. bomibinoe
MPAKTUYECKOE NMPUMEHEHUE HAXOIAT (GTOPOIUIACTHI, B YACTHOCTH, T€(JIOH MCIOIB3Y-
IOT IS U3TOTOBJICHUSI XUMHUYECKH WHEPTHOUN MOCY/BI M anmaparypbl. TeduioH moiy-
qaroT nonmmepusanueit rerpadropatunena CF, = CF,. Ha tednon He necTByeT Ku-
msmas HNO3 u pacrimaBnennas NaOH, on ycroituus mo 320 °C.

Terpaxaopun yriaepona CCl, — nHeroprouas kunkocts (tg, = 76 °C) momyuya-
10T XJIOpUPOBAaHUEM MeTaHa. TeTpaxJopua yriepoaa MeHee yCTOMIuB, 4eM TeTpadro-
pU yriiepojaa, HO HE pasjiaraeTcs HIeIoYaMH U KHCIoTamH. TeTpaxiiopujl yriiepoaa
IIMPOKO UCIOJIB3YETCsl B KAYECTBE HEMOJIIPHOTO PACTBOPUTENS VISl IKCTPAKIIUHU TaJlo-
TCHOB U JAPYTHX HEMOJSIPHBIX BEIIECTB M3 BOJIHBIX PACTBOPOB.

MOoJTeKyIIbl TETPAraNoreHHI0B YIIepoaa 00pasyloTCs ¢ yIacTHEM SP -THOPHIHBIX
opOuTaneit aToOMOB yriepoJa U UMEIOT GopMy TeTpadpa.

Terpadpomun yriaepoaa CBr, npu koMHaTHO# TemmepaType MpeACcTaBIseT Co-
0ol OnemHO-)kenToe TBepmoe BemiecTBO (1, = 93 °C). OHO He pacTBOpSIETCS B BOJE
1 noJisipHbIX pactBopurensax. [Ipu narpesanuu go 200 °C pasnaraercs.

Terpanonua yriaepoaa Cl, — cBeT/IO-KpacHOE KPUCTANIMYECKOE BEIIECTBO
c 3amaxoM Hona. [Ipu HarpeBaHuy M Ha CBETY TETPAUOIU/ YTIICPOia Pa3pyIIacTCs:

2Cl, — 21, + Cyly

YMeHbllleHne TePMUYECKON YCTOMYMBOCTH U MOBBIIMICHHE PEAKIIMOHHOMN CIIOCO0-
HocTH TeTparajorenuoB B psay CF, > CCl, > CBry > Cly xoppenupyeT ¢ u3MeHEHH-
em sHTanbmuu cBs3u C—Hal (x/x/mons): C — F (—487), C — CI (-340), C — Br (-285),
C-1(-214).

[IpakTuyeckoe 3Ha4€HHE UMEIOT MPOIYKTHI HEMOJHOTO TaJIOTeHUPOBAHUS METa-
Ha — xyopodopm CHCI; (pacTBOopuTEns M CPEACTBO IS aHECTE3WH) U Homo(opm
CHI; (anTucenTHK).

Juxaopoxcoyriepoa (pocren) COCl, — xmopaHTUAPHUA YTOJIHHON KHUCIIOTHI.
Ot10 GecuBeTHbI ra3 (i, = 8,2 °C) ¢ 3amaxom Mnpenoro ceHa, mioxo pacTBOPUM B BO-
7ie ¥ MEJIJICHHO pearupyer ¢ Hel ¢ 00pa3oBaHUEM JIBYX KUCIOT:

COC|2 + Hzo - 2HC| + H2C03

B BogHBIX pacTBOpax mienoveit pocreH MOMEHTaIbHO THAPOIIU3YETCS:

COCl, + 4KOH — K,CO3 + 2KCI + 2H,0

C ra3zoo0pa3HbIM aMMHaKOM (POCTEH 00pa3yeT MOYECBUHY:

COC|2 + 4NH3 - CO(NH2)2 + 2NH4C|

@oCreH — BaKHBIM IPOMEKYTOUYHBIM NMPOAYKT B MPOMBIIIJICHHON XUMUH, IIPU-
MEHSIETCS KaK ChIPhE B IPOW3BOJICTBE KpAaCUTENICH, MOUYEBUHBI, H30IIMOHATOB, OE3BO/I-
HBIX XJIOPHUJIOB METAJUIOB, MECTUIUIOB, JIEKAPCTB U pacTBopureneii. docreH — Belie-
CTBO YJYLIAIOIIETO ACHCTBUA, MPUMEHSUICA Kak 00eBOE OTPABJISAIOIIEE BEIIECTBO BO
BpeMs IEPBOM MUPOBOW BOMHBI.

CS; — mucyasdua yriepoaa (cepoyriiepon), npeacTaBisieT co00i JIETKO BOC-
TUTAMEHSIIOIIYFOCS JKUIKOCTD (L, = —46,2 °C). [1apsl e€ ouens Tokcuunbl. Pabota ¢ CS,
TpeOyeT 00bINoI 0cTOpOKHOCTU. Mcnonb3yeTcs 3To BEelecTBO Kak pacCTBOPUTEITb.

CS,, takxke kak u CO,, — nuHeliHas monekyna. Cepoyriepo ropuT CHHUM

IINTaMCHEM C O6p330BaHI/ICM JAUOKCHUJOB CCPBI M YIJICpOJa:
CSZ + 302 — COg + 2802
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CS, sBnsiercs cynbduaom, 061agalonMM KUCIOTHBIMU CBOMCTBaAMU, U MPHU B3a-
UMOJICUCTBUU C OCHOBHBIMHU CYJIb(GUIaAMU 00pa3yeT COJMH THOYTOJbHOM KHUCIOTHI —
MmuoxapboHamul.

Na,S + CS, — Na,CS;

JleificTBEM KHUCIIOT Ha THOKApOOHATHI BBIIEISAETCS CBOOOIHAS TUOYTOJIbHAS KUC-
agora H,CS3:

Na,CS; + 2HCI — 2NaCl + H,CS;

Cnabast THOyroNIbHas KHCIIOTa Ooyiee cTaOWIIbHA, YeM YrojbHas, HO B BOJHOM
pacTBOpE MOCTENEHHO pa3araercs:

HzCSg + 3H20 — H2CO3 + 3H28

IIpu remnepatype Boilie 150 °C cepoyriaepos pearupyet ¢ BOJAOMU:

CSZ + 2H20 — C02 + 2H28

[Ipu BBICOKHMX TeMImepaTypax B SJIEKTPUUECKOU Ayre MEXIY TpaUTOBBIMHU IJICK-
TpoJaMu B atMoc(epe azoTa yraepos pearupyeT ¢ Ny. [lpu aToM oOpasyeTcs si10BU-
THIM ra3 — aunuad. J[Uiuan npu BBICOKOHM TemrmepaType B3aumojeicTByer ¢ Hy, 00-
pa3ys Tokcuunblii ra3 HCN — 1imanoBoopo:

(CN), + H, —» 2HCN

HuanoBoxopoa (HCN) npencraBisieT co0oil OECIBETHYIO JIETKOJICTYUYIO KU/
KOCTh (L. = 26,5 °C) ¢ 3amaxoM MHHAAIA. DTO OJHWH U3 CHIBHEHIIHNX s710B. B ku-
KOM COCTOSIHUM LIMAaHOBOJOPOJ] NMPEACTABISAET CMECh JBYX TayTOMEpHBIX (popm —
«HOPMAJIbHON» U N30()OPMBI:

H-C=N: S H-N= C:
n3ocopma

TayTomepust — JUHAMHYECKOE PABHOBECHE MEXAY CTPYKTYPHBIMH M30MEPAMH.
BBICOKYIO TOKCHYHOCTH ITMAHOBOIOPO/Ia CBSI3BIBAIOT C M30(OPMOM, KOTOpasi COSTUHSI-
eTCsl C IUTOXPOM C-OKCUAA30M (PepMEHTOM M3 LIENU OKUCIUTENBHOTO (GocPopuInpo-
BaHUs MUTOXOHApPUI) Yepe3 aToM yriepoja C HEMOJeJICHHOM Mapod AJIEKTPOHOB.
Henocpencreenno HCN B3auMoeiicTByeT ¢ aTOMOM 3keJie3a u3 rema (dTa MpocTeTH-
yecKas rpymnmna BXOAUT B COCTAaB IIUTOXPOM C-OKCHJIa3bl), B pe3yJIbTaTe Yero rnpephiBa-
eTCsl MPOIIECC KIIETOYHOIO JbIXaHUsI.

Boansiit pactBop HCN umeet ciabokucinyio cpeay W Ha3bIBaeTCs IIMAHOBOJO-
POJIHOM KHCITOTOH (cuHMIbHOM KucnoToit): HCN «» H + CN™ K, = 107,

B BOIHOM pacTBOpE CHHWIBHOW KHUCJIOTBI MEIJICHHO NMPOTEKAET PEaKLUs dJICK-
TPO(UIBHOTO HNPUCOEIUHEHHS BOJbI IO TPOMHOW CBSI3U ¢ 0Opa30BaHHMEM amHjia Mypa-
BBUHOM KHCJIOTBI, KOTOPBIN Jaee TUAPOIN3YeTCs, IpeBpalasich B popMUAT AMMOHUS:

HCONH; + HOH — HCOONH,
e
H-C=N+HOH — H-C{
NH

CuHUJIBbHAS KUCJIOTA JIETKO B3aPIMOI[eI>’ICTByeT C aJIpACTUAAaMHU U KETOHAMH C 00-
pa3s0BaHUEM MAJIOTOKCUYHBIX HTUAHTUAPHUHOB!

OH
7 |
H-C=N+R-¢ —-R-C-CN
N\
H H
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B kauectBe npotuBosiaus no oTHoueHUo Kk HCN ucnonb3yroT rioko3y, KOTo-
pasi COJIEPKUT aNbJACTUAHYIO TPYIITY.

Conu MaHoOBOJOPOTHON KUCIIOTHI HAa3BIBAIOT THAHTAMY. B BomHBIX pacTBOpax
OHU CUJILHO TMOJABEPKEHBI TUAPOIIH3Y:

CN +HOH < HCN + OH"

[{uaHuapl METOYHBIX METAUIOB XOPOLIO PAaCTBOPUMBI B BOJIE, OYEHB STOBHTHI.
CwmeprenbHas no3a — 150 mr. [lpu oTpaBineHusx LuMaHuUIaMu NepBas IOMOIIb —
Na,S,0;3 (Trocynbdat HATpHS):

KCN + Na,S;,03 — KSCN + Na,SO0;

OO6pa3yromuiicss poaHua Kallds ropa3fo MEHEE SIOBUT, YeM HHUAHUJ Kalusl.
B neuenu yenoBeka nmpucyTcTByeT (pepMEHT pojlaHe3a, KOTOPhIH KaTaau3upyer Mpu-
BEJICHHYIO peaKInio, CHIKas KoHeHTpanuo CN -HoHOB.

[{uaHu bl TPOSIBISIOT BOCCTAHOBUTEIHHBIE CBOWCTBA!

KCN+0,-', KOCN

OaHaT KaJIlus

KCN+S_', KSCN

THOLIMAHAT KaJIus,
POIaHU Kaust

KCN +Cl, —' CICN

XJIOpIIaH

HNon CN™ kak jurasja y4acTByeT B 00pa30BaHUHU OOJIBIIOTO YHCIa KOMIUIEKCOB
d-smementoB. Hampumep, obpasyer Ki[Fe(CN)¢] — xpacHyio KpOBSHYIO COJIb;
K4[Fe(CN)e] — xentyro KpoBsHYIO cOJb. [lpaHMAHBIC KOMILICKCHI IMHPOKO IPHME-
HSIOTCS B aHAJIMTUYCCKOW XUMHUHU. B wacTHOCTH, kenTast kpoBsiHas coyib Ky[Fe(CN)g]
MPUMEHSETCS KaK KAYECTBEHHBIM PEAareHT JIJIs ONPEICICHUSI HOHOB Fe3+, Zn2+, cu®.

12.3. XUMHYECKHWE CBOMCTBA KPEMHUS Y ETO COEJUHEHUI

KpemHuunii — BTOpO# 10 pacpoCTPaHEHHOCTH TOCJIE KUCIOPOa JJIEMEHT B 3€M-
HOU Kope (MonbHas nonst — 16,7 %, maccoBast nonst — 27,6 %). B mpupoae kpemuuit
BCTPEYAeTCS TOJBKO B CBSI3aHHOM BHJIE B COCTaBE PA3IUYHBIX aTIOMOCHIMKATOB.
Hanpumep, kaolMHUT — OCHOBHasi cocTaBHas 4acTh ruHbBI (Al,03:2S10,-2H,0); Tak-
e BCTpevaroTcs: optoknaz wiau  moneBod  mmar  (K,O-Al,O36Si0,), ciarona
(K;0-3A1,05:6Si0,), acoect (3MgO-2SiO,-2H,0), tanek (3Mg0O-4Si0O,-H,0). 3nauu-
TEJIbHAsI 9aCTh KPEMHUS COJCPKUTCS B cocTaBe okcuaa SiO,, Ha3pIBAEMOT0 B 3aBUCH-
MOCTH OT COJIepKaHMs IPUMECeH TIeCKOM, KpeMHE3eMOM, KBapieM, HHPY30pHOH 3eM-
JIEH.

Ecnmu yraepon siBisieTcss BAKHEHIIUM AJIEMEHTOM PAaCTHUTEIBLHOTO M YKMBOTHOTO
MHUpa, TO KPEMHHUH TOCHOJCTBYET B I[APCTBE MHHEPAJIOB M TOPHBIX 1mopoa. OCHOBHas
yacTh Macchl 3emin (75 %) COCTOMT M3 Pa3JIMYHBIX CHIIMKATHBIX TOPOJ, TOTAA Kak
B COCTaBE JKMBBIX OPTaHU3MOB COJIEp)KaHHE KPEMHUS HEBEIUKO.

JITst KpeMHUSI U3BECTHBI JBE QJJIOTPOIHBIE MOAM(PHUKAIIME — aJIMa30MoA00Has
(nanbonee ycroitunBas) u rpaduTonogoOHast (B OOBIYHBIX YCIOBHSIX HEYCTOWYHBA).
Panpiie x ammoTpormHbIM MOAM(HKAIMSIM OTHOCHIM TaK Ha3bIBAEMBIH aMOpGHBIN
KpeMHu# (Oypblit mopoiok). OgHako, mo3aHee ObIIO JOKa3aHO, YTO KPUCTAIUIMYECKHUE
CTPYKTYpBI aIMa30moI00HOTO ¥ aMOP(HOTO KPEeMHHsI OJIMHAKOBBI, a PAa3IHUUs B UX
BHEIIHEM BUJE U XUMHUYECKOW aKTUBHOCTH BBI3BAHBI Pa3MEpPOM YACTHUIl U HATMYUEM
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npuMeceil. M3-3a MeHbIIEro pazMepa 4yacTHUILl XUMUYECKHU OoJjiee aKTUBEH aMOp(HBIN
KpeMHUH. AnMa3zononoOHas Moau(puKanus KpeMHHs (KpUCTAINIMYECKUH KpEeMHHUI)
tyromuiaBka (t,, = 1428 °C), orinudaercs BBICOKOH TBEPAOCTHIO M XPYIKOCTHIO, UMEET
METaJUIONO0OHBIA YepHO-CephIil BUJ, 00aanaeT OonblIe, yeM y aamasza dJIeKTpude-
CKOM MMPOBOAMMOCTBIO M XOPOLIO IPOBOJUT TEILIO.

B nepuoanueckoil cucteMe 31€MEHTOB KPEMHUIN PacoioKeH HENOCPEACTBEHHO
0] YIJIEPOJIOM M SIBJIIETCS €0 3JEKTPOHHBIM aHaoroM. MokHO ObLIO ObI 0KMJIATh,
4T0 00a 3reMeHTa OyayT oOpa30BBIBaTh COEAMHEHUS OJMHAKOBOIO THMA. B neiicTBu-
TEJIBHOCTH 3TO HE TaK: MMEs. HEKOTOPOE CTPYKTYPHOE CXO/ICTBO, COAUHEHUS KPEMHUS
XUMHUYECKH Majlo MOX0XHM Ha COOTBETCTBYIOIIME COEIMHEHUs yriepoxaa. Hampumep,
AHAJIOTHYHBI 110 COCTAaBY U HEMOX0XKH 10 cBoiictBam MeTaH (CHy) u cunan (SiHy), au-
OKCH/IBI YTJIepo/ia U KPEMHUSI.

[TprunHbI 3TUX pa3Iuyuil 00YCIOBIIECHBI, TJIABHBIM 00pa3oM, CIEIYIOIIUMH (ak-
TopaMu. Pannyc KpeMHHs 3HAYUTENIBHO IMPEBBIIIAET PAAUyC YIJIEpoJ]ia, BCIIEICTBUE
Yero 3aTpyJHEHO oOpa30BaHUE T-CBSI3U MEXJY aTOMaMH KPEMHUS 3a CUET MEepeKpbI-
BaHus 3p-opOutaneii. [1o npuunHe OONbIEro pajnyca KPeMHUS O-CBsI3b Si—Si sBIIs-
eTcst MeHee npouHou, yem C—C.

VY KkpeMHus, B OTIMYME OT YIJIepoJa, CYWIECTBYIOT d-opOuTanu (Ha TpeTbeM
ypOBHE). DT He3arodHeHHbIe 0-0pOuTali MOTYT BOBJIEKATHCS B 00pa30BaHUE CBSI3EH,
YTO NPUBOJUT K CIEAYIOLIUM PE3yIbTaTaM.

— Ilonwmxkaercs ycroiunBocth cBszeit Si—Si, Si—-H, Si-I" (kpome F) k neiicTBuio
BO/JIbI, II€JI0UEH, Iienouei, KUCIopoia.

— Pe3ko BO3pacTaloT BaJIEHTHbIE BO3MOXKHOCTH KPEMHUS: TEOPETHUECKH MaKCH-
MajbHasi BaJIEHTHOCTb KPEMHHUSI paBHa JIEBIATH (MO 4YMCIy OpOMTalield Ha BHEUIHEM
PHEPreTUYECKOM YPOBHE), TOI/Ia KakK JUIs yriaepoja OHa cocTaBiseT yeTslpe. Ha mpak-
TUKE JIJIs1 KPEMHUS, KaK JUIsl yriepoja, HauOoJjiee XapaKTepHa BaJ€HTHOCTb, pPaBHas
4eThIPEM, HO TOJIYYCHBI U COCIUHEHUs 1ecTuBaieHTHOro kpemuust (H,[SiFg]);

— Bakantubie 3d-opOuTanu KpeMHHUST MOTYT YYacTBOBaTh B JIOMOJHHUTEIHHOM
Tlp-g-CBA3€00Pa30BaHUMU C HETIOJEICHHBIMU NIAPAMH P-2JIEKTPOHOB aTOMOB-IIAPTHEPOB!
O, N, F, Cl.

— IIpouHOCTP CBA3EH KPEMHHUS C KUCIOPOAOM, a30TOM M TaJIOT€HAMH H3-3a JI0-
HOJIHUTENBHOTO Ty.q-CBA3LIBAHMS BBILIE, YEM COOTBETCTBYIOLIMX CBA3EH 11 YII€poaa.
HaoGopor, npounocts cBsizu Si—H menbine, yuem C—H, tak kak atom H He umeer He-
MOJIEJICHHBIX 3JIEKTPOHHBIX Map, U B 3TOM Cllyyae peuiaroliee 3HaueHue uMeeT JUIMHA
CBSI3M, KOTOpasl B cllydae ¢ KpeMHHEM OOJIbIlIe, YeM C YIIepOJIOM, COTIIACHO UX painy-
cy (tabm. 12.2).

Tabnuya 12.2

3HavyeHnus dHeprum (k/:k/M0J1b) HEKOTOPBIX CBA3EH YIIepoaa 1 KpeMHHA

Ces3u yriepona | E g0, KK/Moab | CBsizu kpemuus |E cp550, KK/ MOJIB
Cc-C 346 Si-Si 328
Cc-O 359 Si-O 445
C-H 441 Si-H 318
C-ClI 340 Si—ClI 382
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JIJiss XuMuu KpeMHUS TPUHIMIHAIbHOE 3HaYEeHUE UMEET CPAaBHUTEIBHO OO0JIbIIAs
INPOYHOCTL CBA3U €r0 aTOMOB C KHMCJIOPOJOM, KOTOpas M3-3a T, q-CBA3BIBAHMS BBILIE
IIPOYHOCTH CBA3W MEXAY aTOMaMU KPEMHHUsI IPUMEPHO B 2,5 paza. Ilo aToi npuunne
3eMHasi Kopa 0oJiee YeM Ha TOJIOBUHY COCTOUT U3 KpemHezeMa SiO,, ero ruapaTHBIX
bopm — XSiOy'yH,0, pa3nuuHBIX CHIMKATHBIX U aFOMOCHIIMKATHBIX IOpoa. B ciy-
yae yriaepojaa mpodHocTh cBsizu C—O cpaBHMMa ¢ npouHocthio cBsizeit C—C, C—Cl
u MeHble npoyHocTH cBsizu C—H. [loaTomy Bce coenHeHUs yriaepoja, coaepkaiime
ces3u C—C, C—H, C—Cl, ycTOWYHBBI 10 OTHOIIEHUIO K BOJE M KHUCIOPOAY. AHAIOTHY-
HbI€ COEJMHEHHS KPEMHHUS BOCIUIAMEHSIIOTCS Ha BO3AyXe (KpEMHEBOAOPOJIbI), JIETKO
paznararoTcsi BOJIOM 1 BOJHBIMH PACTBOPAMHU LIEIOYEH:

SiH, + 2NaOH + H,0 — H,SiO3 + 4H,1

SiCl, + 3H,0 — H,SiO3 + 4HCI

Oco0OEHHOCTBIO XUMHUU yTJepoja SIBISETCS CIOCOOHOCTh aTOMOB CBSI3BIBATHCS
IpYyT € Apyrom, 00pa3oBbIBaTh KPaTHBIE CBSA3H MEXAY COOOM M aTOMaMM APYTHX dJie-
MEHTOB, @ KPEMHHsI — CIIOCOOHOCTh €ro aTOMOB OOpa3oBBIBaTh IMPOYHBIE CBS3U
C aTOMaMH KHCIIOpoAa.

Jns KpeMHHSI XapaKTEpHbl OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIE CBOMCTBA. [Ipn

KOMHATHOW TeMIiepaType KpeMHUI pearupyeT TOJIbKO co Gropom:
+4 -1
Si+2F, > SiF,

ras npu KOMH. t

AHanoruyHple peakiuy ¢ XJIOpPOM B OpoMOoM MpoTekaroT Toiabko npu 400-600 °C:
+4 —1
Si+2Cl,— SiCl,
KHUJIKOCTh
IpU KOMH. t

Taxke mpy HarpeBaHUM MEJIKOJIUCIIEPCHBI KPEMHHI pearupyer ¢ KUCIOPOAOM,
CEPOM, a30TOM U YIIIEPOAOM:
. t M2
Si+25—SiS,
. t +A: -2
Si+0,—SiO0,
. t 4 -3
3Si+2N,—  Si,N,
HUTPUJ KPEMHUS
) ¢ +4 —4
Si+C— S1C
KapOWI KpeMHUS
BoccranoBuTenbHbBIE CBOMCTBA KPEMHMI MPOSBIISAET B PEAKLUSAX CO CIOKHBIMU
BellleCTBaMU. B BakyyMe pacIulaBICHHBIM KPEMHUN BOCCTAaHABINBACT HEKOTOPBIE Me-
TaJIbl U3 OKCUAOB (KPEMHETEPMHUS ):
A t .
MgO + Si — Mg + Si07
TOHKOAMCIIEPCHBIN KPEMHUI pa3jiaraet BOAYy, PpEarupyer C aMMHUAKOM:

2H,0 + Si — Si0, + 2H,1

3Si + 4NH; — SisN, + 6H,1
[Ipu HarpeBaHuu ra3o000pa3Hblii (HTOPOBOAOPO] B3AUMOJICHCTBYET C KPEMHHUEM:

Si +4HF —55 SiF, + 2H,
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B Gouee xecTkux ycnoBUsAX MOJ0OHBIM 00pa30M B3aMMOJIEHCTBYIOT C KPEMHUEM
XJIOPOBOAOPO] U1 OPOMOBOJIOPO/I.

BoaHbie pacTBOpBI KUCIOT HA KPEMHUI HE JEHCTBYIOT, 3a UCKIOYEHUEM CMECHU
MJIaBUKOBOW W a30THOW KHUCIIOT; aMOpP(MHBIA KPEMHHUU pPAacTBOPSETCS B IIAaBUKOBOM
KHCJIOTE:!

Si +6HF (xor) —— H,[SiF]+2H, T

amMop(HBIi rexcaTopo-

KpeMHHEBas
KHCIIOTa

Si + 4HNO; (konm.) + 18HF (komi.) —— 3H,[SiFs] + 4NO1T + 8H,0

I'ekcadropokpemuuenas kucinota (Ho[SiFg]) — cunbHas kuciora, B ¢cBOOOJHOM
BHUJIE HE BBIJEICHA, TaK KaK MpHU ymapuBaHuu pasiaraetcs: H,[SiFg] — SiF, + 2HF.
Coun 3TOH KHCIOTHI (TeKcad) TOPOCHUITMKATHI) PACTBOPUMBI B BOJIE, UX TIPUMEHSIOT ISt
NPOMUTKH APEBECUHBI JUISI 3aIMTHI €¢ OT OTHs U THUEHUSA. DTOPOCUIIUKATHI SAO0BUTHI.
Na,SiFg (TBepable KPUCTAUIBI) MPUMEHSIOT sl (GTOpUPOBaHUS BOMBI, 3yOHBIX MAcCT,
Kak WHCEKTUIHI. [lomy4yaroT pTOpOoCHINKATEI IO PEAKITHH:

M€F2 + S|02 + 4HF — MeS|F6 + 2H20

Bce amnorporntbie MOAM(HUKAIIME KPEMHHUS XOPOIIO PaCTBOPSIOTCS B IIE/IOYAX,
pUYEeM JaKe Ha XOJIOTY:

Si + 2NaOH + H,O — Na28i03 + 2H2T

Si + 4NaOH — Na,SiO,4 + 2H,1

B ponu okucnuTens KpeMHHUE BBICTYMAeT B peakiusax ¢ Meramiamu. Oopa3syro-

LIUECs COCAVHECHUS Ha3bIBAIOT CHIMIMAAMM:
.t 4 4
2Mg + Si— Mg, Si
.t A
2Ca+ Si—Ca,Si
Cunuuuabl NOJHOCTBIO pa3jararoTcs BOJOM M KUCIOTaMHU, IPU 3TOM BbIAEISAETCS

STOBUTHIN Ta3 cuia (SiH,) ¢ mpuMecko Ipyrux KpeMHEBO0POJIOB:
-4 +1 +4 -1
Mg, Si +4H2 0 — 2Mg(OH), \ + SiH4s T

-4 +1 +4 -1
Ca,Si +4HCl - 2CaCl, + SiH. T
Cunas roprood, caMOBOCIIAMEHSIETCSI HA BO3yXe€:
S|H4 + 202 - SIOZ + 2H20
Cunan pazyiaraeTcsi BOJAHBIMU PAacTBOpaMU Ilejlouei, a MpU HarpeBaHUM pacrha-
JlaeTcs Ha MPOCTHIE BeniecTBa (OUH U3 CIIOCOOOB MOTYUYEHHUS] YUCTOTO KPEMHHS):
S|H4 + 2NaOH + H,0 — Na28i03 + 4H,
SiH, 20, si+2H,1
WHEpTHas atMocdepa
Kpemuuit nonyuaror u3 okcuga kpemuus (IV), BoccTaHaBmuBas ero yriiem

B QJICKTPUYICCKUX ICHaAX:
+4 0

0 +2
Sio, +2C—',Si +2c0 7
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B maGopaTopHBIX YCIIOBUSX C 3TOH IENIBIO TIOPKUTAIOT CMECh OeJIoro mecka (1o-
BOJIBHO YMCTHIN okcu kKpeMuus (1V)) u Maruus:

+4 0 t 0 +2

Si0, +2Mg—Si + 2MgO

OTUMHU criocobamMu MOIy4aroT aMOpPQHBIM KpPEMHHUN, KOTOPBIA HE OTIMYaETCs
BBICOKOHM YHCTOTOM, 3arpsisHeH kapouaamu kpemuus win maruaus (SiC, Mg,C). Ouenb
YUCTBIA KPEMHHMM (/11 MOJIYNPOBOJHUKOBOM TEXHUKH) MOJIY4YarOT BOCCTAHOBIECHUEM
xJyiopuja kpemMHus (1V) LMHKOM WM HaTpUEM, TEPMUYECKUM PA3IOKEHUEM CHIIAHA:

0 0
SiCl, +2Zn ' Si + 2ZnCl,
Jlns xpemHHs u3BecTHBI OKCUABI cocTaBa SIO u SiO,;. MOHOOKCHA KpeMHHS

(SiO) cymectByeT TOIBKO B ra3oBOil (a3e MpU BHICOKHX TEMIEpaTypax B MHEPTHOM
atMocdepe; OH JIETKO OKUCIAETCS KUCIOPOJIOM ¢ o0pa3oBaHHEeM 0oJiee CTaOUIBHOTO

okcmma — Si0y: 2Si0 + 0, —— 2Si0,

Oxcun kpemuus (11) momyyaror mo peakiuu:

Si0, + Si —— 2Si0

Oxcun xkpemuns (1V), wnm kpeMHE3eM, H3BECTEH B HECKOJIBKUX KPHCTAJLIHYE-
CKUX MOJIU(UKAIMIX — KBapll, KPUCTOOAIUT, TPUIUMUT U Ip., OTIUYAIOMINXCS IO
(bU3UYECKUM CBOMCTBAM M XMMHUYECKOW aKTUBHOCTHU. DTU (DOPMBI paznuyaroTcs pac-
MOJIOKEHHEM B MpocTpaHcTBe TeTpadapoB [SiO,]. Bee Moaudukaimu TyromiaBku
(t,.. xBapma = 1600 °C), HeneTy4n, MpakTUYECKH HEPACTBOPUMBI B Bojae. Hambonee
XUMHYECKH aKTUBHA amop(dHas Moaudukaus KpeMHe3eMa, KOTopas TOJTy4aeTcs Mpu
OBICTPOM OXJIAKJICHUH PACIUIABICHHOTO KBapIIa.

B mpupone BcTpedaroTcsi MHOTHE Pa3HOBUIHOCTH KpeMmHe3ema. [ maBHBIM oOpa-
30M 3TO KBapl], KOTOPbIIl U3BECTEH B BUJEC OOBIYHOTO MECKA WJIM KPYIHBIX KpUCTaJ-
noB. HekoTopple pa3HOBHMAHOCTH KBaplia UMEIOT OCOObIe Ha3BaHUs: TOPHBIA XpY-
CTallb — OOJBIINE TPO3pPAuHbIe KPUCTAIIIBI, aMETHCT — (HOJETOBBIE MPO3paydHbIC
KPUCTAILIBI, IBIMYATBINA TOIA3 — CEPO-KOPUYHEBBIC KPUCTAIIBI. ATaT U sIIMa — 3TO
MEJIKOKPUCTAITMYECKUI KBapI| ¢ MPUMECSIMU JIPYTUX BeliecTB. AMOp(HBINA KpeMHUI
BCTpEYaeTCs B IPUPOJIC B BHJIE MUHEpaa omnaia u coctout u3 SiO,nH,0.

B crpykType okcuna kpemuus (V) kaxpiit atom Si CBsI3aH ¢ YETBIPbMS aTOMa-
MU KHCIIOPOJa G-CBSI3SIMHU, & KXKJIbIF aTOM KHCJIOPOJa — C IByMSI aTOMaMU KPEMHHUSI.
Takum o6pazom, SiO, umeet nonumepHoe ctpoeHue (SiOy), C KPUCTATHIECKON pe-
1IeTKoi aromMHoro Tuma (Mojekyn SiO, He cymiecTByeT). B mI0CKOCTHOM H300paxe-
HUM cTpoeHue okcuaa kpemuus (1V) nmokazano Ha puc. 12.5.

B Boge SiO; B OOBIMHBIX YCIOBHSX MPAKTUYECKH HepacTBOpUM (83 mr/m s
amop(hHO¥M MOTUQHKAIUK), OTHaKO, HauuHast co 150 °C, ero pacTBOPUMOCTH BO3pACTaeT.

Jnoxcun kpemuans SiO, — KHCIOTHBIN OKCHII, BCTYIA€T B PEAKIIUH CO IIeNIoYa-
MU, 00pa3ysi CUIIMKATHI:

SiO, + 2KOH (komuir.) — K,SiOz + H,O
TOYHEE,

S|02 + 4KOH (KOHL[.) — K48|O4 + 2H20

IIpH CIJIaBJICHUN B3aHMOHeﬁCTByeT C OCHOBHBIMH OKCHOaMU:

CaO + Si0, —— CaSiO,
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|—O—Si—0—|
O C|} O
—O—Si—O—Sli—D—Si—D—
o 9 0
o sio|
0

Puc. 12.5. Cxema crpoenust SiO;

SiO, He moaBepraercsi BO3JACHCTBUIO XJI0pa, OpoMa, BOJAOpPOIa, HHEPTEH MO OT-
HOIIICHUIO K OOJIBIIMHCTBY KUCJIOT U METAJUIOB Ja)Ke TIPH MOBBIIIICHHON TeMIlepaType.
Kak u mo6oii Beicnid okcua, Si0, popMaabHO SBISIETCS OKUCIUTEIEM, HO HCKITFOUH-
TeabHO cl1a0biM. OH MOXKET OBITh BOCCTAHOBJICH TOJBKO IIPH BBICOKUX TEMIIEpaTypax
CHUJIbHBIM BOCCTAHOBUTEJIEM, HAIPUMEpP, YTIECPOAOM, aTIOMUHHUEM, MarHUEM, KaJlbI[U-
eM. B ycinoBusx n30bITKa BOCCTAHOBHUTENSI 00pa3yeTcss KapOua KpEMHHS WIIH CUITHITU-
JIbl Maruusi (UTFOMUHUS, KaJIbIIHs):

Si0, + 3C — SiC +2CO1

SiO, + 4Mg —> Mg,Si + 2MgO

JIoKcH KpeMHUS pearupyeT Ipu 00bIYHBIX YCIIOBHUSAX TOJBKO ¢ propom (SiO, +
2F, — SiF, + O;) u drTopoBogopoaHoi kuciortou: SiO, + 6HF(k.) — Hy[SiFg] +
2H,0. TTockonbky SiO; sSBIsIETCS COCTaBHOM YaCThIO CTEKIIA, 3Ta PEAKIMs Ha3bIBACTCS
«TpaBJICHHEM CTeKJay». Eciii TpedyeTcs MmoJyduTh MATOBBIM PUCYHOK Ha CTEKJIE, TO
ero o0pabaThIBalOT (TPABAT) IJIABUKOBOM KHUCIOTOM, MPEIBAPUTEIHHO MOKPHIB TMapa-
¢buHOM Te MecTa, KOTOPBIE JOKHBI OCTAThCS MPO3PAUYHBIMHU.

Oxkcun kpemuus (1V) pearupyer Takxke ¢ ra3000pa3HbiM (TOPOBOAOPOJIOM:

SiO, + 4HF (r) — SiF, + 2H,0

bnaronapst Beicokoi Temreparype tiaBiaeHus (= 3000 °C) oxcun kpemuus (1V)
BBITCCHSCT IPU HAIPEBAHWUHU U3 TBEPBIX COJICH OoJiee JeTyYne KUCIOTHBIC OKCH/IBI:

Caz(PO,), + 3Si0, > 3CaSiO; + P,Ost

K,CO3 + Si0, —> K,SiO; + CO,t

Oxcuny xpemaus (IV) cooTBeTCTByeT psia KHCIOT C oOmel ¢opmymon
mSiO,-nH,0, rae m u N — neneie yncaa. Hanpumep,

H,SiO3; — merakpemuueBas kuciora (M=n = 1)

H;SiO4 — opTokpemuueBast kucinora (M =1, n = 2)

H,Si,05 — nBymerakpeMHueBas kuciota (m = 2, n = 1).

Henocpencteenno npu B3aumojeicTBuu SiO, C BOIOW 3TH KHCIOTHI BBHIY
npaktuaeckoir HepactBopumoctu SiO, B Boje He oOpasyrorcs. [Ipu moxakucieHuu
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BOJIHBIX PACTBOPOB CHJIMKATOB B OCAJ0OK BBINAJACT TUAPATUPOBAHHBIA JTUOKCH KPEM-
aust mSiO,-nH,0:

Na28i03 + 2HCI = 2NaCl + mSI02 : nHzOl

Han ocagkom B pacTBOpe HaxXOJUTCS YacTh MOJICKYJI OPTOKPEMHHUEBON KHCIIOTHI
H,;Si0,, xoTopasi 0YeHb HEYCTOWYHBA U CO BpEMEHEM 00€3BOXKHBAETCS, COCAMHSACH
B 1ienu (puc. 12.6).

OH OH OH OH OH
' | | l [
H—0—Si—0—Si—0—Si—0—Si—0—Si—0—H
I [ | I |
OH OH OH OH OH

Puc. 12.6. Cxema cTpoeHUsI KPEMHHEBOUW KUCIOTHI

CocraB 1enu KpeMHUEBOW KHCIOTBHI MOKHO BBIpa3suTh Gopmymnoii (H,Si03),, co-
OTBETCTBYIOIIEH METaKpeMHHEBOH (WM TMPOCTO KPEMHUEBOW) KHCIOTE, KOTOPYIO
0OBIYHO YMPOIIEHHO n300paXkatoT kak HySiO3.

CBeXeImomy4eHHBI 0CaJlOK THIPAaTUPOBAHHOTO JHOKCHAA KPEeMHHUS OTIMYAeTCs
BSI3KOCTBIO, HO JIOBOJIBHO OBICTPO TBEPJEET, MEPeXoas B OecuBeTHBIN remb. [Ipu nanb-
HEHIIeM XpaHeHUH Ha BO3yXE MPOMCXOIUT MOCTETIEHHOE 00e3BOKUBAHUE Tells U 00-
pa3oBaHUE HEMPO3PAYHOTo, OEIOTO, YpE3BBIYAHO MOPUCTOTO MPOAYKTA — CHITUKATEIIS
(SiOy),. Kak u akTUBHBIN yrojb, CHIMKArelb MCIOJIB3YETCS B Ka4eCcTBE aJICOPOEHTA.
[TyTem CHIBHOTO MPOKAJIMBAHUS MOTYYAIOT MEJIKOINCIIEPCHBIN aMOp(HBI Oeblii mo-
poiok aAuokcuaa kpemuus Si0, (Oenas caxa).

KpemHuueBast kucinoTa cinabasi, pyu He3HAYUTEIHPHOM HarPEeBaHUU pa3iiaraercs:

H,Si0; — H,0 + SiO,

Counur 3TOM KUCIIOTHI HA3bIBAKOTCA CHIIMKAaTamMu. VX Moay4aroT ¢ MCIOIb30BaHU-
em SiO, 6o B pe3yabTaTe peakiuii oOMeHa:

Nazsi03 + BaCl, = BaS|03l + NaCl

Si02 +Ba” — BaSiO;)

N3 cBoux coieit kpeMHUEBask KHCJIOTa BBITECHSIETCS HE TOJIbKO CHUIBHBIMU KHC-
JIOTaMH, HO U YTOJIbHOM:

Nazsi03 + H,0+ CO, = N32C03 + H28|Ogl

PactBopuMbIe B BOAEC CHJIMKATHI UMEIOT IICTOYHYIO PEAKIUIO0 M3-3a THAPOJIHN3a
110 aHUOHY (IIPHU 3TOM 00Pa3yIOTCS COJIU MOTUKPEMHHUEBBIX KUCIIOT):

Na28i03 + HOH « Na25i205 + 2NaOH

CocraB coJieii KpeMHHEBON KHCJIOTHI YacTO M300paKalOT B BUJE COCIUHECHUS
IBYX WK 0ojee okcuaoB, Hampumep, Ca0-Si0O,. Cunukatsl coctaBa 9,0-nSiO, Ha3bI-
BalOT PACTBOPUMBIM CTEKJIOM (37€Ch D — HATpUH WIM Kaluii), a UX BOJHBIE pac-
TBOPBHI — JKMJAKHMM €TekJI0oM. HatprueBoe pacTBopuMOe CTEKJIO MOTYYaIOT ABYMS CIIO-
cobamu:

Na,COj3 + SI0, —— Na,O - Si10, + COzT
. t .
2NaOH + S|02 — Nazo : SlOz + Hzo
Bce cumMKaThl TEPMUYECKH YCTONUYMBEL, TUIABATCS O€3 Pa3IOKEHUS.
erMHHﬁOpFaHHqCCKHMI/I COCAVMHCHUAMU MPU3HAIOT JIMIIb TC COCAUHCHUA, ¥ KO-
TOPBIX €CTh CBSA3b YIIIEPOA-KpEMHMI. XapaKTepHbIi OTINYUTENbHBIA MPU3HAK HCTHH-
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HBIX KPEMHHHOPIaHUYECKUX coeTuHEeHUH (co cBs3samu Si—C) 3aKirodaeTcs B TOM, YTO
CBSI3aHHBIE HEMOCPEICTBEHHO ¢ KPEMHHUEM YTJIEBOJOPOJHBIE TPYIIBI HE OTHICIUISIOT-
Cs Ha BO3JyX€ M B BOJHBIX PacTBOpax. YCTOWYMBOCTb 3TOW CBSI3UM U OOYCIOBIMBAECT
CBOICTBa KPEMHUIHOPraHMYECKHUX MOJIUMEPOB (CUIUKOHOB).

Cuinokcanbl — KPEMHUUOPTAaHUYECKUE COEANHEHNS, KOTOPBIE COJEPHKAT ABA UIU
0osiee aTOMOB KPEMHHUS, CBSI3aHHBIX YEPE3 KUCIOPO/I.

Ha ocHOBe mMNOMMMEpPHBIX KPEMHUUOPraHUYECKUX COCTUHEHUM (CHIMKOHOB)
B HacTOsIIee BPEMsI TIOJy4E€HO OOJBIIOE YUCIO MaTEPHANIOB C pa3HOOOPa3HBIMU CBOMA-
CTBAMM — CHUJIMKOHOBBIX CMOJI, MaceJl, 3J1aCTOMEPOB.

[TonnMeTniaCHIIOKCaH, HampuMmep, Onarojgapsi CBOEH CTPYKTYpPE HCIOJIb3yeTcs
Kak rupodoousupyroiiee NoKpbITHE.

12.4. XUMMYECKHWE CBOWCTBA TEPMAHWS, OJTOBA M CBUHIIA

Bce Meraninsl — repmaHuii, 0J0BO, CBUHEI] — O€Jible, OJIECTSIINE BEIIecTBa (3a
UCKJIIOYCHUEM 0-SN) C IJIOTHOCTBIO BBIIIIE 5 r/em®. ONOBO U CBHHEI — MSTKHE, HA3-
KOILJIABKUE U XOPOIIIO MTPOBOASIINE SJIEKTPUUECKUI TOK METaJIbI.

I'epmanuii, nMes KpUCTAIUIMYECKYIO PEIETKY KakK y anmasa, o0jagaeT HeoObId-
HO BBICOKOM JIJIsl METAJUIOB TBEPAOCTHIO (6,3 mo mikajie Mooca), BBICOKON TeMIiepaTy-
poii miasnenus (958 °C) u nposBIsET NOTYNPOBOJHUKOBBIE CBOWCTBA.

Ou10BO CylIECTBYET B BUJIE TPEX AJUIOTPOMHBIX MOAU(PUKAIUNA — cepoco 0108a
(a-Sn), 6enoeo onosa (B-Sn) m y-Sn. benoe 0n060 YCTONUMBO TpU TeMIIEpaTypax
Boimie 13,2 °C, OHO uMeeT TeTparoHAIbHYIO CTPYKTYpPY, HEBBICOKYIO TBEPAOCTH
¥, HA000pOT, BBICOKYIO TUIACTUYHOCTD. [IpokaTkoil yaaércst mony4aTh O4YeHb TOHKYIO
dbonbry (TOMMMHON A0 2,5 MKM), KOTOPYIO Ha3bIBAIOT CTAHHOJBIO. DIIEKTPONPOBO/I-
HOCTh Oenoro oyioBa coctaisieT 14 % oT anexkTponpoBogHOCTH cepedpa. Cepoe ono-
60 — CEpBIN MOPOIIOK 03 METAIUTMYECKOTo OJiecka YCTOWMYMBBINA NP TeMIepaTypax
Hwke 13,2 °C. Dta MoauduKanus uMeeT KPUCTALINICCKYI0 CTPYKTYPY, MOJ00HYIO
ayMasy, U SIBJISIETCS MOJTYIPOBOJHUKOM, Kak KpeMHUM U repmanuil. Cepoe 010BO me-
pexoauT B 06es0e 0JIOBO TOJIBKO MpHU IEeperiaBke MeTajlia U, Ha00OpOT, MPU HU3KHX
TemrepaTypax Oenoe 0JIOBO MpeBpaliaercss B cepoe (Impolecc Ha3bIBAECTCS «OJIOBSH-
HOI yyMmoii»). CKOpPOCTh Mepexojia 3aBUCUT OT YHCTOTHI OEJIOT0 OJ0Ba W HAIMYHUS
B HEM YacTHII-3apojbliel ceporo osnoa. [Ipu temneparypax Beimie 161 °C u3 6enoro
oJioBa oOpaszyercs Mmoaudukaius y-Sn. Ita MoauduKaius BHEIIHE TTOX0XKa Ha Oeroe
0JIOBO, HO OTJIMYAETCS] KPUCTAJUIMYECKON CTPYKTYpPOM, a, ClIeI0BAaTEbHO, U MEXaHU-
YeCKMMU CBOMCTBaMU (MEHee IIacTHYHas U 0oJiee XpymKasi).

CBuHen nMeeT roy0oBaTo-cepblid 1IBET, OJIECTUT, OJHAKO HA BO3AyXe OBICTPO
TYCKHEET. DTO CaMblii MITKUN Cpelu TSHKEIBIX METaUIOB — OH OCTaBIISIET Clie] Ha
Oymare U pexeTcsi HOXOM. TermTonpoBOAHOCTb U ANEKTPONPOBOJHOCTh CBUHIIA HEBE-
UKW, MeTammnyecKuil CBUHEI] XOPOUIO MOTJIOMIAET o, 3- U KECTKOE IEKTPOMArHUT-
HO€ H3JIy4YEHHUE.

IIpyn xomMHaTHOW TeMmepaType BCE TpU MeTajla yCTOMYHUBBI K KUCIOpoay (CBU-
Hell MOKPBIBACTCSI TOHKOM OKCUAHOMW MIIEHKOU U TepseT Oneck). [Ipu HarpeBaHUM OHU
okHcIstoTes kuciopoaoM (oopasys GeO,, SnO, u PbO), ranorenamu (Gel'y, SnIy,
PbI',) u cepoit (GeS wiu GeS,, SnS uiu SnS; u PbS).

Bonopon, yriepoa 1 a30T Ha repMaHuil, 0OJIOBO U CBUHEL| HE JEHUCTBYIOT.
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CraHmapTHble OKHCIMTEIbHO-BOCCTAHOBUTEIbHBIE IMOTEHLUHUANIBl MEPEXOA0B
Me” +2e” — Me y 0110Ba 1 CBHHIIA HEMHOTO OTPHIATE/IBHEE TOTCHIIMAIA BOXOPO/IA,
a y repmanus — OOJIbIIIE MOTEHIMAIA BOIOPO/IA.

OJ10BO M CBHMHEI[ MOTYT PacTBOPSTHCSA B Takux kuciorax kak HCl u pazbasieH-
Hast H,SO,, a repmanuii — HeT. OJIOBO MEVIEHHO pacTBOpsETCS B pa30aBlIeHHBIX CO-
JISTHOM U cepHOM kuciioTax. CBUHEI B 3TUX KUCIOTaX MAaCCUBUPYETCS M3-3a 00pa3oBa-
HUS Ha ero moBepxHocTH IUEHOK: ManmopacTBopuMbix POCl, u PbSO, B ykcycHoi
KHCJIOTE€ CBHHEL] MEIJICHHO pPAacTBOPSETCS, T. K. MPOAYKT PAacTBOPEHUS — auneraT
ceurna (I1) — xoporro pactBopumast coib.

Pb + 2CH3COOH — Pb(CH3COO)2 + Hz

KoHueHTpupoBaHHbIE TaJOr€HBOIOPOIHBIE KUCIOTHI PAaCTBOPSIIOT MallOpacTBO-
pUMBIE TAJIOTEHU]IbI CBUHIIA C 00pa30BaHUEM KOMILJIEKCOB:

Pb +4HCI — Hz[PbCI4] + HZ

B mpucyrcteun okucautencii (Cly, Br,, H,O,, NaClO, O,) Bce Tpu metamia pea-
TUPYIOT C KUCIOTAMH U pacTBOPAMH LIEJIOUECH:

Ge + 4HCI + 2H202 — G€C14 + 4H20

Sn + 6HCI + 2H202 - Hz[SnCIG] + 2H20

Pb + 4HCI + H,0, — H,[PbCl4] + 2H,0

Ge + 2NaOH + 2H,0, — Na,[Ge(OH)g]

Sn + 2NaOH + 2H,0, — Naz[Sn(OH)G]

Pb + 2NaOH + 2H,0, — Naz[Pb(OH)4]

Cnenyer OTMETUTh, YTO, B OTIMYUE OT T€PMaHMs, OJIOBO U CBHHEI] B3aUMOJCH-
CTBYIOT C BOJTHBIM PACTBOPOM IIEJI0YU U B OTCYTCTBUM OKUCITUTEIICH:

Sn + 2NaOH + 2H,0 — Nay[Sn(OH),] + H; (B unepTHOIT aT™.)

Pb + 2NaOH + 2H,0 — Naz[Pb(OH)4] + H,

Ge + 4HN03 (KOHLI.) — HzGGOg + 4NO, + H,0

C pa36aBiieHHON a30THOM KHCJIOTOW repMaHuil HE pearupyer.

Sn + 4HNO; (KOHII.) — HzSﬂOgl +4NO, + H,0

Ha xomony B pa30aBiieHHOW a30THOW KHUCIIOTE OJIOBO IMOJAOOHO CBHHITY OKHCIIS-
€TCA JI0 CTETIEHU OKHUCIeHUs +2:

Sn + 10HNO; (pas6.) ——<—> 4Sn(NO3), + NH4NO; + 3H,0

Pb + 4HNO; (koni) —— Pb(NOs), + 2NO, + 2H,0

Pb + 4HN03 (pa36) - Pb(N03)2 +2NO + 2H20

Ge + 2H,S0O, (KOHH.) — H,GeO; + 250, + H,0

Sn + 2H2804 (KOHH.) — SH(SO4)2 + 2802 + 4H20

Pb + 5H2804 (KOHH.) — Hz[Pb(SO4)2] + 3802 + 2H20

[TogoOHO yriepoay W KpEeMHHUIO TepMaHUui CrocoOeH 00pa3oBBIBaTH C BOJOPO-
oM repmanoBogopoasl Ge,Hons, (tme N = 1-9), aHamoruyHble HACBHIIICHHBIM yTIIEBO-
nopomam. [Ipocreitmmii repmanoBogopon GeH, — ycroilumBbiii Ha BO3ayxe ras
¢ Temrieparypoii kumnenust —88,5 °C. Ha cBeTy uiu mpu HarpeBaHUM OH pasjiaraetcs
Ha repMaHuid ¥ BOAOpoA. JJis ojloBa M CBHUHIIA U3BECTHBI HEYCTOWMYMBBHIC TETPArUI-
puabl SNHy (t, = -51,8 °C) u PbH, (t, = —13 °C), koTopbIe pa3nararorcs Ha Me-
TaJ1 ¥ BOAOPO. (TIpU KOMHATHOW TeMIIepaType THAPHU] OJI0Ba pasjiaraeTcs B TCUCHHUE
HECKOJIbKUX YacOB, a THJIPUJ CBUHIIA — Cpa3y K€ MOcCJie MoydeHus). TeTparuapu bl
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repMaHus U 0JIOBa MOXHO IMOJYYUTh J€WCTBHEM HAa T€pMaHUIbl WM CTaHHUJbBI Mar-
HUSl pa30aBIICHHBIMU KUCJIOTAMH, a TAaKK€ BOCCTAHOBIICHUEM AIFOMOTUAPUIIOM JTUTHS
TETPaxJIOPUAOB OJI0BA WM TepMaHus B cpejie 0e3BOAHOTO dupa:

Mg,Ge + 4HCI — GeH,41 + 2MgCl,

Mg,Sn + 2H,SO, — SnH,T + 2MgSO,

SnC|4 + L|[A|H4] —> SnH4T+ LiCl + A|C|3

Terparuapun ceuniia POH,; B He3HAYMTENBHBIX KOJMYECTBAX IOJIYYaCTCS IMPH
NEHCTBUU COJISTHOM KUCJIOTHI HA CMECh METAINTMYECKOTO CBUHIIA C IIMHKOM WJIM MarHu-
eM. Bee ruapuapl 001aaroT BOCCTAHOBUTENIBHBIMHA CBOMCTBAMHU M TOPSIT HA BO3IyXE.
SnH, ropuT mameHeM BacHIBKOBOTO I[BETA:

SnH, + 30, — SnO; + 2H,0

DTy peaKuio MPUMEHSIOT TSI KAaYeCTBEHHOTO OOHAPYKEHHUS 0JI0BA.

Terparunpun repmanus, B oriamaue ot CH, u SiH,4, niposiBiisieT ciiabble KUCIOT-
HbIE CBOMCTBA:

GeH, + 4AgNO; — Ag,Ge| + 4HNO;

SnH,, B otmame ot GeH,, Gosiee CHMITBHBIA BOCCTAHOBUTENL M U3 pacTBopa AQ-
NOj; ocaxkmaeT MeTauaeckoe cepedpo.

Bricine ranorenunst MIC, ipeactaBisioT coboit rassl (Hanpumep, GeF,), xun-
koctu (Hampumep, GeCly, SnCly, PbCly) wnn tBEpasie BemectBa (SNF4, SnBry, Gely).
Bce st coenuHeHHs SBISIOTCS TaJOTCHAHTHAPUAAMH, JETKO PACTBOPSIOTCS B BOJIE.
[Tpu paz6aBIeHUU pacTBOPOB MPOTEKAIOT PEAKIIUU THIPOIIU3A:

3GeF, + 2H,0 — GeO, + 2H,[GeFg]

3GeC|4 + H,0 — GeO, + 2H2[GEC|6]

Terpaxiopun ooBa B yMEPEHHOM KOJIHYECTBE BOJBI 00pa3yeT KOMILICKCHBIN
THIpaT, KOTOpbId B Buae kpuctawioruapara [ SnCly(H,0),]-3H,0 (dacto 3anuceiBacT-
cs1 popmyioit SNCly-5H,0) MoxkeT ObITh BhIieeH U3 pacTBopa. [Ipu cuiabHOM pa3das-
nennu pactBopa SNCl, moNHOCTBIO THAPOIU3YETCS:

SnCl, + 3H,0 — H,Sn03| + 4HCI

Terpaxmopun cBMHUA YPE3BBIYAHO HEYCTOWYMB M B NMPUCYTCTBUH BOJBI IIpe-
TEpIIeBaeT BHYTPUMOJICKYJISIPHOE OKUCIICHUE-BOCCTAHOBIICHHE:

PbC|4 - PbC|2 + C|2

[Tpu pacTBOpEeHUM TETPArajOreHHUI0B TepMaHUs U 0JIOBA B KOHIIEHTPHUPOBAHHBIX
TaJIOTEHBOIOPOIHBIX KUCIOTaX 00pa3yloTCsi KOMIUIEKCHBIE KHUCIOTHI, U3 KOTOPHIX 00-
MEHHBIMH PEAKIUIMU MOXHO TIOJTYYUTh KOMIUIEKCHBIE COJIH:

GeC|4 + 2HC| — Hz[GeCIG]

SnC|4 + 2HCI — Hz[SnCI6]

H,[ SnClg] + 2KOH — K;[SnCl¢] + 2H,0

[Tony4aroT TeTparajgoreHubl, KaKk MPaBHUIIO, U3 MPOCTHIX BEIIECTB WIH U3 JHOK-
CHUJIOB:

Sn + 2Cl, — SnCl,

GeOZ + 4HIKOHH. — Ge|4 + 2H20

Pb02 + 4HC|K0HH_ — PbC|4 + 2H20 (HpI/I t<O0 OC).

Tanorennanl repmanusi(ll), omosa(ll) m cBunua(ll) ABASIOTCS TUNHMYHBIMU
coisimu. M3 Hux Tonbko rajorenuansl ceunia (I1) ManopactBopumel B Boje. PacTBo-
PUMBIE COJIM T€PMaHMs U 0JIOBA B BOJE CHJIBHO ruapoau3oBansl. Bee conmu MI'; ¢ ra-
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JIOTEHBOJOPOIHBIMU KHCJIOTAMU M B PACTBOpPAX TAJOT€HUJIOB IIEIOYHBIX METAIOB
JIETKO 00pa3yIoT KOMILJIEKCHI:

GeCl, + CsCl — Cs[GeCls]

SnCl, + HCI — H[SnCl;]

PbCl, + 2HCI — H,[PbCl,]

Bce Tpu aneMeHTa (repMaHuii, 0JJOBO M CBHHEL]) O00pa3ylOT XapaKTEpHbIE IS
HUX okcuabl coctaBa MeO u MeO,.

JlJis 0J10Ba M CBUHIIA CYIIECTBYET PsAJl CMEIIAHHBIX OKCHUJIOB, BKIIOYAIOLIUX O/I-
HOBPEMEHHO aTOMBI Me*™ u Me* (mammpumep, Pb30,4, PbyOs, SnzO4). Bee okcump
uMeroT amgoTepHbIil xapakTep, ogHako y GeO, nmpeobiasatoT KUCIOTHBIE CBOMCTBA,
a 'y PbO — ocnoBHbIe cBoiictBa. PhO,, Pb,O3 u P3O, saBistoTcs CHIBHBIMU OKUCITH-
tensimu, a GeO u SNO TpOSBISIIOT CUITBHBIE BOCCTAHOBUTEIbHBIE CBOWCTBA.

JInokcubl TepMaHusi U OJIOBa TMOJYYaOT OKUCICHUEM KHCIOPOJIOM MPOCTHIX
BEILIECTB:

Ge + O, — Ge0O,

Sn+ 0O, — SnO,

Huoxcun cBunia PbO, Tepmudyeckn HEYCTOWYUB, MMOITOMY HE MOXKET OBITh TO-
Jy4eH pEaKIUell OKUCICHHUS CBHHIA KUCIOPOJIOM, KOTOpas SIBISETCS AK30TEpMHUYE-
ckoil. Ero moyy4aroT aHOHBIM OKHCJICHHEM METAJUIMYECKOTO CBUHIIA B CEPHOKHUCIIBIX
pacTBOpax Wiu OKHUCIIeHHeM pacTBopuMbix colieid Pb(Il) cunbHbpIMU OKMCTUTENSAMH:

Pb(CH3;COO0), + NaClO + H,O — PbO,| + 2CH3;COOH + NaCl

Bce nuokcuapl BOCCTaHABIMBAIOTCS YTIAEPOIAOM IO METaslIa:

MeO; +2C — Me + 2CO (mipu HarpeBaHuH )

Juokcun repmanus GeQ, — Genoe Kpuctaminyeckoe BemecTBo. Ero cTpykry-
pa U XUMUYecKkue cBoicTBa HanmoMuHalT Si0,. J[Mokcua repmaHus Tak ke, Kak U
SiO,, cymecTByeT B rekcaroHaJ bHOM, TETparoHaIbHOMN, CTEKJIOBUIHOW U JIPYTUX MO-
mupukanuax. Moaudukamuu GeO, CUIBHO pa3InyaloTCs 0 XUMUUYECKUM CBOWCTBAM.
['excaronanpHass MogudUKaIMs CPABHUTEIHHO XOPOIIO pacTBopuMa B Boje (4,53 r/a
ripu 25 °C), B IJIIaBUKOBOM U COJISIHOM KHUCJIOTax, a TAKXKE B paCTBOpax LIEJIOUECH:

GeO, + H,O — HzGEO:e,

Ge02 + 6HFK0HH_ — Hz[GEFe] + 2H20

GeO, + 4HCl ., — GeCl, + 2H,0

GeO, + 2NaOH — Na26903 + H,0

Bonansie pactBopsl H,GeO3 umeroT cinaboKucayo peakiuio.

Terparonansnas moaudukanus GeO, mpakTHUUeCcKH HE pacTBOpMMa B BOJEC,
B TUIABUKOBOW M COJISHOM KHCJIOTaX, OYEHb MEIJICHHO PacTBOPSETCA B IIEIOYaXx.
CrexmoBuaHas Moau(UKaIuUs MO PpacTBOPHUMOCTH CpPaBHUMA C TEKCAroHAIbHOW MO-
nudukanmen, oJHaKo CKOpocTh €€ pactBopenus mpumepHo B 100 pa3 Beimie. Jlunokcug
repMaHusl MPUMEHSIOT JUIsl TIOJYYEHUS! CUIBHO MPEIOMIISIONIUX CTEKOJ, MPO3PAUHBIX
B BUJIMMOM M HH(PPAKPACHOM JIMAIIa30HE AICKTPOMArHUTHBIX BOJIH.

Juokcnn onoBa SnQ, — Oenbiif aMopHBIA TOPOLIOK WM OeClBETHbIE KPH-
CTaJUIBI CO CTPYKTYpOH pyTwia (KaXAbId aTOM SN OKTa’ApUUYECKH OKPYKEH IIECTHIO
aToMaMHu KHUCJIOpOAa, a KaXAbli aTOM KHCIOpOJa OKPYXEH TpeMsi aTOMaMH OJIOBa
B BUJE TpEYrojibHUKA). JTO miaoTHoe (6,95 r/emd), tBépaoe (7 emunui; no Moocy)
u TyromiaBkoe (t,, = 1625 °C) BemecTBo, 04eHb YCTOWYNBOE B OOBIUHBIX YCIOBUSX.
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C BojmoH, paz0aBlIieHHBIMH KHCTOTaMUu U menodamu SnO, pearupyet ¢ Tpyaom. [lpu
HarpeBaHWW amMOp(HBIM AUOKCHJ TMEPEXOJUT B KPHUCTALUIMYECKYH0 MOIU(DUKAIIUIO.
AMopdnas moaupuKanus pacTBOprMa B KOHIIEHTPUPOBAHHOM COJITHOM KUCIIOTE:

SnO; + 6HCl . — H,[SNClg] + 2H,0

O06e MoaudUKaIH JIETKO pearupyroT C paciylaBaMy IeI0YeH:

SnO, + 2NaOH — Na,SnO; + H,0

JInoKcu 0J10Ba MPUMEHSIOT B TIPOM3BOJICTBE CTEKJIA, KEPAMHKH, IMAIICH, DIICK-
TPOMPOBOAIINX TUIEHOK JIJIS Ta30BBIX CEHCOPOB.

Juokcna ceuHna PbO, — kopuuHeBaTO-u4€pHOE KPUCTAIUIMYECKOE BEIIECTBO
CO CTPYKTYypO#l THNa pyTuia. B Boje, pa30aBIeHHBIX KHCIOTaX U MEI0YaX HE paCcTBO-
psetcst. O4eHb CHIIbHBIA OKUCTUTENb (E0 PbOzle2+ = +1,46 B), nuokcu cBUHIIA B3a-
UMOJICHCTBYET C KOHIIEHTPUPOBAHHBIMHU KHCIIOTAMU:

PbO, + 6HCI o, — H2[PBCl4] + Cl; + 2H,0  (mpu t >0 °C)

2Pb02 + 4H2804 KOHIL — 2H2[Pb(504)2] + 02 + 2H20

KoHIleHTprpOBaHHBIE PAacTBOPHI IIenodei pearupyrotr ¢ PbO, ¢ obOpa3zoBannem
THIPOKCOKOMIUIEKCOB, KOTOPHIE YCTOMYHMBBI TOJIBKO B CHIIBHO-IIIEIIOYHBIX Cpeiax:

Pb02 + 2NaOH + 2H20 Ad Naz[Pb(OH)G]

[Ipu oOpaboTKe NHOKCHAA CBHUHIIA KOHIIEHTPHPOBAHHON COJITHOW KHCIIOTOM,
OXJIaXIaeMOM JIbJI0OM, 00pazyeTcss HEYCTOMUHUBBIM B OOBIYHBIX YCIOBHUSAX TETPAXIJIOPHT
ceunia: PbO, + 4HCI ., S PbCl, + 2H,0 (mpu t <0 °C).

DTy peakIuio HeNb3sl CYUTATh MOJITBEPKICHUEM HAIMUYUS Y OKCHJIa OCHOBHBIX
CBOMCTB, T. K. PhCl, sBnsieTcs TUIIMYHBIM ranoreHaHruaApuaoM (t,, =—15 °C). Ognako
B 0E3BOJIHON YKCYCHOW KHCIIOTE U3 JHOKCH]Ia CBUHIIA ITOTyYaeTCs TeTpaareTaTr CBUH-
114, KOTOPBIN MPHU OXJIAXKJACHUH PAcTBOpa KPHUCTAUIM3YETCS B BUAC OCCIIBETHBIX WIJI
(ty. = 175 °C):

PbO, + 4CH;COOH — Pb(CH3COO0), + 2H,0

B Bosie 3TO BEmIECTBO MONHOCTHIO THAPOIU3YETCS, YTO YKa3bIBaeT Ha MPEUMY-
IICCTBCHHO KOBAJICHTHBIN XapaKTep CBA3CH CBUHIIA C allETATHBIMU TPYIIIIAMH:

Pb(CH;C0OO0), + 2H,0 — PbO,| + 4CH3;COOH

PbO, ucrnonp3yercss B XUMHHM KaK CHJIbHBIA OKHUCIIUTENb, & B MPOMBIILJICHHO-
CTH — B Ka4eCTBE aKTUBHOT'O BEIICCTBA IMOJOKUTEIBHOTO AJIEKTPOJa B CBHHIIOBBIX
aKKyMYJIsTOpax.

Monookcuabst GeO u SNO nony4aroT TEPMHYECKHM BOCCTAHOBJICHUEM JTHOKCH-
JIOB HJIH «MSTKHM)» OKHUCIIEHHEM METAJUIOB:

GeO, + CO — GeO1 + CO,

GeO, + Ge — 2Ge0O?

Ge + CO, — GeO1 + CO

SnO, + CO — SnO + CO,

MoHOOKCH]] CBUHIIA MOKHO TIOJYYHTb, TIPOITYCKash BO3JYX 4epe3 pacIiiaBicH-
HBI CBHHEI, WIM TEPMUYCCKUM PA3JTOKEHUEM BBICIIUX OKCHJIOB, a TAaKXe COJCH
ceunna(ll):

2Pb + O, — 2PbO

2Pb02 — 2PbO + Oz

Pb(NOs), — PbO + 2NO, + O,

PbCO; — PbO + CO,
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Jlns monydenus okcuaa oyosa (1) caMbiM y100HBIM CIIOCOOOM SIBJISICTCS Pa3iio-
*eHne okcanata oyosa (I) mpu c1abom HarpeBaHuu 0€3BOIHON COJIH:

SnC,04 — SnO + CO + CO;,

Oxcunbl GeO u SnO, B otimure oT PbO, mpu CHIbHOM HAarpeBaHUU MOABEpra-
IOTCSl peaKIIUU JUCITPOITOPIIMOHUPOBAHUS:

2GeO — Ge0O, + Ge

25n0O — SnO, + Sn

Monookcua repMaHus GeO — TBEPIIOE CEPOE BEIIECTBO, BOTOHSIOMIEECS MIPU
700 °C. OH gBiseTCd CWILHBIM BOCCTAHOBUTEIEM — B IIPUCYTCTBUHU BJIar JICTKO

OKHUCJISIETCA KUCTOPOJOM Bo3ayxa. OKCHI XOpOIIO pacTBOPSETCS B KUCIOTaxX U IUIO-
X0 — B IIEJIOYAX, T. K. KUCJIIOTHbIE CBOMCTBA y HETO BBIPAXKEHBI clladee:

GeO + 2HCI — GeCl, + H,0

Monookcua ojioBa SNO CymiecTByeT B HECKOJIBKUX KPUCTALIUYCCKUX MOJIH-
buKkauusIXx — cHHE-YEPHOM, KpPaCHO-KOPUYHEBON U jkenToBaTo-3el€Hoil. Hambonee
pacnpocTpaHeHa cuHe-4épHas MOAU(PUKAIIHUS.

Monookcna ceuHnma PbO cymiectByer B Buje KpacHOM Moaudukanuu (TJIeT)
C TETparoHaJbHBIMU KpHUCTANIAaMU W B BHAE XEITOM MoauduKanuud (MacCHKOT)
¢ pomOuueckumu kpucrtamuiamu. [Ipu temmnepatype Boiiie 490 °C kpacHas MoauduKa-
[[Us1 TIEPEXOUT B MEHee TUIOTHYIO U 0oJiee pacTBOPUMYIO B BOJIE KENTYI0 MonUpHKa-
uio (pactBopumocth tipu 25 °C cocrtasisier 0,11 r/1). ¥ PbO ocHoBHbIE cBoiicTBa
npeo0iagaloT, OH pearupyeT ¢ KUCIOTaMH M C KOHIIEHTPUPOBAHHBIMH PacTBOpaMU
HIEJIOYEH;

PbO + 2HNO3z; — Pb(NO3), + H,0

PbO + 2KOH + H,0 — K,[Pb(OH),]

Crmunasnienuem PbO co mienovyaMu M OKCHIaMHU APYTUX METAIOB MOXHO TO-
JTYyYUTH TUTFOMOUTHI:

PbO + CaO — CaPbO,

[Tpu HarpeBanuu ¢ kuciopoaom (400-500 °C) PbO npespariaercs B CBUHIIOBBIM
CYpHK, a BojiHas cycrieH3us PbO okucnsercs ximopom u 6pomom 1o PbO,:

6PbO + 02 - 2Pb304,

PbO + Cl, + H,0 — PbO, + 2HCI

MOoHOOKCH]] CBHHIIA B PACILUIABICHHOM COCTOSIHUM B3aWMOJIEHCTBYET CO CTEK-
noM, 00pa3ysi CHIIMKaThl CBUHIIA.

Ceunnosblii cypuk PbsO, — okcua, B KOTOpOM CBHHEI] UMEET CTEIICHH OKHC-
nenus +2 u +4. 10 TBEP/I0E BEIIECTBO KpacHOro 1Beta. [IpucyrcTBue B okcuie ato-
MOB CBHHIIA B Pa3JIMUYHbIX CTEEHSIX OKHUCJICHUS MOATBEPKIACTCS PEAKIUSIMU C JIes-

HOW YKCYCHOM WJIM a30THOM KHUCIIOTAMMU:
+4 +2

Pb3O4 + 8CH3;COOH — Pb(CH3COO0), + 2Pb(CH3CO0), + 4H,0
+4 +2
Pb3O4 + 4HNO3; — PbO,| + 2Pb(NO3), + 2H,0
[Tosy4aroT CBMHLOBBIM CYpUK OKHCIEHHEM CBHUHLA KHCIOPOAOM BO3AyXa MpHU

500 °C unu nmpoxaMBaHUEM MPH 3TOH ke TeMIeparype JMOKCHIa CBHHIIA:
3Pb02 — Pb304 + Oz
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Pb3O4 npuMeHsieTcst B Ka4eCTBE OKHUCIIUTEIIS U KPACHOTO MUTMEHTA JIJIsl MACIITHBIX
Kpacok. Takast kpacka OKUCIISIET JKeJIe30 U TEM CAMbIM JIOTIOHUTEIBHO 3aIUIIIAET CTaTb-
HBIC M3JeNHsI OT KOppo3un. OHA TOKCHYHA U MPETISTCTBYET POCTY JKUBBIX OPraHU3MOB Ha
OKpAIIIEHHBIX MOBEPXHOCTSX (3aIIUIIAET OT 0OpacTaHus JHUIIA MOPCKUX CY/IOB).

I'mapokcuasl repmanust (1V), onosa (1V) u ceunna (IV) umeror amdoTepHbIii xa-
paKkTep U MPEeACTaBIAIOT cOOOW ruapaTUpoBaHHble THOKcU bl XMeO,-yH,0.

I'epMaHHMeBble KHCJIOTHI, B OTIMYME OT KPEMHHUEBBIX KHCIIOT, Oojiee pacTBOpH-
MbI B Boje, HO mogo0H0 XSiO,-yH,0, 00pa3yroT KOIIOUWAHBIE PacTBOPEL. B BogHOM
pactBope GeO, MNPHCYTCTBYIOT MOJIEKYJIBI M HWOHBI METarepMaHHEBOW KHCIOTHI
H,GeO; (Ky = 1079) U TOPOAYKTHI MOJTUMEPU3ALNN — HOHBI MEHTarepMaHUEBOU
U TerTarepMaHueBON KUCIIOT:

H,GeO3 <> HGeO3 <> GesO1y” <> H,Ge 056

C yBenmn4yeHHEM KOHIICHTpAIMHM TepMaHus U ¢ ToBbIeHneM pH pactBopa paB-
HOBECHE CJIIBUTAETCSi B CTOPOHY BBICOKOMOIMMepu30BaHHbIX (opm. [lpu pH > 11
B PacTBOPAaX CYIIECTBYIOT MOHBI THapokcokomiuiekcos [Ge(OH)g]*, a mpu pH = 0-2
u kaTroHbI repmanus (V).

Coy TepMaHUEBBIX KUCJIOT — TepMaHAThl — MOXKHO IMOJIYYHTh KaK «CYXHMY,
Tak U «MOKPBIM» criocoboMm. Hampumep, criiaBiaeHHeM AMOKCHIA TEPMaHHs C COIOU
MOJy4YaroT MEeTarepMaHaT HaTpHs, a IUTaBICHHEM CO IMEN0YhI0 — OpTOrepMaHatr
HATpPHSL:

GeO, + Na2C03 — N326903 + CO,

GeO, + 4NaOH — Na,GeO,4 + 2H,0

IIpu cmemenun BoaHbIX pacTBOpoB GeO; M TMAPOKCHIA KAIBIMSA MOXKHO IOJIY-
YUTh METarepMaHaT KaJbIIHsl:

GeO, + Ca(OH)2 — CaGeO:e,l, + H,0

PacTBOprMBIE TeépMaHaThI B BOE CHIIBHO THAPOIIN3YIOTCS.

B comsix Ge** XapakTep CBA3€H MPEUMYIIECTBEHHO KOBajeHTHbIN. [loaToMy He-
MHOTOYHCIICHHBIC pacTBopuMble coequHeHus repmanus (1V) — Ge(S0,),, Ge(ClOy),,
Ge(CH3;COOQO),, Ge(CN)4; — pasnararorcs Bojoit. Ilpu pactBopenun GeO, B H3PO4
Beiiensiercss ocanok Ge(HPQy),, mpokamuBaHHEM KOTOPOTO MOJIy4YaroT HEPacTBOPH-
MbIi B KucinoTax u menouax Gez(POy),.

IIpyr B3aMMOAEHCTBUM TETPaxjoOpHaa OJIOBA C PACTBOPAMHM IIEJIOYEH, aMMHUAKa
WIN TIPU JICCTBUM KUCJIOT Ha PACTBOPHI CTAHHATOB IEJIOYHBIX METAIOB 00pa3yercs
a-os10BsiHHAS KucaoTta — SNO,-XH,O — «Oenblit renib», KOTOpOMY OOBIYHO TPUITHCHI-
BaroT dopmyiny HySnO, (opToonoBsiHHON KUCIOTHI). [Ipy HarpeBaHuM WK IITUTEINb-
HOM CTOSTHUHM PAcTBOpPA MPOTEKAET PeaKivs MOJUKOHICHCAINH, TPUBOASINAs K 00pa-
30BaHUIO MoOJUMepHOH [-omoBssHHON KkuciaoThl (H,SnOg3),. P-onoBsHHAs KHCIOTa
IIOJIY4aeTCs ITPU B3aUMOACUCTBUU 0JIOBA C KOHLIEHTPUPOBAHHOU a30THOM KUCIIOTOM:

Sn + 4HNO3 KOHIL. B-HzSﬂOgl + 4N02 + Hzo

B-OnoBsiHHAs KHUCIOTAa — O€Joe KOJIJIOWIHOE BEHIECTBO MOJMMEPHON CTPYKTY-
pbl. OHa MMPaKTUYECKH HEPACTBOPUMA B BOJIC, HE3HAYUTEIHLHO PACTBOPSETCS B KUCIIO-
tax (HCI, HNOj3), 3ameTHO my4Iiie — B KOHIIEHTPUPOBAHHBIX IIEI0YaX.

a-OJIOBSIHHASI KHCJIOTa OTIIMYAETCSl BHICOKOH PEaKIMOHHOW CIOCOOHOCTHIO, OHA
JIETKO PacTBOPSIETCS B IIEJIOYaX M KHCIOTaX:

H,SnO, + 2NaOH — Na,[Sn(OH)g]
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H4SnO,4 + 6HCI — H,[SnClg] + 4H,0

H4SnO,4 + 2H,SO, — Sn(SO,), + 4H,0

OoOpasyromasicss B mocieanel peakiuu coiib SN(SOy), MONHOCTBIO pa3iiaraeTcs
BOJIOM, HO yCTONYMBA B pa30aBICHHBIX PACTBOPAX CEPHOUN KUCIIOTHI.

Conu oNOBSHHBIX KUCIOT coctaBa Me,SnO; — MeracTaHHAaThl — TMOJIYYaroT
CIUIaBJICHHEM JHOKCHIA 0JIOBA CO IIEI0YaMH:

Sn0O, + 2NaOH — Na,SnO; + Hon

B Bozme pacTBopuMbIe MeTaCTaHHATHI MOJHOCTBIO THIPOJIU3YIOTCS M MEPEXOAST
B T'€KCaruIpOKCOCTAHHATHI:

Na,SnO3 + 3H,0 — Naz[Sn(OH)G]

['excarupokcocTaHHaThl 00pa3ylOTCA MPHU HEUTpATU3alMKU OJIOBSIHHBIX KHUCIIOT
pacTBOpaMu IIETOYeH:

H4SnO4 + 2NaOH — Naz[sn(OH)s]

['excaruIpoKCOCTaHHATHI MICIIOYHBIX METAJIZIOB XOPOIIO PACTBOPUMBI B BOJIE, HO
TJI0XO PacTBOPSIIOTCS B Iesiodax. B u30bITKE pacTBOPOB raJIOr€HBOJIOPOIHBIX KUCIOT
BCE TeKCaruJIpOKCOCTAHHATHI MEPEXOJIAT B TEKCATralOT€HUTHBIE KOMITJIEKCHI:

Kz[sn(OH)e] + 6HC| — Hz[SnCIG] + 2KC| + 6H20

Kpome mMeracTaHHaTOB M T'eKCaruJIpOKCOCTAHHATOB M3BECTHBI U OPTOCTAHHATHI,
Harpumep, Mg,SnO,4 umu Zn,SnOy,.

CeunnoBble KucJI0Th XPDO,-yH,O HensBecTHbl. OMHAKO CYIIECTBYIOT MHO-
rounciacHubie coiau cBuHia (IV): MeTtarmmoMOaThl, OPTOILTIOMOATBI M TE€KCATHIPOK-
corutroMOaTel. MeTamaroM0aTsl, Mezlpb03 U Me“Pb03 (rme Me' = Na*, K, Ag+,
Me' = Ca?*, zn*, Cu?*, Pb?* u 1. 1.) mONYHAIOT CILIABICHHEM JMOKCHAA CBHHIA CO
IeJI0YaMH WM JeTHapartalueit ruapokcokomiuiekcos ceunia (1V) mpu 250-300 °C:

Pb02 + 2KOH — KngOg + HZO

Ca[Pb(OH)G] — C&PbOg + 3H,0

Oprommombarsl, Me,PbO, (rze Me = Ca?*, Sr**, Ba**, Pb*") monyuaror cruras-
neaneM PbO, € okcunamu uiin kapOOHATaAMH IPYTHX METAUIOB WK okucieHuem PhO:

PbO, + 2Ca0 — Ca,Pb0O,

2PbO + 4CaCO; + O, — CayPbO, + 4CO;,

I'excacudporconniombamosl 00BIYHO TIONYyYalOT pactBopeHuem PO, B ropsumx
KOHIIEHTPUPOBAHHBIX IIEJI0YaX:

Pb02 + 2KOH + 2H20 —d Kz[Pb(OH)G]

I'unpokcormToM0aTel P HATPEBAHUU TEPSIOT BOAY M MEPEXOJIAT B METAILTIOM-
Oatpl. Bece mmromM0arel B pa30aBIEHHBIX PacTBOpAaX TUAPOIHM3YIOTCS C BBIJCICHHEM
PbO,:

K,[Pb(OH)g] — PbO,| + 2KOH + 2H,0

['uaponu3 ycnmimBaeTcs B MPUCYTCTBUN KUCIIOT, JIAXKE TAKUX CIA0BIX KaK YTroJIbHAsL.

HUucno yCTOMYMBBIX COCAUHEHUMN Pb*" mepenmko. V3BecTHa Genas coib — -
rugpodocdar cunna (1V) Pb(H,PO,),. EE€ monydator oOMeHHON peakimid TeTpaarie-
tata ceuHna (IV) ¢ oprodochopHoi KHCIOTOH WK aHOAHBIM PaCTBOPEHHUEM METall-
JMYECKOTO CBHMHIA B KOHIIEHTPUPOBAHHOHN oprodochopHoil kucmore. JleiicTBrem
KOHIICHTprpoBaHHOH cepHOl kucioroit Ha PD(CH3COO), uinm aHOIHBIM OKHCICHHEM
MeTtainyeckoro cBuHna B 80-85 % pacTBope cepHOil KMCIOTHI MOYHO MOJYYUTh
Pb(S0O,),. [Tponyckas xmop depe3 HarpeTyio B3Bech Pb;O, B neasHol yKCycHOM KHc-
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aote, nony4dator Pb(CH3COO),. U cynbdar, u anerat ceunna (IV) B Boge ruapoiu-
3ytotcs ¢ BeiaeaenueM PbO,. Bee coennnenus ceunna (1\V) CHibHbIE OKUCITUTEIH.

I'napoxcua repmanus (1) Ge(OH), oOpasyercs B BuIe KpacHO-OPaHKEBOTO
ocajka mpu oopadotke coseit repmanus(ll) menogamu:

GeCl, + 2NaOH — |Ge(OH), + 2NaCl

['mapoxcu nmveeT aM(OTEPHBIE CBOWCTBA U SIBJISIETCS] CHITBHBIM BOCCTAHOBUTEIIEM

Ge(OH); + 2KOH oy, — Ko[Ge(OH)4]

Ge(OH), + 2HCI — GeCl, + 2H,0

I'uapoxcua onosa (11) SN(OH), MOKHO MOTYYHTH TOJIBKO B HEBOJIHBIX PAaCTBO-
pUTENAX OOMEHHOM peaklyel U3 0J10BOOPTaHUYECKUX COEAMHEHHMN:

2(H3C)SnOH + SnCl, — Sn(OH),| + 2(H3C)SnCl

I'mapokcun onosa (1) amdorepnsiit. IIpu pacTBopeHHu B Imeno4ax oOpasyer
THUIPOKCOKOMIUICKCHI, HAaIIPUMED:

Sn(OH), + NaOH = Na[Sn(OH);]

B ropsiunx pactBopax ruapokcokominiekcs ososa (I1) aucrpomnopiinoHupyoT:

2Na[Sn(OH);] — Sn| + Na,[Sn(OH)¢]

PactBopenue ruapokcuaa onosa (I1) B raoreHBoI0pOIHBIX KHCIOTAX MPUBOIUT
K 00pa30BaHUIO TAIOTEHUIHBIX KOMIUICKCOB:

Sn(OH), + 3HCI — H[SnCl;] + 2H,0

Couu Sn®" B BOJHBIX pacTBOPAaX CHIIBHO THAPOIN3YIOTCSL:

[Sn(H,0)3]** + H,0 — [Sn(H,0),0H]* + H;0"

Crnemyer OTMETUTh, YTO TUAPOKCOKATHOHBI 0yioBa (I1) JIerko OKHCISAIOTCS KUCIIO-
POJIOM BO3yXa C 00pa30BaHUEM MaJOPACTBOPUMON B-0J0BIHHON KUCTOTHL. [loaToMy
TSl TIOJIABIICHHS THPOJIN3a pacTBOpbI cose onosa (1) comossm pacmeopenuem conu
He 8 800e, a 6 pasbasieHHOU Kuciome. Jlid TPEeTOTBPALICHUSI OKUCIIEHUSI PACTBOPHI
coneii osoBa (1) pekoMeHyeTcss XpaHUTh HaJl TPaHyJIaMH METAJLTHYECKOTO 0JI0Ba.

Conu onosa (Il) ABASIOTCS XOPOIIMMH BOCCTAHOBUTEIIIMU, KaK B KHCIIOH, Tak
u uenouHoil cpeme:  EX(Sn**/Sn?*) = +0,15B, E%(Sn(OH)s*/Sn(OH),> = —0,93 B.

Onwu BoccTaHaBnuBaroT coenuHeHus 3050ta (1), 3omota (I11), Meimbska, pryTH, xeiesa
(1), muxpomatkl, BaHaAAThI, KOHIICHTPUPOBAHHYIO a30THYIO KHCJIOTY, MOJHOICHO-
BYIO KHCIIOTY H JIp.

I'napoxcua ceunna (1) Pb(OH), — Gemoe BemiecTBO, MIOX0 PacTBOPUMOE
B BOJIC M aMMHUake, o0agaeT aM(pOTepHBIMU CBOMCTBAMMU:

Pb(OH), + 2HNO3; — Pb(NO3), + 2H,0

Pb(OH);, + 2KOH — K,[Pb(OH),]  (mpu pH > 13)

Pb(OH); + 4HCl oy, — H,[PbCl,4]

[TomywaroT ruIpoOKCcH NeiicTBHEM H30bITKA PacTBOpa aMMHaKa Ha PacTBOPUMBIC
comu ceunma(ll):

BonbImHCTBO coneit Ph®* MasiopacTBopuMbl. M3 HUX HambOosee 3HaunMbl PDSO,
(Oenblii KPUCTAJUTMYECKUH MOPOIIOK, paCTBOPUMBIN B Topsdyed Boze), Pbl, (xénteie
KPHUCTaJUIbI, pacTBOpUMBIC B ropsucii Bone), PhCO3, Pbs(OH),(CO3), (ocHOBHOM Kap-
OoHAT CBUHIIA MM CBHHIIOBBbIC Oenuia). Peakiust oopaszoBanus xénroro ocaaka Pbl,
TpH ACHCTBUM HA PACTBOPHI, COIEPKAIMe HOHBI Pb®*, mommma kamms MCmomb3yercs
KaK aHaNuTHYecKas peakuus. PactBopenne ocanka Pbl, B ropsueii Boge ¢ nociemyto-
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MM OXJIQXKJIEHUEM pPacTBOpA COMPOBOXKIACTCS BBIJICICHUEM KPACHBBIX 30JIOTHCTO-
KENTHIX KPUCTAIUIOB (PEAKIHS «30JI0TOTO JOXKIs»). MalopacTBOPUMBIEC COJIH PACTBO-
PSIOTCS B KOHIIGHTPUPOBAHHBIX PACTBOPAX KUCIOT, IIeJIoue U coliel ¢ oOpa3oBaHUEM
KOMIUIEKCHBIX COCTUHCHHM, HAIPUMED:

PbCl, + 2HCI — H,[PbCl,]

PbSO, + HySO4 woun, — H2[PD(SO4),]

Pb|2 + 2Kl — Kz[Pb|4]

U3 pactBopumsbix cojeit ceunna(ll) caenyer ormeruts aurpat Ph(NOs), 1 are-
taT Pb(CH3COO), (cBHHIIOBBII caxap).

12.5. BUOJTOIrMUYECKAS M SKOJIOT'MYECKAS POJIb SJIEMEHTOB IVA T'PYIIIIbI
1 UX COEJUHEHUI

Yraepoa. [lo coaepxxannto B opranuzme uenoseka (21,5 %) yriepon oTHocUTCS
K MakpoasneMeHTaM. OH BXOJIUT B COCTaB BCEX TKaHEW U KIETOK B (opme OENKoB,
KHUPOB, YIIIEBOJOB, BUTAMUHOB, TOPMOHOB. C OMOJIOTMYECKON TOUYKH 3pEHUS YIIIEPO
SBJIIETCS OPTaHOTEHOM HOMEp OJIUH.

Monookcun yraepoaa CO. U3 coenqunenuit anementoB VA rpyrrbl, B KOTO-
pPBIX OHH TPOSIBIISIOT CTENEHb OKUCICHUS +2, MHTEPEC ISl SKOJIOrOB U OHOJIOTOB
npeactaiser okcun yriepona (II) CO. DTo coenuHeHue SI0BUTO W UPE3BBIUYANHO
OIIaCcHO, IIOTOMY YTO HE UMEET 3araxa.

Oxcup yrinepona (1) (yrapsslii ra3) — nNpoayKT HEMOJIHOTO OKHUCIIEHUS YIIIEpo-
na. Kak 3To HM mapaloKcaiabHO, OJHUM U3 UCTOYHUKOB CO SBIAETCSA CaM YEJOBEK,
OpraHu3M KOTOPOTO IMPOU3BOJAUT U BBIJEISET BO BHEUIHIOI Cpely (C BbIIBIXa€MbIM
BO3yXoM) 3a cyTku okosio 10 ma CO. D10 Tak Ha3bIBA€MbIM SHJAOTCHHBIN OKCHJT YT-
nepona (Il), koTopslii 06pa3yeTcst B MpoIecce KPOBETBOPEHUS.

[Iponukas ¢ kuciopoioM B Jierkue okcua yriaepoaa (11) 6sicTpo mpoxoauT yepes
AbBEOJISIPHO-KAMMIUIPHYI0O MeMOpaHy, pacTBOpsieTcsl B IuiazMe KpoBH, nudyHau-
pYEeT B JPUTPOIUTHI U BCTYMAaeT B OOpaTUMOE XUMUYECKOE B3aUMOJCHCTBUE KakK
¢ okucaenusiM HbO,, Tak u ¢ BoccTaHoBIEHHEIM Temoriaoonaom Hb:

HbO, + CO <~ HbCO, + O,

Hb + CO < HbCO

O6pazyromuiics kapoonunremornoous (HbCO) He cmocobeH mnpuCOeTUHUTH
K cebe kuciopos. BenenctBrue 3TOro CTaHOBUTCS HEBO3MOKHBIM MEPEHOC KUCIOPOJa
U3 JIETKUX K TKaHSIM.

Bricokoe xummaeckoe cposicTBo okcuaa yraepoaa (1) k nByxBajieHTHOMY >kefie-
3y SIBJSIETCS OCHOBHOM MpU4HHOM B3aumoaeicTBus CO ¢ reMorino6uHoM. MoXHO T0-
JlaraTh, 4TO M APYTHe OHOHEOPraHMYECKHE COCIMHCHHS, COIepKaliue HOHbI Fe’
JOJKHBI pearupoBaTh € ITUM SIJIOM.

Tak xak peakuusi B3aMMOJICHCTBUS OKCUT€MOTTIOOMHA C yrapHbIM ra3oM 00paTH-
Ma, TO MOBBILIEHUE B JbIXaTENIbHON cpejae mapuuaibHoro naiaeHus O, Oyaer ycko-
PATH AUCCOIUAINIO KapOoHWITeMorioonHa u Beiaesenne CO u3 opranusma.

B Hacrosiiee Bpemsi uMmeroTcsl JedeOHBbIC Tpemaparhl, KOTOPHIE HCMOJB3YIOT
B KayecTBE aHTUAOTOB IPH OTpPaBlieHUU opraHuzma okcuaoMm yriepona (ll). Hanpu-
Mep, BBEJIEHUE BOCCTAHOBJIEHHOTI'O JKeje3a pe3ko yckopseT yaanenue CO u3 opranus-
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Ma B BHUJE, OYEBUIHO, KapOoHWIA kene3a. [lelicTBUe 3TOro mpemnapara OCHOBaHO Ha
cnocooHoctr CO BBICTYNATh B KAYECTBE JIMTAH/Ia B PA3JIMYHBIX KOMILIEKCAX.

Kpemnuii. [To cogepkanuio B opranu3mMe ueaoBeKa (1072 %) KPEMHHI OTHOCHT-
Cs K MPUMECHBIM MHUKpO3JeMeHTaM. boJiblile Bcero KpeMHUs B MEUYEHH, HAIIOYECUHU-
KaxX, BOJIOCAX, XpycTaiuke. Tak Kak NPUPOIHBINA TUOKCU KPEMHHUS ILUIOXO PacTBOPUM
B BOJIC, TO B OPraHM3M YEJIOBEKa OH MOMaJaeT HE CTOJBKO Uepe3 MUIIECBAPUTEIbHBIN
TPaKT, CKOJIbKO BO3YITHBIM ITyTEM Yepe3 JIETKUe B Bue nbuieodpasHoro SiO,.

C napymienueM oOMeHa KPeMHHUS CBSI3bIBAIOT BO3HUKHOBEHUE TUTIEPTOHUU, PEB-
MaTu3Ma, S13Bbl, MAIOKPOBUSI.

HenaBHo OBLIO YCTAaHOBIIEHO, UTO KPEMHUU COACPKUTCS B KOXKE, XPsIIIax, CBA3-
Kax MJICKOMUTAOIIUX M BXOJUT B COCTaB MOJIMCAXAPUJIOB, TJ€ MPOYHO CBsi3aH 3up-
HbIMU CBSI3SIMH, BO3HHMKAIOIIMMHU IPU B3aUMOJCHCTBHUM OPTOKPEMHEBOU KHUCIIOTHI
C TUAPOKCUIIBHBIMU TPYIIIIAMH YTJIEBOIOB.

B oTnuune ot yriaeposia B cocTaBe OMOMOJIEKYNT KPEMHHUH CBs3aH TOJIBKO C aTo-
Mamu kuciopoga (cBsa3b Si—0O), Tak Kak SHEprus 3TOW CBS3U CYIIESCTBCHHO BBIIIIC
snepruu cBszer Si—H, Si—C u Si-S.

Heo6xoauMo OTMETUTH, YTO MbLIb, COCTOSIIAS W3 YACTHI] JUOKCHUIA KPEMHHS
(SiO;) m amoMuHUS, IPU CUCTEMATUYECKOM BO3ICHCTBUU Ha JICTKHE BBI3BIBACT 3a00-
JI€BaHHE€ — IHEBMOKOHHUO3bI. [Ipu nelcTBUM yroJibHOW NbUIM Pa3BUBAETCS aHTpa-
K03 — mpodeccuoHanbHOe 3a00sieBaHue MmaxTepoB. [Ipy BABIXaHUU MBUTH, COJEpKa-
et SiO,, BO3HUKAET CHIIMKO3, P JICHCTBUH aTIOMUHHUCBON MBITH — aMEMHUHO3.

MexaHu3M pa3BUTHSA THEBMOKOHMO30B HEJAOCTATOYHO M3yueH. [Ipennonaraercs,
YTO TMPU JUIUTETHHOM KOHTAKTE CHIIMKATHBIX MECUYMHOK C OMOJIOTHYECKUMHU >KHJIKO-
CTAMH 00pa3yeTcsi TeneoOpa3Has MOJMKPEMHHEBAsT KHUCIOTa, OTJIOKEHHE KOTOPOM
B KJIETKaX BEJET K X THOenu.

I'epmanmid. Ilo conepkanuio B OpraHu3Me 4esIOBEKa (1074—1076 %) repmanuit
OTHOCHUTCSI K MHUKpO3JIeMEeHTaM. buonoruueckass poib OKOHYATEIHLHO HE BBHISICHEHA.
CoenuHeHusT TepMaHUs YCUWJIMBAIOT TMPOIECCH KPOBETBOPEHUS B KOCTHOM MO3TE.
CoenuHeHus repMaHis MaJIOTOKCUYHBI.

OunoBo. Ilo conepkaHuI0 B OpraHu3Me 4YelIOBEKa (1074 %) OJIOBO OTHOCHUTCA
K MUKpod3JieMeHTaM. CBeIeHHS 0 OMOJIOTHYECKON POJIM TPOTUBOPECUHBHI.

O70BO MOXET MONACTh B OPTaHU3M YEJIOBEKa C KUCIIBIMU MPOJIYKTaMHU, 3aKOHCEP-
BUPOBAaHHBIMU B JKECTSHBIX OaHKaX, MOKPBITHIX CIOEM OJIoBa. B KHCIOH cpeze 0J0BO
pacTBopsieTcs U B (hOpMe COM MOCTYMAET B KPOBb, POSIBIISAS TOKCUYECKOE JICHCTBHUE.

Sn + 2HA — Sl’lAz + HZ

Caunen. CBUHEII U €TO COSUHEHUS, OCOOCHHO OpPTaHUYECKHEe, BEChbMa TOKCHY-
Hbl. COeIMHEHNSI CBUHIIA BIMSIOT HA CUHTE3 OeJKa, YHEPreTUYECKU OallaHC KIETKU
1 €€ TCHETUYECKUH armapar.

CymecTByIOT MHOTOYHUCIIEHHBIE JIOKa3aTelbCTBA IMOCTEIEHHOTO HAKOIUICHUS
CBUHIIA B PACTCHUSX M TKAHSAX >KUBOTHBIX U UYEJIOBEKA B PE3yJIbTaT€ MOBCEIHEBHOIO
3arpsA3HEHUs OKpyKaromieh cpenbl cBUHIIOM. C muiei, Bogoi, aTMOC(EepHBIM BO3TY-
xoM yesioBek noriomaeTr 10 100 Mkr cBuHua. CBUHEN AENOHUPYETCS, B OCHOBHOM,

B ckenete (110 90 %) B popme TpyaHOpacTBOpUMOTO docdara:
3Pb™" (p) + 2PO4™ (p) = Pby(PO4), (1))
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MaccoBasi 0715 CBHHIIA B OpraHu3Me denoBeka 10 ° %. Be3omacHsIM [UTsl 4eo-
BEKa CUMTAIOT CYyTOYHOE nocTymienne 0,2—2 Mr CBUHIIA.

buonornueckass akTHUBHOCTb CBUHIIA OMPEACIISIETCS €ro CIOCOOHOCTHIO MPOHU-
KaTh B OPraHW3M U HAKAIlIUBAThCS B HEM.

CBHHEI U €ro COeTUHEHUsI OTHOCSTCS K siaM, NEHCTBYIOIINM MPEUMYIIECTBEH-
HO Ha HEPBHYIO, CEPJIEYHO-COCYIUCTYI0 CHUCTEMY U HEMOCPEICTBEHHO Ha KPOBb.
XHUMHU3M TOKCHYECKOTO JSCUCTBUSI CBHHIIA BeChMa CJIOKEH. MOHEBI Pb®" seasroTcs 60-
Jiee CUJIBHBIMU KOMIUIEKCOOOPA30BaTENsIMU MO CPAaBHEHHMIO C KaTHOHAMH OCTaJIbHBIX
p-anemenToB [VA-rpymmbel. OHu 00pa3yroT MPOYHbIE KOMITJIEKCHI ¢ OMOIMTUHIAMHU.

Woubl Pb®* crocoGHBI B3anMoJIEiiCTBOBATE C CyIb(OruApUIBHBIMA TPYNIIAMU
(-SH) 6enkoB B Monekynax (hepMEHTOB, yU4aCTBYIOIIUX B CHHTE3E TOPGUPUHOB, PETY-
JUPYIOLIUX CUHTE3 OMOMOJIEKYI, OJIOKUPYS UX:

R-SH+Pb*+HS-R—R-S-Pb-S—R+2H"

Uacto HOHEI Pb?* BEITECHSIOT €CTECTBEHHBIC HOHBI M2+, WHTUOUPYS METaJlIo-
depmentsr EM?:

EM?" + Pb** — EPb*" + M**

3HaUYUTENIbHOE TOBBIIIEHUE COJIEP)KaHUsI CBUHIIA B OKpYXKarolie cpene (B T. 4.
U B TIOBEPXHOCTHBIX BOJIaX) CBSI3aHO CO CXKUTAHUEM YTJIeH, C MPUMEHEHUEM TETPadTH-
JWJICBUHIIA B KQU€CTBE aHTUJETOHATOPAa B MOTOPHOM TOIUIMBE, C BHIHOCOM B BOJIHBIE
00BEKTHI CO CTOYHBIMHU BOJIAMU PYA0000TaTUTENbHBIX (haOpUK, HEKOTOPBIX METALTYP-
TUYECKUX 3aBOJIOB, XUMHUUECKUX MPOU3BOJICTB, MIaXT U T. A. CyllleCTBEHHBIMHU (PaKTO-
paMu TOHIDKEHHUS KOHIICHTPAIIMU CBUHIIA B BOJE SIBISIETCS] aJCOPOIHS €ro B3BEIICH-
HBIMH BEIIECTBAMHU U OCAXJECHUSA C HUMH B JIOHHBIE OTJIOKEHHS. B uucie apyrux
METaJIJIOB CBUHEII U3BJIEKACTCS M HAKAIUIUBACTCS THAPOOHMOHTAMH.

CBuHel HaxXOAUTCS B MPUPOAHBIX BOJAX B PACTBOPEHHOM U B3BEIIEHHOM (COp-
OMpOBaHHOM) COCTOSIHMH. B pacTBOpeHHOU (hopme BcTpedaeTcs B BUJIE MUHEPAIbHBIX
OpraHOMHUHEPATBHBIX KOMIUJIEKCOB, a TaK)Ke MPOCTHIX HOHOB B HEPACTBOPUMOM popme
(cynbunsl, cynbdaTsl U KapOOHATHI).

CBHHEI] — MPOMBINUICHHBINA S/, CHOCOOHBIN MpU HEOIATOMPHUATHBIX YCIOBUIX
OKa3aThCs MPUYMHON OTpaBleHUs. B opraHusm uenoBeka MPOHUKAET TJIaBHBIM 00pa-
30M 4Yepe3 OpraHbl JIbIXaHUs W MUIIEBapeHUs. Y JalIeTCs U3 OpraHu3Ma OYeHb MeEl-
JIEHHO, BCJIEICTBUE YETO HAKAIUIMBAETCA B KOCTSX, [IEUEHH U MOYKAX.

[I/IK, cBuHma cocraBmser 0,03mr/am° (IUMUTUPYIOIIMI TIOKa3aTeNb BPEIHO-
CTH — TOKCUKOJIOTUYECKHUNA).

Terpa’TujicBHHeNl TOCTYIAl B MPUPOJHBIE BOJLI B CBA3U C HCIOJH30BAHHEM
B KaueCTBE aHTHJIETOHATOpPa B MOTOPHOM TOIUIMBE BOJHBIX TPAHCIIOPTHBIX CPEJCTB,
a TaKk¥Ke ¢ TOBEPXHOCTHBIM CTOKOM C TOPOJCKUX TEPPUTOPHUH.

JlaHHOE BEIIECTBO XapaKTEPHU3YETCS BBHICOKOW TOKCHYHOCTBIO, 00JIalaeT Kymy-
JSTUBHBIMU CBOMCTBaAMH.

ConepkaHue TETPa’TUIICBUHENA B BOAE BOJOEMOB XO3SIMICTBEHHO-NUTHEBOTO,
KYJbTYPHO-OBITOBOTO M PHIOOXO3SIICTBEHHOT'O Ha3HAYEHHUS HE JIOTyCKaeTCS.

p-OnemenTsl |VA Tpynmbl pe3ko pa3anvaroTcs Kak MO COJAEPKaHUI0 B OPTaHH3-
Me YeJIOBEKa, TaK U MO OMOJIOrHYecKoi posii. MakpodJIeMeHT YIiIepoJl UTPaeT OCHO-
BOIIOJIATalONIYI0 POJib B KU3HEACSATEILHOCTH OPraHU3MOB; MUKPO3JIEMEHT KPEMHHUIA,
BEPOSITHO, SBJISIETCS )KU3HEHHO HEOOXOAMMBIM; MUKPOAJIEMEHT F'epMaHUii, BO3MOXKHO,
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BBINOJIHAET HEKOTOPYIO (DU3HOIOIMUYECKYIO POJIb B OPraHU3ME, B TO BPEMs KaK OJIOBO
U, B OCOOCHHOCTH, CBHUHEI] TOKCUYHBI U SIBJIIOTCSA MPUMECHBIMU ieMeHTamu. Creny-
€T OTMETUTh 3aKOHOMEPHOCTh — TOKCHUYHOCTh cOoeluMHEeHUN MeTaiioB IVA rpymnmbl
C POCTOM aTOMHOM MaccChl 3JIEMEHTA BO3paCTaeT.

12.6. IPUMEHEHME COEJIWHEHW DJIEMEHTOB IV A rPYIINGI B MEIUIIUHE
U ®APMALEBTUYECKOM AHAJIM3E

AKTHBHPOBAHHBIH Yrojlb — JIEKAPCTBEHHOE CPEJICTBO, OTHOCAMLIEECS K JHTe-
pocopOeHTaM, OCYIIECTBIISIONIMX JETOKCUKAIIMIO MyTeM afcopOmmu. 1 rpaMm akTH-
BUPOBAHHOI'O YIJISI B 3aBUCHMOCTH OT TE€XHOJIOTMU W3TOTOBJIEHUSA HUMEET YAEIbHYIO
noBepxHocTh OT 500 1o 1500 m2. OaHa U3 BaXKHBIX XapaKTEPUCTUK aKTUBUPOBAHHOTO
YTl — 3TO pa3Mep IOp, a TOYHEE, KOJIMYECTBEHHOE COOTHOLICHUE MEXAY NOPAMH
Pa3IMYHOTO pa3Mepa B afcopOeHTe. AKTUBUPOBAHHBINA YTOJIb MPUMEHSIOT JIJISl BCACHI-
BaHMUS S7I0B M TOKCUHOB, TIOTABIIUX B KEIYOK.

®yJuepennbl. B coBpeMeHHbBIX 0030pax Mo ¢gapmaiuu OpeaiaraloT uCroib30Ba-
Hue (yIepeHoB AJs HAMpPaBIEHHOTO TPAHCIIOPTA JICKAPCTBEHHBIX BEHIECTB B OIpe-
NEeNEHHBIN TUII KIETOK.

Cosmn yroabnoii kuciaorbl Na,COz;, NaHCO3; npuMeHSIOTCS B MEIUITUHCKON
IIpaKTUKE KaK aHTalWUJIHbIE cpeacTBa. Hampumep, nekapcTBeHHbIN npenapar «bekap-
OOH» CONEPKHUT B CBOEM COCTaBE TUAPOKAPOOHAT HATPUS, IPUMEHSIETCS I JICUCHUs
TacCTPUTOB C MOBBIIIEHHON KUCIOTHOCTBIO.

B ¢dapmanestnueckom ananuze Na,COz npuMeHsieTcs Ui TpOBEACHHS aHAIN3a
Ha noMHHOCTE BaSO,, MCHONB3YIOMIErocss B peHTIC€HOCKONUU. UTOOBI IPOBEPUTH
ATOT Mpenapar Ha MOMTHHHOCTHh, HEOOXOAUMO TOJYYUTh HOHBI Ba®* u SO42'. BaSO,
npakThdecku HepacTBopuM. IloaTomy npenapat BaSO, KMIATAT B HACBHIIIEHHOM pac-
TBOpe Na,COs:

BaSO, + Na,CO; —— BaCOj| + Na,CO;
HepactBopumseiiit BaCOz ordunsTpoBbIBaloT U B (QUIbTpaTE ONPEACIAIOT CO-
JIepKaHue 80427-I/IOHOBI

Na,SO, + BaCl, —— BaSO,| + NaCl

Ocanok Ha GUIBTPE PACTBOPSIOT B KUCIOTE U B (DUIBTpPATE OMPEACISIIOT UOHBI
Ba?*:

BaCOj; + 2HCI —— BaCl, + CO, + H,0

BaC|2 + H2804 — BaSO4l + 2HCI

BoicokoaucnepcHbiii SiQ, — OCHOBHOM KOMIIOHEHT JIEKAPCTBEHHOI'O Ipenapa-
ta «[Tomucop6y». TlpumensieTcs npu Je4eHU MHTOKCUKAIIMN Pa3IMIHOTO TreHe3a, 00-
JanaeT paHo3axupisonmM 3ddexrom. pyroi mpenapar — «DHTEpOCTENIb» — CO-
JEPKUT TOTMMETUICUIIOKCAaH, 0071alaeT BBHICOKMMH aJICOPOIIMOHHBIMU CBOMCTBAMH.
O1n copOeHThI 001a1at0T 60JIee BBICOKOW THAPO(UIBLHOCTHIO, YEM YTOJIbHbIE COpOEH-
TBI, MOTYT BBI3bIBaTh aTOHUIO KUIICYHHUKA (HApyIICHUE MEePUCTAIbTHKH ). CHUINKAreNb
NpUMEHSETCS KaK aicOpOCHT B XpOMAaTorpaguu U Kak OCYIIUTEb.

B menunuHe KpeMHHMI MPUMEHSETCS B COCTaBE CHIMKOHOB — BBICOKOMOJIEKY-
JSIPHBIX WHEPTHBIX COCTUHEHHI, KOTOPBIC MCIOIB3YIOTCS B KaUECTBE TOKPBITUN IS
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MEJIMLHUHCKON TeXHUKU. B opToneanyeckoil cTOMaToI0ruu HaXoAUT IPUMEHEHUE CU-
JIMKOHOBBIN OTTUCKHON MaTepuai «CH3JIacT».

B mocnennane roasr nosisunuck bA /I (Ononorndecku akTUBHBIE TOOABKU K ITH-
e) ¥ JeKapCTBEHHbIC MperapaTsl, 00oralieHHble KPEMHHEM, UCTIONB3YIOIIUECs s
Npo(UIAKTUKY U JICUEHHUs OCTEONOpO3a, aTepOCKiIepo3a, 3a00JeBaHUN HOI'TEH, BOJIOC
1 K0ku. OCOOEHHO Ba)KHA POJIb KPEMHHUS KaK CTPYKTYPHOIO 3JIEMEHTa COCIUHUTEIb-
HOM TKaHu. Hampumep, JIeKapCTBEHHBIN Npenapar «IeJarmn) COIECPKUT KPEMHUEBYIO
KHCJIOTY U MOKa3aH MPHU JEYEHUU PEBMAaTOUIHOTO apTPUTA.

B meaumnune npumeHsroTes HekoTopeie coiu cBuHIAa. Pb(OH)NO3 B BUjie B3BeCH
M3BECTEH KaK CBUHIIOBAas MPUMOYKA, OrPAHUYEHHO TMPUMEHSIONMIAsCA B KaueCcTBE
HapYXHOTO BsDKYyIIEero cpeactsa. PbO Bxoaut B coctaB «/{uaximibHON Ma3u», OKa3bl-
BAE€T AHTHUCENTHUYECKOE, MPOTUBOBOCHAIUTEIBHOE JeicTBUE. B cocTraBe yka3zaHHBIX
mpenapaToB CBUHEI] 00pa3yeT Ha PaHEBBIX MOBEPXHOCTSAX HEPACTBOPUMBIE albOyMU-
HaThI, TOKPBIBAsi paHbl TOHKOM TJIEHKOW U BBI3bIBAs CY>KCHHE OJIM3JICHKAIINX COCY/IOB.
[Ipu 3 TOM yraeraercs KU3HeAESITeNbHOCTh OakTepuil. BHYTph COeIMHEHUS CBUHIIA HE
Ha3HavaroT. Bce coeuHeHHs] CBUMHIIA TOKCHYHBI. MeXaHU3M MX TOKCHYECKOTO JeH-
CTBUS 3aKJIIOYACTCSI B TE€OMETPUYECKOM HCKAKEHUU aKTUBHBIX IIEHTPOB (hEPMEHTOB
(cBUHEI] 3aMelIaeT B HUX MOHBI JAPYTUX MeTayioB). [yis BbIBEIEHUSI CBUHIIA UCITOJIb-
3YIOT KOMILJIEKCOOOPa3yIoIIfe areHThl, HO, K COXKAJICHHUIO, OHU HE SBJISIOTCS CBUHEII-
crienu(prUIecKuMHU, a 3TO MPUBOJIUT K yJIAJCHUIO U APYrux meTtawioB. [IponsBoacTBo
CTEKJIa, aKKYMYJISITOPOB, TUTMEHTOB KPAacOK M JAPYyras XO3sSHUCTBEHHAs NESITEIbHOCTD
YeJI0BeKa CIIOCOOCTBYIOT 3arpsiI3HEHUIO0 CBUHIIOM OKPYXAIOIIEH Cpelibl.

CBOICTBO CBMHIIA TaCUTh PaJUOAKTHUBHOE M3IyYEHHE HCIOJIB3YIOT MPHU CO3[a-
HUU 3alIUTHBIX YCTPONUCTB — CBUHIIOBBIN (DAPTYK B pEeHTTeHKAaOMHETAX.

CoenuHeHus 0JI0Ba B MEIUIIMHCKON MPAKTUKE HE UCIHONb3yIoTcs. OQHAKO ecTh
0JIOBOCOJIEpIKAIllME KaueCTBEHHbIE peareHThl Ha HEKOTOpble coequHeHus. Hanpumep,
coenureHus onosa (II) mpu B3aumMoAecTBUU ¢ MOTMOIATOM aMMOHHUSI 00Pa3yIOT Tak
Ha3bIBAEMYI0 MOJHMOJCHOBYIO CHHb (pacTBOp OKpallMBaeTCsl B CHHUM IIBET);
¢ Na,HPO, nator Genbrit ocamok Sn3(POy4), (pacTBopsieTcss B KHUCIOTaX M IIeI0Yax);
npu peakinuu ¢ FeCly BoccranaBmuBatot xene3o (II1) mo xenesa (II), mpuuem B mipu-
cyrctBum rekcanuanogpeppara (1) kamus Ks[Fe(CN)g] pactBop cpasy ke okpaiimBa-
€TCsl B CHHHI 1IBET BCIIEJICTBUE 00pa30BaHus TYpHOYJIIICBOM CHHHU.

OcHoOBHbBIE BONIPOCHI TEMBbI

1. Obmas xapakrepuctrka VA noarpynmnsl. Oco6eHHOCTH ceMeicTBa yriepoaa
Y CEMEUCTBA Te€pMaHMsL.

2. Yriepoa u €ro coeiuHeHus: (pu3nuecKkue U XMMUYECKUe CBOICTBA, OMOIOTH-
Yyeckasi pojib, IPUMEHEHUE B MEAUIIMHE U (papMalieBTUUECKOM aHaIH3e.

3. Kpemunii u ero coeuHenus: Gpu3nueckue 1 XUMUYECKUE CBOMCTBA, OMOJIOTH-
YecKast poJib, IPUMEHEHNE B MeIUIIMHE U (DapMaIleBTUYECKOM aHAJIN3e.

4. TlpuunHBl MHOTO0Opa3usi U BBICOKOW YCTOMYMBOCTH BOJOPOJHBIX COEIUHE-
HUH yriiepo/a Mo CPaBHEHUIO C MOAOOHBIMU COEIMHEHUSIMU KPEMHHUSI.

5. 'epmanwmii, 0JI0BO M CBUHEII, UX COSAMHEHHS: (PU3NUECKHE U XUMHUECKUE CBOM-
CTBa, OMOJIOTHYECKast POJib, IPUMEHEHUE B MEIUIIMHE U (PapMalieBTUIECKOM aHAJN3E.
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TecToBBII CAMOKOHTPOJIB |

1. BbiOepuTe npaBUJIbHBbIE YTBep:KIeHUs A5 31eMeHTOB IV A rpynnbi:

) MaKCHMaJIbHasl BAICHTHOCTh BCEX 3JICMEHTOB COOTBETCTBYET HOMEPY T'PYIIIIHI,
0) Si — caMmblif pacpOCTpaHEHHBIH YJIEMEHT B 3¢MHOU KOPE;

B) y Ge aToMHas anMa3o1o/100Hast KpUCTaUInYecKas peIieTka;

r) O90 316MEHTOB MOHOTOHHO YMEHbILIAETCs 1o rpymme ot Si K Pb.

2. Co muorumu Metauiamu CO o0Opa3yeT KOMILIEKCHBbIE coequHeHusi (kapoo-
HHJIBI MeTaJ1JI0B). BbiOepuTe npaBuJibHbIe YTBEpP:KACHUS, XapaKTepu3yome
3TH COeHMHEeHHs:

a) 9TO BEILECTBA MOJIEKYJISIPHOTO CTPOCHHS,;
0) B pe3ysbTaTe UX TEPMHUUYECKOTO PA3JIOKEHHUS MOIYYar0T METaJlIbl BBICOKOW YH-

CTOTHI,
B) HE 00pa3yroTCs NpsAMbIM B3aumojeiicTBueM Metamia ¢ CO, a TOJbKO KOCBEHHO;
I') 3TO HEUTpaJIbHbIE KOMIUIEKCHBIE COEIMHEHHUS.

3. Yka:kuTe BelleCcTBa, KOTOPbIE MOABEPralTCs rUIPOJIu3y:
a) CCly; 0) SiCly; B) GeCly; r) SnCl,.

4. W3 npeasiosKeHHBIX CNOCO0OB MOJyYeHHS KPeMHHs BbIOepHUTe TOT, KOTOPbIi
HCIOJIB3YIOT VISl MOJIY4eHHs Si HeBbICOKOW YUCTOTHI:

a) SiI0, + Mg — 0) SiI0, +C — B) SICl, + H, — r) SiH; —
5. W3 nepeuync/ieHHBIX COeUHEHUI YKAKNTE HOHHbIE KAPOU/IBI:
a) CS;; 0) CaCy; B) SIiC; r) Na,Co.
6. YcraHoBHTEe COOTBETCTBHE MKy KapOMAOM M THIIOM €ro KPpUCTALINYeCcKOoii
CTPYKTYPBbI:
1) aTomHas; a) Fe;C;
2) UOHHAS; 6) WC;
3) MeTaionogo0Has; B) SIC;
l") B4C,
n) Al,Cs;
e) M92C3.
7. KpemHuii pacTBopsieTcsi B a30THOi1 kucjaotre B npucyrcreuu HF ¢ oOpa3oBa-
HHEM:
a) CUJIaHa, B) KDEMHHEBBIX KUCIIOT;
0) kpeMHus TeTpadTopuaa; ') KpeMHE()TOPUCTOBOAOPOTHOM KUCIIOTHI.

8. Haub6oabmee koanyectBo H, (M0Jib) BblIe/IsieTCsl PU B3aUMO/IeliCTBUH:
a) 1 Mo Si + H,O -5 ;
0) 1 monb Si + NaOH + H,0 —;
B) 1 monb Si + 1 mons HF —;
r) 1 moas Si+ 1 mons SiH, + H,O + NaOH —.
9. BbliOepuTe yTBep:XkIeHUsI, KOTOPbIe NPABUJIbHO XapaKTepu3ymT rexkcagropo-
KPEMHHUEBYI0 KHCJIOTY:
a) B CBOOOJIHOM BHJIC HE BBIJICIICHA,
0) crmabast KHCIIOTa,;
T') 9TO IPOJYKT PEAKIIMHU «TPABJICHUS CTEKJIaY,
1) MpUMEHSIeTCS 7151 GTOPUPOBAHUS BOJIBI.
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10 BbIﬁepHTe HEPABE€HCTBA, KOTOPbIC INMPAaBUW/ILHO OTPaAKA0T COOTHOIICHUS
B JHEPIrusixX OAUHAPHBIX CBfI3EN:
a) ECB;BH (C'C) > ECBSBI/I (Sl'Sl),
6) ECBH3H (C_H) < ECBSISI/I (Sl-H),
B) Ecamu (C-Cl) > Ecppay (SI-Cl);
F) ECB;BH (C'O) > ECB;BM (SI-O)
11. YcraHOBHTE COOTBETCTBHE MEKIY Ha3BaHMEM KHCJIOTHI U ee (hopMy.1oii:
1) TuoyronpHas; a) HCN;

2) CUHWJIbHAS; 0) H,CSg;
3) unaHoBasi; B) HCNO;
4) THOLIMAHOBAS; r) HSCN.

12. 3akoH4HUTEe MPAaBWILHO YTBepkaeHue: « [ lmanucroBoopoaHasi KHCJIOTA ...
a) CHJIbHEE YTOJIbHOU KUCIIOTHI;
0) UMeeT TMHEWMHOE CTPOCHUE;
B) HEOTPAaHUUYEHHO CMEILNBAETCS C BOJOK;
r) 00pa3yeT MEeKMOJIEKYISIPHBIE BOJOPOIHbBIE CBS3H.
13. YcTraHoBUTE COOTBETCTBHE MEXKIY MCXOAHLIMU BelIeCTBAMM W NMPOAYKTaMU
UX B3aumojeicTBus. Peakuuu nporekawT B pacTBope:

1) CaCl, + Na,CO3; —; a) CaCOj + NaCl;

2) ZnC|2 + Na2C03 —, 6) /nCO3 + NaCl;

3) AICl; + Na,CO3 —; B) Alz(COg)g + NaCl;

4) MgClZ + N32C03 —; I‘) (ZHOH)2C03 + NaCl,

1) Al(OH); + NaCl + COy;
e) (CaOH),CO; + NaCl;
x) (MgOH),CO; + NacCl,
3) Zn(OH), + NaCl + COy;
n) MgCO; + NaCl;
k) Mg(OH);, + NaCl + COy;
JI) (Al(OH)2)2C03 + NaCl.
14. BoiOGepuTe npaBWIIbHbIE MOC/JE€10BATEIbHOCTH B H3MEHEHUSIX CBOWCTB Be-
LIeCTB:
a) B mocnenoBatenbHocT GeO, SnO, PbO yBennunBaroTCs OCHOBHBIC CBOWCTBA,;
0) B mocnenoBatensHOCTH GeO, SnO, PbO ymeHbIIalOTCS BOCCTAaHOBUTEILHBIE
CBOIICTBA,
B) B nocieaoBatenibHocTH GeO,, SNO,, PhO, yBennunBaroTcss KHCIOTHBIE CBONCTBA,;
r) B mocienosareiabHoctd GeO,, SnO,, PbO, yBelnMYMBAIOTCS OKHCIIUTEIIBHBIC
CBONCTBA.
15. YkaxkuTte cMemaHHbIi(HbIe) OKCH(BI):
a) PbO, 6) Pb304, B) SnOZ; F) Pb203.
16. B 3aBHCMMOCTH OT pacmoJiokeHusi B npoctpancTBe [SiO,]-TeTparapos pas-
JMYAT noaumMopdubie moaupukanuu SiO,:

a) KBapii; 0) TPUIUMUT; B) OpPTOKJIa3; I') KpUCTOOAIHT.
17. U3 nepeynciIeHHBIX JIEKAPCTBEHHBIX CPEACTB BbIOepHUTE KPEeMHHUIICOAepKalLIHe:
a) CMEKTHUT; 0) TMMETUKOH, B) ajbMareib, r) hocdanrorens.
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18.

19.

20.

B kaudecTBe JHTEPOCOPOEHTOB B MeTMIIMHCKOMH MPAKTHKE UCTOJb3YIOT:
a) aKTUBUPOBAHHBIN YT OJIb;

0) kapOOHAT HATPUS;

B) BBICOKOMCIIEPCHBII KpeMHE3eM;

') aCIIUPHH.

B kayecTBe aHTAMHOIO JIEKAPCTBEHHOI0 CPeICTBA MPUMEHSIIOT:

a) aapbMaresb;

0) ruapokapOoHaT HaTpus (OekapOoH);

B) aKTUBUPOBAHHBIN yTOJIb;

T') TIFOKOHAT KaJIbIH.

®epmeHT, cHHKAOINHA KOHIeHTPauuio CN-HOHOB B OpraHu3Me 4ejI0BeKa:
a) KapOOHTHIpa3a;

0) IUTOXPOMOKCHA3a;

B) KaTajasa,

') poJiaHasa.

OrBerbl: 1 —B;2—2a,0,1;3—0,B,1;4—a,0,5—0,r;6—1-B,T; 2-71, €;

3-a,0,7—r1;8—1;9—4a,8,1; 10 —a, B, 11 — 1-6, 2-a, 3-8, 4-1; 12 — 0, B, T}
13 —1-a, 2-r, 3-n, 4-x; 14 —a,0,1;15—0,1; 16 —a, 0, 1; 17 — a, 6; 18 — a, B;
19—a, 0; 20 —r.

TecToBbIii caMOKOHTPOJIB ||

YcTraHoBHTE COOTBETCTBHE MEKIY BelIeCTBOM (3JIeMEHTOM) U ero XapakTepu-
CTUKOM:

1) nposiBiIsieT MONYNIPOBOAHUKOBBIE CBOMCTBA; a) Ge;
2) XOpOIIIO MOTJIONIAET O-, f3-, Y-JIy4H 0) Sn;
1 )KECTKOE JIEKTPOMAarHUTHOE U3TyUEHUE; B) Pb.

3) xapaKTepHO SIBJICHHE aJTIOTPOIHH.

N3 npensioskeHHbIX TaJIOTeHU10B BbIOEpHUTE COJIN:

a) PbCly; 0) PbCly; B) GeCly; r) SNnCl,.

Jast mocaenoBareabnoctn GeO,—SnN0O,—PbO, xapakTepHo:
a) yMEHbIICHHE YCTOMUNBOCTH COETMHEHUH;

0) yBeITMYeHNE OKUCITUTEIbHBIX CBOMCTB,;

B) YBEJIIMYEHUE KUCIIOTHOCTH.

CMelnaHHbIe OKCHABI — 3TO:

a) Pb304, 6) szOg, B) Sn30y; I‘) Pb02
TUNMYHbIE OKHUCIUTE]IN — ITO:

a) SnCly; 0) PbOy; B) GeO; r) Pb30y.

C pacTBOpPOM 1IEJI04YH TOJBKO B IPUCYTCTBUU OKHCJINTEISI pearnpyer:
a) Si; 0) Ge; B) Sn; r) Pb.
0-0JIOBSIHHASI KMCJIOTA o0pa3yeTcsi:

a) IpH JUTUTCIIBHOM XPaHEHUH [3-OJOBSIHHON KUCIIOTHI;

6) Sn + HNO; (xon11.) —

B) Sn + HNO; (pa36.) —

r) SnCl, + NH,OH —
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8. PacrBopuMBbIe COJIM CBHHIIA — JTO:
a) Pb(NO3),; 0) (CH;COO),Pb; B) PbCly; r) PbSO,.

9. Kakue u3 mpuBeJeHHbIX peaKNWii WILTIOCTPUPYIOT aM(OTepHbIl XapakTep
PbO,?
a) PbO, + NaOH () + H20 — Nay[Pb(OH)g]
6) Pb02 + CH3COOH — Pb(CH3C00)4 + Hzo
B) Pb02 + HCI(KOHH.)—> Hz[PbCI4] + CIZ + Hzo
F) Pb02 +Ca0 4, CaszO4

10. besasi ;kecTh — JIMCTOBAsI CTA/Ib, MOKPbITasi cj10eM oJioBa. IlepBoii cTaaueii B
npouecce pereHepanyuu 0J10Ba MoOKeT ObITh B3auMo/elicTBHE:
a) Oemas xxectb + Cly (BogH.) —
0) 6enas xecthb + Cl, (cyxoif TOK) —
B) Oenas xecth + Li[AlHy] —
r) 6enas xects + HNO3 —

11. Kpacka, HMUTHPYIOIIAsi 030JI0TY, COIEPIKHT:
a) Pb304, 6) PbOZ, B) SnS,; F) PbS.

12. Ilpu HU3KHX TeMIlepaTypax 0eji0e 0J10BO MPeBPANlIAETCS B cepoe 0JI0BO. JTO
siIBJICHHE HA3bIBAETCH ...

13. Ykaxure ¢popmyJty miomMoaTa HATPUS ...

14. MeToaoM moJiypeakuuii paccraBbTe KOI(pPUIHEHTHI (B OTBeTe YKAaKUTe
CYyMMY BceX KO3I(P(PHUUHEHTOB):

Pb02 + NaCrO, + NaOH — Na,CrQ, + NangOz + H,O

15. Ha BoccTranoBiienue 20 mu noakuciaeHHoro 0,2 H pactBopa OMxpoMaTa Kajausi
obL10 3aTpaveno 40 mua pacrtBopa SnCl,. Paccuurars, Moasipuyw (Cy) KoH-
neHtpamui pacrsopa SnCl,.

OrBerbr: 1 — 1-a,2-8,3-0; 2 —0,1;3—a,0,4—a,0,B,5—0,1;6 —0;
7—r1;8—a,0,9—a, 06,1, 10— 06; 11 — B; 12 — «onoBssHHAsA uyymMay; 13 —
Na2Pb0Os; 14 — 22; 15 — 0,05.

3anauu

1. B 1300 r Boasl pactBopeHo 180 r kpucrammmuyeckoit coasl Na,COsz 10H,0.
[InoTHOCTH MOy4YeHHOrO pactBopa — 1,16 r/em’. Onpenenuth MaccoByro 1010 (%)
BEII[ECTBA B pacTBOPE B pacyere Ha OE3BOJAHYIO COJIb; MOJSIPHYIO M HOPMaJbHYIO KOH-
HEHTPAIMH ONPEICITUTh HCXOS U3 KPUCTAJUIOTHIpATA.

Omeem: 4,5 %:; 0,5 MOJIB/I[MS; 1 Mo/’

2. OnpenenuTh KOJMYESCTBEHHBIH COCTaB CMECH KPEMHHS, alllOMUHUS U KapOo-
HaTa KaJblMs, €CIU M3BECTHO, YTO MpPHU 0OpabOTKE ITOM CMECH PacTBOPOM IIEIOYU
BBITETsIETCA 8,96 1M (H.y.) Tasa, a mpu 06paboTKe TaKOil JKe HABECKH HCXOIHOM cMe-
cu pactBopom HCI Taroke Beimensercss 8,96 aM° rasa, MPOMyCKaHHE KOTOPOTO depes
pactBop Ca(OH), npuBout k o6pazoBanuto 8,1 r Ca(HCO3)s.

Omeem: Si — 0,05 moinb; Al — 0,2 moas; CaCO; — 0,1 moib.

3. Kakoit oobem (M) 2 H. pactBopa NaOH tpeOyercs mpubaButh k 200 r
5%-noro pactBopa SnCl,, 4To0ObI MepeBeCTH €ro MOJHOCTHIO B TETPArHAPOKCOKOM-
miekc?

Omeem: 106.
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4. Huanupn xanusg npu 18 °C runponuzoBan Ha 1,2 % B pacTBope KOHILIEHTpaIlu-
eit 0,1 monb/nm°. Beruncrnre koHcTaHTy Tuaponu3a (K,) atoit comnu.
Omeem: 1,44-107°,

5. BerancianTe KOHCTaHTY TUCCOIUAINH TMAHUCTOBOJIOPOIHON KUCIOTHI, YIUTHI-

3
Bast, uto npu 18 °C B pacTBOpe KOHIIGHTpamuud | MOJIB/IM” OHA JHUCCONHUUPYET Ha
0,002 %. PaccmoTtpuTe, Kak BIMSIET YIJICKUCIIBIN a3 BO3/yXa Ha BOJIHBIE PACTBOPHI IIIe-

JIOYHBIX IUAaHU0B. [louemMy IMaHuIBI HY>KHO XPaHUTh B INTOTHO 3aKPBITHIX COCYyIax?
) _10
Omeem: 4-10 .

6. [Ipu cruraBmeHWM CBHHIIA C MarHueM O0pa3yeTcs HHTEPMETAIUTNYECKOE CO-
enuHeHue, cojepxkamiee 19 % no macce maruus. Onpenenute GopMyiLy 3TOro COeIu-
HCHWSI.

Omeem:. MQ,Pb.

7. Haiimute o0bem pactBopa a3otHOi kucioTsl ¢ @ (HNO3) = 20 %, xotopsiii
notrpedyercs s pacTBOPEHUs: a) 0JI0Ba, 0) CBUHIIA, B) IPUIIOSN», B KOTOPOM MAaccCoO-
Bbic 0 SN u Pb coorBerctBenHo paBHbl 70 u 30 %. Kaxkaplii u3 00OpasioB B3ST
maccoit 100 r, a BoccTaHOBIIEHHE a30THOW KHCIIOTHI MPUBOIUT K BbiaeneHnto NO.

Omeem: a) 633 mur; 0) 364 mur; B) 552 M.

8. Ompe/euTe HANPaBICHNE POTEKaHus peakmuy Sn + Ph?* <> Sn?* + Pb mpu
CIICTYIOIINX 3HAUCHUSX KOHIICHTPAIIUH HOHOB:

a) C(Pb®") =1 mouns/m; C(Sn*") = 1 moms/x;

b) C(Pb*) = 0,15 momns/m; C(Sn*") = 1,5 Moms/i1.

9. CO, —» COCl, —» CO, —» C — Al,C; — CH,.

10. Si — Na28i03 — H4S|O4 — S|02 — S|C|4 — KleOg

11. CO, —» NH4HCO; — BaCO; — CO, — CO — COBrs.

13. Vpasnsiite OBP:
SnCl, + NaOH + Bi(NO3)3 — Na,[Sn(OH)¢] + Bi + NaNO3 + NaCl
SnC|2 + KC|03 + KOH + H,0 — Kz[Sn(OH)G] + KCI
SnS + HNOS(KOHL{.) — HzSﬂOg (SnOZ'l’lHQO) + H,SO, + NO, + H,0O
CO(NH2)2 + KN03 — N2 + KN02 + C02 + Hzo
Pb(NO3), + NaClO + NaOH — PbO, + NaCl + NaNO; + H,0

JKCNepUMEeHTAJbHAs padoTa
«M3y4yeHHe XUMHYECKHMX CBOICTB coeMHeHHUIl 31eMeHTOB VA rpynnbn

Heanb paGoThbi: SKCIEPUMEHTATBFHO U3YYUTh XMMHUYECKHE CBONCTBA YIJiepoja,
COEIMHEHUN KPEMHHUS U CBUHIIA.

OOopy1oBaHue U peaKTUBBI: CIIUPTOBKA, pacTBOpP (hyKCHHA, aKTUBUPOBAHHBIN
yroiib, pactBopsl coseit: Na,COs, NaHCOs3, Na,SiO;, NH,CI, Pb(CH;COO),, KI, p-p
HCl (p=1,19 F/CM3), p-p deHondTanenHa, crakaH ¢ X0J0AHOW BOJIOK.

OnbiT 1. Adcopouus yenem Kpacaugux eeuwiecme u3 pacmeopa.

B npoOupky Ha 1/2 HanuBaT pacTBOp PpykcuHa. HachlmaroT B 3Ty e IpoOUpKy
I r (2 70XKeUKH) aKTUBUPOBAHHOTO YTIiis. B30anThIBalOT, JatOT PacTBOPY OTCTOSATHCS
20 MuHyT. ONUCHIBAIOT U OOBSICHSIOT HAOJIOICHHUS.

Jenatot BbIBOJ 00 aICOPOLIMOHHBIX CBOMCTBAX yTJIsl.
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OnbIT 2. I'udponus coneit y201bHOl U KPEeMHUEBOU KUCOM.

B tpu mpobupkwu, comepskamiue pactBopsl coneii NaHCO3, Na,COjz, Na,SiOs,
n00aBISIIOT 1O 2 Karau pactBopa denondranenna. OnucsiBatoT HabmoaeHus. OTBe-
YaloT Ha BOIPOC: Kakas cojib B OoJblel cTeneHu moasepraetcs ruapoinszy, NaHCO;
wm Na,COz, Nay,CO3 mimu Na,SiOs? [laroT 00bsicHeHHUs. 3alUChIBAIOT PEaKIIUU TH/I-
poJIn3a COJIEH.

B mpobupky ¢ pactBopom Na,SiOz (3—5 karmenb) 100aBISIOT Takol ke 00beM
pactBopa NH,Cl. OmuceiBaror HabmomaeMoe sIBJIEHHE W JalOT OOBSICHEHHE C IOJI-
TBEPKIAIOIIUMHU €r0 YPAaBHEHUSIMU PEaKIIHii.

JlenaroT BBIBOJ O CHOCOOHOCTH K THIPOJIM3Y COJIEH YroJIbHOW M KPEMHUEBOU
KHCJIOT.

Onsit 3. Ilonyuenue Kpemnuuegoii Kuciomol.

B mpobupky Ha 1/2 HanmuBaror pactBop crmimkara Hatpus Na,SiOs. JloGapnsror
6—7 xanens KoHIIeHTprpoBaHHOTO (p = 1,19 F/CMS) pacTBOpa COJIIHOM KHUCIIOTHI. 3aKphIB
najbleM MpoOUpKY, BCTpAXUBatOT. OMUCHIBAIOT HAOIIOICHHUS. 3alICHIBAIOT YPaBHEHHE
MOJTYYCHUST KPEMHHEBOH KHCIOTHL. OOBSICHSAIOT YCIOBHOCTH (hopMyier H,SiO3.

OnbiT 4. H3yuenue amgpomepnuix ceoitcme Pb(OH),

B 2 muxkpornpoOupky HanuBaioT pacTBop coiu auerara ceunua (l1). B o6e npo-
Ooupku o karisaM npubasisioT pactBop NaOH nmo Beimagenust ocajaka. 3anMchIBalOT
ypaBHEHHE COOTBETCTBYIOIICH peakiuu. B mepByro mpoOUpKy ¢ 0cagkoM T00aBIISIOT
n30b61TOK pactBopa NaOH, a Bo Bropyto — pactBop HNOj3. OnucsiBaroT HabII01CHUS.
3anuchIBalOT YpaBHEHHS! COOTBETCTBYIONINX XUMUYECKUX PEAKIIUN.

Onwit 5. Ionyuenue manopacmeopumoit coau PDl,. Bwinoansemcs oemon-
CMPAYUOHHO.

B npoOupky Ha 2/3 ee oObema HanuBaroT pactBop auerara cBunua (l1). JJodas-
JSFOT HECKOJIBKO Kalesb pacTBOpa MOIUA Kajus, IO BbIMAJAeHUs ocanka. OTMeyaroT
[[BET OCaJiKa. 3aMKChIBAIOT ypaBHEHUE MpoTeKarolel peakuuu. Harperatot npodupky
(mo6aBuB HemHOTO pactBopa CH3;COOH) Han ciupToBKOM 1O pacTBOPEHUS BHITIABIIIC-
ro ocajaka. 3aTeM MPOOUPKY OMYCKAIOT B CTaKaH C XOJOJHOW BOaOW. OMUCHIBAIOT
Ha0IrI01aeMoe SIBJICHHE M JIAI0T €My O0BsICHCHHE.

JKcNepUMEeHTAJIbHAs padoTa
«XHuMHYecKHne ¢CBOMCTBA 0J10BA, CBUHIIA U UX COeTUHEHM I

Heas padoThl: 3aKpeIyICHUE TEOPETUUYECKUX 3HAHUM MO XUMHUYECKUM CBOM-
CTBaM 0JIOBA, CBHHIIA ¥l X COSAMHEHUH.

O6opynoBanue u peakTuBbl: cTpyxka Zn, Bry(H,0); pactBopsr coneit: SnCl,,
K,Cr,07, (CH;COO),Pb, Pb(NOs),; pacteopsr kucior: HCI (2n), H,SO4 (2H), HNO;
(2H), H,SO, (1. 1,84 t/em®) HNO; (1. 1,4 r/em®).

OnbIt 1. Ionyuenue memannuueckozo onoasa.

B pactBop xmopuna osnosa (ll) omyckaioT MalieHbKMIl Kycodek HuHKA. YTo
Habmogaercsa? 3anuchIBalOT ypaBHEHHE MpOTEKamomel peakiuuu. Bo3MoxkHa o aHa-
JIOTHYHAs peaklus, €CIIU [IMHK 3aMEHUTB jKeIe30M?
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OnblIT 2. B3aumooeiicmeue 0106a ¢ Kuciomamu.

B oTmensHBIX MPOOHpPKax Ha METAUTHYECKOE OJIOBO BO3AEHCTBYIOT:

a) 21 HCI, r) pa36. HNOj3;

0) 21 H,SOy; 1) koI HNOj (wr. 1,4 r/em®).

B) koHIl. H,SO, (. 1,84 r/em’);

OTMeyaroT HaOIIOICHHSI B KaXKIOM CITydac. 3alnuChIBalOT YPaBHEHHS PEaKIInii.

Onsit 3. Boccmanosumensnsie ceoiicmea uona Sn°",

B mpobupky BHocaT pactBop SNCl, u 1o karmisM NpuiIMBarOT OPOMHYIO BOIY.
OnuceiBatoT HAOMIOICHHS U 3aIMCHIBAIOT YPABHEHUS! XUMHUYECKIX PEaKIIHA.

PactBop SnCl, monkucnsror pacteopom HCIl u no karmmsim 106aBisiioT pacTBop
K2Cr,07. O0wscustoT Habmoaenus. [I[puBoasaT ypaBHeHHE XUMHYECKOW PEAKIIHH.

Onwit 4. Ilonyuenue memaniuueckozo céuHUa.
B pactBop (CH3COO),Pb omyckaroT NIHMHKOBYIO IUTaCTHHKY. OMNHUCHIBAIOT
Ha0JII0/IeHNS U OOBSACHSIOT Pe3ybTaT ONBITA.

OnbIT 5. OmHowenue ceunya Kk Kuciomam.
[TpoBOAST ClIeMYIOMINNA SKCTICPUMEHT:

Po Pb Pb Pb Pb

v \ A v v v

HCI p. H>SO,4 p. HNO3 p. H2SO4 K. HNOs3 K.

[Tpo6upku nmogorpesatot. Bo Bcex i mpobupkax uaet peakuusa? [louemy B He-
KOTOPBIX MPOOUpPKAX CBUHEI] HE pacTBopsieTcsA? 3aUChIBAIOT YpaBHEHUS PEaKIUil.

OnwIt 6. ITonyuenue manopacmeopumsix conei ceunya(ll).

B otnenbHBIX mpoOMpKax MOJNydaroT XJOPHA, XpOMaT, Cylb(ua U OCHOBHOM
kapOonat cBuHna () obmennoit peakimeir mexay PB(NOs), u coorBercTByIOIIECH
pacTBOpUMO¥ conbio. OTMEYAIOT I[BET MOTYYCHHBIX 0CAIKOB. 3aNMCHIBAIOT YPaBHCHHUS
COOTBETCTBYIOIIUX PEAKLIMMA.

3ananue 7. lokazamo pasuyio cmeneny okucienus ceunua é cypuke (Pbs0,
unu 2Pb0O-PbO,).

Yto6bI yOoemuThCs B TOM, 9T0 PbsO4 comepxutr Pb** u Pb**, pactBopsor PbyOy
B a30THOM KucjoTte. Beimagaer kopuuHeBbld ocagok. Kakoe 3To BemiecTtBo? 3anuchl-
BalOT ypaBHEHME peakuuu. llocne mogorpeBaHusi OCaJOK CTaHOBHUTHCS KpPACHBIM.
Kakoe 310 BemecTBo? 3aTeM HaJl0CaJA0YHBIA pACTBOP MEPETUBAIOT B IPYTYIO0 POOHp-
Ky 1 100aBmst0T K Hemy xpomar kanust (K,CrO,). Uro mabmonarot? O yem 310 cBUIE-
TenbCTBYeT? [IpUBOAST ypaBHEHUS NPOTEKAIOIINX PEAKLIHIA.
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I')/TABA 13
XUMUA JIEMEHTOB VA TPYIIIIbI

13.1. OBLIASI XAPAKTEPUCTUKA DJIEMEHTOB VA IPYIIIbI

B VA rpynny nepuonnueckoit cuctemsl . . Menaeneea BXoasaT a3or, ¢oc-
¢dop, MBIIBIK, CypbMa, BUCMYT. DJIEKTpOHHast (popMmysia BaJleHTHOM OOOJIOUKH 3iie-
MEHTOB VA-Tpynmbl: ns’np®. [Ipn Bo30yX1€HUN aTOMOB IPOUCXOJIUT pacnapuBaHHE
S-DJICKTPOHOB ¥ TIEPEXOJI OJJHOTO U3 HUX Ha J-TOJypOBEHH (32 MCKIIOYCHHEM aToMa
a30Ta, BHEIITHHE AJICKTPOHBI KOTOPOTro He uMeroT 2d-noaypoBHs). Hampumep, y atoma
¢dochopa B BO30OYKIEHHOM COCTOSHUM IEKTPOHBI BHELIHETO YHEPreTUYECKOI0 YPOB-
HsI probpeTaroT KoHdurypauuio; 35°3p>3d-.

CoOTBETCTBEHHO, aTOMBI 3JIEMEHTOB 3TOM I'PyIIIbl CHIOCOOHBI 00Pa30BBIBATH TPU
¥ MaKCHUMAaJIbHO ISITh KOBAJIEHTHBIX CBsi3el. VICKItoueHne cocTaBisieT aToM a30Ta, Ko-
TOPBII HE MOXKET 00pa30BbIBATH OOJIBIIE YETHIPEX KOBAJIEHTHBIX CBA3EH (TpH 3a cueT
HECHApPEHHBIX P-AJIEKTPOHOB M OJHY IO JOHOPHO-aKUENTOPHOMY MEXaHU3MY 3a CUET
HEMO/IeJIEHHO! Maphbl AJIEKTPOHOB Ha 2S-TIOAYPOBHE). Y MBIIIbSIKA, CYPbMbl U BUCMYTa
K BakaHTHOMY NO-ypoBHIO J00aBisieTcs emle, B OTaudue oT Gpocdopa, MOIHOCTHIO 3a-
BEpUICHHBIA BHYTpeHHHH (N-1)d-ypoBeHb, a y BUCMYTa, CICIYIONIETO 3a JIAHTaHOUIA-
M, KpoMme Toro u 4f**-ypoBeHs.

OcHoBHbIE CBOMCTBA 251eMeHTOB VA Tpymnmbl ipuBeAcHbI B Tabm. 13.1.

Tabauya 13.1
CoiicTBa 351eMeHTOB VA rpynnsl

CsoiicTBa N P AS Sb Bi
CoiepkaHue B 3eMHO#T Kope,% 110 ° 810° [ 510° | 410™ | 2:10™
MonsipHast Mmacca, I/MOJb 14,0 31,0 74,9 121,8 | 209,0
ATOMHBIN panyc,HM 0,070 0,110 | 0,121 | 0,141 | 0,146
OTHOCHUTENBHAS 3JIEKTPOOTPHULIA- 3 2,1 2,0 1,9 1,8
TEJILHOCTh
XapakTepHbIC CTENIEHU OKHCIICHUS -3,-2,-1 -3, -3, -3, +3, +5

+1, 42,43, +4,+5 [ +3,+5 | +3, +5 | +3, +5
Temmneparypa kunenus, °C —195,8 429 615 1634 | 1552
IInoTHOCTB, r/em” 0,808(k) 2 5,72 6,7 9,8
CraHapTHBIN 37E€KTPOAHBIN TOTEH- - - 0,3 0,24 0,2
wman (O p-p/d), B
Koopaunarmonnoe uncio 4 4,56 14,56|4,561|4,56

B psany N-P—As-Sb-Bi mnpoucxoauT MOHOTOHHOE BO3pacTaHUE pPaHYCOB
Y YMEHBIIIEHUE AJICKTPOOTPUIIATEIIHHOCTH.

B coeauHeHMIX 3JIEMEHTBI 3TOM TPYIIITBI IPOSBIISIOT CTCIICHU OKUCIeHUsS +1, +2,
+3, +4, +5, 3. Jlng a3ota Hambosiee XapaKTEpHbI CTEMEHU OKHCICHHS +3, +5, —3,
a takke +2 u +4. [lna ¢pocdopa Haubonee xapakTepHa CTEIEHb OKUCICHUS 15, pexe
HMEET OH B COEIMHEHHUAX CTEIIEHb OKUCIEHUS +3 1 —3.

Kak m B apyrux rpynmax p-3J€MEHTOB C POCTOM IMOPSJIKOBOI'O HOMEpa BCE
OOJIBIITYI0O POJIb B 0Opa3oBaHMM XHMHUYECKHMX CBS3CH HAuMHAIOT UrpaTh O- W jgaxe
f-opOuTanu, MoO3TOMYy 3HAYCHHS YCTOMYUBBIX KOOPIWHAIIMOHHBIX YHUCENT B PAIY
N-P—-As-Sb-Bi Bo3pacraror. Tak, ecau it a30Ta MAKCHMaIbHOE KOOPAMHAIIHOHHOE
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anciio pasHo 4 (sp°-ruGpuamsarus B nore ammorns NH, "), To st pocdopa Hapsimy
¢ KOOPIMHAIMOHHBIM YHcIoM 4 (SP>-ruOpransariis) XapakTepHbl H KOOPIHHAIIMOH-
HbIE yuca 5 (Sp3d-rH6sz[H3auHﬁ) u 6 (Sp3d2-FI/I6pI/II[I/I3aI_[I/IH). J{nst MbIlIbsIKA, CYPbMBI
U BUCMYyTa 0oJjiee XapaKTepHbl KOOPAMHAIIMOHHBIE Yncia 5 U 6. YCTONYUBOCTh BbIC-
IIMX KOOPAUHAIIMOHHBIX Yucell pacteT B psaay: N-P-As—-Sb-Bi.

C yBenmueHHEM pagnycoB aTOMOB OT a30Ta K BUCMYTY 3aKOHOMEPHO YMEHBIIIa-
€TCsl DHEPIHsl MOHW3AINH W OTHOCHUTEIhHAS AJICKTPOOTPHUIATEIIBHOCTh. JTUM 00Y-
CIIOBJIEHO OcCa0JieHne HeMeTalInYecKuX CBOMcTB B psaay N-P-As-Sb-Bi. Asor
u Qochop — TUMUYHBIE HEMETAIIbL. MBIIIBIK aM(OTEPEH, XOTs HEeMEeTaJUIMYeCKHe
CBOWCTBA CHJIbHEE BBIPAXKEHBI, UeM MeTaimnaeckue. Cyppma ampoTepHa, HeMeTaJlT-
YeCKHE U MEeTaJUNIMYECKHUe CBOMCTBA BBIPAXKEHBI MPUMEPHO OAMHAKOBO. s BUCMyTa
XapaKTepHO MpeoldiiajaHne METaJUIMYEeCKUX CBOMCTB. B COCTOSIHUU MPOCTHIX BEUIECTB
a30T — OeclBETHBIN Ta3, Pochop — TBEPAOE BEUIECTBO, MBILIIBIK — METAJLIONO0100-
HOE TBEPJOE BEIIECTBO CEPOro IBETa, CypbMa — METaJUIONOJO0OHOE TBEPAOE Belle-
CTBO cepeOpUCTO-0eI0ro MBeTa, BUCMYT — CepeOpUCTO-0embIil, MATKHIA.

B KUCIOPOIHBIX COENMHEHUSX Bce deMeHThl VA-TPYIIbI NPOSBISIOT CTEIICHU
okucienus +3 u +5 (I a30Ta XapakTepHbI KPOME TOTO CTCTICHH OKHUCIeHUsS +1, +2,
+4). Okcunbl azora N,O3 u dochopa P,03 SBASIOTCS KUCIOTHBIMH M UM COOTBET-
ctBytoT kucnotel — azotuctas HNO; u dochopucras Hz3PO3. Oxcuabl Mblibska
As,03 u cypsMbl Sb,03 niposiBisitoT amdoTepHbIe CBOMCTBA, pudeM y Mbiibsika (111)
OKCHJIa TpeobIafaloT KHUCIOTHBIE CBOiCTBA. COOTBETCTBYIOIIME WM THIPOKCHIBI
As(OH); u Sb(OH); amdotepnsl; y mepBoro mpeoOsagaroT KHCIOTHBIC CBOMCTBA,
y BTOporo — ocHoBHbIe. Okcup Bucmyrta (I1I) Bi,O3z u cooTBeTCTBYIOUIMI €My TH/I-
pokcua Bi(OH); mposiBIsIFOT OCHOBHBIE CBOMCTBA.

Oxkcunsl Tuna 9,05 ameMeHTOB VA TpyIibl U COOTBETCTBYIOIINE UM THIPOKCH-
161 HIO03 1 H3D0,4 posBIISIIOT KUCIOTHBIE CBOMCTBA.

Tabnuya 13.2
KuC10THO-0CHOBHOIi XapaKTep HEKOTOPHIX OKCHIO0B U THAPOKCHI0B
3J1eMeHTOB VA rpynnsl

Oxcuanl . Popmyra Oxcuanl . Dopmyaa
3203 CBOI/ICTBa THAPOKCHIA U €T0 3205 CBOHCTBa THAPOKCH/IA U €TI0 Xa-
XAPAKTCPUCTUKA PAKTEPHUCTUKA
N,O3 KucnorHerii HNO,, kucnora N>Os | Kucnorasiii | HNOs, cunsHas Kuc-
CpEIHEN CHIIbI JIOTa
P,0O3 KucnorHsri H3POs3,c1a0as P,Os | Kucnorusii | HsPOy4, kucinora
KHUCII0TA CpEJIHEN CHJIBI
As,03 Awmdortep., H3AsO3 As,0Os5 | Kucnornsriii | H3AsO,, cnabee op-
npeobIagaroT ToochopHoi
KHCJIOTHBIE
CBOIMCTBA
Sb,03 Awmdortep., Heompenenennsiii | Sb,0Os | Kucnorusiii | HeonpeneneHubrit
mpeodIaaloT |CoCTaB coctas xSh,05'yH,0
OCHOBHBIE xSh,05-yH,0
CBOMCTBaA
Bi,O3 OCHOBHBII Bi(OH)3, caboe Bi2Os | KucnoTHsiit |['mapokcua He BbIe-
OCHOBaHHE JIEH B CBOOOJIHOM CO-
CTOSIHUH
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B runpuaax tuna DHz 3eMeHThI 3TOM TPYIIbI MPOSIBISIIOT CTENIEHN OKUCIICHUS
—3. D10 razoo0pa3Hbie BOAOPOJHBIE COeAUHEHUS. B BOIHBIX pacTBOpax OHU HE MPOSIB-
JSIFOT KUCJIOTHBIE CBOMCTBA, Kak, Hanpumep, runpuasl H,S u HCI VIA u VIIA rpynm.
[locnenHee cBsi3aHO C TEM, YTO BCJIEACTBHE MEHBIICH AIIEKTPOOTPUIIATEILHOCTU T10
cpaBHeHHIO ¢ p-anemeHTamMu VIA u VIIA rpymim ux ¢BsS3b ¢ BOAOPOIOM MEHEE MOJSpHA.

13.2. XUMHUYECKHME CBOMCTBA A30TA U ET'O COEJMHEHUI

A30T — OecuBeTHBIN ra3, He UMEIOIIMM BKyca U 3amaxa. A30T IUJI0XO pacCTBOPUM
B BOJIC U B OPTaHUYECKUX PACTBOPHUTENAX. XUMHUYECKasi CBSA3b B MOJIEKYJIE a30Ta Xa-
pakTepu3yeTcsl UCKIIOUUTENIbHON MTPOYHOCTHIO (3HEprus cBsi3u paBHA 941 kJ[>k/MoIb),
HECpaBHUMA HH C KAKUMU APYTHUMH JBYXaTOMHBIMH MOJICKYJIAMH.

Oco0ast yCTOWYUBOCTh MOJIEKYJISIPHOTO a30Ta OMPEIEISIET XUMUIO 3TOTO AJIEMEH-
Ta. A30T HE TOPUT U HE MOJCPKUBACT TOPEHUS APYTrux BeuiecTB. Hampotus, oH cam
B MOJICKYJISIPHOM BHJIE SIBISETCS KOHEYHBIM MPOTYKTOM OKHCICHHS MHOTHX a30TOCO-
JepIKaIuX BEIIeCTB.

[Ipu KOMHATHOM TeMIepaType a30T pearupyer JHIIb C JIUTHEM:

N, + 6Li = 2Li3N

[Ipu MOBBITIICHHBIX TEMIIEpaTypax OH B3aUMOJCHUCTBYET C IPYTUMU aKTHBHBIMU
MeTajylaMu ¢ 00pa30BaHUEM HUTPUJIOB.

Mornekysna a3oTa UMeeT JBE HEMOJIeJICHHbIC Mapbl ANEKTPOHOB M CKJIOHHA MO-
ATOMY K 00pa30BaHMIO KOMIUIEKCOB. Ho a30T — mu1oxoi auran npu KoMIuieKcooopa-
30BaHUM, YTO OOBSICHAETCS BBHICOKOW AIEKTPOOTPHULIATEIFHOCTRIO a30Ta B COYCTAHHUU
¢ Majoi nnuHOM cBsa3u a3or-a30T (0,1094 HM), a Takke OTCYTCTBHEM B €r0 aTOMe
BaKaHTHBIX opOuTaneil. OJHAKO MOUCKH COEAMHEHM, CIIOCOOHBIX CBS3BIBATH a30T
B KOMIUIEKCHI, IHTEHCUBHO MPOBOJSATCS B CBSA3U C OOIIeH mpobieMon (Gpukcaiuu at-
MOC(EpHOro azoTa.

Oo6pasyromuiics pu dnnekTpudeckux paspsanax mnpu (I = 2000 °C) aromapHblii
a30T yXe Mpu OOBIYHBIX YCIOBUSAX B3aUMOJEHCTBYET ¢ cepoi, pocPopom, PTYThIO.
XuMHUecKasi akTHBHOCTh a30Ta PE3KO MOBBIIMIACTCS B YCIOBHIX BBICOKHX TEMIIEPATYP
(a30T coeMHSAETCS C BOJOPOIOM, KUCIOPOAOM, YIIIEPOJAOM U IPYTUMH FJIE€MEHTaMH).

C docdopom B ycnoBusx asekTpopaspsiaa oopasyercs HUTpua Gocdopa:

6P + 5N2 —>2P3N5

Ecnmu 9mcThiif a30T MpOMyCTUTh HAJA pacKaJICHHBIM YTIieM, TO oOpa3yercs ra3
murman: N, + 2C — (CN),.

[Tpu B3ammMopericTBuU azora ¢ kapoumom Kambiuss CaC, MoOMy4aroT IUaHAMHU]
kanpiusa CaCNo:

CaCz + N2 — CaCNz +C

[{nanaMu KanbIys pas3jiaracTcsi BOJIOH C BBIJCIICHHEM aMMHUaKa:

CaCN,; +3H,0 — CaCOg3| + 2NH3t

W3 ranmoreHoB ¢ 3aMETHBIM BBIXOJIOM a30T pearupyeT TOIbKO co Gpropom:

N2 + 3F2 — 2NF3

OcHoBHasi Macca a3oTa cocpenoTodeHa B arMmocdepe: (BO3AYyX COCTOUT W3
78,09 % N,; 20,95 % O,; 0,932 % Ar). Conepkanue a3oTa B 3eMHOM Kope 4 - 1072 %,
Cas3aHHBIN a30T 00pa3zyeT MuHepaisl B popme HUTpaToB: ymnuiickas NaNOg, naauii-
ckast KNO; u Hopexckast Ca(NO3), cenmuTpsi.
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B cBsi3u ¢ HEOOXOAMMOCTHIO BHOCUTD B IOYBY a30THBIE YJOOPEHUS YK€ B Havase
XX B. ObUIM NPEINPUHATHI YCUITUS TI0 UCTIOIB30BAHUIO aTMOC(HEPHOTro a30Ta ISl 1MO-
Jy4YeHUs! a30TUCTBIX COCOUHEHMH, TaKk Ha3piBacMmas azoTdukcanus. CUHTE3 aMMHaKa
ObUT mpeasiokeH HemeukuM xumukoMm @. [NaGepom, 3a yTOo eMy ObuIa MPUCBOEHA
HobGeneBckas npemusi.

B Hacrosmiee BpemMs CHHTE3 aMMHaKa U3 BOJOPOAA U a30Ta — OCHOBHOM c11oco0
CBA3bIBaHMS aTMocepHoro azora. OHaKo Takoil cnocod a30T(dUKca OYE€Hb 3HEP-
rOeMOK U Jopor. B mocneqHee Bpemsi yueHbI€ 3aHITHI UCCIIEIOBAHUSMHU IO CBSI3bIBA-
HUIO aTMOC(EPHOT0 a30Ta C MOMOIIbIO KOMIUIEKCHBIX COSIMHEHHIA.

B npoMbiieHHOCTH a30T MOJY4a0T PEKTU(UKAIIMOHHOMN MTEPErOHKON KHUIKOTO
Bo3ayxa. [ 3TOro Bo3ayX NEHCTBUEM HU3KOM TeMIiepaTypbl U BBICOKOTO JaBJICHHUS
CHayvajia MepeBOJAT B KUAKOE COCTOSHUE, a 3aTeM HarpeBaroT. BHavane ucnapsiercs
6onee nmeryunit a3zoT (1, = —196 °C), a ocTaBmascs KHIKOCTh MPEACTABIIsICT COO0M
B OCHOBHOM KHCIIOPOJ (L. = —183 °C).

B na6oparopun azot nomyuarot HarpeBanueM NH,Cl u NaNO,:

NaNO, + NH,Cl — NH4NO, + NaCl

NH,NO, —€, N, + 2H,0

5Mg + 12HNO; —C, 5Mg(NOs), + N,1 + 6H,0

3CuO +2NH; —C, 3Cu + N,1 + 3H,0

2NH,CI + 3CaOCl, —C, N,1 + 3CaCl, + 3H,0 + 2HCI

(NH,),Cr,0; —t°°, N, + Cr,05 + 4H,0

YuCThI a30T MOIy4YaeTcsi TEPMUYECKUM PA3I0KEHUEM a3U0B METAJIIOB:

2NaN; = 2Na + 3N,

AMMHak — O€CIBETHBIH Ta3 C PE3KUM 3aMaxoM, OY€Hb XOPOIIO PAaCTBOPUM
B Bojzie: B 1 o0beme H,O mpu 293 K pactBopsiercst okono 700 o6bemoB ammuaxa (pac-
TBOpUMOCTh 31 Monb/i1). B KOHLIEHTPUPOBAaHHOM BOJHOM pacTBOpE MaccoBasi A0S
amMuaka coctasisieT 25 %.

B MoJeKy/ie aMMHaKa aToM a30Ta HAXOAUTCS B COCTOSHHH SP°-THOPHIM3AIIH:
AToM a3oTa oOpa3yeT Tpu O-CBSI3U C TpeMsl aTOMaMH BOJOPOJa, KOTOPbIE 3aHUMAIOT
TpH (BaJICHTHBIE IEKTPOHbI 2822p3) BEPIIHMHBI YyTh UCKaXEHHOI'0 TeTpasapa. YeTsep-
Tas BEpILIMHA TETpad/pa 3aHATA HEMOJICICHHON AJIEKTPOHHOU Mapoi a3oTa, 4To odec-
NEeYMBACT XUMUYECKYIO0 aKTUBHOCTb, HEHACHIIIEHHOCTh U PEAKIIMOHHYIO CIIOCOOHOCTh
MOJIeKysT ammuaka (puc. 13.1).

N.
rd ‘v
H™ \'H
H
Puc. 13.1. Ctpoenue MOJIEKYITbI aMMHaKa

[TpucyrcTBUE Ha OAHOW M3 THUOPHUAHBIX OpOUTANel HEMOJEJICHHONW Mapbl 3JEK-
TPOHOB OIpeneNseT CIOCOOHOCTh aTOMa a30Ta B aMMHake K OOpa30BaHMIO CBs3ei
C APYTMMM aTOMaMU WM HOHAaMH IO JOHOPHO-AaKLENTOPHOMY MEXaHHU3MY. OTHUM
00BSICHSIETCA XapaKTepHOE CBOMCTBO aMMHaKa BCTyNaTh B peakUUU MPUCOEAMHEHUS
C BOJOW, KUCIIOTaMH, KATUOHAMU METAJIIOB.
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Haubonee npoctoit sBiiseTcs peakiys aMMUaka ¢ MpoTOHAMU BOJ0poa. AMMU-
aK, IPUCOeNHSAS IPOTOH, 00pa3yeT HoH amMoHus NH,:

NH3 + H+ — NH4+

B 310l peakuiuu aMMHaKk CIy>KUT aKIENTOPOM IMPOTOHOB M C TOUKH 3pEHUs MPO-
TOHHOM TEOpHUH MPOSBIISIET CBOIcTBAa ocHoBaHus (Kp = 1,8 107 MoJb/1). B pe3ymnbTaTe
CBSI3bIBAHUS NMPOTOHOB MOHMYKAETCA WX KOHIEHTPAIMs B PACTBOPE, MOATOMY aMMHaK,
pearupys ¢ KucjioTamH, HedWTpanuzyeT ux. [Ipu 3TomM 00pa3yroTcsi COJIM aMMOHWUS,
Harpumep: NHz + HNO3; = NH4;NOs.

Conu aMMOHMSI TepMUYECKH HEyCTOWuYMBHI. Eciu aHMOH He 00JagaeT OKUCIH-
TEJILHBIMH CBOMCTBAMH (COg,Z*, Cr, PO437), TO HArpe€BaHHUE MPUBOJMT K BBIJICICHUIO
aMMHUaKa U KUCJIOTHI:

NH,Cl —©, NH31 + HCIt

(NH,),CO; —Y 2NH;1 + CO,1 + H,0

(NH,), HPO, —C, 2NH5t + H5PO,

NH,H,PO, —C NH3t + H3PO,

CynbdaT aMMOHUS TP CJIa0OM HarpeBaHUU:

(NH,), SO, —» NHs1 + NH,H SO,

Ecnu sxe annon xuciotel obnagaetr okuciauTeabHbIME cBoicTBamMu (NO, , NO3',

Cr,0/%", SO,* npy CWIBHOM HArPEBAHHH), TO AMMHAK 0OPA3yeTcsl B MaJbIX KOJIHUC-
CTBaxX U B CMCCH C JPYIrUMH a30TCOACPKAINNMHU IIPOAYKTAMMH.

NH, NO, —°C, N,t +2H,0

(NH,),Cr,0; —C Cr,03 + N,1 +4H,0

3(NH,),S0, —S 4NH31 + 350, + N,1 + 6H,0

Xapakrep TEPMHUUYECKOrO Pa3OKEHUs HUTpATAa AMMOHHS 3aBUCUT OT TEMIIEpa-
TYpPHI:

NH,NO; —22°C, N,1 + 2H,0

2NHNO; —52°C , Nyt + 0,1 + 4H,0

SJIGKTpOHOIIOHOpHBIe CBOﬁCTBa aMMHaKa U €TI0 IIPOU3BOIHBIX ITPOABJIAIOTCA B UX
CIIOCOOHOCTH 06p8.30BI>IBaTB KOMIIJICKCHBIC COCIUHCHHUSA C NOHAMU MCTAJIJIOB. Haubo-
JICC IIPOYHBI KOMIIJICKCBI C MOHAMH IICPCXOAHBIX MCTAJLUIOB, IIPEAOCTABIIAIOIINX, B CO-
OTBECTCTBUU C METOAOM BAJICHTHBIX CBHBCﬁ, CBOU BAKAHTHBIC d-Op6I/ITaJII/I JJIs1 HEIIOAC-
JIEHHBIX Iap 2JEKTPOHOB a30oTa. K umciay Takux COEAMHEHUN OTHOCATCS, HalpuMep,
xommrexcsl (CO(NHg)e]**, [Zn(NH5).J*".

[Tpu BBenenun B n30bITKe NH3 B pacTBOpbI coneli d-311eMEHTOB, KaK MpPaBUIIO,
00pa3yroTcss MX aMMUHOKOMIUICKCH MJIM aMMHAKAThl — TPOAYKTHl B3aUMOJICHCTBUS
COJIE C aMMHUAKOM, HAIlpUMeED:

CUSO4 + 4NH3 - [CU(NH3)4]SO4

romay0oit TEMHO-CUHUHN
Ni(NOs), + 6NHz — [Ni(NH;)6](NO3),
3€JICHBbIN ¢buoneToBbIi

B KOHICHTPHUPOBAHHEIX paCTBOpax 3a CUCT MOHA N_3 ruapat aMMHaKka IposaBJIACT
BOCCTAaHOBUTEIILHBIC CBOMCTBA:

2(NH3 : Hzo) KOHII. + ZKMnO4 — NZT + 2Mn02l =+ 4H20 + 2KOH

2(NH3 : Hzo) KOHIL. +3 Brz - NzT +6 NH4Br + 8H20
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2NH,CI + 3CuO — 3Cu + 3H,01 + 2HCI1T + Nyt

B kucnopoze u xjiope aMMHaK TOPHT:

4NH3 + 302 = 2N2 + 6H20 AHozgg =-1266 KI[)K/MOJIB

AMMHaK B3aUMOJICHCTBYET C XJIOPOM:

2NH3 + 3C12 = N2 + 6HC1 AHozgg =-426 K,Z[)K/MOJ'H)

B amunax 3amemen ogua arom Bogopoaa (NaNH,); B umumax — nBa (LiNH),
a B autpuaax — Bce Tpu (ALN). OTu coenunenus — TBepAbIe BEIIECTBA, MMOJBEpra-
I0TCS THAPOJIU3Y C 00pa30BaHUEM aMMHUaKa U THJIPOKCHIO0B METaJIOB:

NaNH; + H,O — NaOH + NH;

MggNz + 6H20 - SMg(OH)Z + 2NH3

Cpenu Apyrux COeAMHEHHMH a30Ta C OTPUIIATEIHLHBIMHU CTEHEHSAMHU OKHUCIICHUS
Harbosree BakHbIMH sBIIsitoTes TuapasuH (NoHy) u ruagpokcunamun (NH,OH).

2NH3 + NaOCl = N2H4 + NaCl + H20

I'mapasun (N,H;) — 210 OeciiBeTHasi, IerKO HMcHapsieMasi KHJIKOCTh C BBICOKOU
JURIIEKTPUYECKON TPOHUIIAEMOCTBIO, SIIOBUT, B3PHIBACTCS B MIPUCYTCTBUU KUCIOPO/IA,
HCIIOJIb3YETCsl B KAUeCTBE PAKETHOTO TOILIHMBA.

N2H4 + 02 - N2 + 2H20

['mapa3uH Kak BOCCTAaHOBUTEIb OoJiee CHIIbHBIN MO cpaBHeHUIO ¢ NH;.

[Ipy BOCCTAaHOBJIEHMM a30THOW KHCIOTHI aTOMApHBIM BOJOPOJOM TOJy4aeTCs
TUAPOKCUIIAMUH:

HNO;z; + 6H = NH,OH + 2H,0

I'mapoxcmnamun (NH,OH) — 6ecuBetnbie kpuctamibl (T, = 33 °C), Tepmuye-
cku Hectoek, Boime 100 °C B3pwiBaeTcs. BogHbie pacTBOphI ruapoKcuiiaMuHa Oosee
YCTOMYMBBI, TAK KaK BO3SHUKAIOT MEXKMOJEKYJSIPHBIE BOJOPOIAHBIC CBSI3U. | MIAPOKCHU-
JIAMUH TPOSIBISET CBOMCTBA BOCCTAHOBUTEIIA:

NH,OH + |, + 2KOH = N, + 2Kl + 4H,0

AsotrcroBonopoasas kucnora HN; ° — GecripetHast, neryuasi, B3pIBOOIIACHAS
(B3pBIBacTCS MPHU HArpeBe, yaape Wik TPEHUN) KUJAKOCTh C PE3KUM 3amaxoM, TOKCHYHA.

HN3 + Hzo i N2 + NHon

B BognoM pactBope HNj3 mposiBisier cBoiicTBa cnaboit kucnotel (pKa = 4,59).
[To cune ona 6nuska k ykeycHo# kucinore. Kucnora HN3 siBnsercst okucnurenem. [pu
B3aMMO/ICHCTBUH C METAJIJIaMU 00pa3yeT CoJib METaslIa, a30T U aMMHAK:

Cu + 3HNN, — CU(NN2)2 + N, + H3N

Conu 3TOM KHCIIOTHI Ha3bIBAIOTCS a3uiaMHu, A30THUCTOBOJOPOJHYIO KHUCJIOTY TO-
Ty4arT aeiictBueM opTodochopHoii KuciaoTsl Ha azua HaTpusi NaN3, koTophlit cuHTe-
3UPYIOT U3 aMU/ia HATPUSL:

2NaNH2 + Nzo — NaN3 + NaOH + NH3

3NaN; + H3PO, — 3HN3 + NazPO,

Oxcun azota (1) N,O — nHeconeobpazyromuii. Ero momy4aroT pazinoxeHneM am-
MOHHUIHOMN CEJUTPHI:

NH,NO; —22°°¢, N,O1 + 2H,0.

[Tpn HarpeBaHuu ero akKTHBHOCTH pacteT. OH OKHUCISET BOJOPO, CEPY, YTOJb,
MeJlb, OpTaHUYECKHE COCTUHCHHUS:

Cu + N,O = CuO + N,
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Tabnuya 13.3
Kucnopoacoaep:xanme coeJuHeHUsI a30Ta

Crenenu Oxcuanl I'mapoxcuanbl Com
oramees (popmyna Ha3BaHHe Xapakrep (¢popmyna Haspatue Ha3BaHHe
HUA KHCJI0ThI
+1 N2O |Oxkcun azora (1) |Heconeo0- — - b
pasyroumn
+2 NO [Oxkcun aszora (1) |Heconeo6- — — —
pasyromun
+3 N2O3; |Oxcua aszora (I11) | KucnorHsrit HNO» A3zotuctas | Hurputhr
+4 NO; |Oxkcug azora (V) | KucnorHsrit HNO; [A3sorucras |Hutputs
(mokcu) HNO;3 A3zorHas Hutpatsr
+5 N,Os [Oxkcua asora (V) |KucnorHsrit HNO; A3oTHas Hutpatsr

[Tpu BbIcOKUX TeMmepatypax okcua azota (I) pasnaraercs:

2N,O "2, 2N, + O,

Oxcup azota (II) NO Takxe siBisietcst HeconeobOpazyromum. [t NO xapakrepHa
OKHCIIUTEIbHO-BOCCTAHOBUTENbHAS IBOHCTBEHHOCTD.

A3zort (II) okcHJI IETKO OKUCIISETCS] KHCIOPOJIOM BO3ayXa 10 okcuaa azora (1V):

2NO + 02 = 2N02 (AHozgg = —113,4 KI[)K/MOJIB).

OnHaKo OH BOCCTAHABJIMBAETCS BOJOPOIOM JI0 3JIEMEHTAPHOI'0O a30Ta!

2NO + 2H2 = N2 +2H20

Oxcua azota (II) momywarotr B 60mpmux KommdecTBax mpu mpomu3Boactse HNO;
KaTaIUTUYECKUM OKHCJICHHEM aMMHaKa:

2NH3 + 502 — 4NO + 6H20

KaranuzatopoM B 3TOH peakyu CIY)KUT TOHKAsl IUIATHHOPOAMEBAs IPOBOJIOKA.
Ha Bo3nyxe okcup a3ora (I1) mraoBenno okucisiercs 10 NO,.

Boanbie pactBopel NO HelTpasibHBL. DTOT OKCHJI OKUCIISIETCS rajJloreHaMu, 00-
pa3ys HUTPO3WITAIOT CHUIBL:

2NO + Cl; = 2NOCI

M3BecTHO MHOTO KOMIIJIEKCOB, COAEPKAIIMX B KauecTBe JUranjaos rpymmy NO.
KauectBennoii peaknueit Ha NO siBnsiercss oOpazoBaHue Oyporo KOMILJIEKCa TP B3a-
uMoecTBun ¢ cyiabdarom xkenesa (II):

[Fe(H20)6]804 + NO — [Fe(H20)5NO]SO4 + H,0

NO — OecnBeTHbIl ra3, B 1a00paTOpUM €ro Mody4aroT, AeucTBys 30%-HOii
a30THOM KHUCJIOTOU Ha MEb:

3Cu + 8HNO3; — 3Cu(NO3), + 2NO + 4H,0

Ob6pa3yromuticst B Hebonpmux komuuecTBax NO, ynansior, npomyckas ra3 uepes
Boay, B kotopoii NO,, B otimuue ot NO, pactBopum. [Ipu narpeBanuun NO okucisier
mHorue Bemiectsa (C, P, S, SO,, H, u HekoTopbie MeTab).

Oxkcup azota (II1) N,O3 nmpu HM3KHUX TemmepaTypax — TEMHO-CUHSS KUAKOCTb,
paznararorasics rnpu remneparype Boie 0 °C:

N,O3; — NO + NO,; AH®95 = 41,2 KJI)K/MOJ'H).

Ero monywatror B3aumoperctBueMm 50%-HOUM a30THOW KHUCIOTBI ¢ OKCUJOM MbI-

mbska (+3): 2HNO; + As,05 = 2HASO; + NO + NO,.
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Oxkcuny azora (+3) oTBe4aeT U3BECTHAS JIUIIb B paCTBOPE HEYCTOMYMBAsl a30TH-
crast kuciora HNO,. Do cnabas xuciora (K, = 4-10 Mosb/1) cymecTByeT TOIbKO
B pa30aBlIEHHBIX BOJHBIX pacTBopax. E€ MOXHO MOJIyYUTh PAaCTBOPEHUEM PaBHBIX
oovemoB NO u NO, B BoJE:

NO + N02 + HzO = 2HN02

[Ipu xpanenun u HarpeBanuu HNO, qucriponopliuoOHUpYET:

3HNO, = HNO3 + 2NO + H,0

J11st Hee XapaKTepHbl OKUCIUTENbHBIE CBOMCTBA!

2HNO, + 2HI =1, + 2NO + 2H,0

Conm a30TUCTOM KUCIOTHI — HUTPUTHI — MPHU OOBIYHBIX TEMIIEpaTypax He pas-
nararotcs. [TOCKOJIbKY CTEleHb OKHMCICHHS a30Ta B HUTPUTAX MpPOMEXyTouHas (+3),
OHH MOT'YT BECTH CeOsl U KaK OKUCIIUTENH, U KaK BOCCTAHOBUTEIIU:

2NaNO, + 2KI + 2H,SO, = I, + 2NO + K,SO, + Na,SO,4 + 2H,0

2KMnO, + 5NaNO, + 3H,S0, = 2MnSO, + 5NaNO; + K,SO, + 3H,0

KNO, + K,Cr,07 + H,SO, = KN03 + Cr2(804)3 + H,0

HuTputhl 1menouHbIX, MIETOYHO3EMENbHBIX METANIOB U aMMOHHS — OeCIIBET-
HbIC WJIM JKEJITOBAThle KPUCTAJUIMYECKUE BEIECTBA, XOPOIIO PACTBOPUMBIE B BOJE.
HuTputhl nepexoaHbIX METAIJIOB B BOJIE MAJIOPACTBOPUMBI, IPU HATPEBAHUH OHU JIET-
KO pazyaratorcs (AUCIIpONOPIIUOHUPYIOT):

2AgNO, — AgNO3; + Ag + NO1

Oxkcun azora (IV) NO, — Oypslil ra3, obnagaroniuii XxapakKTepHbIM 3alaxom,
pa3apakaeT IbIXaTelbHbIC MYTH, OYEHb SAOBUT, MOIYYalOT €r0 PacCTBOPEHHUEM MEIu
B KOHIIEHTPUPOBAHHOU a30THOM KUCIIOTE:

Cu+ 4HNO3(K0HH.) = CU(N03)2 + 2N02 +2H20

NO, B 1aopaToOpuy MOXKHO MOJTYYUTh U JECHCTBUEM CEPHOU KUCIOTHI HA HUTPUT
HATpPUSL:

2NaNO, + H,SO, — Na,SO, + NO + NO, + H,0

NO, sBisIETCS XOPOILIUM OKUCTUTENEM, B HEM ropsaT Gocdop, cepa, yroiab u He-
KOTOpbI€ OPraHUYECKUE BEIIECTBRA.

NO; + SO, =SO3 + NO; AH®gg =42 kJIx /MOJIb

[Tpu remnepatype Boiie 150 °C okcun azota (IV) HaunHaeT pasnaraThes:

2NO, =NO + O,

NO, erko AUMepU3yeTCs:

2NO; <> NoQy; AH®59g = 58 KI[)K

[Ipu temmeparypax Huxke 25 °C 3TOT OKCHJ MOJHOCTBIO MEPEXOJIUT B JTUMED
N,O4 — OecuBeTHOE KpucTaundeckoe BemiecTBo. Jumep N,O4 OeciiBeTeH u quamar-
HETEH B OTJIMYHE OT OKPAIICHHOTO B KpacHO-OypbIii 11BeT U mapamMarHuTHOro NOs.

NO, npu B3auMOAECHCTBHUH C BOJION AUCTIPOIIOPIIUOHUPYET:

2NO; + H;O0 = HNO; + HNO3

CootBerctBeHHO npu B3aumojaerctBuu NO, co menoyamu o0pas3yroTcst COJd
HUTPUTHI K HUTPATHI:

2N02 + 2KOH = KN03 + KN02 + Hzo

Oxcua azota (V) N,Os nMeeT MONEKYISIpHYIO CTPYKTYPY TOJIBKO B Ta30BOM (a-
3e. B TBepJIoM COCTOSIHUY 3TO KPUCTAJUIMYECKOE BEIIECTBO (OSCIIBETHBIC B3PhIBUATHIE
KPHUCTAJLIIBI).
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Oxkcwuj azota (V) nmomydaroT:

a) neruapaTaiueil a30THON KUCIOTHI pOCHOPHBIM aHTHUIPHUIOM:

2HN03 + P205 = 2HP03 + N205

0) okucnennem N,O3z 030HOM:

N,O3(x) + 203 — N,Os5(x) + 20,

B) OKHCJICHHEM HUTpaTa cepedpa XJIOpoM:

4AgN03 + 2C|2 — 4AgC|l + 2N205 +0,

N,Os — sHEepruyHbIi OKUCIUTEINb, IIPH PACTBOPEHUH B BOJE 00pa3yeT a30THYIO
kucioty: N,Os + Hy,O = 2HNO:s.

Azotnas xucnora (HNO3) — ojHa W3 CHIIBHBIX KHCJIOT, €€ CTPOCHUE YCTaHOB-
JIeHO ¢ OOJIBIION TOYHOCTHIO. 3HAUYCHHS BAJICHTHBIX YTJIOB, MOPSAOK COCTMHEHHS aTo-
MOB U JUTMHBI CBSI3M JIaHbI Ha puc. 13.2.

95.4 pm
O

110.7° O
N ’s

117.7 pm

143.3 pm

Puc. 13.2. Ctpoenune MOJIEKYIIbI a30THOM KUCIIOTHI

B na6oparopur HNOj3; monydaror HarpeBaHueM HATPHUEBOW CEIUTPHI C CEPHOU
KUCIIOTOM:

NaNO;z; + H,SO4 = HNO3 + NaHSO,

B npoMbITIeHHOCTH a30THYIO KHCJIOTY MOJIYYaloT U3 aMMUaKa, KaTAIUTHYECKU
ero okuciss 10 okcuaa azora (II) (karanuzaTop — MWIATUPOIUEBBIC CETKH):

4NH; + 50, = 4NO + 6H,0; AH®95 = —904 xJIx

[Tonyuennsrit okcup azora okucisaroT 10 NO,: 2NO + O, = 2NO,.

PactBopsist NO, B ropsiueit BoJie B MPUCYTCTBUU M30BITKA KUCIOPOAA, TOTYYaOT
a30THYIO KHCIIOTY:

4N02 + 02 + 2H20 - 4HNO3

KonnentpupoBannas HNOj3; — cunbHbIil okucinutensb. M3 MeTannoB K Hel
ycroituuBbl Au, Pt, Rh, Ir, Ti, Ta; meramnsr Al, Cr, Fe, Ni, Co oHa «maccuBupyeT
(mpu HU3KOW TemIiepaType) 3a CUeT 00pa30BaHUS MAJOPACTBOPUMBIX OKCHJIHBIX ITLIC-
HOK. [Ipu OKuCIeHHH BEIIECTB a30THOM KUCIOTOM MOJIYyYarOTCs €€ COJIM — HUTPATHI
u npoayktel BocctanoBaeHus azora (NHs, No, NO, N,O, NO,), cocTaB KOTOPbIX 3aBH-
CUT OT MPUPOJbl BOCCTAHOBUTENS, TEMIEPATYPhl U KOHIIEHTPAIIMU KUCIOTHI. 3aIUCh
OKHUCJIUTEIHLHO-BOCCTAHOBUTENBHBIX peakiuii ¢ yaactuem HNOj; yciioBHa, yka3pIBarOT
TOJIBKO OJIMH MPOJIYKT BOCCTAHOBIICHHUSI, KOTOPBIH 00pa3yeTcsi B HAUOOJbIIIEM KOJIMYe-
ctBe. UeM pazbaBieHHEe KUCIOTA, TeM OOJIbIIIE B CMECH MPOIYKTOB Oojiee ri1yOoKoro
BOCCTAHOBJICHUS.

ABOTHas KUCTIOTA SIBJSETCA CUIBHBIM OKHUCIUTEIEM, OKUCIISET TIOUYTH BCE HEME-
TaJIbL;

S+ 6HN03 = H2804 + 6N02 + ZHZO

C+4HNO3; = 4NO, + CO, + 2H,0

Hutpater nonyuarot gerictBuemM HNO3; Ha MeTaiibl, OKCHUJIBI, TUIPOKCUIBI, Kap-
O6oHaThl. Bce HUTpaTBI XOPOIIIO paCTBOPUMBI B BOJIC.
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13.3. XUMMUYECKHUE CBOMCTBA ®OC®OPA Y ETO COEJIUHEHUI

Bropoit Tunmdeckuii anemeHT VA rpynmnsl — pocdop — SBISETCS HEMETAIIIOM.
[TogoOHo a3oty, pochop — xu3HEHHO BakHBIM d1eMeHT. Akagemuk A. E. depcman
Ha3BaJ €ro «3JIEMEHTOM XU3HHU U MbICIW». B mepeBoje ¢ rpeyeckoro Ha3BaHHUE ITOrO
AJIIEMEHTA 03HAYAET «CBETOHOCHBIN.

®docdop B oTMUME OT a30Ta BCTPEUYAETCS B MPUPOJIEC TOJIHKO B BU/IE COSTUHEHUM.
Haubonee pacnpoctpanenbl muHepaibl: Caz(PO4), — dochopur u pasHOBHIHOCTH
amatuta 3Caz(PO,4),CaF, — ¢ropamarut. ®ochop He BXOAUT B COCTAB MPOTCHHOI'€H-
HBIX aMUHOKHUCJIOT, HO TIOMAJaeT B COCTaB OEIKOB B pe3yIbTaTe MOCTTPAHCIAIIMOHHOM
Moaupukanum — ¢pochopuanpoBanrss — OOKOBBIX LIETIENW CEpUHA, TPEOHUHA U TUPO-
3una. Cogepxanue ¢pocdopa B Tkanu mo3ra — 0,38 %, B mbimmax — 0,2 %.

To, uto B npupoae dhocdop BcTpedaercs TOIbKO B (hopmax, cojepkamux Goc-
dar-aHnoH PO,*, oOycioBiieHo TeM, 4yTo 1Jsi (ocdopa XapakTepHO 0Opa3zoBaHUE
MPOYHBIX CBSA3CH ¢ KuciIopoaoM. B Tabmn. 13.4 mpuBeIeHBI YKCIIEPUMEHTAIBHEIC JTaH-
HbI€, U3 KOTOPBIX cieayer, uTo sHeprun cBazeid P-H u P—C ropa3no Huxe sHepruu
cBs3u P—O. D10 cBoiicTBO docdopa oTiMyuaeT ero oT a3ora, Juisi KOTOPOro, Ha00OPOT,
sHepruu cBsized N—H u N—C 3nauntenbHo Boiiie s3Hepruu csizu N-O.

Tabnuya 13.4
XapakrepucTuka cBsizei azora u pocgopa

Ces3b JHeprus, k/:/Mmoib CBsi3b JHeprus, k/:x/Moib
N-H 389 P—H 322
N-O 230 P-0O 360
N-C 334 P-C 272

CBoOoHBIH Gochop momydaroT U3 IPUPOTHOTO CHIPhS BBICOKOTEMIIEPATYPHBIM
BoccranoBieHueM (1500 °C) kokca B MpUCYTCTBUU NecKa. B ciaydae BocCTaHOBIEHUSA
dbochoputa cymmapHasi peakiiisi MOXKET ObITh IIPE/ICTABIICHA YPABHCHHUEM:

Ca3(POy), + 5C + 3Si0, = 3CaSiO3; + 5CO + 2P

docdop, B oTiIMUME OT a30Ta, KMEET TP ALIOTPOITHBIC MorduKkaru (Tadm. 13.5).

Tabauya 13.5
AJutoTponbie Moaupukanun gpochopa

P Geabtii (Psy P kpacHbIil P yépubIii
BockooOpa3Hoe BelecTBo Mosieky- | AMop(dHOe BeliecTBo ATOMHas KpUCTaJIIMYeCKas
JISPHOTO CTPOCHUS aTOMHOTO CTPOEHHUSI pelieTka, oXox Ha rpaduT
YecHOUHBIN 3amax be3 3amaxa bes 3amaxa
tn, = 44 °C ths. =593 °C ths = 1000 °C

10J1 JaBJICHUEM
tBOCUHaMeHCHHH 50 OC tBOCUHaMCHeHI/Iﬂ > 250 OC tBOCl'[J'IaMeHCHHS{ > 400 OC
He pactBopsiercs B Bozae, pactBopsi- |He pactBopsercs B Bone |He pactBopsiercs B Boae u
€TCsl B CEpoyriiepoJie U CEpPOyTIIepoJie cepoyriiepoie
Ceerurcs B TeMHOTE (XeMuimtoMu-  |He cBetures He cetures
HECIICHIIHS)
Ouenb A10BUT (cMepTenbHas no3a  |He spoBurt, Ha koxy He |He smoBur
50—-150 Mr), 0)KOTH KOXH JIeHCTBYET

159



Bbenwiit hochop nmeeT MONEKYISAPHYIO KPUCTATUIMYECKYIO PELIETKY, B y3JIax KO-
TOpO# HaxoasATcs MojeKyIbl Py M3-3a c1abocTi MexKMONEKYISIPHBIX CHIT Oemblii oc-
¢dop neTyu, JErKomIaBokK, PeXKeTcsl HOKOM, PACTBOPSIETCS B HEMOJSPHBIX PACTBOPUTE-
ns1X, Harpumep, B cepoyriepone CS,. benblit hochop BecbMa peaKIIMOHHOCTIOCOOEH.
Oxucnenue ¢pocdopa Ha BO3AyXe COMPOBOKAACTCS HATPEBAaHUEM U CBeUeHHEM. benblii
docdop XpaHAT NOJ BOJOM, ¢ KOTOPOW OH He pearupyeT. benbiit pocdop ouens s0-
BUT, cMepTenbHas 103a coctaBisieT S0-500 mr. OTpasnenue 6enbiM pochopom MOKeET
MPOUCXOJUTH U Yepe3 KOXKY, Tak Kak Gocdop pacTBOpuM B kupoBoi TkaHU. [Ipu mo-
CTOSSHHOM BO3JICEUCTBHM MaJIbIX KOJHUYECTB (Qocdopa MPOUCXOIUT XPOHUUYECKOE
OTpaBJIEHHE OpPTraHn3Ma, COPOBOXKIAIOIIEECS UCXYJaHUEM U Pa3pyLICHUEM KOCTEH.

[Ipn nnoutensHOM, cnaboM HarpeBaHuM Oenblil (ochop MEPexonuT B KpacHBIN
dbocdop. Kpacusiit hochop mpeacraBiser codoi MOJIMMEPHOE BEIIECTBO, HEPACTBO-
pumoe B cepoyriieposie. OH He SJOBUT U MEHee ornaceH, 4yem Oeinblil pocop. C okuc-
JUTENAMH 00pa3yeT CHJIbHBIE B3pbIBUATBIE CMECH, paboTa ¢ HUM TpedyeT OobIIoi
OCTOPOKHOCTH.

Uepnblii pocdop morydaroT IpH JUTUTSIHFHOM HarpeBaHuu 6emoro ¢ocdopa mpu
T = 400 °C B mpucyTcTBHH KaTanu3aropa (kKanenbku pryTth). [lo BHEITHEMY BUAY OH
HaMOMHUHAET rpaduT; KUPHBIA HA ONIYIIb, JIETKO pa3neiseTcs Ha Kycku. YEpHbiit doc-
bop — monymnpoBogHuk. JlaHHas ammoTponHas momudukanus Gochopa XUMHUECKH
MaJI0 aKTMBHA, BOCIUIAMEHSAETCS TOJIBLKO IpU HarpeBanuu cebiie 400 °C.

XUMHYECKHE CBOWCTBA BCEX aAJFIOTPONHBIX Moanupukanuil pochopa 0JUHAKOBSI,
pa3IuuMs KacaloTCs TOJIBKO MX XMUMHYECKOW akTBHOCTU. [lockonbKy peaknuu ¢ Oe-
aeiM pochopoM MPOTEeKaIOT OUYeHb OYPHO W OH SITOBHUT, HA MPAKTUKE MPEANOYUTAIOT
paboTaTh ¢ KpacHbIM (ochopoMm.

B xunkom coctosiHuH, a Takke B mapax mnpu temneparype Hiwke 800 °C docdop
coctout u3 mouekyn P, IIpu temneparypax cBoie 800 °C MoOneKyIbl TUCCOUUUPY-
IOT: P4 = 2P2

dochop pearupyer co MHOTUMHU HMPOCTHIMU BELIECTBAMU — KHCJIOPOJOM, Tajio-
Te€HaMHM, CEPOH, KUCIIOTAMM, UIPast pOJib BOCCTAHOBUTEJIS:

4P + 302 = 2P203

2P+ 3S = PgSg

2P +3C1,=2PCl;

P + 5SHNO3; = H3PO,4 + 5NO, + H,O

B kauectBe okucauTens Gochop BrICTyNaeT Npu B3aUMOJCHCTBUU C METAJIAMMU:

3Ca+2P= Ca3P2

3Mg +2P = Mggpz

dochubl s-371EMEHTOB CONETIOIOOHEI, JIETKO Pa3iararoTcsl BOJIOM:

Mggpz + 6H,0 = SMg(OH)Z + 2PH3T

B pacTBOpax menoueit npu HarpeBaHuu 0eibiid Hochop AUCTPONOPIIUOHUPYET:

P4 + 3KOH + 3H20 = PH3 + 3KH2P02

runodochut Kaaus

®ocoun (PH3) — A10BUTHIN ra3 ¢ HENPUATHBIM YECHOYHBIM 3aI1aXOM, 3TO CHJIb-
HeHmmii BocctaHoBUTeNb. DHeprus cBsizu P-H (322 xJI/Monb) MeHbIle, 4eM CBS3U
N-H (389 x/>x/mMonb), moaToMy GocpuH MeHee YCTOMUMB, YeEM aMMHUAK, Ha BO3/1yXe
camoBociutamensercs: PH; + 40, — P,05 + 3H,0.
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OcHoBHbIE cBOMiCcTBa hochuHa ciiadee, yeM y ammuaka. [loatomy dochun He pe-
arupyer ¢ BOjIOH ¢ ob6pasoBaHueM HMoHa pocdorus PH,  — ananora moHa aMMoHHUS
NH,". Tonbko npu AeHCTBHE HAa HETO CUIBHBIX HOHOPOB poToHoB — HCIO,, HI —
00pa3yroTcsi MaJoyCTOMYUBbIE KPUCTAJUIMUECKHE BelllecTBa — coyu pochoHus:

PH3 + HI = PH,l

B xnopuzne ¢ocdopa (L) Gosee 31eKTpOOTPULIATETBLHBIM JIEMEHTOM SIBIISIETCS
XJIOp, IO3TOMY IIPU TUIAPOIN3€ 00pa3yrTCs COEIMHEHUs, COJEpKallue XJIOp B OTPHU-
[ATEJILHON CTENEeHU OKHCIIEeHUs (XJI0poBoaopoa, —1), a pochop — B MOIOKUTEILHOM
(dbocdopucras kucnoTta, +3):

PC|3 + 3H20 — H3P03 + 3HC|

PCls — PCls u Cl, (mmpu t° Boimze 300 °C)

B ropsueit Boje ruaponu3 mpoTeKaeT MOJHOCTBHIO, 10 oOpa3oBaHus opTodoc-
(GhOpHOI KUCTOTHI:

PC|5 + 4H20 — H3PO4 + 5HC|

dochop oOpazyeT KUCIOpoIcoAepKaIIUe COSTUHEHHS, B KOTOPBIX UMEET CTele-
HHU OKHCJIeHHs +1, +3, +5.

B ¢docdopuoBarucroit kucnore (pochunonoit) H3PO, Tonbko oauH atom BoJ0-
poJia U3 TpeX CBs3aH ¢ KuciopoaoM (puc. 13.3) u modsToMy crocobeH K AUCCOIUAIITU
(MTOATOMY KHCJIOTa OJTHOOCHOBHAS).

0
I

“n\“P
H™4 oH

Puc. 13.3. Ctpoenue mosnekysibl hochoproBatuctoii kucaotsl (HsPO2)

®ochopHOBATUCTYIO KUCIIOTY MONYy4YaloT B ABe ctaauu. Ha mepBoit cragum Oe-
ae1id hochop oObpadbaThiBaeTCS paCTBOPOM IIETOUH:

2P4(6€JIBIﬁ) + 3Ba(OH)2 + 6H20 — 2PH3 + 3B3(H2P02)2

3areM BBIIEISIIOT KHUCIOTY, oOpabarbiBasg €€ cojb 0ojee CHIbHOW KHCIOTON
(cepHoit):

Ba(H2P02)2 + H2804 - BaSO4l + 2H3P02

Conu gocdopHOBATHCTON KUCIOTHI Ha3bIBatoTCs runodochuramu. OHU XOPOIIO
pactBopuMbl B Boje. ['umodocdursl u pochopHOBATUCTAS KUCIOTA SIBISAIOTCS dHEP-
THYHBIMU BOCCTAaHOBUTEISIMU, 0COOEHHO B KUCIOH cpeae. Hanbonbiee nmpakTuyeckoe
3HaYCHHE MMEET WX CIOCOOHOCTHh BOCCTaHABIMBATH PACTBOPECHHBIC COJM HEKOTOPHIX
metasioB (Ni, Cu u zip.) 10 CBOOOIHOTO MeTasla.

Comu (hochopHOBATUCTON KUCIOTHI TAKXKE WCIOJB3YIOTCS ISl TPUTOTOBICHUS
JIEKapCTBEHHBIX MPEapaToB.

docdop oOpazyeT HECKOIBKO OKCHIOB, BAKHEHIIMMHU W3 KOTOPBIX SIBIISIOTCS
P,Os 1 P4Oqp. YacTo ux 3anmuceiBaioT B ynpoiieHHoM Buiae kak P,O3 u P,0Os. Oxcug
docdopa (III) P,Os — BockooOpa3HOe BEMIECTBO ¢ TeMmeparypoi miasnenus 22,5 °C,
KOTOPOE TMOIyYaeTcs Ipu CXuraHuu (pocdopa mpu HeIOCTATKE KACIOPOIA:

4P + 302 = P406
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JIaHHBIM OKCHJI UMEET KPUCTAUTNIECKYIO PElIeTKy, 00pa30BaHHYIO MOJICKYIaMH
P4O¢. Kpucramnnueckas crpykrypa P4Og (mmu (P,0s),) ompenensiercss TeTpadapude-
CKHM pacroJjio’keHHeM deTbipex aToMoB Gocdopa B P,Og. Oxeun pochopa (11I) ouens
STOBHT, 3TO CHJIBHEHIINN BOCCTAHOBUTEIND; KaK KUCIOTHBIN OKCHJ] PH PACTBOPCHHUU
B Bojie 0Opasyet pochopuctyro kuciory (puc. 13.4):

P406 + 6H20 = 4H3P03

O

|150 pm

155 pm

HO//P\SQIEI'"
7/
HO

Puc. 13.4. Ctpoenue mMonekyisl pochopuctoit kucaoTsl (HzPO3)

®docdopucras kuciora HzPO3 — GecrBeTHoe, JIETKOIMIIABKOE, XOPOIIIO PACTBO-
puUMoO€E B BOJIe U CIHPTE KpUCTauIMueckoe BemecTtBo. B docdopucroit kucnore asa
aToOMa BOJIOPOJa U3 TPEX CBSI3aHBI C KUCIOPOJIOM, TIO3TOMY OHA SIBIISIETCS IBYXOCHOB-
HOU 1 00pa3yer nBa Bujaa coseid: cpeanue (pochur mHarpust Na,HPO3) u xucisie (ru-
podochur Hatpus NaH,PO3).

®dochutel 00pa3yroTcs mpH B3auMoaecTBuu okcuaa hocdopa (I11) co menousto:

P203 + 4NaOH = 2Na2HP03 + Hzo

[Tpu HarpeBanuu docdopucras KUCIOTa JUCTPONOPIIUOHUPYET:

4H3P03 = PH3 + 3H3PO4

Coenunenust pocdopa (III) — cunbHBIE BOCCTAHOBUTENH, OHU BOCCTAHABIMBAIOT
MaJI0aKTHBHBIC METAJIBI M3 PACTBOPOB UX COJICH:

HgClz + Hz[HPOg] + H,O = H3PO, + Hg + 2HCI

docdopucTast KHCIOTA OKUCISETCS TAIOreHaMu 10 opTodochHOpHON KUCTOTHI:

H3P03 + C|2 + Hzo = H3PO4 + 2HCI

Oxcun dochopa (V) P40y (nmpocreiimias dpopmyna — P,0s) — OGenbiid Turpo-
CKONMYHBIN mopomok. P,Os — Hanbonee crabuinsHbIN okcua dpochopa. B razoodpas-
HOM cocTtosinuu Gocdop (V) okcua umeet coctaB P,Oq9. Monekynst P4Oy¢ cocTosat u3
yeTelpex TeTpa’apoB PO,™, KaKIbI U3 KOTOPBIX CBS3aH C TPEMsI COCEJHUMH Yepe3
oOrme aToMbl kuciopona (puc. 13.5).

I
o-""?%%m
"43;37| O |

S.fpmll;,_oquzo
—
o) // O

Puc. 13.5. Ctpoenne moneky:sl okcuaa hocdopa (V) P4O1o
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Oxkcua docdopa (V) nonyuaercs npu ropeHuu ¢pocdopa B U30BITKE KUCIOPOAA:
Ha BO3/yX€ WJIK B YUCTOM KHCIIOPOJE.

4P + 502 = P4010

P,O10 0YeHb SHEPTUYHO COENUHSIETCS C BOJIOH, a TaKKe OTHUMAET BOJY OT JIPY-
I'MX COCJMHEHH, B CBS3M C YeM MPUMEHSAETCS KaK OCYUIUTENb T'a30B U >KUJIKOCTEH.
Ha Bo3nyxe okcupa ¢gocdopa (V) nmpuTsAruBaet Biary U npeBpaiiaeTcs B paciiibiBao-
nryrocst Maccy Metadocdopnoit kuciotsl HPOs.

P205 + Hzo = ZHP03

Oxcuny docdopa (V) cOOTBETCTBYIOT HECKOIBKO KUCIOT. BaxHeimas u3 Hux —
oprodpocdopnas kucinora H3PO,. dpyrue dpochopHbie KUCTOTHI MIPEACTABIAIOT COO0OM
noJiMMepHbIe coenrHenus. B annone Bcex (ochopHbIX KUCIOT atoM ¢docdopa Haxo-
JUATCSE B COCTOSHHH SP°-THOPHIH3aLIHH.

Mornekyna oprodochopHoii Kuciots! (puc. 13.6) mpeacTaBisier coO0i HCKaXKeH-
HBIA TETpadAp, B TPEX BEPIIMHAX KOTOPOTO HAXOATCSA THAPOKCO-TPYIIIHI, & B YETBEP-
TOM — aTOM KHUCJIOPOJia, ¢ KOTOPBIM Gocdop CBSI3aH OJHOM T U OJHOU O-CBA3BIO; ITO
TpexocHoBHas kuciorta. Eciu oprodocdopnas kucnora H3PO, moctpoena u3 nzonu-
POBAHHBIX TETPAdAPOB, TO B IOIMMEPHBIX (OCGOPHBIX KHCIOTax Terpasupsl PO,
0GbEIMHEHBI YepPe3 aTOMBI KHCIOPOAA B arperatsl, cogepKarme ot AByx g0 10° ato-

MoB (ocdopa.
O

152 pm ”

H P"'ln,, 4
\O/ \ O
157 pm O_H

Puc. 13.6. Ctpoenue Monekyibl opTopochopHON KUCIOTHI

H

OptodocdopHas kuciora — 3T0 0ejI0e KpUCTANIMYECKOE BEIIECTBO, KOTOPOE
CMEIINBAETCS ¢ BOJON B JMOOBIX cOOTHOMIEHUsIX. OpTodhoCchHOpHYIO KUCIOTY B BHJIE
cupornooOpazHoro 8§5%-HOro pactBopa MoJy4arT B3aumojieiicTBueM docdaTa Kalb-
1S C KOHIICHTPUPOBAHHOW CEPHOM KHUCIIOTOM:

Cag(PO4)2 + 3H,S0O, =3CaS0O, + 2H;PO,

OprodochopHas kuca0Ta HE MPUHAAICKUT K YUCITY CUIBHBIX KUCIOT. E€ KoH-
CTaHTBI KMCIIOTHOCTH paBHbl: K; = 81073, K, =610° Ky =107 bynyun TpexocHOB-
HOM, OHa 00pa3yeT TpHU psaa COJCH: CpeHUE W KUCIbIE C OJTHUM WIIHM IBYMSI aTOMaMHt
BOJIOpoaa B kucioTHoM octatke. NagPO, — docdar narpus; Na,HPO, — runpodoc-
¢at narpus; NaH,PO, — nuruapodocdar natpus. Comu pochopHOii KUCTOTH — Op-
ToochaTel — B BOJHBIX PAaCTBOpax MOABepraroTcs ruaponusy. [lpu mepexome ot
CpeIHe# coiu K KUCIIoi pH pacTBOpoB CHMXKAeTCs 3a CYET TUCCOLMAIUN KUCIOTHOTO
ocTaTKa!

NasPO, + H,O = NaOH + Na,HPOy; pH =121;

NaZHPO4 + H,O = NaOH + NaH,POy; pH =8,9.
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Bce gocdatsl mienouHbIx METAIIIOB 1 aMMOHHUS PACTBOPUMBI B BOJIE, PACTBOPUM
muruapodochar kampuus Ca(H,POy),. I'mapodocdar kameius CaHPO, u docdar
kabiust Caz(PO,), B BoJie HEpaCTBOPHUMBI.

Bce nonmumephubie pocopHbIe KHUCIOTHI MPEACTABIAIOT COOON MPOIYKTHI MOIH-
KOHJICHCAIIMH KUCJIOTHBIX OCTaTKOB ochopHOii KUCIOTHI. B GONBIIMHCTBE CBOEM ATH
KHUCIIOTHI HE BBIJICNICHBI B CBOOOJHOM COCTOSTHWH, @ U3BECTHHI B BHJIE CMECEH B BOJI-
HBIX PacTBOpax. BhIIeNeHbI COMU ATUX KUCIOT. B 3aBUCHMOCTH OT COCTUHEHUS TPYIITT
PO,> B docaTHBIC KOMIUIEKCHl STH KHCJIOTHI PasfeIsiorcs Ha MOmAdochOpHbIe
n wmeradochopubie KucaOTHL. I[lomudochopHbIe KHCIOTHI MPEACTaBIIIOT CO00
NMHelHbIe MONeKyIsl. B MeradocopHbIX KucimoTax Terpasapsl PO,°  oGpasyior
Kosblla. 3a cuéT 3Toro MeradochopHble KUCIOTH UMEIOT Ha OJHY MOJEKYIY BOJbI
MEHBIIIE, YeM COOTBETCTBYIOIINE MoaudochopHbie KUCIOTh. OO0mmas ¢popMyna moiu-
docdopubix kucnoT — Hni2)PrOner), @ 00mas Gpopmyna Mmerapoc@opHbIX KHCIOT —
HnP,O3,, TIe n MokeT mpuHUMAaTh 3Ha4eHue oT 3 10 8. YacTo cocTaB MeTadochOpHBIX
KHCJIOT BbIpaxaroT npocteitmedt Gopmynoit (HPOg3),. OTH KHCIOTHI MPEICTABIISIOT
co0oil cTekioobpa3Hbie BemecTBa. MeradhochopHbIE KUCTOTHI SI0BUTHL. M3BECTHBI
coni MeTapocHOPHBIX KUCTOT — MeTadocdaTsl.

N3 nonudocdhaTHBIX KUCIOT B KPUCTAUIMUYECKOM COCTOSIHMM BBIJIETIEHA TOJIBKO
npocreimas audocdopHas (wm nupodocdopHas) kucmora HyP,0;, obpazyromas
OeclIBETHbIE KpHUCTAJUIbI, IIaBsuirecs npu temmneparype 61 °C. Hon P,0/* IIOCTPOEH
U3 JIBYX TETPadJIpoB PO,* ¢ 06wmm atomoMm kucnopoa. JudochopHas kucmoTa xo-
POIIIO PacTBOPSIETCS B BOJE U sABIsAECTCA Oosee cuibHOM kucinotoit, ueM H3PO,. EE co-
JM Ha3bIBaloTCs AudocdaTamu uinu nupodocdaramu.

docpopnas kucnora oOpa3yeT CloKHbIE dPHUPHI CO CIUPTAMHU U C JPYTHMMH Be-
[IeCTBaMH, UMEIOIIUMHU B CBOEM COCTaBE TUIPOKCHIIBHYIO TPYIITYy (HalpuMeEp, C aMu-
HOKHUCJIOTON CEPUHOM).

13.4. XUMNYECKUE CBOMCTBA COEJUHEHU MbIIIBSIKA, CYPbMbI, BACMYTA

B otnuuume ot azora (B 6moMosekyaax Haubosiee XapaKTepHbI CBSI3H C BOAOPO-
oM u yrieponoM) u (docdopa (XapakTepHbl CBS3U C KHCIOPOAOM) Oojiee TsKeble
antemenThl rpynmbel VA AS, Sb, Bi ckiioHHBI 00pa30BBIBaTh CBSI3U KaK C KHCIOPOJIOM,
Tak u ¢ cepoit. B wactHocTH, B ipupoae AS, Sb u Bi, kak npaBuiio, BCTpeyaroTcs B BH-
ne cynbhunaos: As,Ss3, ShySs, Bi,Sa.

Cpenn coeIMHEHUI MBINIbAKA, CYPbMbl U BUCMYTa CO CTETICHBIO OKUCICHUS —3
HWHTEPEC TMPEJICTaBISAIOT Tra3000pa3Hbie BOAOPOHbBIC coearHeHMs: apcuH ASHj, ctu-
oun SbH; u BucmyTun BiH;. Bee oHM 0YeHD TOKCHYHBI.

ApCHUH TIPOSIBJIIET CHIJIBHBIE BOCCTAHOBUTEIIbHBIE CBOWCTBA, HAPUMEp, U3 pac-
TBOpa HUTpaTa cepedpa OH OCakKIaeT METAIMIECKOE cepedpo:

AsH; + 6AgN03 + 3H,0 — 6Agl + AS(OH)g + 6HNO;

ApPCHUH CPaBHHUTEIILHO HECTOCK W MEIJICHHO Pa3jiaraeTcs Nake NMpU KOMHATHOU
TEeMIIepaType Ha BOJOPO/I U DJIIEMEHTAPHBIN MBITIBSIK:

2AsH; — 2As + 3H,

IIpu HarpeBanuu Ha Bo3ayxe a0 200 °C apcuH cropaer:

2ASH3 + 302 — A8203 + 3H20
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B xnope AsH3; camoBocutamensiercs naxe mpu —196 °C:

ASH3 + 3C12 — ASC13 + 3HCI

C 6poMoM U HOAOM apCUH pearupyeT TaKuM ke 00pa3oM, /1aBasi COOTBETCTBYIO-
K€ TaJIOTeHU/IbI.

Cepa BBITECHSET MBIIIBSIK U3 COOTBETCTBYIOIIETO BOJOPOIHOTO COCTUHEHUS :

2AsH; +3S — H,S + As

Ctubun (SbHs3) — cunbHBII BOCCTAHOBUTEIb, SIIOBUT.

Xumudeckue cBoiicTBa SbH3 cX0%kHU ¢ apcuHOM.
OnpeneneHue MbIIbsika B OMOJIOTMYECKOM MaTepuajie MPOBOJST MO pPeaKIUH

Mapma (puc. 13.7): kK 6H000BEKTY JOOABIAIOT IIUHK M COJITHYIO KHUCTIOTY. Boienso-
IIUKCS TIPU PEAKIIMH BOJIOPOJ BOCCTAHABIMBACT JII000E COSAMHEHUE MBIIIBIKA JI0 ap-

cuna AsHj3, Hanpumep:
A3203 +6Zn + 12HCI — 2ASH3 + 6an|2 + 3H20

T

l”

Puc. 13.7. TTpubop ans mposeneHus mpoosr Mapia

Ecnu Beinenstonuiicss BOJOPOA CONEPKHUT MPUMECh apCHHA, TO TPU HarpeBaHUU
ra3oBOil cMecH MPOUCXOAUT paznoxeHue AsHj:

2AsH; = 2As + 3H,

B pesynbrare Ha cTeHKax TpyOKH ISl Ta30BbIACIICHUST 00pa3yeTcst YepHbId Oe-
CTSIIIMI HAJIET MBIIIBSIKA — «MBIIIBIKOBOE 3€PKAJION.

CrereHb OKUCACHHUS +3 MBINIBSIK, CypbMa U BUCMYT HPOSBIISIOT B TaJOTCHHUIAX
Ol'3, okcuaax 9,03 u cynbdhugax I,Ss.

Xnopua meibsika (111) mogsepraercs o6paTuMoMy THAPOIIUZY:

AsCl; + 2H,0 «> HAsO, + 3HCI

['uaponu3z xnopuna cypeMsl (I11) u ocobenno xnopuaa Bucmyrta (l11) mporekaet
HE JI0 KOHIIA, TP 3TOM OOpa3yloTCs HE aHMOHHBIE ()OPMBI DJIIEMEHTA, & KAaTHOHHEIE,
HaATIPUMeED:

BiCl; + H,0 < BiOCI + 2HCI

[Tpu B3aumopeicTBUM Cynb(duma MbIIIbsIKA U Cylbpuaa MeTamia oOpa3yrTcs
THOCOJIH

As,Ss + 3Na,S — 2 NazAsS,  THoapceHaT MBIIIbsIKa

AS,S3 + 3Na,S — 2 NazgAsS;  THOApCEHUT MBIIIbsKA
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OO6pa3oBaHue THOCOJEH CYpbMBbI IPOUCXOAUT aHAJOTUYHBIM 00pa3oM.

Tuoconu BHUcMyTa 00pa3yrOTCs TPH CIUIABICHHH TOJbKO Bi,S3 ¢ cynbdhumom
HATPUS WIN KaJIHs:

BizSg + 3Na,S — 2NagBi83

Oxcun wmeimbsgka (1) As,O; — amdoTepHblii, ¢ npeodiiagaHieM KHCIOTHBIX
cBoiicTB. As,O3 pacTBopseTcs B BoJe ¢ 00pa30BaHUEM THIPOKCHIA!

A5203 (T) + 3H20 ()K) - 2H3A503 (p) niim AS(OH)3

I'mapoxcua Meimbsika (1) amdoTepen, Ho Tak ke, kak y As,Os3, y HEro mpeoo-
Jaar0T KUCIOTHBIE cBoicTBa. B cBoGOaHOM cocrosinuu AS(OH); He BbiaeTICH, B BO-
HOM pacTBope BeleT ceds kak ciabas kucimora Hz3AsO3, HazpIBaeMasi OPTOMBIIIBSIKO-
BUCTOM (MBIIIBSIKOBUCTOM). B BOAHBIX pacTBOpax OHAa HAXOJUTCS B PaBHOBECHH
¢ METaMBIIILIKOBUCTON KuciioToii HASO,:

H3;AsO; 2 HAsO, + H,O

Conu 3TUX KHCJIOT COOTBETCTBEHHO HA3bIBAIOTCS OPTOAPCEHUTAMHU W MeTaapce-
nutamu. [lpu B3aumonerictBuu AS;O3 co mienodamu oOpa3ylTCs OPTOAPCEHUTHI,
HaTpUMeD:

As,03 + 6KOH — 2K3As05 + 3H,0

Oxcuny Meimbsika (V) As;Os COOTBETCTBYET OPTOMBIIIBSIKOBAsE KUCJIOTA, KOTO-
pas cnabee opTodhochOopHOIA:

As,05 + 3H,0 — 2H3AsO,

[Tpu pacTBOpeHny okcua Mbltibsika (V) B menoyax o0pa3yroTcsi apCeHaThI:

As,05 + 6KOH — 2K3As0O, + 3H,0

Oxcun cypemser (I11) Sb,0O3 B Bome He pactBopsiercs. OGmanas aM(pOTepHBIMU
CBOWCTBaMH, OH CTIOCOOEH pearnpoBaTh Kak ¢ KACIOTaMH, TaK U CO IIET0YaMH:

Sb203 + 3H2804 - Sb2(804)3 + 3H20

Sb,03 + 2KOH + 3H,0 — 2K[Sh(OH),]

[Ipu rugponuze coenunenuit cypbMsbl (l11) oOpasyercs HeycTOWUYMBBIN KaTHOH
Sb(OH),", ormennsomuii Bogy ¢ 0Opa30BaHMEM KHCIOPOACOAEPIKALIETO KATHOHA
SbO" (cTubun) (anTMMOHMN):

Sb** + 2H,0 «> Sh(OH)," + 2H"

Sb(OH)," — ShO™ + H,0

I'unpoxcua, coorBeTcTByOmMA okcuny cypbmbl (I11), mpencraBnser coboit mo-
auruapat 0e3 onpeaeneHHoro cocrtasa Shb,O3 - n Hy0.

Oxcun Bucmyta (111) BiO3 B Boge HepacTBopuM. Bi,O3 umeer ocHOBHO# Xapak-
tep. CoorBercTBytOmMi eMy runapokcu Bi(OH);, momyyaemplii KOCBEHHO, SBIISCTCS
crnabbiv ocHoBanueM. Comu BucmyTa (1) B pacTBope cHiIbHO THAPOIM30BaHBI ¢ 00pa-
30BaHMEM KaTHOHA BucMyTuia BiO™:

Bi** + 2H,0 < Bi(OH)," + 2H*

Bi(OH),” — BiO" + H,0O

Bi,O3 BXOaUT B cOCTaB mpenapara Kcepogh)opm, KOTOPBIH MPUMEHSIOT HAPYKHO
KaK BSDKYIIEE, MOJCYIIMBAIONIEe U aHTUCENTHYECKoe cpeAacTBo. llpemapar sucmyma
HUMpam OCHOBHOU COCTOMT U3 cMecH MpoAykToB ruaposnza Bi(NOj)s: Bi(OH),NO;,
BiONO; u nerunparupoBanHoro BucMyta rugpokcuaa BiOOH. Tlpenapat npumens-
IOT B Ka4eCTBE BSDKYIIETO M OTYACTH AHTHUCENTHYECKOTO CPENICTBA IMPH YKEITyT0YHO-
KHIIEYHBIX 3200ICBaHMSIX.
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Oxcuapl Sh,05 u Bi,Os B Bozie He pacTBOpstOTCs. ITOMBITKH MOAYYEHHS CYPhMSI-
HOM KHCIIOTHI KOCBEHHBIM ITyTEM (Yepe3 COJIM) 3aKaHUYMUBAIOTCS 00pa3oBaHHEM OCaKa
noauruapata Sh,Os-nH,0.

CoJi THIIOTETHYCCKOM BUCMYTOBOM KMCIOTHI — BHCMYTAThI, HAIIPUMEP, BUCMY-
taT Hatpusg NaBiOs;, moay4aroT TOJBKO KOCBCHHBIM ITYTEM OKHCJICHHS COEIUHCHHIA
sucmyra (111).

13.5. BUOJIOTMYECKASI POJIb P-3JIEMEHTOB VA T'PYIIIbI
U UX COEJUHEHUN

A30T 110 coziepkaHMIO B opranusme yenoseka (3,1 %) oTHOCUTCS K MaKpO3JIeMEH-
TaM. JTO OJIMH U3 BaXXHEHIINX OMOTrEHHBIX 3JIEMEHTOB. A30T BXOJUT B COCTaB AMHHO-
KHUCIIOT, O€JKOB, HYKJIECOTHJIOB, HYKJIEHMHOBBIX KHCIOT, OMOI€HHBIX aMHUHOB M T. [I.
Mo>HO cKa3aThb, UTO B Hallell aTMocdepe a30T BbICTYMAeT B KaUeCTBE PaCTBOPUTEI
(oObemHast ol a30Ta B BO3Ayxe cocTaBisgeT 78 %). MoJekymsipHbI a30T ydacTHs
B OOMEHE BEIIECTB y 3YKAPUOTHUYECKUX U OOJBIIMHCTBA MPOKAPHUOTUUECKUX OpraHU3-
MOB HE IIPUHUMAET.

Tonabpko HEMHOTHE OpraHU3MBbl (a30T(UKCHPYIOIIKE OAKTEPUH) CIIOCOOHBI yCBaH-
BaTh ra3000pa3Hblil a30T. PacTeHust MOryT HCIONb30BaTh B KAU€CTBE UCTOUYHMKA a30Ta
pacTBopuMble HUTpaThl. JKMBOTHBIE MOTY4YalOT a30T B BUAEC AMHUHOKHCIOT M HYKJIEH-
HOBBIX KHCJIOT, IPUYEM, CPEIH aMUHOKHUCIIOT BBIACISIOT HE3aMEHUMBbIE (T€, KOTOphIE
HE MOT'YT ObITh CUHTE3UPOBAHBI B OPraHU3ME JAHHOI'O )KMBOTHOT'O U3 IMPOIYKTOB Me€-
TaboIU3Ma JPYruX aMUHOKUCIOT). B 6uocdepe mpoucxoaut riao0aabHbIA LUKIT a30Ta.

Ammuak (NH3) B opranusme denoBeka sIBISETCS OAHHM U3 MPOAYKTOB METa0o-
JAU3Ma aMUHOKHUCIIOT U OENTKOB KakK MOCTYHMHUBIIMX C MUIIEH, TaK M MPUCYTCTBYIOIIUX
B camoit kierke. AmuHorpymma (NH;) BXomuT B cOCTaB pa3inyHbIX OHOJIUTAHIOB, UT-
parolUX BaXHYIO POJib B MPOLIECCAX KUZHEACATEIbHOCTU: aMUHOKHUCIIOT, HYKIIEOTH-
JIOB, HYKJIEMHOBBIX KUCJIOT U T. J. B mporneccax pacmnajga 3TMX BELIECTB B OPraHU3ME
obOpasyeTrcst aMMuakx.

Bonnsiii (10 %) pactBop ammuaka NH4,OH (HammateIpHbIil CIIUPT) UCTIONB3YETCS
JUIS BO30YXK/I€HUS ABIXaHUS U BBIBEJICHUS OOJIBHBIX U3 0OMOPOYHOTO COCTOSIHUS.

Oxcupa azora (1) N,O win «Becemnsiumii ra3» B CMECH ¢ KHCIOPOIOM HCITOJIb3YIOT
B XUPYPrU4YE€CKOU NMpaKkTUKe, ONEPATUBHON TMHEKOJIOTUU U AP.

Hutputbl 100aBisiioT B KauecTBe KOHCEPBAHTOB B KOJOACy, COCUCKU U JApYyTHE
MSICHBIE TIPOAYKTHI. XOTS KOHCEPBAHTHI JOOABISIIOT B OYEHb HE3HAUYUTENIBHBIX KOJIH-
YyecTBaX, CYIIECTBYeT MHEHHME, YTO OHM OMacHbl JUIs ueioBeka. OaHAa W3 NMPUYMH
SJTOBUTBHIX CBOMCTB a30THCTON KHUCIOTHl U HUTPUTOB B TOM, YTO OHU SIBJISIFOTCS J1€3-
AMUHUPYIOLMMHU areHTaMH, CIOCOOCTBYIOT OKMCIIEHMIO aMUHOTPYMN HYKJIEHMHOBBIX
ocHoBaHuu. [Ipu >TOM HM3MeHsAETCS CTpyKTypa HyKIenHOBbIX ocHOBaHui JIHK m ux
CIOCOOHOCTh K 00pa30BaHUIO BOJOPOJIHBIX CBS3EH, T. €. MPOUCXOAAT TOUEUHbIE MyTa-
nuu JIHK. Tokcruueckoe nelicTBHE€ HUTPUTOB MPOSIBISIETCS U B TOM, YTO IMOJ UX BO3-
JIeCTBHEM TeMOTTIO0OMH MPEeBPAaIIaeTCsl B METTEMOTJIOONH, KOTOPBIi HE CIIOCOOEH CBSI-
3bIBATh U IEPEHOCUTH KUCIIOPOI:

HbFe®* + NO,” — HbFe®* + NO

Taxum oOpa3om, momaasi B KpOBb, HUTPUTHI BBI3BIBAIOT KHCIOPOIHYIO HEAOCTA-
TOYHOCTb.
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AHaJOrMYHO JEUCTBYIOT HEOpraHM4eckrue HUTpaThl. BMecTe ¢ TeM, B oueHb He-
3HAYUTENBHBIX KOJNYECTBAX HEKOTOPhIE HEOPTAHUYECKUE HUTPUTHI (COSTUHEHUS THIA
R—O-N=0) u opranunueckue Hutpatsl (R-O-NO,) ynydmaroT KopoHapHOE KPOBOOO-
palieHue U MPUMEHSIOTCS I MPOQPUIAKTUKY MPH UIIEMHYECKOW OOJIe3HH cepjua
U CHATHS TIPUCTYNOB cTeHoKapauu. [lpeicTaBuTensMu JeKapCTBEHHBIX HUTPUTOB
U HUTpaToB sBisitoTcss HUTPUT HaTpuss NaNO, u HUTpormuuepuH (OpraHu4eCcKoe Co-
enuHeHue). B oprannsme Takwe COCAMHEHUS MOABEPraroTcs (GEepMEHTATHBHOMY pPa3-
JIO’KEHHIO ¢ oOpa3oBaHueM okcujia a3oTa (Il), KoTopsIit ABIsAETCS BTOPUIHBIM MECCEH-
JDKepOM, OOyCIIaBIUBAIOIIMM, B TOM YHUCJE, M PACIIUPEHHE TIAAKON MYCKYIaTyphl
COCY/IOB.

Opnaxo B Hacrosiuiee Bpems:t NaNO, moyTu He UCMONB3YIOT, TaK KaK OH MOXKET
BBI3BAaTh OCJIOKHEHUS U3-32 METT€MOTJIIOOMHOBOM I'MIIOKCUH B OPTaHU3ME.

B macrosimee BpeMs 10Ka3aHO, YTO HUTPATHl MAJOTOKCHYHBI. EcCTecTBEeHHBIMU
npoAyKTaMu oOMeHa BEIIECTB B PACTEHUSX SIBISIOTCS HUTPATHI, KOTOPHIE 3aTEM II0-
CTYIAIOT B HAlll OPraHU3M C MUIIEH 1 BOAoM. JJig B3pOCIIOro YenoBeka cMepTenbHas
71032 HUTPATOB cocTaBisgeT 8—14 1 npu oxHOKpaTHOM npreme. ChecTh TaKkoe KOoIuue-
CTBO HHUTPATOB — JIEJIO MOYTH HEBO3MOXKHOE. Kpome Toro, paHblle mpearoiaraiy,
YTO B OpraHU3Me YeJOBEeKa HUTPATHI MPEBPAIIAIOTCS B HUTPUTHI, KOTOPBIE C aMUHAMU
00pa3yroT B KUCJIOW Cpe/le HUTPO3aMHHBI — HW3BECTHBIE KaHIlepOreHbl. B nmeicTBu-
TEIBHOCTH 3TH PEAKINH y YEIOBEKa HE MPOUCXOIAT B JKEITYJOUHO-KAIIIEYHOM TPAKTE.
Bo ¢pykrax m oBomax mpuUCyTCTBYIOT aHTHOKCHIAHTHI, OJIOKUPYIOIINE TaKHE peak-
UK. Y3Ke B MOJIOCTU PTa MOJ AeHCTBIUEM OaKTEpUil HUTPAThl IPEBPAILAIOTCS B HUTPU-
ThI U CO CIIFOHOM TIOTAJIal0T B KEITYJOK.

®dochop (0,95 %) sBasercs mATHIM (MOCHE Yriepojaa, BOJOPOJAA, KUCIOpoAa
¥ a30Ta) U3 BaXHEHUIINX OPraHOTEHOB U UTPaeT UCKIIOUUTEIBHO BaXKHYIO POJb B 00-
MeHe BemiecTB. OctaTku (pochopHON KHUCIOTHI MPEACTABISIOT CO00H HEOOXOMMMBIMA
KOMIIOHEHT BHYTpHKIETOUHOH AT®D. docdaThl BXOIAT B cOCTaB OENKOB (3a CUET
MOCTTPAHCISIIIMOHHOTO  (hOCHOPMINPOBAHNS), HYKICHHOBBIX KHCJIOT, HYKICOTHIOB
U JIpyruX OMOJOTUYECKU aKTHBHBIX coeAnHeHui. Dochop sBIseTcs OCHOBOU CKeneTa
’KMBOTHBIX M YenoBeka (kanbiuit oprodocdat, Ca p(PO,)s(OH), — runpokcuanarur),
3y0oB (kak rugpokcuanatut, Tak u Ca;o(PO4)sF2, — dropanarut). ®ocdarras 0ydep-
Hasl CHUCTeMa SBJIIETCS OJTHOM M3 OCHOBHBIX Oy(epHBIX CHCTEM KpoBH. 3HaueHue (oc-
¢dopa COCTOUT U B TOM, YTO caxapa U )KMPHbIE KUCIOThI HE MOTYT OBITh UCTIOJIb30BAHbI
KJIETKaMH B Ka4eCTBE MCTOYHHKOB SHEPTUH 0€3 MpeaBapUTENbHOTO (GochoprirpoBa-
Hus. YUto ke ompenenseT crenupuieckyo poib ¢ocopa B OpraHu3Me Kak areHra
neperoca ’Heprur? Bo-mepsrix, dhochop obpasyer Oosiee crnabbie CBSA3H, YEM KUCIIO-
pox u a3oT. Bo-Bropeix, Omarogaps Hammuuio 3d-opOuraneir atomer pocdopa Moryt
00pa3oBbIBaTh OoJiee YETHIpEX KOBAJCHTHBIX CBsi3ed. B TpeThux, cpeam >IeMEHTOB
TPEThero Tepuoga ToJIbKo (ochop u cepa COXpaHSAIOT CIIOCOOHOCTh 00pa30BHIBATH
KkpaTtHble cBsizu. CyTouyHass moTpeOHOCTh yenoBeka B Qocdope cocrasmser 1,3 T.
Lensiit psaa coenunerunit pocdopa UCMONB3YIOT B KAYECTBE JIEKAPCTBEHHBIX IMpernapa-
ToB. ClieryeT OTMETHTh, 4TO GochopopraHHUECKUe COSAMHEHHUS, COJCPKAIIUE CBI3b
C—P sBISIFOTCSI CUITBHBIMH HEPBHOIMAPATUTHYECKUMH SIaMH, BXOJIST B COCTaB OOEBBIX
OTPABIISIONINX BEIIECTB.

168



13.6. IPUMEHEHME B MEJIUINHE U ®APMAIEBTUYECKOM AHAJIN3E
COEJWHEHWI DJIEMEHTOB VA TPYIIIBI

s oonapyxenus HuTpat-uoHoB NO3 B pacTBOpE UCTOJB3YIOT PEAKIIHMIO C pac-
tBopoM judpenmnamuaa (CgHs),NH B KoHIEHTpHpOBaHHOI cepHO#l kmcioTe. B pe-
3yJbTaTe PEAKIUHU IMOSBISIETCS MHTEHCUBHO-CMHEE OKpAIlMBAHWE pacTBOpa BCIEM-
CTBHE OKHCJICHUS AUdEeHUIIaMUHA 00pa3yIoIIecs: a30THOM KUCTOTOM.

B oTiauune oT HUTPAT-HOHOB HUTPUT-UOHBI B3aUMOJICHCTBYIOT B Cpe/ie C MEHEe
KOHIIEHTPUPOBAHHOM CEpHOM KHUCIOTOM ¢ 0Opa30BaHMEM TAaKOTO K€ BHEIIHETo 3 (-
dekTa, KaK B cllydae HUTpaT-HOHA.

Haubonee cenekTuBHBIM peareHTOM Ha (pocdar-noHbl SBISETCS MOIMOIAT aM-
MOHHSI B CpeJle a30THOM KUCJIOThL. B pe3ynbrate peakuuu BhIIAAACT KEITBIA 0CaT0K
dbochomMonunbdraTa aMMOHHUS:

H3PO,4 + 12(NH,4);M00, + 21HNO3 = (NH,)3(H30)4[P(M0,07)6] +
+ 2INH4NO3; + 6 H,0

Msimbsik — mukpodtement (1-107° %), 6ruoreHHas poib 1 GOPMBI COTEPIKAHIS
KOTOPOr0 B OpraHU3Me HEeM3BEeCTHbI. HeTOCTaTOK MBINIbsIKAa MPUBOJUT K MOHUKEHUIO
PO’KJIa€MOCTU U YTHETEHUIO POCTa, a 100aBJIECHUE B ITUILY apCEHUTA HATPUSI TPUBOAUT
K YBEIMYCHHUIO CKOPOCTH POCTa y uUeloBeKa. MBIIIBIK KOHIEHTPUPYETCS B TECUYCHH,
MOYKaX, CelIe3eHKe, JIETKUX, KOCTSIX, BOJIOCax, HO OOJIbIIE BCETO — B MO3TOBOW TKaHU
U B Mblax. J[axxe B TeUeHHUE HECKOJBKUX JIET M30BITOK MBIIIbSIKA HE BBIBOJAUTCS
MOJIHOCTBIO U3 OpraHu3Ma. ITa 0COOCHHOCTh MCHOJIb3YEeTCS B CYIACOHOM DKCIIEPTHU3E.
W3BECTHO, YTO MBIIMIBIK COSAMHSIETCS C CyIb(ruapuibHeiMu Tpynmamu —SH. B ma-
JBIX J1033aX COSAMHEHHUS 00JaJaroT TepaneBTHYeCKUM 3PdekToM. MexaHu3M BO3/CH-
CTBHUSI MBIIIIbSIKA HA KJIETKY /IO KOHIA HE SICEH.

B MenunuHCKOM MpakTHKe UCHOB3YIOT pacTBOp Kamus apceHuTa KzAsOz (day-
JEpOB pacTBOp MbIIbsika). [IpenapaT mMpUMEHSIOT B MUKPOJI03aX IMPU MaJIOKPOBHH,
UCTOIICHUU W HepBo3HOCTH. CoeuHeHust MbIibsika (V) ¥ B 0COOCHHOCTH MBIIIbAKA
(IIT) oueHb TOKCUYHBI.

OcHOBHBIE BOIPOCHI TEMbI:

1. O6mas xapakTepucTuka rpynmbl. A30T, GocPop, MBIIIBIK B OPraHU3ME, UX
Ouonorudeckas posb.

2. Azor. Obmias xapaktepuctuka. MHOrooopasue COeAMHEHHI C pa3lTuYHbIMU
CTETNEHSIMU OKHUCIICHHUS a30Ta.

3. CoequHEeHHUS a30Ta C OTPUIIATEIHHBIMH CTETICHSIMH OKHUCIICHUS. HuTpumsl.
AMMHAK, KUCIOTHO-OCHOBHBIC U OKHUCIUTEIIBHO-BOCCTAHOBUTEIBHBIC XaPAKTEPHUCTH-
k. AMuael. AMMEuakaThl. CBOWCTBA aMHHOKHCIIOT KakK MPOM3BOJAHBIX aMMHaka. oH
aMMOHUSI M €r0 COJIM, KHCJIOTHBIE CBOWMCTBA, TEPMHUUECKOE paziiokeHue. ['uapasuH
U TUJIPOKCHIIAaMUH. A30THUCTOBOIOPOIHAS KUCIIOTA W a3U/IbI.

4. CoeqnHeHUs1 a30Ta C TMOJIOKUTEIBHBIMU CTEHNEHAMH OKHUCIEeHHUS. OKCHBIL.
Crepeoxumus u npupoja cBs3eid. CriocoObl momydeHus. KucioTHO-OCHOBHBIC U OKHC-
JUTEIbHO-BOCCTAHOBUTEIbHBIC CBOWCTBA. A30THCTas KUCJIOTAa U HUTPHUTHI. A30THas
KHUCITIOTA U HUTPATHI.

5. ®ocdop. Obmas xapakrepucTuka. AyoTponuueckue Mmoaudukanuu docdo-
pa, IX XUMHYECKasi aKTUBHOCTb.
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6. ®ochunpl. Dochun. CpaBHEHHE C COOTBETCTBYIOIIMMH COSIMHEHUSIMU a30Ta.

7. Coenqunenus pocdopa C MOJI0KUTEIBHBIMU CTEICHIMU OKUCIICHHUS.

8. lamuapl, ux ruaponu3. Oxcuabl. DocdoprHoBarucTas (runodochopucras) u
docdopucras kucnotel. Oprodochopras u audocdopHas (mupodocdopHas) KUCIOTHI.
N3ononu- u rerepononudocopHbie KuciuoTel. MeradochopHbie KUCTOTHI, CPABHEHHE
¢ a3oTHOM kucaoToil. [TponsBoanbie pochopHOIl KUCIOTHI B )KUBBIX OPraHU3MAX.

9. BomopoaHble COGAMHEHUs MBIMIBSAKA, CYpbMBI, BUCMyTa. OmnpeaeieHne Mbl-
1Ibsika Mo Metoay Mapiia.

10. CoenuHeHUs MBIIIbSIKA, CYpbMbI, BUCMYTa C TOJOXUTEIbHBIMU CTEICHIMHU
okucnenust. Cynbduasl, THOCOMU. ['amuapl 1 U3MEeHEeHNe WX CBOICTB B Tpymie (a30T-
BucMyT). Oxcuasl U rugapokcuasl (M) u (V). Apceruts u apcenatbl. Coau KaTHO-
HoB cypbMbl (I11) u Bucmyta (1) ux cBoiictBa u rugponus. CyppMsiHasi KUCIOTa U €€
com. Bucmyratel. HeycroitunBocth coenmuaennit Bucmyra (V).

11. Ucrionb30BaHNE COCIUHEHHUM p-37€MEHTOB V TpYIIbI B (hapMalieBTUIECKOM
aHaJuse.

TecTOBBII CAMOKOHTPOJIb

1. Xumuyeckue 3j1eMeHThI VA rpynisbl pa3iu4yaTcs:
a) YUCJIOM BaJICHTHBIX aTOMHBIX OpOUTAJICH;
0) MUHUMATBHOW BaJIEHTHOCTHIO;
B) MaKCHUMaJIbHON BAJICHTHOCTHIO;
') MAKCUMAJIBHOM CTENEHBIO OKUCIICHHS.

2. Jlas Bcex 31eMeHTOB VA rpynibl BepHbI YTBEPIKIeHUsI:
a) popmyna Beicuiero okcuaa 3,0s;
0) popmyna zemyueco BonopoaHoro coeauHenus JHs;
B) B OCHOBHOM COCTOSIHUU Ha BHELIHEM YPOBHE TPH HECIAPEHHBIX 3JIEKTPOHA;
r) hopMysa KUCIOTHOTO TUIPOKCHIA B BBICIIEH cTeneHn okucienus HzD0,.

3. VYKakuTe yTBep:KIeHHsl, BePHbIe VI 230Ta, KAK XUMHY€CKOI0 3JIeMeHTA:
a) a30T B IPUPO/I€ HAXOIUTCS KaK B CBOOOJAHOM, TaK U B CBA3aHHOM COCTOSIHUM;
0) BbICIIIast BAJICHTHOCTH a30Ta PaBHA YEThIPEM;
B) y a30Ta XUMHUYECKasi aKTUBHOCTh HUXKe, ueM y Oeroro docdopa;
I') a30T BXOJIUT B COCTAB BO3/yXa.

4. YkaxurTe nmapy BellecTB, B3auMo/jeilicTBHE MekK1Y KOTOPHIMU NPH O00bIYHBIX
yCJI0BHUSIX Oy/IeT OKUCINTEIbHO-BOCCTAHOBUTEIbHBIM MPOLECCOM:

a) NO u Hzo, 6) N203 " Hzo, B) N02 " HQO, l") N205 " Hzo
5. ATOM a30Ta TOJIBLKO CO CTENEHbIO OKHCJIeHHU +5 BXOJIUT B COCTaB:
a) NH4N03, 6) N204; B) NH4N02, F) Sr(N03)2.

6. Ha cnuaB :keine3a M MeAu NOAeiCTBOBAIM KOHIEHTPHUPOBAHHON a30THOM
KHCJIOTOM NpH KOMHATHON Temmeparype. ®opMyJbl OCHOBHBIX NPOJYKTOB
peaKuMu yKa3aHbl B pAy:

a) Fe(N03)2, CU(NOg)z, NOz, Hzo,
6) CU(NOg)g, NO,, H,0;

B) FG(N03)3, CU(NOg)z, NO,, H,0;
F) Fe(NO3)3, NO, Hzo
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10.

11.

12.

13.

14.

15.

16.

17.

Asor (IV) okena maccoit 4,6 © mponycTH/IM Yepe3 ropssYMid pacTBOp KaJui
ruapoxkcuaa. [lpu 3Tom o6pa3oBajioch Kajauii HUTPATA XMMUYECKUM KOJIHYe-
CTBOM:

a) 0,05 mo7b; 0) 0,0667 mMomBb; B) 0,1 MOJIB; r) 0,4 MOJIB.

IIpu B3anMoaeiicTBUM a30THOM KHCJIOTHI C METAJIOM B 3aBUCHMOCTH OT KOH-
HEHTPAUMH KHCJIOTHl U AKTMBHOCTH MeTAJJIa MPOAYKTAMH pPeaKIiu, KpoMme
COJIM U BOJIbI, MOTYT OBITh:

a) Ny; 6) NO; B) NOy; r) N,O.

Pearupyss ¢ kakmM umnciaom BemiecTB, ¢opmyabl koropbix Cly, H3zPO,,
CH3COOH, H3SOy40mm), H20, CuO, H,S, ammuak nposiBiasieT BOCCTAHOBH-
TeJbHbIE CBOIicTBA?

a) 3; 0) 4; B) 5; r) 2.

CKOJIbKO MOJIb 3JIeKTPOHOB MEPEXOJUT OT BOCCTAHOBHUTEJISI K OKHUCIUTEIIO
NPH MOJTHOM TEPMHYECKOM pa3Jio:keHun xkese30 (II) aurpara maccoii 72 r?

a) 0,8; 0) 0.4; B) 1,6; r) 1,0.

Kpacusbliii ¢pocdop B otiimume ot 6esoro gpocdopa:

a) XUMHYECKU MEHEE aKTUBCH;

0) UMeeT MOJIEKYIISIPHYIO KPUCTAILTUYECKYIO PEIIETKY;

B) nipu HarpeBaHuu 10 250 °C Bo3roHsercs;

') IMEET XapaKTEepPHBI YECHOYHBIN 3anax.

Ykaxure coefUHEHHs, B KOTOPBIX CTENEeHb OKHUCJIeHus aToMa (ocdopa pas-
Ha -3:

a) PBrs; 6) CasPy; B) HPO;3; F) PHs.

YKkaxkure 4Mca0 coeauHeHuii u3 ykazamubix: Cly, S, O, H,, Li, HNO;,
H2SO4pass), KCIOs, pearupysi ¢ koropbiMu ocdop nposiBiisier BOCCTAHOBH-
TeJIbHbIE CBOICTBA:

a) 4; 0) 5; B) 6; r)7.

Oxcuasbl gpochopa (IIT) u (IV) paznuuarorcs:

a) arperaTHbIM COCTOSIHHEM;

0) TUTIOM KPHUCTAJUTMUECKON PEIeTKH,

B) UHMCIIOM G-CBSI3€i B CBOMX MOJIEKYJIaX;

T') YUCJIOM Tt-CBA3EH B CBOUX MOJIEKYJIAX.

dochopHasa KHCI0TA:

a) mpu temmneparype 25 °C saBisieTcsi TBEpAbIM BEIIECTBOM;

0) oOpa3yeT /Ba BUJA COJICH;

B) MOXET BCTYNaTh B PEaKIMU dTEpUPUKAIIIU CO CITUPTAMHU;

r) He MPOSBISIET OKACINTEIBHEIX CBOMCTB 3a cueT aHnoHa PO, .

C xakuMH BellleCTBAMHU MOKeT pearupoBath auruapodocdar ammonus?

a) TUJIPOKCUJIOM Kallus;

0) aMMuaKkoM;

B) CEPHOI KHUCIOTOM;

T') TUAPOKCUAOM Oapusl.

C kakuMH U3 NepevyHCIeHHBIX BellecTB OyaeT B3amMmojaeiictBoBath (ocdop
(V) oxenp?

a) COy; 0) Li,0; B) CsOH,; r) BaCOs.
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18. BoiOepuTe npaBuibHbIe yTBep:kIeHUsA. OTINYHTEIbHbIE CBOIICTBA apCHHA:
a) SIBJISIETCS CUJIBHBIM OKHUCIIUTETIEM;
0) sIBNISI€TCS CUJIBHBIM BOCCTAHOBHUTENIEM
B) TEPMUYECKH HEYCTOWYUB;
I') TOKCHYEH.
19. XapakTepHble CTeNeHM OKHCJIEHHSI MBINIBSAKA M CYPpbMbl B XHMHYECKHX
COeJMHEeHHAX:
a) -3, 0) +1; B) 13; r) +5.
20. B pesyabTarte ruapoJusa xjaopuaa sucmyra (III) o6pasyrores:
a) HCI, Bi(OH)3;
0) HCIO, Bi(OH),Cl;
B) HCIO,, BiOHCly;
r) HCl, BiOCl.

OrBerbl: 1 —a,B;2—a,0,B,3—a,0,4—B,5—1;6—0;,7—0;
8—a0,B,1;9—a;10—a;11—a,B;12—0,1; 13—06;14—8B,1; 15—a, B, T
16 —a, 0,B,1;17—0,8;18—0,B,1; 19 —a, B, ; 20 —.

3agaum U ynpaxHeHHus

1. Bce okcupl a30Ta pearupyroT ¢ packaJieHHOM Meapto, oopa3ys CuO u N,. Ka-
KoBa (opMyJa MpPOpearupoBaBIIETO OKCHAA a30Ta, €CIIM Macca MOJy4eHHOTO MpHU
sroM CuO pasHa 0,8 T, a 00BEM BBLICINBIIETOCS a30Ta cOCTaBmI 224 cM® (1.Y.).
Omeem:. N,0.

2. 1nst okucnenus 8,96 e (H.y.) aMMHuaka B MPUCYTCTBUH IJIATUHBI UCIIOJIB30-
BaJIM KUCIIOPOJ, MOJIYYeHHBIN pa3liokeHHeM xJjioparta kaius. [Iponykrt nanee okuciu-
JIM KHCIOPOIOM BO3/IyXa U PACTBOPUIH B 78,4 cM® BOJIBI B IPUCYTCTBHE H30BITKA BO3-
nyxa. Kakas morpeboBanack macca xjopaTa Kallds W YeMy paBHa MaccoBas IO

KOHEYHOT'O MPOAYKTa?
Omeem: 40,8 r KCIO3, 25,2 % HNO;.

3. IIpu narpeBanuu cmecu PH(NO3),, CaCO; u KNO; monyueno 51,34 r. cmecu
TBEPABIX OKCHIOB U BBLAECIWIOCH 17,92 e (H.y.) cMecu ra3oB, B KOTOPOil 00beMHas
noisia CO; paBHa 25 %. Haiitu maccy MCXOHOM CMECH.

Omeem: 109,9 r.

4. Ilpu B3aumopeiicTBuu 12,8 r MeTaimia ¢ pacTBOPOM a30THOM KHCJIOTHI C Mac-
coBoii goueii ee 60 % (p = 1,375 r/em”) Boimemsiercs 8,96 am° (H.y.) Gyporo rasa u 06-
pasyercs conb Mmetayia (11). YcranoBute Metayin 1 00beM M3PacXOJOBAaHHOTO PACTBO-
pa KUCIIOTHI.

Omeem: Cu, 61,1 cM®.

5. Paccuunraiite MaccoByto 10510 PocHOpPHO KUCIOTHI B pacTBOPE, MOJIYyIEHHOM
pacTtBopeHueM mnpu kunsueHnu 71 r okcuaa gochopa (V) B 600 cm® pacTBopa ¢ Mac-
coBoii noneit HsPO, pasHoii 85 % (1. 1,70 r/emd).

Omeem: 88,5 %.
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6. K 400 r pactBopa opTodocdopHoii KUCIOTH ¢ MaccoBoi noneit HsPO4 24,5 %
npubaBuau okcua docdopa, MoTydeHHbIN cxuranueMm 62 T docdopa, 1 pacTBOp Mpo-
KUMIATUIU. Bplunciaure o0beM pacTBOpa THAPOKCHIA HATPUS C MAaccoBOM JoJei
NaOH 5 % (mn. 1,05 r/cm®), KoTopbIii moTpeGyeTcs Aist IPEBPAIICHHs BCeil comeprKa-
HICHCsl B pacTBOPE KUCIIOTHI B THApoopTodochaT HaTpHs.

Omeem: 4,57 z[M3.

7. ITpu HarpeBaHuu BoJgHOTO pacTBopa audocdopnHoit kuciaorsl H4P,0O; mocnen-
Hss TpeBpainaeTcss B oprodochopHyro kuciaory. Kakoit mgomkna ObITh (H4P,07)
B PacTBOpE, MPHU KUIISUEHUH KOTOPOI'0 MOXKHO MOay4uTh pactBop ¢ ®(H3PO,) = 9,8 %.
Omeem: 8,9 %.

8. ®ocdop, komuuecTBeHHO BbIAeAeHHBIM U3 31,0 T oprtodocdara kampius,
OKHCIIMITH B M30BITKE KHCIOPOAA W MONYUSHHBIH IPOXYKT pacTBopuin B 200 cM® pac-
tBopa KOH ¢ monsipHO# KOHLIEHTpanuen menoyun 1,5 Moib/nM°. Kakue cou u B Ka-
KUX XUMHYECKHX KOJIMYECTBAX COJEPIKATCS B IMOJYIYCHHOM pacTBope?

Omeem: 0,1 mons KH,POy,, 0,1 Mmoss KoHPO,.

9. N, - NH; — NO — Cu(NO3), — NO, — NO

10. NH4NO; — N, — NO, — NaNO3; — HNO3; — NO

11. NH4HCO3 —- NH; — NH,OH — NH,Cl — NH;NO3; — N,O

12. P — Ca3(PO,), — Ca(H,PO,4), —» NH4H,PO, — NH; — N,

13. Ca3(PO4), — P — H3PO4 — (NHy4),HPO4 — Ca3(PO,), — H3PO,
JKCNEPUMEHTAIbHASA Pad0Ta KA30T H €ro COeJUHECHUSD)

Heab padoThl: NOTyYEHUE U U3yUYECHUE XUMUYECKIX CBOMCTB COEIMHEHUN a30Ta.

Peaxktusbi: p-p NH,OH, denondranenn, p-p Aly(SO4)3, NH4CI, 2 H. p-p NaOH,
HeuTpanpHeil p-p nakmyca, NHs;NO3z;, CH3COONH,, p-p CuSO,4 NaNO,, 2 H. p-p
H,SO,, 25%-nbr1it pactBop ammuaka, KMnOy4, K,Cr,0O7, Kl, nudernmamun.

Onbit 1. Pasnosecue ¢ 600Hom pacmeope ammuaka.

B nBe npobupku HanuBarot no 6 kanens pactBopa NH,OH. B ogny u3 Hux no-
0aByAIOT OJHY Karuio ¢eHondranenna. OTMedaroT OoKpacky pactBopa. Ha mpucyt-
CTBHE KaKMX MOHOB OHa yKa3biBacT? J[0OABJSIOT B 3TOT pacTBOP 3 MHUKPOIITIATEINS
XJIOpUJIa aMMOHUS U pa3MENIMBAIOT pacTBOp. Kak m3MeHseTcs MHTEHCHBHOCTD OKpac-
ku? [Touemy? K pacrBopy NH,OH Bo BTOpO# mpobupke m100aBasOT 5—6 kaneiasb pac-
TBOpa cyibdaTa aroMuHusA. OTMEYAIOT NCYE3HOBEHHUE 3alaxa aMMHaKa. 3auChIBaIOT:

a) CXeMy pPaBHOBECHS B BOJJHOM PacTBOpPE aMMHUAKa,

0) MOJIEKYJISIPpHOE M HOHHOE YypaBHEHHUS PEeaKIMH B3auMOJEHUCTBUSA Cyib(dara
IIFOMUHUS C BOJHBIM PAaCTBOPOM aMMHAKa:

NH4OH + Aly(SO4)3 — AI(OH)3| + (NH4),SO4

YKa3bIBatOT, B KAKOM HAIPABJICHUH CMENIAETCS PABHOBECHE B BOJHOM PacCTBOPE
aMMHaka npu 100aBlieHUU K HeMy xJopuaa ammonusa? Cynbgara anroMuHus?

OnbiT 2. Kauecmeennasn peaxyus na NH | -uon.
B npobupky BHOcsT 2—3 kammu pactBopa NH,Cl u no6asnsiror 2-3 kamu 2 H.
pacTBopa ruIpokcuaa Hatpus (wim kamusi). Hag oTBepcTHeM nmpoOMpKH BBIACPKHUBA-
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I0T BJIQXHYIO KPacHYIO JIaKMycOoBYI0 Oymaxkky. Ilo 3amaxy v mo M3MEHEHHIO I[BeTa
JAKMYCOBOW OyMa)KKM YOEXIaloTcsi B BBIJEICHHM aMMHaka M oOpazoBanun OH -
MOHA. 3alMCBIBAIOT B MOJIEKYJISIPHON U HMOHHOU (popMe ypaBHEHUE PEAKIIUH.

OnwIT 3. I'uoponus coneit ammonus.

B nBe mpoOupku HanuBalT Mo 5—6 Kamenb HEHTPaJIbHOIO pacTBOpa JAKMYycCa.
B kxaxayroo u3 npoOUpoOK pa3fesnbHO J00aBIAIOT MO 2—3 MUKPOIUINATENS KPUCTAIIOB
HUTpaTa W anerara aMMOHMs. KaKIpIil pacTBOp NMEpEMEIINBAIOT YACTON CTEKIITHHOU
nanoykoi. OTMEYar0T U3MEHEHNE OKPAcKU JaKMyca B KaKIOM Cllydae. 3aluChIBAIOT
B MOJIEKYJISIPHOM ¥ MOHHOM BHUJIE COOTBETCTBYIOIINE YPABHEHMSI PEAKIIMM THAPOIINA3a:

NH; + HOH 2 NH,OH + H" (pH < 7)

NH, + CH;COO + HOH 2 NH,OH + CH;COOH (pH = 7)

OnsiT 4. Ceotlicmea ammuaka u UOHO8 AMMOHUA (ROO BbIMAIHCKOUL!).

B npobupky HanmmBatot 5 xanens pactBopa CuSQO,. obasmsror 1-2 karmm KOH-
[EHTPUPOBAHHOTO PacTBOpa aMMHUaka. Beimamaer ocagok. 3aTeM MpoaoKaT 100aB-
JSATh MO KarulsiM KOHIIGHTPUPOBAHHBINA pPAacTBOpP aMMHaka JI0 PACTBOPEHUS OCaJIKa.
OtmeuaroT HaOI0IeHN. 3alMChIBAIOT YPaBHEHUS peakluii 00pa3oBaHUs THAPOKCUIA
memu Cu(OH), u ero nepexona B kommuiexcHsrii nor [CU(NH3)]*".

CuSQO4 + 2NH;3 + 2H,0 — Cu(OH);| + (NH,4),SO,

Cu(OH); + 4NH;3 — [Cu(NH3),4](OH),

OnbIT 5. Boccmanosumenwhule ceoiicmea ammuaka.

B npo6upky BHOCST 3—4 karum pactBopa nepmanranara kamusi (KMnOy). [o-
0aByrOT 3—5 Kamenb KOHIIGHTPUPOBAHHOTO pacTBOpa aMMHaka. PacTBop ciierka rmo-
JIOTPEBAIOT J0 U3MEHEHUSI OKPACKH. 3aMUCHIBAIOT YPABHCHHUE PEAKIIUH, YIUTHIBAS, YTO
B 9TOM CJIy4a€ aMMHaK B OCHOBHOM OKHCIISIETCS 10 MOJIEKYIsipHOTO a30oTa, a KMnO,

BoccTaHaBiuBaercs 70 MNO,. OTMedaroT U3MEHEHUE OKPAcKH pacTBOpa.
2(NH3 : Hzo) o, T 2KMnO, — NzT + 2Mn02l + 4H,0 + 2KOH

OnsIT 6. Oxcuo azoma (111) u conu azomucmoit kuciomei.

a) llonyuenue oxcuoa azoma (1) u eco paznosicenue.

Brocsat B mpoOupky 3—4 Kamid HACBIIIEHHOTO pPacTBOpa HUTPHUTA HATpUs
(NaNO,), 100aBasIOT ABE Karid 2 H. pacTBOpa CEpPHOM KHCa0Thl. OTMEYArOT MOSsBIIC-
HUE B pacTBope roiayboi okpacku N3z, KOTOPBIH SBISETCS aHTHAPUIOM HEYCTOWUH-
BOM a30TUCTOM KHUCHOTHL. OOBSICHIIOT 00pa3oBaHHWE HaJ pacTBOpoM Oyporo rasa.
3anuchIBaIOT YpaBHEHUE PEAKIIMU B3aUMOJICHCTBUS HUTPUTA Kalusl C CEPHOU KHUCIIO-
TOH, mpoTekarotieit ¢ oopazosanueM N,O3z u pacnaga obpazoBasmierocs okcuaa N,Os
Ha 1 NO u NO; (peakuusi AUCTIPONIOPILIIOHUPOBAHMUS).

2NaN02 + H2804 = NaQSO4 + NOzT + NOT + Hzo

NO, + NO 2 N,03

0) Boccmanosumenvhvie u OKUCIUMENbHBIE CEOUCNEA HUMPUMOE

B nBe mpobupku BHOCST 1mo 3—4 Kamiu: B MEPBY0 — HOJIUAA Kallvs, BO BTO-
pYyIO — TIepMaHTraHaTa Kaiaus. B mpoOupku 100aBisioT 1o 2—4 Karm 2 H. pacTBopa
CEpHOHM KHCIIOTBI M 4—5 Karelb pacTBOpa HUTpUTa HaTpusi. OTMEYAIOT W3MCHCHHE
OKpacKH PAaCTBOPOB B KaXKIOM cliydae. B kakoe cOeIWHEHWE MEepPEXOIUT IPU STOM
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HUTPUT Kanus? YKa3bIBalOT, B KAKOM CIIydae OH SIBJIIETCSI OKHCITUTENIEM, B KAKOM BOC-
cTaHoBuTeneM. [loueMy HUTPUTHI MPOSBISIOT OKUCIUTEIbHBIE U BOCCTAHOBUTEIBHBIC
CBOMCTBa OJJTHOBPEMEHHO?

2K1 + 2 NaNO, + 2H,S0, — I, + 2NO + K,S0, + Na,SO, + 2H,0
20 -28 > I 2 |2 |1
NO; +2H" + 18 — NO + H,0 1 2
21"+ 2NO; + 4H" — I, + 2NO + 2H,0

2KMnO, + 5NaNO, + 3H,S0, — 5NaNOj; + 2MnSO; + K,SO, + 3H,0
MnO; +8H" + 56 > Mn"?+4H,0 |5 |10 |2
NO; + H,0 — 28 — NO; +2H" |2 5
2MnO; + 16H" + 5NO; + 5H,0 — 2Mn*? + 8H,0 + 5NO; + 10H*

OnbIt 7. Peakyusa oonapyscenus Humpam-uonog NO,

PactBop nudenmnamuna (CgHs),NH B KOHIICHTpHPOBaHHOM CEpHOM KUCIIOTE Ja-
€T C HUTPAT-WOHOM MHTEHCHBHO-CHHEE OKpAIMBaHUE BCIEJACTBUE OKUCICHUS Aude-
HUJIAMHHA 00pa3yromieicss a30THOM KUCIOTOM.

2 O D ez L=<

JKCIepUMeHTaNbHas paboTa
«®ocdop U ero coeAUHEHUD)

Heab padoThl: ONyYCHUE U U3YYCHHE XUMUYECKUX CBOMCTB COeAMHEHHH (oc-
dopa.

Peaxktusbl: pactopsl: CaCl,, Na,HPO,, Al (SO4)s, CH3COONa, HedtpanbHbiii
nakmyc, kpuctamibl NazPO,, kpucrammer NaH,PO,, kpacubiit pocdop, HNO; (koHir.),
HACBIIIEHHBIM PacTBOP MOJIMOIaTa AMMOHUS, TIOJKUCIEHHBIM a30THOM KUCIOTON (MO-
b aeroBoit xuakoctu) (NH),MoO,4, BaCl,, AgNOs.

Ounbit 1. Honyuenue ghocghamos u zuopoghocghamos nexkomopuvix memainnos.

a) llonyuenue ghocgpama u cuopogocghama xanvyus

BHocaT B nBe mpoOupku mo 4—5 kamenb pacTBopoB xsopuaa kanbims CacCl,.
B oany u3 Hux nob6amnstoT 4-5 kamenb pactBopa rumapodocdara Hatpus Na,HPO,,
a B apyryto — 4-5 xamenb pactBopa ¢ocdara Hatpus NazPO,. OTrMeuaroT nBeT BhI-
MaBIIUX OCAAKOB. 3alMCHIBAIOT YPAaBHEHUS pPEaKIMii B MOJIEKYIISIPHON ¥ HOHHOU (opMme.

1. CaCl, + Na,HPO, — CaHPOQO,| + 2NaCl

2. 3C3.C|2 + 2Naz;PO, — C33(PO4)2l, + 6NaCl

0) Ocaorcoenue gpocpama amomunus (AIPOy) 6 npucymemeuu ayemama nampus
CH3;COONa.

B npobupky BHOCST 3—4 Karutu pacTBopa conu cyiabbara amoMuaus Aly(SO,)s.
JloGaBnsitor B mpobupky mo 2-3 kamnu pactBopoB aretara HaTpus CH3;COONa
u ruapodocdara natpus Na,HPO,. Otmeuaror 1iBeT BhINaBIero ocaaka. B pactsope
COJIM aJIOMHHHS B MPUCYTCTBHH aireTaTHoro Oydepa obpasyercs optodocdar anro-
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munus AlPO,4, HepacTBOPUMBIN B YKCYCHOW KHCIIOTE. 3alMChIBAIOT yPaBHEHUE peak-
MU B MOJIEKYJIIPHON ¥ HOHHOU (hopme.
Aly(SO,);3 + 2NaHPO, + 2CH3COONa — 2AIPO,| + 2CH3;COOH + 3Na,SO,
Me** + HPO:  + CH;COO = MePO,| + CH;COOH

OnwiT 2. I'uopoaus opmoghochama u ouzuopogpochpama nampus

B tpu npoOupku BHOCAT M0 5—6 Kamenb pacTBOPOB HEHTpanpHOTO Jakmyca. On-
HY MPOOUPKY OCTABISAIOT KaK KOHTPOJIBHYIO, BO BTOPYIO JOOABISIOT HA KOHYMKE MHUK-
pommarenst kpuctaisl ¢pocdara Harpust NagPO,4, B TpeTbi0o — CTONBKO K€ KpUCTAaI-
noB puruapodocdara vatpus NaH,PO,. Conmepxumoe BTOpoH M TpeThell MPOOUPOK
THIATENILHO Pa3MENINBAIOT YUCTHIMHU CTEKISTHHBIMU MaJIOUYKaMH JI0 MTOJIHOTO PacTBOpe-
Hus coneidl. OTMeyaroT U3MEHEHHE OKPACKM JaKMyca IO CPaBHEHHMIO C OKpacKoOi
B KOHTPOJBHOU mpoOupke. Ha yBennueHwne KOHIICHTpauyd KaKWX MOHOB yKa3bIBAaeT
M3MEHEHHE OKPACKH JIakMyca Ipu pacTBopeHuu Qocdara Hatpus u auruapodocdara
HaTpusi? 3anuChIBAIOT YpaBHEHHUE MEPBOM CTYIEHU ruaponusa (pocdara HaTpus B MO-
JIEKYJISIPHOM 1 HOHHOU QopMme.

Kucnornocts pactBopa NaH,PO, 06ycioBieHa Tem, 4To U3 IBYX pEaKIIHii:

1. H,PO, 2 H" + HPO

2. H,PO; + H,O 2 H3PO, + OH™

ITepBass — muccommarus H,PO, -nona — mporekaer 0ojiee MHTEHCUBHO, YeM

TUIPOJIN3 HTOTO MOHA, TaK KaK COMPOBOXKIAETCS 00pa3oBaHHEM Ooliee c1aboro iek-
tpomura HPO ™ 1o cpasrernio ¢ HsPO, (Kye HPOZ = 4,510 K, H3sPO, =
7,9-107%).

Omnpbit 3. IHonyuenue opmoghocghopnoii kucnomer.

BHocsaT B mpoOupky HeOOJbIIOe KOJIMYECTBO KpacHOTo (ocdopa (He Oomblie
OJIHOTO MHKpOIITATeNs) U 100aBIsA0T 3—5 Kariu KOHIIEHTPUPOBAHHON a30THOM KHC-
70Thl (TI0THOCTH 1,4 F/CM3). HarpeBaroT 1o Havana BeiaeneHus rasza. [locme oxna-
JKIEHHS MTPOOMPKU MPOBOIAT XapaKTEPHYIO peakuuio Ha noH PO} ¢ momubmarom
amMMmoHus1. JlJis 5TOro B MUJIMHIPUYECKYIO MPOOUPKY BHOCAT 5—6 Kareah HACHIITIICHHOTO
pacTBOopa MoyiMOaTa aMMOHHUSI, TOJKUCICHHOTO a30THOW KHCIOTOHU, (MOJIUOIEHOBOM
KUJKOCTH) U JO0ABIAIOT K HEMY KaIUTIO TTOJIYYE€HHOTO B OMbITE pacTBOpa. [Ipodbupky ¢
pacTtBopoM HarpeBatoT. OOpa3oBaHue SIPKO-KENTOTO ocagka monudaeHodocdara am-
MOHHS ABJISAETCS KAYECTBEHHOM peakiuen OTKpbITus noHa PO} . 3anuchIBaroT:

a) ypaBHEHHE pEaKlUy TONydeHUss OopTOPOCPOPHOM KHUCIOTHI, YIUTHIBAS, UTO
pu 3TOM BhIaEsseTcs: okcun azora (1)

P + SHNO3(x) + 2H,0 — 3H3PO,4 + SNO?

0) ypaBHEHHE peakuu oOHapyKenus nona PO}~ neficTBreM MOIMOaaTa aMMOHMS

H3POy4 + 12(NH4),M00, + 21HNO3; = (NH,),H;[P(M0,07)¢] + 21NH4NO; + 10H,0

Onbit 4. Peakyuu oonapycenus ocpam-uonoe PO ;"

1. Jleticmeue BaCl,: xnopun 6apus BaCl, oopasyer ¢ pactBopom Na,HPO, Oe-
ae1it ocagok BaHPO,, pactBopuMmelii B kucinotax (kpome H,SO,):
BaCl, + Na,HPO, — BaHPO,| + 2NaCl
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Ecmu npoBomAT peakunuio B MPUCYTCTBUM INEIOYEH WM aMMHaKa, TO HWOHBI
HPO? npeppamarorcs B POY :

HPOZ + OH — PO} +H,0

B aTOM ciryuae ocaxkmaeTcsi CpeiHsIs COb.

2. leticmeue numpama cepeopa AQNO3: pactBop HuTpara cepedpa AGNO;3 06-
pasyet ¢ pacTBopaMu coJiei (ochopHOM KUCIOTHI KENAThI ocafok ¢gocdara cepedpa,

paCTBOpPIMLII?'I B a30THOU KHUCJIOTE:
2Na,HPO, + 3AgN03 = A93P04l + 3NaNO; + NaH,PO,

I')IABA 14
XUMMUs DJIEMEHTOB VIA TPYIIIIBI

14.1. OBIIAS XAPAKTEPUCTHUKA DJIEMEHTOB VIA I'PYIIIBI

[Toarpynna kucnopoaa BKIOYaeT mATh P-aneMeHTtoB: O, S, Se, Te u Po. Ux
Ha3bIBAIOT XaJIbKOT€HAMH, YTO O3HAYAET «00pa3yrolme pyas». ATOMHBIE XapaKTepu-

CTHKH XaJIbKOTE€HOB MpUBeEeHbI B Ta0n. 14.1.
Tabnuya 14.1

ATOMHBIE XapaKTepUCTUKH 3J1eMeHTOB VIA rpynnsi

CsoiicTBa (0] S Se Te
Copepxanne B 3eMHOH Kope, %o 47,2 5-10° 8-10° 1-10
ATOMHBIN paguyc, HM 0,066 0,102 0,116 0,135
Wonnelii panuyc, 32', HM 0,140 0,184 0,198 0,221
IToTtennnan nonusanuu, B 13,6 10,4 9,8 9,0
Temneparypa 1utaBieHus, °’c —218,75 118,9 220,4 452.0
Temneparypa Kunenus, °’c -182,97 444.6 84,8 1087,0
[LI0THOCTS, T/cM® 1,27 (1B.) 2,06 (pom6) [ 4,82 (rexc) | 6,25 (rekc)
DNEeKTPOOTPUIIATETLHOCTh 3,5 2,4 2,5 2,1
Cranpaptheiii OB noteHiuan, -0,48 -0,92 1,143
E (3/32_), B

Atombl 3neMeHTOB VIA rpynmbl UMEIOT 3JEKTPOHHYIO (HOpMYITy nsznp4, 4TO
OOBSACHSICT CXOJCTBO UX XHUMHYCCKUX CBOMCTB. Bce XaabKOTeHBI B COSUHCHUSAX C BO-
JIOPOZIOM TPOSIBIISIIOT CTENEHb OKUCICHUSI, PABHYIO —2, @ B COCJUHEHUSIX C KUCIOPO-
JIOM ¥ JAPYTUMH aKTUBHBIMU HEMETalaMH, Kak mpaBuio, +4, +6. Jliis kucioopoaa xa-
paKkTepHa CTeMeHb OKUciIeHus —2, HO B coeauHeHusx O,F, u OF, cTrenens okucnaeHus
KHCJIOpO/ia paBHA COOTBETCTBEHHO +1 n +2.

Y aroma KHCIIOpOJia Ha BHEITHEM 3JIEKTPOHHOM CJIO€ JBa MOAYPOBHS, OpOUTaIu
KOTOPBIX 3aIOJIHEHBI 3JEKTPOHAMU, MO3TOMY €r0o CIApPEHHBIE AJIEKTPOHBI HE MOTYT
pPa3beAMHATECA. Y aToMa Cepbl HAa BHEIIHEM 3JIEKTPOHHOM CJIO€ UMEETCSl CBOOOTHBIN
d-norypoBeHb, Ha KOTOPBIH MOTYT TIEPEXOUTh JJICKTPOHBI C S- M P-TIOJyPOBHS TpU
BO30YKJIeHUHU aToma. YHCIo HeCapeHHbIX 3JIEKTPOHOB COOTBETCTBEHHO paBHO 4 U 6.
UYéETtHbie BasieHTHOCTH 2, 4, 6 CBOWCTBEHHBbI aHasoram cepbl Se, Te, Po, u coorBet-
CTBEHHO MX BO3MOXXHBIE CTETICHU OKHCIICHUS paBHBI —2, +2, +4, +6.
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BonopoiHbie coeuHEHUsT AJIEMEHTOB IMOATPYIIIBI KHUCIOPOJa COOTBETCTBYIOT
dopmyne H,R. OHM Ha3bIBarOTCS XaJIbKOT€HOBOAOPOJAaMHU. [IpM pacTBOPEHHHM HX
B BoJie 00pa3yroTcst KUCIOThL. Cuila KHCIIOT BO3pAacTaeT 1Mo MOATPYIIE CBEPXY BHM3,
4TO OOBSACHSACTCS YBEIMYCHHUEM JUITMHBI U YMEHBIICHUEM SHEPruu cBs3u H-D B psny
coequnenuii HoR. Ilpu marpesanun H,Te nerko pacmanmaercs, a HoPo pasmaraercs
YK€ TIpH moaydeHuu. Bona sBisiercss aM()OTEPHBIM DIICKTPOIUTOM.

C xucnopoioM XaJabKOTeHBI 00pa3yroT nBa Tuna okcunoB RO, u ROz, koTOphIM
cootBetcTBYIOT KucinoTel HyRO3 u H,RO,4. Kucnotsr coctaBa HyRO3 (H,SO3, HySeOs,
H,TeO3) HeyCTOWYMBEI, TIPOSBIISIOT U OKUCIMTEIbHBIC, H BOCCTAHOBHUTEIBHBIC CBOW-
crBa. Kucnots! Tumna H,RO4 (H,SO4, H,Se0,4, H,TeO,) — 6e3yciioBHBIE OKUCITUTEIH,
OKHUCJIUTEIbHAs CIIOCOOHOCTh UX BO3PACTAET OT CEPHOU KHCIIOTHI K TEILTYPOBOIA.

3aKOHOMEPHO U3MEHSIOTCS CBOMCTBA MPOCTHIX BEIICCTB: C YBEIMUCHUEM 3apsiia
spa ocaabeBar0T HEMETAUTMICCKUE W BO3PACTAIOT METaUIMYeCKHe CBOWCTBA. Tel-
Jyp — HEMETaJUI, HO yXe 00J1aaeT METAJUTMYCCKUM OJIECKOM W MPOBOJUT DJICKTPH-
YECKUH TOK, IMMOJIOHUH — METaJlll, KOTOPBI OTHOCUTCS K PaJOaKTHBHBIM 3JIEMCHTAM.

14.2. XUMMUYECKHUE CBOMCTBA KHCJOPOJA M ET'O COEJJUHEHUI

Kucnopon — camblii pactipocTpaHeHHBIN 3JIEMEHT B 36MHOU Kope (ero conep-
xanue 47 %). DTOT JIEeMEHT BXOAWT B COCTaB BOJIbI, KBapIla, KapOOHATOB, CUIIMKATOB,
ATFOMOCUITUKATOB. B cBOOOHOM COCTOSTHUM KUCJIOPOJ HAXOIUTCSA B BO3AYXE B KOJHU-
gectBe 20,99 %.

B mpoMBIIIZIEHHOCTH KUCIOPOJA TMONYYAloT PeKTU(PHUKAIMEH XKUIKOTO BO3IyXa
Y DJIEKTPOJIU30M BOJIbI, B Ja0OPATOPHH — PaA3NIOKEHUEM MEPOKCHUIA BOJOPO/IA:

2H,0, M2, 2H,0 + O,

B nmaGoparopun nansi moiydeHUs KHCIOpOJa HCIOJB3YIOT TaKKe TEPMHUYECKOE
pasznokeHue 60raTblx KUCIOPOJIOM COEIMHEHUI:

2HgO —'» 2Hg + O,

2KClO; —15 2KCI + 30,

2KMnO; — K,;MnQO,4 + MnO, + O,

Monexymsipablid kuciopoa O, — OECIBETHBIN Ta3; XUAKWNA KHCIOPOI 00J1amaeT
roayObIM 11BeTOM. MoJleKkyja KUCIOpoaa HEemoJisipHa W MapamMarHutHa. [[iauHa cBs3u
O=0 pasna 0,121 M, 3Heprus 3toi cBa3u paBHa 498 kJ[»/Monb. Kucnopoa xopoiio
PacTBOPUM B HEMOJSAPHBIX U TUIOXO B MOJISIPHBIX PACTBOPUTENISAX: B BOAE PACTBOPSIETCS
3,15 mu O, B 100 mat H,O nipu 20 °C. Kucnopon pacTBOpUM B METajuIax, ¢ KOTOPIMU
He pearupyet: npu 450 °C 1 cM® 3010Ta pactBopsieT 77 cM®, a miatuEBl — 48 cm®
KHCJIOpPO/Ia.

Kucnopon oTnnuaeTcsi BBICOKOH pEaKIIMOHHON CIIOCOOHOCTBIO U OKUCIISIET MHO-
T'He MPOCThIE U CIIOXKHBIE BEIIECTBA IPU KOMHATHOU Temrnepatype. OCOOEHHO CUIIbHBIM
OKHCJTUTEJIEM SIBIIACTCS KUAKUN KUCIOPOJ — MPOMUTAHHAS UM BaTa MPU MOHKUTAHUU
MTHOBEHHO cropaet. HekoTopsie yieTydne OopraHndeckue BEIIecTBa CIIOCOOHBI Camo-
MIPOU3BOJIBLHO BOCIIAMEHSTHCS Ha PACCTOSTHUU HECKOJIBKUX METPOB OT OTKPBITOTO CO-
CyZla ¢ KUIKUM KHUCIOPOIOM.
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Kucnopon O, HemocpeACTBEHHO pearupyer co BCEMH MPOCTHIMHU BEIIECTBAMH,
KpOMe MHEPTHBIX Ta30B, OJaropoJHBIX METaJUIOB, rajoreHoB. Kucnopon okucisercs
TOJIBKO ()TOPOM.

W3BecTHa apyras autoTporiHas moaudukaius kuciopoga — o030H (Oz). Ipu
OOBIYHBIX YCIOBHSAX 030H — ra3, Kunsamui npu temmeparype —111,9 °C. Ot kucino-
pOJia €ro MOXKHO OTJIEJUTh CUJIBHBIM OXJaxkaeHreM. O30H KOHJIEHCUPYETCS B CUHIOIO
XKUIKOCTb. O30H SIAOBUT U B3pbIBOONaceH. Ero momyyaroT B 030HaATOpax M3 KUCIOpOAa
MoJ1 IeWCTBUEM TJICIOIIETO 3JIEKTpUYecKoro paspsaa. O30H obpaszyeTcsi TakkKe B pe-
3yNbTaTe PEaKIuu:

3F2 + 3H20(F) — 6HF + 03

L{eHTpaTbHBII ATOM KHCIOPOAa B MOJIEKYJIE 030HA HAXOXHTCS B SP>-THIIC THOPH-
JU3alliy; ¢ IBYMs COCEIHUMU aToMaMH oOpasyeT T-cBs3H. /luamarHutHas MolieKysa
030Ha UMEET YTIIOBYIO OpMY.

O30H sBasieTca 0osee CUIBHBIM OKHUCIUTENEM, yeM kuciopoa. O6 »Tom cBuje-
TEIbCTBYIOT 3HAYEHUSI CTAHJAPTHBIX OKHCIUTEIHLHO-BOCCTAHOBUTEIBHBIX MOTEHIINA-
JIOB IPUBECHHBIX YJIEKTPOXUMHUYECKUX CUCTEM:

O;+2H +2¢ =0,+H,0, E°=+2,07B

O3+ H,0+2¢ =0,+20H, E°=+1,24B

B oTnuume oT Kuciaopoma 030H MTHOBEHHO OKHCISICT MOJKHCICHHBIN pacTBOp
MO/IN/Ia KaJIHSI:

03 + 2KI + H2804 = 02T+ 12 + KZSO4 + Hzo

O3on npeBpaiaeT okcua azora (IV) B okcup azora (V):

03 + 2N02 = N205 + 02

[Ipu nmponyckaHuu 030HA HaJ TBEPOH MIETOUYbI0 00Pa3yIOTCsl 030HUIBI COCTaBa
M|03 u M”(Og)z.

O3zoHuBl KpailHEe HEYCTOWYMBBI U pa3iararoTcs npu xpaHeHuu. O30HUABI TO-
JIOOHO 030HY SIBIIIFOTCS CUJIBHBIMU OKHCIHUTEISIMU. B Bo/ie OHM pasyiararoTcs ¢ BblJe-
JICHUEM KHUCJIOPOJa:

4KO3 + 2H,0 =4KOH + 502T

B xuMuueckux peakiusx MOJeKyja KHUCIOpOJa MOXKET TepSATh WIH MPUCOEIU-

HATH 3JIEKTPOHBI ¢ 00pa30BaHUEM MOJIEKYIISAPHBIX noHoB THna O3, 05, O5:

0,+2e— 02 TIEPOKCH]] HOH
O,+e— 0, HAJIMEPOKCHU] HOH
O3+e—0, 030HH]I HOH

B COOTBETCTBHU € 3TUM KHUCIIOPO 00Pa3yeT YeThIpe THIIA COETUHEHHIA:

a) OKCHJIbI, COIepIKaIIie 0+ (CuO, Ag,0, HgO);

6) mepoxcupl, cogepxkamue O35 (Hy0,, Na,O,);

B) HA/IEPOKCUIBI HIIM CYNEPOKCHJbI, B CTPYKTYpe KOTOPBIX MMeeTcs noH O,
(KO,, NaO,);

r) 030HHBI, copepxkamue rpymnmy O ; (NaOs).
Honst O, u O; MOXHO pacCMaTpUBaTh KaK MOJICKYJIbI, IPHUHSBIINE OJWH JJICK-

TPOH.
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Bonpmiee npakTuueckoe 3HaYEHUE UMEIOT MEPOKCUIBI U, B YACTHOCTH, IEPOKCU]
BoJopoza. PaccmorpuM ero ctpoenue u cBoiictsa. [lepokcua Bonoposa — 3T0 BA3Kast
OecLBETHAsI KUAKOCTh, B TOJICTOM CJIO€ UMEIOIIas OJIEAHO-CUHMN 1BET. TeMmeparypa
kunenus — 150 °C; cmemmBaeTcs ¢ BOJI0M B JIOOBIX COOTHOIIIEHUAX. B Monekyne me-
pokcuaa Bogopoaa cBsizu O—H HaxonsaTcs B pa3HbIX IUIOCKOCTAX, MEPECEKAIOIIMXCS C
MexXbsaaepHoi auHuen cBa3u O—O MOYTH MEPNEeHIUKYISAPHO: A TBEPAOTO COCTOSI-
HUSI OTOT yrout paBeH 90,2°, mis razoodpasznoro — 111,5° (puc. 14.1).

80°— 112°
e T

- o

Puc. 14.1. CtpoeHnue nepokcua Boaopoia

Monekyna H,O, nnamarautHa u nosspHa (pn = 2,26 J[). Caegyer oTMETUTh, 4TO
MIEPOKCHU/ BOAOPOIA JOBOJIHHO HEYCTONUYMBOE coenuHenue. [I[puunHoi 3Toro sBisiet-
csi HenpouyHocTh cBsi3u O—O. [lo 3Toi ke mpuUYMHE MEPOKCU] BOJIOpOJa oOnamaet
OKHUCJIUTENbHBIMU cBoMcTBaMuU. [lepokcua Bogopoaa MOXKET BHICTYNIATh U KaK BOCCTa-
HOBUTEIb, HO TOJBKO MPHU B3aUMOJICHCTBUM C CUIIBHBIMU OKUCIUTEIISIMH.

PbS + 4H,0, (okucnutens) = PbSO,4 + 4H,0

Cl, + H,0, (Boccranosutens) = 2HCI + O,

[Tpuuém, B KUCION cpesie MepoKCULy 0osiee CBOMCTBEHHBI OKUCIUTENIBHBIE CBOM-
CTBa, a B IIEJIOYHON — BOCCTAHOBHUTEIIHHBIE.

14.3. XUMMYECKHE CBOMCTBA CEPHI U EE COEJJMHEHUI

B npupone cepa Bctpeuaercs B Buie coequHeHU: FeS, — xene3Hslil Komuenan
(mupur), CuFeS, — meanbiii kouenan, PbS — cBunIoBHIi Osteck. Yarre cepa BeTpe-
gaetcss B Buae cyibparoB: CaSO42H,0 — runc, MgSO; — kusepwur,
Na,SO4 10H,0 — rnaybeposa conb. B 3emnoli kope coaepxkutcs 0,03 % S, MupoBoit
OKeaH COJIePKUT cepy B Buze cynbparoB — 0,09 %.

Cepy nony4aror:

— BBITUIABJICHUEM U3 TOPHBIX MOPOJI, B KOTOPBIX OHA COACPIKUTCS B CAMOPOTHOM
COCTOSTHUH;

— pa3lIoKeHUEM CYIb(PUAOB C MOCIETYIOIIMM OKUCIEHUEM CEPOBOAOPO/IA!

CaS + CO, + H,0O = CaCO; + H,S

2H28 + 02 = 2H20 +2S

Cepa o0pa3yeT HECKOJIbKO aJUIOTPONHBIX Moaudukarmid. [Ipn KoMHATHONW TeM-
neparype ycroiumBa pomMOuUyeckas oO-cepa, KOTopasl MpeACTaBiisieT cOO0OW XpymKue
KeJThIe KpUCTAJUIbl O€3 IBeTa W 3armaxa, HepaCTBOPUMBIE B BOJIE, HO XOPOIIIO PaCTBO-
pumbie B cepoyriaepone. Ilpu 95,4 °C cepa nepexoauT B MOHOKJIMHHYIO [-Cepy
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¢ temmeparypoi miasieHus 119,4 °C, koropas mpeacTaBiseT coO0OM mouTu Oesbie
KpucTaJmniyeckue miactTuHbel. O0e MoauuKaIy COCTOAT U3 HUKIMYECKUX KOPOHO-
00pa3HBIX MOJIEKYIN Sg. 0- M B-MOAM(PHUKAIMH CEPhl OTIUYAIOTCS B3aUMHBIM PACIIOIO-
KEHUEM MOJIEKYN Sg B KpUCTaJlIe.

[Tpu maBneHun pomOUUecKas cepa MpeBPaIAeTCsl B KENTYIO JIETKOMOIBHKHYIO
xuakoctb. [Ipu temmnepatype Bbime 160 °C kosbLieBble MOJIEKYIIBI Sg Pa3MbIKAIOTCSA
U 00pa3yroTcs OTKPBITHIE LIEH CO CBOOOJHBIMU CBSI3IMM Ha KoHUax. llpyu mampHeii-
IIIeM HarpeBaHUU CBOOOHBIEC CBSI3U B3aUMOJICHCTBYIOT MEXKIY CO00M ¢ 00pa3oBaHHEM
JUIMHHBIX MaKpOMOJIEKYJ. DTOT MNPOLECC COMPOBOXKIAETCS YBEIHMYCHHEM BS3KOCTH,
KoTopasi nocturaer Mmakcumyma mnpu 250 °C. B mpornecce najnbHEMIIEr0 HarpeBaHUs
BS3KOCTh pacIlaBa yMEHBIIAETCSA, TaK KaK TOMOLEMHAs CTPYKTypa MaKpOMOJIEKYJI
paspymaercs. Eciiu pacniaBieHHYIO cepy BbIAEpKaTh HEKoTOopoe Bpems npu 250 °C,
a 3aTeM BBUIMTH B XOJIOJHYIO BOAY, MOJIy4aeTcs IUIacTUYecKas Wi amopdHas cepa,
KOTOpas MOCTENEHHO TpeBpaitaercsa B a-cepy. [Ipu 444,6 °C cepa 3akunaer. B 3aBu-
CUMOCTH OT TeMIIepaTyphl B €€ mapax oOHApYKUBAIOT MOJNEKYIBI Sg, Sg, S4, S;. M3Me-
HEHUE COCTaBa MOJIEKYJ BBI3BIBAET M3MEHEHHE OKPACKU MAPOB CEPbl OT OPaHKEBO-
JKEJITOTO JI0 COJOMEHHO-kentoro neera. [Ipu temmeparype 1500 °C momekynsl S,
JTUCCOLMUPYIOT HA ATOMBI.

[Ipu KOMHATHOH TeMmIlepaType cepa BCTYHAET B PEAKLUIO JUIIb CO pTyThi0. Of-
HAaKO XMMHYECKasi aKTUBHOCTBH CEPbl PE3KO YCHJIMBAETCSA NPU HArpPEBAHUM, KOTOPOE
aKTUBHPYET CBA3M S—S U obserdyaer ux paspbiB. Jlaxke npu yMEepeHHOM HarpeBaHUU
OHA OKHUCJISIET MHOTHE MPOCThIE BEUIECTBA C 00pa3oBaHUeM CYIb(GHUIOB U caMa OKHC-
JsieTCA KUCIOPOAOM U rajJOr€HaMH.

[Ipu HarpeBaHWU B KUIISIIECH BOJE Y, 3HAYUTEIBHO JIYUIllEe, B KUISIINX PACTBO-
pax 1ieso4eu cepa AUCIPONOPLUOHUPYET:

2S + 4NaOH = Na,S + Na2803 + 3H,0

B pacmnaBax mienodeil cepa MOXKET ObITh OKHMCIICHA JI0 BBICIIEH CTENEeHH OKHC-
JICHUSL:

25 + 4NaOH + 30, — 2Na,S0, + 2H,0

Cepa He pearupyet ¢ BOAHBIMH PacTBOPAMH KUCIIOT, HO PACTBOPSETCS B KOHIICH-
TPUPOBAHHBIX CEPHOM U a30THOM KHUCIOTaX:

S+ 4HNO3(KOHL{.) = HzSOg + 4N02T + Hzo

Crenenb OKHCIEHUsI (—2) cepa IPOSBISAET B CEPOBOJOPOJIE U €ro IMPOU3BOJI-
HBIX — CyJb(dumax.

CepoBoaopoa yacTo BcTpeuaeTcs B mpupoje. ColepKUTCs 3TOT ra3 B TaK Ha3bI-
BaGMbIX CEPHBIX MUHEPAIBHBIX BoAaX. HyS — OecuBeTHBIN ra3 ¢ HEMPUATHBIM 3aria-
xoMm. OOpa3yeTcsi OH MPU THUCHUHM DPACTUTEIBHBIX U, B OCOOCHHOCTH, >KUBOTHBIX
OCTaTKOB IOJ IEMCTBUEM MUKPOOPTAHU3MOB.

CepoBoaopoa — BechbMa TOKCUYHOE BEIIECTBO, TAK KakK SIBISAETCSI HHTUOUTOPOM
dbepMeHTa IUTOXPOMOKCHIA3bl — IMEPEHOCUYMKA DJICKTPOHOB B JBIXATEILHOM IIEIH.
OH 610KHpYeT MEePEHOC MMEKTPOHOB C IIMTOXPOMOKCHAA3bI Ha Kuciiopo Oy.

CepoBo10poA ABISETCS CUIBHBIM BOCCTAHOBUTEIIEM (EOS,S_2 =-0,48 B); Ha B03-
JTyX€ OH TOPUT:

2HZS + 302 - 2502 + 2H20
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CepoBozopos pearupyer co MHOTUMHU OKHCIUTENSIMU; IIPU €ro OKUCIIEHUH 00pa-
3yeTcs cepa WiM Cylb(ar aHUOH:

2KMnQ, + 5H,S + 3H,S0O, = 2MnSO, + 5S + K,SO, + 8H,0

H,S + 4Br, + 4H,0 = H,SO, + 8HBr

Boansie pactBopsl H,S narot ciabokucnyro peakiuro. Jucconuanys cepoBoJio-
POJIHOM KUCIIOTHI MPOXOAMT IO JIBYM CTYIICHSIM:

H,S 2@ H' + HS™ (1 crynens; K; = 6,0-107°)

HS 2 H' +S* (2 crymens; K, = 1,0-107)

Kak cBUAeTeNbCTBYIOT NMPUBEAEHHBIE KOHCTAHTHI JUCCOLMALIMM, CEPOBOJOPO-
Has KHMcIoTa odeHb ciabasd. IloaToMy aumcconmanus, 0COOEHHO 10 BTOPOH CTYIEHH,
IPOTEKAET TOJILKO B OYEHb pa30aBlIEHHBIX pacTBOpaXx.

Conu cepoBOIOPOAHON KUCIOTHI Ha3bIBAIOTCA CylbpuaaMu. B Boae pacTBopuMbI
TOJIBKO CYJIb(QUIBl LIEIOYHBIX, MIETOYHO3EMEIbHBIX METAUIOB U aMMOHMs. ['mapo-
CYJIb(UIbI U3BECTHBI TOJIBKO JJIS MIETOYHBIX U MIETOYHO3EMEIbHBIX METAIJIOB.

SBnstsick conaMu €naboil KUCTOTHI, CyIb(UIbI MOABEPratoTcs ruaponusy. I'ui-
ponu3 Ccylb(pUA0B MHOTO3apsAIHBIX KATHOHOB METAIIJIOB (AP, Cr¥ u Ip.) IpOTEKaeT
710 KOHIIa, OH IPAKTUYECKU HEOOpATHM.

Cynbhuasl, Takke Kak U OKCHJbI, IPOSBISIIOT OCHOBHBIE, KUCIOTHBIE U amM(o-
TepHble cBoOicTBa. OCHOBHBIE CBOMCTBA MPOSBISAIOT CYJIb(UIBI METAIIOB, KHCIOT-
Hble — Cynb(puapl HeMeTaysioB. Cynb(uasl MeTalIoB, Hanpumep CyiabGua HaTpus,
MOJIBEPraloTCs TUAPOIIU3Y IO CXEME:

Na,S + H,O 2 NaHS + NaOH

Cynbhuasl HEeMETaIOB THIPOIU3YIOTCS HEOOpPaTUMO ¢ 00pa30BaHUEM COOTBET-
CTByIOIIMX Kucaot: SiS, + 3H,0 — H,Si03 + 2H,S.

AwmpoTtepuble cynb(huIbl, Kak U OKCHUJIbI, B BOJE HEPACTBOPUMBI, HO HEKOTOPbIE
U3 HUX MOJHOCTBIO TUAPOIU3YIOTCS:

Aleg + 6H20 = 2A|(OH)3 + 3HZS

[Tpu B3anMozeicTBUM OCHOBHBIX M KMCIOTHBIX CYIb(UA0B 00pa3yt0TCs THOCOIIH.

Na,S + CS, = Na,CS;

OO6pa3oBaBiuiics TpUCyIb(PpuIOKapOOHAT HATPHS pa3JIaracTcsi CEPHON KHCIOTOU
¢ oOpazoBaHHEM THOKUCIOTHI cocTtaBa H,CSs:

Na,CS; + H,SO, = Na,SO, + H,CS;

Ob6pazyromascs npu 3toM THokuciora H,CS3 Heycronuupa, kak u H,CO3;. O6e
OHH pa3JararoTcs 10 ypaBHEHUSIM:

H2083 = HgS + CSZ

H2003 = Hgo + COZ

Cynphuapl MMEIOT XapaKTepHYI0 OKPAacKy U pa3IMYHyI0 PpPacTBOPUMOCTb.
Hanpuwmep, CuS, NiS, PbS — uepnoro 1Bera, ZnS — 6enoro, CdS — sxenroro, 4to
MCIOJIb3YeTCsl B aHAJTMTHUUYECKONW XUMHH JIJIs1 OOHAPYKEHUS U pa3/ieJICHUs] KaTHOHOB.

PactBopuMoOcCTh CynbQuA0B B BOJIe U3MEHSETCS B IIMPOKOM Juana3zoHe. Kpome
TeMIlepaTypbl Ha pacTBopuMocTh BiauseT pH pactBopa. Ha 3ToM OCHOBaHBI HEKOTO-
pbI€ CXEMbI PACTBOPEHUS METANIOB B 3aBUCUMOCTH OT TEPMOJAMHAMUYECKONW KOHCTaH-

0
TBI pacTBopuMocTH Kg, crmocoOHOCTH pacTBOPSTCS B BOJE, CYIb(PHIE aMMOHUS, KUC-
norax. Cynbduasl AensT Ha yeTslpe rpynnsl (Tabn. 14.2); B Boge pacTBOPUMBI JTUIIb

182



CYJ'IB(i)I/IIH:I MCJIOYHBIX, IICTOYHO3CMCIIbHBIX MCTAJIJIOB, aAMMOHUA. Hx BoaHEBIE PacTBO-
PBI BCJICACTBUC TUAPOJIN3ad UMCIOT IICJIOYHYIO pCAKIIUIO.

Knaccupukanus cyabGuioB MeTaiioB

Tabnuya 14.2

Cyabduusl, Cyabduasbi, Cyabduasbi, Cyabduabi,
pactBopuMble | PACTBOPHMBIE B pa30. [pacrBopumbie B HNO3|pacTBopumbie B HNO3
B BOJI€ HCI (K3) (K?) 1 (NH4)2S(K3)

Cynbdusl MnS (2,5 10 ) Ag,S (6,3 10) Ag,S; (2,0 - 10%)
IE/IOYHBIX, FeS (5,0 - 10 ™) CdS (7,9 - 10" Sh,Ss (4,0 - 10 )

IIEI0YHO3e- ZnS (1,6 - 10 %) HgS (1,6 - 10>) snS,
MEJIbHBIX Me- CoS (4,0-10%) CuS (6,3- 10™) GeS,
TailIOB Y aM- NiS (3,2 - 10) PbS (1,0 - 10 ") As,Ss
MOHHA TIL,S (1,2 10 SnS (2,5 10" Sh,Ss (1,0 - 10°7)
LayS; (2,0 10 ) Bi,Ss (10 ") MoS;

[Tomucynbduasl (nepcynbhuab) 00pa3yroTcs IpU B3aUMOACHCTBUN CEPBI C KOH-
[EHTPUPOBAHHBIMU PACTBOPAMU OCHOBHBIX CYJb(UIOB:
Na,S + S = Na,S, (mepcynbdua HaTpus)
[Momy4ensr MHOTOYHCIICHHBIC TIEPCYTb(PHABI Bomopoaa tuna H,S, (tme n = 2...23),
Ha3bIBaeMble Cylb(paHamMu. DTO KENThle MAclIsHUCThIE KUAKOCTU. C yBeTWYEHHEM
coJlep>KaHMsI Cephl OKpacka MEHsieTcsl OT kentoil no kpacHoil. Coemunenue H,S;
HazbIBaeTcs nepcynbPuaoM Bopopoaa. Cieayer OTMETUTh, YTO €r0 OKHUCIUTENIbHbBIE
CBOICTBA BBIPAKEHHI cliadee aHaiora — nepokcuia Bojgopoaa. [lepcynbduast mogodbHo
NEPOKCUIaM MPOSBISIIOT KaK OKHCIUTENbHBIE, TAK U BOCCTAHOBUTENbHBIE CBOMCTBA:!
Na,S, (okucmutens) + SNS = SnS, + Na,S
4FeS, (BoccranoBurens) + 110, = 2Fe,05 + 850,
[epcynbhuasl, Takke Kak U HEPOKCUABI, TUCIPOTOPIIMOHUPYIOT:
Na,S, = Na,S + S
B3aumoneiicTBre noaucysibQuaoB ¢ CONSIHON KUCIOTOM MPOTEKAeT MO CXemMaMm:
Na,S, + 2HCI = H,S,, + 2NaCl (npu oxnaxacHun)
Na,S, + 2HCI = 2NaCl + H,S1 + (n—1)S| (mpu KOMHATHOUW TemIiepaType)
[Tpu kunsiueHuu cyiabQUTOB C TOHKOU3MEIBUEHHON cepoil Kax bl aHUOH CYJlb-
¢uTa MPUCOCANHSIET OJUH aTOM CEpbl, M B pPe3yabTare CyIb(PHUTHI NEPEXOASIT B THO-
cyabdartel coctaBa Na,S,03 (puc. 14.2):

SO +S=

303

Na,SO; + S = Na,S,0,

o~

2—

T
,-f-S‘,"}“C}
O

Puc. 14.2. Ctpoenue tuocynshaTt noHa

OnuH U3 aTOMOB CEepbl B THOCYNIb(aT-HOHE UMEET CTETIEHb OKUCIICHUS, PAaBHYIO
—2, a Apyroit — +6, TOITOMY MOXKET BBIIIOJIHATH POJIb M OKUCIIUTEINS, 1 BOCCTAHOBU-

TCJIA.
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TuocynbdaTsl METOYHBIX METAJUIOB MOJIYYaloT AeUCTBUEM 0/la HA CMECh CYJlb-
¢buI0B U CyIbPUTOB:

Na,S + Na,SO3 + |, = Na,S,05 + 2Nal

TuocynbdaTsl B3aMMOJIEHCTBYIOT C KUCIOTAMU, OKHCIUTEISIMU:

Na,S,03 + 2HCI = 2NaCl + H,0 + SO, + S

Na,S,05 + 4C|2 + 5H,0 = Na,SO, + H,SO, + 8HCI

[Ipu neiictBumM Ha THOCYNIb(AT HATPUS HO/AA MOJIYYalOT TETPATUOHAT HATPUS CO-
craBa Na,S,0g.

Na,S,03 + |, = 2Nal + Na,S,04

JlaHHas peaknus JISKUT B OCHOBE OJHOTO M3 METOJOB TUTPUMETPUUYECKOTO aHa-
nu3a — HoxoMeTpuu. TeTpaTHoHAT HATPHsl SBISETCS COJNBbIO TETPATHOHOBOM KHCIO-
ThI — OJHOU M3 MOJMTHOHOBBIX KHCIIOT, 00Ias ¢opmyna koropbix H,S,Og (N >2);
onun umeroT crpoenue HO — SO, —(S),.» — SO, — OH, u3obpaxkénnoe Ha puc. 14.3.

O
d_ s f_on
HOT s s
O /f
O

Puc. 14.3. Ctpoenue TeTpaTHOHOBOW KUCIOTHI

Tuocynbdat HaTpust UMeeT pazHOOOpa3HOe MPUMEHEHHUE: B XMMHUUECKOM aHAIIH-
3€; MpU OTOETMBAHUU €r0 UCTIONB3YIOT KaK «aHTUXJIOP» IS yIajJeHUs XJIopa u3 otoe-
nuBaeMbIX UM TkaHei: Na,S,05 + 4Cl, + 5H,0 = 2NaHSO, + 8HCI.

Eme oaHOM 0cO0EHHOCTHIO THOCYb(AaT-HOHA SBISETCS CTOCOOHOCTH 0OPa30BbI-
BaTh B Kau€CTBE JINTAHJIOB OUYE€Hb MPOYHBIE KOMIUJIEKCHl CO MHOTMMHU KaTHOHAMH: Ce-
pebpa, Mmenu, pTyTH, CBUHIIA, KQJAMHUSI K JIp.

N3BeCTHO HECKOJIIBKO COCTUHEHUM CEPhl C KUCIOPOJIOM, HO MPAKTUYECKOE 3HA-
yeHue uMeroT aBa — okcul SO, u okeun SO3. Oxeup cepsol (IV) monmyvaroT coxuranuem
AJIEMEHTApPHOU cepbl Wi 00xkuroM muputa FeS,. On obpa3yeTcs B pslie METaUTypru-
YECKHUX MPOIIECCOB M MPU CKUTAHUU KaMEHHBIX yTJied, 4TO 3arps3HseT atMocdepy.
Oxcun SO, — OecUBETHBIM AMOBUTHINA Ta3 C YAYIUIMBBIM 3allaxOM, BBI3BIBAIOIIHIMA
paszpaxxeHue CIU3UCTON 000JIOUKH U TSKEIBIA KaIllellb.

Monekyna SO, U303J€KTpOHHA MOJIEKYJIE 030HAa U UMEET yrioBylo (hopmy. Yr-
noBoe cTpoeHust SO, 1 JoKaau3alys JICKTPOHHOU Maphl HA aTOME Cephbl OOBSICHSAIOT
MOJIAPHOCTH MOJIEKYJIBI M BBICOKYIO PEAKIIMOHHYIO CIIOCOOHOCTH oKcHia cepsl (IV).

CepHUCTBIN Ta3 XOPOIIO PACTBOPUM B BOJIE C 00pa30BaHHEM CEPHUCTOM KHCIOTHI
H,SO;. B unnuBuayansHOM BUE CEPHUCTAs KUCIOTA HE BbIJICICHA U3-3a €€ HeYCTOM-
yuBocTH. [Ipu oxnaxxaenun Hwke 0 °C U3 pacTBOPOB CEPHUCTOTO ra3a KPUCTATIIU3HU-
pytorcss TBepabie kmarparbl SO,-6H,0O, B koTtopeix Monekynsl SO, pa3MeniaroTcs
B IyCTOTax JIibJa.

s okcuaa cepobl (IV) xapakTepHa OKHCIUTEIBHO-BOCCTAHOBUTEIbHAS JBOM-
CTBEHHOCTh, OJIHAKO BOCCTAaHOBHTEIIbHBIE CBOWCTBa mMpeoOnamaroT. CepHUCTHIN ra3
o0ecIBeuynBaeT HOIHYIO BOAY U PacTBOP IMEPMaHTaHATA KAJIUS:

SOZ + |2 + 2H20 =2HI + H2804

5S0; + 2KMnOQOy + 2H,0 — 2MnSO,4 + 2KHSO, + H,SO,
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OxucauTeIbHbIC CBOMCTBA SOZ MPOABJIAKOTCA IIPU B3aUMOJCUCTBUHU C CUIIbHBIMU
BOCCTAHOBUTCIIAAMMU

SO, +2C0 XCA0: , S +2CO,

[Tpumensiercst SO, It OTOSIUBAHMSI COTIOMBI, IIEPCTH, MIENKA, I 00e33apakul-
BaHUS OBOIICXPAHWIIHIIL, TIPOU3BOJICTBA CepHOU KUCIOTHI. Kumkuii SO, nucnonb3yercs
B Ka4eCTBE HEBOJHOTO PACTBOPHUTENS IS IPOBEACHUS Pa3IUYHbIX CHHTE30B. [lyis Ta-
KO#1 ke 1eu uernosb3yercs okcoauxyiopu cepsl (1V) SOCI,.

Jltst COeMHEHHIT CO CTeNeHbIo okucieHus cepel S™ u S* xapakrepro 06paso-
Banue okcoramorenunoB: SOCI, (xnopucteiit THoHMI) U SO,Cly (XmopucTslii cynsdy-
pWIT), KOTOPBIE IMHUPOKO MPUMEHSIOT B OPTaHUYECKOM CHHTE3€. DTO SIOBUTHIC KHUIKO-
CTH C YAYIIAIOUIUM 3aIMlaXxOM, MTOJIHOCTHIO THAPOIU3UPYIOITHECS.

SOCl; + 2H,0 — H,S0O3 + 2HCI

SO,Cl, + 2H,0 — H,SO, + 2HCI

Takum 00pa3oM, XJIOPUCTHIN THOHUI U XJOPUCTBIA CYIb(PYpHI SBISIIOTCS XJIO-
pPaHTHUIPHUIAMHA CEPHUCTON U CEPHOM KUCIIOT.

CepHuCTast KUCIIOTa — JIBYXOCHOBHAsI KUCJIOTa CpeHEH CHIIbI, €€ COJU Ha3bIBa-
1oTcs cynbduramu. M3BectHsl kucibie ruapocyibdursl (NaHSO3) u cpeanue cyib-
¢uthbl (Na;SO3). CynbpUTEI MOXKHO ITOIYYUTH IO PEAKIIUAM:

SO, + NaOH — NaHSO;

N32C03 +2S0, + H,0 — 2NaHSO; + CO,

NaHSO; + NaOH — Na,SO; + H,0

CynbuThl TPOSBIAIOT KaK BOCCTAHOBUTEIIbHBIC, TAaK W OKUCIUTEIBHBIEC CBOM-
CTBa, MPUYEM OKHCIIUTEIbHBIC CBONCTBA BBIPAXKEHHI clladee.

Na,SO; (BoccranoButens) + H,O, — Na,SO4 + H,O

H,SO;3; (oxucmurens) + 2H,S — 3S + 3H,0

[Tpu HarpeBaHUM CYIb(GUTHI TUCTPONIOPIIUOHUPYIOT:

4Na,S0; —> Na,S + 3Na,S0,

Cpenn OKCHIOB XalbKOI'€HOB BaxkeH cepHbId aHTuapua SOz, KOTOPHIM MpoU3Bo-
JIUTCS B MIPOMBIIIUICHHBIX MacIiTabax KaTaauTudeckuMm okucienuem SO,. OH oOpazy-
eTcs TakXkKe NMPH TEPMUUECKOM Pa3iokKeHU! Cyab(haToB U MUPOCYIb(aTOB:

Na,S,0; —t) Na,SO, + SO;

Mounomepnsie MonekyJibl SO, MPUCYTCTBYIOIIME B Ta30BoM (paze, umeroT Gpopmy
NPaBUIIBHOTO TPEYTOJIbHUKA C TUTIOJIBHBIM MOMEHTOM, PaBHBIM HYJIIO.

Oxcuna cepbl SO3; MOMYYarOT KAaTATMTUYECKUM OKUCIeHHEM SO, KHCIOPOIOM
BO3/yXa!

250, + 0, — 250,

CepHbIi aHTUIPU]] TIPOSBISET CHUIIBHBIC OKHCIUTEILHBIC CBOWCTBA U CIIOCOOCH
npeBpallaTh yrojb B YIJIEKACIIBIN ras3.

2S0; + C =2S0, +CO,1

OxucnutenbHast ctocoOHOCTh SO3 YCHUITMBAETCS C POCTOM TEMIIEPATYPHI:

2HCI + 2S0; — SO, + Cl, + H,S0,

Dta peakins UCIONIb3YeTCs I OYMCTKH MPOMBIIIIJIEHHBIX Ta30B OT cjieaoB SOs.

Oxkcup cepsl (VI) — 10cTaTovyHO peaKIMOHHOCIIOCOOHOE BEIIECTBO, IIPEBPALIAET
OKCHJIbI MeTaJI0B B cynbdatel: Fe,03 + 3SO3; = Fey(SOy)s.
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SO; 6ypHO pearupyeT ¢ Bojioi, 00pazys CEpHYIO KUCIIOTY:

503 + Hgo = HzSO4

Bozmoskno mpsimoe oxuciienue SO, ¢ 00pa3oBaHUEM CEPHOM KUCIOTHI:

SO, + NO; + H,0 = H,S0O, + NO

Cepnas xucnora H,SO, — Tspxenas MacissHUCTas KUAKOCTb, KpailHe TUTPOCKO-
MUYHA, TTOTJIOMIAST BJIATY C BBIJCICHHEM OOJIBIIOTO KOJIWYECTBA TETUIOTHI.

Konnenrpuposannas H,SO, o0yrnmBaer opraHndeckre BemecTBa (B TOM YUCIEe
caxap, Oymary, IepeBo, BOJOKHA), OTHUMAst OT HUX MOJICKYJIbI BOJIBI:

C12H22011 — 12C + lngO

C+ 2H2804 — COZ + 2802 + 2H20

Bricokoe cpoacTBO cepHOM KUCIOTHI K BOJIE TIO3BOJIET UCIIONIB30BAaTh €€ KaK BO-
JOOTHUMAIOIIEE CPEICTBO.

B pas0aBieHHBIX pacTBOpax cepHas KHCIOTa TPOSBISET CBOWCTBA CHIIBHOTO
AIIEKTPOJIHTA.

CepHasi KuCJIOTa B KOHIIEHTPHUPOBAHHOM pAacCTBOPE SBIAETCS OoJjiee CUIbHBIM
OKHCIIUTEJIEM, YeM B pa30aBiieHHOM. [Ipu HarpeBaHMM KOHIICHTPUpPOBAHHAs CepHas
KHCIIOTa PEarupyeT co BCEMU MeTaJlJIaMH, KpOME TUTATHHBI U 30JI0Ta.

[IpoaykTamu €€ BOCCTaHOBJICHHSI B 3aBUCUMOCTH OT yCIOBUH (MIPUPOBI METa-
7a, TeMIlepaTyphl, KOHIEHTpaun) MOTyT ObITh SO,, H,S, S, Hanpumep:

Cu+ 2H2804(K0HH) — CUSO4 + SOZ + ZHZO

3Zn + 4H,S04 — 3ZnS0O,4 + S + 4H,0

4Mg + 5H,SO, — 4MgSO, + H,S + 4H,0

XoJioaHasi KOHIIEHTPUPOBAHHAS CEPHAsl KMCIIOTa IMACCUBUPYET KENE30, TOITOMY
€e TIePEeBO3SAT B JKeJe3HOH Tape. [Ipn HarpeBaHUM KOHIICHTPUPOBAHHAS CEPHAsT KUCIIO-
Ta B3aMMOJICHCTBYET CO BCEMU MeTaliamMu, kpome Pt u Au.

KonnentpupoBanHasi cepHasi KUCIOTa OKUCISET OpOMHIBI M HOIUIBI, HO HE
OKHCJISICT XJIOPHIBI:

H,SO, + 8HI — 4l, + H,S + 4H,0

H,SO, + 2HBr — 4Br, + SO, + 2H,0

CepHasi KUCIOTa IPUMEHSIETCS IS TOMy4YeHUsl yIOOpEeHUN M IPYrux XuMU4de-
CKUX MPOJYKTOB, a TAKKE OYUCTKU HE()TH U TPABIICHUS METAIIOB.

Kak cepa, Tak 1 KuCIOpOJ CIOCOOHBI 00Pa30BBIBATH TOMOSIIEPHBIE CBSI3H D—0.
[ToaTomMy cyiiecTByeT OOJIBIIIOE YHCIO KHCIOPOICOAEPKAIUX KUCIOT cepbl. HekoTo-
pBIC U3 HUX MOTYT CYIIECTBOBATh B MHJIWBHIYAIBHOM BHUJE, a APYTHE TOJBKO B BUIE
coseit. CyIecTByIOT ceMencTBa moiucepHbix KucioT: HySO, - nSO3 (puc. 14.4). Tak,
SO3, pacTBOpSISICH B CEPHON KHCIIOTE, B3aUMOJICUCTBYET C HEH, 00pa3ys TUCEPHYIO
KHCJIOTY: H2804 + SO3 — H28207.

O O O O O
1 1 [l 1 1

S S S S S

HO 7/ ~0~7] ~OH HO 7/ 07 ~07J/ “OH
o o o o O

uncepHaﬂ KHUCJIOTa TpPICGpHaH KHUCJIOTAa

Puc. 14.4. CtpoeHue MoIMCepHBIX KUCIOT
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Oneym, conepxammii 45 % SOs, sBIAETCS AUCEpHON KHUCIOTOM. KpucTtamibl
JIMCEPHOU KUCJIOTHI BECbMa IMI'POCKONUYHBI U maBsTcs npu 35 °C. Ilpu B3aumoen-
CTBHHM C BOJIOM AMCEPHAs KACIOTa IIPEBPAILAECTCS B CEPHYIO:

H28207 + Hzo — 2H2804

Kucnortsl, conepxamnme B CBOEM COCTaBE NMEPOKCUAHYIO LIETIOYKY, Ha3bIBAIOT I1€-
pokcokuciotamu: H,SOs — mepokcoMoHOCepHasi KUCIOTa, COACPKUT MEPOKCUIHYIO
rpymmupoBky HOO-SO,—OH; H,S,05 — nepokcoancepnas kuciora HO-SO,—O-0O—
SO,—OH (puc. 14.5).

O
i 5. o
= Q OH
_S.___OH HOJ/ ~0” 87
HO™f "0 0 A
o 0
MEPOKCOMOHOCEPHAs nepoKcoarcepHas
KHCJIOTa KHCJIOTa
Puc. 14.5. CtpoeHne nepoKCOKHCIOT
[TepokcocepHble KUCIOTHI — CHJIbHBIC OKHCIHTEIIH, KOTOphIE OOYIJIMBAIOT HE

TOJILKO Oymary, caxap (mo00HO cepHOM KHciIoTe), HO u napaduH. [lepokcoancepnas
KHCIIOTa TP pa30aBICHUU THAPOIU3YETCS ¢ 00pa30BaHUEM MEPOKCHIA BOIOPOIA:

HgSgOg + 2H20 - 2H2804 + H202

3acyKMBaeT PacCMOTPEHUS €lI¢ OJTHO COCAMHEHHE, B KOTOPOM CEpa MPOSBIISET
MaKCUMAaJbHYIO CTETIEHb OKUCIEHUS — TeKCaQTOpU Cephl. ITO BHICOKOCUMMETPHUY-
Has MOJIEKyJa, KoTopas uMeeT (popMy OKTa’Apa ¢ aTOMOM CEpPbI B IIEHTPE (d23p3—mn
ruOpUIn3aIui) U OTJIMYAeTCs BBICOKOM XMMHUYECKOM cTolkocThio. Ha SFg He neii-
CTBYIOT HU BOJa, HU HIENOYH, HU KUCIAOTHI. UTOOBI 3aCTaBUTh BCTYMHUTh rekcadTOpua
cepbl B XMMHUYECKOE B3aUMOJCHCTBUE, HEOOXOAMMO MPOTOHUPOBATh COCIMHECHHE Ta-
KUM 00pa3oMm, 4TOObI HAPYIIUTh UACATBHYIO CTPYKTYPY. ITO CIIOCOOEH CIeNaTh TOJb-
Ko HomoBosopona: SFg + 6HI — 6HF + 31, + S.

BceneactBue BBICOKOW XMUMHYECKOW CTOMKOCTH, a TAKKE BBICOKUX JAUAJIEKTpHUYE-
CKHMX CBOWCTB rekcadTOpHU Cepbl UCMOJIB3YIOT B KAUECTBE Tra3000pa3HOrO M30JSATOpa
B T€HEpATOPax BHICOKOTO HANPSKEHUS U JPYTUX AJIEKTPUUECKUX TprOopax.

14.4. XUMUYECKUE CBOMCTBA COEAUHEHUI CEJIEHA, TEJLJIYPA U TOJIOHUSA

ITo comep:xaHHIO B 36MHOM KOpPE CEJIEH U TEIULyp — PAacCEsSHHBIC DJIEMEHTHI,
a TIOJIOHUH — peakuit memeHT. COOCTBEHHBIE MUHEPAJIBI CEJIeHA U TEJUIypa BCTpeda-
I0TCA peaKo. Yaine Bcero OHM COIYTCTBYIOT CaMOPOIHOW CEpe W B BHUJE CEIICHUIOB
U TEJUIYpUIOB MPHUCYTCTBYIOT B Cylb(PuaHbIX pynax. [TomoHuit — npoayKT pacnajna
PaavoOaKTUBHOTO YpaHa.

B psany O — S — Se — Te — PO tun ycToi4umuBBIX MoJieKyn u3mensercs ot O,, 3a-
TEM LUKINYECKUX Sg, S€g 10 LEMHBIX CEJIEHA U TeJUTypa U 10 METAJIIMYECKOro IMO0JIO0-
HUS, KOTOPBINA MO0 PU3NYECKUM CBOMCTBAM MOXO0XK Ha CBUHELl U BUCMYT.

CeneH cymiecTByeT B BHJE BOCBMH aJUIOTPONHBIX MOAM(HKAIMM, Haubomee
YCTOMUMBOH SBISIETCS KpHCTaTnyeckass MoaupuKanus (Cepblii WM METaTTNYeCKUNA
ceisieH). Cepplii celleH — NoayNnpoBOAHUK. [101ynpoBOIHUKOBBIE CBOMCTBA IPOSIBIISIET
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TaK)Ke U KUJIKUN cesieH. [Ipu ObICTpOM OXJIaXKIEHUH PacIlIaBIEHHOTO ceieHa 00pasy-
eTcsl KpacHO-KOpH4HeBas Moaudukaius. Kpuctaimmiueckue pa3sHOBUIHOCTH KPaCHOTO
CEJICHA COCTOST U3 MUKIMYECKUX MOJIEKYN Seg, TOTIOOHBIX Sg.

Tennyp cyimecTByeT TOJIBKO B OJHOM KpPUCTAIMYECKON MoauduKaInu, I0
BHEIIHEMY BHJly HAallOMHMHAIOIIEH METaJul, HO OYeHb Xpynkuid. Temnyp obimagaer mo-
JYyNPOBOJITHUKOBBIMU CBOMCTBaMU. AMOp(HBIN Teyp MeHee yctoiuuB U npu 25 °C
IIEPEXOUT B KpUCTAIUINYECKUM. [lociieTHniA 311eMEHT IpyIIbl — MOJOHUM — METaILI,
00J1a1at0IIUNA AIEKTPUUECKON MTPOBOJUMOCTHIO.

CeneH, TeLyp U UX COETUHEHHUS SIJOBUTHI.

Cenen ¢ Bo0il M pa30aBIE€HHBIMH KUCIOTAaMU HE pEearupyerT, a TEIUIYp OKHCIs-
€TCs BOJIOU:

Te + 2H,0 = TeO; + 2H,7

[Tononwmii pearupyer KUCI0TaMu KaK METaJLI:

Po + 2HCI = POC|2 + HzT

Po + 4HNO; = Po(NO3), + 2NO, + 2H,0

[Tomo6HO ApyruM HeMmeTalllaM CeJeH W TeJULyp OKHUCISIOTCS KOHIICHTPUPOBAH-
HOUW a30THOM KHCJIOTOU 10 COOTBETCTBYIOIIMX CEJICHUCTOM U TEIUTYPUCTOM KUCIIOT:

Se + 4HNO; = H,SeO3 + 4NO, + H,0

Te + 4HNO3; = H,TeO3; + 4NO, + H,0

[Ipn kunsyeHUH B LIEIOYHBIX PACTBOPAX CEJIEH W TEJUTyp MOJ00HO cepe Auc-
MPOTIOPIIUOHUPYIOT:

3Se + 6KOH = K,SeO3; + 2K,Se + 3H,0

CreneHb OKUCIEHHUSI —2 CEJIEH W TEJUIyp HPOSBISIOT B COCAMHEHUSAX C MEHEe
ANEKTPOOTPULIATEILHBIMU 3JIEMEHTAMMU:

CCIICHHIbI: H,Se, Na,Se, CSe,

TEJLTYPHUIbI: H,Te, Na,Te, CTe,

B Boanbix pactBopax H,Se u HoTe OvicTpo okucastores:

2H,Se + 30, = 2H,0 + 2Se0,

CeneHUIbI ¥ TEIUTYPUIbI TOABEPTAIOTCS TUAPOTIUZY:

K,;Se + HOH < KHSe + KOH

CSe, + 3HOH « H,CO3; + 2H,Se

Cenenun Bogopona H,Se u temnypun Bogopoaa HyTe — rasel ¢ HEmpUSATHBIM
3amaxoM, Mo CTPYKType W cBoiicTBam HanomuHaroT H,S. B BomHbIX pacTBOpax cene-
HO- ¥ TEJUIypPOBOAOPOJ MPEACTABISIOT cOO0M KUCIOTHL. OT celeHoBOJ0poia K TEeITY-
POBOJIOPOY CHJIa KMCIIOT M UX BOCCTAHOBUTEJIbHASI aKTUBHOCTh BO3PACTAaeT.

B psny okcumoB SO, — SeO, — TeO, — PoO, nabmtonaercst ocinabieHue KUCIOT-
HBIX CBOUCTB; SE0, — kucnoTHbIN okcusl, PoO, — amdorepHsiii okcua. Okcua cerne-
Ha (IV) nerko pactBopsieTcst B Bojie ¢ 00pa30BaHUEM CEJICHUCTON KUCIOTHI:

SeOZ + Hzo = H28903

Oxcup temnypa (IV) B Bojie He pacTBOpsieTCs, HO B3aUMOJIEHCTBYET € pacTBOpa-
MU LIETOYECH:

TeO, + 2KOH = K,;TeO3; + H,0

Oxcun PoO; co mienoyamu pearupyer Mnpu CIIaBICHUH, a ¢ KUCIIOTaMHU B3aUMO-
JENCTBYeT KaK OKCHJI, 00J1aIafoInii OCHOBHBIMU CBOMCTBAMU:

PoO, + 2H,S0O, = PO(SO4)2 + 2H,0
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B ornnune ot coenuHEeHUN S+4, JUIA COEIUHEHUI Se™ u Te™ maumbonee Xapak-
TEePHBI OKUCIMTEIHPHBIC CBOMCTBA, Y€M BOCCTAHOBUTEIIbHBIC:

H,SeO3 + 2H,S05 = 2H,S0O, + Se + H,0O

Cuna xucnot B pany H,SO3; — H,SeO3 — H,TeOs ymenbmaercsa. OKUCIIS 3TH
KHCIJIOTHI 00JIe€ CUIILHBIMU OKHCIIUTEIISIMH, TIOJIYYarOT CEJIEHOBYIO M TEILTYPOBYIO KHC-
JIOTHI:

H,SeO;3 + H,O, — H,SeO, + H,O

Te + HCIO;3 + 3H,0 — HgTeOg + HCI

bessognas H,SeO, — OeciiBeTHOE HEYCTOHYMBOE KPUCTAIMYECKOE BEIIECTBO,
KoTopoe miuaButes npu 57 °C ¢ BbIAEIEHUEM KHCIOPOAA:

2H,Se0, = 2H,S5e0; + OzT

OptotennypoBas kuciora HgTeOg — OeciiBeTHOE THTPOCKOMUYHOE BEIIECTBO,
XOpOIIIO paCTBOPHMOE B BOJIC.

Cenenosas kuciora H,SeO, no cune 6amska x H,SO,, cMemmmBaeTcs ¢ BOIOH B
mo0bIX cooTHomeHusX. TemnypoBas kuciota HgTeOg 3nHaumtensHo ciabee. [lpu
HarpeBanuu H,SeO, pasznaraercs ¢ BblIeIeHHEM KUCIopoaa, modtomy H,SeO, sBis-
eTcst Oosiee CHWIIBHBIM okuciuteneMm, yeM H,SO,. D10 moaTBepkmaeTcss 3HAYCHUSMU
CTAaHJAPTHBIX IMOTEHIIMAIOB COOTBETCTBYIOIIUX OKHUCIUTEIHLHO-BOCCTAHOBUTEIBHBIX
CHCTEM:

SeO% +4H" + 2e = H,SeO; + H,0, E’=1,15B

HeTeOg + 2H" + 2e = TeO, + 4H,0, E®=1,02B

SO +4H" + 2e = H,SO; + H,0, E°=0,17B

[ToaTomMy ceneHOBast KHCIIOTA, B OTIIMYNE OT CEPHOM, OKUCIISICT COJITHYIO KHUCIIO-
Ty JIO XJIopa:

H,SeO, + 2HCI = C|2 + HzSEOg + H,0

CMech KOHIICHTPHUPOBAHHBIX CEJICHOBOW M COJITHOH KHCJIOT PacTBOPSET JIaxe
30J10TO ¥ IUIATUHY:

2H,SeO, + 4HCI + Pt = PtCl, + 2Se0O, + 4H,0

B otnmuume oT TemtypaToB, CBONWCTBA CEJICHATOB CXOJIHBI CO CBOMCTBAMU CYJib(]a-
TOB. Cyib(haThl U ceJeHAThl OJHOTUITHBIX METAJIJIOB OJIM3KU JAPYT K APYTy MO PACTBO-
PUMOCTH W KPUCTALIOXUMUYCCKOMY CTpoeHHuto. [Ipu HarpeBaHUM OPTOTEILTYpOBas
KHCJIOTa pa3jaraeTcs ¢ oopazoBanueM okcua temnypa (VI):

HeTeOg — 3H,0 + TeOs3

Oxkcup cenena (VI) momydaroT U3 cejeHaTa Kajius HarpeBaHUEM C )KUIKUM OKCHU-
nom cepsl (VI):

K28e04 + 803 = KZSO4 + Se03_

Oxkcun cenena (VI) xopomio pacTBopsieTcsi B BOJE, MPEBpaIasCh B CEICHOBYIO
kuciory. Oxenn SeO3 — CHIBHBINH OKUCIIUTENh, OKUCIIACT JaXKe OXJIAXKIACHHYIO XJIO-
POBOJIOPOTHYIO KHCIIOTY.

[TpuMmeHeHHE celieHa W TeJUTypa OCHOBAHO HAa YBCIIMYCHUU UX DJICKTPUYCCKOU
MPOBOAMMOCTH TI0]T BO3JICHCTBUEM CBeTa ((hOTOMPOBOIUMOCTH). CelleH MCIOIb3yeTCs
B OTORIEMEHTaxX U Kcepokcax. JJoOaBka celleHa K CTeKIIy W AMAJId OKPAITUBaeT UX B
KpacHbIi BeT. MHoTHe cenenuabl u Temutypunsl (PbSe, CdSe, HgSe, PbTe) ucnosns-
3YIOT KaK TOJYIIPOBOJHUKH (B TEPMOIJIEMEHTAX COTHEUHBIX OaTapei u Jp.).
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14.5. BUOJOTUYECKAS POJIb U UCIIOJIB30BAHUE B MEJUIIMHE
COEJJMHEHWI DJIEMEHTOB VA I'PYIIIbI

Oco0oe 3HaueHue Uil OpraHu3Ma UMEET KUCIOPOJ, KOTOPBIM BXOIUT B COCTaB
MOJIEKYJIbl BOJBI U MHOTUX OHMOJIOTMYECKH aKTUBHBIX coenuHeHui. Cepa sBIseTCS
CTPYKTYPHOH €IMHUIIEH MOJIEKYJI aMUHOKHUCIOT (METUOHMHA U IIUCTEHHA), TETTH]IOB,
O0enkoB U apyrux coeauHeHui. [lo copepkaHuio B opraHu3Me YeJIOBEKa KHUCIOPOJ]
U cepa OTHOCATCS K MAaKpOAJIEMEHTAM, CEJIEH — K MUKpodIeMeHTaM. M3 p-anemMeHToB
VI rpymnmsl TOABKO IS TEJUTYpa U MOJIOHHUS BOMPOC 00 3CCEHIMATBHOCTU ISl KaKUX
Obl TO HU OBLJIO (DOPM JKU3HU B HACTOSIIEE BPEMsI HE pacCMaTpUBAETCS.

B MenunuHe KUCIOPOA NPUMEHSIOT U1l YCTPAHEHHsI KMCIOPOJIHON HEAOCTATOY-
HOoCcTH (cMech Bo3nyxa u kuciopoaa 40-60 %). B nmocnennee BpeMs craja MOIMyJsp-
HOU SHTEpaibHas OKCUT'€HOTEpaIusi, KOTOpas 3aKJI0YaeTcs BO BBEICHHUH B KEIYAOK
KHUCJIOPOJHOM MEHbl B BHJIE KUCIOPOJHOTO KOKTEMIIA, KOTOPBIA MPUMEHSETCS TaKkKe
JUIS yAy4lleHHs: OOMEHHBIX MPOILIECCOB B KOMIUIEKCHOW TE€panmuu CepieyHO-COCYANC-
ThIX 3a00JICBaHHIA.

[IpumeHeHre KUCIOpoJa MO/ TMOBBHIIICHHBIM JaBICHHEM Ha3bIBaeTCs rurepda-
pPUYECKOM OKCUT€HAIMENl M HCIONb3YEeTCs MPU OTPABICHUSX YrapHbIM Tra3oM, Mpu
uH(papKTax MHOKapJa, MHTCHCUBHOW TEpamnuy TSOHKEIbIX 3a00JIeBaHUN, a TaKXkKe IS
MPOBEJICHUSI XUPYPTUUECKUX ONEPAlMii B crienaibHbIX O6apokamepax. [lpu runepOa-
PUYECKON OKCUTCHALMH YJIYYIIAETCS] KMCIOPOJHOE HACHIIICHUE TKAaHEH M FeMOJWHa-
MHUKA.

WNuranauumu Kucjaoposia MpoBOAST MpHU 3a00JIEBAaHUSX OPraHOB JIbIXaHUS (ITHEB-
MOHHH, OTEKE JIETKHX), CEPAECYHO-COCYIUCTON CUCTEMBI (CEPIEUYHON HENOCTATOYHO-
CTH, KOPOHapHOM HeN0CTaTOYHOCTH). MmeroTcs nanHbie 00 3¢ ()EeKTUBHOCTH MHTrams-
My KapOoreHa B KOMIUIEKCHOM JIeYeHMM Tiaykombl. [lo-Buammomy, ycTpaHeHue
JBIXaTeIbHON TUIIOKCHH YIIyYIIaeT THIPOJUHAMUKY TJ1a3a U 3pUTENIbHYIO (DYHKIIHIO.

Jlisg oOmeit aHecTe3ud B BUJE HMHTAISIIMOHHOIO HApKO3a HCIOJIB3YIOT CMECh
KHMCJIOPOJIa U MAJIOTOKCUYHOTO UKJIONPOIIaHa.

O30H COAEPXKUTCS B BEPXHUX CIOSAX arMoc(epbl, MaKCUMalbHAas €ro KOHIICH-
Tparys MPUXOIUTCS HA BBICOTY 25 KM. O30HOBBII €0 00pa3yeTcst U3 KUCIOpoa MmoJl
JIEUCTBUEM YIBTPAPHUOJIETOBOTO U3Ny4eHHsS coiHIA. O30HOBBIM CIOM MMEET OYCHb
BAJKHOE DKOJIOTMYECKOE 3HAYCHHUE. OH 3aJEePKUBACT KECTKOE COJIHEYHOE U3IIy4YCHHE,
JUINTEIBHOE BO3/IEHCTBUE KOTOPOTO CMEPTEIBHO ISl BCEX OPraHU3MOB.

O30H ucnonp3yercs s o0Oe33apakuBaHMs BOAbI (MYTEM O30HHUPOBAHUS), Kak
OKHUCJIUTEIh B OPraHUYECKON XUMHH, JUIsl OTOCIMBAHUS, E3UH(EKIUH.

[IInpokoe NpUMEHEHNE B MEAMIIMHE HAXOAUT MEPOKCHU] BOJOPOJA KaK aHTHCE-
Tudeckoe cpenctBo. Kpome storo, H,O, ucnonb3yercs s obe33apakuBaHUsl CTOY-
HBIX BOJ U KaK OTOeNMBaromiee cpecTBo.

Cepy ocaxJIeHHYIO0 IPUMEHSIOT HAPYKHO B BUJE Ma3€il U MPUCHIIIOK IPH Jiede-
HUU KOXHBIX 3a00JeBaHUi: cebopen, 4ecoTKH, Ticopuasa. [[elicTBue cepbl OCHOBAHO
Ha €€ B3aMMOJCHCTBUM C OMOTEHHBIMH OpPraHMYECKMMH coeluHeHUsMH. Ilpu 3Tom
BO3MOXKHO 0Opa3oBaHWE TOJUTHOHOBBIX KHCIOT (IPEUMMYILIECTBEHHO Haubosee
YCTONYMBOM MEHTaTHOHOBOM ), MPOSBISIONINX TPOTHBOMUKPOOHYIO aKTUBHOCTb.
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Cepa HaxoAWUT MPUMEHEHUE B MEAMIIMHCKON MpaKTUKE B BUJIE CyIb(}aTOB B Ka-
YeCcTBE CIAOUTENbHBIX CPEACTB (KPUCTAIIIOTUAPATHI CYIb(haTOB HATPUS U MAarHus —
Na,SO,- 10H,0, MgSO4 7H20)

[upoko mpuUMeHsIeTCsl B MEUIIMHE U APYTO€ COSAMHEHHE Cepbl — THOCYNIb(aT
HaTpus, Kak A((HEKTUBHBIN aHTUOT MPU OTPABICHUSX [MAHUIAMU U KATUOHAMU TH-
JKEJbIX METAJUIOB.

Kpome Toro, peakiust Mexay THOCYIb(PATOM HATpUs M COJIAHOM KHUCIIOTOM Jje-
JKUT B OCHOBE JICUCHUS YECOTKH.

Na,S,0; + 2HCI = 2NaCl + SO, + S + H,0

CHauana B KO)XXy BTUPAIOT pacTBOpP THOCYIb(ara HaTpHs, a 3aTeEM XJIOPOBOIO-
ponnoii kuciotel. [Ipoaykter (SO, U S) 0Ka3bIBAOT MPOTHUBOIAPA3UTAPHOE JICHCTBHE.

B nHacTosiee Bpemsi JoKa3aHa 3CCEHIMAIbHOCTh CEJeHa JUIsi MHOTMX MHKPOOp-
raHU3MOB, a TaK)Ke JUIsl BCEX MIIEKONMTAIOIIMX, BKIItoYas yenoBeka. Hemocrarok ce-
JieHa B OpraHu3Me ryOuTesneH s KapAUOMHUOIUMTOB, a 3TO MOBBIIIAET PUCK CEPICHYHO-
COCYIUCTHIX 3a00neBanuid. OAHOBpEMEHHBIN neUIUT celeHa u oja SBISETCS MpHU-
YHHOW OJHOU U3 (hopM KpeTrHH3MA. HepocTtaTok ceneHa BIUSET HA PENPOAYKTUBHYIO
¢ysakuuro. [Io3ToMy B MeMIIMHE HMCIOJIB3YIOT CEJIEHOCOEp KallUe IpenapaTsl U aH-
TUOKCUJAHTHBIE KOMIUIEKCHI JIJIsl JIeYeHUS ¥ MPOPUITAKTUKY psiia 3a00IeBaHUi.

CrnenyeT OTMETUTB, YTO MpU BbicOkMX KoHneHTpammsx (ITIK 2MF/M3) CeJICH
anoBut. Toxcuunsl u ero coeaunenus (ITAK 0,1-0,4 MF/Ms).

Tennyp v paIMOAKTUBHBINA MTOJOHUHN MPOSIBISIOT TOKCUYHBIE CBOMCTBA, 3aMeNIas
B METabOIMYECKHX MPEBpAIICHUSIX CEPY M CENEH B COOTBETCTBYIOIIUX HJICHTUYHBIX
10 CTPYKTYPE IPUPOJHBIX COCTUHEHUSX.

14.6. ©CIIOJIb30OBAHUE COEJMHEHWM SJIEMEHTOB VIA IrPyIbl
B ®PAPMAIIEBTHYECKOM AHAJIU3E

Kucnoposn sHeprudyHo moajiep>KkMBaeT TOPEHHE, MOATOMY €ro MOJIMHHOCTh YCTa-
HABJIMBAIOT MO BCIBIIIKE U IPKOMY TOPEHUIO TICIONICH JIYYUHKH, BHECEHHOU B COCY/I,
3aMOJIHCHHBINA KUCIOPOJIOM.

Bce crmoco0p! KOMMYeCTBEHHOTO ONPEIeICHUs KUCI0poa OCHOBAaHbI Ha B3aUMO-
JEUCTBUM €T0 C JIETKO OKHMCIISIOIIMMHUCS BellecTBamMu. [[as 3TOro MoxeT OBITh HC-
MOJIb30BaHa, HampuMep, Meab. Kucmopo nmponyckarT 4epe3 pacTBOp, COASPIKAIIHMA
CMeCh pacTBOPOB XJjopujia aMmmMoHus U ammuaka (pH = 9,25 + 1). Tyzna xe nomemaror
KYCOUKH MEJIHOW MPOBOJIOKU OMpPEEICHHOr0 AuaMeTpa. Meap OKHCISAETCsl KUCIOpO-
JoM, B oOpasyrommwmiicss okcun menu (1) B3aumoaecTByeT ¢ aMMHuakoMm ¢ 00pa3oBaHU-
€M SIPKO-CHHEr0 KOMIUIEKCa MEJIU:

CuO + 2NH3 + 2NH4C| - [CU(NH3)4]C|2 + Hzo

OkucnuTenbHbIe CBOMCTBA MEPOKCHUAA BOJOPOJIa UCMONB3YIOT KaK JJIsl IOJATBEP-
JKJIEHHUS ero MOJJIMHHOCTH, TaK U JUIsl KOJIMYECTBEHHOTO ompeneneHus. s moarsep-
XKICHUSI TOJIMHHOCTH K PacTBOPY MEPOKCHA BOJOpoAa M00aBISIOT pa30aBIEeHHYIO
CEPHYIO KHUCIIOT, Hou Kanust ¥ XjaopodgopM. CMech B30AITHIBAIOT, TTOCIIE PACCIOCHUS
00pa3oBaBIIUICA B pe3yabTaTe peakiMu CBOOOIHBIN HOJ OKpalIMBaeT CJIOW XJIOpO-
dbopma B (pUOIETOBBIN BET. XUMU3M IIPOIIECCa OTPAKAET CICAYIONIAS PEAKITUS:

HzOz + 2KI + HZSO4 - |2 + K2$O4 + 2H20
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YcTaHOBUTH NOJIMHHOCTh CEPhl MOXKHO TO 3amaxy okcuja cepsl (IV), o6pasy-
IOIIErocsl MpU TOPEHUH, U XapaKTepHOH cuHel okpacke miaameHu. Kpome Toro, pac-
TBOP CEPHI B TOPSYEM MUPUANHE TIPH JO0O0ABICHUN HECKOJIBKUX Karellb pacTBOpa TH-
pokapOoHaTa HaTpUsl OKPAIIMBAETCA B TOyOOH WIIM 3€JIEHBIN BT MPU KUTITYCHUU.

Jlis ucnbITaHus TOJJIMHHOCTH THOCYNb(ara HATpus U U1l KOJUYECTBEHHOTO
OTIpe/ICNICHUs] Tpernapara NCIOIb3YIOT OKHCIUTEIHHO-BOCCTAHOBUTEIBHYIO PEAKIIHIO
THOCYIh(aTa HATPUS ¢ HOJOM C 0Opa30BaHUEM TETPATHOHATA HATPHSI:

2Na,S,03 + I, — 2Nal + Na,S,0¢

TuocynbdaTt-uoH 0OHAPYKUBAIOT TAKXKe IO ONAJIECHEHINH (BCIEICTBUE BbIje-
JIEHUs Cephl) U MOSIBICHUIO 3amaxa okcunaa cepol (IV) mpu gobaBiieHnu K pacTBOpPY
npernapaTa COJISTHON KUCIOTHI:

Na,S,03 + 2HC1 — SO, + S + 2NaCl + H,0O

Kpome storo ¢ n3bpITkOM pacTBOpa HUTpaTa cepedpa THocyabdar obpasyet Oe-
JBI 0cagok THOCyb(daTa cepedpa, KOTOPHIM ObICTpO paznaraetcs. Ocagok Mpu 3TOM
KEJTeeT, 3aTeM MpHoOpeTraer Oypyr0 OKpacKy M, HAKOHEI, CTAaHOBUTCS YEPHBIM
BCIIeZICTBHE 00pa3oBaHmsl Cyabduma cepedpa:

Na,S,0; + 2AgN03 — Agzszog + 2NaNO;

2A925203 — A92503 + Agzs +2S

C pactBopom xe xinopuaa >keine3a (1) oGpasyercs puoneToBblii 0casok, 4TO
TaK)Ke MO3BOJISICT HICHTU(DUITUPOBATH THOCYIb(AT-HOH.

3Na,S,05 + 2FeC|3 — Feg(8203)3 + 6NaCl

Bonpiioe npaktuyeckoe 3HaueHHE B (papMalleBTHUECKOM aHAIIU3€ UMEET cepHas
KHUCIIOTA, TIEPOKCOKHUCIOTHI M COJIM ITHX KHUCJIOT, KOTOPBIE IIUPOKO HCIOJIB3YIOTCS
B J1a00OpaTOPHON MIPAKTUKE KAK CHIIBHBIE OKHUCITHTEITH.

OcHOBHBIE BOIIPOCHI TEMbI

1. Obmas xapakrepucTuka 31eMeHToB VIA rpynmsl.

2. Kucnopona. Knaccudukanus KUCIOPOIHBIX COETMHEHUH U UX CBOMCTRBA.

3. Cepa. CoennHeHUs cepbl U UX CBOMCTBA.

4. DreMeHTHI MOATPYIIIbI CEJICHa (CEeJIeH, TEILTYP, TIOJIOHHH).

5. buonoruyeckas poiab M UCHOJIB30BaHUE B MEIUIIMHE COEIUHEHUN 3JIEMEHTOB
VIA rpynsl.

6. Mcnonb3oBanue coequHeHuit anemMenToB VIA rpymnmbl B GapMaiieBTHUECKOM
aHause.

TecToBbIN CAMOKOHTPOJIb

1. MoHokanHHAs cepa XuMU4YeckuM KojgudectBom 0,1 Moub, oOpa3oBaHHasi
TOJIbKO OJJHUM HYKJIMJOM, COAEP:KMT B aTOMax 3JieMEHTAPHbIe YACTUIIbI KO-
Jn4ecTBoM 39,2 MoJib. YKaKUTe CHMBOJI HYKJINAA:

a) S 6) S B) $**: r) S%.
2. YKamxure HeNoJISIPHbIE MOJIEKYJIbI:
a) Ske; 0) HyOs; B) SOg; r) HZ0x.

3. Ykaxute (popMyJ1y COJIH NMEPOKCOIMCEPHOIT KUCIOTHI:

a) Na28207; 6) Na2805; B) Nazszog; F) Na28406.

4. BajeHTHOCTb, PABHYIO TPEM, KHCJIOPO/ NMPOSIBJISAET B:

a) H,0,; 6) H30+; B) HNO;; F) O..
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5. YkaxuTte BepHble YTBEePKIAEHHS:
a) B psaay SO, — Se0, — TeO, yBenuunBaeTcs MOJAIPHOCTH CBS3H;
0) MepoKCH1 BOJOPOJIa CMEIIUBAETCS C BOJION B JIFOOBIX COOTHOIICHUSX;
B) B KUCJIONW cpejie MEepOKCUIy BOJOpoAa Oosiee CBOWCTBEHHBI OKHCIHMTEIbHBIC

CBOIICTBA, a B IIEJIOYHOM — BOCCTAHOBUTEIIbHBIE;

r) sHTaNBIHs oOpazoBanus SOz paBHa —432k]/[x/Mons, a SO, — —297x/[x/Moub,
no3romy SOj sBIIsIeTCS O0JIEe MPOYHBIM OKCHAOM 10 cpaBHEHHIO ¢ SO,.

6. Ilpu BOCCTAHOBJIEHUM CEPHOM KHUCJIOTHI XUMUYECKHM KoaudecTBoM 0,04 moab
aToMbI cepbl npucoeauHuan 1,9264 - 107 JJIEKTPOHOB. YKAaKUTE NPOAYKT
BOCCTAHOBJIEHHS KHCJIOTHI:

a) SO,; 0) S; B) H,S; r) SOs.

7. Kakyio maccy pactBopa ¢ maccoBoii goaeii H;SO, 70 % M0:KHO moy4YuTh U3
240 r oseyma ¢ maccoBoii gojeit SOz 25 %7

8. Kakoii 00béM cMecH 030HA M KHCJIOPOAA ¢ OTHOCUTEJIbHON MJIOTHOCTHIO 1O
Boaopoay 20 Hy:KeH 1JIsl OJHOT0 CXKUTaHUA S am° Bojaopoaa?

9. HamummuTe MOJIEKYJSIPHbIE U HOHHO-MOJIEKYJISIPHbIE YPABHEHHUsI THAPOIH3A
cosia Na,Se mo BceM CTynmeHsIM.

10. CocTraBbTe ypaBHenue OB peakuum MeTo0M TOJypeaKUHid W paccTaBbTe
ko3 Ppunuentor: MNnSO, + H,0, + KOH —» MnO, +

OrBerbl: 1 — 0;2 —a,8,3—B;,4 —0,5—0,B,6 —B,7—362r;
8—2 ,I[M3.
3anaum U ynpaxxHeHHUst

1. Hanumwure ypaBHeHMS] XUMHYECKHUX MPeBpPALICHUI:
a) FeS —H,S — SO, —» H,SO, — NaHSO, — Na,S,0;
6) SOZ — S — HzSOg — NaH803 -y Na2803 — Na282 03
B) Na,0, — Na,CO3 — NaOH — NaHSO; — SO, — S

2. 3aKkoHYHTe ypaBHeHHS pPeakuuii U paccTaBbTe KOIPPUIMEHTDI:
a) 03 + PbS —

6) O3 + Kl + H,O0 —

B) Se + NaOH —

F) Se + HNO3; + H,O —

I[) Po + H,SO, (ko) T

e) HzOz + PbS —

)K) H202 + KMnO4 i

3) H202 + chr207 + HzSO4 —
I/l) Kgse + NaB|03 + H2804 —
K) HZS + chr207 + HCIl —

J'I) 802 + chr207 + HzSO4 —
M) TeO, + KOH —

H) H2804 (koHIL.) + Kl —

0) H,SeO, + HCl —

H) Na2803 +S —

p) Na,S; + O, —

C) HZS + SOZ + NaOH —
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T) Na,S,0; + HCI —
Y) Na,S,05 + C|2 + H,0 —
$) Na;S,03 + H,0, —
* Jlna peakumii r, e, 1 noadepure Ko3GuUUUEHTHI METOAOM IEKTPOHHO-
HOHHOTO0 0aj1aHca
3. 3akoHYMTe YPABHEHMS pPeaKINii U onpeaeuTe BO3MOKHOCTh X IPOTEeKAHUS,
HCIOJIB3YS 3HAYEHHMS CTAHJAPTHBIX OKHCJIUTEIbHO-BOCCTAHOBHUTEIbHBIX IO-
TEHIHAJIOB JJICKTPOXHMHUYECKHX CHCTEM:
1) S,0; +CIO +OH —

2) S,0% +MnO;, +H" —

2507 + 5H,0 + 88 — S,0% + 100H" E°=_0,76 B
ClO + H,0 +2& — CI" + 20H" E°=0,88B
2502 + 10H" + 88 — S,0% + 5H,0 E°=0,29B
MnO; + 8H" + 58 — Mn®* + 4H,0 E°=1,51B

4. PemmuTte 3a1a4n:

a) B cucreme ycranosuiock paBHoBecue: 250, + O,y @ 2SO3. PaBHOBecHas
MosipHast KoHtentpanus SOz pasra 0,1 mons/am°. OmnpeenTte paBHOBECHYIO MO-
JSpHYI0 KoHIEeHTpanuio O,, eciiM W3BECTHO, YTO K MOMEHTY yCTAHOBIJICHHUS paBHOBE-
cusi npopearupoaio 40 % xucnopona. (0,075 MOJIB/,ZIMg)

0) B3aumoneticteue SOz ¢ BOOH MpoTEeKaeT MO TEPMOXUMHUYECKOMY YpaBHe-
HUIO: SOs) T HyOf — HpSOy) + 130 xJx. Oxenp cepsr (VI) pactsopunnm B Boae
00béMoM 50 cm”, mpu 3TOM BhIAEIMIOCh 1,95 K/ TemnoTel. Paccunraiite MaccoByro
noiro H,SO,4 B momyuennom pactBope. (2,87 %)

B) I[loce cxxuranusi cMecu cepoBOJIOpoJa ¢ U30BITKOM KUCIOpoAa 00bEM raszo-
BOM CMECH YMEHBIIWICS Ha 67,2 e (1.y.). Kakoit 066éM oxcuaa cepsl (IV) Ob11 10-
JydeH npu cxurannd ? (44,8 mv’)

r) [Ipy mponyckaHuu YHCTOrO KHCIOpOAa Yepe3 030HATOp IUIOTHOCTh ra3a Ha
Bbixozie B 1,02 pasza Oosbine, uem Ha Bxoje. Onpenenute 00bEMHBIE TOJIM Ta30B HA
BbIX0J1e U3 030HaTopa. (96 % O,; 4 % O3)

1) Kakoit o6bem pacTBopa cynbdata xenesa (II) ¢ maccoBoit noneit 5 % u mioT-
Hoctbio 1 r/em® 1 KaKyr Maccy renrarujapata cyiabdara sxenesa (1) HyxHO B3sTh 15
PUTOTOBIICHAS PacTBOPa cyibdara xenesa (1) o6beMmom 200 cM° ¢ MaccoBoi momeit
20 % u miotHoCTHO 1,1 T/em®. (153,6 oM®; 66,4 1)

e) Kakue o6nembl oneyma ¢ o(SO3) = 60 % (p = 1,98 r/em®) u CEpPHOM KHUCIOTHI
¢ ®(H,S0,) =70 % (p = 1,6 r/cm®) HE06X0aMMO B3sTh st mpuroToBiIeHns 200 T ore-
yMma ¢ o(SO3) = 15 %. (77,5 cM® oneyma; 29,1 cm® KucIoThI)

k) Kakyro maccy oneyma ¢ w(SO3 ) = 50 % mobasmmu k Boge maccoit 100 r, ecnm
nosydeH pactBop ¢ ®(H,SO,) = 70 %? (169,7 1)

3) Kakyro maccy oxcupa cepel (VI) nyxHo pactBoputh B 300 r pactBOpa
¢ ®(HS04) =49 %, uToOsl omyuuth oeyM ¢ ®(SO3) = 20 %. (925 )
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JKCIepUMeHTaNbHasA padoTa
«MA3yyeHne XUMHYECKHX CBOICTB coernHennii VI A rpynnsn»

Leap padoThl: U3yuyeHHUE XUMHUECKUX CBOMCTB coenuHeHui VIA rpynmnsl.

PeakTuBbl: kpuctammdeckue BemectBa: KMnO,; MnO,, Na,S5,0; - 5H,0,
[IUHK, ME]Ib.

PactBopsl: 3%-HbIi pactBop H,0,, pazbasnennsie pactBopsl H,SO4 u HCI, kon-
neHTpupoBaHHbIi pactBop H,SO,, pacTBOPE pacTBOPUMBIX coneit Zn°', Mn?*, Cd**,
Pb%*, Cu?*, pactBopst (NH4),S, Pb(NO3),, Na,SOs, K,S.

Omnbit 1. IHonyuenue kucnopooa.

[Tomemtarot B cyxyto npoOupky ~ 0,5 T KpUCTAIIMYECKOTO TIEpPMaHTaHaTa Kaaus
U YKPEIUISIIOT €€ BEPTUKAIBHO B 3KMME IIITaTHBA. 3aT€M HArpeBaloT MPOOUPKY U UC-
MBITHIBAIOT BBIJICISIONIUICS ra3 TICIONIEH JTYYMHKOM. 3amuchiBalOT ypaBHEHUE peak-
UU. YKa3bIBAIOT OKUCIUTENb U BOCCTAHOBUTEI.

2KMnO, - K,MnO, + MnO, + O,

OnbiT 2. Kamanumuueckoe pazniosxcenue nepokcuoa 6000pooa.

Hanusator B mpobupky 1-2 min 3%-noro pactBopa H,O, u no6asnsitor HEOOIb-
10€ KOJIMYECTBO (Ha KOHYMKe mmarens) okcuaa mapranma (IV). Beigensromuiics ra3
IIPOBEPSIOT TIICKOUIEH JIYYMHKOM. 3alliChIBAIOT YpaBHEHHE peakuuu. Kakyroo poib BbI-
nonaser MnO; B 3T0i1 peakiuun?

2H202 - 2H20 + 02

Onpbit 3. IHonyuenue cepol.

B mpobGupke B HeOomblIOM 00BEME BOJBI PACTBOPSIOT  KPUCTAILIIUK
Na,S,03:5H,0 u npunusarot pazdasneHnbiii pactBop HCl wim H,SO,4. [TomyTHeHue
pacTBopa B MPOOUPKE MPOUCXOIUT B PE3YJIbTAaTe BHIACICHUS KOJUIOUIAHOW cepbl. OT-
MEYaIOT OKPACKy MPOAYKTa U 3aMMMCHIBAIOT YPAaBHEHUS MPOTEKAIOIINX PEAKIIHN:

Na,S,0; + 2HCI — 2NaCl + SO, + S + H,0

Na28203 + H,SO, — Na,SO, + SO, + S + H,O

Onwblit 4. Ilonyuenue u ceoiicmea cyiv(hpuooe memannos.

B nsaTh mpobupok 100aBIIsIOT MPUMEPHO IO 5 Karesib pacTBOPUMBIX COJIEH IIUHKA,
Maprasiia, KaJMusi, CBUHIIA U MeAU. B Kaxayro U3 HUX T00aBJISIOT Takol ke 00bEM
pactBopa cynbpuga aMmmonus. Coaepkumoe MpoOUpOK nepeMenuBaroT. OTMedaoT
BET 00pa30BaBIINXCS OCAIKOB. 3alMCHIBAIOT YPaBHEHHS PEAKIUN B MOJEKYISIPHON
U noHHOH (hopme. JIoOaBISIOT B KaXayr0 MpoOUpKy mo 1—1,5 mi pacTBopa COJISTHOM
KUCIOTHL. OTMEYaroT, Kakue OCaJKH pacTBOPHIUCH. OOBICHAIOT HaOIIOgaeMble sBIIE-
HUSI, UCTIOJIB3YsI 3HAUEHUS! KOHCTAHT PACTBOPUMOCTH 3TUX CYIb(UIOB.

KoHcTaHTBI pacTBOPUMOCTH Cyab(PHI0B

dopmyna ZnS MnS CdS PbS CuS
K’ 1,6:107 | 2,510 | 7,9-10°" | 1,0-10°" | 6,3-10°°

OnbIT 5. OKucaumenvhsle c60lcmea KOHYUESHMPUPOBAHHOU CEPHOU KUCTOMDbL.
B nBe mpoGupku nomemator mo 5—10 kamens KOHIEHTPUPOBAHHOTO PACTBOPA
CEpHOM KUCIIOTHL. B 0HY M3 HMX MOMEIIAIOT KyCOYeK LIMHKA, a B JPYTYH0 — MEJU.
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[TpoOupku HarpeBaroT Ha HEOOJIBLIOM IUIaMeHHU ropenku. K ra3y, BeraenstonieMycs u3
NPOOUPKU C MEbIO, MOJHOCST BIAXKHYIO CHHIOIO JJAKMYCOBYIO Oymary, a K rasy, BbI-
JENAIoIEMYCSl U3 POOUPKU ¢ IMHKOM — (PUIIBTPOBAJIbBHYIO Oymary, MpONUTaHHYIO
pactBopoM Hutpara cBuHua (II). Ilo 3amaxy ra3oB M M3MEHEHHIO OKpacKu OyMakek
OIIpeNeNSIIOT, Kakoi ra3 Belaensercsa. CocTaBisIOT YpaBHEHUS! OKUCIUTEIbHO-BOCCTA-
HOBUTEJIbHBIX PEAKLIUN.

OnbIT 6. Xumuueckue ceoiicmea cyavgpumoe.

B npobupky co cMechio IepMaHraHaTa Kajius U pa30aBiIeHHONW CEpHOM KHCIOTHI
N00aBISIOT BOJHBIN pacTBOp cynbdura HaTpus. OTMeUaroT U3MEHEHUE 1IBETa PacTBO-
pa. 3anMchIBalOT YPAaBHEHUE OKHCIUTEIbHO-BOCCTAHOBUTEIBHON pEaKUUN U ypaBHHU-
BaIOT €€ METOJIOM MOJypEeaKIMii, OTMEYAIOT POJIb CYJIb(PHUTA B pEAKLIUH.

Na,SO3; + KMnQO, + H,SO4 — Na,SO, + MnSO, + K,SO,4 + H,0
SO%+ H,0 -28 — SOZ +2H" 2 |5

MnO; + 8H" + 58 — Mn? +4H,0 |° |2

5SOZ +5N,0 + 2MnO; + 16H" = 5S0% + 10H" + 2Mn*2 + 8,0
6H' 3H,0

5Na,SO3; + 2KMnO, + 3H,SO, = 5Na,S0O,4 + 2MnS0O, + K,SO, + 3H,0
[ToBTOpSIOT OMBIT, B3B PacTBOp Cyiab(duaa Kajaus u paz0aBiIeHHON CEpHOMN KHC-
JOTBI, K KOTOPOMY J100aBIIIOT BOJAHBIA pacTBOp Cyibduta HaTpuss. OTMeUaroT, 4To
HabOmogaeTcs. 3anuchIBalOT YpaBHEHUE OKHCIUTENbHO-BOCCTAHOBUTEIILHOW PEeaKIuu
U YpaBHMBAIOT €€ MeTOJI0M noiypeakiuii. KakoBa ponb cynbdura HaTpus B peakuuu?
K,S + Na,SO; + H,SO, — S + K,SO, + Na,SO, + H,O
¥ -28—¢° 2 ‘ 2

SO* +6H"+48 > S"+3H,0 |4 |1
25 +S0?% +6H" — 2S5 + S + 3H,0
2K,S + 2Na,SO, + 3H,S0, = 3S + 2K,SO, + Na,SO, + 3H,0

JKcrepuMeHTAIbHAsA padoTa
«M3yuyeHne XUMM4YE€CKHX CBOMCTB THOCYJIb(paTa HATPHUS»

Heab padoThl: H3yueHUE XUMHUYECKIX CBOMCTB THOCY/Ib(aTa HATPUSI.
PeakTuBbI: pacTBOpHI: THOCYIb(aTa HATPHUs, CEPHON KUCIOTHI, OPOMHOI BOJIBI,
HoaHoi Bobl, xaopuaa xkenesa (III), uutpara cepedpa (I).

Onsrr 1. [leiicmeue kucnom na muocynvghpam nampus.

Buocsat B pobupky 5—6 kamenb pacTBopa TUOCyJib(hara HaTpus U 3—4 Karuu
pacTBOopa CepHOM KHUCIOThl. B pe3ynprare peakunu oOpa3yeTcs THOCEpHas KUCIOTa,
KOTOpasi pacmajgaercs ¢ 00pa3oBaHUEM MEJIKOJUCIIEPCHON cephl (BbIMaeHHE OCaIKa)
Y BBIJICJICHHEM CEPHHUCTOIO ra3a. YpaBHEHHUE peaKlMM B3aUMOJIEHCTBUS THOCYIb(aTa
HATpHs C CEPHOU KUCIIOTOMU:

Na28203 + H2804 =S+ SOQ + Na2804 + Hzo

VYKa3pIBalOT OKMCIIUTENb U BOCCTAHOBUTEIIb.
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OnbiT 2. B3aumooeiicmeue muocynvpama nampusa ¢ 6pomom (aHanocuuno
C X10pom).

B npoGupky c¢ pactBopoMm tHOCynIb(dara HaTpus (5—6 Kamenb) NpuOaBIAIOT 1O
KaryisiM OpOMHYIO BOJIy JI0 TIOSIBIICHUS OcajiKa cepbl. B ciiydyae HemocTaTka OKUCIUTE-
7151 THOCYJIb(AT OKUCTsIEeTCs A0 CylibdaTa U CBOOOTHOM cephl 10 YpaBHEHUIO:

Na,S,03 + Br, + H,O — S + Na,SO, + 2HBr
S,0% +H,0-2e¢ —SO% +S+2H"

Br, + 2e —» 2 Br~

S,0% +Br, + H,O — SO +S+2H" + 2Br

VYKa3bIBalOT, KAKON MOH Cephl BHITIOIHSAET POJIb BOCCTAHOBUTEIS.

B npobupky ¢ OpomHOI Bojoi (5—6 Kamnenb) NpuOaBISIOT MO KAIJIsIM PacTBOP
TUOCYJIb(aTa HATPUs O oOeclBEUHBaHUA OpOMHOI BOABI. B ciiyyae n30bITKa OKUCITH-
Tenst 06a aToMa Cepbl OKHCISIOTCS 10 S*:

Na,S,03 + 4Br, + 5H,0 — H,SO, + Na,SO, + 8HBr
S,0% +5H,0 — 8¢ — 2S0% + 10H"

Br, +2e —» 2 Br

S,0% +4Br, + 5H,0 — 2S0% + 10H" + 8Br~

Ounbit 3. B3aumooeiicmeue muocynvhama nampus c 1uooom.

B npobupky c #omHol Bomo# (5—6 Kamemnpb) MpUOaBISIOT MO KaIulsiM pPacTBOP
THOCYNb(aTa HATPHS 0 0OecIBEUNBAHUS HOAHOM BOjbl. Mo OKHCIseT THOCYIbdaT
JI0 TeTpaTHOHATa HaTpus (COJIM TETPATUOHOBOW KHCIIOTHI):

2Na,S,05 + |, — Na,S,04 + 2Nal

OnbIT 4. B3aumooeiicmeue muocynvhama nampusn c xaopuoom xycenesa (I11).
B npobupky ¢ 5—6 xarmssmMu pactBopa xiopuna xkenesa (I11) nobasnstoT Takoe xe
KOJIMYECTBO Kallejh pacTBopa THOCYyJb(dara Hatpus. OTMEUaOT U3MEHEHUE OKPACKH,
o0ycIoBIIEHHOE peakiueil oopa3oBaHusi koMiuiekcHoro coenuHeHus Na[Fe(S;03),].
[TpoOupky cTaBsAT B IITATUB W HAOIIOAAIOT U3MEHEHHE OKPACKH BCJIEICTBHE BOCCTa-
Hosjenus skenesa (III) mo xenesa (II) u okucnenus nauranga S;0O2° B TeTpaTHOHAT-

noH 5,07 .

OnbIT 5. B3aumooeiicmeue muocynvpama nampusa ¢ pacmeopom Humpama
cepeopa (I).

K 4-5 kammsim pactBopa HutTpaTta cepedpa (I) m1o0aBisitoT Mo KarasiM pacTBOP
tuocynbpara Hatpus. I[lpu u30bITKEe HMOHOB cepebpa oOpa3yercss Oenblii OCamoK
Ag,S,03, KOTOPBIIT CTAHOBUTCSI CHadasa >KENTHIM, 3aTeM OYpBhIM U, HAKOHEI], IePeXo-
uT B cynbdun cepedpa (I) uépuoro npera.

2AgN03 + Na,S,053 — Ag25203 + 2NaNO;

Agzszog + Hzo — AgZS + HZSO4

Ecnm B peakiuu yuacTByeT U30BITOYHOE KOJMYSCTBO THOCYJIb(ara, TO MPOUcxo-
JUT 00pa30BaHKE PACTBOPUMOTO KOMILJICKCHOTO COSIUHEHUS TI0 YPABHEHHUIO:

AgN03 + 2Na28203 — Nag[Ag(8203)2] + NaN03
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I')TIABA 15. XUMUA SJIEMEHTOB VIIAU VIIIATPYIII

15.1. OBLIASI XAPAKTEPUCTHUKA SJIEMEHTOB VIIA rPynibl
1 UX COEJUHEHUI

B noarpynny ranoreHoB BXogsT (prop, Xi0p, Opom, iof, acTaT (paguoaKTUBHBIHI
3JIEMEHT, U3Y4YEH MaJIo).

Ha BaneHTHBIX OpOUTANIAX aTOMOB T'aJIOT€HOB HAXOJUTCS MO CEMb 3JIEKTPOHOB —
JIBA HA S- U MATh Ha P-opOUTassiX. DIeKTpoHHasi (opMyIia BAJIEGHTHON 00O0JIOUKH: nsznp5.
Jlo 3aBepILeHHsI AIEKTPOHHOM 000JI0UKH (10 COCTOSIHUS, XapaKTepHOro [yl O1aropos-
HBIX Ta30B) TaJIOTEHAM HEIOCTAeT OJHOrO 3JeKTpoHa. [103TOMy rajoreHsl o0JanaroT
OOJBILIUM CPOJICTBOM K 3JIEKTPOHY U SIBIISIOTCS CUIIBHBIMU OKUCITUTEIISIMHU.

OpanHakoBO€ CTPOEHUE BHEIIHETO 3JEKTPOHHOIO CJIOS aTOMOB T'ajlOr€HOB 00Y-
CJIaBJIMBAET OOJBIIOE CXOACTBO B XMMHUYECKUX CBOMCTBAX MPOCTBIX U CIIOXKHBIX Be-
IIECTB, 00pa3yeMbIX rajoreHamH.

OnHako COIOCTaBICHHE CBOMCTB OJHOTUIIHBIX COCIWHECHHMN T'aJIOTEHOB IOKA3bl-
BAaET, YTO MEXy HUMU UMEIOTCS CYIIECTBEHHBIE pa3IMuusl. JTO CBA3aHO C U3MEHEHHUEM
aTOMHBIX PaJMYCOB U PA3JINYHBIM CTPOCHUEM BHYTPEHHUX 3JIEKTPOHHBIX 000JI0UEK.

C noselieHNEM 3apsiaa sapa B rpynne oT F k At yBeIu4uBarOTCS pagnychl aTo-
MOB. OTO HaxOJWT OTpaX€HHWE B YMEHbBIICHMM B psany F—At sHeprum moHu3zanuu
U CPOJCTBA K IEKTPOHY, NIEKTPOOTPULATEIBHOCTH, CTAHIAPTHOIO MOTEHIMAJIa BOC-
CTaHOBJICHUS JIIEMEHTHBIX FAJIOT€HOB.

JlJis TaoreHoB XapakTEPHO MHOT000pa3ne XUMHUUYECKUX COCTUHEHUN. DIIEMEHT-
HbIe TaJOreHbl (HyJeBash CTENEHb OKUCIICHHUS) MPEICTaBISIIOT cOo00il JIByXaTOMHbBIE
HEMNOJIApHbIE MOJIEKYJIbI. [IosBIIEHNE HEUETHBIX MOJIOKUTEIbHBIX CTENIEHEW OKUCICHUS
+1, +3, +5, +7 aromoB Cl, Br, I, At cBsi3aHO ¢ TEpex010M 3JIEKTPOHOB Ha d-OpOUTANIH.

15.2. XUMMYECKHE CBOMCTBA JIEMEHTOB VIIA reynmnsl M X COEJJUHEHU

Xumus Gropa UMeeT HEeNbIi Psii 0COOEHHOCTEH

1) orpaHMuYeHUE BAJICHTHBIX BO3MOKHOCTEH M CTEMEHU OKHCcacHHsS (ropa (aTom
¢bTopa He pacronaraet d-opOUTAIIMHU, UMEET JIBE CTeNeHn okuciaeHus 0 u —1);

2) GTOp — OE3yCIOBHBIN OKUCIUTEIh K BOCCTAHOBUTEIIEM OBITh HE MOJXKET;

3) HeBBICOKAsT MPOYHOCTh MOJICKYJIBI (TOpa IO CpPaBHCHHIO C MOJICKYJIaMHU
OCTAJIbHBIX TaJOTCHOB, B KOTOPHIX UMEET MECTO JIOTOJHHUTEIHHOE T-CBS3bIBAHHEC 32
CYET P-3JIEKTPOHOB U d-opOuTaneii.

B armocdepe dropa ropsT Takue cToKHE BEIIECTBa, KaKk CTEKIO (B BUIE BaThl),
BOJA:

S|02 + 2F2 — SIF4 + 02

2H20 + 2F2 — 4HF + 02

HckmounTenbHO aKTHBHO MPOTEKAET B3auMoJieicTBUE (pTopa ¢ OOIBIIMHCTBOM
npocthix BemecTB. C ¢ochopoM u cepoil pTop pearupyer yxke MpU TeMIeparype
xwunkoro Boszayxa (—190 °C). dTop okuciseT gake HEKOTOPbIE HHEPTHBIC Ta3bl (Kpo-
Mme He, Ne, Ar).

F,+S — SFs

F2 +P— PF6

F2 + Xe — XeF4
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OcranbHble rajJoreHbl TakKe OKUCIAIOT OOJBUIMHCTBO MPOCTHIX BELIECTB, OJHA-
KO TI0 Mepe YBEIUYECHHS MOPSAKOBOTO HOMEpa aKTUBHOCTH 3aMETHO YMEHBIIIAeTCsl.

XJ0p W3 MPOCTHIX BEIIECTB HE pEarupyer C KUCIOPOJOM (XOTS B HEKOTOPBIX
y4eOHUKAaX MOKHO BCTPETUTH JAHHBIE, UTO 3T PEaKIIMs BO3MOXHA IMPHU ONpeesieH-
HBIX YCIIOBUSIX), @30TOM, YTIEPOIOM, HHEPTHBIMU T'a3aMHu.

Xumuueckas akTUBHOCTh Br, u |, Beipaxena eie ciadee, ueM y ¢Topa u xjopa.
OkucnuTeNnbHbIE CBOMCTBA TAJIOTCHOB MPOSIBIAIOTCS M MPU B3aUMOJCHCTBUHM UX CO
CJIOHBIMH BEILIECTBAMHU, B KOTOPHIX MOTYT OKUCIIATHCS KaK KATUOHBI, TaK U aHUOHBI:

2FeC|2 + C|2 — 2FeCl;

HzS'l‘ |2—>S+2HI

®TOp — OOUH U3 CUIBHEHIIMX OKHCIUTENEH, BCTYMAaeT B pEaKIMIO ¢ a30THOU
U CEpHOU KUCIIOTaMU, IIPU 3TOM B OJTHOM U JPYroi peakuuud OJHUM U3 MPOAYKTOB SIB-
JSI€TCS] KUCIOPO/I.

2HNO; + 4F, — 2HF + 2NF; + 30,

HZSO4 + 4F2 — 2HF + SF6 + 202

Tak kak OKUCIHTENbHAs aKTUBHOCTh YMEHbINaeTcs oT Propa K Homy, To Ooiee
JIETKWE TaJOTEeHbI B BU/IE MPOCTHIX BEIIECTB CIIOCOOHBI OKUCIISITH TAJIOTEHU-HOHBI 00-
Jiee TSHKETIBIX TaJlOTeHOB:

Br, + 21" - 2Br + 1,

["amoreHsl CpaBHUTENBHO MajiO PacTBOPSIOTCA B Boae. DTOp HE MOXKET OBITH
pacTBOpEH B BOJIE, TaK KAK SHEPTUYHO pa3JiaraeT e¢:

2F2 + 2H20 — 4HF + 02

[Tpu B3auMOAEWUCTBUM JIPYTUX TaJIOT€HOB C BOJOW, TOMHUMO COOTBETCTBYIOIIETO
BOJIOPOJTraJIOTeHU1a, 00pa3yeTcsl KUCIOPOACOIepKalas KUciaoTa (MIPOUCXOIUT JHC-
POTIOPIIMOHUPOBAHHUE).

C|2 + Hzo (xomomas) - HCl + HOCl

3Cl; + 3H,0 (ropsuas) — SHCI + HCIO;

[Ipu pacTBOpeHHMH B BOJE XJIOp, OpOoM M 1O 00pa3yrT XJOPHYI0, OPOMHYIO
1 WOJIHYIO BOAY.

B 3aBucuMocTH oT Temmeparypsl J0OaBIsSEMON K XJIOPY MIEIOYH OOpa3yroTcs
pa3nuYHbIe TPOAYKThl PEAKLIMU: B XOJIOJHOM PACTBOPE IIEI0UN 00pa3yroTCs XJIOPUAbI
Y TUTIOXJIOPUTHI; B TOPSIYEM PacTBOpEe 00pa3yroTCsl XJIOPUIBI U XJIOPATHI.

2KOH + Cl, — KCI + KCIO + H,0

6KOH + 3Cl, —'» 5KCI + KCIO; + 3H,0
AHAJIOTUYHO XJIOPY CO IIEJI0YaMU pearupyroT Opom u Hox:

3Br, + 6NaOH —» 5NaBr + NaBrO; + 3H,0

Cpenu CoeMHEHHI TaJOTeHOB, B KOTOPBIX OHH MPOSIBISIOT CTENEHb OKUCICHUS
—1, omHUME U3 Hanbojiee BAXKHBIX B MIPAKTUYECKOM U TEOPETUYECKOM OTHOIICHUU SIB-
JISIFOTCSL TaJIOTEHOBOJOPOIbl. XUMHUUECKasi CBA3b B ra3000pa3HbIX BOJOPOIAraioreHu-
JaX KOBaJCHTHas TOJISIpHAs. DJIEKTPOHHAs Tapa, OCYIIECTBIISIONIAs CBsI3b, CHUILHO
cMelleHa K 0osiee 2JIeKTPOOTPHUIIATEIFHOMY dJIEMEHTY — TajloTeHY.

Bce ramorenoBoopoibl — OeciBeTHBIEC Ta3bl (IIPH OOBIYHBIX YCIOBHSIX), 32 MC-
KIIFoueHueM GTopoBoiopoaa, kursiimero mpu +19 °C. B mpoxiiaqHom moMenieHns oH
MOJKET HaXOJIUTHCS B )KHUJIKOM COCTOSTHUU.
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C BogopoioM (prop pearupyeT B TEMHOTE M CO B3PHIBOM. XJIOpP C BOJOPOJIOM pe-
arupyer IoJ JelCTBUEM KBAaHTOB CBETA WM IIPU HarpeBaHuu. bpoM ¢ Bogopoaom pe-
arupyeT TOJIbKO MPU HarpeBaHuw, a |, — mpu CUILHOM HarpeBaHUHU.

PactBops! ranorernoBoiopogoB HCI, HBr, HI B Boze mpeacTaBistoT co0oil Kuc-
J0Thl. B BOJIe OHM MOHU3UPYIOTCSA U TUCCOLMUPYIOT MO TUILY KUCIOT, IPUYEM B PALY
HF-HI cuna xucnoT yBenuuuBaeTcsi, YTO, B OCHOBHOM, ONPEEISETCS YMEHbIICHUEM
B 3TOM psity ipodHocTy cBsi3u H—Hal.

Oco0o mpounas cBsi3b B Mosiekyne HF, mosTtomy mmaBukoBasi KHCIOTa 3HAYH-
TeJIBHO clabee APYTrux KUCIOT. 3aMeyaTelIbHBIM CBOMCTBOM IUIABUKOBOM KUCIIOTHI 5IB-
JsIeTCsl COCOOHOCTh pearnpoBath ¢ okcuaoMm kpemHus (SiO,), BXOISIIUM B COCTaB
crexina: SiO, + 4HF — SiF, + 2H,0.

[IpuumHa 3TOro SIBIEHUA CBsI3aHA HE C CHUJION KUCIIOTBHI, & CO CXOACTBOM KHUCIIO-
ponaa u ¢propa Mo TaKUM XapaKTEPUCTUKaM, KaK paJrychl aTOMOB U HOHOB, IPOYHOCTH
o0pa3zyeMbIxX CBs3EH.

["asioreHoBOOPOABI MPOSBIISAIOT B BOJHBIX PACTBOPAX OKHUCIUTEIbHO-BOCCTAHO-
BUTCJIBHYIO JBOMCTBEHHOCTh. OkuciuTenbHbie cBoricTBa HHal mposiBistor 3a cuer
1oHOoB H', KOTOpbIE OKUCIIAIOT METAITBI, CTOSIIHE B PAAY CTAHAAPTHBIX AMEKTPOTHBIX
MIOTEHI[MAJIOB 10 BOJOPOJA.

Zn + 2HCI — ZnCl, + H,

Boccranosutenbhbie cBoiictBa HHal mposiBnstor 3a cuer nono Hal ™. IIpuuém
B psany F, Cl, Br, I BoccTaHOBUTE/IbHAS aKTUBHOCTD YBEJIUYHUBACTCS.

2KMnO,4 + 16HCIl — MnCl, + 5Cl, + 2KCI + 8H,0

DTOpUABI U XJIOPHUIBI, OPOMHIBI U HOAUIIBI B 3aBUCUMOCTH OT MIPUPOIBI SIIEMEH-
Ta B TIOJIOKUTEIHLHON CTETEHH OKHCJIEHHUS MOTYT OBbITh MOHHBIMH (OCHOBHBIMH) —
rajguibl (raJIoreHU Ibl) MEIOYHBIX U IeloYHo3eMeTbHbIX MeTaiioB (NaF, CaF,, Ki),
TOr/1a KaK rajgujbl HEMETAITIMYECKUX 3JIEMEHTOB — MPEUMYIIECTBEHHO KOBaJECHTHbIE
(xkucnotueie) (SiF4, BBrs, Ply).

BonbmMHCTBO TaMIOB XOPOIIO PacTBOPUMO B Bojie. PacTBopuMOCTh B BOJE
MOHHBIX TaJOTCHHUIOB M3MEHSETCS clieayrommum oopazom: I > Br™ > CI” > F~. Tlonu-
KEHHE PACTBOPUMOCTH B STOM DPSIy OOBSCHSETCS TeM, 4TO (PaKTOPOM, OMpPEEsIo-
UM PaCTBOPUMOCTD, SIBISICTCS OJHEPrus KPUCTAJUTMYECKOM peIIeTKH, KOTopas
C YMEHBIIEHUEM HOHHOTO Paiiyca rajJoreHa Bo3pacTaer.

KoBaneHntHbie (KUCIOTHBIE) TalUbl IPU TUAPOIIU3E CO3AAI0T KUCIYIO CPENy:

SiF4 + 3H,0 — H,SiO3 + 4HF

S|C|4 + 3H20 i " HzSIOg + 4HCI

Honnbie (OCHOBHBIE) XJIOPUIBI, OPOMUIBI i HOTUIBI TUAPOIIN3Y MPAKTUYECKU HE
MOABEPTatOTCH.

Houbl ranorenos, kpome ¢ropua wona (F), 001gama0T BOCCTAHOBUTEIbHBIMU
CBOMCTBaMH, YCHJIUBAIOIIUMIUCS B psiny oT xuopua nona (Cl7) x #iogun mony (1) mo
Mepe YBEIMYEHUS painyca aHUOHA.

Paznuunst B OKUCIUTETLHO-BOCCTAHOBUTEIBHBIX CBOMCTBAX TaJIOT€HUIOB HEIO-
CPEICTBEHHO BIUSIOT Ha MPHUPOJY MPOAYKTOB XUMHUUYECKOW PEAKIUU. ITO XOPOIIO
BUJTHO Ha OCOOEHHOCTH B3aUMOJICHCTBHSI TAJIOTEHUIOB C CEPHON KUCIOTOM:

2NaCl + H2804 (koHw.) — NaQSO4 + 2HC1T

CaF;, + H,SO, — CaSO,4 + 2HFT
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2KBr + 3H,S04 (xomy) — 2KHSO,4 + Br, + SO,1 + 2H,0

8KI + 5H,S04 (xomy) — 4K2SO04 + 415 + 151 + 4H,0

HMoHEBI TaJ0reHoB Y4acTO BXOJSAT B COCTaB KOMILJICKCHBIX COCIMHEHHUI B KaUeCTBE
JIMTAHJIOB, TaK KaK UMEIOT BaJICHTHBIC 3JICKTPOHHBIEC MAPHI.

FeF; + 3KF — Kg[FeFG]

KBr + AlBr; — K[AIBr,]

Cpemu xucnoponubix coenunenuit VIIA rpynmel HamOosibliiee 3HAYCHHUE IS
MPAKTUYECKOTO MPUMEHEHUSI UMEIOT KUCIOPOJIHbIE KUCIOTHI Xjopa U ux coiu. Kuc-
JIOPOJIHBIE KUCJIOTHI XJIOpA 3HAYUTEILHO MEHEE YCTOMUYMBBI, YeM UX COoJid. Kucnopo-
coJieprKalllue KUCIOThI rajloreHoB (Kpome (Gpropa) MOTYT OBITh MOJYUYEHBI B pEAKLUAX
JTUCIIPOTIOPIIMOHUPOBAHUS XJI0pa, OpoMa M oJia ¢ BOAOH U MIEI0YaMH.

B pesynbprare peakiuu Xxjgopa ¢ BOJOW YacTh PAaCTBOPEHHOIO XJIOpA MEPEXOIUT
B cosinyto kuciory ¥ HCIO (XJI0pHOBaTHCTYIO KHCIIOTY), KOTOpasi M3BECTHA TOJIBKO
B BoaHoM pactBope. HCIO — ciabas kuciora, comepikalias Xjaop B CTEIICHH OKHCIe-
Hug +1.

Clg + Hzo - HCI + HOCl

Conu XJIOPHOBATUCTOM KUCIOTHI — TUIMOXJIOPUTHI — CKJIOHHBI K PEAKIIUSIM JHC-
MPONOPIITMOHUPOBAHMS, @ B MPUCYTCTBHUU KaTAJIM3aTOPOB BCE OKCOXJIOPAThl OYECHBb

JIETKO pa3jararoTcs ¢ BBIAEIEHUEM KHCIIOPOAA:
2KCIO — 2KC1 + KCIO;

2KCIO X, 2KCI + O,
[Tpu HarpeBaHMM pacTBOpa XJIOPHOBATHCTOM KHUCJIOTHI MPOUCXOIUT Ooisiee Tiy-
00KO€ TUCIIPONOPIIMOHUPOBAHUE XJI0pa € IIEPEX0JIOM B CTEIICHb OKUCIICHUS +5:

3HCIO —> 2HCI + HCIO;

Obpa3yromieecss KUCIOPOACOAEPIKAIEe COeIMHEHNE HA3bIBACTCS XJIOPHOBATOU
KHUCJIOTON. DTO CUJIbHAS KUCIIO0TA, KOTOpasi B CBOOOTHOM COCTOSIHMM HE BbIJIEJICHA.

[Tpu HarpeBaHMM B MPUCYTCTBUM KaTaJU3aTOPOB XJIOPAThI (COJIM XJIOPHOBATOM
KHCJIOTBI) pa3JlaratoTcs C BbIAEIEHUEM KUCIIOPOJa:

2KC|03 — 2KCI + 02

B BoaHBIX pacTBOpax OKHUCIMTEIbHAs CIIOCOOHOCTh XJIOPATOB MPOSBISETCS
JIIIb B KACIION CPEJIE:

2KCIO; + 12KI + 6H,S0O,4 — 6K,SO,4 + 51, + 2KCI + 6H,0

[Tox neiicTBUEM CEPHOM KHCIOTHI XJIOPHOBATAask KUCIOTA IUCIPONOPLHUOHUPYET,
o0pa3ys ellie JjBa HOBBIX COETMHEHUS XJIOpa:

3HC|03 — HC|O4 + 2C|02 + Hzo

HCIO, — xiopHast kucioTa, B KOTOPO#M XJIOpP HAXOIUTCS B BBICHICH CTEIICHH
okucneHus (+7), IBIseTcs OJHON 13 HauboJiee CHIIBHBIX KUCIIOT.

Bropoit nmpoaykt peakiuu (okcuna xiopa 1V) conep ut xjiop B HEOOBIYHOM Ist
Hero crenenn okucienus +4. ClO, — HeycToilunBoe coeTMHEHUE, B BOJHOM PacTBO-
pe ClO; pa3naraercs Ha B KUCIOTHI — XJIOPHOBATYIO M XJIOPUCTYIO:

2CIO; + H,O — HCIO3 + HCIO,

Xnopucras kuciora (HCIO,), B koTOpo# XJIOp HAXOIUTCS B CTCTICHU OKUCIICHUS
+3, 9TO KUCJIO0Ta CPEAHEH CUIIBI, KOTOPAasi HE BhIJIEJICHA B UHAUBUAYAJIbHOM COCTOSIHUU
U JaXke B pa30aBIeHHBIX pacTBOpax ObICTpo pasznaraercsa. Conu XJIOpUCTON KUCIOTH —
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XJIOpUTBI — 0oJiee yCTOMYMBBI, UEM cama KUCJIOTa, P HarpeBaHUU pas3jiaraloTcs Ha
XJIOpaT U XJIOPHJI:

3NaClO, — 2NaClO; + NaCl.

Jlpyrue rajoreHsl Takxke o0pa3yroT OKCOKUCTOTh. CBOMCTBA MX B IEJIOM aHAJO-
THYHBI OKCOKHCTIOTaM XJiopa. Tak ke Kak U XJIOpHOBaTasi KUCJIOTa OpOMHOBAaTas KUC-
norta (HBrOs) u itiognoBatas kuciaora (HIO3) sBistoTCs 10CTaTOYHO CHIILHBIMU OKHC-
JUTENISIMU, B CBOOOJHOM COCTOSIHUM HE BBIJIETICHBI, CYIIIECTBYIOT B PACTBOPE.

B psany ot x7a0pHOBaTOM K HOJHOBATOW KUCJIOTE KUCIOTHBIE CBOMCTBA HECKOJIBKO
ocnabeBaloT, a YCTOMUHUBOCTh, HA00OPOT, MOBBIIIAETCS.

AHUOHBI 3TUX KUCHOT (OpoMaThl M HOJaThl) BECbMa YCTONYMBBI, IIOATOMY HUX
MPOU3BOJIHbIE OOBIYHO 00pa3yloTCs B BOJHBIX PACTBOpaX MpHU JACWCTBUH Ha COEIUHE-
HUs1 Opoma ¥ ojja CUIIbHBIX OKUCITUTENEeH:

Br2 + 5C|2 + 6H20 - 2HBI‘03 +10HCI

15.3. BUOJIOTHYECKAS POJIb U UCIIOJIb30BAHUE B MEJULIUHE
COEJVHEHW VIIA TPYIIIIBI

[To copepxaHuio B opraHU3Me XJIOp OTHOCUTCS K MaKpOdJEeMEHTaM, B TO BpeMs
KaK OCTaJbHBIE JJIEMEHTHI 3TON TPYIIbl SBISIOTCS MHKpOdJIEMEHTaMH. [ alioreHs
B BUJE Pa3NUYHBIX COCAMHEHWA BXOIAT B COCTAaB TKaHEW 4YeIOBEKa M >KUBOTHBIX.
XJ0p U 0/ OTHOCATCSI K HE3aMEHHMBIM dJIEMEHTaM, a OCTalIbHbIC SBIISIOTCS MOCTO-
SSTHHBIMHM COCTaBHBIMH YaCTsIMU TKaHEH.

B opranmusme Bce raqioreHsl HAXOASITCS B CTETIEHH OKUCICHHS —1.

CoenunHenust pTopa KOHIEHTPUPYIOTCS B KOCTHOM TKaHU, HOTTSX, 3y0ax. B co-
ctaB 3yooB BxoauT okoio 0,01 % dtopa, mpuyem Oobinasi 4acTh MPUXOAUTCS HA
9Majb, YTO CBSI3aHO C MPUCYTCTBHEM B HEW TPYyAHOPACTBOPUMOIO (QTopamnaTuTa
[Cas(PO,4)sF]. HemoctaTok ropa B opranu3mMe MPUBOIUT K Kapuecy 3y00B.

OO6oraiieHre TUTHEBOW BOABI PTOPOM MPUBOTUT K 3HAYUTEIHBHOMY CHUKCHHIO
3a00J1€BaeMOCTU HAceJeHUsl KaprecoMm 3y00B. DTOpUpOBaHUE MUTHEBON BOJIBI OCY-
IIECTBISICTCS 100aBICHUEM K HEM OMPEeIeTIEHHOTO KOJIMYeCcTBa PTopuIa HATPHSL.

B opranusme uenoBeka cogepxkurcs npumepHo 100 r xiopa. Xnopua-uoHbl Ur-
paroT BAXHYIO OMOJOTUYECKYIO POJIh: aKTUBHUPYIOT HEKOTOpbIE (PEPMEHTHI, y4aCTBYIOT
B MOJICP>)KaHUM OCMOTHUYECKOTO PaBHOBECHSI.

Ku3zHeHHO HEOOXOAMMBIE XJIOPUI-UOHBI HE 00JaJal0T TOKCUYHBIM JCHCTBHEM,
B TO BpeMsI KaK 3JIEMEHTHBIN XJIOP — BBICOKOTOKCUYHBIN ra3.

XopUI-nOH UMEET ONTUMAJILHBIN paanyc JJIs MPOHUKHOBEHUS Yepe3 MeMOpaHy
KJIeTOK. IMEHHO 3THM OOBSICHAETCS €r0 COBMECTHOE y4acTHE C HOHAMH HATpUS U Ka-
JUsl B CO3/IaHUM OIMPEAEICHHOTO OCMOTHYECKOIO JABICHUS U PETyJISIIIUU BOAHOCOJIE-
Boro oomeHna. CyTouHasi moTpeOHOCTh XJopuaa HaTpus coctaBiser 5—10 r. Xiopun
HaTpusi HEOOXOIUM JJis BBIPAOOTKU COJSTHOM KHUCJIOTHI B kenyake. [lomumo BakHOM
POJI COJITHOW KHCJIOTHI B MPOIIECCE MUIIEBAPCHUS OHA YHUUYTOXKAET pa3jIMdHbIe 00-
JIE3HETBOPHBIE OakTepuu (Xoiepshl, Tuda).

Ecau B s)xenynok ¢ 607bITUM KOJTUYECTBOM BOJIbI TIOTIAAAI0T OAKTEpUHU, TO BCIICI-
CTBUEC pa30aBJEHUsS COJITHAS KUCJIOTAa HE OKa3bIBAe€T aHTHMOAKTEPHATHHOTO JEHCTBHS,
U OakTepuy BBDKUBAIOT. [[03TOMY BO BpeMs SMUIEMUIl OCOOCHHO OMAacHa HEKHIISYE-
Has Boja. [Ipu HeTOCTaTOUHOM KOJIMYECTBE COJSIHOM KUCIIOTHI B KEIYyJIKE MMOBBIIIACT-
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csa pH u HapymaeTcs HOpMalbHOE MUILEBAPEHUE, UYTO TSHKEJIO OTpa)kaeTcs Ha 370po-
BbE UEJIOBEKA.

HauGonpmmit npaktudeckuii uarepec mpencrasisier Ca(ClO)Cl — xmopnas
(OenmiibHAs) U3BECTh, CMEIIAHHAS KaJbI[MEBAsl COMb. JTO OEINBI MOPOIIOK C PE3KUM
3araxoM, SIBJISIFOIIUICS CHUJIBHBIM OKHCIUTENIEM, MPUMEHSIONIMICS KaK Ae3uH(UIIN-
pyrolee, oTOeIMBaIOLIEE CPEICTBO.

Ilox meyicTBMEM YIJIEKHCIIOTO ra3a, COAEPIKAILEToCs B BO3yX€, XJIOpHAask U3BECTh
pasnaraercs, Beiaenss xjiaop: CaOCl, + CO, = CaCO; + Cly1t

Brigensromuiics XJI0p pearupyeT ¢ OpraHMYeCKMMH BellecTBaMH, Oiarojaps
YeMy XJIOpHAsl U3BECTh IIMPOKO MPUMEHSETCS B CAHUTAPHBIX LEISIX KAK JA€3UHPUIIH-
pytolee CpeacTBo.

Haubonsiiee conepkanne 6poMa (B opraHu3Me uYejIoBeKa) XapaKTepHO IS TH-
nogusa. buonoruueckas posb OpoMa HEJOCTATOUHO BBISICHEHA.

Honbl OpoMa JErKo BCACHIBAIOTCS B KENYJAO0YHO-KHIIEYHOM TPAKTE, TOKCUY-
HOCTh 3TUX MOHOB HEBBICOKA, HO OHU MEIUIEHHO BBIBOJSATCA U3 OpraHu3Ma U MOTYT
HaKaIuIMBaThCS.

Haubonee uyBcTBUTENBHON K OpoMy sBIeTCS HepBHas cucrema. Mo Opoma
NEHCTBYET YCTIOKaMBAIOIIE TIPU MOBBIIIEHHON BO30YIUMOCTH.

Mo OTHOCHTCS K YHCITy HE3aMEHMMbIX GHOTCHHBIX 3JIEMEHTOB, €0 COCMHCHHS
UTpalOT BaXXKHYIO pOJib B Ipolieccax oOMeHa BemecTB. VMIMeroTcss naHHbIE, YTO HOJ
BJIMSIET Ha CUHTE3 HEKOTOPBIX OEIKOB, )KUPOB, TOPMOHOB. B opranusmMe uenoBeka co-
JIEPAKUTCST OKOJIO 25 Mr ioja. [louTu Bech 1o, coleprKaliuiicss B IMIMTOBUIHON Keje-
3€, HaXOJUTCS B CBSI3aHHOM COCTOSIHUM — B BHJI€ TOPMOHOB, U ToJIbKO 1 % ero Haxo-
IIUTCS B BUAE HOAUI-UOHA.

XUMHU3M aHTUCENTHYECKOT0 U JIe3MH(PUITUPYIOMIETO NEeHCTBUS 0ja BO MHOTOM
aHanoruueH xjopy. Tak, HoJ, MogoO6HO XJI0py, 3aMelaeT BOAOPOIHBIE aTOMBI y aTo-
MOB a30Ta B MOJIEKYyJIax O€JTKOB MUKPOOPIraHM3MOB, UTO MPUBOJUT K UX THOEIH.

15.4. UCHIOJIb30BAHUE COEJJUHEHUM VIIA IrPYIIIbI
B ®PAPMAIIEBTUYECKOM AHAJIN3E

B ¢apmanuu Heopranmyeckue JeKapCTBEHHBIC BEIIECTBA MPOU3BOJIHBIE rajore-
HOB JIEJISITCS HA 2 TPYIIBL.

K nepBoii rpynne mpuHaiexar npenapatbl cBOOOIHOro (B MOJIEKYJISIPHOM CO-
CTOSIHMHU) TajioreHa — Woja. JleiicTBMe TakuX MpenaparoB, KaK HM3BECTb XJIOpHas
(meiicTByro1IE€ BEIIECTBO — KAJIBIUS XJIOPUA-TUIIOXJIOPUT) U XJIOPAMUH OCHOBAHO Ha
BbIJIEJIEHUU MOJIEKYJISIPHOTO rajoreHa — xisopa. [Ipenapatbl cBOOOHBIX TajJOreHOB
MIPUMEHSIOT B KAYECTBE aHTUCEIITUKOB.

Ko BTOpo#l rpynmne OTHOCATCS KHCIJIOTa XJIOPOBOAOPOJHAS WU JIEKAPCTBEHHBIC
CPEJNICTBA, SIBJISIOLIUECS COJIIMU TaJIOT€HOBOAOPOIHBIX KUCIOT (KaJlis U HATPUSI XJIO-
puAbl, OpoMUabI U HOaUABI, HATpUs GTOpH).

IMopnuuHOCTE MOAQ MOATBEPKIAAOT PEAKIMEN BOJIHBIX PACTBOPOB JIEKAPCTBEH-
HOTO BELIECTBA C KPaXMaJloM, B pE3yJIbTaTe KOTOPO 00pa3yeTcsi CHHEE OKPALIMBaHHE.

KonuyecTBeHHOE ompezelneHne iona B Ipenapare MNPOBOIAAT TUTPOBAHUEM
HABECKH CTaHJAapPTHBIM PACTBOPOM HATpHs THOCYNb(aTa:

|2 + 2Na28203 — 2Nal + Na28406
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Brinenstommiicss XJ10p MOKHO OOHAPYKUTH IO PEAKIIUN C KaJIUi HOTUIOM:

Cl, + KI — |, + 2KCI

DapMakONEeWHON METOJUKON KOJWYECTBEHHOTO OMPEICICHUS] KUCIOTHI XJIOPO-
BOJIOPOJIHOM SIBJISICTCS aJIKAIUMETPHS.

15.5. XUMHUYECKUE CBOMCTBA 2JEMEHTOB VIIIA rPynn U X COEJUHEHUIA

B rnaBnyro noarpynmy VI rpynnsl BXogaT renuii, HEOH, aproH U 3JIEMEHTHI
ceMelcTBa KPUITOHA: KPUTITOH, KCEHOH, PaJIOH.

Atombl anemenToB VIIIA moarpynmbl MMEIOT 3aBEpIICHHYIO KOH(PHUTYpAIIUIO
BHEIITHero d1ekTpornoro ciost: 1s° (He) u ns’np® (ocrasHbie snemMenTsI Tpymms). ITo
ATOM MPHUYMHE JAHHBIE AIEMEHTHI B Ta3000pa3HOM COCTOSHUH OJHOATOMHBI. DIIEMEH-
THI XapaKTEPU3YIOTCS HHU3KOW XUMHUYECKOW aKTHBHOCTBIO, YTO M Jaj0 OCHOBAaHHE
Ha3BaTh UX OJIATOPOJIHBIMU Ta3aMH.

Bce Onaropoansie ra3sl mpUCYTCTBYIOT B artMmocdepe. Kcenon u pamon —
Hanboiee peAKNe U3 DIIEMEHTOB 3TOH Ipynmbl. PamoH sSBIsSETCS MPOAYKTOM PaguOaK-
THUBHOTO pacrajia ¥ caM HeCTaOuJIeH.

3aBepIICHHOCTBIO AJIEKTPOHHBIX 000J0YEK OOBSICHSETCS Majias MOJsIpU3ye-
MOCTb, XUMUYECKasi HHEPTHOCT.

Bo3moxkHO o0pa3zoBaHue cOeIMHEHUN OJarOpoJIHbIX Fa30B 3a CYET KOBAJEHTHBIX
CBsI3€H MpH MEepeBOJie X aTOMOB B BO30YXJICHHOE COCTOsIHUE (KpOME Teliis U HEOHa,
y KOTOPBIX HET CBOOOIHBIX d-opOuTaeii).

[Ipu 3TOM BO3MOXXHO 0Opa3oBaHHWE COCAMHEHHH, B KOTOPBIX aTOMBI OJIaropo-
HBIX Ta30B UMEIOT BaJE€HTHOCTH +2, +4, +6 1 MakcuMaiabHO +8.

Bo30y>kaenue sierye Bcero OCyIIECTBHUTH IS PaJIOHa U TPYAHEE BCETO IS aproHa.

B Hacrosimiee BpeMs B OCHOBHOM M3yd€Ha XMMUS KCEHOHA, B HEKOTOPOl cTere-
HU — KPUIITOHA U PaJIOHA.

KceHoH, KpUnToH, pajioH pearupyroT co GTOpoM U MPOSBISAIOT CTEIIEHU OKUCIIe-
HUSE OT +2 710 +8 (TIpu 3TOM 00pa3yrOTCsS COOTBETCTBYIONIHE (QTOPHIBI).

XeF,, XeF,, XeFg

Krk,, Krk,

RnF,

[To oTHOMmIEHNUIO K BOJIE PTOPUABI KCEHOHA TIPOSIBIISIOT aKIETITOPHYIO aKTHBHOCTB:

XeF,; + H,O = XeOF, + 2HF (pH < 7)

XeF6 + Hzo = XeOF4 + 2HF

dTopuapl KCEHOHA CKIOHHBI K AUCIIPOIIOPIIMOHUPOBAHUIO, YTO MO3BOJISET JIETKO
MEPEeXO0UTh OT HU3MNX (PTOPUIOB K BBICIIIUM:

2XeF2 = XGT + XeF4

XeF4 = XeT + 2X€F6

Coenunenust kcenona (V1) o0magaroT OKUCIUTEIHPHO-BOCCTAHOBUTEIBHOM JIBO¥-

CTBCHHOCTBHIO:
Xe(OH)s + 6KI + 6HCl — Xe + 31, + 6KCI + 6H,0

OKHCIIHUTCIb
Xe03 + 03 + 4NaOH — Na4X606 + 02 +2H20
BOCCTAHOBHUTCIIb KCCHAT HATpHUA

['enuii, HEOH, aprOH HE BCTYMAIOT B XUMHUYECKOE B3aUMOJICHCTBHUE JJaxke cO (Propom.
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15.6. BHOJIOTHYECKAS POJIb I HCIIOJIb30BAHUE B MEIMIIUHE
COEJUHEHMIA VIIIA I'PYIIEI

JIt000onBITHO (PU3MOIOTHUECKOE AEHCTBUE TSKENBIX MHEPTHBIX T'a30B. bbuio n0-
Ka3aHO, YTO CMEChb HMHEPTHBIX Ta30B C KHUCJIOPOJOM SBISETCS HApPKOTHKOM Oolee
CWJIBHBIM, YE€M aJIKOT0JIb WJIM HEKOTOPBIE IIUPOKO U3BECTHBIE CHOTBOPHBIE BEIIIECTBA.

Ha npaktuke HapKOoTHYECKOE NEHCTBUE OJIArOPOIHBIX Ia30B MPU OOBIYHOM J1aB-
JIEHUM CWJIBHO OTPAHMYMBAETCA MX MaJIOM pacTBOPUMOCTBHIO B Boje. OnHAKo, yeM
BBIIIIE NApPLHUAIBHOE ABJICHUE W aTOMHAas Macca MHEPTHOIO Ias3a, TEM CHIIBHEE €ro
NEeUCTBUE.

Panon HaxonuT mpuUMEHEHUE B PaJMOTEPANNH B KaYECTBE MCTOYHUKA O-YACTHII
pH 00JIyYEHUH B METULIMHCKUX LIEJIAX.

KceHoH oka3biBaeT BpauaM LIEHHYIO IIOMOIb B JHATHOCTUKE psaa 3a007IeBaHUM.
OH CIyXUT KOHTPACTHBIM BELIECTBOM IpH dHLEedanorpapuu. Y KCeHOHA KaK y aHe-
CTE3UPYIOIETO BEUIECTBA €CTh PAJ JOCTOMHCTB: OH HE BOCIIAMEHSETCS, HETOKCHYEH,
MOKET JJOJIIO XPAaHUTHCS. PaiMOaKTHBHBIA KCEHOH HCIOJIB3YETCA Ul AMATHOCTHKHU
OIlyXO0JIel CIMHHOT'O MO3ra. Peructpupyromniuii paguoakTuBHOCTb IPUOOP Onpeesiser
JIOKQJIM3AIMI0 PaIMOAKTUBHOIO T'a3a U, TEM CaMbIM, PACIOJIO)KEHHUE OIYXOJIU.

OcHoOBHbIE BONIPOCHI TEMBI:

1. Xumuueckue coiicta 3nemeHToB VIIA rpynmnel U ux coeMHEHUI.

2. buonmornveckas poib ¥ MpUMEHEHUE B MeauinHe coenuuernii VIIA rpynmsr.

3. [Ipumenenune coenuneHuit anemeHToB VIIA rpynmer B dapmarneBTruueckom
aHaJus3e.

4. Xumnueckue cBoicTBa 3neMeHToB VIIIA rpynmnel u ux coeuHeHui.

5. buonoruveckas poJsib 1 npuMeHeHUe B Meaunnae coeaquuennit VIIIA rpymmsi.

TecToBBIN CAMOKOHTPOJIb

1. B kakmux rpynnax Bce BellecTBa, GopMyJibl KOTOPBIX MPUBeIEeHBI HIKE, pea-
THMPYIOT C COJIIHOM KHCJIOTO:
a) Cu(OH),, ZnSO,4, AgNO3;
0) NaHCOs, NaBr, Hg;
B) MnOZ, CaC03, SlOz,
r) Cr(OH)3, Nas[Al(OH)¢], Fe.
2. YKaxXuTe BbIpa:KeHHsI, B KOTOPBIX WIET pedb 0 rajioreHaX — MPOCTHIX Belle-
CTBax:
a) TaJIOTCHbI UMCIOT XapaKTEePHBIN PE3KUH 3aax | SBJISIOTCS BECbMa TOKCUYHBIMH;
0) 6e3 propa HEBO3MOKHO HOPMAIBHOE Pa3BUTHE KOCTHOTO CKEJIETa YeIOBEKa,
B) HEZIOCTATOK #0712 B BOJE M NHIIE CHMXKAET BHIPAOOTKY TOPMOHA IIUTOBHIHOU
KEJC3BI;
I') TAJIOT€HBl XOPOIIO PACTBOPSIOTCS B OPraHUYECKUX PACTBOPHUTEISIX, XYXKE —
B BOJIC.

3. 3nauenue pH B 0,001 M pacTBOpe 6pOMBOIOPOAHOII KHCJIOTHI PABHO:
a) 3; 0) 11; B) 12; r)2.
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10.

Ykaxkure COOTBETCTBHE MEKIY peareHTaMM M BHEIIHUMH 3(PPekTaMu HuX
B3aMMO/IeHCTBUI1 B BOAHOM pacTBope:

1) AgNO; + Cly; a) BBIJICJIICHHE Ta3a;

2) AgNO; + KClI,; 0) BBIMaicHHEe Oyporo ocajka;
3) AgNO; + KBr; B) TIOSIBJICHUE 3€JICHOW OKPACKH;
4) AgNO; + Nal, T') BBITIQJICHUE OEIOT0 OcCaaKa;

1) BBIMQICHUE CBETIO0-KEITOT0 0CA/IKA;
€) BBINAJCHHUE KEJITOr0 OCaIKA.
IIpu mpokaJMBaHUM XJIOpaTa Kajus B NpUCYTCTBHHM Kataam3atopa (MnO,)
oOpasyercs:
a) XJIOPHJI KaJlusl U KUCIIOPOJ;
0) TUTIOXJIOPHT KaJIus U XJIOp;
B) XJIOpUJ U NIEPXJIOpAT KaJus;
I) IEepPXJI0paT Kajaus U O30H.
BBuay BBICOKOH peakKIMOHHON AKTHUBHOCTH ()TOpa ero moy4aT MCKJIIOYH-
TeJbHO:
a) OKHCJIeHHEM (TOPHUA-UOHOB CBOOOAHBIM XJIOPOM;
0) PJIEKTPOIU30M PACTBOPOB (HTOPUIIOB,;
B) DJIEKTPOJIM30M PACIIaBOB (PTOPHIOB;
T') 3JIEKTPOIN30M KHCIOPOJ COAECPKAIIUX COJIeH PTopa.
PacTBOp, mMoJIiy4yeHHbIH PacTBOPEHHEM XJIOPA B XOJIOJAHON BoOJe, COACPKUT
YaCTHLbI:
a) C|O37, le, H+, H,O0;
6) CIO_, CI_, Clz, H+, H,O0;
B) ClIO3, CI', OH", H,0;
F) C|027, le, Clz, HZO
Ykaxkure cxemMbl peakumii, NpOTeKaHHe KOTOPbIX B BOJHOM PacTBOpe HEBO3-
MO’KHO:
a) KBr+1, —»
0) KBr+ Cl, —
B) KCl + 1, —
r) KCI + Br, —
CousiHasi KHCJI0TA B3aMMO/AEHCTBYeT ¢ Ka)K/IbIM BellleCTBOM B pPsAIax:
a) HaTpHil kKapOOHAT, KaJIbLUK TUIPOKapOOHAT, IMHK, aTFOMUHUNA OKCHUJL;
0) 6epronerosa conb, Meab(l1)-okcun, ceunen(l1V)-okcun, xenesa(Ill)-ruapokcu;
B) KaJIU{ TUAPOCYIBPUT, KAl OpOMUJI, KOHII. CEpHAasi KUCIO0TA, KAJbIUH HUTPAT;
r) mapraner(l1)-okcu; kanapimii kKapOOHAT, HATPUN CHIIUKAT, AMMHUAK;
1) MaJlaXHT, JOJOMUT, OEPTOJIETOBA COJIb, TUIABUKOBAs KUCIIOTA.
ATOMBI XJIOpa NMPOSIBJISIOT CBOWCTBA M OKMCJIUTENsS, U BOCCTAHOBUTEJIA NPH
B3aUMOAEHCTBUAX:
a) C|2 + NH3 —
6) Cl, + H,0 —25°C,
B) Cl, + NaBr —
r) Cl, + NaOH —
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OrBerbr: 1 —r;2—a, r;3—a;4—1-r, 2-r,3-n0,4-e;5—a; 6 —B; 7 — 0;
8—a,B,1;9—a,0,1,1,10—0,Tr.

3anauu U ynpaskHeHust

1. ITpu obpadotke 15,5 cmecu Ca(OH),, CaCO; u CaSO, consHON KHUCIOTOU
Betemiock 1,12 am® rasa (1.y.) u ocranock 6,80 T HEpacCTBOPUBIIETOCS OCTAaTKa.
Haiinure maccoByto nomto Ca(OH), B cmecH.

Omeem: 23,9 %.

2. O0pa3ery xele3a mpopearupoBall C COJITHON KUCIIOTOM, a APYroi odpaserr xe-
Je3a Takou ke Macchl — ¢ XyopoM. Oka3zanock, uto Macca Cl,, BcTynuBIero B peak-
uio, 6ombiire Maccel HCI Ha 3,35 r. Onpenenute Maccy keiesa.

Omeem: 5,6 1.

3. Cmecoh, copepxanryto KF u KBr, pactBopuiu B Boze. K oHoit monoBuHe pac-
TBOpa nobasmim u3obITok CaCl,, momyummm 15,6 ocanka; K qpyroi MPHIHIA H30BITOK
pactBopa AgNOg, Bemano 18,8 ocagka. Onpenenure MaccoByro noito KF B ucxoanon
CMECH.

Ortser: 66,1 %.

4. N36wITOK xsopa npomnyctuin yepe3 200 r ropsiuero pactsopa KOH. [pu pas-
JIO’)KEHUU OJHOW M3 MOJICUEHHBIX MPHU 3ToM colied nmonyumu 4,00 11 (H.y.) Kuciopoja.
Kakoii 6s11a maccoas nonst KOH B pactBope?

Otsert: 0,2.

5. ITo okoHuaHuu XjopupoBaHus Bogopoaa odovemHuas nois Cl, B cmecu ¢ HCI

cocraBiisieT 20 %. Halinure 00beMHBIE JOJIU ra30B B UCXOJHOM CMECH.
Otser: 0,4 Hy; 0,6 Cl,.

6. Cl, —» KClO3 — KCl — HCl — Cl,
7. KMnO, — Cl, —» KClO3— KCl — CI,
8. NaCl — Cl, — Br, — FeBr; — Fe(OH);

JKCcNepuMeHTAJIbHAs padoTa
«H3yuenue cBoiicTB 3j1eMeHTOB VIIA rpynnbi»

Heab padoThi: 03HAaKOMUTHCS ¢ peakuusamu sneMeHToB VIIA rpynnel u Bius-
HHUEM pa3IMYHbIX (PAKTOPOB HA 3TU PEAKIIMH.

IIpudopsl 1 peakTussbl: ctakasbl (100 min); mpoOUpPKHU; CIMPTOBKA; CTEKIISIHHBIE
najgouku; cyiabdat xxenes3a (I1); cynmpdar xpoma; xjaopua HATpUsS; OPOMH KaJHs; UO-
T Kausi; TUXpoMaT Kanus. PacTBOpbl: aMMHaKa; XJI0pHas BOJa; TUIPOKCH]T HATPUS
(0,1 M); HuTpara cepebpa; cepHasi KHCIIOTA.

Ounbit 1. Okucnenue uona ncenesza (11) xnopom.

B nBa crakana HanmuBaroT pacTBop cyibdara sxenes3a (l1), B mepBbiii cTakaH Jo-
OaBISAIOT AMCTUILTUPOBAHHYIO BOJY, BO BTOPOW — XJIOPHYIO BOZy. 3aTeM B 00a cTaka-
Ha TPWIMBAIOT PAaCTBOpP aMMHaka. B mepBoM cTakaHe BBINAZAeT OCaJ0K THMAPOKCHIA
xkenesa (Il), a Bo BTopom — ocanok ruapokcuaa xenesza (111). OrmeuaroT nBet ocan-
KOB M 3aIMCHIBAIOT YPABHEHUS PEAKIIHIA.

FeSO4 + 2NH3 : Hzo — FG(OH)zl + (NH4)2804

2FeSO,4 + 6NH; - H,O + Cl, — 2Fe(OH)3| + 2NH,CI + 2(NH,4),SO,
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OnbiT 2. Okucaenue uona xpoma (111) ¢ xpomam-uon xnopuoit éoooii ¢ uie-
JIOYUHOIL cpeoe.

B mpobupky BHOCsT 1-2 karum pactBopa cynbdarta xpoma (I11) Cry(SO,)s,
T00ABJISIOT KPETIKHUA pacTBOP IIEIIOYN JI0 PACTBOPEHUST 00pa3yIOIIErocs OcaaKka U H3-
OBITOK XJIOpHOW BOJBI. HarpeBarot comepxkumoe npooupku. HabmrogaroT nepexo 3e-
JICHOTO I[BETa B KeNThIA. [10 HOHHBIM CXeMaM MPOLIECCOB COCTABIISIIOT MX MOJICKYIISP-
HBIC YPaBHEHHUS.

Cr¥ + OH™ (u36.) — [Cr(OH)°]*~

[Cr(OH)¢]™ + Cl, + OH™ — CrO,~~ + CI~

OnbIT 3. Kauecmeennvle peakyuu Ha 2a102eHUO-UOH.

Buocat B Tpu mnpoOupku mo 3—5 Kameinb pacTBOPOB CIEIYIOUIUX COJICH:
B repByIo npodupky — xsopuna Hatpusi NaCl, Bo Bropyro — Opomunia Harpus KBr,
B TpeTbto — noauna kamusi Kl. B kaxmayro npoOupky 106aBisioT mo 1-2 kamnu pac-
TBOpa HUTpaTa cepedpa 0 BHIMAJCHUS XapAKTEPHBIX TBOPOKHUCTHIX OCAIKOB Tajiore-
HUJ0B cepedpa. OTMEUarOT LIBET OCAIKOB.

OnbIT 4. Boccmanosnenue ouxpomama Kanus 2ai02eHUOAMU.

B Tpu npoOupku BHOCAT 1o 2—4 KaIjiu AUXpoMara Kajus, MOJKUCIEHHOrO 2 H.
cepHoit kuciaoton (1-2 karum). J{o6aBmstoT mo 2—3 KaIuiyd B MEPBYIO MPOOUPKY pac-
TBOpA MOAMA KaJIHs, BO BTOPYIO — CTOJBKO K€ KaKOT0-IM00 OpOMH/Ia U B TPETHIO —
xJiopya Hatpus. PacTBOpbl nepeMemmBaOT YUCTOM CTEKIISIHHOM MAJIOYKOM. B kakom
CJly4ae BOCCTAHOBJIEHHE JUXpOMAaTa He MPOU30LLI0?

3anuchIBalOT YPABHEHUS NPOTEKAIOIIMUX PEaKIMil, yUUThIBasA, YTO AUXPOMAT Ka-
TIUs, BOCCTaHABJIMBAsCh, mepexoauT B cyibdat xpoma (II1). Kak usmenunace creneHn
OKHCJIEHHUSI COOTBETCTBYIOUIMX rajgoreHoB? Yrto mpu stoM Habmoganock? Kak usme-

HSIETCSI BOCCTAHOBUTEIIbHAS CTIOCOOHOCTD ranoreHua-uonos (Cl-, Br, 17)?
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