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YUYEBHO-YYETHASA KAPTA

CTyJICHTa rp. hapmareBTHUECKOTO (PaKyIbTETa
(®.1.0.)
Yueb. Jlara Ouen- IMoanucy | Jlara
Hee- Tema 1a00paTOPHOIO 3aHATHS npemnoga- | orpa-
3aHATHSA Ka
J9 BaTeId 00TKH

1. |BBenenue B mpakTukyM. O0Iue BONMPOCHI aHAa-
JUTHYECKON XUMHHU. XMMHYECKHE MeTOoAbl 00-
HApY:KeHHsI KATHOHOB MEePBOM — TPeTheil aHAJIu-
THYECKMX TIPyNNn KATHOHOB MO KHCJIOTHO-
OCHOBHOM KJIacCU(PUKAIUH.

Jlabopamopuaa paboma: Peaxyuu oOHapydicenus:
KamuoHOo8 nepeoti-mpembell aHaIumu4ecKkux 2pynn
1O KUCTIOMHO-0CHOBHOU Klaccupurayuu

2. |Xmmnuyeckoe paBHoBecue. I[IpoTosuTHYecKHe
paBHoBecHus. BydepHbie cucreMbl. XuMHUYecKHe
MeTOAbl O0OHApPY/KeHUS] KATHOHOB 4YeTBepTOoOil —
IEeCTOH AHAJMTHYECKHX IPyNI IO KHCJIOTHO-
OCHOBHOM KJIacCH(PMKAIIMH.

Jlabopamopuaa paboma: Ananuz cmecu KamuoHo8
mpemuveti-uecmol aHaltumu4yeckux 2pynn no Kuc-
JIOMHO-0CHOBHOU Kaaccugurayuu. Ananuz cmecu
KamuoHoe

3. |PaBHOBecHsI KOMILIEKCOOOpa3oBaHus. XUMHUYe-
CKHMe MeTO/IbI 00HAPYKCHUSI AHMOHOB.
Jlabopamopuaa paboma: Peaxyuu oOHapydcenus
AHUOHO08. AHAIU3 CMecU AHUOHO8

4. | PaBHOBeCHSI «0CAI0K — PACTBOP». AHAJIN3 CMeCH
HEN3BEeCTHBIX BelleCTB.

Jlabopamopuasa paboma: Ananuz cmecu Heusgecm-
HbIX 8euyecma

5.  |OKHCIUTEJbHO-BOCCTAHOBUTEIbHbIE PAaBHOBe-
cusl.

KonTposbnas padora Ne 1: «KauecTBeHHBIN aHa-
JIU3 HEOPTaHWYeCKuX coenuHeHuil. OCHOBHBIE TH-
IIbl PAaBHOBECHI B PacTBOPAx: MPOTOJUTHYECKHE
paBHOBECHsI, PaBHOBECHS KOMIIJIEKCOOOpa30BaHus,
pPaBHOBECHSI  «OCAJIOK-PACTBOP», OKHCIUTENbHO-
BOCCTAaHOBUTCJIBHBIC PABHOBCCH A

6. |IIpobooTdop U mpodonoaroroBka. I'paBumerpu-
yecKHH METOoA aHaJJIn3a. AHaauTHYECKAss XUMHUSA
n xemoMerpuka. Crarucrmuyeckass o0padoTKa
JAHHBIX

Jabopamopnasa paboma: OnpedeneHue cooepoica-
HUSL KPUCMATL02UOPAmMOo8 Cyibdama MacHus 6 Gbl-
danHoMm obpazye




Yueo.
Hee-
JIA

Tema 1aGopaTopHOro 3aHATHS

Jara
3aHATHS

Onen-
Ka

IMognucek
npemnoaa-
BaTes

Jara
oTpa-
00TKM

TurpuMmerpuyeckue MeToAbl aHaAu3a. Buabl
JaboparopHoii mocyabl. KwuciaoTHO-0CHOBHOE
TuTpoBanue. KomiiekcoHoMeTpuueckoe THT-
poBaHue.

Jlabopamopnaa padoma: Kucnommuo-ocnosnoe
mumpoganue pacmeopos HCI, NaOH, coneu am-
MOHUL U cMecu KapOoHama u 2uopokapooHama
Hampus

OcaguresibHOe THUTpPOBaHWe. MeToabl OKHCJIH-
TeJbHO-BOCCTAHOBUTEIbHOT0 TUTPOBAHMSI.
Jlabopamopuaa padoma: Cmanoapmuszayus pac-
meopa muocynsgpama nampus. Hooomempuueckoe
onpeoeieHue nepoKcUda 8000pooa

KonTpoasnas padora Ne 2: «KoymuecTBEeHHbIH
aHanus. I'paBumerpusi, Tutpumerpusi. CraTuctuue-
ckas 00paboTKa pe3yabTaTOB aHATH3aY.
HHcTpyMeHTaIbHBIE MeTOAbI aHaau3a. O0wmas
XaPaKTePUCTHKA CHEKTPOCKONNYECKHX METO10B
aHaJmM3a

10.

AOCOpOIIMOHHBIE U IMUCCHOHHBbIE METOIbl AHA-
Jm3a.

Jlabopamopnaa  paboma: Domomempuyeckoe
onpeodenenue xcenesa (111) 6 euoe muoyuanamnoeo
KOMNIeKca

11.

Xpomartorpaduyeckue meroabl aHanausa. I'aso-
Basl M KMIKOCTHAsi XxpoMaTorpadusi.

Jlabopamopuaa paboma: Onpedenenue npupoovl
sewecmea MemoooM MOHKOCIOUHOU XPoMamozpa-

duu

12.

OO0mas xapakTepucTHKa M KJaccupuKanus
3J1eKTPOXMMHYECKHX METO0B aHAJIU3A.
Jlabopamopunaa padoma: Ilomenyuomempuueckoe
onpeodenenue pH pacmeopos. [lomenyuomempuye-
cKoe ompeoelienue KOHYEHMpayuu Xiopo8ooopoo-
HOU U OOPHOU KUCIOM HPU UX COBMECMHOM Npu-
Cymcmeuu.

KonTposbnas padora Ne 3: «DPuzuxo-xumuuec-
KM€ METOJbl aHalIM3a M UX NMpUMEHEHue B ¢apma-

OEBTUYCCKOM aHAJIN3EC»




TPEBOBAHMSI, IPEABABJISAEMBIE KA®EJIPOU K CTYJIEHTY

1. CryneHT q0/17KeH BBINOJHATH NPABUJIA TEXHUKH 0€30MACHOCTH B ayJUTOPUAX Kaden-
PBL, BBIIOJIHATH NIpaBuiia BHyTpeHHero pacnopsaka YO BI'MY.

2. Ha nabopaTOpHBIX 3aHATUSAX CTYAEHT JOJDKEH OBbITh B Xajare, UMETh TeTpajb JUIsl BbI-
MOJTHEHUS U 0()OPMIIEHUSI TPOTOKOJIa Ja00paTOPHBIX PadoOT.

3. IlpomymieHHble 3aHATHS OJKHBI ObITh OTPa0OTaHbl B T€UEHUE 2-X HeJesdb Mocjie Mpo-
MnycKa.

4. Bo Bpems pabOTHI B JJaAOOPAaTOPHOM IMPAKTUKyMe HEOOXOAMMO COOIIOAATh ITUCHUILIAHY
U TIOPSIIIOK, 32 MOJIAEP )KaHUE KOTOPBIX OTBEYACT JSKYPHBIH 110 TPYIIE U CTAPOCTa FPYIIIbI.

5. 3ampenaercss BHOCUTh B yUEOHBIM IPAKTUKYM BEPXHIOIO OEXKILY.

6. Kaxnplii cTyneHT JomkeH padoTaTh Ha 3aKPEIUICHHOM 3a HUM pabouem mecte. Ilepexon
Ha Jipyroe pabouee MecTo 06e3 pazpeleHts IperoiaBaTess He JOIyCKaeTcs.

7. 3anpeuniaercs NpUHUMATh MUILY U HAITUTKH, BKJIIOYas OyTUIMPOBAHHYIO BO/Y, B Y4€OHOM
IIPAKTUKYME.

8. Pabouee mecTo ciemyer copepkaTh B YACTOTE M MOPSIKE, HE 3arPOMOXKAAsi €ro MoCTo-
POHHUMM IIpEIMETAMHU.

9. B y4eOHOIT ayTuTOpUU 3ampeniacTcs BHITIOJHEHHUE JTIOOBIX IKCIICPUMEHTAIBHBIX PadoT,
HE CBSI3aHHBIX C BBIIIOJIHEHUEM y4e€OHOI0 3a/1aHusl.

10. 3amperniaercs BHIOIHATH J1a00paTOPHBIE OMBITH B OTCYTCTBHE MPENOJaBaTelsl.

11. Ilo okoHYaHUM PabOTHl HEOOXOAUMO BBIMBITH JIA0OPATOPHYIO MOCYy, HABECTH HOPSI0K
Ha paboyem mecTe.

12. Bce Bompochl M0 TEeXHHMKE O€30IacHOCTH, BO3HMKINME B Ipolrecce paldoThl, cilexyer
HEMEJUICHHO BBLICHUTH y TIpenojaBaTess Wik JabopaHTa.

C tpeboBanusMH Kadeapbl 03HAKOMIICH(a) 201 r.

(TIoTHCH)



JIABOPATOPHOE 3AHSITHUE Ne 1

TeEMA: BBEJIEHUE B IPAKTUKYM. OBIIIUE BOIIPOCHI AHAJIMTUYECKOM
XUMHUN. XUMHNYECKHUE METO/IbI OBHAPYKEHUSA KATUOHOB
MEPBOM - TPETBEA AHAJIMTUYECKHUX I'PYIIIT
MO KHCJIOTHO-OCHOBHOM KJIACCUPUKAIINA

Ieau 3anaTus:

— chopmuposams 3nanusa o npaBwiaXx pabOThl B XUMUYECKOH J1abopaTopuu, npuemMax Bbl-
MOJTHEHUSI AaHATMUTUYECKUX PEaKIHii; O KIaCCH(PHUKAIMK BHIOB aHAJIN3a U METOJIOB aHATUTHYECKON
XMMHHU; O CUCTEMaTHYECKOM M ApoOHOM aHanu3e KaTHoHOB Il aHamuTHueckux rpymnm nmo kKuc-
JIOTHO-OCHOBHOM KJIacCU()MKALMU; O BIMSHUU MOHHOM CHJIBI HA aKTUBHOCTB 3JIEKTPOJIUTOB; O KOH-
CTaHTaX XMMUYECKOI'O paBHOBECHUS,

— npuodpecmu ymenusa BHIYMCICHUS MOHHOW CHIIBI pACTBOPOB M K03()(PUIIMEHTOB aKTHBHO-
CTH; MPOBEJCHMS peakuil oOHapyxeHus kaTuoHoB [-1l aHanuTHYecKUX rpymil; BHIIOJIHEHUE aHa-
nu3a cMecu kaTnoHoB [-III aHanuTHYecKux rpym.

1.JInTepaTypa
[1] C. 6-15, 68-87, 178-208; [2] C. 16-40; [4] C. 4-6, 27-57; [5] C. 6-30.

Teopernyeckue BONPOCHI A5 MOATOTOBKH K 3aHATHIO

1. IIpaBuna paboThl B XUMHYECKOM JTaOOpaTOPUH

2. Ilpeamer, 3aJauu ¥ OCHOBHBIC TOHATHS aHAIWTHYECKOW xumuu. Kiaccudukanust BUIOB
Y METOJIOB aHAIMTHYECKON XHUMUHU.

3. Tunsl knaccuuKayy KaTHOHOB: CYNb(QHIHAS, KUCIOTHO-OCHOBHAs, aMMHadHO-(hocaTHasL.

4. Peakuu obHapyxeHus kaTuoHoB [-Ill anmamuTudeckux rpynm mo KUCIOTHO-OCHOBHOU
kjaccupukanuu. J[poOHbI MeTO1 aHAIN3A.

5. Cucrtematnueckuil MeTos aHanu3a. AHanu3 cMecu kaTuoHoB I-1ll ananuTHueckux rpymmn
M0 KHCJIOTHO-OCHOBHOM KJIAaCCH(HUKAIIHY.

6. AKTUBHOCTb U KO3 (PHUIINEHT aKTUBHOCTH, HOHHAsl CHJIa pAaCTBOPOB.

OcHoBHBIE pacyeTHbIe GOpPMYJIbl, HEOOXOAMMBIE IIPU MOATOTOBKE K 3aHATHIO.
HonHas cuita pacTBOpa pacCYUTHIBAETCS MO (hopMyIIe:

1] 2

rae | — nonHas cuna pacTBopa (mOoApa3yMeBaeTcsi MOJIb/J, OOBIYHO €€ 3HAYEHUS! MPUBOAATCS 0e3
yKa3aHHUsl pa3MEpPHOCTH MOTY4YE€HHOW BenuuuHbl), C — KOHIEHTpauus MOHA, MOJIb/J, Z — 3apsi]
HOHA.

KoadduuneHT akTHBHOCTH (TEPMOINHAMHYECKUH):

y= o
-

C
rae Y — Kod(p(HIMEeHT aKTUBHOCTH; 0 — AaKTUBHOCTh (T€pMOJMHAMHUYECKas KOHIIEHTpAIus),

MoJIb/11; C — KOHIIEHTpAIHsl, MOJIb/II.
[MpenensHoe ypaBHenue J{ebas—Xrokkens (Boimonusercs qo 1< 0,01):

gy =-Az2T,

rae A — ko3 UIUEHT, 3aBUCSIINA OT TEMIIEPaTypbl U MIPUPOABI PACTBOPUTEIIS, €T0 IUIJIEKTpUYe-
ckoit mponunaemoctu (4 = 0,511 npu T = 298 K, naBinenun paBHOMY aTMOC(HEpHOMY).

! Crmcox nmureparypel eM. Ha c. 83.



Pacmmpennoe ypasaenue Jlebas—Xtokkens (Boimosnsiercs mpu 0,01 < 1 <0,1):

AZ-Z\/T
lgy=———%=.
1+ Bav/l

riae B-a — ko3 durmenT, BO MHOTUX CITydasiX KOTOPBIH MOYHO MPHHATH PAaBHBIM 1;
VYpasuenue [IdBuca (0,1 <1 <~1):

|gy=—Azf[%—o,2-|}

[Tpoussenenue 0,2:1 yautbiBaeT HEKOTOpPbIE (HAaKTOPHI, BIUSIOMINE HA KOAPPHUIIMEHT aKTUBHO-
CTH, TaKue KaK 00pa30BaHKME HOHHBIX Iap, N3MEHEHHE AUAJICKTPHUECKON MPOHULIAEMOCTH pacTBOpa
10 CPABHEHUIO C PACTBOPUTEIIEM U T. JI.

IIpuMmep pelieHus1 TUIIOBOM 321244

Venosue z3aoauu. PactBop comepskut 0,02 M HCI u 0,02 M NaCl. Paccunrarh aKTHBHOCTB
xatuonos Na* u H' (H30)" B pactsope.

Pewenue. Kucnora XJ10pucToBOIOPOAHAS M HATPUS XJIOPHUJ SIBJSIFOTCS CHUIIBHBIMU 3JIEKTPO-
JUTaMH, TIOATOMY JIUCCOLIMUPOBAHBI B PACTBOPE MPAKTHUECKHU Haleno. Toraa KOHIEHTPalluid HOHOB
OyayT paBHBI:

C,.=002M;C .=002M;C,  =0,02M+0,02M=0,04 M.

Jlnst GMHAPHBIX 3JEKTPOJUTOB, 00Pa30BaHHBIX OJHO3APSIHBIMA MOHAMHU, HOHHAs CHJIa COB-
[1aJ1aeT C ~CyMMOW UX MOJISIPHBIX KOHIICHTPALMM.
Torna, mociue nMoacTaHOBKM 3Ha4eHUH B GOPMYITy JUIsl pacyeTa HOHHOM CHIIBbL, IOJTy4aeM:

1] 2 1 2 2 2
Iz—%Cizi :E CH+ZH++CNa+ZNa++C Z =0, 04.

2 ClI- CI”
C y4eTroMm MOTy4eHHOTO 3HAYCHHs] HOHHOW CHJIIBI JJIs pacueTa KOd(PPHUIIMEHTOB aKTUBHOCTH
HMOHOB OYJIEM UCIOJIB30BaTh PaclIUpeHHOE ypaBHEHHE [[e0as—XoKKes.

Jlns ruapatuposarHoro nona Na* panuyc nonHoit armochepst a = 4 A, 3Hauenne xo>pdu-
nuenra B = 0,328, Torna:

lgy,,. =—Az’ 10,04 = -0,511.1.£ =-0,081;
2 1+0.328-4-./0,04 1,26

Y, =107 =0,83;
a,. =Y, -C,. =083-0,02=0,0166.

+ o
Jlns ruppatuposanHoro npotona H3O" pamuyc nonnoii armocdepst a = 9 A, Torna:

lgy,. = —Azi2 /0,04 = —O,511-1-£ =-0,064;
1+0.328-9-/0,04 59

y,. =10°% =0,86;

a, =Y, -C, =0,86-0,02=0,0176.

H



IInceMeHHBIE 3aJaHUs
3amosHnTe TaOIUIIBL:

Hepeaﬂ anaiumuvyeckas cpynna KamuoHoe

Ompene-
JIIEMBII
KaTHOH

Pearent

YpaBHeHHE peaku U 0COOCHHOCTH
ee MPOBeICHUSI

AHanmutnaecknit

ekt

Li*

Na,CO3

Na,HPO4

NaF

Na*

K[Sb(OH)s]

METOKCH(EHUII-
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UHK-YpaHUII-
anerar

Naz[Co(NO)e]

NaH C4 H406

Nang[Cu(NOZ)G]

NH4"

NaOH

pEaKTuB
Heccnepa

Bmopa;z anaiumuvyeckas cpynna KamuoHoe

Ompene-
JISIEMBIHN
KaTHOH

Pearenr

YpaBHeHHe peaKkuuu u 0COOEHHOCTH
€C MMPOBCACHUA

AHaIUTHYECKUI

ad ekt

Ag’

NaOH

NH3

NaCl

NaBr

Nal

K,CrOy4

Na;HPO,

dbopMmanbaerua

Pb*

NaOH

NH3

NaCl




Ompene-
JISIeMBIN
KaTHOH

Pearent

YpaBHEHHE peaKIui U OCOOCHHOCTH
ee MpOoBeICHUs

AHaIuTHYECKUil

ad ekt

NaBr

Nal

KoCrOy

2+

H92

NaOH

NH3

NaCl

Nal

K>CrOq4

SnC|2

Tpemb}z anajiumuveckas cpynna KamuoHoe8

Ompene-
JISIeMBIT
KaTHOH

Pearenr

YpaBHEHHE PeaKLIUN U OCOOCHHOCTH
ee MPOBEACHUS

AHaIuTHYEeCKU

ad ekt

ca*

H2S04

Na,CO3

NH.C,0,4

K4[Fe(CN)g]

I'muokcanb-6uc-
(2-rumpoxcuanu)

Srt

H2S04

Na,CO3

NH.C,0,4

POIM30HAT
HaATpUS

Ba2+

H2SO04

Na,COs

NH4C,04

POIM30HAT
HaTpHs

K>CrOg4

chr207, pH 5




JIABOPATOPHAS PABOTA

AHAJIMTUYECKHUE PEAKIIMMA KATHOHOB IIEPBOM — TPETHEM
AHAJIMTUYECKHUX I'PYHII IO KUCJIOTHO-OCHOBHOM KJIACCU®PUKAIIAU

3ananuga:

1. BeinonHUTE MpEUIOKEHHBIE HI)KE PEeaKIMU OOHApyKEHHsl KaTHOHOB IEPBOM — TpeTbel
AHATTMTUYECKHUX TPYIIII.

2. 3aKOHUYUTE CXEMbI PEAKIM C yKa3aHHUEeM yclIoBMH uX mpotekanus (pH, Temmeparypa, ka-
TAJIM3aTOPBI) U paccTaBbTe, IlIe HEOOX0IUMO, KOIPHUIIMECHTHI.

3. YkaxuTe aHanutudeckui 3¢pdext kaxaoi peakuun (U3MEHEHHE LBETa, BbIAZCHUE Ocal-
Ka, BBIJICJICHHUE Ta3a U JIp.)

1. Peakunu oOHApPYKeHUS] KATHOHOB NMEPBOH AHAJIMTHYECKOI TPYNIbI (Li+, Na*, K, NH4+)

Onpenenenne katuona Li'

Peakuusa ¢ nampusa 2uopoopmogpocghamom. B npobupKy BHOCAT 3 KaIlju pacTBOpa COJIH
autus (1), mpruOaBIsIOT CTONBKO K€ Kareilb KOHIIEHTPUPOBAHHOTO PAaCTBOPA aMMHaKa 2(”‘) u 5 Ka-
nenb pactBopa Na;HPO, (9). Uepes 5 MunyT Bbinagaet Oeiblii METKOKPUCTAIIMYECKUAN 0CaT0K:

Li* + HPO,> + OH —

Onpenesenne kaTuona Na*

Peaxuusn ¢ kanusa zexcazuopoxcoanmumonamom (V) (kanus nupoanmumonamom). B mnpo-
oupky BHocsT 3 Karuti pactBopa NaCl (46) u 2 xarum pactBopa K[Sb(OH)g] (*). Cmecs Bbiaep u-
BalOT HECKOJIbKO MHUHYT, a JAJisl YCKOPEHUS DPEaKIMH MOTHPAIOT BHYTPEHHHE CTEHKH MPOOUPKU
CTCKJSIHHOW Tayioukoi. HaOmromaroT BeIafcHHE Kpucmaniuveckoeo (He amopgHoro!) ocanka

Na[Sb(OH)g]:
Na* + [Sb(OH)e] —

Mukpoxpucmannockonuueckasn peakyusa ¢ yuHKypanunayemamom. Ha npenmerHoe crek-
70 HaHocsT Karuio pactBopa NaCl (46), cerka ynapuBaroT 10 Hayajga 00pa3oBaHus O€Noi KaeMKU
0 KpasiM KaIlIM U NpUOaBISIOT KAILTIO pacTBopa NUHKypaHwianerara (*). Uepes 2 MuH Habirona-
0T T10J] MUKPOCKOIIOM 00pa30BaHME KENThIX OKTadJPUUYECKUX U TETPAdIPUUECKUX KPUCTAIIIOB!

Na* + Zn[(UO,)3(CH3CO0)g] + CH3COO™ + H,O —

Onpenenenne katnona K*

Peaxkuus ¢ nampusa zexcanumporxooansmamom (111) (nampus robanemunumpumom).
B nipoGupky BHOCST 2 KaIlld KOHIICHTPUPOBAHHOTO PACTBOPa COJIM Kayus (4) U 2 Karii CBeXenpu-
TOTOBJICHHOTO KoHIeHTpupoBaHHoro pactBopa Naz[Co(NO2)s] (*). Beimamaer kentbiit ocamok
NaK3[Co(NO2)s]. Ecnu ocanok He oOpa3yercsi, TO MOTUPAIOT BHYTPEHHHUE CTCHKH MPOOUPKH CTEK-
JITHHOM MaJ04YKOM:

K* + Nas[Co(NO2)s] —

Peaxyusn ¢ nampusa zuopomapmpamom. B nmpoOupKy BHOCAT 3 KaIlJld pacTBOpa COJIH KaJlvs
(4), 2 xarmn pactBopa kuciaotsl BuHHOM (10) u 2 karmu CH3COONa (20) 1 moTuparoT CTEHKH Mpo-
OMPKHU CTEKJISTHHOM Majioukoi. Yepes HEKOTOpoe BpeMsi o0pa3yeTcs: Oeblii KpUCTAITMIECKUN oca-
JIOK KaJMi-HaTpuil TapTpara (Kajauii-HaTpuil BAHHOKHUCIIOTO):

K" + NaHC4H,05 —

2 PeaKTHBBI, OTMEUCHHBIE 3BE310UKOIT (*), HAXOLSITCS B BHITSDKHOM MIKady.
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Onpenenenne katnona NH,"

Peaxuusn ¢ peakmusom Heccrepa — cmecwio pacmeopa kanus mempaiiooomepkypama (1)
¢ Kanua 2uopoxcuoom. K 2 xarism pactBopa conu ammoHust (7) nmpubaBisioT 2 Karjid peakTHBa
Heccnepa (12). Beinagaet aMmopdHbIi KpacHO-OyphIii 0CaI0K:

NH," + [Hgl]* + OH —
2. Peakuuu oGHApY/KeHHs1 KATHOHOB BTOPOIi aHAIMTHYecKol rpynnbi (Ag”, Pb*", ngz+)

Jeiicmeue zpynnoeozo peazenma. Bonubiii pacTBop KucioThl xjopuctoBogopoaHoi (HCI)
OCaXXaeT U3 BOJHBIX PACTBOPOB KAaTHOHBI BTOPOM aHATMTUYECKON IPYMIbl B BUAE OCAIKOB Mayo-
pactBOpuMBIX B Bojie xsopuoB: cepedpa AgCl, pryru (1) Hg2Cl, u cunna PhCl,.

Onpenenenne kaTuona Ag’

Peaxuusn ¢ kanus xpomamom. B npodupky BHocaT 2 kamu pactBopa AgNO;3 (13), mpubas-
sttt 1 karuto pactBopa KoCrOy (18). Peakumio npoBosT B HEHTPabHOM cpesie, Tak Kak B KUCIIOH
cpejie 0cajioK pacTBOPSIETCs, a B IIEIIOYHOM cpezie oOpa3yercs ocamok Agr0:

Ag+ + CrO42’ —

Pacmeopumbte zanozenuowt. Xjopua-, OpoMHI- U HOAUA-HOHBI 00pPa3ylOT ¢ HOHAMH cepedpa
MaJIOpaCTBOPHMEIE coearHeHus. B oxny mpobupky BHocar 2 kamum pacrBopa NaCl (46), B apy-
I'yI0 — CTOJIbKO JKe Kareib pactBopa KBr (5), B TpeThio — cTombko xe Karenb pactsopa Kl (6).
B kaxmyto npobupky 100aBisiioT mo 3—5 kamens pactBopa cepedpa nutpata AgNO; (13). Haburo-
JaeTcs MOMYTHEHHE pacTBOpoB M BhimajaeHue ocankoB AgCI (6emoro), AgBr (cerio-xenToro)
u Agl (xentoro):

Ag'+ClI -

Ag'+Br —

Ag +1 —

Ocanok cepebpa XJopuaa XOpoIIO PacTBOpsieTCS B pacTBOpe aMMHuaka, cepebpa Opommuiaa —

HE3HAYUTENFHO, a cepedpa HoauIa — He PacTBOPSETCS, OJHAKO BCE TaJIOTEHHIBI cepedpa Xopoio
PacTBOPSAIOTCS B paCTBOPAX HATPHs THOCYIb(aTa.

OnpenesieHne KAaTHOHA CBUHIA Pb**

Peaxkuus ¢ kanus xpomamom. B npobupky BHocAT 2 kammu pactBopa Pb(NOs)ymmu
(CH3COOQO),Pb (14), 2 xammu pactBopa Hatpus anetara (20) u 3 xarmm pactBopa KoCrO4 (18). Bei-
MaIaeT JKENThIA KPUCTAJUTHYECKHI 0CAJI0K CBUHIIA XpOMara:

Pb%* + Cros —

Pacmeopumeie 2anozenuowvt oopasyor ¢ nonamu ceunna (1) mamopactBoprMbie coequHe-
nusi: PbCl, (6emnbiit), PbBr; (6neano-xé&nteiit) u Pbl, (xénterit). B Tpu npoOupku BHOCAT 10 3 Kar-
au pacteopa Pb(NO3), (14). B nepByro nmpobupky npubasisiror 3 karum pactBopa NaCl (46), a Bo
BTOpyto — 3 karu pactBopa KBr (5), B Tpetbto — 3 karum pactBopa Kl (6). Beimagator Genblii,
OJICTHO-XKENTHIN M JKEITHIH OCaIKU CBHHIA raJloreHuI0B cooTBeTcTBeHHO. Ocaaku cunima (I1) ra-
JIOTEHU]IOB PACTBOPUMBI B TOPSYCH BOJIC ¥ B TPUCYTCTBUHU M30bITKA TaJIOTCHH1-UOHOB!

Pb?* + CI" —
Pb* + Br —
Pb?* + 1 —
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3. Peakuuu 0GHAPY:KeHHs] KATHOHOB TPeTheil anamuTHueckoii rpymnsi (Ca”™*, Sr**, Ba®™)

Jeiicmeue 2pynnosozo peazenma. Bonnbiii pactBop H,SO4 mimum (NH4)2SO,4 ocaxnmaer u3
BOJIHBIX PACTBOPOB KAaTHOHBI TPEThEH aHAIUTHYECKON TPYIIbI B BHIC MaJOPACTBOPUMbBIX B BOJE
Cynb(haToB.

Onpexeienne karnona Ca®*

Peaxyusa c kanus 2excauyuanogpeppamom (I1).

B npo6upky BHOCST 3 Karui HackimeHHoro BoaHoro pacrBopa CaCl, (15), 2 karum pactBopa
amMuaka (*). HarpeBaroT pacTBOp /0 KUIIEHUS M MPHOABISAIOT 5 Karellb CBEKCIPUTOTOBICHHOTO
naceimenHoro pactsopa Ka[Fe(CN)g] (23). Beimagaer Oenblii KpUCTAUIMYECKHH 0Ca0K (B MIPHCYT-
CTBHH aMMOHHUS COJIeH 00pa3yeTcst MCHee pacTBOPUMAst COJIb):

Ca®" + K" + NH," + [Fe(CN)g]* —

Onpexeienne karnona Sr2*

Peakyus ¢ «euncoeoit 6000it». B nipodupky BHocar 4 kamau pactBopa SrCl, (16), mpubas-
JSIIOT 5 Kamellb «TUICcoBOM BoAbDy (56), HarpeBaroT Ha BOASHOM OaHe M OCTaBisAOT Ha 1015 mu-
HyT. [locTenenno BoienseTcs Oenblif 0caiok CTPOHIUS Cyab(aTa:

Sr** + 50,4 —

Peaxuus ¢ ammonus oxkcanamom. B npodupky BHocaT 3 karum pacteopa SrCl, (16) u mpu-
oaBisttoT 3 karm pactBopa (NH4)2C204 (22). BeinamgaeT 0esblii KpUCTALIMYSCKUI 0CaIOK KaJIbIIHs
OKcajiata, ClloOCOOHBII PacTBOPATHCS B MUHEPAIbHBIX U YKCYCHOM KHCIIOTaX:

St + C,0,5 —

Onpenenenne karnona Ba®*

Peakyus ¢ kanus xpomamom u Kanus ouxpomamom. B npoOUpKy BHOCST 2 KallId pacTBOpa
BaCl, (17), 3 xarutu pactBopa KoCr,07 (19) u 0,5 mut arierataoro 6ydeproro pacrsopa ¢ pH 5 (60).
Beimamaer ocasok xpomara Gapust KEITOTo [BeTa. XpOMaThl CTPOHIMS U KaJdblus MpH TakoM pH
B 0CaJIOK HE BHIMA/AOT:

Ba?" + CrO% —

B212+ + Cr2072’ + H,0 —

Ilepeeoo oapus cynvgpama 6 dapus kapoonam u ayemam. bapus cynabdar, a Takke Hepac-
TBOPHMBIE CYJIb(ATH MIEIOYHO3EMEIBHBIX METAIOB IEPEBOMAT B PACTBOP TPU KHUIISTUYCHHUH
¢ HachimeHHbIM pactBopoM Na,COsz (Mokpsiii crmoco6). B mpobupky BHOCAT 2 Kamjid pacTBOpa
BaCl, (17), npubasnstor mo karuisam pactBop HpSOy4 (59). Beimagaer Genblit MeIKOKpUCTAITHYC-
CKui ocasiok 6apus cynedara. B mpobupky ¢ ocaakoM npuianBaroT HackieHHBIH pacTBop NaCOs
(8) u HarpeBarOT Ha TUIAMEHH CITUPTOBKHU. JKUIKOCTH HaJl 0CaaKOM CiuBaroT. [Iporeaypy moBTopsi-
10T HecKoubko pa3. [lomygaroT ocagok BaCOs, pacTBOpUMBIiA B KHCIIOTE YKCYCHOM:

BaSO, + CO3* —
BaC03l + CH3;COOH —

4, OKpamuBaHue IJIAMCHHM HEKOTOPbIMH KATHOHAMH

[leTmo W3 HUXPOMOBOHM MPOBOJIOKH OITYCKAIOT B PAacTBOP OMHOM W3 COJIEH, COIepIKalIix
OTIpe/IeNIIEMBbIi KaTHOH, U BHOCST €€ B IJIaMs CIHUPTOBKU. OTMEUaloT MOSBICHHUE XapaKTEPHOTO
OKpalmBaHus. /[ KaTHOHOB NEPBOM U BTOPOM aHAIMTHUYECKUX TPYII IPOBOJAT CPAaBHEHHE U3MeE-
HEHUI OKpPacKd B COOTBETCTBHH B PACIIOJIOKCHHUEM IIBETOB B CIIEKTpPE (C MOPSIKOM CIIEAOBAHUS
IIBETOB B pajyre).

12



| anaymTHUeckas rpynmna Il ananmuTueckas rpymma V| ananutudeckas rpymnma*
KaTtnon KaTtnon KaTtnon
LlBet nnamenu IIBer nmnamenu LlBeT mramenu
COJIH COJIH COJIH
¥ 7F 7+
Li Ca Cu
¥ +
Na Sre
¥ ¥
K Ba’
¥
NH,4

* — peakluM KaTHOHa cu®* OyIyT U3ydeHBI TIO3/THEE.
TECTOBBIII CAMOKOHTPO.Ib

1. I'pynnoBoii peareHT B aHAJIUTHYECKON XMMHU — ITO peareHT, KOTOPbIii:
a) OCaXKJIaeT ONPEJICTICHHYIO aHAIUTUYECKYIO TPYIIIY;
b) comepkUT HECKOIBKO PYHKIIMOHATBHBIX TPYIIIL;
C) ocaxxaaeT OJHy rpymmy nepuoaundeckon cucremsl Jl. 1. Menneneena;
d) coztepKuT rpyIiy BEIeCTB

2. BpiOepuTe rpynnoBoii peareHT Ha | aHAJIMTHYECKYIO TPyNNy:

a) HCI; d) rpymmoBoii peareHT OTCYTCTBYET,
b) H,S: e) KOH.
C) H2804;

3. B KaKoii BeT OKPAINBAET MJIaMsI CIHPTOBKH cojn Ba®*?
) KHPITHYHO-KPACHBIIA;
b) kapMHUHOBO-KpaCHBIN;
C) JKENTO-3€NCHBbIIA;
d) puonerossrii;
¢) conn Ba?* He OKpamMBAIOT MIAMSI CIIMPTOBKH.

4. PacTBopuM B aMMHAaKe 0CA/I0K:
a) moaunaa cepedpa; C) cynbdara 6apus;
b) okcanara KanbIus; d) xnopua cepebpa.

5. Kakumu M3 npeasiosKeHHBIX PeareHTOB MOXKHO ONpee/uTh HAJTU4YHe B PAcTBOpPEe HOHOB
aMMOHUSA?

a) NaOH; b) NH,OH; C) peaktuB Heccnepa; d) NaF; e) Na;COs.
6. Kakoii u3 kaTHOHOB MOKeT ObIThH onpeaeneH npu nomomu NaHC,;H,O4?
a) Li*; b) K*; ¢)NH,"; d)Na"; e)Sr*.

7. Kaxkoii kaTnon Memaer onpexetennio Ca’" mpn momomm K,[Fe(CN)g]?
a) Li*; d) Na";
b) K*; €) HUKaKO# U3 yKa3aHHBIX KATHOHOB HE MEIIIacT.
2+
c) Sre;

8. 'pynnel aHATUTHYECKUX pPeaKkIuii ¢ TOYKH 3peHHsi HadaoaaeMbIx 3¢ dexToB moapase-
JIAKOTCS:
a) Ha 00pa3oBaHUE U PACTBOPEHHE OCAJIKOB,;
b) oOpa3oBaHue XapaKTEPHBIX KPUCTAILIOB;
C) TMOSIBJICHHE WJIM U3MEHEHUE OKPACKH PACTBOPOB;
d) BeIIEIICHHE Ta30B;
€) pacTBOpPEHUE Ta30B.
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9. CooTHecure:

a) MaKpoaHalu3; 1)<0,01r
b) monymukpoananus; 2)<10*r
C) MHKpOaHaJIu3; 3)>0,1r;
d) cyomukpoananmus,; 4) 104107
€) YIbTpaMUKpOaHAIH3. 5) 0,01-0,1r.

10. YcranoBuTe COOTBETCTBHE (KAXKIbIii OTBET MOKET OBbITH HCIOJb30BAaH OIHH pa3, He-
CK0JILKO Pa3 WJIM He HCTI0JIb30BaH COBCEM):

Ocanok [IBeT ocaaka

a) LiF; 1) Genbrif;

b) CaC,0q; 2) KpacHO-OypHIif;
¢) [OHgNH]I; 3) JKEeNTHIA;

d) Agl; 4) yepHbIH;

e) PbCly; 5) 6s1e1HO-KETHIH;
f) PbS. 6) calaTOBBIIA.

11. BbiOepuTe ypaBHeHHe 1JIsl pacdeTa HOHHOH CHJIbI PACTBOPa:
4~ _1i e, I R 1d. .,
a) | _%Cizi , b) I _E%Cizi ; c) | _E%Cizi , d) |:E§Cizi .

12. BriOepute pacummmpernHoe ypasuenue /ledasa—XwokKens:
a) lgy:—ﬂ; c) Igy:—L\/'—;
1+ BV 1+Bay/l
o) gy =~ 221 @ lgy-L2N
Bav/I 1+Bav/I

13. Xumuyeckoe paBHoBecHe (TePMOAMHAMUYECKHIT MOAX01) — 3TO:
d) COCTOSHHUE CHCTEMBI, IPH KOTOpoM €& sHeprus ['n66ca AG® < 0;
b) cocrosiHue cucTembl, mpu KOTOpoM €& 3Heprus I n66ca ne usmensiercs AG® = 0;
C) COCTOSHHUE CHCTEMBI, IIPH KOTOpoM eé sHeprus ['u66ca AG® > 0;
d) cocrosnue cuctemsl, ipu KoTopoM €€ sneprus ['n66ca AG® > 0.

14. B BbIpakeHHe Jsi TEPMOIMHAMHYECKOHW KOHCTAHTHI PABHOBECHSI /ISl PeaKIHH
aA + bB == cC + dD Bxoasar:
) aKTUBHOCTH PEAreHTOB, B CTEIEHX, PABHBIM CTEXHOMETPUICCKIM KOA(P(HUITEHTaM peaKIvu;
b) KOHIIEHTpalUK peareHTOB, B CTEMEHSIX, PABHBIM CTEXHOMETPHUECKMM K03 duimentam pe-
aKIIuu,
C) o0IIIe KOHIICHTPAI[MH PEarcHTOB, B CTEMEHIX, PABHBIM CTEXHOMETPUIECKUM KOd(DPHIIHEH-
TaM peaKIlnm;
d) aKTHBHOCTH PEareHTOB.

15. B BbIpaxeHHne YCJIOBHOI KOHCTAHTHI paBHOBecus 1Jsi peakuun aA + bB == cC + dD
BXOJISIT:
) aKTHBHOCTH PEareHTOB, B CTEIICHAX, PABHBIM CTEXHOMETPHUYECKMM KO (PHUIIMEHTaM PeaKIHy;
b) KOHIEeHTpaluK peareHTOB, B CTEMEHSIX, PABHBIM CTEXHOMETPUUECKUM KOd(duUIeHTamM pe-
aKIuwy,
C) o0IIMe KOHIICHTPAIUK PEareHTOB, B CTENCHSX, PABHBIM CTEXHOMETPUUECKUM KO PHUIHCH-
TaM peaKInm;
d) oOrIre KOHICHTPAIIUK PEareHTOB.

Iloonucv npenooasamensi.
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JIABOPATOPHOE 3AHSITHUE Ne 2

TEMA: XUMHMYECKOE PABHOBECHE. IIPOTOJIUTUYECKHUE PABHOBECHSI.
BY®EPHBIE CUCTEMbI. XUMHWYECKHUE METObI OBHAPY X XEHUSA
KATHOHOB YETBEPTOM — IIECTOH AHAJIMTUYECKHUX I'PYIIIT
MO KHCJIOTHO-OCHOBHOM KJIACCUPUKAIINA

Ieau 3anaTus:

— cghopmuposams 3nanua KOIMYECTBEHHON XapaKTEPUCTUKHU KHUCIOT U OCHOBAaHUM; KJacCH-
(buKauy pacTBOpUTENEH; MPOTOIUTUYECKUX PEAKIMii B BOJHOM pacTBOpe; OOIIEeH XapaKTepUCTH-
K1 Oy(depHBIX pacTBOPOB; O CHCTEMAaTHYECKOM M JApoOHOM aHanu3e kaTuoHoB |V-VI ananmutuue-
CKHUX TPYIII MO KUCIOTHO-OCHOBHOM Kilaccu(uKauuy,

— npuodpecmu ymenusa BoruricieHuss pH BOJHBIX pacTBOPOB KHUCIOT U OCHOBaHMIA; MTpOBE/Ie-
HUs peakuuil oOHapyxeHus: KaTHOHOB |V—VI| aHanuTHYECKUX TpyIIl; BHIIOJHEHUS aHAJIU3a CMECH
katuoHoB 1V—VI| aHanutuyeckux rpym.

Jlureparypa
[1] C. 88-110, 208-242; [2] C. 41-88, [4] C. 27-57; [5] C. 29-51.

Bonpoch! /151 NOATOTOBKYU K 3aHATHIO:
Xumuueckoe paBHoBecHe. KOHCTaHTBI XUMHUECKOTO PABHOBECHS.
OcHOBHBIE TEOPHH KUCIOT U OCHOBaHUU. [IpoTonuTrueckas Teopusi KUCIOT U OCHOBAHUIA.
KonnuecTBeHHas XapakTepUCTUKA CUIIbI KUCIOT M OCHOBAHMM.
Knaccudukanus pacTBoputesnei no KuciIoTHO-OCHOBHBIM CBOMCTBAM.
Pacuer pH BoagHBIX pacTBOPOB pa3IuYHBIX POTOJIUTOB.
bydepubie cuctembl. Mexanusm O0ydepnoro aeiictus, pH OydepHbIx cuctem.
bydepnas emkocTs. Pacuer Bennuunbl 6ydepHoOil eMKOCTH.
Peakuuu oOHapyxeHus katuoHoB |V-VI aHanutuyeckux Tpymnim Mo KUCIOTHO-OCHOBHOM
kiaccupukanuu. J[poOHbI MeTO aHAIIK3A.
9. Cucremarudeckuii Mmetos aHanu3a. AHanu3 cMecu KaTuoHoB V-V ananutuyeckux rpymnn
10 KMCJIOTHO-OCHOBHOM KJIacCU(UKALINU.

ONoGa~WNE

OcHoBHbBIE pacyeTHbIe GOPMYJIbl, HEOOXOAMMBbIE IPH MOATOTOBKE K 3aHATHIO
Jlnst omHoM craboit Kucaotsl (o < 5%) uu cMecH HECKOJIBKUX CIa0bIX KUCIIOT (€Ciu CTENeHb
+
MPOTOJIN3a KUCIIOT B pacTBOpE He mpeBbiaeT 5%) konuentpamus H3O™ paccuntsiBaercs mo ¢op-

MyJI€:
+ n
H3O = ; Ka,nCHAn ,
rae Kayn — KOHCTaHTa KUCIOTHOCTH TS N-KUCIIOTHI; CH A —— KOHIICHTpAIMs N-KUCIIOTHI.
n

Jlnst pacTBOpa ciaboi KUCIOTHI Mocie JIorapu(MUPOBaHHS BBIIICTIPUBEICHHOTO YpaBHEHUS
MOJIY4HM:

1
pH :E pKa - Ig CHA

Jlnis coenuHeHus, 00pa30BaHHOTO KATHOHOM CIIa00T0 OCHOBAHUS U @aHUOHOM CHJIBHOM KHCIIO-
TBI, B pe3yJbTaTe MPOTOIUTHICCKOTO B3aUMOJICHCTBHUS ¢ MOJICKYJIaMH BOJBI (THIPOJIH3a COJU TI0
KaTUOHY TI0 Teopuu AppeHuyca), pH paccuuThIiBaeTCs MO aHAIOTHYHOUN (popmysie, OMHAKO B ATOM
ciydae B (hOpMyITy MOJCTaBiseTcs 3HaueHne pKppyy COMPSIKEHHON KUCTOTHI:

IgC; .

BHY

1
H== pK
pH=2 P
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Jlnst pacTBOpa c1aboro ocHOBaHMA 3HaYeHHne pH paccunThIBaIOT MO opmyIie:
1
pH = > pKy + pPK,, +19C; .

Jnst coeauHeHus, 00pa30BaHHOTO KaTHOHOM CHJIBHOT'O OCHOBAHHUS M aHHOHOM Cl1aboil Kucio-
ThbI, B pe3yJbTaTe MPOTOIUTHUYECKOIO B3aUMOJCHCTBUS C MOJIEKYJIaMH BOJbI (TUAPOJIHM3A COJH IO
aHWOHY 10 Teopun Appenuyca), pH paccuuThiBaeTCs MO aHAJIOTHYHON (hOopMyIie, OHAKO B 3TOM
ciydae B (hopMyIty oJcTaBisieTcs 3HaueHue pKa KUCiIoThI:

pH :% pPKy + pK, + IgCB .
Bennuuna pH uis pactBopoB aM(poIUTOB BEIYUCIIAETCS 10 (hopmyie:
pH — pKa,l-;pKa,Z .

o 2-
MOJ’IHpHaSI JO0JIA aHHMOHa JABYXOCHOBHOM KHCIIOTBI (I(A ), HE CBJA3aHHOTO C IIPOTOHOM, CO-
CTaBJIACT:

Ka,lKa,Z
[HO | +K,.[HO" [+ K,.K,,
Jl1si OTHOOCHOBHOM KHUCJIOThI BBIPQ)KEHUE YIPOILACTCS:
_ K
[H0" |+K,
Ecnu nBa coenuHeHus oOpas3yroT KHCIOTHO-OCHOBHYIO OydepHyro cucremy, To ee pH pac-
CUMTBIBAIOT O ypaBHeHUIo ['ennepcona—Xaccenpbaxa:

a AT =

a AT =

C
pH = pKa + |g _—OGHoBaHkA
KHCJIOTHI

Bydepnast eMKoCTh Takoil cCTEMBI PaCCUNTHIBACTCS 110 YPABHEHHUIO:

B=23 CinC o
Cin +C

IIpuMmep pelieHus1 TUIIOBOM 321244

Venosue 3a0auu. Paccunraiite: a) pH 10 % pactBopa ammuaka (NH3-H20), umeroriero mior-
HocTh p = 0,958 r/mi; 6) SKBUMOJISIpHOW CMeCH KUCIIOTHI YKCYCHOW M Harpud auerara; B) 0,1 M
NaHCOg; r) cootnomenne NaHCO3/H,0-CO,, miist 6ydeproit cuctemsi ¢ pH 7,35.

Pewenue. a) Ins 10 % pactBopa ammuaka B 100 r pactBopa cogepxurcs 10 T NH;z-H20.
B nannom ciyuae o0beM, 3anumaemsbiii 100 r pacTBopa COCTaBUT:

3
V= m-10 .
p
MossipHyI0 KOHIICHTPAIMIO aMMHaKa paccuuTaeM 1o ¢hopmysie:
3 3
o= ®-p-10 _ 10-0,958-10 _273M.
32 100-M 100-35
Bocnonesyemcst hopmynoit nist pacyera pH cnaboro ocHoBaHUs:

pH:%(14+9,24+I92,73) =%(14+9,24+0,43) =11,8.

6) ITockonbKy NaHHBI PacTBOp MpeAcTaBiIsIeT coOoi OydhepHyIo cUCTEMY, BOCHOIb3yeMCs
ypaBHeHnueMm [ enaepcona—XaccenpOaxa

pH =pK, +Ig —Cc =4,76.

KHCJIOTBI
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B) PactBop NaHCO3 siBisiercss aMm(ponuTOM, MOSTOMY JJIsl pacdeTa He HYKHO HCIOJIb30BaTh

3Ha4YCHUE KOHICHTPAIlMH pacTBoOpa:
pK,.* PK,, 6,35+10,32
> =

O6paTI/ITe BHUMAHUEC, YTO 3HAYCHHUEC pH IMPUBCACHO C TEM K€ KOJIMYCCTBOM 3HadYAIIHUX HI/I(bp,

4yTO U 3HaueHue pK.

r) [lockonbky naHHBIA pacTBOp MpelCTaBiIseT co0oil OypepHyr cUCTeMy, BOCHOIB3YeMCS

ypaBaenueM I ennepcona—Xaccenpbaxa:

pH:pKa—FlgM:?,sG.

KHCJIOTBI

[Mockonbky pK, 1 = 6,35, To:
C
Ig OCHOBAaHMS 1

KHUCJIOTBI

Torna coornomenue NaHCO3/H,O-CO, = 10.

IIucoMeHHbIE 3a1aHNUA
3anosHuTe TAOIUIILL:

‘Iemeepma;z anaiumuveckas cpynna KamuoHoe

Ompene-
JIIEMBIN Pearenr
KaTHOH

YpaBHEHHE PeaKIUU U OCOOCHHOCTH
ee MPOBEACHUS

AHaIUTHYEeCKU

ad ekt

zn* NaOH

NH3

JAutnzon

K4[Fe(CN)s]

(NH4)2[Hg(SCN)4])

AR NaOH

NH3

Na,H PO4

Anuzapus

crét NaOH

NH3

Na;HPO,

H,0,, NH3

Sn2+ Na,S

NH3

(NH4)2[PM01204]-
nHZO
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Ilamas ananumuyveckas epynna KanmuoHoe

Ompene-
JIIEMBII
KaTHOH

Pearent

VYpaBHEeHHE peaKUi U OCOOCHHOCTH
ee MPOBEICHUS

AHanmutnaecknit

ekt

Mg~

Na,CO3

Na,HPO,

8-0KCUXUHOINH

NaOH + I,

Bi®*

H.0

Kl

Kl + 8-oxkcuxuHOJIUH

TromoueBuHa

K>Cr,07

Sb**
Sh°*

H.0

Na,S

Mn?*

NaOH

Na,S

N&BiOg

NH,S,0s, H'

bensunnun

Fe2

NaOH

Na,S

Ka[Fe(CN)e]

Z[I/IMGTI/IHFJII/IOKCI/IM

Fed*

NaOH

Na,S

Ka[Fe(CN)e]

KSCN

CaJIMIIMJIOBasA
KHCJI0Ta
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Lllecmas ananumuueckas epynna KanmuoHoe

Ompene-
JIIEMBII Pearent
KaTHOH

YpaBHEHHE Peaknd U 0COOCHHOCTH AHaTUTHIEeCKUI
€e TIPOBEICHUS ekt

2+
Cu NaOH

NH3 (us6)

Kl

Na,S,03

Na,S,03, t°

K4[Fe(CN)s]

cd? NaOH

NH3 (36

K4[Fe(CN)g]

Na,S

Hg?* NaOH

NH3 (us6)

Kl

Na,S

K>CrOg4

Cu

Judennnkapbazun

Co?* NaOH

NH3 (36

KSCN

NH4[Hg(SCN),]

0-HUTPO30-
B-Hadron

Ni%* NaOH

NH3 (36

JAnMeTHUITIHOKCUM
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1. Peakunu oGHADYKeHHs KATHOHOB uYeTBepToill amaimmTuueckoii rpymmbr (A, Cr¥, zn®
2+
Sne)

Jeiicmeue cpynnoeoco peazenma. 1'pynnoBbIM peareHToM sBisieTca pactBop NaOH, B u3-
OBITKE KOTOPOTO THIPOKCH]IbI YKa3aHHBIX KATHOHOB PACTBOPSIOTCS ¢ 00pa30BaHUEM THAPOKCOKOM-
TIJICKCOB.

Onpeneienne karnona Al**

Jeiicmeue wienoueii u anmuaxa. B 2 npoOUpKHU MOMENIAIOT MO HECKOJIBKO Kareilb pacTBOpa
AlCI3 i Aly(SO,)3 (25). B nepsyro npobupky mo kamsm npubasisiror NaOH (58) no o6paszosa-
HUS ¥ TTOCIICAYIOIIEr0 OJHOTO PacTBOPEHHs ocaka. Bo Bropyto no kamisim npubasisitor NHs (*).
3areM B MEpBYIO MPOOUPKY K MOJYYEHHOMY pacTBopy aobasistor mapy kpuctaminkoB NHsCl (*)
Y KUIIATAT J0 UCUYE3HOBEHHUS 3araxa amMmmuaka. CHOBa BBITIAIa€T 0CA0K aTFOMUHUS THAPOKCUIA:

AP+ OH —
AP + NH; + H,0 —

Peaxuusn c¢ anuzapunom. Ha muct GunbTpoBanbHONW OyMarum HaHOCAT | Kamo pacTBopa
conu amomunus (25). Bymary nepxar 1-2 MUH B mapax aMMuaka HaJl CKJISTHKON ¢ KOHIICHTPHUPO-
BaHHBIM pacTBOpoM ammuaka (*). [lapel aMmmuaka, Conpukacasich ¢ BIOKHBIM MATHOM, 00pa3yloT Ha
Oymare rUAPOKCU aTIOMUHUS.

Ha msaTHO HaHOCAT KaIuiro pacTBopa anu3apuHa (*) u cHOBa jaepkaT Oymary B rmapax amMMmHa-
ka. [IaTHO BHauane okpammBaeTcs B (hroseToBBIH 1BET (1IBET (hoHa anuszapuHa). bymary noacyu-
BaloT, HaHOCAT Ha Hee | karumo pactBopa CH3COOH (33) u cHoBa BeIcyIuBaroT. [ISTHO CTAHOBUT-
Csl pO30BO-KPACHBIM.

Onpenenenne karnona Cr*

Peakuyusa oxucnenusn cr** oo Cr®* (6 wenounon cpede). K 5 xamisim pactBopa coiu cre*
(cynbdara, HuTpata wim arerara) (26) mpubasistior pactsop 2M NaOH (58) no pactBopenus
oOpasyromierocsi ocajka. 3aTeM MPUOABISIOT HECKOJIBbKO Karenb 3 % pactBopa H,0; (*), mepeme-
[IMBAIOT MYTEM OCTOPOKHOTO B30alTHIBAHUS U HATrPEBAIOT JI0 MEpPEXoJ]a OKPACKU U3 3€JC€HOBATOM
B KEJITYI0. Peakius MokeT MpoTeKaTh MPH KOMHATHOW TeMIleparype, OJHaKo TpeOyercs Oosee
JUTUTETHHOE BPEMSI BBIICPIKKHU:

[Cr(OH)e]*" + H,0, —

Onpexeienne karnona Zn?*

Peakyusn ¢ oumuszonom. B mpoOHpKy BHOCAT HECKOJBKO Kaneib pactBopa ZNnCl, (27) u no-
6asmstroT o KarsimM 2M NaOH (58) 1o tex mop, moka 06pa30BaBIIHIACS 0CAA0K ITHHKA THAPOKCH 1A
HE pacTBOPHUTCA. 3aTE€M K PacTBOPY MPHUOABISIOT HECKOJIBKO Kareib XJI0pOpOPMHOTO pacTBOpa M-
Tu30Ha (*) U MOMYYHMBIIYIOCS CMECh BCTpsxuBatoT. OOpa30BaBIIUiiCcs [IMHKA JUTH30HAT SKCTparu-
pyeTcs B BOJHYIO (pa3y U LIBET XJIOPO(GOPMHOIO CIIOSI H3MEHAETCS OT 3€JICHOT0 J10 KpacHoro. B mie-
JIOYHOM CpeJie B KPACHBIM IBET OKPAIIMBAETCS HE TOJIBKO OPTaHUYECKUN CII0M, HO M BOJIHAs (pa3a:

N=—=N—CgH _ _

6115 " C—S~__ _NH—N .
2HS—C +zn2t == || SZnl Il +2H
N g N—NH S—cC

N—NH—CgHs

CeHs N=N—CgHs
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Peakyus c kanus zexcayuanogeppamom (11). B npobupky k 5 kamisam pacteopa ZnCl, (27)
npubasistor 5 kanens pactBopa K4[Fe(CN)g] (23). Cmech HarpeBaroT a0 kunenus. Beimamaer Oe-
JIBI OCaZOK Kayus | IMHKa rexcanuanodeppata (11).

Zn** + K* + [Fe(CN)g]* —

Onpejeienue karnona Sn>*

Peaxyuu oxucnenun-goccmanosnenus. Vion Sn°* — crbHblii BoccraHoBHTENb. B npooup-
Ky K 5 KarisMm pactBopa ammonus ¢ochopomonubaara (*) npunmuBaror 5 kamenb pactsopa SnCl,
(28). HaGmromarotT 006pa3oBaHue MPOIYyKTa BOCCTAHOBJICHUSI CHHETO 1BETa — MOJIMOICHOBOM CHHH,
COCTaB KOTOPOTO TOYHO HE YCTAHOBJICH.

- 9 + + + +
2. Peakniuy o0Hapy:KeHUsI KATHOHOB NSITOH AaHAJTUTHYECKOH IPyNIIbI (Mg2 , Mn**, Fe?*, Fé? )

/Jleiicmeue 2pynnoeozo peacenma. I'pynmoBbIM peareHTOM MAJisi KATUOHOB JAHHOW TPYIIIBI
SIBJISICTCS] PACTBOP IEJIOYH WJIM aMMHUaKa. [ MIpOKCHIbI KaTHOHOB JTAHHOM I'PYMIIBI HE PACTBOPSIOT-
csl B M30BITKE IPYMIIOBOIO PeareHTa.

Onpexeienne karnona Mg

Peaxkyus c 8-eudpoxcuxunonunom (8-oxcuxunonunom). B npoOUpKy BHOCIT 2 KaIllik pac-
TBOpa COJIU Mg2+ (29) u cronbko ke ammuadnoro Oydepuoro pactsopa ¢ pH 9 (60) (160 mobas-
asirot 2 karm NHs3 (*) u mo karisim pactBop NH4Cl (7) 10 pactBopenust o0pa3oBaBiierocst oca-
Ka). 3aTeM B MPOOMPKY BHOCAT HECKOJIbKO Karejb CIIUPTOBOTO pacTBopa 8-ruapokcuxuHosmHa (*)
(4T00BI 8-TUAPOKCUXUHOIUH MIPU CMEIIMBAHUU PACTBOPOB HE BHIMAJ B OCAJ0K, COIAEPKUMOE MPO-
OMpPKH HArpeBaroT).

Mg®* + CgHsNOH —

Peakyus ¢ nampusa 2uopoxcuoom 6 npucymcmeuu uooa (peaxkyus Ilempawens). B npo-
Oupky BHOCST 5 Karnenb pactsopa | (*), mobaemnsror no karissm pactBop NaOH (58) no ucuesnose-
HUS OKPACKH, a 3aTe€M 5 Kareslb pacTBOpa COJIU Mg2+ (29). HaGumomarot mosiBcHHE KPAaCHO-0yporo
ocaJika, 00yCIOBIEHHOTO aICOPOMPOBAHHBIM HO0M Ha moBepxHocTH Oestoro ocaaka Mg(OH),:

Mg®* + 20H + nl; —

Onpenenenne karnona Mn?*

Peaxyus co wenouamu unu ammuaxom. B npodupky BHocAT 3 karum pactBopa mapradua (1)
coiu (30) u npubasnsior mo karmisaM pactBop NaOH (58) mo mpekpariienus BbinageHust OJieaHO-
po3zoBoro ocaaka Mn(OH),. IIpu crosiHum ocanok TeMHeeT BeieacTsue oopasosanus MNO(OH)s.

Mn?* + OH —

Peaxkyus ¢ nampus cyavgpuoom. B ipodupky BHOCIT 4 Kariu pactBopa cou maprania (I1)
(30) u mpubaBnsroT 2 Karu pactBopa NayS (*). Beimagaer ocanok mapraunua (1) cyneduaa tenec-
HO-PO30BOTO I[BETA:

Mn?t + 8% —

Onpeneienne karnona Fe*

Peakuyusa c kanua zexcayuanogeppamom (II1). B npoObupKy BHOCAT 2 KaIlIM pacTBOpa COJU
xenesa (I) (31), mpudasnstor 1-2 kammu pactBopa HCI (*) u 2 xarum pactBopa Ks[Fe(CN)g] (24).
PacTBOp OKpaiinBaeTcss B CHHHI LIBET U BBIJIEISIETCS 0CaI0K TYpHOYIEBOW CHHU:

Fe’* + K" + [Fe(CN)s] —
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2+
Peaxkyus ¢ oumemunziuoxcumom (peaxmue Uyzaesa). K 2 xarisim pactsopa coiu Fe”” (31)
I00aBIIAIOT 2 KAtk pactBopa auMeTtuirinokcuma (41) u pactsopa NH3 (*). PactBop okparmmBaeT-
9 + 3+
csi B KpacHbIii 1BeT. JloOaBnstor 2 karmmu HpO, (*), mpu atom monsl Fe™" oxucnstores po Fe™,

nu Ha6HIO,Z[aIOT HNCUYC3HOBCHUC KpaCHOﬁ OKpacCKu. H
N
79
— H.C N
HiC__N—OH O N N CH:
+ Fe2t + —_— Fe +
2 “ Fe 2NH3 e \N/ \N/ +2NH4
CH
H4C N—OH 3 A 5 2
H

Onpenenenne katuona Fe¥*

Peaxkyusn c kanua zexcauyuanogeppamom (II). B npodbupky BHOCAT 2 Karulk pacTBOpPA COJIA
xenesa (1) (32), mpubasnsror 1 karuto pactopa HCI (*) u 2 kamumm pactBopa Ks[Fe(CN)g] (23).
PacTBOp OKpamimBaeTcsi B CHHHII LIBET U BbIIEISAETCS TEMHO-CUHHIA 0CaI0K OEPIMHCKOM Ja3ypu:

Fe** + K* + [Fe(CN)s] —

Peakuyusa ¢ Kanus muouyuanamom uiu AaMmMoHus muoyuanamom. B npooupky BHocat 3—4
karu pactBopa kenesa (1) comu (32) u npubaBisaoT 2—3 Kaluid pacTBOpa aMMOHHMS THOI[HOHATA
NH4SCN wiu kamus tuonmonata KSCN (34). PactBop okpamiiBaeTcss B KpacHbIH IBET M3-3a 00-
pa3oBaHUs KOMILIEKCA, TJIe N MOXKET MPUHUMATh 3HaYeHUs OT 3 10 6!

Fe®" +nSCN™ —
3. Peakuuu 06HAPY:KeHUs] KATHOHOB IIECTOl aHaauTHYecKkoi rpymns (Cu®*, Cd**, Co®, Ni*)

Jeiicmeue zpynnoeozo peazenma. Ilpu nevictBum rpynmnoBoro pearenta (25 % BoaHbINA pac-
tBOop NH3) Ha BOHBIE PACTBOPBI, COJCPIKAIINE KATHOHBI IIIECTON aHATUTHYSCKOM TPYIIbI, BHAYAIE
BBIJICJISIFOTCS. OCAJKU PA3JIMYHOTO COCTaBa, KOTOPBIE 3aTEM PACTBOPSIIOTCSA B M30BITKE TPYMIIOBOTO
peareHTa (OCaJKd COEIWHEHUH KOOalbTa U PTYTH PACTBOPSIOTCS B M30BITKE BOJHOTO pacTBOpa
aMMHaKa TOJbKO B IPUCYTCTBHUH KATHOHOB aMMOHHS).

Onpenenenne karnona Cu

Peakyusn ¢ ammuaxom. Ipu npudasieHnn pactBopa ammuaka (*) Kk pacTBopy, coaepiKaiiemy
mernu (1) comp (37), BHawasne BbIMAgaeT OCAJOK MEIUW OCHOBHOW COJIM (CHHE-3EJIEHOTO I[BETa),
KOTOpPBI 3aTeM pPacTBOpsETCS B HM30BITKE aMMHaka C OOpa30BaHUEM KOMIUICKCHOTO KaTHOHA
[Cu(NHs)4]** sipro-cunero nsera:

Cu®" + NH3 —

Peakyus ¢ kanus 2excayuanogpeppamom (11). B npodbupky BHOCAT 3 Karum pacTBoOpa MeIu
comu (37) u npubasisiror 2 karum pactBopa Ka[Fe(CN)g] (23). Beimagaer kpacHO-KOpHYHEBBIH
ocaynok menu (1) rekcannanodeppara Cuz[Fe(CN)g]:

Cu?* + K* + [Fe(CN)¢] —
Onpenenenne karnona Cd>

Peaxuyus c cynvgpuo-uonamu. B npobupky BHOCAT 2 Karum pacTBopa kaamus Hutpara (40),
NpUOABIISIOT 2 KaIlId pacTBOpa HaTpus cyabduia (*). Beimamaer sxenThlit 0caiok KaaMus Cyabpuia:

Cd* +5* —
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Onpeneaenne karnona Co’

Peakyusa ¢ ammuaxom. B npobupky BHOCAT 3 Kariu kobanbra conu (38) u MemieHHO, 10
KariaMm, npubasistior pactBop NH3 (*) mo Beimagenus cuHero ocaaka. J{o0aBIsOT HECKOIBKO KPH-
crautukoB NH,4Cl (*) u npomomkaror npubasiaenue pactsopa NH3 mpu nepemennBaHiuu CMeCH 10
TOJTHOTO PACTBOPEHHS Ocajka i oGpasoBanms xentoro pactBopa [Co(NHs)s]**. Tlpu crostum Ha
BO3/yX€ PacTBOP IMOCTEIIEHHO MEHSET OKPACKy Ha KPaCHOBAaTYIO:

Co?* + NH; —

Peakyus c 1-numpo3zo-2-nagpmonom (0-numposzo-fuagpmonom) — peaxmueom Hnvuncko-
20. B npoOupky BHOCAT 2 Karid KUcIoThl yKeycHo# (33), 1-2 karmumu 1 % pactBopa 1-HUTpO30-2-
HadTona (*). [Ipu oCcTOPOXKHOM HArpeBaHUU HAOJIOMAIOT BBIJACIICHUE MMypIYyPHO-KPACHOTO OCaIKa
BHYTPHUKOMIUIEKCHOTO COCIMHCHUS:

Co
NO NO
OH Cott 0]
3 —_—
-3H*
3

Onpeneaenne karuona NiZ*

Peaxkyus ¢ oumemunziuokcumom (peaxkmue Uyzaesa). B npoOUpKy BHOCAT 3 KaIljk HAKEJISA
(1) comm (39), mpubaBmsaroT 3 Kamid KOHIEHTPUPOBAHHOI'O pacTBopa amMmuaka (*) M Karuiro
CIIMPTOBOTO pacTBOpa AUMETHIrIHOKcHMa (41). Beimamaer po30BO-KpacHbBIN 0CaI0K JTUMETHIITIIH-
OKCHMaTa HUKEJISl — HEPAaCTBOPHMOTO BHYTPUKOMILICKCHOTO COSIMHEHUS

HsC N—OH
=

+Ni®* +NH; —
N
HsC N—OH

Peakyusn ¢ ammuaxom. B npobupky BHocsT 3 karumu Hukens (II) conu (39) u memienHo, mo
KarisiM, npubasisitoT pactBop NHsz (*) mo BbeimajeHus 3eneHoro ocaaka ocHOBHOUW conu. JloOas-
asiroT Heckoibko KpuctawmkoB NH4Cl (*) u mpomomxkaror npubasnenue pactsopa NHs (*) mpu
HEepPEeMEIINBAaHUN CMECH 10 MONHOTO PAacTBOPEHMS OCajka M 0Opa30BaHUsSI KOMILUIEKCHOTO HOHA
CHHETO IIBETa:

NiZ* + NHz —

TECTOBBIA CAMOKOHTPOJIb

1. BrpiOepute rpynnoBoii peareHt Ha |V aHaJMTHYeCKYIO Ipynmy:
a) HCI; b) (NH4)2804; C) NaOH + H,05; d) NH3(KOHH)'

2. KaxkuMmu U3 npeJioKeHHbIX PeareHTOB MOKHO ONpedeUTh HAJIM4YUe B PacTBOpe HOHOB
Mg2+ (BpIOCpHTE OAUH WM HECKOJbKO NPABHJIBHBIX O0TBETOB):
a) Na,COg; d) 8-ruapOKCHUXUHOJINH;
b) NaOH'nlz;E) H->0,.
C) alnu3apuH,;

3. BbiOepuTte rpynmnoBoii peareHT Ha V| aHAJIUTHYECKYIO TPYyNILy:
a) HCI; b) (NH4)2804; C) NaOH + H,0,; d) NH3(KOHLI)'
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Kakumu n3 lee):[JIO)KeHHLIX peaFeHTOB MOKHO onpezleJme HaJIN4YUuEC B paCTBOpe HOHOB
Co*™?
a) KSCN; b) K4[Fe(CN)e]; ¢) HCI; d) NH3(x; €) x710podopMm.

Kakumm u3 npeaioskeHHbIX PeareHTOB MOKHO OIpeleIMTh HAJlM4ne B PacTBOpe HOHOB
2+
Cu™?

a) NaCl; d) 8-ruapOKCHUXUHOJIMH;
b) KOH,; e) Ks[Fe(CN)s].
C) NHg(m);

OcHoBanue (mo AppeHuycy) — 3T0:

a) coeAMHEHHE, CIOCOOHOE BBICTYNATh B KAYECTBE JJOHOPA JIEKTPOHHOI Mapsbl;

b) coenunenue, cnocoOHOE BBICTYIATH B KAUSCTBE AKIENITOPA HIICKTPOHHOMU MaphI;
C) coeanMHEHUE, CIOCOOHOE OTIABaTh I'HAPOKCHIBHYIO TPYIIIY;

d) coenmuHenue, criocoOHOE MPUHUMATH POTOH.

Kuciaora (nmo bpéucreay) — 3to:

a) coeIMHeHNE, CIIOCOOHOE BBICTYIATh B KAYECTBE JIOHOPA SJICKTPOHHOU TapHI;

b) coenunenue, cnocoOHOE BBICTYIATh B KAUECTBE AKIIENITOPA 3JCKTPOHHOI Maphbl;
C) coeauHeHue, CrocoOHOe OT/IaBaTh MPOTOH;

d) coenunenue, CrIOCOOHOE MPHUHUMATD TIPOTOH.

PacTBOpHTEIb ¢ CHILHBLIMH OCHOBHBIMH CBOHCTBAMM:

a) auddepeHIupyeT CHTy OCHOBAHHUI M HUBEIUPYET CHIIY KHCIIOT;
b) muddepenmpyer Criy KHCIOT ¥ OCHOBAHHMIA;

C) HHMBEIHMPYET CHIY KUCIOT M CHIY OCHOBAHHMI;

d) muBenmpyer cuiy ocHOBaHMMN U AU(HEPEHIUPYET CHITY KHCIOT

YpaBHUBaHUeE N0 CHJIe KHCJIOT B cpee PAacTBOPHUTE/IsI HA3bIBAeTCs:
a) HUBEJMPYIOIIUM JICHCTBHEM PAaCTBOPUTEIIS,

b) nubdepenumpyrommm nelicTBUEM pacTBOPHUTEIIS,

C) OCJIa0IISIFOIIMM JIEHICTBUEM PACTBOPUTEIS;

d) HUBETHUPYIOLIUM CHCTBUEM PACTBOPCHHOT'O BEILIECTBRA.

. Beimunna pH pacrBopa, conepxamero 0,1 M HClu 0,1 M M H3BO3:
a) paBHa cymme pH pacTBOpOB JaHHBIX KHUCIIOT;

b) paBHa npou3sseneHu0 pH pacTBOPOB JaHHBIX KHUCIIOT;

) mpubnmsutensHo pasxa pH 0,1 M HCI,

d) mpubmmsurtensHo pasua pH 0,1 M H3BOs.

. MoasipHasi 10Ji1 aHMOHA ABYXOCHOBHOM KHCJOTbI a(AZ_), He CBSI3AHHOI'0 C NPOTOHOM,
cOCTaBJIfIeT:

a) a AZ— — Ka,lKa,Z B
[H0 | +K,.[H.O ]+ KK,
_ 8 K,
b) o A [HOJ+K,
C) HSO i :Q’§:Ka,nCHAn ;
d) o A2— _ Ka,lKa,Z .
[H.0" ] +K,,[H,0"]
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12. YcraHoBUTe COOTBETCTBHE (KAaXKIbIH OTBET MOKET OBITH WHCHOJb30BAaH OJUH Pa3, He-

13.

CK0JILKO Pa3 WJIM He HCTIOJIb30BaH COBCEM):

®opmyia PaccuutsiBaercs

N n _ 1) pH pactBopa ci1aboii KUCIIOTHI,
a) HO = ;Ka,nCHAn , 2) pH pactBOpa c11ab0ro OCHOBAHHUS;

1 3) pH 6ydepHoro pactBopa;
b) pH== pK,-1gC,, ; 4) pH pactBopa cMecH KUCIIOT;

12 5) KOHIIEHTpAIHMsI NOHA TUAPOKCOHUS B CMECH KHCIIOT;
c) pH = > pK,,+ PK, +10,s ; 6) pH pactBopa amdomuTa.

K,;+pK

d) szp a,12p a,2.

KucjorHo-ocHoBHBIE Oy(epHbIE PACTBOPLI — 3TO :
a) CUCTCMBI, COXPaHAIOIMUE IIPUMEPHO IMOCTOAHHBIM 3HAUCHHUC pH npu I[O6aBJI€HI/II/I K HUM HE-

OOJIBIIMX KOJIMYECTB CHJIBHOW KHUCJIOTHI MJIM OCHOBAHMSA, a TaK)Ke IpU pa30aBICHUU WIN KOHLIECH-
TPUPOBAHUH,

b) cMech coemuHEHHiT 2IIEMEHTOB TIEPEMEHHOMN BaJICHTHOCTH B IBYX CTEMCHIX OKUCIICHHS;
C) cMmech ci1aboit KucmoTel HA 1 conpsiKeHHOTO ¢ Heli OCHOBaHHS A
d) cucTeMbl, COXpaHSIOIIHE MPUMEPHO MOCTOSHHBIM 3HaueHne pH mpu 100aBICHUH K HUM

OOJIBIINX KOJIUYECTB CHJILHON KHUCIIOTHI MJIM OCHOBAHUS.

14.

15.

YpaBHenne I'engepcona—Xacceap0axa umeer BUI:

C
H — K +| OCHOBaHHUs ’
a) PR =pK, +Ig T

KHUCJIOTBI

1
b) pH == PK, ~19Cys ;

K,.+ pK
C) szp a,1 p a,2;
2
CinC,
d) p=23—"4—.
Cin+C

YpaBHenue ajsi pacuera 0y(depHoil eMKOCTH UMeeT BU/L:

C
H=pK._ + |g —Qctosamis -
a) PH=pK, QC

KHUCJIOThI

1
b) pH:E pKa_IgCHA ;

K. . +pK
C) szp al p a,2;
2
C_
d) p=2,3—2A
Cia+C

Iloonuce npenooasamens:
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JIABOPATOPHOE 3AHSITHUE Ne 3

TEMA: PABHOBECHSA KOMIIVIEKCOOBPA30OBAHUA. XUMHNYECKHUE METO/bI
OBHAPYKEHUSI AHUOHOB

Ieau 3anaTus:

— cghopmuposams 3Hanus O PaBHOBECUAX KOMILIEKCOOOPA30BaHMS; O BIMSHUU Pa3TUYHBIX
(hakTOpoB Ha MPOTEKAHUE PEaKIUi KOMIUIEKCOOOpa3oBaHus; O Kiaccu(uKay aHuOHOB 110 00pa-
30BaHHI0 MAaJOpacTBOPUMBIX coyield Oapus M cepeOpa, MO OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIM
CBOMCTBaM; 00 aHaIM3e CMECH aHHOHOB;

— npuodpecmu ymeHusa pacyera paBHOBECHBIX KOHLEHTpPALUN MOHOB B YCIOBUSX KOMILIEK-
co00pa3zoBaHusl; KOHIICHTPAIMOHHBIX U YCIIOBHBIX KOHCTAHT KOMILIEKCOOOPA30BAHMSI; IPOBEICHUS
peakuuii oOHapyxenust aHuoHOB I-1ll ananuTHUecKkux Tpyrm; BBHITOIHEHUE aHAIW3a CMECU aHUO-
HOB I-1ll ananutuueckux rpymi.

Jlureparypa
[1] C. 111144, 304-340; [2] C. 97-144; [4] C. 16-20; [5] C. 51-69.

Bonpocs! 1151 TOATOTOBKY K 3aHATHIO:

1. OOmas xapakTepucTUKa paBHOBECHH KOMIUIeKcooOpa3oBaHus. KoHcTaHThl paBHOBecHS,
HCIIOJIB3YEMBIE JUIS XapaKTEPUCTUKN YCTOMYMBOCTH KOMILJIEKCHBIX COCIMHEHU.

2. BnusHue pa3ziauuHbX (akTopoB (TeMIeparypa, HOCTOpOHHUE MOHBI, pH, mobouHble peak-
L[M1) Ha IPOTEKAHNE PEAKIINI KOMIIJIEKCOOOPa30BaHHUS.

3. Knaccudukanus aHnoHOB, OCHOBaHHasi Ha 00pa30BaHUU MaJOpPAaCTBOPUMBIX cojieil Gapus
u cepedpa, 0 OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIM CBOMCTBAM aHUOHOB.

4. OOmas xapakTepucTHKa U peakiuu oOHapyxeHus aHnoHoB [-1II ananuTudeckoil rpymnisl
o Kjaccu(uKaIuy, OCHOBAaHHOW Ha PaCTBOPUMOCTH COJIeH Oapus u cepedpa.

5. AHanu3 cMecu aHMOHOB.

OcHoBHbBIE PaCY€THBIC (l)OpMy.]'ll)I, H606XOIII/IMI)IC IpHA NOATOTOBKE K 3aHATHIO
KOHHGHTpaHI/IOHHaH KOHCTaHTa YCTOI\/'I‘II/IBOCTI/I KOMIIJICKCHOI'O COCAMHCHUA:

M, ]

M L™

rje B — oO1re KOHCTaHThI 00pa30BaHUs KOMIUIEKCA, N — KOJIMYECTBO JIUTAHAOB B KOMIUIEKCHOM
vacrtuiie; [ML,] — paBHOBeCHast KOHIIEHTPAIHST KOMIUICKCHON YaCTHIIbI, COJepIKAIel N-TUTaH/I0B;
[M[ — koHueHTpanus: KOMILIEKCOOOpa30BaTesi, HE CBA3aHHOTO B KOMIUICKCHBIC YacTHIIbI, [L] —
paBHOBECHAs KOHIIGHTPALUs JIUTaH a.

MounsipHast 10711 HIOHOB MeTaJljia, He CBA3aHHbBIX B KOMILIEKCHI o(M):

1
oM =———-.
1+> 4 L"
1
CpenHee JIMTaHAHOE YHUCIIO:
>.np, L
n=—L .
1+ B, L"



YcioBHast KOHCTaHTa 00pa30BaHUs KOMILJICKCA:
!’ m n
P =P oty
riae ' — yclioBHasi KOHCTaHTa 00pa30BaHMs KOMIUIEKCA, 3 — KOHCTaHTa 00pa30BaHMs KOMILICKCA,

OMe — MOJISIPHASL IOJISI KATHOHA METAJlIA, 0lan — MOJISIpHAsSI 10JIsl aHMOHA-KOMILTIEKCO0OpazoBarTess
npu pH # 7, m u n — ctexuomerpudeckue K03 PUIreHTH.

IIpuMmep pelieHUs1 TUIIOBOM 321244

Vcnosue 3a0auu. Paccuntars MOJSIpHYIO JOJIO W CpeliHEe JMTaHJHOE YUCIO JI pacTBOpa,
comepxantero 0,01 M Ag’ B aMMHauHOM pacTBOpe C paBHOBECHOW KOHIEHTpalueil amMMuaka
0,1 M.

Pewenue. Katnon cepebpa MOXeT NpPHCYTCTBOBATh B yKa3aHHOM pacTBope B Buie Ag’,
Ag[(NH3)]" u Ag[(NH3),]". B cipaBouHoif JUTEPaType HAXOMUM 3HACHNA OOIKUX KOHCTAHT 00pa-
30BaHMsI KOMILIEKCOB, KOTOPbIE PABHbI Blo =2,1-107, [320 = 1,7-107. [Tockonbky nonHast cuia |—0,
MOYXHO TIPUHSATH, YTO Bno = Bn. YuuTbIBas 3HAUUTENBHO OoJblliee 3HaUEHHUE 32 L % 1o CpPaBHEHHUIO C
BiL, craraembivu B 3HaMeHartene 1 + BiMoxHO ipeHeOpeys. Torma:

1

opu [NH;]=0,1M o Ag’ =~ -59.107%;
? 17-107-0,12
+ 1 -7 -8
mpu [NHo] =1M o Ag® =————=0,59-107 =5,9-10°%.
P ? 17.107 .12

CpezHee JUraHIHOE YKCII0 TPU paBHOBecHOH KoHIeHTparu [NH3]= 0,1 M Oyxet paBHO:
n

Znﬁ L" 3 Al 7 a2
T n _1-2,1-10 -0,1"+2-1,7-10" -0,1
n - 3 1 7 2
1+an L " 1+2,1-10°-0,1" +1,7-10' -0,1
1

n= =1,999

+
T. e. ocHOBHOE KOJIMYECTBO cepedpa HaxoauTcs B Bujae koMruiekcHbIX yactuil [Ag[(NHs)2] ™.

IInceMeHHbIE 3aJaHUs
1. 3anmonHuTe TAOIUIILI.

Hepeaﬂ anajlumuvyeckas cpynna adHuOHo6

Omnpene- .
qeMbi Pearerr VYpaBHEHHE peaki U 0OCOOEHHOCTH AHaTUTHYECKUN
HaHHOH ee MpOoBeIeHUS ad ekt
S04 BaCl;
Pb(NOs3);
poau3oHaT Oapus
S0O5% BaCl,
AgNO;
HCl pass)
KMnO4, H*
S,05% BaCl,
AgNO3
HCI(pa36)

27



Omnpene- N
. YpaBHEHHE peaKIui U OCOOCHHOCTH Amnanutuyeckuit
JISIEMBII Pearent
ee MpOoBeICHUs ¢ dexT
aHUOH
KMnO,4, H*
I2
COs% BaCl,
HC'(pa36)
MgC'Z
C2042_ BaCI2
CaCl,
KMnO,4, H*
B4O727 BaCI2
KYPKYMHUH
C,HsOH, H*
SiOg> BaCl,
AgN03
NaF
F BaC|2
FE(SC N)3
PO, BaCl;
AgNO3
(N H4)2MOO4
Bmopas ananumuueckas epynna anuonos
Onpenev— VYpaBHEHHE peaki U 0OCOOEHHOCTH AHanuTHYECKUI
JIAEeMBI Pearent
€€ MPOBEICHUS ¢ ekt
AHUOH
Cl AgNO;
Pb(NO3),
ng(NO;g)z
KM nO4
Br AgNO3
Pb(NO3),
KM nO4
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Omnpene-
JISIEMBII Pearent
aHNOH

YpaBHEHHE peaKIui U OCOOCHHOCTH Amnanutuyeckuit
ee MpOoBeICHUs ¢ dexT

I AgNO;

Pb(NOs3)

KMnO4

5% AgNO;

Cd(NO3).

H Cl(pa36)

KMnOy,

Na,[Fe(CN)sNO]

SCN~ AgNOs

CU(N03)2

Hg(N03)2

FEC|3

Tpemb}z arajiumuvecKkas ecpynna aHuOHoe

Onpenensi- .
oMb Pearchr YpaBHeHHE PEAKIIMU U OCOOSHHOCTH AHaTUTHYEeCKUI
AHIOH ee MPOBEIeHUs ekt

CH3CO0O" | H2SO04

C,HsOH, H*
FeCI3
NO;3~ Cu, H,SO4
Zn, NaOH
AHTUNINPUH
Judenunamun
NO[ HZSO4
Judennnamun
AHTUNIUPUH
Kl
peaktus ['pucca
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JIABOPATOPHAS PABOTA

AHAJIMTUYECKHE PEAKIIUU AHUOHOB 110 KITACCUPUKALIUUN,
OCHOBAHHOM HA PACTBOPUMOCTH COJIEM BAPUSA U CEPEGEPA

3ananuga:

1. BoinonuuTe peakuuy oOHapyKeHHsI aHHOHOB MEPBOM — TPEThel aHATMTUYECKUX TPYIIIL.

2. 3aKOHUYUTE CXEMBI PEAKIUI ¢ yKa3aHWEM YyCJIOBHM WX mporekanus (pH, Temmneparypa, Ka-
TaJIU3aTOPhl) U PACCTABBTE, T HEOOXO0AMMO, KOI(DPHUITUEHTHI.

3. YkaxkuTte aHanutudeckuit ekt kaxmoil peakuuu (M3MEHEHHE 1[BETa, BBINAJCHNUE OCal-
Ka, BbIJIEJICHHE ra3a u JIp.).

1. Peaknuu o0HApy:KeHUsI AHHOHOB TMEPBOH AHAJUTHYECKOI TPYHNbI (SO42_, S05%, S,057,
C,04%, COs~, B,O+*, PO, F)

/Jleiicmeue 2pynnoeo2o peazenma. I'pynmoBbIM peareHTOM SBISETCS Oapus XJIOpUL
B HEHTpanbHOI Wi cnadouienoyHoit cpeae. HepacTBopuMele Oaprs cojid aHHOHOB NEPBO aHAM-
TUYECKOH T'PYIIIBI MO-Pa3HOMY PAaCTBOPSIOTCS B BOAE M MHHEPAJBHBIX KucioTax. Kapbonar-, Ter-
pabopat-, oprodochaT-uoHbl 00pa3yrOT COJU, KOTOPbIE PACTBOPUMBI B KHCJIOTE YKCYCHOI.

B kauecTBe rpynmoBoro peareHra Takke MOXKeT BBICTYNaTh cepedpa xmiopus. Cepedpo Takxe
JlaeT OCaJKU C aHMOHAMHU MEePBOM IpyIIbl, KpoMe GTOPHI-MOHOB, TIOCKOJIBKY cepedpa (ropus pac-
TBOPUM B BOZE. DTH OCaJKu (KaTnoHa cepedpa ¢ aHMOHaMHM | aHAIIMTHYECKOM TPYIIBI) pacTBOPSI-
IOTCS B a30THOKHCIIOM pacTBOpPE, B OTIMYUE OT OCAJKOB, OOpa30BaHHBIX C aHMOHAMH BTOPOH
aHaJiuTU4YecKod rpynmnbsl. KpoMe Toro, npu Mcnosiab30BaHUM Oapusi XJIOpUJa B HEUTpabHOM WU
cJ1aboI1IeI0YHOM cpeie B KauecTBE IPYIIIOBOIO peareHTa aHUOHbI | aHaIUTHYeCKO# Tpynmbsl yke
OyAyT OTCYTCTBOBATh B HA/I0CaJOYHOMN JKUKOCTH.

Onpenesienne aHMOHA SO42_

Peakyusn ¢ pacmeopumvimu 6apus conramu. B npodbupky BHocAT 3 karum pactBopa NaSO4
(57) wmu gpyroro pacTBOPUMOro Cyibdara U NPHUOABISIOT KAILII0 pa30aBIeHHOIO pacTBoOpa KUCIIO-
ThI XJIOpUCTOBOOpoaHOM (*) 1 2 karun BaCl, (17). Beimagaet Genblit ocamok 6apust cyibdara:

Ba’" + SO, —

OnpeneneHue aHUOHA 8032'

Peakyusa c pazdasnennvimu kuciomamu. B npodupky BHocAT 5 kanenb pactBopa NapSO3
(50) u cronbko xe kamenb HCI (*). [locrenenno BeiaenseTcst razoodpasubiii SO, ¢ XapaKTepHBIM
3amaxoM Cepbl TUOKCHIA:

SO +H' —

Peakyusa ¢ nampus numponpyccuoom. B npobupky nomemniaror 2 kamiau pactBopa NaSO3
(50) u mo karuam mpubaBsIOT pactBop Harpus Hutpompyccuaa Nay[Fe(CN)sNO] (45).
B HeliTpanbHOl cpelie MOSBISETCS KPaCHOE OKpAIIMBaHUE PacTBOPA.

OnpeneneHue aHUOHA 82032_

Peakyusa c pazoasnennvimu kuciomamu. B npoOupky BHocAT 3 karum pactBopa NaS,03
(49) u crompko ke Kamenab paszbaBienHoro pactBopa HCI (*). PactBop myTHeer BeieacTBue
BBIJICTICHNS JIEMEHTHOM CEPhI, U ONIYIACTCS XapaKTePHbIH 3amax cepbl TUOKCUIA!

S0 +H —

OmnpenesieHne aHUOHA CO5*

Peaxuus c pazoasnennvimu kuciromamu. B npodupky BHocsT 3 karumm pactBopa NayCOs (8)
1 MPHUOABJISIOT CTOJBKO e Kamnenb pactBopa HCI (*) uwau HaSO,4 (59). B mpobupke HabmoaeTcs
BBIJICTICHUE ITy3BIPHKOB ra3a 0e3 3armaxa:

COs* +H' —
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OmnpenesieHne aHUOHA C2042_

Peaxkyus ¢ Kanusa nepmanzaHamom 6 Kucioi cpede. B mpoOMpKy BHOCST 2 KaIulk pacTBOpa
(NH4)2C,04 (22) u 3 xamumm pactBopa H,SO, (59), marpesator cmech n0 70-80 °C (ue Bblme!)
1 MEJUIEHHO, 10 KarlIsaM MpuoOaBisioT pasbasinenusiii pactsop KMnOy (55). PactBop obecuBeurBa-
€TCsl, HaOJIF01aeTCs BBIJICIICHHUE MTy3BIPHKOB Ta3a.

C,0, 7 +K '+ MnO, +H' —

OmnpenesieHne aHHOHA B4O72_

Peaxyus obpazoeanusn smun0eozo yhupa 60pHoi Kuciomol (0emMOHCMPAUUOHHBLIL ONbIM).
B dapdopossiii Turens nomemniator 2 kariu pactBopa NaB4O; (51), BbimapuBaroT gocyxa u oxJia-
xmaT. K cyxoMy ocTatky A00aBISIFOT MPU NEPEMENIMBAHUN CTEKIISTHHOM MaTOYKOH HECKOJIBKO
Karenb KouieHrpupoannoit HSO4 (*) u CoHsOH (*). TIporcxoaut oO6pa3zoBaHue 3THIOBOTO d(u-
pa 6opHOIi KuCIOThL. CMECh MEePEeMENIUBAIOT U TOKUTa0T. [lmamsi oKpalmBaeTcss B XapaKTePHBIHA
SIPKO-3€JICHBIH 1IBET.

H3;BO; + CoH50H —

OnpeneneHue aHUOHA SiO32_

Peaxkyus c pazdasnennvimu Kucnomamu. B mpoOupky moMemaroT 2 Kaluld pacTBOpa
Na,SiO3 u no karusm npu6asisirotT pactsop HCI (*). Beimagaer Genblit CTyACHUCTBIA 0CAI0K TeJIsl
KHCI0THI KpeMmuuenoii Si0; - nH,0:

Sios* + H' + (n-1)H,0 —

Onpenesienue anuona F-

Peakuus c scenesza (II1) muoyuanamom. B npobupky BHOCAT 2 KaIUIM pacTBOpa COJIH JKeJe-
3a (1) (32), mpubasnsror oaHy Karao pa3zdoasiaearoro pacrsopa NH4SCN (34). Pacteop okpariu-
BaeTCsl B KPACHBIM LIBET BCJEICTBHE OOpa30BaHMs jKejle3a THOIMAaHATHBIX KoMiuiekcoB. K momy-
YEHHOMY pacTBopy mpubapistoT mo kamisiMm pactBop KF (3) 1o oOeciiBeunBaHus pacTBopa BCie-
cTBHE 06pasoBaHue Komiuiekca [FeFg]®

[Fe(SCN)s] + F —

OmnpenesieHne aHuOHA PO,

Peakyusa c cepeopa numpamom. B npoOupky BHOCAT 4 Karu pactBopa Hatpus ¢ocdara
win ruapooprodpocdara (9) u nmpudbassiror mo karsiMm pactBop AgGNO; (13) 1o mpekparieHwust
BBIJICJIEHUS JKEJITOTO 0CaJIKa.

PO, + Ag" + NO; —
2. Peakuuu 0GHAPY:KeHUs] AaHHOHOB BTOPOii aHamTHuecKoii rpymnsi (CI7, Br-, 17, SCN™, §%)

Jleiicmeue cpynnoeozo peazenma. I'pynnoBbIM peareHTOM Ha aHHOHBI BTOPOM aHalIUTHYe-
CKOH Tpymmbl SBJsIETCS BOAHBIN pacTBop cepedpa HuTpata AgNO3 B pa30aBIeHHON KHCIOTE a30T-
Ho¥ (00brgHO — B 2 Monb/a pactBope HNO3). B mpucyrcrBuu cepebpa KaTHOHOB aHHOHBI 3TOM
rpynmsl 00pa3yroT ocaaku cepedpa comel, MpakTUYECKH HEPACTBOPUMEIE B BOJIE U B pa30aBIeHHON
KHCJIOTE a30THOM, 3a MCKJIIOYEHUEM cepedpa cymnbhuma AgyS, KOTOPBIM pacTBOPSETCS B KHCIOTE
a30THOM MpU HarpeBaHWU. Bce aHMOHBI BTOPOI aHATMTUYECKOU TPYIIBI B BOJHBIX pacTBOpax Oec-
IIBE€THBI, UX 6apI/IeBI)Ie COJIM paCTBOPUMBI B BOJC.

Onpenenenune anuona Cl™
Peakyusa okucnenus Kanusa nepmanzanamom (npoeooam noo msazoii). B mpobupKy BHOCAT
5 kanens pactBopa NaCl (6), mpubasisior 5 Karesap KOHIEHTpupoBaHHOTO pactBopa KMnQ, (55),
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2 xaru koHueHtpupoBannoit HySO, (*) u HarpeBaroT cMech. OOpa3oBaBIIUICS BHAYAIC PO30BO—
(UONETOBBIN PACTBOP IMOCTEIIEHHO YaCTHYHO WJIH TIOJTHOCTHIO 00€CIBEYHBACTCSI.

Cl +MnO, +H' —

Karmutio monmy4eHHON cMecH HaHOCAT Ha HoJuI-KpaxMalibHyto Oymary (*). Ha Oymare Bo3Hu-
KaeT CUHEE IIATHO:

Ch+I —

Omnpenesnenne anuona Br-

Peaxuus okucnenus Kanus nepmanzanamom. B npoOHUpKy MOMEIIAIOT 3 Karjik pacTBopa
KBr (5), mpubasisitor 2 karuu pactBopa HoSO4 (59), 1 kammro KMnOy (55) u 3 karuu xiaopodopma
(*). CMmech BCTPSXHMBAIOT U HAOJIOIAIOT OPAHIKEBYIO OKPACKy XJIOPOGOPMHOTO CIOSI, BCICACTBUE
IKCTpAKIUU oOpa3oBasierocs Bry.

Br + MnO, +H' —

Omnpenesnenune anuona |~

Peakyus oxucnenusn Kanus nepmanzanamom. B npobupky momemniarot 3 karutu pactsopa Kl
(6), npubasnstor mo 2 karmtu pactBopoB HySO4 (59) 1 KMnQO, (55) u 3 kammu xmopodopma (*).
HaGmonarot (hrosieTroBoe OKpammBaHue XJI0pOPOPMHOTO CIIOS.

I+ MnOs +H" —
Peaxuyus ¢ nampus numpumom (svitnonuams noo mszoit). K pacreopy Kl (6) npubasistor
pactBop CH3COOH (33) mo pH okosio 6, 3aTeM 100aBNsOT HECKOJIBLKO Kamesib pactBopa NaNO;

(11). PactBOp okpammBaetcs B Oypblii 1BeT. [Ipy HarpeBaHUU PacTBOPA BBIICISAIOTCS (HOJICTOBBIC
napsel HoJ1a, U pacTBOP MOCTENIEHHO 00ECIIBEYMBAETCS:

NO, +1 +H" — NO?T +

Hoouoxkpaxmanvnasn peaxyusn. B npobupky BHocsaT 3 kamm pactBopa Kl (6), kamo pac-
tBopa HCI (*), 2 xarum pactBopa okuciutens — NaNO; (11) u 100aBiasSIOT KaIuio CBEXKEIPUTOTOB-
JIGHHOTO BOJIHOTO pacTBopa kpaxmaia (*). CMech IPHHUMAET CHHIOK OKPACKY:

NO; + I +H"— NO?T +

Onpenenenne annona S

Peaxuyus okucnenusn Kanusa nepmanzanamom. B npodupky BHOcAT 2 xarumk pactBopa NapS
(*) u mprbaBIAIOT MO KamisiM KOHIEHTpupoBaHHbIH pacTBop KMnO, (55). O6pa3oBasiuiics BHa-
Yajie po30BO-(hMOJIETOBBIM PACTBOP MOCTEIIEHHO YaCTHYHO HIIH MOJHOCTHIO 00ECIIBEUNBACTCS:

S+ MnO, +H" —

Peaxkyus ¢ nampus numponpyccuoom. B npobupky BHOcAT 2 kamam pactBopa NaS (*),
npubasistor 3 karmu pactBopa NaOH (58) mnm ammuaka (*) u karuto pactBopa Naz[Fe(CN)sNO]
(45). PactBop OkpariuBaercs B (HHOJICTOBBIH I[BET 3a CYET 0Opa30BaHMsI KOMILUICKCHOTO COCIHHE-
uust npeanonoxurenbHo Nay[Fe(CN)sNOS], xoTst cocTaB mpoIyKTOB peakilui TOYHO HEU3BECTEH.

Onpenenenue annona SCN™

Peaxuus ¢ meou numpamom. B npobupky Baocsat 2 karum pactBopa NHsSCN (34) u npu-
OaBisrot o KarsiM pactBop CuSO,4 mmm CuCly, (*). PacTBop okpammBaercsi B U3yMpYAHO-3€JICHBIN
ugeT. [Ipogosmkatot npudassath 1o kamisim pactBop NH4SCN (34) 1o BbinaieHust 4epHOTO Ocaika
Cu(SCN)2:

SCN™ + Cu* —
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3. Peakunu o0HapyskeHHs] aHHOHOB TpeTheill aHannTH4eckoi rpynnsl (NO, -, NO;~, CH;COO")
I'pynnogozo peazenma anuonsl mpemaeii Zpynnsl He UMeom.

Onpenenenne anuona NO,~

Jeiicmeue cunvnvlx Kuciom (6blnoanams noo mazoi). B npoOupky BHOCAT 2 KaIljiud pac-
tBopa NaNO; (11) u npubasistor 2 kamm paszbasiearoin HySO, (59). Beigenstores xento-0ypeie
napsl okcunoB azota NO, u NO:

NO, +H" —
Peakuus c ougpenunamunom. B cyxyro npoOupKy BHOCAT 3 KaIlIll pacTBopa nudeHnIaMmuHa
B KOHYeHmpuposarnot KucioTe cepHoit (*) u kammro (wiu kpucramink) NaNO; (11). Cmech okpa-

IIIMBAETCS B SIPKO-CUHHIA LIBET, KOTOPBI Yepe3 HEKOTOPOE BpeMsi U3MEHSIETCS B OYpHhIii U, HAKOHEII,
B XKEJITBIN.

Peaxkyusn ¢ peakmueom Ipucca (cmecv Kuciromwl cynvghanunosoii ¢ 2-nagpmonom). Ha
CTEKJISIHHYIO TUIACTUHKY HAHOCAT 2 Karlld HEWTPaJbHOTO WM YKCYCHOKHCIOro pactBopa NaNO;
(11), npubaBAAIOT KAILUIIO pacTBOpa KHCIOTHI CYJIb()haHMUIOBOW M Kamuiro pactBopa 2-Hadrona (*).
CMmech OKpallrBaeTcsi B IPKO-KPACHBIH 1IBET BCIIECTBUE 00OpPa30BaHMs COOTBETCTBYIOIIETO a30Kpa-
CHTEJISL.

Onpenenenue annona NO3z~

Peaxkyus 6occmanosnenus WUHKOM MeMAIIudecKum 6 wiejl04Holl cpede (6bIn0IHAMb NOO
msazoit). B npobupky BHocsT 2 karui pactBopa KNOg , 2 kamu konnentpupoBanHoro NaOH (*),
KyCOYEK LMHKA METATHYecKoro (*) M OCTOpOXKHO HarpeBaroT mpoOUpKy. BiakHOil akmycoBoit
OyMa)KKOil 0OHApY)KMBAIOT BBIJICIICHUE TTAPOB aMMHAKa:

NO; +Zn+ OH + H,0 —

Onpenenenune annona CH;COO™

Peaxkyus oobpazoseanus >munauemama (8vlnoaHAmMb nOO0 msazoi). B npoOupky BHOCAT
3 karu KoHueHTpupoBanHoro pactsopa CH3COONa (20), npubaBisitor 4 Karuim KOHICHTPHPO-
BaHHO# KuCOTHI cepHOM HSO4 (*), 4 xarmumn sTanona (*) U OCTOPOXKHO HarpeBarOT cMmech. Omry-
I11aeTCsl XapaKTEePHbIH MPUATHBIN 3amax HTUJaleraTa:

CH3COO + C,Hs0OH + H —

Peakyusa ¢ kucnomoii cepuou (¢vtnonname nod mazoi!). B npodbupky noMemaror 3 Kariu
CH3;COONa (20), 3 xarumm HpSO4 (*) 1 HarpeBarotr. OTMEYarOT XapaKTepHBIN 3amax yKcyca:

CH3COO +H" —

Peaxkyus c scenesza (I1l) xnopuoom. B npobupky BHOCIT 6 Kamenb pactBopa CH3COONa
(20) u npubasistor 2 karum pactBopa FeCls (32). PactBop okpaimBaeTcs B KpacHO-OYpbIi IIBET.
OCTOPOYKHO HarpeBaroOT COJIEPKUMOE MPOOUPKHU JI0 KUTICHUS W KHIIATAT pacTBop. [Ipu KursiaeHun
U3  pacTBOpa  BBINAJaeT  KpacHO-Oypwiidi  ocamgok  kene3a (IlI)  ocHoBHOro  arerara
[Fe3(CH3CO0)s(OH),]- CH3COO.

Fe** + CH;COO + H,0 —
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TECTOBBIA CAMOKOHTPO.Ib

1. BsiOepure rpynnosoii pearent Ha |1l anaauTH4YecKyl0 rpynny aHHOHOB 110 PACTBOPHMO-
CTH coJieil 0apusi u cepeOpa:
a) BaCly; ) pactBop Kl B cepHokucioit cpene;
b) AgNOg; d) rpymmnoBoii peareHT OTCYTCTBYET.

2. BblOepuTe rpynmnoBoii peareHT Ha | aHAJMTHYECKYIO IPYyNIy AaHHOHOB MO MX OKHCJIM-
TeJIbHO-BOCCTAHOBUTEJIBLHBIM CBOICTBAM:
a) BaCly; C) NaOH + H,05;
b) AgNOg; d) pactBop Kl B cepHOKHCIIO# cperie.

3. Kakumu u3 NMPEAJIOKCHHBIX P€Ar¢cHTOB MOKHO OIIPEAC/INTH HaJIAn4YIue B pacrBope HOHOB
SO
a) (NH4)2[Hg(SCN)a]; d) pykcun;
b) NHs ), e) KMnOa.
¢) Nay[Fe(CN)sNOJ;

4. W3 mpeacTaBjeHHBIX IPyNN AHUOHOB BbI0epHUTE Te, KOTOPbIe OTHOCATCS K AHHOHAM

2 rpynnsbI:
a) NO,, CH;COO;  b) S,05%, CI'; oI, S%; d) SO4%, SO4%.

5. KakuM u3 npeioiKeHHbIX PeareHTOB MOKHO ONpelejJMTh HAJIM4YHe B PacTBOpPe HOHOB
B,O;?
a) FeSCN; d) BaCly;
b) kypxkymuH; e) C,HsOH.
C) XMHAJINU3apUH;

6. BeulecTBo, GopmMysia KOTOPOTO MPUBEIEHA 3[€Ch, HCIOIB3YIOT /151 00HAPY:KeHHSI AHHOHOB:
a) kapOOHATOB M OKCAJIaTOB,;
b) xmopua0B, 6POMHIOB, HOTUIOB; N
C) HUTPATOB ¥ HUTPHUTOB, H
d) Bcex cepycoepiKaiux aHHOHOB.

7. KoopauHANMOHHOE YHCJI0 M CTeNeHb OKHCJIEHHSI HEHTPAJIbHOr0 HMOHA B KOMILIEKCHOM
coequnenun (NH4)2[Hg(SCN),] cooTBeTcTBEHHO paBHDI:
a)6u+2; b) 6 u+1; C)4u+2; d)4u+1.

8. KoopauHauuoHHoOe 4MCJI0 — 3TO:

) YMCIIO JIOHOPHBIX IIEHTPOB JITAH/A, YYaCTBYIOIIUX B JIOHOPHO-AKICITOPHOM B3aUMOJICH-
CTBUU MpU 00pa30BaHUK KOMITJIEKCHOM YaCTHIIBL;

b) 4KCI0 TOHOPHBIX MEHTPOB JIMTAH/IOB, ¢ KOTOPHIMU B3aMMOJICHCTBYET JaHHBIA EHTPATbHBIN
aToM (HOH);

C) YMCII0 aKIENTOPHBIX HEHTPOB JIUTAH/A, YYaCTBYIOIIUX B JOHOPHO-aKIIENTOPHOM B3aUMO-
JEUCTBUH MPH 00pa30BaHUN KOMIUIEKCHON YaCTHIIBI,

d) 4Kcno aKIEenTOPHBIX IEHTPOB JIMTAHIOB, C KOTOPHIMH B3aUMOJICUCTBYET JaHHBINA IEHTPab-
HBIN aTOM (HOH).

9. CpenHee JUTraH/AHOE YUCIO0 — ITO:

) cpe/lHee YKCIIO JIMTaH0B, CBI3aHHBIX C HOHOM METajlla BO BCE 00pa3yIOMIMXCsl PH TAaHHBIX
YCIIOBUSX KOMILIEKCAX;

b) cpennee 4nCIIO JOHOPHBIX IIEHTPOB JIMTAH/IOB, C KOTOPHIMH B3aHMMOJICHCTBYET JaHHBIHN ICH-
TpaJIbHBII aTOM (MOH);

C) cpeiHEe YMCII0 aTOMOB METaJlIA, MPUXOIALINXCS Ha OJUH JIMTaH[T;

d) cpexHee YMCIIO TUTaHOB, BO BCEX KOMIUICKCHBIX YaCTHIAX
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10.

11.

12.

13.

14.

15.

Camblil ycTOHYHBBIN U3 NePeYHCICHHBIX HUKe KOMILUIEKCHBIH MOH (B CKOOKaX NMpuBeae-
HbI 3HaueHnus lgp,) — 3ro:

8) [Co(NH3)a]”" (5.07);

b) [Cu(NHz)a]*" (12,03);

¢) [Ni(NHa)a]>* (7,47);

d) [Zn(NHz)a]*" (9,08).

Kecrkue kucaorsi no Iupcony:

a) UMEIOT OOJIBIION pa3Mep U BHICOKYIO MOJISPU3YEMOCTh;

b) o6pa3zyroT Gosiee ycTOMUYNBBIC COSAUHEHHS C )KECTKUMHU OCHOBAaHHUSIMH;
C) OOJILIIMHCTBO KATHOHOB LIEJIOYHBIX U IIET0YHO-3eMEIbHBIX METAIIIOB;
d) kaTroHBI d-3JIEMEHTOB B HEBBICOKUX CTEIICHIX OKUCIICHUSI.

BriOepuTe BbIpakeHne (PYHKUMH 3aKOMILIEKCOBAHHOCTH B3ammojaeidcTBusi Merasaa M
u auranga L:
M L C C
) FL=—; DbFL=—; c) F L =%, dF L =—-.
) C ) C ) M ) L

M L

PacnpenennTe/ibHble AMArpaMMbl NPH KOMILUIEKCOOOPA30BAHHH NPEACTABISIIOT CO00I
3aBHCHMOCTD:

a) MOJISIPHBIX JI0JICH KOMITOHEHTOB cuctemsl oT Ig[L];

b) MonApHBIX H0J€l KOMIIOHEHTOB cucTeMbl oT Ig[M];

C) MOJISIPHBIX JIOJICH KOMITOHEHTOB cucteMsl oT -Ig[L];

d) MosIpHBIX [10JICi i KOMIOHEHTOB cHcTeMBI 0T -Ig[M].

YcTranoBuTe COOTBETCTBHE MEKAY CTPYKTYPHOI (pOPMYJ10i COeJUHEHHS U er0 Ha3BaHMeM:

1 NO 2 0 OH 3 4 OH
OH
| H,N NH,
X Z N
(0]

) ann3apuH, b) 6en3uauH; C) peaktuB UnbuHCKOTO; d) 8-OKCHXHHOJIHH.

CoorHecnTe (Kaxablii OTBET MOXKeT ObITh HCIOJB30BAH OJMH Pa3, HECKOJIbKO pa3 WJIH
He MCI0JIb30BaH COBCEM):

®opmyna PaccuuteiBaercs
1) cpeanee KOOpAMHAIIMIOHHOE YHUCIIO;
2) MoJsIpHast J0J1sl MeTalljia, He CBA3aHHOTO B KOMIUIEKCHI;

n
1+ leﬁ n L 3) yciioBHast KOHCTaHTa 00pa30BaHMS KOMILIEKCa

b) B'=B- O‘rl\r}leo(nAn;

>, L"

C) n:ln—_
1+ B L"
1

n

Iloonucv npenooasamensi:
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JIABOPATOPHOE 3AHSITUE Ne 4

TEMA: PABHOBECHSI «OCAJIOK — PACTBOP». AHAJIN3 CMECH HEU3BECTHBIX
BEIIIECTB

Ienu 3anaTus:

— cghopmuposamp 3HaHus 0 PAaBHOBECHUAX «OCATOK-PACTBOPY; O BIUSHUHU Pa3IUIHBIX (PaKTo-
POB Ha PacCTBOPUMOCTH XUMUYECKUX COCIUHEHHIT; 00 aHAJIN3E€ CMECH HECKOJIbKUX HEOPTaHUUYECKUX
BECIIECTB;

— npuodpecmu ymeHus pacyera pacTBOPUMOCTH OCAIKOB MPH BIHUSHUH PA3TUYHBIX (PAKTO-
pOB (HaM4KMe TMOCTOPOHHUX MOHOB, ydeTa pH, mpoTekaHus MOOOYHBIX peaKIuii); aHallh3a CMECH
HEU3BECTHHIX BEIIIECTB.

Jlureparypa
[1] C. 137-144, 380-404; [2] C. 97-117, 118-132, 152-157; [4] C. 11-16; [5] C. 69-77.

Bonpocs! 1151 NOATOTOBKY K 3aHATHIO:

1. PaBHOBecust «ocaJok — pacTtBop». CBs3b TEPMOJMHAMMYECKON, KOHLIEHTPAL[MOHHOMN
1 YCIIOBHOM KOHLIEHTPALMOHHOW KOHCTAHT PAaCTBOPUMOCTH.

2. MoHHas u MOJeKyJIsIpHasl paCTBOPUMOCTb. BimsiHue pa3inuuHbix (GakTopoB (TeMmeparypa,
IIOCTOPOHHUE HOHBI, pH, m0O0YHbIE peakliiy) Ha paCTBOPUMOCTb.

3. Pacuet pacTBOpUMOCTHU OCaIKOB B PacTBOpaXx.

4. AHanu3 cMEeCH HEU3BECTHBIX HEOPraHUYECKHUX BEIIECTB.

OcHoBHbBIE pPacC4Ye€THbIC (])OpMy.]'lbl, l-[eOﬁXO)]l/IMble IIPH MOATOTOBKE K 3aHATHUIO
TepMOI[I/IHaMI/ILICCKOe, KOHICHTPAOUOHHOC MU YCJIOBHOC IMPOU3BCACHUC PACTBOPUMOCTU Ks
PpaBHBI COOTBECTCTBCHHO!

Kl=a"a,; K,=A"B";, K,=C,"C,".

MornsipHasi KOHIIGHTpAIMsE OMHAPHOTO JIEKTPOJHTa (C YUETOM TOJIHKO MOHHON PacTBOPHMO-
CTH) B €r'0 HACBIIICHHOM PacTBOpE:
S= «/KS

MounsipHast KOHIEHTpanus dekTponuta AnB, (C y4eToM TOJBKO MOHHOH PacTBOPHMOCTH)
B €r0 HACHIIIICHHOM PacTBOPE:
Ks

m™n"

S =mn

PaCTBopI/IMOCTB MaJIOpaCTBOPUMOI'0 COCANHCHUS TPHU BJIUSIHUN 06]].[61"0, C 0CaaKoOM, MOHaA:

HOHa

YcioBHAsS KOHCTaHTa PaCTBOPUMOCTH TPU 00pa30BaHUN KOMILIEKCA ¢ KATHOHOM M MPOTOHH-
POBaHHUH aHUOHA!
KL= s
ST .m_.n
Oy Ot an
riae K'— ycioBHas KOHCTaHTa PacCTBOPUMOCTH, Ks — KOHCTaHTa PacTBOPUMOCTH, Ope — MOJISAP-
Hasgd A0J1 KaThOoHa METallla, HC CBA3aHHOI'O B KOMIIIICKCHI, Oan — MOJIIpHad A0JIA aHHMOHA-
KOMILTeKcooOpazoBatess mpu pH # 7, M u N — cTexuoMmerpuyeckue KodPpPuIueHTsI.
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Bnusiaue nonnoii cuiel (I = 0,1-0,5) Ha pacTBOpUMOCTH OCAIKOB:

JI
1+41

[Tpu MeHBIINX 3HAYCHHSIX HOHHOW CHIIBI HEOOXOIMMO TOJIb30BATHCS MPEICIbHBIM YpaBHEHU-
em JleOas—XrOKKels U paclIMpeHHbIM ypaBHeHUEM JleOas—XIoKKes.

3Has nmpou3sBeicHre pacTBOPUMOCTH Ks M KOHCTaHTY 00pa30BaHus HE3apsHKEHHOTO KOMITICK-
ca (1100 MOHHOM Mapsl) 3, MOKHO PACCUUTATH MOJIEKYIIIPHYIO PACTBOPUMOCTH BEIIECTBA!

S, =BK..

lgK, =IgK +Avz? -0,2l

KoHuenTpanus HequcCOUMUPOBAHHON C1a00i KUCIOTHI, €CJIM U3BECTHBI KOHCTAHTA PacTBO-
PUMOCTH ¥ KOHCTAHTa KUCIIOTHOCTH, MOKET OBITh paccuuTaHa mo GopMyIie:

HA =X
K

a

IIpumep peleHus1 THTIOBOH 3a1a4H

Venosue 3adauu. Paccumtars pactBopuMocth AQCl: a) B IUCTHUTMPOBAHHON BOJIE;
6) B 0,1 M pacteope NaCl; B) B pactBope, comepskamiem 0,1 M NHgs; r) cpaBHUTH pacTBOPHMOCTD
AgCl u Agl B 0,1 M NHs. Bo3MokHOCTBIO 00pa3oBaHus KOMIUIEKCHBIX coeaunennii Ag™ ¢ CI°
B JIAHHBIX YCIIOBHSIX TIpeHEOpEYb.

Pewenue. a) Pactsopumocts AgCl B 1uCTHIIMPOBAHHOM BOJIE PACCUUTHIBAIOT 10 (hOpMyIIe:

S= ,\/KS = \f1,8 .10 =1,3-10° mous/11.

0) PactBopumocts B 0,1 M pactBope NaCl OyzmeT onpenenstbesi HaaIMYMeM H30bITKA OJIHO-
UMEHHOTO HOHA:
Ks 18107
==
HOHa

Takum 06pazom, pacTBopuMocTh cepedbpa xiopuna B 0,1 M pactBope NaCl Oyner ymens-
IATHCS TI0 CPABHEHMIO C €T0 HACBHIIIEHHBIM PACTBOPOM B AMCTHILIMPOBAHHON BOJIE:

S, 13.107

S; 18-107%

B) B pactBope, conepxkamem 0,1 M pactBop NH3, OyaeT mpoucxoauTs KOMILIEKCOOOpa3oBa-

Hue. B TakoM ciydae, HEOOXOAMMO PacCUMTHIBATh YCIOBHOE MPOM3BENCHUE PACTBOPHUMOCTH, IS

pacuera KOToporo TpedyeTcsi 3HaueHHe MOJIIPHON JTOJIM MOHOB MeTalljla, HE CBA3aHHBIX B KOMILIEK-
chl. 3Hauenue a(Ag’) = 59108 IpU KOHLIEHTpalu amMmmuaka 1 M ObIJIO pacCuMTaHO B MPEIbITY-

S = ~1,8-10"° moms/ 1.

=7,2-10* pa3

mieit pabore. Toraa, 3HaueHHE K'S OyZeT paBHO:
K 18107

o= = ==3,0-10"
o Agt 59107

PaCTBOpI/IMOCTB COCTaBHT:

S =/Kg =+/3,0-103 =5,4.102 sons/n.

PacTBOPHMOCTE, BEIPKEHHAs B I/ (p ) COCTABHT:
p =S-M=54-102-1435=7,7 /1.
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Jlia Agl B 1 M pactBope NH3 mponsBeneM aHanoruuHble BHIYMCIEHUS:
K s 83107
S o Ag+ 59 1078

-1,4.107°.

PacTBOpuMOCTB COCTAaBUT:

S =Kg =4/1,4:107° =3,7-107° moms/x;

p =S-M Agl =3,7-107°.235=8,7-107 r/x.

Taxkum 00pa3oM, B yCIOBHSAX IIPOBEACHUS OIBITOB [0 PACTBOPUMOCTH raJIOTEHHUIOB cepedpa
B PacTBOpE aMMHaKa MOXXHO npuHsTh, 4To AJC| pactBopsiercs, a Agl He pacTBOpsieTCS B pacTBOpE
NHa.

JIABOPATOPHASI PABOTA
AHAJIN3 CMECHU HEM3BECTHBIX BEHIECTB

B kadecTBe aHATUTHUYECKON 3a4aun npeaiaracrcda CMECh BEIICCTB, ITOJIHOCTBIO paCTBOPHUMBIX
B BOAC, MU HEC JAaOUX OCAAKOB IIpU UX B3AMMHOM PAaCTBOPCHUU.

OOHapyxeHHe KATHOHOB

1. Ilpeoeapumenvnvie ucnvimanus.

a) Lleem pacmeopa. AHanu3UpyeMblii paCTBOP MOKET ObITh OKPALIEHHBIM HJIM OECLIBETHBIM.
ITo okpacke pacTBOpa BBICKA3bIBAIOT HPEONONOHCEHUA O IPUCYTCTBUU WIH OTCYTCTBHH KaTHOHOB,
MMEIOIUX XapaKTepHyro okpacky. Eciu, Hanpumep, pacEOD pO3payHblil U OECLBETHBIH, TO MOX-
HO TPEIOJIO0XKUTh, YTO OH HE COAEPKUT KaTHOHBI Cr i Fe3+, Cu2+, C02+, Ni%*

0) pH pacmeopa. HekoTopble npeiBapuTENbHbIC YKAa3aHUS MOXKHO MOJTYYUTh U HA OCHOBaHUU
u3MepeHus 3HadeHus: pH pacTBopa ¢ MOMOIIBI0 YHUBEPCATbHOW HHAUKATOpHOM Oymaru (*). Eciu
3HadyeHue pH pactBopa Haxoautcs B npenenax pH 2—4 (1 pacTBop HE COIEPKUT 0CajKa), TO B HEM
orcyrctBytoT onoBo (II), omoso (IV), cypema (III), cypsma (V), Bucmyt (III), pryts (II), Tak xax
B IPOTHBHOM CJIy4ae WX MPOAYKTHI THAPOJIN3a BBIACISUIUCH Obl B OpME OCAJKOB MPH yKa3aHHbIX
3HayeHusx pH pactBopa.

AHanu3upyemblil pacTBOp JeNAT Ha Tpu yacTu. OHY YacTh UCMONB3YIOT JUIA NPEIBAPUTENb-
HBIX WCIBITAHWH, IPYTYI0 — JUIS TPOBEICHUS CHCTEMAaTHYECKOTO aHAIN3a, TPEThIO — OCTABJISIOT
TUTs KOHTPOJISL.

B) O6napysrcenue kamuona NH,". B oTnensHoit npobe onpenenstor katnon NH;" onpenens-
10T neiictBueM peaktuBa Heccnepa (12) nim pactBopa NaOH (58).

r) Obnapysicenue KamuoHo8 Feé** u Fe**. Katnon Fe** OOHapY>KUBAIOT B OTJEJIBHOM mpobe
uccnenyemMoro pacreopa aeiicrereM Ks[Fe(CN)g] (24). Karnon Fe** obmapyxusaror neiictBuem
pactBopa K;[Fe(CN)g] (23) i NH;SCN (34). O6pazosanne ¢ Kq[Fe(CN)g] (23) kpacHo-6yporo
0cajika BMECTO TeMHO-CHHETO — IPH3HAK MPUCYTCTBHSA B HCCIELyeMOM pacTBope HoHoB CU” "

1) B oTaensHBIX HEOONMBIIMX MOPIMIX aHATU3MPYEMOTrO pacTBopa (00beMOM HPUMEPHO MO
0,3-0,5 M) ompenensroT Hanmnyre KaTHoHOB [I-VI aHanuTHYeCKUX TPy JeCTBUEM TPYIIITOBBIX
pearentoB — BoaHoro pacteopa HCI (*), Bogroro pactBopa H2SO4 (59) (mmm (NH4)2SO4 (21)),
BoaHoro pactBopa NaOH (58) B mpucyrctBum nepokcuaa Bogopoga H,O, (*) mpu HarpeBanuw,
BOAHOrO 25 % pacTBOpa aMMHaKa.

OmnpenenuB HaTMYAE KaTHOHOB PA3NIMUHBIX TPYII, MPUCTYIAIOT K WX Pa3[elIeHHIO C TIOMO-
IIbIO TPYIIIIOBBIX PEareHTOB.

2. Omoenenue u OMKpvimue KAMUOHOE 6MOPOIL ananumuyeckoii zpynnuol. Ecin n3BecTHo,

o v +

4TO B MCCIEAYEeMOM PAaCcTBOPE MPHUCYTCTBYIOT KATHOHBI BTOPOH aHAJIMTHUYECKOW rpymmbl (Ag,
2+ pp2+ . .

Hg,™", Pb™"), To ux otnensror aeiicTBHEM BOJHOTO PacTBOpa KHCIOTHI XJIOPHCTOBOAOPOAHOI (*) B
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Buzie cmecu ocanko xinopunoB AgCl, HgoCly u PbCl, Genmoro nisera. Ocaiok OTAENSIOT OT pacTBO-
pa ¥ aHATM3UPYIOT €TO COTJIACHO CXEME Pa3eNICHHs] KATHOHOB 110 KHCIIOTHO-OCHOBHOMY METOJY.

3. Omoenenue u OmMKpvimue KamuoHo8 mpemvell ananumuueckou zpynnol. PactBop,
OCTaBIIUICS TIOCIIE OTIIEICHUS OT aHAIM3UPYEMOTO PACTBOPA OCAJKOB XJIOPHIOB KATHOHOB BTOPOM
AHAJTUTHYCCKONW TPYIIBL, MEIJIEHHO 00pabareiBatloT BoaHbIM pactBopoM H>SO4 (59) wmmm
(NH4)2SO4 (21) (¢ mobGaBnenuem 3taHoia (*), ecii B pacTBOpE MPEAIOaracTcs MPUCYTCTBUE
KaTUOHBI KaJblus). Beiaenstorcs Oenble ocagku Cyiab(aTOB KAaTHOHOB TPEThEH aHAIUTHUYECKOU
rpynnbl — kanbius CaSOy, crpornus SrSO4, 6apus BaSO4, a Takxke cBunLa cynbdar PbSOy (T. k.
KaTHOHBI cBHHIA Pb?* GBUIM He IOIHOCTBIO OT/IE/ICHBI Ha IIPEIBILYILIEM JTAIle [P 06paGoTKe pac-
tBopa HCI, nmockonbky CBHHIIA XJIOpPH]] 3aMETHO PACTBOPHUM B BOJIC). Y OCIKAAIOTCS B TIOJIHOTE OCa-
KJICHUSI KaTHOHOB TPEThEH TIPYIIbl (PacTBOp HE JOJDKEH MYTHETh NMPH JT00aBICHUU HEOOJBIIOrO
Kosm4yecTBa KUCIoThl cepHoit (59)). Cmech neHTpUyrUpyrOT, OTACISIOT OCAIKU CYIb(aToB, a pac-
TBOp ¢ KatnoHamu V-V rpymim ocTaBistoT 7151 JAIbHEHIIIETro aHaIn3a.

K ocanky cynbdparoB mnpubaBisior HeOOIbIIOE KoiaumuecTBO BomHoro 30 % pacTBOpa
CH3;COONHy (35) mpu HarpeBaHWW Ha BOJASHOW OaHe Ui yaaJeHWs MpUMecel CBHHIA Cyib(darta,
KOTOPBIH B 3THX YCIOBHSX IEPEXOIUT B pacTBop. Omneparuio mpu He0OX0AUMOCTH TTOBTOPSIIOT 10
OTPHIIATEIbHON peaKkluK Ha KaTHOHBI CBUHIIA (1Ipoba ¢ kanus quxpomaroM (19) B oTaenbHON mop-
UM pacTBOpa). B ocagke ocTaroTcs KaibIus, CTPOHIUS U Oapus cyabpaTbl, KOTOPHIE MEPEBOAST
B KapOOHaThl (PacTBOPUMBIE B KHUCIOTaxX) IUIsl TOTO, YTOOBI 3aTE€M PACTBOPUTH ITH KapOOHATHI
B KHUCJIOTE YKCYCHOH (*) M TOJy4UTh PacTBOp, B KOTOPOM COICPIKAIUCH Obl KATHOHBI KAJIbIIHS,
CTpPOHIIUS U Oapwusi.

Jnst mepeBoaa cyinb(aTtoB B KapOOHATHI K OCAAKY KaJbLUS, CTPOHIHUSA W Oapus cyiab(haToB
NpuOaBISIIOT HEOONIBIIOE KOJMYECTBO HACKHIIIEHHOTO BOAHOTO pacTBOpa HATpHs KapOoHaTa (COMIbI)
Na,COs3 (8), cMech mepeMenmmBaOT U HArpeBarOT HECKOJILKO MUHYT Ha BOJSIHOM Oane. Omneparuro
00paboTKH OcajKa paCTBOPOM COBI IOBTOPSIIOT 2—3 pa3a 10 OTPHUIIATEIBHOMN peaKkIuy Ha CyIbQat-
MOHBI B neHTpudyrare. [I[poMBIBaIOT 0CaJ0K AUCTHIUIMPOBAHHOW BOJOW M K NMPOMBIBHBIM BOJIaM
npubaBsOT pacTBop Oapus xnopuzaa (17). Ecnu mpu 3ToM He HaOrogaeTcsi 00pa3oBaHUE MYTH
(6apus cymbdara), TO 00pabOTKYy oOcajka PacTBOPOM COJBI MPEKPAIAlOT, TaK KaK OTCYTCTBHUE
Cy/lb(aT-MOHOB CBHJETENBCTBYET O TOM, YTO KaJbIUsl, CTPOHIMS U Oapusi Cynb(}aThl MOJIHOCTBHIO
nepenuid B kapOoHaTel. OOpa30BaBIIMIC 0CAI0K KaJIbIHs, CTPOHIUS U Oapus kapOoHATOB 0Opa-
0aTbIBalOT pacTBOpoM 2 M kucioThl yKeycHoi (33) npu HarpeBanuu. OcagoK pacTBOPSIETCS.

B otnenbHON npobe MOIy4eHHOro pacTBOpa OOHAPYKUBAIOT HOHBI Ba* npuOaBIeHUEM pac-
TBOpa Kanus nuxpomata K,Cr,07 (19) B cpene anerataoro 6ydepa ¢ pH 5 (60). Eciu nonsr 6apus
oOHapyKeHbI, TO ux ocaxaaT pactBopom K,Cr,07 (19), 4ToObl OHM HE MeEIIaa JajbHEUIIeMy
onpeenennio katnoros Ca’* i Sr*. Ocaok Gaprs XpoMara OTIENSIOT OT PACTBOpPA. 3aTeM KaTH-
ousl Ca”* u Sr**, ocraBumecs B pacTBOpe, CHOBA IEPEBOIST B KAPOOHATHI, YTOOBI OTIETHTD MX OT
M30bITKA AUXPOMAT-MOHOB Cr,07%". Ocajox KapOoOHaTOB 00pabaTeiBalOT 2 M KHUCIOTOM YKCYCHOM
(33). K momydyeHHOMY pacTBOpY HpUOABISIOT HACHIIICHHBIA pAcTBOp AaMMOHHUS cCyibdara
(NH4)2SO4 (21) u HarpeBaroT. Brimasmmii ocagok SrSO,4 OTACHSIOT, @ B pacTBOPE ONPEICISIIOT Ka-
tionsr Ca’* peakiueit ¢ ammonns okcanatom (NH4)2C204 (22).

4. OmKpolmue Kamuonog nepeoll aHanumu4eckoil zpynnol. PacTBop, OocTaBIIMiicS Mocie
OTJIEJICHUSI KaTUOHOB BTOPOM M TPEThEM aHAIMTHYECKHUX TPYIII, MOXKET COJEpKaTh KaTHOHBI Iep-
BOM, UETBEPTOM, MATON M IIECTON aHAIUTHUYECKUX TPYII MO KUCIOTHO-OCHOBHOM Kiaccu(UKaIUH.
[TosTOMY ero aenar Ha ABe 4acTU. B OJTHOM 4acTH OTKPBIBAIOT KaTUOHBI IEPBOW IPYIIHI, & BO BTO-
POl — KaTHOHBI YETBEPTOU, IIATON U MIECTOU IPYIIIL.

Jly1sa oGHapyXeHUs KaTUOHOB MEPBO TPYIIBI K YaCTU pacTBopa J00aBISIIOT pacTBOpP aMMHUa-
ka (*) 10 ImIenoyHON peakiuu cpeibl. B 0calok yXOIsT THIPOKCHIIBI, OCHOBHBIE KaTHOHOB COJIH
YETBEPTOM, MATON M MIECTON TPYII, OCAJOK HE Hcclenyercs. B oTaenpbHON MOpUHUHA MOJTYYEHHOTO
pacTBopa MPOBOJAAT peakiuio ¢ amMmonus ruapooprodocdarom (NH,),HPO, (*) Ha Hanuuue katu-
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ona Li*. Eciu ero oOHapyXMBaloT, TO TPOBOJAT MOIHOE OcaxkaeHue katuoHa Li*, mpu6amss
K OCTaBIIIEMYCS PacTBOPY aMMOHHs ruapooptodochar (*), mockonbky katnon Li* memaer ompe-
nenenuto noHos Na'. Beimasmuii ocajgok 0TOPackIBAlOT, a PacTBOP AeNAT Ha aBe 4acTH. K omHoit
npubasistor Hatpus kapooHat Na,COs (8) mim NaOH (58) st ynanenus katnonos NH;', memra-
romux onpenenenno K™ u Na®, a x apyroii uactu — pactBop kxamus kapoonata KoCOs (*) mmm ka-
mast ruapokcuaa KOH (*). O6e yacTi pacTBopa HarpeBaroT 0 TOIHOTO yHajieHus KatnoHoB NH,"
MPOBEPSIFOT MO BIIAXKHOM KPacHOU JIaKMycoBo#i Oymaxkke(*) (B mapax oOpasyromerocs aMMuaKka oHa
cuHeeT). B mepBoif yacTH pacTBopa MpoBepsAI0T Hanuune katnoHoB K' peakuueid ¢ HaTpus THApO-
taprparom NaHC4H4Og (*) (HeliTpanbHast cpelia Co31aeTcss pacTBOPOM YKCYCHOM KHCIIOTBI, B KOTO-
PO¥i THAPOTAPTPAT KallMsl HEPACTBOPHM), a BO BTOPOil — KaTHoHOB Na' peakimeii ¢ rekcaruapok-
coantumoHaroM (V) kamust K[Sb(OH)g] (*) (uelitpanbHas cpena, Ha XOI0IY).

5. Omoenenue u omkpvimue Kamuonos wemeepmoit zpynnst. Ko BTopoit 4actu pacTBopa,
OCTaBIIETOCs MMOCIE OT/C/ICHUS KATHOHOB BTOPOM M TPEThEH aHATUTHYECKUX IPYII, MPUOABIISIOT
3 % pactBop nepokcuaa Bogopoaa HyO, (*) u uzbeitox pactBopa 6 M NaOH (*). [Tonyuyennyro
CMECh HArpeBalOT MPH MepeMEIInBaHUU. BbImagaer ocagok TMAPOKCHIOB MATOW M IIECTOH TPy,
KOTOPBIN OT/ICIISIOT M OCTABIISIIOT IS TAIbHEHIIIETO UCCIIeI0BaHus. B pacTBope 0cTaroTCsl KATHOHBI
4eTBEpTON Tpymmbl. Eciin pacTBOp KaTHOHOB YETBEPTOW IPYIIIBI OKPAICH B JKEJITBIA I[BET, TO
MOYHO CIEJIaTh PEATOIOKEHHE O HATHINH B HCXOIHOM pacTBope Katnona Cr™,

K pacTBopy KaTHOHOB YETBEPTOH TPYIIbI MPHOABISIOT HACHINICHHBIH PACTBOP aMMOHHUS
xsopuga NH4Cl (7) u HarpeBatot. B ocanok BeIIagar0T allOMHHUS U OJIOBA THAPOKCHUJIBI, a B pac-
TBOPE OCTAIOTCS XpOMaT-HOHBI CrO4* 1 UMHKA aMMHAYHBIH KOMILICKC [Zn(N H3)4]2+. Ocanok pac-
TBOpsioT B pactBope 20 HCI (*). Amomurns (AI*Y) kaTHoHBI 06HAPYXHBAIOT peaKiHeii ¢ aTn3aph-
HOM Ha (uibTpoBambHOW Oymare (*). JIiast CBS3BIBAHMSA MEMIAIONIMX HOHOB (HIBTPOBAIBHYIO
Oymary mponuthiBatoT pactBopom kamus rekcanupanodeppara (1) K4[Fe(CN)g] (23). Onosa (1V)
KaTHOHBI BOCCTAHABJIMBAIOT MeTAIUTMIECKUM skene3oM (*) mo osnosa (I1) u oOHapyKHBatOT peakiiu-
eii ¢ Bucmyta HuTparom Bi(NO3s), (*) B menounoii cpeze.

PactBop, coxepxauuii noust CrO42 u [Zn(NHs)s]*, oGpaGarsiBator pacTBopoM Na,COs3 (8).
BeimaBmmii ocamok cogepxut (ZNOH),CO3, a B pactBope octatorcs nousl CrO4” . Ocamok otie-
nsot, pactBopsifor B 2 H HCI (*) H B MOTydeHHOM pacTBOpE ONPEAENSIOT KaTHO bl ZN°* peakmeii
¢ narpus cyibduaom Na,S (*). B pactBope, ocraBiemcs nocie otneneHus ocaaka (ZnOH),COs,
oTKpbIBatoT HOHBI CrO,%” peakiueil 06PasoBaHus HAIXPOMOBOH KHCIOTEL.

6. Pazdenenue u omkpvlmue KAmuoH08 NAMOI U WeCMOoll AHATUMUYECKUX 2pynn. A3oT-
HOKHCIIBIN pacTBOP TOCIE OTMAEJIEHUS COSAUHEHUW CYpbMbl HEUTpaIM3YIOT | MOJB/JI pacTBOPOM
coabl NayCOs (8) mo Havasga moMyTHEHHs, TPUOABISIOT ABYX—TPeXKPaTHbIii 00beM KOHIIEHTPH-
POBaHHOrO pacTBopa ammuaka (*) u Harpesart 10 40-50 °C. IIpr 3TOM KaTHOHBI IIECTOH aHa-
JUTHYECKOW TPYIIBl TEPEXOMiAT B pacTBOp B BHAC KOMIUIGKCHBIX aMMHAKaTOB COCTaBa
[Co(NH3)s]**, [Ni(NH3)s]**, [Cu(NH3)4]**, [CA(NH3)4]* u [Hg(NH3)4]*". B ocaxke ocrarores rua-
POKCH/IbI KATHOHOB IMSATOW TPYIIIIHL.

Cwmechr nentpudyrupyior. lLlearpudyrar, comepxkammii KaTHOHBI IECTON aHATUTHYECKOMN
TPYIIBL, OTIEISIIOT OT OCaKa, COJIEPKAIIero KaTHOHBI MATON aHaMuTH4YecKor rpynmsl. LlenTpudy-
raT ¥ 0CaJIOK aHAJIM3UPYIOT Pa3iaeiIbHO.

OcaloK KaTHOHOB MATOW TPYIIbI MPOMBIBAIOT 2 MOJIB/I pacTBOpoM ammuaka (*), BOJOA.
K ocanky mprOaBislFOT HACHIMIEHHBIA pacTBOp aMMoHMs Xxjopuaa (7), Bomopona mepokcum (*)
¥ HArpeBaloT MpM MepeMelIMBaHWU. B pacTBop mepexonsT kaTHoHel Mg, Tae MX ompenensior
MIOCPEJICTBOM PEAKIHUU ¢ 8-OKCMXUHOAMHOM (*), a ocrasimiics ocagok MnO,, Fe(OH);, Bi(OH);3
oOpabateiBaroT pactBopoM 2M azotHoit kucnotet HNOj3 (*) nmpu HarpeBanuu. B pacTBop mepexo-
st wonsl Fe* u Bi**, a B ocanke ocraercs MnO,. Ocanok 06paGaThIBAIOT a30THOMN KHCIOTOMH (*)
B TIPUCYTCTBHH [EPOKCHIA BOAOpoza (*) — B pacTBOp MepexosT HoHbI Mapranua Mn?*, koTopsie
ornpeensor peaknuei ¢ nepeyiabparom ammorust (NH,)2S;0g (36). OcTaBiuiics mocie oTaeIeHus
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ocazka MnO, pacTBOp JeIAT Ha JBE YaCTH: B OJHON OTKPHIBAIOT HOHBI F&>* peakmmeii ¢ THOIHA-
nar-nonamu (34), a B gpyroii nonst Bi* peakuueii ¢ nognnom xamus Kl (6).

AMMHauHBI TEHTpUQYTraT, COJACpXKAIIMH KAaTHOHBI IIECTOH aHAIUTHYECKOW TPYIIIbI,
HeWTpanu3yroT 1 Mosb/1 pacTBopoM cepHoi KucioThl (59) 10 cl1abOKUCION peakiuu, U B MOJy-
YEHHOM PAacTBOPE OTKPHIBAIOT KATHOHBI IIECTON aHATUTUYECKON TPYIIIHI.

Jlnst oTnenennst katnoHos Cu?* u Hg?' k cepHOKHCIOMY pacTBOpY IPHGABISIOT [IPH IIepeMe-
[IMBAHUU CTEKJISIHHOM MaJIOUKON KpucTaummdyeckuid Hatpus tuocyiabdpar NaS;03 (*). Cmech
HarpeBaroT Ha BOJSIHOW OaHe B TeueHue 2—3 MuH. Beimamaer ocamok cyinbduaos meau (I), prytu
(11) i smemenTHOIT ceprl. B pactBope ocratorcs katnonsl Ni*, Co®* u Cd**. OGparator BHHMaHHe
Ha IIBET 00pa3yIoLIerocs ocajka.

Ecnu o0pasyeTcs ocaiok 4MCTO JKENTOTO IBeTa (JIEMEHTHAs cepa), TO JeIal0T BBIBOJ 00 OT-
CYICTBUH B HCXOZHOM pactBope KartnoroB Cu’’ u Hg?*. Eciu npu AeHCTBHM KPHCTAILTMYECKOTO
Hatpus tHocyabdpara NayS;03 (*) oOpasyercst 0caioK YepHOTrO UM TEMHO-CEPOTO I[BETA, TO MPE/-
rmoJiararoT HaJimuue B HeM cyibhunoB Cu,S, HYS u anemenTHo# cepol. Ocanok 00pabaThIBalOT pac-
TBOpOM KuCHoTH a3oTHoit HNOj3 (*) mpu Harpesanuu: Cu,S pacTBopsercs, HoHbl Cu’ OKHCISIOTCA
a30THOIT KucnoTol 1o Cu?*, a B ocamke ocraercs HYS u S. B pacteope onpeenstor karnons: Cu?*
peakiueii ¢ pactBopom ammuaka (*). Eciau mociie 00pab0oTKH a30THOM KMCIOTOW OCa0K CTas JKeJl-
ThIM (IIEMEHTHAs Cepa), TO ero OTOPACHIBAIOT H AENAIOT BbIBOJ 06 oTcyrersun noHos Hg?'. Ecin
0CaJIOK YEpPHOTrOo IIBETa, TO €ro o0padaThIBalOT CMEChIO KOHIICHTPUPOBAHHBIX a30THOW (*)
U constHo# (*) kuciot (B cootHoOmeHNH | @ 3) M OTKPHIBAIOT ng+.

CepHoxkucinelii nentpudyrar, ocrapmuiics nocie oraeneHus meau (1) u pryru (Il) neiicreu-
eM HaTpHs THOCYIb(ara, AelsT Ha TpM YacTu. B onHOil M3 HuX onpenensior nonsl CO°" peakiueit

¢ 1-uuTpo3o-2-Hadronom (*). B apyroit yactu onpegemstor Ni’* peaxiueil ¢ AHMETHIITHOKCHMOM
(41).

OOHapyxeHHe AaHHMOHOB

AHaJIU3 cMeCH AaHUOHOB IPOOHBIM METOI0M

Ilpeosapumenvhvie ucnvimanus

1. Onpeoenenue pH cpedwr. OnpenenstoT 3Hauenue pH anaamzupyemMoro pactBopa, 0OBIYHO
C MTOMOIIbIO YHUBEPCATLHON MHANKATOPHOM Oymaru (*).

Ecnu pH < 2, To B aHaNM3UpyeMOM pacTBOPE OTCYTCTBYIOT aHMOHBI HEYCTOWYUBBIX KUCIIOT,
pazyararoiuxcsi B KUCJIOu cpene, T. €. 50327, 820327 , C0327, 827, NO, . B xucnoii cpene (pH < 5)
TaKk)Xe HE MOTYT OJHOBPEMEHHO CYIIECTBOBATH aHHMOHBI-BOCCTAHOBUTEIN M AHMOHBI-OKHCIUTEIH
(mampumep, | 1 NO; )

B mieno4Hoit cpene MOTyT MPUCYTCTBOBATh BCE paCCMAaTPHBAEMbIC aHMOHBI.

2. Ilpoba na evidenenue cazos. Ecau pH > 2, To ans onpeneneHuss HATMYUS B aHAJU3UpYe-
MOM pacTBOpPE HEYCTOMYMBBIX (pa3yiararoliuxcsi B KUCJIOW Cpelie) KUCIOT B MPOOUPKY OTOMpAIOT
4-5 Karesb 3TOr0 pacTBOpa, MPUOABISIOT 4—5 Karenb pa30aBieHHON KUcioThl cepHol (59) u ocro-
POXHO HAarpeBaroT CMECh, HE JIOBOJIA ee 10 KureHus. Eciiu HaOnronaeTcs BhIeIeHuE:

CO; (becrBeTHBII Ta3 6€3 3amaxa) — pacTBOP COJIEPKaT HOHBI COgZ_;

SO, (GeCLIBETHBII Ta3 ¢ 3aaxoM ropsiLel cepbl) — PacTBOp coxepkan HoHbl SOz”

HjS (6GecuBeTHbIH ra3 ¢ pe3kUM XapakTepHbIM 3allaxOM) — PacTBOP COJIEpKall HOHBI s%;

NO; (6ypsrii ra3 ¢ pe3kuM 3armaxom) — pactBop cojaepkai nousl NO, .

[TomyTHEHHE pacTBOpa MPU €ro MOJKHCICHUN CBUICTEIHCTBYET O HAIUYUU B HEM THOCYIb-
dar-nona S;05° ", pasIararomerocs ¢ BEIICICHHEM IEMEHTHOMH CEpBI.

3. IIpoba na npucymcmsue anuonos-oxkucaumener NO, , NOz . Hanuune B pacTBope aHHO-
HOB-OKHUCITUTEIICH yCTaHAaBIUBAIOT B OT/AEIBbHON Mpobe peakmueii ¢ kamus Hoauaom (6) B cepHo-
kucioi cpene (pH~1) B mpucyrctBum pactBopa kpaxmaia (*) (WIn OpraHHYECKOro SKCTPAreHTa).
OKHCIUTENN TTEPEBOAAT HOAUA-UOHBI B O |2, ipr 00pa30BaHUK KOTOPOTO KpaxXMaJbHBINH PacTBOP
OKpAaIllMBaeTCsl B CHMHMH IBET (MJIM OPraHMYEeCKHH CJIOH SKCTpareHTa NPUHUMAET (PUOJIETOBYIO
OKpAacKy).
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Memoouxa. K 5 kaminsMm aHaIHM3UpyeMOro pacTBopa HpUOaBIAIOT 2 Karuid pa3z0aBlieHHON
H,SO4 (59), 1 kamio cBeXeNpUroTOBIEHHOI pacTBopa Kpaxmana (*) u 2 kamau pactsopa Kl (6).
Ecnu pacTBOp OKpacwicsi B CHHHMH I[BET, TO 3TO O3HAYaeT, YTO B HEM COJEpXKAaTcsi aHUOHBI-
okucnurenu. Eciu cuHsis okpacka He MOSIBISIETCS, TO 3TH AaHUOHBI B PACTBOPE OTCYTCTBYIOT.

4. [lpoba Ha npucymcmeue aHuonos-eoccmanoeumenell. Hamuuue B pacTBOpe aHHMOHOB-
BOCCTAHOBHTEIICH YCTaHABIUBAIOT B OTICIBHON Mpobe peakimsMu ¢ #omom (*) (pactBop #oza
obecrBeYnBaeTCs, MOCKOIbKY HOJ B HEHUTpadbHOW WM CIAOOKHUCIONW Cpele OKHCISET aHWOHBI-
BOCCTAHOBUTEIIN (827, SO5%, 82032*) U C PacTBOPOM KajlMsl IEpMaHraHaTa B CEPHOKUCIION cpene
(pacTBOp Kanmusi mepMaHraHaTa 0OECIBEUMBACTCS BCIICACTBHE BOCCTAHOBJICHHUS aHMOHAMHU-BOCCTA-
nosutesamu S*,505%, $,04%, C,04%, CI, Br, I, SCN", NO ).

Memoouxa. a) K 5 xamism aHanu3upyeMoro pactopa npuOasisiiorT | Kamimo pa30aBiIeHHOIM
kuciaoThl ceproit (59), 2 kamau pa3baBiIeHHOrO pacTBOpa Kaius nepmanranara (55) u mpu HE0OX0-
JMMOCTH (€CJIM pacTBOP HE 0OECIBETHJIICS) OCTOPOXKHO HArpeBaroT cMech. Eciu pacTtBop obeciiBe-
YHBAETCS, TO B HEM IIPUCYTCTBYIOT aHHOHBI-BOCCTAHOBUTEIN, YKa3aHHBIE BHIIIIE.

0) K 3 xamisiM aHaau3upyeMoro pactBopa HpuOaBisioT karuio pasdasienHoi H,SO4 (59)
U 2 Karum pactBopa ioma (*). ObeciBeurBaHie pacTBOPA YKa3bIBaeT HA MPUCYTCTBUE B HEM aHHO-
o S%, SO3”, $,05”.

5. Ilpoba na npucymcmeue aHUOHO8 Nepeoll AHAIUMUYECKOU 2PYNNbL.

B otrnenbHOM npobe aHamu3upyeMoro pactBopa (HECKOIBKO Karellb) yCTAHABJIMBAIOT IMPHU-
CYTCTBUE WM OTCYTCTBHE aHHOHOB IEPBOIl aHATMTUYECKOW IpymHmbl. bapueBsie cou 3TUX aHHO-
HOB MasiopacTBopuMsI B Bojie (pH 7+9), nmostomy npu nobaeiaennu pactsopa Oapus xiopuaa BaCly
(17) x mpobe aHATM3UPYEMOTO PAacTBOPA BbINAAACT Ol 0CATOK STHX COJEH B HEHTPaIbHOW MU
cI1aboIIETIOYHOH cperie, eciu KaKue-T100 aHMOHBI ATOM TPYIIIBI HMEIOTCS B pacTBope. Eciu ocamox
HE BBINAJAET, TO YKa3aHHbIC AHMOHBI OTCYTCTBYIOT B aHAJIH3UPYEMOM PacCTBOPE.

B ciydae BeimazeHust B 0caiok Oapusi coyiel MOIXYYEHHYI0 CMECh pacTBOpa € OCAJKOM TO/I-
kucisitor pasoasnennoir HCI (*). Tlpu stom Bce Oapusi oM aHHOHOB MEPBOM aHAIUTHYECKOM
TPYIITBI PACTBOPSIIOTCS B KUCIION cpejie, 3a HCKitodeHneM Oapus cynbharta BaSO,, koTopsIii ocTa-
ercst B ocajike. Ecim xke 0caiok MomHOCThIO pacTBopmiics npu npudasiennn HCI (*), To ato o3Ha-
9aeT, YTO CPeAr aHUOHOB MEPBO aHATUTUIECKON TPYIITHI B pACTBOPE OTCYTCTBYET CYNb(aT-nuoH.

Memoouxa. B mpoObupKy BHOCAT 5 Kamelb aHAIM3UPYEMOI'O pacTBOpa, TOBOJAT (IIpU HE0O-
xoaumoctn) 3HaueHue pH pactBopa no 7+9, no0apnsis 1Mo KamjisiM pacTBOp Oapusi THMAPOKCHAA
Ba(OH); (*), u npubasnsioT 5 kamens pactBopa BaCl, (17). O6pazoBanue 6eoro ocaaka ykasbiBa-
€T Ha MPUCYTCTBHE B PAcTBOpPE aHMOHOB IIEPBOM aHasMTHYecKOoW rpymnmbl. K cMmecn pactBopa
C 0CaJIKOM MPHUOABISAIOT MO KamisiM U30biToK pazdasiennoir HCI (*) npu nepememiBannu. Eciu
0CaJIOK PacTBOPHWIICS HE MOJIHOCTBIO (ocTaicst TBepabiii BaSO,), To 3TO 03HaYaeT, 4To B UCXOTHOM
AHATH3MPYEMOM PACTBOpE IPHCYTCTBYET cyibdar-ion SO, . TToMHOe pacTBOPEHHE 0ca/IKa yKas3hi-
BaeT Ha OTCYTCTBHE CyIb(aT-HOHOB B PacTBOPE.

6. IIpoba na npucymemesue aHuoH08 8MOPOU AHATUMUYECKOU 2PYNNbL.

B otnensHOi ipobe pacTBOpa (HECKOJIBKO Karelb) YCTaHABIMBAIOT HATMYUE U OTCYTCTBUE
aHMOHOB BTOPOH aHATUTUYECKOHN rpymmbl. Eciay B aHamU3upyeMoM pacTBOpe MPUCYTCTBYIOT aHHO-
HBI OTOH TPYIIIBL, JAIONIHe MAIOPACTBOPHMEIE B a30THOKHUCIION Cpefie cepedpa COJH, TO MPH MPH-
OaBnennn azoTHokmcinoro pactsopa AgGNOs (13) momkeHn oOpa3oBaThCs 0caZoK coliell cepedpa
AHUOHOB BTOPOM aHAJIMTUYECKOM rpynnbl. Eciin ocagok He BBINIAIAET, TO 3TO O3HAYAET, YTO aHHO-
HBI BTOPOY aHAJTMTUYECKON TPYIIBI B AHATU3UPYEMOM PacTBOPE OTCYTCTBYIOT.

Memoouxa. B npoOupKy BHOCST 5 Kaleab aHaJIU3UPyeMOro pacTBopa, IpuOaBisSIOT 2 KaIuiu
pasoaBnennoit HNO3 (*) u 5 xanens pactBopa AgNO; (13). BeimageHnue ocajika yka3biBaeT Ha
IIPUCYTCTBUE B PACTBOPE AHHOHOB BTOPOW AHAIIMTHYECKOW IpyNIbl. B mpOTHBHOM ciiydae MOYKHO
crenarb 00 UX OTCYTCTBHHM B PacTBOPE.

/Ipoonoe oonapyscenue anuonog. C yaeToM JTaHHBIX, OJYYEHHBIX IIPU MPEIBAPUTEIBHBIX
UCTBITAHUAX, JIEJAIOT 3aKII0YEHNE O BO3MOXKHOM MPHUCYTCTBUU T€X WJIM MHBIX aHHOHOB B aHAJIN3U-
PYEMOM pacTBOpE, MOCIE YEro OTKPBIBAIOT OT/IEIbHBIE aHUOHBI IPOOHBIM MeToAoM. [Ipu npoGHOM
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OoOHapy>KEHHHM aHHMOHOB HEKOTOPHIE U3 HUX MEIIAIOT OTKPBITUIO IpYT Apyra. IlosTomy Mmemaromiue
aHMOHBI YAAISIOT TEM HJIM MHBIM CIIOCOOOM.

Bce Hmkecnenyromme onepanuy MpoBOJIAT C OTACIBHBIMU MPOOaMu (HECKOIBKO Karelb) Uc-
XOZHOT'O aHAIM3UPYEMOTO PacTBOPA.

Omxpoimue cynsgpam-uona SO4> . Cynbhar-noH 0GHAPYKUBAIOT B IIPEIBAPUTEIBHBIX HCIIbI-
TaHHUSAX peakiuei ¢ 6apus xiopuaom (17) B KKCIIOH cpejie.

Omipoimue cynbuo-uona S*. K HECKONBKHM KaIlIAM aHATH3HPYEMOTO PacTBOpa 100aBIIs-
o1 pasdasnernyro HCI (*), Hax pacTBopoM moMemaroT (GUIBTPOBAIBHYIO Oymary, 00paboTaHHyIO
(CH3COO)2Pb (14). Eciiit IPOHCXOIHT ¢ MOYePHEHHE, B PACTBOPE IIPHUCYTCTBYIOT HOHBI S2 .

Omkpovimue cyrvgum-, cyibhuo- u muocyibgham-uonos (527, SOs”, 820327). Ecnmu mpoba na
MPUCYTCTBUE BOCCTAHOBUTEIICH Jajia TOJI0KHUTEIbHBIN pe3yabTar, a Mpyu MOAKUCICHI U aHATU3UPY-
eMoro pactBopa (mpo0a Ha BblJeJI€HUE ra3za) 0Opa30BbIBAICS JKEITHIH 0CallOK CEepbl, TO HOHBI S,
S05%", S,05° 06HAPYKUBAIOT B OTACIBHOI OPLUU PACTBOPA.

Jlnst oOHapyXKeHUsT MOHOB Szf, 8032*, 820327 IIPH COBMECTHOM TPHUCYTCTBHH HEOOXOIMMO
WCTIOJI30BAaTh CHUCTEMATHUECKUI XOJ aHallM3a CEepyCOACpKalluX aHHOHOB, T. K. OHM MELIAIOT
OIpEeJICJIEHUIO IPYT IpyTa:

a) oGHapyxeHue n oraenenne S°. K Karuie meIouHoro HeCieayeMoro pacTBOpa pHOaBIIs-
I0T Karuno Hatpusi Hutponpyccuaa (45). TlosBienue kpacHO-(pHOIETOBON OKPAacKH yKa3bIBaeT Ha
npucyrcrue S°. Ecim cynb®ua-HOH OGHApYKeH, K 5 KAIUsiM PacTBOpa MPHOABISIOT HEMHOTO
tBepaoro CdCl, (*) u B30anteiBaror. OTIEIMB OCAI0K, TPOBEPSIIOT MOJHOTY OCAXKICHHUS Karuien
Hatpus HuTponpyccuna (45). Ecnu nyxHo, nobapnstor eme CdCl, u cHoBa B30anThIBalOT Cozep-
KHUMoe poOupku. JJoOMBIIMCE MOJIHOTHI OCAX/IEHHsI, OTOPACchIBAIOT OCAJ0K M MCCIENYIOT LIEHTPU-
dyrar, conepxammii SOs° ", S,05° U APYrHe aHHOHDL;

b) k 2 kamisam ueHTpudyrara (WIM MEPBOHAYAIBHOTO PACTBOPA, €CIH CYIb()UA-HOH OTCYT-
crByet) npubasssiioT 3 karu 2 HCI (*) u HarpeBaror. OOpa3oBanue O€0i HITH KEJITOBATON MY-
TH (cepa) yKa3bIBaeT Ha PUCYTCTBUE THOCYNIb(AT-HOHA;

C) K OCTaBIIEMYCs IEHTPU(YTraTy NMPHOABISIOT J0 MOJTHOTO OCAKACHUS PACTBOP CTPOHIIUS
conu (16), BeIMAaBIIMI 0CA/IOK TIIATENFHO MPOMBIBAIOT, B3MYUYHBAIOT ¢ 2 KarusiMu Boabl. K momy-
YeHHON MyTHO# xuakoctu npudapisitor 2 kamiy 20 HC1 (*) u mo kamsm pactBop iona (*). Eciu
pacTBOp o0eclBEeUUBAETCS, MPUCYTCTBYIOT HOHBI SOs%.

Omkpeimue kapbonam-uona CO5~.

a) Ecnu B aHanmu3upyemMoM pacTBOpe OTCYTCTBYIOT CYJIb(UT-HOH SO n THOCYJIb(aT-HOH
82032*, TO KapOOHAT-MOH OTKPBIBAIOT IO BBIAEICHHUIO ra3o00pa3Horo yriepona nuokcuma COo,
KOTOPBIN BBI3bIBAET MoMyTHeHUE OapnuToBoii (54) niau u3zsectkoBoii (56) BB

6) Eclii B aHANH3HPYEMOM PACTBOPE MPHCYTCTBYIOT aHuoHbl SO3° 1 S,03°, TakKe pasiara-
IOLIMECs B KUCIION Cpefie C BbIIEIEHUEM ra3000pa3HOro mpoaykTa — cepbl auokcuaa SO, BbI3bI-
Barolero nomyraeHue 6aputoBoii (54) wim uzBectkoBoi (56) BobI, TO KapOOHAT-UOH OTKPHIBAIOT
Harnpumep, TaKUM CIIOCOOOM.

Memoouka. K mpobe ananu3upyeMoro pactopa (5 karmenb) B TpoOUpKe MpUOaBISIOT S5 Ka-
nens pazbasineHHOro (3 %) pactBopa Bogopona nepokcuaa HyO, (*) u crnerka HarpeBaroT npoOup-
Ky Ha BojisiHOM OaHe. Cynb(UT-UOH OKUCTSAETCS 10 Cyab(dar-noHa, a THOCYab(aT-uHoH — 10 TeTpa-
THOHaT-HOoHA S406° , KOTOPBIE YKe HE MEIIAKT OTKPHITHIO KapOOHAT-HOHA.

Omkpvimue oxcaram-uona 0. B npoOupky BHOCAT 10 Kamenb aHATU3UPYEMOTO PacTBO-
pa, IpuOaBJISIOT MO KarusiM pa30aBiIeHHYI0 YKCycHY0 kucaoTy (33) mo pH okono 4-5 (o yHuBep-
CaJbHOM MHIUKATOpHOW Oymare), okosio 10 kamenb pactBopa Kaiblms xjopuaa (15) (M30bITOK)
Y HarpeBaloT MPOOUPKY Ha BOJASHOM OaHe. Brimamaer Oenblil 0calok Kanblids OKcajaTa, KOTOPBIN
OTIENSIOT LEHTPU(YrupoBaHUEM, TUIATEILHO MPOMBIBAIOT 2—3 pa3a ropsyeil AUCTUIUITMPOBAHHON
BOJIOM, OTAEJSIOT MPOMBIBHBIE BOJBI, K OcalKy (B mpobupke) mpubasisitor 8—10 kanens pa3das-
JeHHOU kucnoThl cepHoit (59) U HECKONIbKO MHUHYT HAarpeBarOT cMeCh Ha BOAsSHOM OaHe. K ropsue-
My (60-70 °C) pactBopy (IpeaBapUTEIBHO €r0 MOXKHO OTIENIUTh OT OCaJKa Kalblius Cyjbdara
HEeHTPU(YTUPOBAHUEM, XOTS 3TO M HE 005A3aTEIbHO) MPUOABJISAIOT MO KAIlJIIM M TIPH BCTPSIXUBAHHUH
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npoOupKky pa3OaBlieHHBIH pacTBOp Kanus nepmanranara (55). Ecnu npubasisieMblil pacTBOp Kastust
NepMaHraHaTa 0OecLBEUMBAETCS, TO 3TO O3HAYAET, YTO MCXOAHBIN aHATU3UPYEMBIM pacTBOp Co-
JEePKUT OKCaIaT-uOHBI.

Omxkpovimue opmogocpam-uona PO . K 1 xame aHAJIM3UPYEMOT0 PAcTBOpPA MPUOABIISIOT
Heckoubko Karenb 6H HNO; (*) u HarpeBaroT 10 kurneHus (Ui yIajJeHus: BOCCTaHOBUTENCH ), 3aTeM
n00aByst0T 9 Karmesiab pacTBopa aMMoHus Monubaara (*). [TosiBiIeHHE KEATOr0 KPUCTATHIECKOTO
0CaJIKa CBUAETENIBCTBYET O HATUIUU PO,

Omkpovimue mempabopam-uona B4O7. Terpabopar-uoH 0OHAPYKHBAIOT B OTACIBHOM MPOoOE
aHAJIM3UPYEMOT'0 pacTBOpa (4 Karuld) MO OKPalIMBaHUIO B 3€JICHBIM LBET IJIAMEHHU OPEJIKHU CIIOXK-
HBbIMU dUpaMu KUCIOTHI OOPHOM.

Memoouka. B turens nomematror 2 kammu pactBopa NaB4O; (51), BeimapuBaroT nocyxa
u oxjaxnaioT. K cyxomy octaTtky A00aBISIIOT MpU MEPEeMEIIMBAHUU CTEKJISHHOM MaJoykod He-
CKOJIbKO Karelb KoHueHTpupoBanHoit H,SO,4 (*) u Heckonbko kanenb CoHsOH (*). Cmech mepe-
MENIMBAIOT U NMOKUTatoT. [Imams okpammBaeTcs B 3€JICHBIH 1IBET.

Omxpvimue ¢pmopuo-uona F. @Topua-uoH oOHAPYKHUBAIOT MO OOSCIIBEYMBAHUIO KPACHOTO
pactBopa sxene3a (111) THOIMaHATHBIX KOMIUICKCOB, KOTOPBIC Pa3pyIIalTCs B MPUCYTCTBUN HTOPHUI-
MOHOB ¢ 00pa3oBaHKeM ycroiturBoro oeciernoro xesesa (111) propunHoro komruiekca [FeF6]3f.

Memoouka. T'oToBaT kpacHblii pactBop xese3a (I11) THOnHaHATHBIX KOMILJIEKCOB, IS YETo
K HeOoJbIIoMy KosindecTBY pactBopa skenes3a (III) xmopuma FeCls (32) npubaBnsior kamio pas-
OaBiienHOro pactBopa kanus tuorranara KSCN (*) u 2 xamuu pazoasiennoit HCI (*). B mpobupky
BHOCAT 6 Kareib aHaJIM3HUPyEeMOro pacTBOpa U MO KAILISIM MPHU IepeMEIINBaHUN TPUOABIISIOT Kpac-
HBIA pacTBOp kene3a (1) TnonmanatHeix KoMiuiekcoB. Eciiu nepBbie mpubaBisieMble Karjik Kpac-
HOT'O PacTBOpa 00ECIBEYMBAIOTCS, TO 3TO YKA3bIBAC€T HA MPUCYTCTBUE PTOPHUI-UOHOB B aHATU3UPY-
€MOM PacTBOpE.

Omxpvimue muoyuarnam-uornos SCN'.

a) Ecnu B pacTBOpe OTCYTCTBYIOT HOIUI-UOHBI, TO THOLMAaHAT-UOHBI SCN™ OTKpPBIBAIOT peak-
et ¢ xenesa (1) xmopunom FeCls (32) B kucioit cpene (PH okomo 2-3). OOpa3yroTcs THOIHA-
HaTHble KoMiuekcnl xernesa (I11) [Fe(SCN)(H20)s.n]* ", okpaumBatoliye pacTBop B KpaCHBIif LBET.
B xucinoii cpeie KUCIOT aHHOHBI, Pa3JIaralolUXcsi B KUCIIBIX pacTBOPax, HE MEMIAIOT MPOBEACHUIO
peaKIMy, MOCKOJIbKY OHH HE MOTYT CYILIECTBOBATh B TAKUX pacTBOpax. /i yCKOpEHUs pa3oKeHHs
3THX aHHOHOB NOJKUCIeHHYIO (pacTBopoM HCI) mpoOy aHamu3npyemMoro pacTBopa mnpeaBapuTeib-
HO HarpeBaroT HEMpPOI0JDKUTENbHOE BPEMsl, a 3aTeM YK€ OTKPBIBAIOT B HEH THOIIMAaHAT-UOHBI.

Memoouka. B mpoOupky BHOCAT 9 Karesb aHaM3UPyeMOT0 pacTBopa, 5 Kamenb pa30aBiieH-
Hoit HCI (*), ocroposkHo HarpeBaroT (1o Tsroii!) pacTBOp mouTH a0 KumeHus (3—4 MHH) U OXJia-
KIIAIOT JI0 KOMHATHOW TeMmeparypsl. [IpubaBisioT mo KamisiM pa3daBieHHbIi pacTBop xkenesa (111)
xnopuna (32). Eciu B pacTBOpe MPUCYTCTBYIOT THOIMAHAT-MOHBI, TO OH OKPAIIMBACTCS B KPACHBIH
I[BET BCJIC/ICTBHE 00pa3oBaHus KpacHbIX kene3a (111) THonmaHaTHBIX KOMITJIEKCOB.

0) Ecau 6 ananuzupyemom pacmeope npucymcmeyiom uoouo-uoHsl, T0O OHU MelalT oOHa-
PY)KEHHIO THOLMAHAT-HOHOB peakiumeit ¢ xenesa (111) comsimu, Tak Kak OHM OKUCIISIOT HOIUI-HOHBI
710 cBOOOHOTO H0J1a, KOTOPBI OKpPAIIMBAET PACTBOP B KENTO-KOPUYHEBBIH I[BET, CKPaIbIBAIOIINIA
KpPacHYIO OKpacKy eJie3a THOIIHAHATHBIX KOMILIEKCOB.

Jlnst ycTpaHeHHs] MEUIaloIlero BIMSHUS HOIUA-MOHOB K Mpo0e aHaIM3HpPyeMOro pacTBOpa
npHUOaBIISIOT HECKOIBKO Kalellb OPraHuYecKoro SKCTparenta (Hampumep, xiaopodopma (*)) u mpu
nob6asieHun pactBopa conu xenesa (1) snepruuno BeTpsixuBaroT cmech. [locnenHss paccinanBa-
etcs. OOpa3oBaBIIMiiCS 0] MEPEXOAUT B OpPraHMYecKyro (a3zy M OKpallHMBAET €€ B MalMHOBO-
¢uoneroBslit 1BeT. Eciiu B aHaIM3UpPyeMOM pacTBOpPE MPHUCYTCTBYIOT THOIMAHAT-UOHBI, TO BOAHAs
¢a3za okpammBaeTcss B KpacHbIi 1BeT skene3a (1) TrmonmanaTHRIX KOMIUIEKCOB. TakuM CriocoooM
OJTHOBPEMEHHO OTKPBIBAIOT THOLMAHAT- ¥ HOJIUI-UOHBI.

Memoouxa. B mpoOupky BHOCAT 6 Kamnenb aHAIU3UPYEMOTro pacTBopa, 2 Karuid pa30aBiieH-
Hoit HCI (*), 3 kamm xnopodopma (*), 6 kanenb pactBopa xenesa (1) xnopuna (32) u snepruuso
BCTPSIXUBAIOT MpoOupKy. Ecnu B pacTBope 0JHOBPEMEHHO MPUCYTCTBYIOT THOLIMAHAT-UOHBI U HO-
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JUJ-UOHBI, TO BOAHBIM CJIIOW OKPAIIMBAETCS B KPACHBIM LIBET, & OPraHUYECKUN — B MAJIMHOBO-
¢uoneroBeiid. [Ipu OTCYTCTBHM B pacTBOpPE THOIMAHAT-HOHOB (HO HOAHMI-MOHBI MPHUCYTCTBYIOT)
BOJHBIN CIION TproOpeTaeT OJIeTHO-KENTYI0 OKPacKy (3a cueT HeOOJBIIOr0 KOJUYECTBA OCTATOY-
HOTO 10/1a), 2 OPraHUYEeCKUN — MaTMHOBO-(UOJIETOBYI0. [Ipn 0OTCYTCTBUU B pacTBOpE HOAUI-HOHOB
(HO THOLIMaHAT-WOHBI MPUCYTCTBYIOT) BOJAHBINA CIIOH OKpPAITUBACTCS B KPACHBIN I[BET, a OpraHuYe-
CKHUI1 ocTaeTcsi OECIIBETHBIM.

Omxpwvimue xnopuo-uona Cl .

a) Eciin B pacTBOpe OTCYTCTBYIOT THOIIMAHAT-UOHBI, TO XJIOPUI-HOH OTKPHIBAIOT CIEAYIOIIAM
obpazom. K azoTHOKHCION Mpobe aHATM3UPYEeMOTro pacTBopa MpHOABISIOT pacTBOp cepedpa HUT-
para AgNOj3 (13) 10 moHOTO BbIMAACHHS 0cajKa cepedpa coliei pa3InuHbIX AaHHOHOB, HUMEBIITHXCSI
B pacTBOpe, B TOM 4Yucie U ocanka cepedpa xiopuga AgCl. Ocamok cmecH cosei OTACTSIIOT U 00-
pabaThIBAIOT HACHIIIEHHBIM BOAHBIM pacTBOpoM ammoHus kapoonara (NH4),CO;3 (52) . Cepebps-
HBIEC COJIM OCTaJbHBIX aHMOHOB OCTaloTcs B ocaake. Cepedbpa Opomua AgBr, 4aCTHYHO pacTBOpSI-
IOIIUICS B BOAHOM ammuake (*), B JaHHOM Cllydae OCTaeTCsl B OCAJKEe, TaK KaK OH MPaKTHYECKU
HEPaCTBOPHM B KOHIICHTPHPOBAHHOM pacTBOpe aMMoOHUs kapOoHara (52). PacTBop OTAEHSIOT OT
Ocajika M JIOKa3bIBAIOT MPHUCYTCTBUE B HEM XJopuI-UoHa peakuueii ¢ HNO3 — Beimagaer Oemnbiid
ocayiok AgCl. IlpoBenennio peakuy MEIalT THOLUUAHAT-UOH U ITUAHU-MOH, TaK KaK BBINA1ar0-
e ocanaku AgSCN u AgCN Takke pacTBOPSIOTCS B pacTBOpe aMMoOHHs kapOoHara (52) ¢ obpa-
3oBanmeM komitekcoB [Ag(NHs),]™.

Memoouxa. B mpoOupKy BHOCAT 5 Karelb aHAIM3UPYEMOTO pacTBopa, mpuoasistoT ~0,5 mi
pa30aBICHHON KHCIOTHI a30THOU (*) ¥ MeIeHHO, 1o KarisMm A00aBisiioT pactBop AgNO;3 (13) mo
npeKpalieHus: o0pa3oBaHus ocajka cepedpa cosieii. CMech HEHTPUDYTUPYIOT, IEHTPUPYTAT OTe-
JSIOT OT 0CaJIKa M K 0caaKy mpuoOaBisiioT 10 Kamenb HACBHIIIEHHOTO pacTBOpa aMMOHHMS KapOoHaTa
(NH4)2CO3 (52). Cmech TIIATEIbHO MEPEMENIMBAIOT, HEHTPUBYTUPYIOT, OTACISAIOT HEeHTpUdyraT
U MPpHOABJISIFOT K HEMY 10 KaruisiM KoHieHTpupoBanayio HNOj3 (*). Ecniu Habmogaercs oopa3zoBa-
Hue Oenoro ocanka AgCl, ToO 3TO CBUAETEILCTBYET O MPUCYTCTBHH XJIOPUA-HOHOB B HCXOJHOM
aHAJM3UPYEMOM PacTBOPE.

Omxpvimue Humpum-uorna NO; . Ha CTeKISTHHYIO TUTACTUHKY HAHOCST 2 KaIllk aHAIU3HpYye-
MOTO PacTBOpa, MPUOABJIAIOT KAILUTIO PAacTBOpPa KUCIOTHI CyiabhaHmIoBOH (*) M Karo pacTBopa
2-nadrona (*). CMech OKpaIMBaeTCsi B SIPKO-KPACHBIM IBET BCJIEACTBHE 0Opa3OBaHHs COOTBET-
CTBYIOIIETO a30KpacuTelis (peakius ¢ peakTuBoMm I pucca).

Ecnu HUTPUT-MOH OTKPHIT, TO €ro OOBIYHO YAASIOT (pa3pyllaroT), TOCKOJIbKY OH MEIIaeT
otkpbITrio HUTpaT-noHa NO3 . JIns yoaneHus HUTPUT-UOHA HEOOJBIIIOE KOJUIECTBO aHAIU3HPYE-
MOTO pacTBOpa HAarpeBaroT ¢ cobio aMMonus (Hampumep, ¢ NH4Cl); npu 3ToM HUTPUT-HOHBI pa3-
pyIIatOTCS.

Memooduxa. B mpoOupKy BHOCAT 5 Kameinb aHATU3UPYEMOT0 pacTBOpa, MPUOaBISAIOT KpUCTaI-
a1 NH4Cl (*) 1o mosydeHus HaChIIEHHOTO PacTBOPa (4acTh KPUCTAIIOB MPUOABICHHON COM aM-
MOHHMS HE JIOJDKHA PAaCTBOPUTHCSA) M OCTOPOKHO HArpeBaroT cMech. Habmtogaercs BwlIeneHue my-
3BIPHKOB ra3za — azoTa. jig Toro 4roObl yOeTuThCS B MOJHOTE MPOTEKAHUSI peakliu, B IPOOUPKY
npubaBIsIOT Karutio pactBopa kamus iomuma KI (6) m kammro kpaxmana (*). Ecim pactBop
HE OKpallMBaeTCsS B CHHHMA I[BET, TO ITO O3HAYAET, YTO HUTPUT-UOH B PACTBOpPE OTCYTCTBYET,
T. €. COJICP KABIINUKCS B PACTBOPE HUTPUT-UOH MPOPEArHPOBAT C KATHOHAMH aMMOHHSI TIOTHOCTHIO.
PacTBop mociie yaaieHuss HOTPUT-HOHOB UCTIONB3YIOT TSI OTKPBITHS HUTPAT-HOHOB.

Omxpvimue Humpam-uorna NO3z . B npo0e, MoydeHHO# Tocie yaaaeHusi HUTPUT-UOHOB, OT-
kpbiBatoT HUTpaT-uoH NO3 peakiueit ¢ nudenmnamuHoM. B cyxyro mpoOupky BHOCAT 3—4 Kariu
pacTtBopa TU(PEHUIAMHUHA B KOHYEHMPUPOSAHHOU KUCIOTe cepHOM (*) M Karulio aHAIU3HPYEMOT0
pactBopa. CMeCh OKpaIIMBaeTCs B SPKO-CHHHM IIBET.

Omxkpoimue ayemam-uona CH3COO . Auerat-uon CH3COO™ OTKpBIBaIOT B OT/AEIBHOM MPO-
0e pacTBOpa peakinuel 00pa3oBaHMs YKCYCHOITHIIOBOTO 3¢upa, 00Ja7ar0nero XxapakTepHbIM MpH-
SATHBIM 3amaxoM. [Ipu OTCyTCTBHM MEMIAIONINX aHWOHOB alleTaT-HOH OTKPBIBAIOT TAKXKe PEaKIhe
¢ xkene3a (1) xmopumom FeCls.
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Memoouxa.

a) B nmpobupky BHOCAT 6 Kamenb aHAIM3UPYEMOTO PacTBOpa, 4 Karull KOHIICHTPUPOBAHHOU
H,SO4 (*), 6 xanens stanona (*) u 1 karmmo pactBopa AGNO; (13) (karanuzarop). OCTOPOKHO
HArpeBarT CMECh Ha BOJsTHOW OaHe. Omryniaercss XapaKTepHbIA MPUATHBIN 3aMaxX YKCYCHO3ITHUIIOBO-
ro a¢upa.

0) B ipoOupky BHOCAT 6 Kamelb aHAIM3UPYEMOIo pacTBopa, ocaxaaroT pactBopom AgNO3
(13) mermaronue nonsl. Ocanok oTOpackiBaroT. K pactBopy npubasistor 2 kammm pactBopa FeCls
(32). PacTtBOp OKpammBaercsi B KpaCHO-Oypblit 1BeT. OCTOPOKHO HArpeBaIOT COAEPIKHUMOE ITPOOUP-
KU JI0 KMIICHUSI ¥ KUIATST pacTBop. [Ipy KUIISTYCHUN U3 pacTBOPa BhIMAAaeT KPACHO-OYphIi 0CaoK
ocHoBHOTO arerara xeiuesa (111).

Bonpocel u 3aganus:

1. Ilpennoxute cxeMy aHalnM3a CMECH PACTBOPOB (MJIM MHOM aHAJIOTUYHOM CMECH):
a) NH4NOs3, FeCI3 u N|C|2,
6) NaBr, CaSO4 u (CH3COO),Cu.

2. 3anuIuMTe CXeMbI MPOTEKAIOMINX PEAKINHA ¢ YKa3aHUEM UX aHATUTUIEeCKUX d()(HEKTOB.

TECTOBBIIH CAMOKOHTPO.Ib

1. IlpenBapuTe/ibHble UCNBITAHUS NPH AHAJIU3€ HEU3BECTHOW CMeCH HEOPraHMYecKHX Be-
IIeCTB NPOBOASATCS IS TOr0, YTOOBI:
a) OIpeeNUTh KOJMYECTBO AHATUTHYECKUX TPYITIT KATHOHOB;
b) BBIOpaTh paIOHANBEHYIO CXEMY aHal3a U ONPEACIUTh HEKOTOPBIC HOHBI,
C) ONpeIeNUTh KOJMYECTBO AHATTUTUUECKHUX TPYIII aHUOHOB;
d) onpenenuTh OOIIYI0 KOHICHTPAIIMIO BEIIECTBA B €0 HACHIIICHHOM PacTBOpE.

2. Peakuuu oKpamMBaHUs MJIAMEHH MPOBOIUTCH HA CTAAUMU:

) MepeBeICHUs BEIIeCTBA B PACTBOPUMOE COCTOSIHUE;

b) aHanm3a KaTHOHOB | aHATUTUYECKOW TPYIIIbI;

C) onpeneneHus] OPUEHTUPOBOYHON KOHIICHTPALUH MOJICKYJI BELIECTBA B €ro HACBIIICHHOM
pacTBope;

d) npenBapUTEIHHBIX HCIBITAHUI.

3. Omnpenesenne pH pacTBOpa Ha CTAANH MPEIBAPUTETbHBIX HCIIBITAHUI HEOOXOAMMO JIUIS:
a) KOPPEKTUPOBKH €r0 3HAYCHHsSI B CTOPOHY 00Jiee KUCION CPeIbl;
b KOppEeKTHPOBKYM €ro 3HAUCHHUSI B CTOPOHY 00Jiee MIETOUHON CPEJIbI;
C) HEKOTOPBIX BBEIBOJIOB O COCTAaBE PacTBOPA;
d) ompeaeneHus HEOOXOAMMOCTH TTprOaBIeHuUsS Oy(hepHOro pacTBoOpa.

4. CniaBjeHHe MOPOUIKA MPOOBI ¢ IPYTHMH BelleCTBAMH MPOBOAUTCH 1A (1aiiTe OAMH WU
HECKOJIbKO MPABWJILHBIX OTBETOB):
a) IepeBEICHUS B PAaCTBOP HEPACTBOPUMBIX B BOJIE CHIIKATOB,;
b) nepeBeneHus B pacTBOpP HEPACTBOPUMBIX B BOJIC OKCH/IOB METAJLIOB,;
C) nepeBeeHUs Cyab(aToB Oapus, CTPOHIMS U KabIMS B KapOOHATHI, a BIIOCJIEICTBUU B alle-
TaTHl;
d) KOHIICHTPUPOBaHUS IPUMECEH.
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10.

11.

12.

13.

[HonyyeHune «COA0BOM BBITHKKI MPEAHAZHAYCHO:

a) JUIs yJaJICHUS] MEIIAOIIETro BIUSHUS KAaTHOHOB,

b) ynanenus memaroniero BIUsSHKUS aHUOHOB,

C) Haceimenus pactsopa COy;

d) manHas nporeaypa He UCIOIB3YETCs B X0/I€ CUCTEMAaTHYECKOTO aHAJIN3A.

PacTBopumocTb — 370:

d) paBHOBECHAasi KOHILIEHTpAI[Us BEIIECTBA B €r0 HACBIIIEHHOM PacTBOPE;
b) KoHIIEHTpalKs HOHOB BEIIECTBA B €0 HACBHIIIICHHOM PacTBOPE;

C) KOHIICHTPALIXs MOJICKYJI BEIIECTBA B €0 HACHIIIICHHOM PacTBOPE;

d) oO11ast KOHIIEHTPAIKS BEIIECTBA B €0 HACBIIIIEHHOM PacTBOpE.

I[.J'Iﬂ KaKo0oro Co¢inHEeHus pH NPAKTUYC€CKHN HE OKA3bIBACT BJAUAHUC HA paCTB()pI/IMOCTb?
a) BaSOy; b) CdS; c) HgS; d) CaF; e) SrCOs.

TepmoauHaMHYecKOe NMPOU3BeIeHHE PACTBOPUMOCTH (KOHCTAHTA PACTBOPUMOCTH) BbI-
pa:kaeTcs 4epes:

d) paBHOBECHBIC KOHIICHTPAI[MH HOHOB,

b) o61re KOHIIEHTPAalUH HOHOB;

C) aKTUBHOCTHU MOHOB,

d) k03¢ pHIIHEHTH AKTHBHOCTH HOHOB.

Yc/I0BHOE KOHIIEHTPAIIMOHHOE MPOU3BeleHHE PACTBOPUMOCTH (YCJI0BHAS KOHCTAHTA pac-
tBopuMoctu K §) BbIpakaercs uepes:

d) paBHOBECHBIC KOHIICHTPAI[MH HOHOB,

b) o01re KOHIIEHTPAalUH HOHOB;

C) aKTUBHOCTHU MOHOB,

d) k03 pHIIHEHTH aKTHBHOCTH HOHOB.

Kaxoe u3 NMPEeAJI0KCHHBIX coezu/melmifl PACTBOPHACTCH XYIKE BCEX (B CKOOKAaX IMPUBEACHDbI
snauenuns Kg)?

a) AI(OH)3 (3,2:107%; c) Cr(OH)3 (6,3:107Y);

b) Fe(OH); (6,3:10°%); d) Cu(OH), (8,3:10%°).

Kakoe M3 npeaioKeHHbIX COeTMHEHU PACTBOPSIETCS JIydine Bcex (B CKOOKaX mpuBee-
HbI 3HaYeHust Kg)?

a) AIPO, (5,75-10°%); ¢) Pbs(POL), (7,9-10%);

b) BiPO, (1,3:10%); d) AgsPO. (1,3:107%).

MO.]'IﬂpHaﬂ KOHIOCHTPpauus 3JIEKTPOJIUTA AmBn (C Yu€ToM TOJIBLKO HNOHHOM pacrBopumo-
CTH) B €ro HACBIIIIEHHOM pacTBope:

Ks . ' Ks . .
a)S=m+n/ ; b) Kg = ——>—; c) S, =pKs; d S=yK, .
mmnn S ol ol 0 S S

Bausinne nonnoi cuibl (I = 0,1-0,5) Ha pacTBOPUMOCTH 0CA/IKOB ONMCHIBAETCS] YPaBHe-
HUEM:

a) lgKg =IgKJ +Avz® [1;/1_“_—0,2@;

. K
b) Kg =—>—;

OLpge Ol pg
C) S0 =BKy;

d) =K.
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14. MoJekyasipHasi paCTBOPHUMOCTb BellIeCTBA PACCYNTBLIBAETCS M0 YPABHEHHIO:

a) IgKy =1g Kg+sz2 [1;/1_“_—0,2@;

. KS
b) KS om0
Olpe® an
) Sp=BKg;

d) S=K,.

15. Ycii0oBHasi KOHCTAaHTA PACTBOPUMOCTH PACCUHTHIBAETCS 10 YPABHEHHIO:
a) S, =BKq;

s~ '
0% An

c); lgK, =1g K§+AVZ2LJ:/\I_/I__O’2|}

K
d) §=—23

m
HOHa

Iloonucwe npenooasamens.
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JIABOPATOPHOE 3AHSITHUE Ne 5

TEMA: OKHCJIMTEJIBHO-BOCCTAHOBUTEJIbBHBIE PABHOBECHAI.
KOHTPOJIbHAS PABOTA Ne 1 «<KAYUECTBEHHBINA AHAJIN3
HEOPI' AHUYECKHNX COEJJAHEHWUI. OCHOBHBIE TUITbI XUMHUYECKHUX
PABHOBECHI: MPOTOJIUTUYECKUE PABHOBECHSI, PABHOBECHUSA
KOMIIVIEKCOOBPA30BAHMUSA, PABHOBECHUA «OCAIOK — PACTBOP»,
OKUCJ/IMTEJBHO-BOCCTAHOBUTEJIBHBIE PABHOBECU S

Ieau 3anaTus:

— chopmuposamsv 3nanus OCHOBHBIX TOHSTHH, CBSI3aHHBIX C OKHCIUTEIBHO-BOCCTAHOBU-
TEIBHBIMU PEAKIUSMHU; CIHOCOOOB KOJIMYECTBEHHOM OIICHKH OKHCIUTEIbHO-BOCCTAHOBUTEIBHOM
CITOCOOHOCTH BEILIECTB;

— npuodpecmu ymeHus BBIIOIHEHUS PACUETOB, CBA3AHHBIX C OKUCIUTEIHHO-BOCCTAHOBH-
TEJIbHBIMU PaBHOBECHUSIMH.

Jlureparypa
[1] C. 178-242, 303-339, 379-403, 449-472; [2] C. 54-62, 73-80, 97-105, 118-125,
133-140; [4] C. 11-27; [5] C. 29-88.

Bonpocs! 1151 TOATOTOBKY K 3aHATHIO:

1. OOmas XapakTepUCTUKa OKHUCIMTEIbHO-BOCCTAHOBUTEIBHBIX PAaBHOBECUH. DIEKTPOIHBIN
noteHman. CTaHAapTHBINA 3JIEKTPOJHBIN moTeHnuan noiypeakiuu. JJC peakuun. YpaBHeHHe
Hepucra. KoncTanTa paBHOBECHS OKUCIUTEIbHO-BOCCTAHOBUTEILHON PEAKIIUH.

2. BnusHue paznuuHbIX (HakTOpoB (TeMIiepaTypa, HOCTOpOHHUE MOHBI, pH, mobodHbIe peak-
IIUH) Ha IPOTEKAHHE OKUCIUTEIbHO-BOCCTAHOBUTENILHBIX PEaKIUil.

OcHoBHbIe pacyeTHbIe GOPMYJIbl, HEOOXOAMMBIE IIPH MOATOTOBKE K 3AHATHIO

VYpasuenue HepHcra:

o 0,059, a3
Eoo, =E’o, +——Ilg—
%?ed %?ed n aRe d
KoHcTanTa paBHOBECHS OKHCIUTENbHO-BOCCTAHOBUTENBHOU PEAKIIMU
o MAE®
0,059’

re M — HauMeHblIee o0I1ee KpaTHOe JUIsl 3JIEKTPOHOB, IPUHUMAIOIIMX YYaCTHE B OKUCIUTEIbHO-
BOCCTAHOBUTEIIBHON PEAKIUN.

IIpumep peleHus1 THIIOBOH 32124l
Venosue 3adauu. Tnst peakuun 5Fe”* + MnO, + 8H' = 5Fe* + Mn*? + 4H,0 paccunrars
KOHCTaHTY PaBHOBECHS ITPH

aFey:O,OlM;aFey:O,lM;a =0,1M;a ,. =0,01M.

Pewenue. PaccuntaeM OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIE (PEIOKC) MOTEHIIMAIBI IS Kax-
JIOW MOJIypEaKIMK TP YKa3aHHBIX KOHLEHTPALUAX PEAr€HTOB.
CTaH)IapTHble OKHCJIMTCIIBHO-BOCCTAHOBUTECIIbHBIC ITIOTCHIUAJIBI AJI I1ap HOHOB.

E° =+1,51B; E°F ., =+0,77B.

MnO, €
Mn? Fe?*

MnO; Mn?2*

49



Torna, npu ag = 1, T. e. pH 0 OKUCAUTENBHO-BOCCTAHOBUTEIBHBIN MOTEHIIUAN TOTYpPEaKuu
MIPU YKa3aHHBIX aKTUBHOCTAX OKHCJICHHOW M BOCCTAHOBJIEHHOHN ()OPM COCTABHUT:

EMnO, :E"Mn(y +@ g£:1,51+@|g10:1,52 B.
Y o .5 0,01 5
A 4 xenesa
EF93+ = E°F93+ + —O' 059 Ig —0' 01 =0,77 + —O’ 059 lg10'=0,71B.
Aez* Aez* 1 0,1 1

KoHcTanTa paBHOBECHS IpU YKa3aHHBIX AKTUBHOCTSX PEAareHTOB OyJeT paBHA
mAE 5 152-0,71

= = =68,6; cunenosarensro K =10%° =4.10%,
0,059 0,059

Bonpocs! 1J1s1 NOATOTOBKY K KOHTPOJIbHOM padore Ne 1:

1. IlpenMeT aHANUTUYECKON XUMHUU IPUHIMI, METO/ U METOJIMKA aHAJIN3a.

2. O0mas xapakTepUCTHKA, CHCTEMAaTHYCCKU M JPOOHBIM aHAIU3 KaTHOHOB | aHamuTH4e-
CKOM I'pyIMIIBL.

3. O0mas xapakTepuCcTHKa, CUCTEMAaTUISCKUN W APOOHBIN aHann3 KaTHOHOB Il amamuThde-
CKOM I'pyIMIIBL.

4. O0masi xapakTepucTUKa, CUCTeMaTHYeCKUi U IpoOHbIA aHanu3 katuoHoB III ananuThde-
CKOM I'pyMIIBL.

5.001mmas XxapakTepucTuKa, CUCTEMAaTHYECKUM U IPOOHBIN aHalu3 KaThuoHOB IV aHanmuThye-
CKOM I'pyMIIBL.

6. O0mas xapakTepUCTUKA, CHCTEMAaTHYCCKUI W JPOOHBI aHAJIN3 KaTHOHOB V aHAIUTHYC-
CKOM T'PYIIIIBL.

7. O0mrast XxapakTepUCTHKA, CUCTEMAaTUYECKU M APOOHBIN aHAU3 KaTMOHOB VI aHanmuTuue-
CKOH IPYIIIIBL.

8. Xumnueckoe paBHOBecHe. BHIbI KOHCTAHT XUMHYECKOTO PABHOBECHS.

9. AKTUBHOCTb M KOX(P(PHUIMEHT aKTMBHOCTH. OTKIIOHEHHE OT HJI€AIBHOCTH B PacTBOpax
CHJIBHBIX 3JIEKTPOJIUTOB.

10. Monnas cuna pactBopa. Pacuer ko3((UIIMEHTOB aKTUBHOCTHU IO IMPEIEIbHOMY 3aKOHY
JleOas—X1oKKens U Mo pacliupeHHOMY ypaBHeHHIO J[e6as—XroKkers.

11. Baxselinume Teopun KUCIOT U OCHOBAHUH.

12. KonmdyecTBeHHOE OMMUCAHNE CHITBI KUCIIOT U OCHOBAHUH.

13. ABromporonu3 pactBopurens. KoncranTta aBronporonusza. Knaccudukanus pactBopure-
JIe#l 10 KUCIOTHO-OCHOBHBIM CBOMCTBAM.

14. Husenupytomee u auddepenuupyromiee neiicteue pacrsoputens. CuiabHbe U cradble
KHUCJIOTHI M OcHOBaHusA. Pacuer pH pacTBOPOB CHIIBHBIX KHCIOT U OCHOBAaHUM.

15. PacTtBOpbI ciiabbIX KHCIOT UM ocHOBaHUHM. Pacuer pH cnaObix pacTBOpoB ciaObIX KHUCIOT
u ocHoBaHmii. Pacuer pH pacTBOopoB, comepkammx aHuOH (COMPSIKEHHOE OCHOBAHUE) C1aboi Kuc-
JIOTBI MJIM KaTHOH (COMPSDKEHHYIO KHCIIOTY) ciaaboro ocHoBaHus / pH ruziponusa cosiei mo Teopuu
AppeHnyca.

16. Pacuer pH st cmeceit kucnot, pH B pacTBOpax MHOTONPOTOHHBIX TIPOTOJIUTOB.

17. bydepnsie pactBopsl. Pacuer pH Oydepnbix pactBopoB. Pacuer cocraBa OydepHbIX pac-
TBOpOB. Pacuet cocraBa OydepHBIX paCTBOPOB IPH 33JaHHOM 3HaueHuu pH.

18. Knaccugukanuss KOMIUIEKCHBIX COEIMHEHMHA. MOHO- M MOJHSIEPHbIE KOMILUIEKCHI.
XenaTHble COEMHEHUS.

19. PaBHOBecus B pacTBOpax KOMITJIEKCHBIX COCAMHEHUI.

20. Bnusaue pa3nnyHbIX ()aKTOPOB HA KOMITJIEKCOOOpa30BaHHUE B pacTBOpax.
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21. [louemy B coOCTaB XeJIaTOB BXOJAAT NMPEHUMYILECTBEHHO MATH- M MIECTUYJICHHbIC ITHKIIbI?
UYrto Takoe «xemaTHbIN 3P dexT»?

22. Yrto Takoe yclIOBHas KOHCTaHTa 00pa30BaHMs KOMIUIEKCA M KaK OHA CBs3aHa C COOTBET-
CTBYIOIIEH peaibHOM KOHCTaHTOU? OOBICHUTE XapakTep BiausHus pH Ha BeMUMHY yCIOBHOM KOH-
CTaHTBI 00Pa30BaHMS KOMIUIEKCOB.

23. IlpuMeHeHne OPraHuvYeCcKUX PearecHTOB B aHATUTHUYECKON XUMUU.

24. Tlpou3sBenieHnEe pacCTBOPUMOCTb. PacTBOPUMOCTB.

25. Bnusinue pa3inuuHbiX (aKTOpOB Ha pAaCTBOPUMOCTh HEOPTraHMUECKHUX BEIIECTB.

26. O0mias xapakTepUCTHKA OKUCIUTEILHO-BOCCTAHOBUTEIBHBIX peakiuil. KonmuecTBeHHas
OLIEHKa OKHUCIIUTENIbHO-BOCCTAHOBUTEIHLHONM CITOCOOHOCTH BEILIECTB.

27. DNeKTpoAHbIE MOTEHINABL. Y paBHeHHe HepHera.

28. KoHncraHnTta paBHOBECHUS! OKHCIIUTEIbHO-BOCCTAHOBUTEIIBHBIX PEaKIHil.

29. BnusiHue paznuuHbIX (AKTOPOB HAa MPOTEKAHWE OKUCIUTEIBHO-BOCCTAHOBUTEIBHBIX pe-
aKIUH.

30. ChopmynupyiiTe TPHHIIMITE AHATUTHYICCKON KiIacCH(PUKAIMU aHMOHOB. HazoBure rpyr-
MOBBIE PEAreHThl B KJIAaCCHU(HUKALKUKA aHHMOHOB IO CHOCOOHOCTH OOpa3OBBIBATh MajiopacTBOPUMbIE
COeIMHEHHS Oapusi U cepedpa. U MO CIOCOOHOCTH MPOSBIATh OKHUCIUTEIBHO-BOCCTAHOBUTEIHHBIC
CBOMCTBA.

31. O6mas xapakTepuCTHKa, aHAJIN3 aHUOHOB | aHATMTUYECKOH TPYIIIBI IO CIIOCOOHOCTH 00-
pa3oBBIBaTh MajJOpPaCTBOPUMBIE COeIMHEHUs Oapus U cepedpa.

32. O0mas xapakTepuCTUKa, aHaJIN3 aHWOHOB Il aHANUTHUYECKOW TPYIIBI MO CIIOCOOHOCTH
00pa30BBIBATH MATIOPACTBOPUMBIE COeTUHEHHS Oapus u cepedpa.

33. O0mas xapakTepucTHKa, aHaau3 aHuoHoB III aHaNMMTHYECKOW TPYIIBI MO CIIOCOOHOCTH
00pa30BBIBATH MATIOPACTBOPUMBIE COeTUHEHMS Oapus u cepedpa

34. ChopmynupyiiTe TPHHIIAITE AHATUTHYECKON KiIaccuuKanuu aHuoHOB. Ha3zoBute rpyr-
MOBBIE PEareHThl B KIaCCU(UKALUKA AaHUOHOB IO CIIOCOOHOCTH MPOSBISATH OKHCIUTEIBHO-BOCCTAHO-
BUTEJIbHBIE CBOWCTBA.

TECTOBBIII CAMOKOHTPO.Ib

1. Pa3HocTh NOTEHUHAJIOB, BOSBHUKAIONIAsl HA rPaHMIIe POBOAHUKOB JIEKTPHUYECKOI0 TOKA
€ 3JICKTPOHHOM U MOHHOH MPOBOAUMOCTBIO, — ITO:
a) 2JIEKTPOAHBIN OTEHIIUATL
b) hopMasbHBI TEKTPOHBIH MOTCHITHAI;
C) CTaHIAPTHBIN SJIEKTPOIHBIN MOTEHIMAI ITOJTYPEaKIUH;
d) peanbHBIi IEKTPOIHBIH MOTSHITHA.

2. Duaexktpoasuwxkymas cuia (3/C) raJbBaHNYECKOr0 3JIeMEHTa, COCTOSIIEr0 U3 HAXO/siIIe-
rocsi B CTAHAAPTHBIX YCJOBHUSX 3J1€KTPOJA, HA KOTOPOM NPOTEKaeT JaHHAasl MOoJypeaKuus,
U CTAHAAPTHOTO BOJAOPOIHOIO 3JIeKTPOAA, — ITO:
a) 2JIEKTPOAHBIN OTEHINAT;
b) hopManbHbI# 3EKTPOHBIN TOTEHITHAT;
C) cTaHAapTHBIN JIEKTPOIHBIN MOTEHIIMA TIOTYPEaKIINH;
d) peanbHBI IEKTPOIHBIN MOTEHITHAIL.

3. ToTteHmmaa moypeakiuuu, U3MepeHHbIH MPH YCJOBUH, YTO 00IIME KOHUEHTPAUMH OKHC-
JIECHHO W BOCCTAHOBJIEHHOW (popM paBHBI 1 MOJIB/JI, 2 KOHIEHTPAUMU MOCTOPOHHHUX
HOHOB M3BECTHBI, — 3TO:

a) 2JEKTPOAHBIN OTEHIHAT;
b) popmManbHbIi AMEKTPOIHBIN TOTCHIIUAT;
C) CTaHIAPTHBIN SJICKTPOIAHBIN MOTEHIMAI ITOTYPEaKIUH,
d) peanbHBIif 2JIEKTPOIHBII TOTCHITHAIL.
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IHoTeHuaa NMPH AKTUBHOCTAX OKHMCJICHHONM M BOCCTAHOBJICHHOW (POpPM, OTJMYHBIX OT
CTAHJAAPTHBIX, — 3TO:

) JIEKTPOAHBIN MOTEHIIMAT;

b) popManbHbI# 3IEKTPOIHBIN TOTEHIIHAT;

C) CTaHIAPTHBIN 3JIEKTPOIHBIA MOTECHIMAI ITOJTYPEaKIUH;

d) peasbHBIi JIEKTPOIHBII TOTEHIIHAIL.

B xakoii 3 noJjiypeakuuii npeacTaB/ieH caMblil CHIIbHbIN OKUCJINTEb?
a) MnO; +8H" = Mn?* + 4H,0, E° = +1,51 B;

b) 103” + 5H" = HIO + 2H,0, E° = +1,14 B;

¢) NO3 + 2H" = NO,1 +H,0, E° = +0,80 B;

d) S;05” + 26" =2S0,*, E° = +2,0 B.

H3mepeHue Y1eKTPOAHOTO MOTEHI[HAIA POBOISAT OTHOCUTEIBLHO:
a) BOJIOPOJIHOTO AJIEKTPO/Ia;

b) cTanAapTHOrO BOJOPOAHOIO 3JIEKTPOAA;

C) 2JIEKTpOJa CPAaBHEHHS;

d) HOH-CENEKTUBHOTO JICKTPO/IA.

HN3mepenus 3JIeKTPOAHBIX MOTEHIHAJIOB NPOBOASATCS MPH:
a) HOpMaJIbHBIX YCIIOBHUSIX;

b) cTaHAapTHBIX YCIOBUSX ;

C) MOCTOSTHHOTO 3JIEKTPOJHOTO TIOTEHIINAIA;

d) mepeMeHHOT0 3JIEKTPOTHOTO MOTECHIIAAIA.

DJIEKTPOAHBINA NMOTEHIHAJ, B 3HA4YeHHE KOTOPOro0 BXOAUT He TOJBKO BEJIHYHMHA CTaH-
JAPTHOIO 3JIEKTPOJHOI0 MOTEHIMAIa, HO U MOryT BXoauTh pH, KoOHcTaHTa pacTBOpUMO-
CTH, KOHCTAHTA YCTOMYNUBOCTH, SIBJISIETCSH:

a) NIEKTPOAHBII MOTEHINA;

b) hopmasnbHBIi AEKTPOIHBIH MOTCHIIUAI;

C) CTaHIapPTHBII IIEKTPOAHBII MOTEHIHAI TOJyPeaKIIny;

d) peabHBI JIEKTPOIHBII TOTEHITHAIT.

BoJabumemy 3HaYEeHHI0O CTAHAAPTHOIO JIEKTPOAHOIO MOTEHIHMAJIA COOTBETCTBYeT (MpHUBe-
JANTE OJUH HJIH HECKOJILKO PABUIBHBIX OTBETOB):

a) OoJiee CHITbHBIMH OKHCIIMTEILHBIME CBOWCTBAMH 00J1a1aeT OKUCIICHHAs! (JopMa BEIIEeCTBa;

b) Gonee cnabbiMU BOCCTAaHOBHUTEIBHBIMHE CBOMCTBAMHU 00JIaaeT BOCCTAHOBIICHHAs (hopMa Be-

IIECTBA;

C) OoJee cabbIMU OKUCIHUTEIBHBIME CBOMCTBAMHU 00J1a1aeT OKUCICHHAs (popMa BEIeCTBa;
d) Goyee CHIBHBIMH BOCCTAHOBHTEIBHBIMH CBOIMCTBAMH 00JIalacT BOCCTaHOBJIEHHas (opma

BCIICCTBA.

10.

11.

B kakoi U3 nmosrypeakumii peacTaBJ/ieH caMbli CHJIBHbINH BOCCTAHOBHUTEb ?
a) Zn** + 2e” = Zn|, E° = 0,763 B;

b) Sn** + 2e” = Sn|, E° = -0,14 B;

c) Fe** + 3e" = Fe|, E° = —0,036 B;

d) Cu** + 2e = Cul, E° = +0,337 B.

B xaxoii M3 noJypeakuuii NpeACTaBJIeH CaMbli ¢JI1a0bIH OKHCINUTENDb?
a) Cr,07% + 14H" = 2Cr® + 7H,0, E° = +1,33 B;

b) Co®" +e =Co* E°=+1,95B;

) Fe** + e = Fe®*, E° = +0,77 B;

d) H,0, + 2H" = 2H,0, E° = +1,78B.
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12.

13.

14.

15.

B xakoii M3 noJypeakuuii NpeAcTaBJIeH caMblil ¢JIa0bIiH BOCCTAHOBUTEJb?
a) AP +3e = Al|, E°=-1,66 B;

b) Ag"+e =Ag]|, E°=+0,799 B;

¢) Cu** + 2e" = Cul, E° = +0,337 B;

d) Sn?* + 2e"=Sn|, E°=-0,14 B.

IToTeHMag BOAOPOIHOIO 3JIEKTPOAA PACCUYUTHIBAETCSH 10 YIIPOLIEHHOMY YPABHEHHIO:
a) E=-0,05901pH;
b) E= 0,059 1pH;

0,059, ao
Eory =E’, +——olg—2c;
2 O fed O ed n aRed
» MAE®
d) IgK® = 0059

YpaBuenune Hepucra umeer Bua:

» MAE°
VIO ose
0,059, 2
b) E° x
) ORed O’%z s n aRed
L0059, 2
E,, =E° x
C) O%ed O%?ed n aRed
» MAE®
A 19K =5 059"

Jlorapu(m KOHCTAaHTBI CKOPOCTH OKHCIUTEIbHO-BOCCTAHOBUTEILHON pPEeaKLUH PacCyH-
ThIBAETCH 110 YPABHEHUIO:

» MAE°
8 oK =059
O 059 ao
b) E° X
) Ot O’%zd n aged
O 059 ag
E,, =E% e
C) O%ed %?ed n gaged
» MAE®
d) IgK® = 0059

Iloonucv npenooasamens.
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JIABOPATOPHOE 3AHSITHUE Ne 6

TEMA: ITPOBOOTBOP U ITPOBOIIOJITOTOBKA. TPABUMETPUYECKHWI METO/]
AHAJIN3A. AHAJIMTUYECKASA XUMUSA U XEMOMETPHUKA.
CTATUCTHYECKAS OBPABOTKA JAHHBIX

ean 3ansiTHs:

— chopmuposams 3nanua o npaBuIax oTOOpPA M yCpeAHEHUS MPOO MPHU MPOBEACHUH XUMH-
YEeCKOro aHalin3a ra3000pa3HbIX, KHUJIKUX U TBEP/AbIX BEIIECTB; 00 OCHOBHBIX METO/IaX Pa3JI0KEeHUS
npod B mporecce MpoBeneHUs] MPOOOMOATOTOBKH; O METOAUKE MPOBEACHUS TPAaBUMETPUYECKOTO
aHaJlM3a; 0 METOJaX MaTeMaTHYECKOI CTaTUCTUKU U XEMOMETPUKH B AaHAJTUTHYECKON XUMUU;

— npuobpecmu ymeHusa TPOBEIACHUS TPABUMETPUUYECKOIO ONPEHENICHUS COJAEPKAHUS KpH-
CTAJUIOTHAPATOB Cyiab(daTa MarHus B BBIJAHHOM OOpaslle; BBIIOJIHEHHUS PAacdyeTOB, CBSI3aHHBIX CO
CTaTHCTUYECKOM 00pabOTKOM MOTYyYSHHBIX PE3YJIbTATOB.

Jlureparypa
[1] C. 17-53, 54-66, 405-428; [2] C. 172-178, 179-192; [4] C. 59-72; [5] C. 88-96, 126-137.

Bonpoch! /151 NOATOTOBKYU K 3aHATHIO

1. IIpo6ooTdop M mpobomoaroToBKa. Buasl mpob: reHepanbHas, sadbopaTopHas, aHaIU3HPY-
emas. [IpaBuia otbopa u ycpeaHeHust mpod mpH MPOBEICHUN XUMUYIECKOTO aHaIM3a Ta3000pa3HbIX,
KHUJKUX U TBEPJBIX BelIecTB. MeTOIbI pa3ioxKeHHs MPOObI.

2. O0mras xapakTepuCcTUKa TpaBUMETpUH. Buabl rpaBuMeTprudeckux onpeaeneHuii. Ocaxma-
eMasi 1 rpaBUMeTprIecKasi pOpMBblL.

3. OCHOBHBIC 3Talbl METOJHKU TPABUMETPUUYCCKOTO ONPEICICHUS METOJIOM OCAXKICHUS.
Konnounnnas cranus obpa3zoBaHus ocaaka. Y cJIoBHs 00pa3oBaHUs KPUCTAJUIMUECKUX U aMOP(HBIX
ocaakoB. OcaxJICHHE METOJIOM «BO3HHKAIONMUX peareHTOB». OCHOBHBIC MPOIECCHI, MPUBOISIINE
K 3arpsi3HeHUI0 ocaaka. Vx mpuuuHbl U ciocoObl ycTpaHeHus. [IpakTudeckoe nmpuMeHeHHe TpaBu-
Metpun. ['paBuMerpust B dapmaneBTHueckoM aHanmuse. [IpuOmmkEHHbIC BRIYUCIICHUS W 3HAYAIIHE
uudpsel. [lonstue 06 aHaTUTHUYECKOM CHTHaie. DTalOHHbIE M 0e33TajOHHBIE METOMBI KOJWYe-
CTBEHHOTO aHaJIH3a.

4. TlpubnuxEHHBIC BEIUKCICHHS U 3Hadamue nudpsl. [loHsaTre «HeonpeaenéHHOCTh U3Mepe-
HUSD» ¥ «IIOTPEITHOCTh U3MEPEHU». BHUIBI IOTpemHOCTEH: CHCTEeMaTHIeCKHe, ClydaiiHbIe, TpyObIe
MIPOMaxH.

5. OCHOBHBIC MOHSTUS MAaTEMaTHYECKOH CTATHUCTHKH, UCTIOJIL3YeMble B aHAIUTUICCKOW XH-
Muu. OOHapykeHue rpyObIX MOTpEemHocTel (mpomaxoB). Bocrnpon3BoauMocTh (CXOAUMOCTbH, TO-
BTOPSIEMOCTh) W TPABWIBLHOCTH Pe3yJbTaTOB aHann3a. OCHOBHBIE MPUEMBI, UCTIOIb3YeMbIC IS
OLIEHKH MPaBUIHHOCTH.

OcHoBHBIE pacuyeTHbIE (POPMYJIbI, HEOOX0AMMBbIE NPU MOATOTOBKE K 3aHATHIO

Bri6opounoe cpeanee (cpeanee apupMeTHIECKOE Pe3yIbTaTOB U3MEPEHU):
n

_ 22X
X — 1
n
Bri0opounas aucnepcus:
n — 2
g2 :§ X=X
n-1

BLI60pO‘-IHOC CTAaHAAPTHOC OTKJIIOHCHUC!

s=+/52
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CrangapTHOE OTKIOHEHUE BHIOOPOYHOTO CPETHETO:

"X

JloBEepUTENIbHBIN HHTEPBAI
[X—t-S,; X +t-S, |

IIpuMep penieHusi THIIOBOM 3a1aun

Ycnosue. Ilpu ananuze cpeHero coAepKaHus KpUCTAUTM3ALUOHHON BOJIbI B KPUCTAIIIIOTH T~
patax cynb(ara maraus MgSO, - XH,O Obutn mosrydeHs! cineayromue 3uadeHus X: 6,7; 5,8; 6,5; 6,6;
6,4; 6,3. IIpoBeputh, HE COAEPKAT JIM MOJYUCHHBIC PE3yJbTaThl IPOMAXHU, U PACCUUTATH CPEIHEE
3HaYEHHUE KOJUYECTBA BOJABI B KPUCTAIUIOTHAPATE U IPAaHUIBI JOBEPUTEIBHOIO HHTEpBAa.

Pewenue. JIns npoBepKy HAIUYUS IPOMAXOB HEOOXOJUMO IIPE0Opa30BaTh MOITYUEHHYIO BbI-
OOpKY B BapUAIIMOHHBIH P, KOTOPbIN OyleT UMETh BU:

X =5,8; 6,3; 6,4; 64; 6,5, 6,6; 6,7. OobeM BBIOOPKH (KOJIMYECTBO TOIYYCHHBIX ITUPD)
B JJAHHOM CJIy4ae COCTaBHUT N = 7.

Bocnons3zyemcst Benmmuunoi Q-kputepus (tect ukcona). [To-BuaumomMy, HEOOX0IUMO TMPO-
BEPUTH HATMYHE [TPOMaxa Jisi CaMOT0 MaJIEHbKOT'O MPEICTAaBUTEINS BHIOOPKHU:

Kpuruueckue 3naueHus Q mpu pa3MyHbIX 3HAYCHUSAX CTEIICHU pucka (s N = 7)

n Crenenb pucka o
0,10 0,05 0,01
7 0,43 0,51 0,64

Q =Xe=x_83758_05_ 456
Xn—X: 6,7-58 0,9
CpaBHMBas NOJYYEHHOE 3HAUEHUE B KPUTUYECKMMHU 3HaueHUsAMH Q, MOXKHO CZeaTh BBIBOJI,
4TO Npu creneHu pucka o = 0,05 (1oBepuTenbHast BEpoATHOCTh 95 %) Benuuuna X = 5,8 sBisiercs
IPOMaxoM U B JaJbHEHIINX pacyérax BO BHUMaHHe He npuHuMaetcs. [Ipu crenenu pucka a = 0,01
3Ta BEJIMYMHA HE SIBISUIACh Obl IPOMAaxXoM, HO TaKHe CTENEHH PUCKa OOBIYHO HE UCIIONB3YIOTCS U3-
3a 3HAYUTEJIbHOM BEIMUYMHBI JOBEPUTEIHLHOIO UHTEpBaa. AHAJIOTHYHYIO MPOLEAYPY HEOOX0IMMO
BBITIOJIHUTH U JUISI IPOBEPKH BEPXHETO (CaMOro 0O0JIbIIOro) 3HaYeHUS X.
CpenHee coneprkaHue KOJUYECTBA BOJBI B KPUCTAIIOTUAPATE U T'PAHULBI JOBEPUTEIBHOTO
MHTEpBaa.

=0,51

KpHT

Y_6,3+6,4+6,4+6,5+6,6+6,7 B
6

3aMeTHM, 4YTO pe3yibTaT ObUI OKPYIJIEH JI0 TAaKOro K€ KOJIMYECTBAa 3HAYaIUX LUQp, 4TO
¥ MCXOJHBIE IaHHbIe. PaccunTaem no 0600menHoi popmyne Sy :

6,5

[MTockonbKy mociie oTOpackiBaHHs MPOMaxoB N=6, 4UCI0O crerneneit ceobdoas , f=n—1 =5,
npu ypoBHe 3HaunMocTH o = 0,05 xoapdunment t B pacnpenenenun Cteronenra t = 2,57.
Torma t'SY =0,1-2,57=0,3

Y JIOBEPHUTEIbHBIA HHTEPBAT X = 6,5+0,3.
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JIABOPATOPHAS PABOTA

ONPEAEJIEHUE COAEPXKXAHUA MAT'HUA CYJIbPATA KPUCTAJVIOTHAPATOB
MgSO, - nH,0 B BBIIJAHHOM OBPA3IE

1. Pacyer onTUMA/IbHOM MacChl HABECKHU 00pa3ina Maruus cyjab@ara KpUCTAIOTHAPATA s
aHaJM3a U pacyeT He0OXOAUMOro 06beMa pacTBOpPa OCaANTEJIst
Marnus cynsdar, kpome 0e3BOJHON coiu, oOpasyer Tpu Kpuctamoruaparta: MgSO,4-H-O,
MgSO4 7H,0, MgSO,4-12H,0. Jlns ynoOGcTBa pacueToB MOXKHO BOCIIOJIB30BATHCS MOJIIPHON Mac-
coii Tonbko oxHOro u3 HuX — MgSO4 7H,0.
IMpu no6asiaenun k pactBopy MgSO4 pactBopa BaCl, mpoucxomuT BbINajeHHEe OcCaaka
BaSO,, koTopeiii HE 00pa3yeT KpUCTAIOTUAPATOB. B OCHOBE rpaBUMETPUUYECKOTO OMPEICIICHUS

JICOKUT peaKHI/IﬂZ
MgSO, + BaCl, — BaSO4| + MgCl,

Bapust ccynbdar sBiaseTcs KPUCTALTUYECKUM OCAJKOM BBICOKOTO YJEIBLHOTO Beca, JJIsi HETo
ONTUMAaJIbHAs Macca MpHU rPaBUMETPUUYECKUX OMPEICTICHUSIX cocTaiisieT mpumepHo 0,2—0,5 r.
Maccy HaBeCKH PacCUUTBIBAIOT CICAYIONIMM 00pa3oM:

M(MgSQ, - 7H,0) = 246 r/moub;
M(BaSO,) = 233 r/mMoub.
Jlns obpasoBanms ocaaka BaSO4 maccoii okono 0,5 r, xumudeckoe konuuectBo BaSOy4 co-

crasut 2-107° Mo,
Torma HeoOxomuMast Macca MarHus CyibgaTa KPHCTAUIOTHIPATa COCTABHT:

m(MgSO, - 7H,0) = n(MgSO4 - 7H,0) - M(MgSO4 - TH,0) =2-10%- 246 ~ 0,5 T.

Crnenyer OTMETHUTB, YTO, IO Pe3yabTaTaM PacuyeTOB, Macca HABECKU OIPEIEIAETCS Ha aHa-
JUTUYECKUX Becax, MOCKOJIbKY TOUHOCTh B3BELIMBAHUS SBISETCS OJHUM M3 OCHOBHBIX (DaKTOPOB,
OTIpECISAIONIMX TOYHOCTh TpaBUMETpUUecKoro ompeneneHus. [Ipum 3Tom nomyckaercs B3siTUE
HaBeckd He TouHO 0,5000 r, a ”HOE, HO TOYHO U3BECTHOE KOJIMYECTBO B3BEIINBAEMOI0 BEIIECTBA.

Torma, mo crexuoMeTpuu Uit OCaXACHUsS CyabdpaT-noHOB B Buie BaSO, monagoburcs xu-
MHUYECKOE KOJIMYECTBO OCAJUTEIIS:

n(BaCl,) = n(BaSOy) = 2:10"> mous.
Toraa o6bem 0,25 M BaCl, (ocagutens) mo cTeXHoOMeTpUu:
n(BaCl,) 2.10°3
C(BaCl,) 0,25

V(BaCl,) = =0,008 1 =8 mu.

[Tockonbky B TpaBUMETPUYECKUX OMpENeleHHsX Oepercs OObIYHO 1,5-KpaTHBI H30BITOK
MOHA-0CA/IUTENsI IO CPABHEHUIO C MAKCUMAJIbHBIM KOJIMYECTBOM OCaXJAA€MOI'0 HOHa, TO O0BEM
0,25 M pactBopa BaCl,, HeoOX0oauMblii [J1s1 OCaXKIEHHSI, COCTABUT 12 MIL

2. MeToauka onpeaejeHust

1) Bzsmue nasecku obpaszya MgSO, - nH,O. Ha TexHMYeCKMX BecaX OTMEPSIOT HaBECKY
obpazia MgSO, - NnH,O maccoit okono 0,5 r. Maccy HaBeCKM YTOUHSIOT MyTEM B3BEIIMBAHHS
Ha aHAJUTHYECKHX BecaX. [loaydeHHyr0 HaBeCKy MOMEIIA0T B KOHUYECKYIO KOJIOY M J00aBISIOT
100-150 My muCTHIUTMPOBAHHON BOJIBL. Pe3ynbTaTel M3MepeHui 3aHOCAT B TaOJIHILY:

H3zmepsiemas macca PesyabTat, r
Macca nHaBeckn MgSO, - xH,O
Macca ¢mibTpa
Macca ¢uibTpa ¢ 0ca koM 1ocJie BbICYIIMBAHUS
Macca rpaBuMeTpuyecKoil (hopMbl
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2) Onpeoenenue maccwvl @urvmpa. Ha aHamUTHYECKUX Becax B3BEIIMBAIOT (QHIBTP. Maccy
(bunpTpa 3aHOCAT B TAOJIHUILY.

3) Honyuenue ocaoka BaSO,4. K npurotroBiieHHOMY pacTBOPY Maruus cyiibdara npudaBIsioT
2 ma 1 M HCI. PactBop HarpeBarOT 10 KHIIEHHS H K TOpSAYEMY PacTBOPY MPHU IIOCTOSHHOM
IepeMeNInBaHuu npubasistioT mo kammiM 12 v 0,25 M BaCl,. IonydeHHBIH pacTBOP ¢ 0CaIKOM
CHOBa HarpeBaroT 70 kuneHus. OCTaBISIIOT Ha 2 yaca JJIsl OXJIKICHHS U CTapeHUs OcaJlKa.

4) Omoenenue ocaoka BaSO4. KuakocTh HaJ 0CAIKOM OCTOPOKHO CJIMBAKT METOJOM
JeKaHTaIlH, T. €. TaK, YTOObl HEe 00pa30BaJIoCh MYTH (117151 OONbIIEH TOYHOCTH JOIMYCKAeTCsl Hall-
OCAJI0YHYIO KHUJIKOCTh MPOMYCTHTh depe3 ¢uinbTp). s 3Toro ckiaaneiBaroT OymMaKHBINA (GUIBTD,
MOMEIIAIOT €r0 B BOPOHKY, @ BOPOHKY — B IYCTYI0 KOHHUYecKyl0 Koily. CMauuBaroT (UILTP
JUCTUUTUPOBAHHON BOJIOW TaKMM 00pa3oM, 4TOOBI MEXIY CTEKJIOM M OyMaroil He OocTanoch Iy-
3bIPHKOB BO3/yXa. OCTOPOXHO CIMBAIOT Yepe3 BOPOHKY OTCTOSBLIYIOCS KUAKOCTH HaJ OCAIKOM
(o CTEeKJIIHHOW MaJlouKe BO M30EKaHHE PACIUICCKUBAHMS KUAKOCTH). BHUMaTenbHO ciensaT 3a
TeM, 4TOObI GUIBTP HE 3aMOTHSUIICS 10 KpaeB. JKuakocTh He JOKHA JOXOAUTH 10 Kpas puiIbTpa He
MeHee yeM Ha 1 cMm. [lanmouky mocine qeKaHTalruy OCTaBIISIOT B KOJIOE C OCaJIKOM.

5) Ilpomvisanue ocaoka. OCTaBUIMICA 0CAJ0K B30ANTHIBAIOT U KOJUYECTBEHHO MEPCHOCAT Ha
OyMaKHBIA (PUIBTP «CHHSAA JIeHTa». J{JIs 3TOro HaIMBAIOT B KOJIOY € OCaJKOM HEOOJIBIIOE KOJIHYe-
ctBo (10-15 mm) 1 % pactBopa NH4NO;3 (mpoMbIBHAS KUAKOCTH), B3MYUYHUBAIOT OCAJIOK U MEPEHOCAT
CYCHEH3HIO 10 nanodke Ha GuiabTp. Cieapl ocaaka ¢ MajJOYKu CMBIBAIOT HEOOIBIINM KOJTUYECTBOM
MIPOMBIBHOM *)uAKocTU. Ocasok Ha GUIBTPE TPOMBIBAIOT HECKOIBKO Pa3 HEOOIBUIUM KOINYECTBOM
IIPOMBIBHOW KUAKOCTH, KOTOPOW KayKIbIM pa3 AAOT MOJHOCTBIO CTedb. IIoBTOpAIOT omnepanuro
2-3 pa3a.

6) Boicywusanue ocaoka. OUIbTp ¢ 0CaaKOM NEPEHOCAT B IPEABAPUTEIHHO B3BCIICHHYIO
yamky [leTpy u momeniaioT B cymuibHbIN mikad. BeicymuBanue QuibTpa ¢ 0CaKOM HPOBOAST
npu t = 140-160 °C B Teuyenue yaca. B3pemmuBaioT QUILTP ¢ OcagKoM. Pe3ynbTaThl 3aMUCHIBAIOT
B TabOnuiy. Omnepaluio moBTOPSAIOT elle pa3. B ciyyae yMeHbIIEHHUS MacChl OMEPALUIO TOBTOPSIOT
70 TOCTHIKEHHSI TOCTOSTHHOM MacChl (PHIIBTPA C OCAIKOM.

7) Pacuem maccul nonyuennoco BaSQO,4 3Has maccy rpaBumerpudeckoit (opmbr BaSO4
u maccy HaBecku MQSQO, - NH,O, paccuMTHIBAIOT CPEAHIOI0 MOJSPHYIO Maccy MarHus cyibdara
KpUCTaJJIOTHApaTa no hopmyne:

m(MgSO, - xH,0)-M (BasO,)
m(BaSO,)

M (MgSO, - xH,0) =

Jlanee paccUUTHIBAIOT CPEAHEE KONMYECTBO MOJb KPUCTAILTU3AMOHHON BOJBI HA OJIUH MOJb
MarHus cynbdarta o Gopmyie:

M (MgSO, - xH,0) - M (MgS0,)
18

[Tpu X <7, MOXXHO cIeNaTh MPEANOIOKEHNE, YTO B BRIJAHHOM 00pa3iie MPUCYTCTBYIOT TOJIBKO
JIBa U3 TpeX BO3MOXKHBIX KpUcCTautoruapatoB Maraus cyiabpara — MgSO4-H,0 u MgSQOy-7H,0.
[Tpu X > 7 Gonee BeposTHBIM cTaHoBHTCS TpucyTcTBHe MgSO,4-7H20 1 MgSO4-12H,0.

CootHomienue Byx (popM Maraus cynbgara KpUCTaUIOTHIPAaTOB PaCCUMTHIBAIOT 110 (hopmyIe:

(1 —x) + 7x = n(H0),

r7ie X — KOJMYECTBO MoJib kpuctamuoruapata MgSO, - 7H,0, npuxoasimumxcs Ha 0OWH MOJIb Mar-
HUs cynbdara.

X(H,0) =
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3amanuqa:
1. ITepeuncnute OCHOBHBIE 3TAIBI TPABUMETPUUECKOTO OMPEACIICHUS] METOJIOM OCaXKICHUSI.

2. [IpuBenure HEOOXOAMMBIC pPACUYETHI ISl OMPEACICHUS COACPKAHHUS KPUCTAIUIOTHApaTa
cyib(aTa MarHus.

TECTOBBIII CAMOKOHTPO.Ib

1. Pa3pyumienue opraHM4YeCKUX BelleCTB U MATEPHAJIOB HA MX OCHOBE C LEJbI0 BblIeJIeHUs
HEOPraHW4eCKHX KOMIIOHEHTOB B BH/E YCTOHYMBBIX M XOPOIIO PACTBOPHMBIX COECJIUHe-
HHUH, YI00HBIX JJI51 AaHAJTHU3A MOAXOAAMM METOI0M, — ITO:

a) 6apOoTHpOBaAHHUE; b) munepanu3zanus;
C) TOMOTCHH3AIIHST; d) nucneprupoBanmue.

2. Jlns pacTBOpeHust MPoObI 0€3 MPOTeKAHNS XMMUYECKUX PeaAKIHil MCIOJIb3YI0T:
a) cmecb HNO3 u HCI B cootnomienun 1:3;
b) emecb HNO3 u H,SOy;
C) xsopodopm;
d) H,0.

3. IIpo6a, koTopasi cocTaBjisieT HeOOJBIIYI0 YacTh AHAJIU3MPYEMOro o0pa3na, HO MOJIHO-
CTBHIO OTPAKAIONIASI €r0 COCTAB M CBOICTBA — 3TO:
a) TeHepaibHas mpooda; C) apbuTpaskHas mpooa;
b) naboparopnast npoba; d) npencraBuTenbHast mpooa.
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10.

11.

12.

Jl1s1 pacTBOpeHHs1 MPOOBI C MPOTEKAHHEM XMMHYECKHX peakuunii 0e3 nu3MeHeHusl cTen eHei
OKHCJICHHUS JJIEMEHTOB HCI0JIb3YIOT:

a) NaOH,;

b) H,0;

c¢) HCl,

d) cmece HNO3 u HCI B cootHomiennu 1:3.

IlepeBenenne onpeaeasieMbIX KOMIIOHEHTOB MPoObl B GU3HYECKYI0 M XHMHYECKYIO (op-
My, KOTOpasi HanGoJiee mMpueMJIeMa JIUIsi BLIOPAHHOT0 MeTo/1a onpeaeieHus, — ITo:

a) pasJIoKEHHUE MPOOHI; C) MeNTH3AIIUS;

b) kBapToBaHue; d) MmuHepamu3arus.

MeTox KBapTOBAaHHS PUMEHSIETCSI JIJIS:
a) YBEJIMUYEHUS pPa3MepOB MPOOHI;

b) ymenbieHus pazmMepoB mpoosI;

C) MOBBIIICHUS] TOYHOCTH aHAJIM3a,;

d) MmuHepamu3aiuu mpookI.

Bri0epuTe psiji, B KOTOPOM BCe MPUBEIeHHbIE PeareHThl HCMOIb3YIOTCS MPH CIUIABJICHUH:
a) NaOH, Na,CO3;, KHSO4, cmecs Na,CO3z 1 NaNOs3;

b) cmecs Na;CO3 u S, NaOH, HCI, K,S,07;

C) cmecs HNO3z u H,SO4, HNO3 + HoSO,4 + HCIO,4, HoSO4 + HoOo;

d) cmecs HNO3 u HCI B cootnomennu 1:3, NaOH, HCI, H,0..

KoJinuecTBo ocaguTe/s BLIOUPAIOT U3 pacyera:

a) CTEXHMOMETPUYECKOTO COOTHOIICHHSI KOMITOHEHTOB;

b) npubnusurensHO B 1,5 pa3a 0oJibliie MPeAnoiaracMoro CoAepKaHus aHaJIUTa B pooe;
C) npuOIM3UTENBHO B 1,5 pa3za MeHblIe NPEANoaraéMoro CoJiepKaHus aHajluTa B Ipooe;
d) 10 TOJTHOTO BU3YaJIbHOTO OCAXICHUS aHAJIHTA.

TpeGoBanns k ocaxnaeMoil gopmMe BelecTBa B r(paBHMETPHYECKOM aHAJIN3e:
a) YCTOMYMBOE CTEXMOMETPUUYECKOE COETMHEHNE U3BECTHOTO COCTaBA;

b) npakTuvecku HepacTBOpUMa B BOJE;

C) HAJIMYME KOJUIOUTHOM CTaluu 00pa30BaHUs OCAJIKa;

d) »xenaTeabHO KPYMHOKPHUCTATMYECKUI 0CAIOK, JIETKO OTIEISIEMBIH OT pacTBOpA.

TpeGoBanus k rpapuMeTpuYeckoii popme BeurecTBa:

a) YCTOMUMBOE CTEXUOMETPUUECKOE COeIMHEHNE U3BECTHOI'O COCTABA;

b) mpakTHUYeckn HepacTBOpUMA B BOJIC;

C) HAJIMYME KOJJIOWAHOM cTasinu 00pa3oBaHMs 0CA/IKa;

d) sxenarenbHO O0JIee BBICOKAsE MOJIEKY/ISIPHAst Macca MO CPAaBHEHUIO C OCAKIAEMBIM BEIIIECTBOM.

Tect /IlMKCOHA M03BOJISIET ONPeEIEIUTD:

a) HeCOBIA/ICHHUE PE3yJIbTATOB JIBYX BHIOOPOK;
b) HanuuMe MpomMaxoB B BEIOOPKE;

C) BEJTMIHMHY JIOBEPUTEILHOTO HHTEPBAIIA;

d) HE0OXO0TUMBIN 00bEM BHIOOPKH.

Kpurepuii ®umepa no3soJisier onpeaeJuThb:

a) MpaBUJILHOCTH IPUMEHSAEMON METOIMKH;

b) BOCIIPOM3BOAMMOCTE Pe3yIIbTATOB JIBYX CEPHI aHAIH3a;
C) HAJIMYKME IPOMAaxoB B BEIOOPKE;

d) BeMuKMHY JOBEPUTEIHHOTO HHTEPBAIA.
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13. BeiOepute dopmysly CTAaHAAPTHOrO0 OTKJIOHEHHSI BHIOOPOYHOIrO cpeaHero (cpeaHero

apu(MeTHYECKOro pe3yJbTAaTOB H3MePEeHuil):
n — 2 n
, 2 X=X _ X
a) S*=t——; c) X ==—;
n-1 n

; d) [Y—t-SX;YH-SX].

14. Boiboepure ¢opmy.1y BbIOOPOYHOIO CpeIHero:
n — 2 n
2 X=X _zX
a) =1 c) X =21—;
n-1 n

b) S =—==

7

15. Boibepure dopmy 1y 3anucu 10BepUTEIbHOI0 HHTEPBaJia:

: d) [Y—t-SX;YH-SX].

n — 2 n

> X, —X _ XX,

a)s2-1 ' . Q) X=21_1;
n

; d) [Y—t-sx;fﬂ-sx].

Iloonucs npenooasamens:

60



JIABOPATOPHOE 3AHSITUE Ne 7/

TEMA: TUTPUMETPUYECKHUE METOIbI AHAJIN3A.
BHUIbI JABOPATOPHOM MMOCY/Ibl. KHCJIOTHO-OCHOBHOE
TUTPOBAHUE. KOMINVIEKCOHO-METPUYECKOE TUTPOBAHUE

Ieau 3anaTus:

— chopmuposams 3nanus OCHOBHBIX MOHSITUM, CBA3aHHBIX C TUHTPUMETPUUYECKUMHU METOJaMU
aHaJlM3a, BUI0OB TUTPOBAHUS, CIIOCOOOB MIPOBECHUS TUTPOBAHUS; OOIIEH XapaKTEPUCTUKH KHCIIOT-
HO-OCHOBHOI'O THUTPOBAHMS; MPHUHIUMIIOB MOCTPOCHUSI KPUBBIX KUCIOTHO-OCHOBHOTO THUTPOBAHUS,
(akTOpOB, BIUSAIOIINX HA BEIIMYMHY CKaYKa TUTPOBAHHS B KUCIOTHO-OCHOBHOM THTPOBAHHH; KHC-
JIOTHO-OCHOBHOTO TUTPOBAHMS B HEBOJHBIX Cpelax; oOIIel XapaKTepUCTHUKE KOMILJIEKCOHOMETPH-
YECKOr0 TUTPOBAHUS;

— npuobpecmu ymeHus MPOBEPKU BMECTUMOCTH MEPHOW MOCYABI (MEPHBIX KOJIO, MHUIIETOK,
OIOPETOK), MO TPHUTOTOBJICHHUIO PACTBOPOB TUTPAHTOB KHCIOTHO-OCHOBHOTO THUTPOBAaHUS MU WX
CTaHJAPTHU3AIUH; 110 ONPEACIICHUIO KOHIICHTPAIlUK KUCJIOT ¥ OCHOBAaHUH METOAaMH IPSIMOTO U 00-
paTHOTO TUTPOBAHUS; 110 MIPOBEJCHUIO aHAIM3a CMECH KapOoHaTa U TuApoKapOoHaTa HATPUS METO-
JIOM KHCJIOTHO-OCHOBHOT'O TUTPOBAHHUS C IBYMSI MHIUKATOPaMHU.

Jlureparypa
[1] C. 244-302, 341-378; [2] C. 195-241, 247-258; [4] C. 79-88, 101-111; [5] C. 148-192.

Bonpocs! 1151 NOATOTOBKY K 3aHATHIO:

1. XapakTepucTiKa OCHOBHBIX BUJOB MEPHOW MOCYIbI, UCIIOIb3YEMbIX JJISi TOUHOTO U3MEpe-
HUs 00bEMa xuakocti. OCHOBHBIE IpaBUiIa paboThl ¢ MepHOU nocynoi. IIpoBepka BMecTUMOCTH
MEpHOU MOCYABI.

2. OCHOBHbBIE MOHATHS TUTPUMETPUUYECKUX METOJ0B aHanu3a. Kiaccudukaus THTpUMETpH-
YeCcKUX MeTo/10B aHain3a. CriocoObl 0OHapyKeHUsI KOHEUHON TOUKU TUTPOBAHMSL.

3. CrannapTHble pacTBOPHI U CTaHAAPTHHIE BEIIECTBA B THTPUMETPUUYECKUX METOJaX aHalu-
3a. TpeboBaHuUsl, IPeIbABISEMBbIE K IEPBUYHBIM CTaHIAPTHBIM BEIIECTBAM.

4. PacueTsl, CBSI3aHHBIE C IPUTOTOBJIEHUEM PACTBOPOB B TATPUMETPHUECKUX METOAAX aHAJIU-
3a. XapakTepUCTHKA CIOCOOOB OIMCAHUS KOJIUYECTBEHHOTO COCTaBa PACTBOPOB.

5. Pacuertsl, CBsi3aHHBIE C TUTPOBAaHHEM. DKBUBAJIEHT, (aKTOP 3KBUBAJIEHTHOCTH, SKBHUBa-
JIEHTHOE YMCJI0, MOJISIpHAs Macca SKBUBAJIEHTA. BBIBOJ] OCHOBHBIX pacueTHbHIX (hOPMYII, UCTIOIb3Y-
€MBIX B THTPUMETPUHU.

6. CymHOCTh KUCIIOTHO-OCHOBHOTO TUTPOBAHUS. AITMAUMETPHUS U aTKAIAMETPHSI.

7. TUTpaHTHl U CTAaHAAPTHBIE BEILIECTBA, UCIIOJIb3YEMbIE B METO/1€ KUCIOTHO-OCHOBHOI'O THUT-
pOBaHMsL.

8. Ilonstne 00 mamUKaTopax. Kimaccudukanus nHauKaTopoB. KHCI0THO-OCHOBHBIE WHIMKA-
Topsl. Kimaccudukanus B 3aBUCHMOCTH OT XUMHUYECKOW MTPUPOIBI.

9. Ilpu4ynMHBI W3MEHEHHSI OKPAaCKH Y KUCIOTHO-OCHOBHBIX MHIMKATOpOB. [IpoTonmmruyeckue
paBHOBECHs B PacTBOpax METHUIIOBOTO OpaH)KeBOro, (geHosiranenHa u cyiabpodTanenHOBBIX HH-
JTUKaTOPOB.

10. MnTepBan nepexona OKpacKH KUCIOTHO-OCHOBHBIX MHMKATOPOB H €ro CBsi3b ¢ pK;, (PT)
uHauKaTopa. MakTopbl, BIUAONIME Ha WHTEpBaJ nepexoaa okpacku. [lokazarenb TUTpoBaHMS.
CMeniaHHble, KOHTPACTHBIE U YHUBEPCAIbHBIE NHANKATOPBHI.

11. O6mas xapakTepucTUKa U KJIacCHU(PHUKAIUS METOJ0B KOMIUIEKCOHOMETPUYECKOTO TUTPO-
BaHusA. KpuBasi KOMIIJIEKCOHOMETPUUYECKOTO TUTpOoBaHUsA. CUCTEMATHYECKUE WHIMKATOPHBIE IO-
IPEUIHOCTH KOMIUIEKCOHOMETPHUYECKOTO TUTPOBAHUS.
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OcHoBHbIE pacyeTHbIe GOPMYJIbI, HEOOXOTUMbIE MPH MOATOTOBKE K 3aHATHIO.

MaccoBast 10J1s1 paCTBOPEHHOTO BEIIECTBA, BBIPAXKAETCs JIMOO B JOJIAX EAUHHMITBI, U TOTIA 3TO
Oe3pa3MepHasi BEJIMUYMHA, TM0O0 B COTHIX JOJSAX OT eAMHUIBI (%), 4TO SBJIAETCS MPOLEHTAMH, Pac-
CUHMTAHHBIMHM 110 Macce m(m/m):

m,,,(B) _m,,(B)
pV

p-pa p-pa
mB—Ba (B)

p-pa

®,..(B)= , €CJI pacueT MPOU3BOIUTCS B JOJIAX;

i o, (B)= -100 %, ecnu pacueT NPOU3BOAMUTCS B IPOLEHTAX;
rae m(B) — macca BemecTBa B pacTBOpE, I'; p — IUIOTHOCTh pacTBopa, I/mi; Vppa — 00beM pac-
TBOpA, MIL

Macco-o0beMHast KOHIIGHTPAIMs — MaccoBas KOHIICHTPAIMs BEILIECTBA B PacTBOpE, BbIpa-
xennast B r/100 mi pactBopa:

®m®=%#@

p-pa
rae m(B) — macca BemecTBa B pacTBope, T; Vp.pa — 00bEM pacTBOpa, MIL.
MousipHast KOHICHTPALUSL:

c(p) - "B) _ M(B)
VP'Pa MVP‘Pa
MousipHasi KOHLIIEHTpaL¥s SKBUBAJICHTA!
c.(3)- "B __mB)
\ fMV,

p-pa p-pa
KonnuecTBo Mol BeliecTBa B pacTBOPE:
ng = CgVsj,
rae Ng — KOMUYECTBO MOJeil BemiecTBa B pacTBope; Cp — MosipHas KOHIEHTpAIUsl BEIIeCcTBa
B pacTBOpe MOJb/1; Vz — 00beM pacTBopa, JI.

B peakuusx TUTpoOBaHUS, €CIU pPEearupyrollie BEIIeCTBA SBIAIOTCS OWHAPHBIMU AIEKTPOIIH-
TaMu, 00pa30BaHHBIMHU OJTHO3APSTHBIMU HOHAMHU, JINOO €CIIM KOHIICHTPAIMH BBIPAXKEHBI B MOJISIP-
HOM KOHIIEHTpPAIlUK YKBUBAJICHTA!

CBVB = CTVT.

JlaHHOE BBIpAXKEHUE CIPABEUIMBO JJII PEAKIIHI MPSMOT0, IPSIMOTO PEBEPCUBHOTO, 3aMECTH-
TEIHHOTO U KOCBEHHOT'O TUTPOBAHUS.

B peakrusx oOpaTHOrO TUTPOBAHHUS, €CIIM PEATHPYIOIINE BEIIECTBA SBISIOTCS OWHAPHBIMU
ANEKTPOIUTaMH, 0Opa30BaHHBIMH OJHO3APSAHBIMH MOHAMH, JTUOO €CITM KOHIIEHTPAIIMU BhIPaXKEHBI
B MOJIIPHOW KOHIIEHTPAIINN YKBUBAJICHTA

CgVe = C11V11 — CroVro

IIpumep pemieHnst TUIOBOM 3a1a4u

Venosue. 10 Tabnerok nexapcrBeHHoro cpenctsa «Kapauomarauny (Cardiomagnyl), comep-
JKaIllero B Ka4eCTBE aKTHBHBIX BEUIECTB allETUJICATUIMIOBYIO KUCIOTY U MarHusl TUAPOKCU, pac-
Tepau, o0padoTany pazdaBiIeHHON KUCIOTOH YKCYCHOH, MPO(UIBTPOBAIH, M JJOBEIH MOTYYESHHBIN
pactBop A0 oosema 500 mi. B maHHBIX YCIOBHSIX HE MPOMCXOIUT WU3BJICUCHUS JTOTOJHUTEIHHBIX
KOMIIOHEHTOB U3 BcriomorarenbHbix BemiectB. Otobpanu 100,0 ma pacTBopa, comeprkaliiero mar-
HUll (B BHUIE Mgz+), MMOMECTUIIM B KOHMYECKYI0 K00y Ha 250 mi, npubasmin 30 M1 aMMHUAYHOTO
oydepnoro pacteopa pH 10,0 u oxomno 100 Mr uHANKATOPHOW CMECH MPOTPaBHOTO 4YepHOTo 11
(oproxpom uepnsiii T). PactBop Harpenu 10 temmeparypbl okoiio 40 °C ¥ OTTUTPOBAIIU MPH ITON
temmiepatype 0,1 M pacTBopoM HaTpus 311eTaTa 10 epexojia (PruoJeTOBOro OKpaIIuBaHUs B CHHEE.
OmnbiT moBTOpHAH 3 paza. CpenHee KOIMYECTBO M3PACXOA0BAHHOTO TUTpaHTa coctaBwio 10,5 mu
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Kartnon marnus pearupyer ¢ Hatpus 3eTaToM B cooTHouieHuu 1 : 1. Paccunrars konuuecTBo mMar-
HUS THJIPOKCHJIA B TIEpecyeTe Ha OJHY TaOJIEeTKY.

Pewenue. Tlockonbky 00beM pacTBOpa, B3ITOTO Ha TUTPOBAHUE, OMPEACISIICS MPU KOMHAT-
Hout Temneparype (20 °C) u TUTpaHT NMPUITUBAJICSA W3 OIOPETKH, HAXOMISIICHCS MPU TaKOU Ke TeM-
neparype, u3MeHeHHne o0beMa TUTPYEMOTo BemiecTBa npu HarpeBanuu 10 40 °C B xolie TUTPOBa-
HUs He yuuTbiBaeTcs. KoHlleHTpalys Maruusi B paCTBOpE PacCUYUTHIBAECTCS U3 COOTHOIICHUS:

C VvV

Mg?* Mg?* = C9[1TA vV ITA -
Tornma
_ ComraVorra _ 0,1-10,5
" Ve 100,0

Cmg? =0,0105M

Cpennee konmudyectBo Mg(OH), B nepecuere Ha 0JiHy TabJIETKY COCTABHT:

C-V-107°-M -10°
Mmg(oH), = 10 =30,5mr
riae C — KOHICHTpaIus Mg2+ B pacTBope, Mouib/1; V — o00beM pacTBopa, mii; M — MossipHas mac-
ca Mg(OH),, r/mons; 102 — nepexox ot mi x i1; 10° — mepexox oT T K Mr.

JIABOPATOPHASI PABOTA
MPOBEPKA BMECTUMOCTHU MEPHOM MOCY/IbI

1. IIpoBepka BMECTUMOCTH MEPHOM KOJIObI

W3mepsoT ¢ MOMOLIBI0 aHAIMTHUUECKUX BECOB Maccy (M) cyXoil mycToil MepHOU KOJIObI,
UMeEIOIell HOMUHAIBHYI0 BMECTUMOCTh 25 MJI. 3aTeM 3allOJHSIT KOOy 10 METKHM JUCTHIUIUPO-
BaHHOI BOJIOM M CHOBa M3MepsIOT €€ maccy (My). Tlepen n3mepennem macchbl KamneiabKu BOJbI, KO-
TOpBIE€ HAXOATCSA Ha BHYTPEHHEW MMOBEPXHOCTH KOJIOBI BBIIIE METKH, aKKYpaTHO yIAJISIOT C TIOMO-
IbI0 Kycouka (uibTpoBaibHOM Oymaru. [lo pasHocTH Mexay My U M; HAXOIAT Maccy BOJBI,
Haxojdueica B koiade. BmecTumMocTh KOJIOBI IIPU CTaHAAPTHOM TemImepaType IrpaJyHupOBKH pac-
CUHMTBIBAIOT TIO pOopMyIIE:

V=—2.1000,
1000

rie M — Macca BOJBI B MEPHOH KoJI0e; My, — Macca BofsI (T), B3ATOM IIpH TeMIepaType OIlbITa,

kotopas nipu 20 °C 3anumaet 066EM TouHO 25,0 M.
[Ipu TemnepaType, OTAMYHON OT CTAHJAPTHOM TeMIrepaTypsl rpalyHpOBKH, paciyeT MPOBOJASAT
no opmyie:

vV ="".1000
pV

rzie pt — IJIOTHOCTH BOJBI Ipu Temiepatype t; V — oO6bemM MepHOil KOJIObI.

3aganue:
1. llpuBenute pacueTsl, HEOOXOAMMBIC JUTsI OTIPECIICHHS] 00beMa MEPHOM KOJIOKI.
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2. IlpoBepka BMeCTUMOCTH NUIETKU U OIOPETKH

[MuneTky rpagyupoBaHbl Ha BBHITEKAHUE >KUJIKOCTH MPHU YCIOBHUH, YTO CTEHKH CMOYEHBI pac-
TBOpOM. [I03TOMY BHauase 4UCTYIO CyXylO IUIIETKY 3allOJHAI0T AUCTULIMPOBAHHOM BOJOM, KOTO-
pyio cnuBaioT. BHOBb 3alONHSIOT MUIETKY BOJoM. BHauane Boay HaOUparOT B MUIETKY HEMHOTO
BbIIIIe MEeTKH. KOHUMK MUIMETKH OCTOPOKHO OCYIIAIOT KYCOYKOM (PHIIBTPOBAILHON Oymaru. Men-
JICHHO CITUBAIOT BOJY M3 MUIIETKU B MPEIBAPUTEIILHO B3BEIICHHBIN CTaKaHYUK, IIPU 3TOM IIpHUKaca-
I0TCA KOHYHUKOM ITHUIICTKHU K CTCHKC HAKJIOHHO CTOAIICIO CTaKaHYHMKa, JAaK0T CTCYb XUJIKOCTHU U BBI-
JIEPKUBAIOT MUIIETKY B 3TOM € MOJIOKEHUU B TeueHue 15 cexyHu. Kuokocmob u3 nunemxu Heib3ss
ev10yeame unu ebimpsaxueams! 3MepsaioT Maccy BOJbl, BbUINTOM U3 nuneTrku. He BbuinBas Bony U3
CTaKaH4MKa, MpOoIelypy NOBTOPSIOT eul€ nBa pasza. M3 Tpéx 3HaueHHil Macchl BOABI PACCUUTHIBAIOT
cpennee. C moMonibio GOpMyIbl, HCIOIH30BAHHOW MPH MPOBEPKE BMECTHMOCTH MEPHOW KOJIOBI,
PacCcUUTHIBAIOT BMECTUMOCTh MUIETKH:

V =—2.1000.

mlOOO

AHaNOrM4HO rpalyMpoBKE MUIETKU ITPAAYUPYIOT OIOPETKY.

3aganue:
1. ITpuBenuTEe pacyeThl, HECOOXOAUMBIC JIUISl ONIPEICICHHS] BMECTUMOCTH ITUITETKH U OFOPETKH.

3. Onpenesnenue odbeMa Kanjin

W3 OropeTku B CTakaHUYMK OTCUMTHIBAIOT 20 Kareib BOJIbI, BHIUUCIAIOT Pa3HOCTh 3HAYCHUH
HUKHETO ¥ BEPXHETO YPOBHEW >KUIKOCTH B OropeTke. O0muil 00beM BhITEKIIEH BoAbl aemsT Ha 20
U MOJTyyaroT 00beM OJHOM Karu. J[i1st 6oee TouHOro onpeaeneHuss oobemMa OJHON Kariu MOKHO
orMeputh 100 kanenb BOJBI.

3aganue:
1. [IpuBeauTe pacueTsl, HEOOXOAUMBIE TS ONIPEAETICHHUS 00beMa KarlIu.

4, TlpuroroBJieHHe PACTBOPA TUTPAHTA U3 (PUKCaAHAIA

Ilpuzomosnenue 0,1 M pacmeopa HC| u3 gpuxcanana. J{yisi npuroToBICHUS JTEIIUMOJIIPHOTO
(0,1 M) pactBopa 6e3 mompaBOYHOrO K03(PHIIMEHTa HEOOXOAUMO COMEPKUMOE aMITyJIbl KOJIHYe-
CTBEHHO MEPEHECTH B JIUTPOBYIO MEPHYIO KOJIOY U pa30aBUTh JUCTHIUTMPOBAHHON BOJOHN 10 METKHU.
[lepen ymoTpebiieHneM CTaHIAPT-TUTPAa CHUMAIOT HAJIUCh C aMIyJbl U MPOMBIBAIOT HAPYKHYIO
MOBEPXHOCTh €€ MUCTHITUPOBAHHON BofoH. B MepHyro kon0y emkocThio 1000 M BCTaBISIFOT BO-
poHky auameTrpoM 9—-10 cM. 3aTeM B BOPOHKY BCTaBJISIOT OO€K C YTOJIICHUEM.

[Ipu mepeHeceHUU COAEPKUMOTO B KOJOY aMmITyiTy TTOBOPAuMBAIOT JHOM BHU3 U CIIETKa yia-
psoT yrayonaeHueM o0 ocTpue 0oiika, 3aTeM, He TIEpeBOpaYMBasl aMITyJIbl, BTOPbIM OOMKOM TTPOOH-
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BalOT BepxHee (Wi OOKOBOE) yriyOJeHHe amMmyibl M JAOT MOJHOCTHIO BBIUTH COIEPKUMOMY.
He u3MeHss mon0KeHus aMIyJsibl, MOCJIEIHIOK TIIATEIbHO MPOMBIBAIOT U3HYTPU AUCTUIIIIMPOBAH-
HOH BOJIOM B KOJUYECTBE 5—6-KpaTHOro o0bema amiryibl. Ilociie pacTBOpeHHUs COASPKHUMOrO aM-
MyJibl, 00BEM JKHUIKOCTH JTOBOJSAT 10 METKH M TIIATEIBLHO IEPEMEIIMBAIOT PAacTBOp MyTemM S5—6-
KpaTHOTO MOJIHOTO NePEeBOpaYUBaHUs THIATEIBHO 3aKPHITOM MEPHOU KOJIOBI.

5. [IpuroroB/ieHHe M CTAHJAAPTH3ALMS PACTBOPAa THTPAHTA € MOMONIIbI) MEPBHYHOIO CTAH-
JAapPTHOIO0 BelllecTBa HATpus TeTpadopara nekaruapara Na,B,O7 - 10H,O

Ilpuzomoenenue 0,05 M pacmeopa Hagecku nepeUUHO20 CHMAHOAPHIHOZ0 GeULECMEa
Na,B,O; + 10H>0. Ha ananutr4ecKux Becax B3BEIIMBAIOT CTAKAHYMK M3 TEPMOCTOMKOTO CTEKJIA.
Ha TexHuuyeckux aJIEKTPOHHBIX BECax OTBEIIMBAIOT B IPEABAPUTEIBHO B3BCIICHHBIM CTaKaHYUK
oko10 4,75 r NapB4O7:10H,0 (M = 381,37 r/moinb). Maccy HaBeCKM YTOYHSIIOT HA aHATUTHYCCKUX
Becax. PactBopsitor BemiectBo B 40—50 mul ropsiuedl IUCTWITUPOBAHHOW BOJBI U KOJIMYECTBEHHO
C TMIOMOIIILI0 BOPOHKH MEPEHOCAT B MEPHYIO K0JIOy oO0bemMoM 250 mir. Tlocne oxnakaeHus 10 KOM-
HATHOW TeMIIepaTyphl TOBOAAT 00BEM PacTBOpa A0 METKH 0 HWKHEMY MEHHCKY JTUCTHUILIMPOBAH-
HOM BOJI0i. PaccunThIBalOT TOYHYIO KOHLIEHTpPALIUIO TeTpabopara HaTpus 1o Gopmye:

m
C L —
Na2BOr 381 37.0,25

riae m — macca HaBecku NapB4O7-10H,0, nsmepennas Ha ananutuueckux Becax; 0,250 1 — oobem
MEPHO KOJIOBI.

Tumpoeanue pacmeopa nepeuuH020 CMAHOAPMHO20 GEUECHIEAd CHAHOADMUIUDPYEMBIM
pacmeopom HCl. B 3 xoHnveckue KoJObI UIss TUTPOBAHKs OTMEPHUBAIOT muneTkoi mo 10,00 M
pacTBopa TeTpabopaTta HaTpusi, TOOABISIIOT B Kaxayw mo 2 kxamau 1 % pacTBopa METUIIOBOTO
OpaHXeBOTO U TUTPYIOT purotoBieHHbIM pactBopom HCI 10 mepexosa xéntoit okpacku pacTBopa
B KpacHyto. Mcxoas u3 Toro, 4to HaTpusi TeTpabopaT U KUCIOTa XJIOPUCTOBOIOPOIHASL PEarupyroT
B MOJISIPHOM COOTHOILIEHUH 1:2:

Na,B,O; + 2HCI + 5H,0 = 2NaCl + 4H;BOs.

MounsipHas kouuentpamus HCI B pactBope paBHa:

C . =2. CNazBAO7 'Vr\mzazlo7
HCl —

VHCI
rae Cy, g0 — KOHIEHTpauus Terpabopara Harpus, Vy, s, — 00beM pacTBopa Terpadopara
HaTpus, B3saTOro Ha tutpoBanue (10 mi); Ve — cpennee 3HaueHue o0béma (M) pactBopa HCI,

M3PACX0J0BAHHOTO Ha TUTPOBAHUE.
3amaHus:

1. HpI/IBez[I/ITe BCEC HCOGXOIII/IMLIC pacucCThl Il NPUTOTOBJICHUA TMCPBUYHOTO CTAHAAPTHOTIO
Berectsa Na,B4O7 - 10H,0.
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2. PaccumnTaiiTe KOHIICHTpAIHIO CTaHaapTuzupyemoro pacrsopa HCI.

6. KHCJI0THO-OCHOBHOE TUTPOBAHHE

Ilpuzomoenenue u cmanoapmuszayus 0,1 M pacmeopa KOH. ]151s1 TOTO 4TOOBI IPUTOTOBUTH
100 mi 0,1 M pactBopa KOH, macca HaBeCKH 3TOT0 BEIIECTBA JOKHA COCTABIISATH MPUOIM3HTEIb-
Ho 0,56 r KOH (m=C-V-M=56-0,1-0,1=0,56r).

Ha TexHUYecKuX 3JEeKTPOHHBIX BECaxX OTBEIIMBAIOT B MPEIBAPUTEIILHO B3BEIICHHBIN CTaKaH-
gk okosio 0,56 r KOH, pacTBOpSIIOT M KOJMYECTBEHHO MEPEHOCIT B MepHYI0 kon0y Ha 100 mu.
B 3 xoHMYeckHX KOJOBI OTMEpHBAIOT MumeTkoi mo 10,00 M Moay4eHHOTro pacTBOpa, J00ABISIOT
B Kaxayro koily mo 5 xamenb 1 % pactBopa denondranenna (pT = 8,2—10,0) u TuTpyroT npuro-
TOBJICHHBIM W CTaHIApTU3UPOBAHHBIM paHee pactBopoM HCI 1o obecriBeunBanusi.

AHAJIOTHYHO MPOBOIAT TUTPOBAHUE B MPHUCYTCTBUHM METHIIOBOrO opamkesoro (pT = 3,1-4,4).
CpaBHUBAIOT MeX Iy co00i cpeHre 00beMbl TUTPaHTa B 000MX ciaydasx. [lenatoT BEIBOI O IPHUH-
HaxX, oOBsCHSIOUMX OMu30cTh 00eux uudp. [ns pacuera 6epyT cpenHee 3HAUYEHHUE, MMOTYYCHHOE
JUTSl OJTHOTO U3 UHJIUKATOPOB.

Monsipayto konuentpanuto KOH B pacTBope paccuuThiBatoT 1o Gpopmyse:

Crar*V he

KOH

Ckon =

rae Cuci = 0,1 M; Vo — cpennee 3HaueHue oobwéma (M) pactBopa HCI, uspacxogoBaHHOTO Ha
tutpoBanue; Von — 00bem KOH, B3sThII HA TUTpOBaHUE.

3anaHue:
1. IIpuBenuTe Bce HEOOXOIMMBIE pacyeThl, CBI3aHHbIE C IPUTOTOBJICHUEM U CTaHIapTU3aIU-
eit 0,1 M pactBopa KOH.

7. Onpenenenne cojieil aMMOHHMSI METOIOM 0OPATHOT0 TUTPOBAHMS

[TpsiMoe ompenesieHne CoJieli aMMOHHS METOJOM aJKaJIUMETPUU HEBO3MOXHO, MOCKOIBKY
peakius o0paTuMa, 94To He MO3BOJISIET C JOCTATOYHOW TOYHOCTHIO ONMPEACIIUTh TOYKY SKBHBAJICHT-
HOCTH, TTO3TOMY HCITOJIB3YEeTCSl 00paTHOe TUTpoBaHUe. /|1 3TOro K M3BECTHOMY KOJHUYECTBY aM-
monus comd, NH,Cl B manHOM cryuae, 100aBisSiOT 3aBeIOMBIH M30BITOK CTAHIAPTHOTO PacTBOpa
mestoun KOH. KoanuecTBo n10o0aBiIeHHON MIETOYN JOKHO OBITH TOYHO M3BECTHO, YTO HEOOXOMIHU-
MO JUIS TadbHEHInX pacuetoB. OnpeseieHue OCHOBAHO HA PEAKIIHH

NH4Cl + KOH — NH3?1 + KCI + H;0.
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PactBop xumsarar 10—15 MuH 10 monHOTO yhnaneHus ammuaka. [1oTHOTY yaaneHus mpoBepsi-
0T 10 OTCYTCTBUIO 3aaxa v M0 OTCYTCTBUIO MOCUHEHUS WHIMKATOPHOU OyMaru, eciii ee MOJHECTH
K OTBEPCTHUIO MMPOOUPKH C mpoOoii. M30BITOK 11e7109H, He BCTYIUBIINN B PEAKIUIO, OTTUTPOBBIBAIOT
crangapTHbM pactBopom HCI.

Brauane rortossar pactBop NH;Cl ¢ xonuentparueit npubmusutensHo 0,1 M. Jlas storo
HaBecKy 00pa3ia ¢ Mogpasa = 0,54 T, B3ATYIO Ha aHAJTUTHYECKUX Becax, paCTBOPSIOT B MEPHOM KO-
6e V = 100,0 M, moBoasaT 00BEM pacTBOpa O METKH TUCTHILTMPOBAHHOMN BOJOW U MTEPEMEIITUBALOT.
B 3 kon6s1 115t THTpOBaHus oTMepuBaroT 1o 10,0 M moaydennoro pactsopa NH4Cl, npubasistor
B Kaxkayto kosoy mo 20,0 mut 0,1 M pactBopa KOH (3aBeoMblii H30BITOK), HAIPEBAIOT Ha IJIUTKE
710 KUMEHUs U KUnATat 10 MUH, a 3aTeM OXJIKIAIT Ha Bo3ayxe. JJ0OaBlgIOT B KOKIYI0 U3 KOJIO
2—3 KarM MeTWJIOBOro opamxeBoro u tutpytot 0,1 M pactBopom HCI 10 nmepexona okpacku u3
KpacHO B OpaHkKEBYIO.

KommaectBo ocrarounoit menoun KOH Oyner paBHo (MOJIb):

_ -3

Nnaor = CNaOH 'VNaOH _CHCI 'VHCI 107,
rane Ckon ¥ Chcy — xonnentpammun KOH um HCI coorBerctBenno; Vkoy U Vhc) — 00BEMBI
npubasienHoro pactBopa KOH B mi u ymenmeit na turpoBanne HCl B M COOTBETCTBEHHO;

10°— mepexox OT MI K JI.
[Mpouentroe coaepkanre NH4Cl B pacTBOpe paccuuThIBatOT 110 (opMyJIe:

-3
CNaOH .VNaOH _CHCI .VHCI -10 'MNHACI .V

MEpH. KOJIOBI
o = -100 %,
NH,CI g V.
rae M(NH4Cl) = 53,49 r/monp — MojsipHas Macca XJIOpUAa aMMOHHS, Vyepn xomos — OOBEM

MepHO# KoObI paBHbIi 100,0 mit; V,; — 00beM aTUKBOTHI, T. €. 00beM MTPOOBI pacTBOpa, B3ATOM HA
TUTPOBAHUE.

PaccuutsiBator Tutp coorBerctBus 0,100 M HCI mo NH4Cl, koropsiii moka3biBaeT, CKOJIBKO
TpaMM onpeoensemo2o BeIleCTBAa COOTBETCTBYET | M mumpanma:

TNH4CI/0,1M HCl MNHACI “Chiat Vi =93, 49'01100‘10_3 =5, 34910

Pacuetnas gopmyna s onpenenenus npouenTHoro conepxxanus NH4Cl B pactBope ¢ uc-
M0JIb30BaHUEM TUTPA COOTBETCTBHUS Oy/AET UMETh BUJL:
-3
5,349-10" Cyon “Vivaor ~Crict Vi

\Y,
_ MEpH. KOJIObI 0
O, = . 100 %.

g Vau

3aganue:
1. IlpuBenuTe Bce HEOOXOAUWMBIE PACUYETHI, CBA3aHHBIC C OMpPEIEICHHEM MPOIEHTHOTO CO-
JIepXKaHUS COJIe aMMOHHUS B HICCIIEyeMOM 00pasIie.

8. AHAJIM3 cMeCH THAPOKAPOOHATA M KAapOOHATAa HATPHUA

BHauase roToBAT pacTBOp cMeCH HaTpus IMIpOKapOOHATa W HaTpUs KapOoHaTa ¢ MpUOIU3U-
TEIBHON KOHIIEHTpanuen pactBopéHHoro BemectBa 0,1 M. IIockonbKy MOJIsIpHBIE MacChl HAaTpUs
rugpokapOoHara u HaTpus kapOoHata Hatpus Oymsku (M(NaHCOs) = 84 r/moins, a M(Nay,COs3) =
106 r/momnb), To 11t mpurorosienus 100,0 M pacTBopa cienyeT B3Th HABECKY MacCOi MpUOIU3H-
TenbHO 1 T.
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TouHyr0 HaBECKY aHAIM3UPYEMOI CMECH BEIIECTB PACTBOPSIOT B CBEXKEIIPOKHUIISTYEHHON (17151
ynanennss CO,) TUCTH/UIMPOBAHHOW BOJE B MEpHOH Koibe BMecTMMOCThIO 100,0 My, DOBOIAT
00BEM pacTBOpPa BOJIOH 10 METKH M TIIATEIBHO MEPEMEIITUBAOT.

B 3 k01081 17151 TUTpOBaHUS MUMETKON OTMEpSOT 1o 10,0 MJT 1OTyd4eHHOTO pacTBOpa HATPHS
KapOoHaTa U HATpUs TUAPOKapOOHaTa, MPUOABIIAIOT B KXAYIO KOOy 1Mo 3—5 Kamenb pactBopa de-
HondranenHa. Coaepxxkumoe nepord Koyobl TuTpytoT 0,1 M HCI no mourn nmosiHOro obecrBeurBa-
HUS pacTBOpa, 3aTeM MpUOABISAIOT 2—3 KaIlJId pacTBOpa METHUJIOBOTO OPAaH)KEBOTO U MPOJIOIKAIOT
TUTPOBAHUE JI0 TIOSIBJIICHUSI OPAH)KEBOTO OTTEHKA B OKPACKe pacTBOpa. AHAJIOTHYHBIM 00pa3oM mo-
CTYMAIOT C COACPKUMBIM OCTABIIUXCS JABYX KOJIO.

YuurteiBas, 4To mepexo] okpacku (enondranenna npoucxoaut npu pH = 9 u nporekaer
B COOTBETCTBUU C PEAKLIUCH

Na,CO3; + HCl = NaHCO3; + NaCl.
Maccosyto nomo Na,CO3 B cmecu NaHCO3; + NapCO3 paccunTsiBarot 1o gpopmyie:

Crcy V. 10°M V. -100

HCI (®) Na,CO3 Vk
g-V,

HC

ONa,co; =

rae Cyc) — xonuerrpanus pactopa HCI, mons/i1; Vel (0) — 00bem pactBopa HCI, mut, uspacxo-
JOBaHHBI Ha THUTpOBaHHE cMecH C QenondramenHoMm; Vi — 00beM MepHOHW KOJObI paBHBIN
100,0 mut; Vi — o6weM mipoObI paBHbiid 10,00 mut; g — macca obpasia, T.

TurpoBaHUe ¢ METHJIOBBIM OpaHXeBBbIM 3akaHuuBaetcs npu pH = 4, npu s3rom NaHCO3 kak
MPUCYTCTBOBABIINUN B UCXOJHOW CMECH, TaK U O0Opa30BaBIIMIiCA B pe3ylbTaTe TUTPOBaHUS ¢ (e-
HondTanenHom, oyner pearuposars ¢ HCI mo ypaBHenwuro:

NaHCO3; + HCI = H,CO3 + NaCl.
Maccosyto nomo NaHCO3 B MCXOHOM CMECH PACCUUTHIBAIOT IO (hOpMYIIE:
-3
CHCI VHCI (MO) — 2VHC1 (D) -10°M

@ NaHCO, - g- vV
I

V. -100

NaHCO,

b

rie Vycl (@) — 00béM pactBopa HCI, M1, u3pacxomoBaHHbBIN Ha TUTPOBAHUE C HaYajga TUTPOBAHUS
710 TIepexo0/1a OKPACKU METHUIIOBOTO OPaH)XeBOTO (OepyT CpeAHMEe 3HAUEHUS IS TPEX OIpeieeHuil);
M(Na,CO3) = 105,99 r/mons; M(NaHCO3) = 84,01 r/momsb; Vi = 100,0 mu; V; = 10,00 m; g —
Macca o0pasiia, T.

B nanHOil pacueTHO# (opMyse KOJIMYECTBO THTPAHTA, YIICIIIErO Ha TUTPOBAaHHE ¢ (EHOJI-
¢dTanenHoM OepeTcs B yJBOCHHOM KOJMYECTBE, MOCKOJIbKY Ha MpEBpallleHHE 00pa308auiecocs
ruIpokapOOHaTa B KUCIOTY YTOJBbHYIO TpeOyeTcs: TOUHO Takoi ke o0beM tutpanta (NaOH), kakoii
ObUT U3pAacX0JI0BAaH HA MEPBOM CTaMu — MpeBpalleHne kKapooHaTa B THIpOKapOOHaT.

3anaHue:

1. IIpuBenute Bce HEOOXOJMMBIE pacueThl Uil ONPEAETCHHS IMPOLEHTHOTO COJep KaHUs
HaTpus ruApokapOOHaTa U HaTpus KapOoHaTa B HcCIeayeMOM oOpaslie.
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TECTOBBIA CAMOKOHTPOJIb

1. TurpaHTOM NPHU ANMIUMETPHYECKOM THUTPOBAHUM SABJISIETCS:
a) OKHCIIMTEIb; C) BOCCTAaHOBHTEIIb;
b) ocHoBanwue; d) kucrnora.

2. IlepBHYHBIMM CTAHJIAPTHBIMM BelleCTBAMH MOT'YT ObITh BellleCTBA:
a) CO CTENEHbIO OYMCTKH HE HUXKE «4.1.3.;
b) ycToiiunBbie pu OOBIYHBIX YCIOBHSX;
C) HEJETYYHE;
d) ¢ MaI0ii MOJIIPHOI MacCoii.

3. K TpeGoBaHusSIM, NPeIbABIAEMbIM K HHANKATOPAM, OTHOCSATCH:
@) OKpacka J0JKHA MEHATHCS B OOJIBIIOM MHTEpBase pH;
b) okpacka nomkHa ObITH HHTCHCUBHOM;
C) 00paTHMOCTh U3MEHECHHUS OKPACKH;
d) HN3MCHCHHUEC OKPACKHU OJOJIKHO MPOUCXOANUTDH B TOYKEC SKBUBAJICHTHOCTH HUJIN BOJIM3H Hee.

4. K tpeGoBaHUNIM, NPeAbSBJIsieMbIM IPY TUTPOBAHNHU, OTHOCSITCS:

a) o0paTUMOCTB;

b) BbICOKast CKOPOCTh PEAKIINH;

C) MpOTEKaHWE PEaKIUU TOHKHO CTPOrO COOTBETCTBOBATh YPABHCHHIO PEAKIMH (CTEXHOMET-
PUYHOCTbD);

d) oTcyTcTBHE TOOOYHBIX MTPOIIECCOB.

5. Cpeau npuBeJeHHBIX COeIMHEHN YKA3aTh MeTWIOBbIN OpPaH/KeBbIIi:

HO. s
CH. =
- =, /s ' 9
4 g—N=N—{ —N e
“-. S -
COOH
a) c) S
CH(CH,), CHICH,),
“0. P gd_cl

os—{ vyl

“CH,

b) d)
6. Muast cranpaprusanuu pactsopa HCl ucnosib3yloT nepBu4HoOe CTAHIAPTHOE BELIECTBO:
a) mekaruapar Terpabopara HATPHS;
b) NaOH,;
C) THOCYNIb(AT HATPHS;
d) KzCI’zO7.

7. Turp coorBercrBus 0,5000 M HCI (M = 36,44 r/moab) mo NaOH (M = 40,00 r/mob) pa-
BeH (MI/Mun):

a) 1,8220; b) 2,00; c) 20,00: d) 0,5000.

8. Tlepen 3amo/iHeHHEM GIOPETKH PACTBOPOM THTPAHTA /11 AHAJIM3A €€ OM0JACKHBAIOT:
a) cHagana HOycr), 3aTEM aHATM3UPYEMBIM PACTBOPOM;
b) aHanM3MpyeMBIM PacTBOPOM;
C) HZO(Z{I/ICT);
d) caagana HyO(yycr), 3aTEM PaCTBOPOM THUTPAHTA.
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10.

11.

12.

13.

BoiGepurte cxemaruueckmii Bua kpuBoii TurpoBanusi 0,1 moas/n CH3;COOH pacrBopom
0,1 moan/a1 NaOH:

pH pH

o
_

pH pH

b) f d) f

ITo cnoco0y BbINOJIHEHUSI OMNpe/ie/ieHe HOHOB AMMOHHUS, KOI/Ia K aHAJU3UPYeMOMY Be-
ecTBY 100aBASIOT TOYHOEe KoJndecTBO NaOH (M30bITOK), PACTBOP KHNSTST /10 MOJHOIO
yaajienusi ammuaka u octatok NaOH orruTpoBbIBaloT cranaapTHbiM pactBopom HCI,
OTHOCHTCH K:

a) 00paTHOMY TUTPOBAHHUIO; C) peBEPCUBHOMY TUTPOBAHMUIO;

b) KOCBEHHOMY THTPOBAHHIO; d) TUTpOBaHUIO 3aMECTUTEIIS.

Jas crangapruzanuu pacreopa NaOH ucno/ib3yl0T nepBuyHoOe CTAaHIAPTHOE BENIECTBO:
a) Na,S,03; b) HCI, C) ruapodTanaT Kaaus; d) nuxpomar Kanus.

DaKkTOp 3KBUBAJEHTHOCTH (ochOopHOH KHUCIOTHI NPU €€ TUTPOBAHUM THIAPOKCHIOM
HaTpus 10 pocdara HATPUSA paBeH:
a) 1/3; b) mosnexyme HzPOy; c) 3; d) 1/3 monexysst HzPOj.

KoMmniiekcoHOMeTpHUYECKMM THTPOBAHMEM Ha3bIBAeTCAd TUTPHUMETPHUUYECKHH MeTOX aHa-
JIN3a, OCHOBAHHBIM:
a) Ha 00pa30BaHUU MOHOSICPHBIX KOMILIEKCHBIX COCAMHEHUN MPHU B3aUMOJICHCTBUU KaTHOHOB

MCETAJIJIOB C KOMIIJICKCOHaMU;

14.

15.

b) oOpazoBaHMY XenaTOB MPU B3aUMOJICHCTBUH KATHOHOB METAJUIOB ¢ KOMILUIEKCOHAMM;
C) B3aMMO/ICHCTBUH KaTHOHOB METAJIIOB C KOMIUICKCOHAMH B COOTHOLIEHHH 1:2;
d) TuTpOBaHUM 0CAJKOB METAJUIOB B BUIE KOMIUIEKCOB METAJLIOB.

OTWIEHIMAMUHTETPAYKCYCHOI KHCJI0ThHI JUHATPUEBAS COJIb SBJISETC:
a) OIpeeNsieMbIM BEIIECTBOM;

b) mepBUYHBIM CTaHIAPTHHIM BEIIECTBOM;

C) TUTPAHTOM KOMIUIEKCOHOMETPHUIECCKOT'O THTPOBAHUS;

d) perynsaropom KHCIOTHOCTH TUTPOBAHHUSI.

Cpenu npeasioKeHHBIX COeIMHEeHHIT BbIOepUTEe HHIUKATOPbI KOMILIEKCOHOMETPHYECKOT0
THTPOBAHMSA:

a) spuoxpom gepHsbIi T;

b) mypekcun;

C) MUPOKATEXUHOBBIN (DHOIETOBBIN;

d) Tumondranens.

Iloonucs npenooasamens.
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JIABOPATOPHOE 3AHSITHUE Ne 8

TEMA: OCAAUTEJIBHOE TUTPOBAHUE. METO/IbI
OKUCJ/IMTEJBHO-BOCCTAHOBUTEJBHOI'O TUTPOBAHMUSA

Ienu 3aHaTus.

— cghopmuposams 3HaHun OOIICH XapaKTEPUCTUKU U KIIACCU(PUKAIIMA METOJI0B OKUCIUTEb-
HO-BOCCTaHOBHUTEIHLHOTO U OCATUTEIILHOTO TUTPOBAHMS; TPEOOBAHUN K UCTIONB3YEMBIM PEAKITUSIM,;

— npuodpecmu ymeHusa TPUTOTOBJICHUS M CTaHIAPTU3ALMKU PACTBOpA HATpHs THOCYIb(dara;
MPOBEACHUS HOJIOMETPUUECKOTO OMPEIEICHUS BOAOPO/1a EPOKCU/IA.

Jluteparypa
[1] C. 429-448, 473-528; [2] C. 259-312; [4] C. 89-107; [5] C. 193-232.

Bonpocs! 1151 TOATOTOBKH K 3aHATHIO!

1. OOmas xapakTepuCcTUKa U KIACCU(PHUKAIMS METOI0B OCaIUTEIHHOrO TUTpoBaHus. Kpusas
0CaINTEILHOTO TUTPOBAHHSL.

2. CucreMaTH4ecKue HWHIMKATOPHBIE TOTPEIIHOCTH OCAAUTENBHOTO THUTpoBaHus. OOrmias
XapaKTepUCTHKA W KJIACCU(PUKAIUS METOJIOB OKHCIUTEIbHO-BOCCTAHOBHTEIBHOTO THUTPOBAHMS.
KpuBast OKHCINTETHHO-BOCCTAHOBUTEIILHOTO TUTPOBAHUSL.

3. OKuCIUTENbHO-BOCCTAHOBUTEIILHBIC HHIUKATOPHI.

4. CucremaTHyecKue MHUKATOPHbIE NOIPEUIHOCTH KOMIUIEKCOHOMETPHUYECKOTO TUTPOBAHUSI.

5. Monomerpuueckoe THTpoBaHue. [IpHHIMII METOJA, CTAHAAPTU3ALMS PACTBOPA THTPAHTA.
OOHapy)xeHue KOHEYHOM TOUKHU TUTPOBAHUSI.

6. Monomerpuueckoe THTpoBaHue. [IPMHIMAI METONA, CTAHJAPTU3AIUS PACTBOPA THUTPAHTA.
OOHapy)xeHue KOHEYHOM TOUKHU TUTPOBAHUSI.

7. XIoprogoMeTpruiecKoe, HoJaTOMETPUYECKOe U HUTPUTOMETPUYECKOe TUTpoBaHue. [IpuH-
IIUIT METOa, CTAHJapTH3alMsl pacTBOpa TUTpaHTa. OOHApYKeHHe KOHEYHON TOUKY TUTPOBAHUS.

8. bpomaromerpuueckoe M IEepMaHTaHATOMETPUYECKOe THTpoBaHWe. [IpuHIMI MeToxa,
oOHapyKeHHe KOHEUHON TOUKH TUTPOBAHMUS.

9. JluxpomMaToMeTpHUYeCcKOe U IIepUMETpHUEcKoe THTpoBaHue. [IpuHIm MeToaa, oOHapyxe-
HUE KOHEYHOW TOYKU TUTPOBAHMUS.

OcHoBHbIe pacyeTHbIe GOPMYJIbl, HEO0OXOAMMBbIE IIPH MOATOTOBKE K 3aHATHIO
TuTp pacTBOpa MOKa3bIBaE€T MacCy BEUIECTBA, HaXOAdAIIerocs B 1 My pactBopa:
m B
T=—=C-M B .V
p-pa
Tutp cOOTBETCTBUS (TUTP MO ONPEALIIIEMOMY BEIIECTBY) MOKA3bIBAET MACCY OMPEACIIIEMOrO
BCIICCTBA, BSaHMOHCﬁCTBYIOHlePO C 1 Mo TI/ITpaHTa:

=C,-10°-M B r/mn

TB'r/ B

riae Tgys — THATP COOTBETCTBHS, 0003HAYAEMBbIl KaK BEIIECTBO TUTPAHTA/TUTPYEMOE BEIIECTRBO;
C; — KOHIEHTpaIust TuTpanta; V, — 00beM Tutpanta 1 M = 102 i1; M, — MomsipHast Macca THTPY-
eMoro BemiecTa. PazmepHocTh THTpa cOOTBETCTBHS — 1 T TMTpyeMoro BemecTBa / 1 Ml TUTpaHTA.

MaccoBasi KOHIIEHTpal|sl BEIIECTBA — Macca pacCTBOPEHHOIO BellecTBa (B T') B 1 11 pacTBopa,
obo3Hadaercs p* (4TOOBI OTIMYATH OT IJIOTHOCTH p):

. MmB
P =~
\Y

p-pa

rae m(B) — macca BemiecTBa B pacTBope, T'; Vp.pa — 00BEM pacTBopa, JI.
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IIpuMmep pelieHUs1 TUIIOBOM 321244

Yenosue 3a0auu. 1,0035 r oOpasma Kaiblus TUMOXJIOpUTA ObUT pacTBOpeH B 50 M1 BOABI,
pacTBOp KOJIHMYECTBEHHO IepeHeciu B MepHyro koiby Ha 100 mu. Yacte pactBopa 0o0BEMOM
10,0 M 6buta 0OpadoTana u3dbITkKOM HCl n K. Beigenusiiuiics B pe3yibTrare B3aMMOICHCTBHS
fion orturpoBanmu 0,1 M NayS;03. Paccuntars tutp NaS;03, Tutp coorBerctBust NayS;03 mo ak-
TUBHOMY XJIOPY, ONPEAEIUTh COJIep:KaHre aKTUBHOTO XJIOpa B KAJIbLIUS TUIIOXJIOPUTE, €CIIU Ha TUT-
pOBaHME BBICTUBIIETOCS oaa ObL10 m3pacxoaoBano 10,5 Ma TurpanTa.

Pewenue. AXTUBHBIM XJIOPOM Ha3bIBa€TCA XJIOP, KOTOPBINA BBIACISIECTCS B CBOOOJHOM BHJE
[IPY B3aUMOJICUCTBUU BELIECTBA C KUCIOTOW XJIOPUCTOBOJAOPOIHOM. B ciydae KaJlbLUs THIIOXJI0OPUTA!

Ca(ClO);, + 4HCI = 2Cl,1 + CaCl, + 2H,0.

ConepxaHre aKTUBHOTO XJIopa MOXeT ObITh Oonbine 100 %, MOCKOIBKY TOJOBHHA aTOMOB
B mosiekyiie Cl, ipescraBineno atomamu xjopa, conepxarumucs B HCI.

HMonomerpudeckoe ompe/eeHne aKTHBHOTO XJI0pa OCHOBAHO HA PEaKIHH BHITECHEHMS ioza
u3 monekyisl Kl:

C|2T + 2KI =1, + 2KCI.

Peakuusi THTpOBaHMS BBIJCIUBIIETOCS HOMA THOCYIb(GATOM HATPHS MPOTCKAET B COOTBET-

CTBUU C YpPaBHEHUEM:
Io + 2NayS,03 = 2Nal + NayS40s.

Takum o6pazom, 1 momb NaS,03; Oyner pearupoBath ¢ 1/2 MOJISL |p, 4TO PKBUBAJIEHTHO
1/, mons Cly.

Tutp 0,1 M NaS;03 (B pacuere Ha O€3BOJHYIO COJIb) OYIET paBeH:

T=C-V-M B =0,1-10°-M Na,S,0, =10*-158=1,58-10" r/mn
Tutp coorBercTBus NayS;03 Mo akTHBHOMY XJIOPY

0,1107°-M Cl,
T =
N328203/C|2 2

=3,545.10"° r/mn

Taxum o6pazom, 0,1 M pactBop TuTrpanTa NayS;03 COOTBETCTBYET COAECPKAHUIO AKTUBHOTO
xJjiopa B o0Opasiie 3,545- 10 r, 310 1 ecTh TUTP COOTBETCTBHS.

CopepxaHue aKkTUBHOTO XJOpa B O0pasle C y4eTOM TUTpa COOTBETCTBHUS THOCYIb(aTa
HaTpHsA 10 aKTUBHOMY XJIOPY PaCCUUTHIBAEM U3 YPaBHEHUA .

oo T Ve Viguoms _3,545-107°:10,5 250

100 % =92,7 %
1,0035 10

g AJTMKBOTBI

JIABOPATOPHASI PABOTA
NOJOMETPUUECKOE ONPEJEJEHUE NEPOKCUJA BOOJOPOJA

1. CrangapTuszanusi pacTBopa HaTpus THOCY/Ib(paTa

CranmapTHBIA pacTBOp HATPHUS THOCYIb(aTa SBISETCS BTOPUYHBIM. B KadecTBe MEepBUYHOTO
CTaHJapTHOTO BEIIECTBAa UCMOb3yeTcs Kanus auxpomar. [Iporekanue peakiun Na;S;03 ¢ KoCrO7
3aBHCHUT OT Pa3IMYHBIX (PaKTOPOB M MPOTEKAET Uepe3 Psii MPOMEXKYTOUHBIX craauid. [losTomy mc-
MOJTb3YETCS] 3aMECTHTEIPHOE THTPOBAHUE BBIJICIIMBIIETOCS 10/1a, KOTOPBIH 00pa3yeTcs 1Mo peakinu
K2Cr,07 ¢ Kl B kucnoit cpeze, ¢ MOMOIIBIO HaTpUsl THOCYIb(ara:

K>,Cr,07 + 6 Kl + 7 H,SO, = 3|2l + Crz(SO4)3 + 4K,S0, + 7H,0.

BLIHCHHBHICI‘;ICH ﬁOﬂ OTTUTPOBLIBAIOT HATPUA TI/IOCYHB(baTOM B COOTBCTCTBHUU C YPABHCHUCM
pEaKIum:
Io + 2NayS,03 = 2Nal + NayS40s,
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C Y4E€TOM TOT0, YTO BBIJENSAETCS 3 MOJb HOAa B peakuuu ¢ OUXpoMaroM, KO3(PPHUIHUEHTH MOXKHO

YTPOUTD:
3l + 6Na,S,03 = 6Nal + 3Na,S40g.

ITpu peakuuu 1 monp KoCryO7 Beigensercst 3 Monb Io, KoTopbie TpeOYIOT MpU CTaHIApPTH3A-
1 6 moab NapS,03. Takum obOpaszoMm, Ha 1 popmynsayto enunuiy K,Cr,O7 pacxonyercst B 6 pa3s
oombiie hopmyabHbIX equHUI NayS;0s.

Memoouxa onpederenus. Ha TexHUYEecKMX Becax OepyT HaBECKy OMXpomaTa Kayus
m = 2,94 r, ¥ yTOYHSIOT €€ MacCy Ha aHAJIMTUYECKHUX Becax. PacTBOpSIOT HaBeCKy B MEpHOM Koy1Oe
Ha 100 M. KonneHtpanus nojiy4eHHOro pactBopa OyieT paBHa:

9

C =
R0 My cp0, -0,100

rae M(K,Cr,07) = 294 r/mons; g — macca nHaBecku KoCr,07, r; 0,100 — o6bem pactBopa K,Cr,07,
MIPUTOTOBJICHHBINA B MepHOH K0JI0e Ha 100 MII ¢ TOYHOCTBIO 710 3 3HAYAIUX IUdp.

[Tunerkoit Mopa oTouparoT 20 MJI MOJTYyY4EHHOTO PacTBOPA M pa30aBiIsAIOT B MEPHOM KOJI0€ 10
200 mu1. Torma KOHIICHTpAIUS pacTBOpa OMXpoMaTa Kajausi CTAHET PAaBHOM:

—cVa
MepH.KOGbI

rae C, — xonuenrpamus pactsopa KoCr,O; nocne paszbasienus; C; — KOHIEGHTpaIUs pacTBopa

K>Cr,O; nmo paszb6aBnenus; V,;, — 00BEM allMKBOTHI pacTBOpa, B3SATOrO Ha pa30aBIICHHE;

Ve, ron6s — 00BEM MEPHOH KOJIOBL, B KOTOPOI POU3BOIMIOCH Pa30aBIeHUE pacTBOpA.

N3 cranmapr-tutpa NaxS;03 - 5SH,0 rotoesar 1 1 0,1 H pacTBOpa, 4TO ¢ y4eTOM KOJIMYECTBA
AJIEKTPOHOB, MPUHUMAMOIINX YYaCTHE B OKHUCIIHTEIHHO-BOCCTAHOBHUTEIHHONW PEAKIMU — 2 JJICK-
TpoHa, coctasisieT C = 0,05 M.

3areM B 3 KOHUYECKHX KOJIOBI /1711 TuTpoBaHusi BHOCAT 1o 10,00 ma npurorosienHoro 0,011
pactBopa K2Cr,07, mpubasmnstor okono 1 mu 20 % pactBopa H,SO4 1 0,5 ma 10 % pactBopa K.
Ko710b1 MPUKPBIBAIOT YaCOBBIM CTEKIJIOM U OCTAaBJISIOT CTOSITh 3—5 MUHYT B MEMHOM Mechne BO W3-
OekaHue oOpazoBaHUs JOMOJHUTENBHOTO KoiaudecTBa [p B pesynbTaTe (HOTOXMMHUYECKOTO pasiio-
xerus Kl. 3aTeM OTTUTPOBBIBAIOT BBIICIHUBIINNCS Ol CTaHTApTU3HPYyEeMbIM pacTBopoM NaS,0s.
Bnauane tutpoBaHue mpoBOASAT 0e3 AoOaBieHus MHIWKaTopa. Korma okpacka pacTBopa CTaHET
CBETJIO-KENTOM, K HEMY J100aBIsitoT 0kojio 0,5 MII pacTBopa Kpaxmalia U MPOJI0JDKAIOT TUTPOBAHUE
710 MUCYE3HOBEHHSI CMHETO OKpAIIMBAaHH HOIUAKPaXMalbHOIO KOMILIEKca (OKpacka pacTBopa mpu
oM GyIeT GieHO-3e1EHOI, UTO BBI3BAHO IPUCYTCTBHEM HOHOB Creh).

Pacuet npoBosT 110 hopmyie:

. _ 6Cy 0, 110
Na28203 - V '
Na,S,05
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3ananue:
1. [IpuBeauTe Bce HEOOXOAMMBIEC PACUETHI JUIS MPOBEICHHUS CTaHAAPTU3ALMH PACTBOPA THO-
cynbdara HaTpHsL.

2. MomoMeTpu4eckoe onpeaeieHne MepoKcuIa Boaopoaa

[Ipu MomoMeTpuuecKOM OIpEAEICHUH MEPOKCHUIa BOJAOPOAA BHAUale MPOBOJST PEAKIIMIO
H,0;, ¢ KI. Beigenstommuiics |, 3aTeM OTTUTPOBBIBAIOT CTaHIAPTH30BAHHBIM PACTBOPOM HATPHS
THOCYyJIb(daTa, T. €. C TOYKH 3PCHUS TEXHUKU aHAIM3a UCIOJIb3yeTCS TUTPOBAHUE 3aMECTUTENS, OC-
HOBaHHOE Ha OKHMCIIMTEIbHBIX cBoicTBaXx H,O,. OkmclieHHe HOauI-HOHOB MEPOKCHIOM BOJIOPOIA
MIPOTEKAET MEJICHHO. B KauecTBe kaTanu3aropa [l JAHHOW peaklMK UCIIOIb3YeTCs HOH MoO4>:

. MoO3"
H,0, + 21" + 2H" ———4— |+ 2H,0.

BeigenuBmmiics 1#oa TUTPYIOT cTaHAapTHBIM pactBopoM NayS;0s;. Peakmus mporekaer

B COOTBETCTBUU C YPABHEHUEM:

I, + 2NayS,03 = 2Nal + NayS40e.

ITockonbky mipu B3ammoneiicteuu 1 mons H,O, ¢ Kl Beigensercs 1 monp | a 1 momb |
pearupyet ¢ 2 moismu NayS;03, To konmdectBo Motk NapS;03 yireamiero Ha TUTpOBaHUE, OYACT
B 2 paza 0oJblie, 4eM KoJau4ecTBO Moib HoOy, BCTYMUBIIETO B peaKIIHIo.

Ompenenenue NpoBOJAT ciaeAyromuM odpazoM. B mepuyto koi0y BMectumocthio 100,0 M
(Vseps. xonew) TOMemaroT 5,00 mia (V) aHaIM3UPyeMOro pacTBOpPa, JOBOAAT COACPIKUMOE KOJIOBI
BOJIOW JIO METKH W MEpeMemmBaT. B 3 KOOI [Uisi TUTPOBAHUS OTMEPSIOT MPo0y (aJTMKBOTY) IO
10,0 mit (V) IPUTOTOBJIEHHOTO PACTBOPA, MPUOABIISAIOT B KaXKAyI0 Kooy mo 5 mi 20 % pactBopa
H2SO4, 5 ma 10 % pactBopa Kl u 5 kamens 30 % pactBopa (NH4),M00,. Beiaenupmmiicst o
TUTPYIOT cTaHAapTHBIM pacTBopoM NaS;03. Kpaxman no0aBisioT HE3a[0dr0 A0 JOCTHKEHUS
KOHEYHOW TOYKH TUTPOBAHUS W THTPYIOT IO MCUYC3HOBCHHS CHHETO OKPAIIMBAHUS, YTO CBS3aHO
C MCUE3HOBEHUEM HOIUAKPAXMAIBHOTO KOMILIEKCA.

Pacuersl mpoBOAAT cliey0IMUM 00pazoM:

KonnuectBo Moneil HaTpusi THOCyibdaTa, YIICAIIETO HAa TUTPOBAHUE, PACCUUTHIBAIOT IO
dbopmyre:

MNays,05 = CNa28203 'VNa23203 107,

Tornma maccy nepokcuaa Bojiopojia (Mr) B TUTPYEMON alTMKBOTE PACCUUTHIBAIOT MO (hopMmyIe:

M M
_ -3 J HxO0; 13 ML H20,
Myo,~ (CNaZSZO3 'VNazszo3 ) Ej 10 T CNa28203 'VNazszo3 Ty
rue mH202 — Macca IIEPEKUCH BOJIOPOJa B TUTPYEMOU aJIMKBOTE, M CN 8,5,05 KOHIIEHTpaLys

HaTpusi THOCYyIb(hara, Moyb/i; V — 00BeM pacTBOpa HATPHUs THOCYIb(]arTa, MOMEAINNA HA

Na28203
TUTPOBAHUE, M, MH 0," 34 t/mMonb; 2 — KO3(PPUIIMEHT, YIUTHIBAIOIINN, YTO KOIUIECTBO MOIb
2Y2

MEepOKCHUIa BOJIOPO/Ia, MOMICANIEr0 Ha TUTPOBAHKE, B 2 pa3a MEHbIIIE, YEM KOJIMYECTBO MOJIb BbIJIE-
JIUBIIETO HOoJa.
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MaccoByI0 KOHIIEHTPALIHIO MIEPOKCHUIA BOAOPOJA B UCXOOHOM aHAIIM3UPYEMOM pacTBope (T/11)
PacCUYMTHIBAIOT IO opMyIIe:

-3
oL = CNa28203 'VNazszo3 10°-M H,0, "VIHZO2 ‘VMepH.K0H6I>I
_ b
H,0, 2\/H 1073 2 Van

r71€ Vyepn. xononr = 100,0 Mi1; Vi, = 5,00 MIT;, Viepn. xonoed Van — YU€T TOTO, KaKyl 4acTh OT BCEro
pacTBopa B MEpHOM KOJI0€ COCTaBIISACT AIMKBOTA.

PactBop Na;S;03 He sBisieTcss CTAaOMIBHBIM M €TI0 KOHIICHTPAIUsA CO BPEMEHEM YMCHBIIIACT-
cs1. Jlist Toro, 4roObl HE JeaTh MEPECYETOB, BBOIAT MOMPaBOYHBIN Kod(duimeHt K, KOTOpbIi
OTIPEICIISETCS KaK:

rae C; — xonnenTpanus Na,S,03; B Moment Bpemenu t; Co — ucxomuas kormenTpamus NaxS;03.
Tutp 0,0500 M Na,S,03 o H,O, paBen:

-3
T _ CNa25203 'VNazszo3 ‘M H,09 7kB -

MmMI
H,0,/0,01 1 Na,S,05 =0,17008 —.

1M MII

Tornma MaccoBasi KOHIEHTpAIHSI IEPOKCHIA BOAOPOA C YYETOM IMONMPABOYHOTO KO UIIHCH-
Ta OyZeT COCTaBJIATD:

-4
v k-8,504-107* -V, ¢ o -
H202 10,00-5,00-1073

100

=k-0,8504-V 2.

Na,S,03 -

3aganue:
1. [IpuBeauTe Bce HEOOXOAUMBIE pacUYEThI AJIs IPOBEICHUS HOJOMETPHUECKOTO OMpeeIeHuUs
COJIepKaHUs TIEPOKCHIa BOJIOPO/Ia B UCCIICyEMOM PacTBOPE.

TECTOBBIA CAMOKOHTPOJIb

1. ApreHToMeTpuuecKoe TUTPOBAHHUE SIBJISIETCS METOIOM:
a) ompezeneHus cepedpa B JIEKapCTBEHHBIX Mpernaparax;
b) ocamuTensHOrO TUTPOBAHUS;
C) KOMITJIEKCOHOMETPHYECKOTO THTPOBAHWS,
d) onpenenenust raJoreHU1-MOHOB B (papMaIieBTUYECKOM aHAIIU3E.
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2. D03HH fABJAETCA:
a) aICcOpOIMOHHBIM HHIUKATOPOM apreHTOMETPUICCKOTO TUTPOBAHHS,
b) abcopOIMOHHBIM HHANKATOPOM apPTrEeHTOMETPHYCCKOTO TUHTPOBAHUS;
C) TUTPAHTOM apreHTOMETPUYECKOTO THTPOBAHHSI,
d) HepBI/I‘-IHBIM CTaHI[apTHbIM BCILICCTBOM.

3. Xpomar kajus B metoje Mopa siBjIsieTcs:
a) aACOpOIIMOHHBIM HHIUKATOPOM apreHTOMETPUYECKOTO THTPOBAHUS;
b) ocaauTebHBIM HHANKATOPOM MEPKYPOMETPHUECKOTO TUTPOBAHHUS.
C) TUTPAHTOM APreHTOMCTPHUICCKOI'O TUTPOBAHU A,
d) ocaguTeNnbHBIM HHIMKATOPOM aPTeHTOMETPUYECKOTO TUTPOBAHUSI.

4. O6pa3en iiona, UCNOJb3yeMblIil /sl TOJYy4YE€HHSI CTAHAAPTHOr0 PAcTBOPAa, PaCTBOPSIOT
B npucyrcrBuu Kl, mockosbky:
) yJIy4IlIaeTcsi paCTBOPUMOCTS |y
b) Kl ocaxxnaer npumecu u3 |
) Kl BeicTymnaer B kayecTBe CTaOMIN3ATOPA;
d) Kl BeicTymaeT B kauecTBe KOHCEPBAHTA.

5. B iiogoMeTpuu KOHEYHYI0 TOUKY TUTPOBAHUS 00HAPYKUBAIOT:
a) 10 TMOSBJICHUIO COOCTBEHHOM OKPACKH MO/,
b) mosiBiIeHUIO (DHOTETOBON OKPACKU OKUCIICHHON (OpMbI TH(EHHUIOCH3UINHA,
C) MOSIBIICHUIO XapaKTEPHOH OKPACKH HOJIKPaXMaJIbHOTO KOMILICKCA;
d) mosBICHMIO XapaKTepHOTo 3amaxa ioja.

6. BbiOepuTe peakuuio, M0 KOTOPOii MOTY4YAIOT MOHOXJIOPHU/ 1101a — THTPAHT /15 XJIOPHOI0-
MeTPUYeCKOro TUTPOBAHMS:
a) 3l; + 2HNO3; + 6HCI1 — 6ICI + 2NO7T + 4H,0;
b) I,Clg — 2ICl + Cl;
¢) 2Kl + KlO3; + 6HCI — 3ICI + 3KCl + 3H,0;
d) 2KI + K103 + 3KCI + 3H,0 — 6IC1 + 3KOH.

7. TutrpanTamMu B OpoMaTOMEeTPUYECKOM TUTPOBAHUM SIBJISIIOTCS:
a) KBrOs; b) Bry; c) KBrO3; + KBr B kucioii cpefe; d) KBr.

8. BbIOepuTe cnipaBelJMBbIe YTBEPKIEHUs OTHOCUTEIBHO CTAaHIapTHOro pactBopa KBrOs;:
a) MOXET OBITh IPUTOTOBJIEH TOJBKO KaK BTOPUYHBIN CTaHJAPTHBIN pacTBOp;
b) MOxeT OBITh IPUTOTOBIICH KaK BTOPUYHBIH, TaK M IEPBUYHBINA CTAHAAPTHBIA PacTBOP;
C) CTaHJAPTU3AIUIO IPOBOAST EPMaHTaHATOMETPHYUECKH;
d) ycToituuB mpu XpaHEHHH.

9. BbIOepuTe cnipaBelJIMBbIe YTBEPKIEHUS OTHOCUTEIHLHO THXPOMATOMETPHUH:
a) siBJsieTCs OE€3bIHAMKATOPHBIM METO/I0M TUTPOBAHMS;
b) mpoBOAST TONBKO B KUCIIOW CpeJie;
C) OIPENENSIIOT TONBKO BOCCTAHOBUTEH;
d) onpenensoT MaOpacTBOPUMBIE B BOJIC XPOMATHI H IUXPOMATEHI.

10. Xumuyeckoe norpedjeHne KMCI0PoIa — ITO:

a) m O (Mr), HeoOXoaUMAs IS TTOJTHOTO OKUCIIEHUSI OPTaHUYECKUX BEIIECTB, COACPKAITUXCS
B 1 11 oOpa3ua BoibI;

b) m O, (1), HeoOX0aMMast TSI TIOJTHOTO OKHCJICHHS OPraHUYECKUX BEIIECTB, COAEPIKAIIMXCS
B 1 11 oOpasua BoibI;

¢) n O, (MoJTb), HEOOXOTUMAsT JIJISI TIOJTHOTO OKUCIICHHUSI OPTraHUYECKHUX BEIIECTB, COACPKAIIUX-
csi B 1 M1 oOpasiia BOIbI;

d) n O, (Mmob), HEOOXOAMMAs /IS MOJIHOTO OKHCICHHS OPraHWYECKHMX BEIICCTB, COAEpIKa-
mumxcs B 1 1 o6pasiua Bobl.
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11. MeTogom 1UXpOMATOMETPHUH ONPeesI0T:
a) XUMHUYECKOe MOTPeOIICHHE KUCIOPO/Ia,;
b) xmopurtsr;
C) YKCYCHYIO KHCJIOTY;
d) MeTHIIOBBII OpaHKEBBIIA.

12. llepumeTpuueckoe TutpoBanne HE npoBoasit B a30THOKHCJIOH cpejie, TAK KAK:
a) B Takux yciousix Ce (I11) Bctymaer Bo B3auMo/ieiicTBrE ¢ BOJIOH;
b) B Takux yciaoBusx Ce (V) BcTymaer Bo B3aUMOJICHCTBHE ¢ BOJIOI;
¢) B npucyrctBuu Ce (I11) mpoucxomur BoccranoBnenne HNO3 1o NO;
d) 8 mpucyrcreuu Ce (IV) npoucxoaut BoccranoBienue HNO3 1o Na.

13. BblﬁepHTe ClipaBe€AJINBLIC YTBEPKICHUA OTHOCUTEJIBHO HepMaHFaHaTOMeTpI/II/I:

a) ABIIACTCA 6€3I>IHI[I/IKaT0pHBIM METOA0M,

b) koHEeuHYIO TOUKY THUTPOBaHMS OOHAPYKUBAIOT IO TOSBJICHUIO WA MCYC3HOBCHUIO OKPACKU
KMnOQy;

C) KOHEUHYIO TOYKY TUTPOBaHHS OOHAPYKUBAIOT TOJIBKO ()OTOMETPHUYECKH;

d) Ha IIPAKTHUKE NPCUMYIICCTBCHHO UCIIOJIb3YOT BAPHUAHT IIPAMOTO TUTPOBAHMUA.

14. Ias cranpapTusanuu pacreopa KMnO, npumensiior:
a) Na,S,03; b) Na;C,0y; c) Fe; d) Al.

15. B nepMaHraHaTOMeTPHH ONpe/eeHe OPraHHYEeCKUX BELIeCTB MPOBOASAT CIOCOOOM:
a) MPSIMOTO TUTPOBAHUS,
b) o6paTHOrO THTPOBAHMS;
C) KOCBEHHOT'O TUTPOBAHHUSI;
d) TuTpOBaHUS 3aMECTUTEIIS.

Iloonucwv npenooasamens.

77



JIABOPATOPHOE 3AHSITHUE Ne 9

TEMA: KOHTPOJIBHASI PABOTA Ne 2 «KOJIMYECTBEHHBIN AHAJIN3:
I'PABUMETPUSA, TUTPUMETPUSA. CTATUCTHYECKAS OBPABOTKA
PE3YJIbTATOB AHAJIN3A». UHCTPYMEHTAJIBHBIE METO/bI AHAJIN3A.
OBLIASA XAPAKTEPUCTHUKA CIIEKTPOCKOIIMYECKUX METOAOB
AHAJIN3A

ean 3ansiTHs:

— chopmuposams 3nanua OOIIEH XapaKTEPUCTUKH M KIACCU(DUKAIMH WHCTPYMEHTAIBHBIX
METOJIOB aHANIN3a; IPUHIIUIIOB MOTJIOIEHUS U3TYYCHUS BEIIECTBOM;

— npuodpecmu ymeHus pacuéTa KOHIICHTPAIIMH B UHCTPYMEHTAILHBIX METO/IaX aHAJIN3a.

Jluteparypa 1Jisl NOATOTOBKYU K 3aHATHIO
[4] C. 112-143; [5] C. 234-278; [6] C. 301-401.

Jlutepatypa 1Jisi NOATOTOBKYU K KOHTPOJIbHOII padoTe
VYkazaHa B 3a/1aHUAX K J1a00paTOpHBIM 3aHATHSIM Ne 6-8.

Bonpoch! /151 NOATOTOBKYU K 3aHATHIO:

1. O0mas xapakTepucTHKa U KJIaCCU(PUKALNS HHCTPYMEHTAILHBIX METOJIOB aHATN3A.

2. OCHOBHOM 3aKOH CBETOIOTJIOLIEHUS. MOJSIpHBIA U yAeNbHbIH K03()(UIUEHTHI CBETOIO-
riomieHus (moramrenus). COOTHOIICHHE MEXIYy MOJISIPHBIM H yIEIbHBIM KO3 PUITUSHTAMH CBETO-
norjoueHus. [I[pudnHbI OTKIIOHEHUS OT OCHOBHOT'O 3aKOHA CBETOIOTIIOIICHUSI.

OcHoBHbIE pacuyeTHbIe GOPMYJIbI, HEOOXOAUMBbIE PU MOATOTOBKE K 3aHATHIO
DOHeprusi KBaHTa W3JIy4yeHHUs, Ha3bIBa€MOro (OTOHOM, CBsS3aHA C YAaCTOTOM ypaBHEHHUEM
IInanka:
E =hv,

rae £ — aHeprus porona; h — mocrosinnast [1nanka, paBHas 6,62:10* k¢ = 6,62:10°% Opr-c;
V — 4aCcToTa U3JIy4eHusd, C .

Me:x 11y 4acTOTOM 3JIEKTPOMArHUTHOTO M3JIyYE€HHUS U €ro JUIMHOM BOJIHBI CYIIECTBYET B3aUMO-
CBSI3b:

(4
A=—.
14
B MeTone I/IK-CHGKTpOCKOHI/II/I HCIIOJIB3YCTCA TaKasA XapaKTCPUCTHKA NU3JIYUYCHU, KaK BOJIHO-
— 1
BOC YHCJIO U, KOTOPOEC 00BIYHO BBIPAXKAOT B CM .

-1
v=—.
A

JI1s1 CKOPOCTH PacpOCTPAHEHHUS IIEKTPOMATHHTHO BOJIHBL
c
c=-=2,
n

IJle ¢ — CKOpOCTb CBETa B JJAHHOI CpeJie, Co — CKOPOCTb CBeTa B BakyyMme (co = 2,99792-10° m/c),
N — MOKa3aTelb MPEIOMIICHHS CPEJIBL.
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IIpuMmep pelieHUs1 TUIIOBOM 321244

Yenosue 3adauu. Tlonoca nornomennsi BaleHTHBIX Kosiebanuii cBsizu O—H B cimprax paBHa
3330 cm ! (mmmpoxas nonoca nipu 3300-3500 em ). Ornpenenutb, K KAKOMY AHANa30HYy 3JIEKTPO-
MarHMTHOTO CHEKTpa OTHOCUTCS yKa3aHHAas BETUYMHA, KakoW (pu3Mueckoi BeIMYMHON OHa BbIpa-
’kaercsd. Paccunrarh AJIMHY BOJIHBI, 4aCTOTY, SHCPIrUI0 KBAHTA 3JICKTPOMATHUTHOT'O U3JTYUCHUA.

Pewenue. Vicxons n3 pa3MepHOCTH BEIMYMHBI M ONMUCAHUS (PU3NYECKOTro IMpollecca, yKa3aH-
Hasg BCJIMYMHA OTHOCHUTCA K I/IK-I[I/IaHaBOHy QJICKTPOMArouTHOIO M3JIYYCHHA W BbIPAKCHA BOJIHO-

BBIM YHCJIOM U .

JIJIMHA BOJIHBI, COOTBETCTBYIOIIAS TAKOMY M3JIYUCHHIO paBHA!
1 1
= T 5 Aam 13 . 1
v 3,33:10° cMm
YacroTa Takoro u3iaydeHus OyeT paBHa:
¢ 3,0-10® m/c

v=—="2""_""10" ¢ =10" '
A 310°wm 4

=3-10" cm=3-10"° M miu 3 MKM.

Bomnpochl 1Jisi NOATOTOBKH K KOHTPOJILHOI padoTe Ne 2:
OTt60p np0o0. ['eHepasibHas, TabopaTopHas U aHATH3UpyeMasi PoObl. ApOuTpaskHas mpooda.
[Tomy4yenue mabopaTopHOil IPOOHI.
[ToTepu onpenensieMoro BEMIECTBA U 3arpsi3HEHHE IIPOOBI B IIPOIIECCE €€ 0TOOPa U XPaHEHUSL.
Pasnoxxenue npoOsl. «MOKpbIE» CIIOCOOBI PA3I0KEHUS TPOOHI.
Paznosxenue rpoOsl. [IpuunHbI HOrpenIHOCTEN IPHU PA3JI0KEHUS TPOOHI.
OO61mas xapakTepuCTHKa TPaBUMETPHUH.
Bunbl rpaBuMerpudeckux onpenenennid. Ocaxxaaemast u rpaBUMeTpraeckast Gopmsl
Pasnoxxenue npoosl. «MOKpBIE» CIIOCOOBI Pa3I0KEeHHsI TPOOBI TPYIIIIHL.
Mexanusm oOpa3oBanus ocaaka. [lepeckiiienue u ero BiIUsHUE Ha X0/ IPaBUMETPHUUECKO-
ro aHajau3a.

10. 3arps3HeHue ocajaka B XOJ€ rpaBUMETprUUeckoro ompeaencHus. OKKITIO3us 1 U30MOp (-
HOE COOCaXICHHUE.

11. BausiHue pazMepa yacTUIl Ha XOJl TpaBUMeTpuUecKkoro omnpeaeneHus. Komnounnas cra-
nust oOpasoBanus ocanka. [Ipasuno [lanera—@asHca—XaHa.

12. TlpumeHeHne TpaBUMETPUHN B (hapMaIleBTUYECKOM aHAJIH3E.

13. Ionstue o xemomerpuke. [IpubarkeHHbIE BHIYUCIECHUS U 3HAYAINE TU(PBL.

14. Ananutuueckuii curnana. Mertoj pacyeTa KOHIICHTPAIIMK BEIIECTB M0 METOAY TPagyupo-
BOYHOTO Tpaduka.

15. Ananutrueckuii curHai. MeToJ1 pacuera KOHIICHTPAIlUMU BEIIECTB 10 METOAY CTaHIapT-
HBIX PacCTBOPOB.

16. Craructudeckas o0paboTka pe3ynbraToB. Kpurepuii CThroieHTA.

17. Craructudeckas o0paboTKa pe3ynbTaToB. JlOBEpUTEIbHBIE HHTEPBAIBI IPU PAa3HOU CTe-
MIEHU PHUCKA.

18. Craructudeckas oOpaboTka pe3ynbraToB. Bapuanuonnsie psasl. MckaodeHne mpoMaxoB

19. Crarucrudeckas o0paboTka pe3ynpTatoB. HyneBas (craTucTudeckas) runoresa.

20. Craructuyeckass 06paboTka pe3ynbTaToB. Bocmpon3BOAMMOCTh, MPAaBUIBHOCTh M TOY-
HOCTb aHaJIM3a.

21. Craructuyeckasi o0paboTka pe3ynbTaToB. [Ipegen oOHapyXeHUs, TpeaeN ONpeaeIcHus
Y TPAHMIIBI OTIPEICTIAEMBIX COACPIKAHUM.

22. Craructudeckas 00paboTka pe3ynbTaToB. BeiOOpKa, BapHalliOHHBIE PSIIbI, YHCIIO CTETIe-
Hel cBOOOIBI

23. Craructuyeckas 00padoTKa pe3ynbTaToB. Banugaus METOIUKY.

24. Metonpl KHCIOTHO-OCHOBHOTO, OCAJMTEIBHOT0, KOMIUIEKCOHOMETPUYECKOTO, OKHCIIU-
TEIbHO-BOCCTAHOBUTEIILHOTO TUTPOBAHUA. TUTPAHTHI U TUTPYEMBIE BEIIECTBA.
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25. CnocoObl TUTPOBaHUS — TIPSMOE, MPSMOE PEBEPCHBHOE, 0OpaTHOE TUTPOBAHUE, TUTPO-
BaHUE 3aMECTUTEIIS U 0CAUTEIIbHOE TUTPOBAHHE.

26. KpuBble TUTPOBAaHMS METOJIOB KUCIOTHO-OCHOBHOTO, OCAUTEIHHOI0, KOMIUIEKCOHOMET-
PUYECKOTr0, OKUCIUTEIHHO-BOCCTAHOBUTEIILHOTO TUTPOBAHUSI.

27. lapukaTtopHble OMIMOKM KUCIOTHO-OCHOBHOTO, OCAJUTEILHOTO, KOMILJIEKCOHOMETpUYe-
CKOT0, OKHCIIUTEIbHO-BOCCTAHOBUTEILHOTO TUTPOBAHUS.

28. Pacuetsl mpu 00pabOTKE Pe3yabTaTOB MPSMOTO, OOPATHOTO U 3aMECTUTEIILHOTO TUTPOBA-
HUs. YueT pa30aBieHHUs pacTBOpa U 00beMa aTuKBOTHI.

29. MeToabl TUTPOBAHUS B AaHATUTUYECKONH XUMHU — ONpEENICHHE aKTUBHOTO XJOpa, Hox-
HOTO YMCJIa, XUMHUUYECKOTO MOTPEOICHUS KUCIOPOAa.

30. MHauKaTopel METOAOB KUCIOTHO-OCHOBHOTO TUTpoBaHus, p1 mepexosa, ydyeT WHAMKA-
TOPHBIX OIIHNOOK.

31. MuauMkaTopbl OCaaUTEeILHOTO TUTPOBaHUS B MeTogax Mopa, ®onbsrapaa, dasuca. [lorper-
HOCTH OIPEIeNICHNS] TOUKH SKBUBAJIEHTHOCTH MPH UCIIOJIL30BAHUU aICOPOLIMOHHBIX MHINKATOPOB.

32. Crioco0b1 0OHapyKEHHUSI KOHEYHOH TOYKH TUTPOBAHHS B KOMILJIEKCOHOMETPUYECKOM aHa-
nmu3e. MetamionnaukaTopel. Mypekcusl U 3puoxpom uepHblid T (KUCIOTHBIN XpOM TEMHO-CUHUN)
IIPU OTIPENIIICHUH KECTKOCTH BOJIBI.

33. MeTozbl OKHCIUTENHHO-BOCCTAHOBUTEILHOTO TUTPOBAHUSI — HOJIOMETPUUECKOE TUTPO-
BaHUE, XJIOPUOJIOMETPUYECKOE THTPOBAHUE, HOAATOMETPUYECKOE THTPOBAHUE, HUTPUTOMETpHUYE-
CKOE TUTpOBaHHE, OpOMATOMETPHUYECKOE TUTPOBaHUE, MEepMaHTaHATOMETPHUYECKOE TUTPOBAHMUE,
IUXPOMATOMETPHUECKOE THUTPOBAHHE, LEPHUMETPUYECKOE TUTPOBaHME. THUTpaHTHI, CTaHIAPTHHIC
BellecTBa. (OMHUCaTh OJIUH U3 METOJIOB)

34. IlepBuuHbIC ¥ BTOPUUHbIC CTAHIAPTHBIC BEIIECTBA B HOJIOMETPHUECKOM TUTPOBaHUH. Mo0-
U HOIMMETPUYECKOE TUTPOBAHUE. Y CIIOBUS MPOTEKaHUS peaKIUU THOCYNIb(aTa HATpUs ¢ HOJ0M.

TECTOBBIA CAMOKOHTPOJIb

1. K pocrouncrBam ¢pusnyeckux U pu3HKO-XMMHYECKHX METO0B OTHOCSITCS:
a) BBICOKHI mpezies1 oOHapyKeHMUs,
b) BeICOKas 4yBCTBUTEIILHOCTB;
C) BBICOKAs CEJICKTUBHOCTB;
d) BO3MOKHOCTh aBTOMATH3ALIUH IPOBE/ICHUS aHATTH30B.

2. I[JII/IHa BOJIHBI 3JICKTPOMATrHUTHOI'O U3JTYYC€HUHA CBA3aHA C €1o YacTOTOM COOTHOILIEHHUEM:

a) =S b) E = hv: 0 =i d) %= cv.
Y

3. Ecim rpaaydpoBouHblii Tpa@uK MPOXOAMT 4Yepe3 HAYAJIO0 KOOPAMHAT, TO BeJWYHHA D
B YPaBHEHUH rPayHPOBOYHON 3aBUCHMOCTH y = aX + b:
a) OTpHUIIaTEbHA; C) OoJTbIlIE BEJTMUYHMHBI a;
b) paBHa Hy1H0; d) stBiIsIETCS MTOJIE3HBIM aHAIUTHYECKAM CHTHAJIOM.

4. K HemocTraTtkam (pU3MUYeCKHX U (PU3UKO-XMMHUYECKHX METO/I0B OTHOCATCS
a) HU3KUH Ipeaes 00HapyKeHUS; C) CJIOXKHOCTb ITPUMEHSIEMOH anmnapaTyphl;
b) HU3KMii Ipenen onpeneneHus; d) BbICOKast CTOMMOCTH TPUOOPOB.

5. VYkaxkuTe BepHoe YTBep:KIeHHe, OTHOCsIeecs K YYBCTBHTEJbHOCTH AHAJTUTHYECKOM
METOIHKH:
a) sIBJIIETCS KaYeCTBEHHOW XapaKTePUCTHKOI;
b) xapakTepu3yeT OTKJIMK aHAJTUTUYIECKOTO CUTHANIA Ha CO/Iep)KaHNe KOMIIOHEHTA,
C) XxapakTepu3yeT CTENeHb OJM30CTH JIPYT K JIPYry HE3aBHCHUMBIX Pe3yJbTaTOB H3MEPEHUIl
B OTOBOPEHHBIX YCIOBHSIX;
d) xapakTepu3yeT OTCYTCTBHE CHCTEMATHUCCKOM OITHOKH.
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6.

AOCOpOLMOHHBIE CTIEKTPOCKONMYECKHE METOAbl AaHAJIN32 OCHOBAHDI:
) Ha UCMYCKAHUH BEIIECTBOM JJICKTPOMATHUTHOTO HU3JTyUCHHS;

b) mornomieHny BEIECTBOM 3JIEKTPOMArHUTHOT'O M3JTyUCHHST,

C) sSIBJICHUU PAaCCCHBAHUS CBETA YaCTUIIAMU JUCIIEPCHON CHCTEMBIL;

d) siBIEHUM IPETOMIICHHS CBETa BEIICCTBAMH.

IMHCCHOHHBIE CIICEKTPOCKOIMHYECCKHE METOAbI aHAJINU3a OCHOBAHDI:
a) Ha UCITYCKAHUHW BCHICCTBOM 3JICKTPOMArHUTHOI'O U3JTYUYCHUA,

b) IOIJIOIICHNH BEIIECTBOM SJICKTPOMArdHuTHOI'O U3JIYYCHUA,

C) SABJICHUHX PAaCCCHUBAHUA CBCTA HaCTULIAMU I[HCHCpCHOﬁ CHUCTCMBI,

d) SABJICHUU MPEJIOMIICHHU CBE€TA BCUICCTBAMMU.

K kaxymmMcess GuU3MKO-XMMHUYECKHM NPUYHHAM OTKJIOHEHHMS OT 3aKOHA CBETOIOIJIONIe-
HHS OTHOCSITCSH:

a) HeI0CTaTOYHAsI CTETIEHbh MOHOXPOMATUYHOCTH U3TyYEHUS,;

b) usmenenue ko3 uIMEHTa CBESTONPEIOMICHHS PACTBOPA MPU YBEIUYCHUH WM YMEHBIIIE-

HHUM €r0 KOHIIEHTPALHH;

10.

11.

12.

13.

14.

15.

C) MPOLIECChI MOJIMMEPH3ALHU B PACTBOPE;
d) BIusiHEE pacCesTHHOTO CBETa.

Metoa 04HOTO CTAHIAPTA UCIOJIL3YIOT B TOM CJIy4ae, ecJiu:

@) 3aBUCUMOCTh aHAJTMTUYECKOT'O CUT'HAJIA OMMCHIBACTCS yPaBHEHUEM BHa Y = DX;

b) 3aBHCHMOCTD aHATMTHYECKOTO CHTHAJIa OMMCHIBACTCS YpaBHCHUEM BUaa y = a + bX;

C) 3aBUCHUMOCTb aHAJIMTUYECKOTO CUTHAJIA OT KOHIIEHTPAIIMU BEIIECTBA HE SIBJIACTCS JTMHEHHOIM;
d) BenmMuKMHA aHATUTHYECKOTO CHTHAIA HE 3aBUCUT OT KOHIICHTPALIUH.

CnekTp NOIJIONIEHUsI BeleCTBA MOKET NMPeACTABIATH C000il 3aBHCHMOCTH ONTHYECKOi
TJIOTHOCTH PacTBopa:

a) OT TOJIIIMHBI TIOTJIOMIAIOIIETO CIIOS; C) KOHIICHTPAIIMH BEIIECTBA B PaCTBOPE;

b) ATHHBI BOJHBL, d) koaddurtneHTa MOTIONICHHUS.
DJIeKTPOMArHUTHOE U3JIyYeHue B AJuHOM BOJHBI 0T 380 HM 10 800 HM oTHOCHTCSE:
a) K BAKYYMHOMY YJIbTpadHoNIeTy; C) paIvoOBOJIHAM;

b) BuamMoli 06sacTu criekTpa; d) uHbpakpacHOMY U3ITYUCHHIO.
DJIEKTPOMarHuTHOE H3J1y4eHHe B LIuHOM BOJHBI 0T 800 Hm 10 1100 HM oTHOCHTCH:
a) K MH(paKpaCHOMY HU3ITY4CHUIO; ¢) CBY-uznyuyeHnuto;

b) yneTpadguoneroBoMy U3NydeHUIO; d) paaroBoHaM.

Peaknus okpammBaHus NJaMeHd HOHAMHU MeTAJIJIOB 00yCJIOBJIeHA:
a) mpoIeccaMy IMUCCUH BO30YXKICHHBIMH aTOMaMU;

b) mporeccamu smuccUE BO30YKICHHBIME MOJICKYJIaMHU;

C) mporieccaMu a0copOLMU BO30YX/IEHHBIMU MOJIEKYJIAMHU;

d) coO6cTBEHHOM OKPACKO# MIaMEHH.

B pusnko-xuMHu4yecKHX MeT01aX AaHAJIN3a UCIOJIb3YIOTCS MPoLecchl:
a) abcopOIMH AIEKTPOMArHUTHOTO M3ITyUCHHS,

b) sMuUCCHU AIEKTPOMArHUTHOTO M3JTyUCHHS,

C) CO3/TaHMS CTIEKTPATHHBIX TTOMEX;

d) ocaxkmeHusI ¥ UCTTAPCHUS METAJUIOB.

O0beaMHEeHHBbIH 32KOH CBETONOIJIOIIEHUS HA3bIBAETCS 3aKOHOM:
a) MenneneeBa—Knaneiipona; ) byrepa—Jlam6epra—bepa;
b) HepHcra, d) JlopeHrra.

Iloonucv npenooasamensi.
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JIABOPATOPHOE 3AHSITHE Ne 10

TEMA: ABCOPBIIMOHHBIE U SMUCCHUOHHBIE METO/IbI AHAJIU3A

ean 3ansaTHUA:

— cthopmuposams 3nanus oOMICH XapaKTEPUCTUKU U KIACCUPUKAIINH HHCTPYMEHTAIBHBIX Me-
TO0B aHanu3a; MeTo0B aroMHoi (AAC) u monekyisipaoit (MK, Y®) abcopOrimoHHON CIIEKTPOCKO-
[IUH; METOJIOB aTOMHOM aMHCcCHOHHOM (ADC) U (piyopeciieHTHOM MOJNEKYISPHOM CIIEKTPOMETPHUH;

— npuodpecmu ymeHua pacu€ra KOHICHTPAIIMA B MHCTPYMEHTAJIBHBIX METO/IaX aHAIN3a; pOoBe-
neHust poromerprueckoro onpenenenus sxenesa (II1), ocHoBaHHOTO Ha peakiuy MOTYyYCHUS THOIMA-
HaTHBIX KomIuiekcoB skenesa (111); dpiyopumerprueckoro onpeaenaeHus pudbodiaBrHa (BuTaMunaa By).

Jlureparypa
[4] C. 112-143; [5] C. 234-278; [6] C. 301-401.

Bonpocsl 1)1 NOATOTOBKH K 3aHATHIO:

1. O6mas xapakTepucTUKa U KilacCu(UKALUs CIEKTPOMETPHUUECKUX METOJIOB aHAIH3a.

2. OCHOBHOU 3aKOH CBETOIOTJIONMEHUSI. MOJISIpHBIA U YICNIbHBIH KO()(PHUIIMEHTHI CBETOIMO-
riomienus (morameHus). COOTHOIIICHHE MEXITY MOJISIPHBIM U yISTbHBIM KO3(PPUITUSHTAMH CBETO-
norJyiomeHus. [IpuunHbpI OTKIIOHEHHS OT OCHOBHOI'O 3aKOHA CBETOIOTJIOIIECHHUS.

3. Cymaocth MeToqoB atoMHO (AAC) n Mmosekyisipaoit (MK, Y®) abcopOIrimoHHON Criek-
TPOCKOIUU (MIPUHIIUIT METOAA, YCTPONUCTBO M MPUHILIHUI paOOThI UCTOIb3YEMbIX IPUOOPOB, MPAKTHU-
YeCKOe MPUMEHEHUE).

4. CyurHocTh MeT0/I0B aToMHOM sMmuccuoHHOM (ADC) u ¢yopecueHTHOW MOJIEKYISIPHOI
CHEKTPOMETPHUH (MIPUHIUIT METOJIa, YCTPOMCTBO WM MPHUHIIUI PabOTHl MCHOJIb3yEeMbIX MPUOOPOB,
MIPAKTUYECKOE IPUMEHEHUE).

OcHoBHbIE pacuyeTHbIe GOPMYJIbI, HEO0OXO0AUMBbIE PU MOATOTOBKE K 3AHATHIO
Orntryeckast INOTHOCTh PacTBOpA!

A=clC=AL% IC"

rae A — onThyYeckas TIOTHOCTh pacTBOpa; € — MOISPHBIA K03 duiment nornomenus; C — Mo-

JsIpHAsi KOHIIEHTPAIHMS PAaCTBOPEHHOTO BEIIECTBA, MOJIB/JI, | — JUTMHA Ha ITOTJIONIAIOIIETO CIIOS pac-
0, o
TBOpa (AJIMHA KIOBETHI), A% c/& — yIenabHBIA KOA(PPUIMEHT MOTJIOLIEHHS, MacCo-00beMHasi KOH-

LIEHTpallKs pacCTBOPEHHOro BenlecTsa, I/100 M pacTBopa;
B3anMocBs3b MeXAYy MOJISIPHBIM M YI€IbHBIM KO3 (UIIMEHTaMH MOTJIOIIEHUS (ITOoralleHus):

_AaM

CcM

10
Pacuer HenzBecTHOM KOHIOCHTPpAIUX ONIPCACIIAEMOro BEIECTBA IO METOAY OAHOI'O CTaHdapTa:

C.=Cyx

Iy

€

Pacyer Hem3BeCTHOW KOHIICHTPAIIMU OMPEIEISIEMOro BEIIeCTBa MO0 METOAY 100aBOK 6e3 yue-
Ta pa30aBlieHUs PacTBOpA:
A
Cr = C/:[06 .
’ A —A
100 X
Pacyer Hen3BeCTHOIN KOHIIEHTPAIIUH OIPEIEIsIeMOr0 BEIIeCTBa 110 METOY IBYX CTaH/IAPTOB:
C,-C -4 -4

Az _Al

C =C+
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IIpuMmep pelieHUs1 TUIIOBOM 321244

Vcnosue 3a0auu. Obpazenr cbIBOPOTKH KPOBH aHATU3UPYIOT HA COJAEpKaHUE KaTHOHA Kalus
METOJIOM TUIAMEHHOW YMUCCHOHHOM CIEKTPOCKOINH ¢ IpuMeHeHneM nobaBku ctangapta KCI. s
ATOTO K JBYM OJIMHAKOBBIM OOpasiaMm mnpoOwl (amukBoTam) oobeMoM 1o 0,50 ma mobGaBwim 1o
9,50 mu Boabl. K omHoit u3 mpo6 go6asmau 10,0 mxa 0,0500 M pacteopa KCI. ITocne kommbrotep-
HOTO MHTErpUPOBaHUs (OMpPEIeIeHUs TUIOIIA/1) MOJIYYeHHbBIX CUTHAIOB IUIOIIAU TUKOB COCTaBH-
f1i%1 32,1-106 AMII'CEK U 58,6-106 HUMIT'CEK COOTBETCTBEHHO. Paccuurtarh coaep:kaHue Kaaus
(MMOJTIB/MIT) B CBIBOPOTKE KPOBH.

Pewenue. KonnyectBo 100aBICHHOTO CTaHIAPTA B MMOJIb COCTaBHIIO:

n=C-V =10,0-10"° 11-0,0500 mo:s/ 11-10° MMoIB/MOIB = 5,00-10™* MMOJIB.

VYuuteiBas, 9To 00beM 100aBku 10,0 MK MPaKTUYECKU HE U3MEHHUT CYMMAapPHBI 00beM ITPOOBI
V=0,50 ma + 9,50 m1 = 10,00 mu,
MO>KHO pacCUMTaTh KOHIEHTPAIUIO JOOABKU B PacTBOpE:
c Mos _5 00-10™* mMmob
00V 10-103 x

ITo pacuerHoi (opmyse /Ui METOa OJHOIO CTAaHAApPTa BBIYMCIUM HEU3BECTHYI KOHILIEH-
TPALUIO:

=5,00 1072 MMomB/IT = 5,00- 10™° Momb/m.

[ 108
C =C . —* -500-107. 82,110 =6,06-10~> Mo/

X 1106 _ 6 6
I s = 1x 58,6-10° -32,1-10
C ygeroMm Ttoro, uto ucxoanbiii pactBop 0,50 M pazdaBwm g0 10 M1, KOIMYECTBO KaJHsI

B O6p331_16 CBIBOPOTKHM KPOBH COCTABUT.

v
c®=c PP _506-107° =) —1,21-10 "3 momns/1.
X X O, 5
pOOBI
JIABOPATOPHAS PABOTA

1. ®oTomeTpuyeckoe onpeneaenue keae3a (111) B Buge THonqanaTHoro KoMiiekca

MakcumanbHOe MOTJIOIEHHEe THONHAHATHRIX KomIutekcoB xkene3a (I11) nabmogaercs B uH-
TepBasie AnuH BoaH oT 470 no 485 M. BenuunHa MOTYIIMPUHBI TTOIOCH! MOTTIOIMIEHUSI COCTaBISIET
npumepHo 140 um (410-550 uM), 1t koopanHaOHHBIX gncen mo SCN™ ot 1 mo 6. D10 Mo3BOMIS-
eT He YYUTHIBATH BIMSHHE CPEIHEro JHTAHIHOTO YHCIA OT KOHIEHTpaimy noHoB Fe**. Onrumans-
HBIM CBETO(DHIBTPOM JUISI W3MEPEHUS ONTHYCCKON IJIOTHOCTH B JJAHHOM CITydae SIBJIIETCS CBETO-
bunpTp ¢ MakcumymoM nponyckanus npu 490 um (490 £+ 10 HM).

[Topsitok M3MepeHusT ONTHYSCKOHN TIIOTHOCTH HAa (POTOIEKTPOKOJIOPUMETPE 3aBUCHUT OT Map-
KU NIPUOOpPa U IPOU3BOJUTCS B COOTBETCTBUU C TEXHUYECKHM OMUCAHUEM MPUOOpA.

Ilocmpoenue zpadyupoeounozo zpaguka. B mepubie konosl BMecTUMOCTRI0 50,00 M mo-
cnegoBatenpHo BHOcAT 0,50; 1,00; 1,50; 2,00; 2,50 u 3,00 Ma craHZapTHOrO pacTBOpa Kelesa
C KOHIIEHTpalueu Fe** 100,0 mxr/mn. B Kaxayro konOy mpubasnsior mo 5 miu 10 % pacrBopa
KSCN, noBoasT 00bEM pacTBOpa BOJIOH J10 METKH U ITepeMeInBaroT. PacueT momydeHHOW KOHIIeH-
Tpauuu Fe¥* HPOBOJIAT 110 popmyie:

C=Cj-————,

MEpH. KOJIObI
rae Cj — KOHIEHTpauus Fe* B konbe ¢ HomepoM i; C, — HCXOAHAs KOHIICHTPAIUs Fe3+; Vi —
00BEM BHECEHHOTO B MEPHYIO KOJIOY pacTBOpa ¢ KOHIICHTpAIlHeH Fe¥* 100,0 MKT/MII; Vyepn.xon6m —
00beM MEpPHOU KOJIOHI.
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JlaHHBIE U1 TOJTy4eHUS TPalyupOBOYHON 3aBUCUMOCTHU

V, M 0,50 1,00 1,50 2,00 2,50 3,00
Cre>", MKT/MIT 1,00 2,00 3,00 4,00 5,00 6,00
A

3areM U3MEPSAIOT ONTUYECKYIO MIIOTHOCTh KaXKJIOTO0 pacTBOpa Ha (POTO3NEKTPOKOIOPUMETPE
pu cBETOPHIBTPEe ¢ MakcuMyMoM Tiponyckanust 490 HM B KroBeTe ¢ TonmmHon ciost 1 cm. Tlomy-
YEHHbIE PE3YNIbTAThI MPEACTABISAIOT B BUJIC TAOIHUIIBL.

[TonyyenHnoe 3HaUeHHE ONTUYECKOMN MIOTHOCTH B 3aBUCUMOCTH OT KOHIICHTPALIUU MPEICTaAB-
JSIOT B BUJE KaTMOPOBOYHOTrO rpadka B KOOpIMHATAX: ONTUYECKAs IUIOTHOCTh — KOHIIEHTPALIHS
Fe®":

I'paduk 3aBUCUMOCTH ONTHYECKOM ITIOTHOCTH OT KOHIIEHTPALINH
A Fe*
0.5

0,4

0,3

0 1 2 3 4 5 6

Cre3+, MKT/MIT

[To mody4eHHBIM JaHHBIM METOJOM HaWMEHBIIMX KBaJIPATOB PACCUUTHIBAIOT ypaBHEHHE 3a-
Bucumoct C = f(A) (oOpaTHOE ypaBHEHHE TpayupOBOYHOTO rpaduka). Pacuér ypaBHeHHs U rpa-
(bUUECKYI0 MHTEPIPETALUIO ITOyYSHHBIX JaHHBIX PEKOMEHYeTCS MPOBOAMTH IO/ PYKOBOJICTBOM
IpenojaBaTesis ¢ MOMOILBIO 3JIEKTPOHHBIX Tabmuil Excel mnn aHamoruyHoi KOMIIBIOTEPHOU IMpo-
IpaMMBl.

VYIpOIIEHHO TOMYCKaeTCs CTPOUTh YpaBHEHHE TPaIyHpPOBOYHOTO rpaduka, UCXOJs U3 ypaB-
HEHUS:

A =a +kC,

a — cBOOOHBIH 4ieH, K — KO3 GHUIMEHT MPONOPIHOHAIEHOCTH.

Onpeoenenue maccwt rcenesza (I11) 6 npooe. IlonyueHnyto mpoOy KOITUIECTBEHHO IEPEHOCST
B MEpHYIO KoJIOy BMecTUMOCThIO 50,0 M1, mpubasistor 5 M 10 % pactBopa KSCN, noBoasr Bo-
JOW 0 METKH M TMepeMeImuBaioT. M3MepsSoT ONTHYECKYIO IMIOTHOCTh MOJIYYEHHOTO pPacTBOpa
B YCJOBHSIX, ONMUCAHHBIX BhIIe. [[0 paccuMTaHHOMY OOpAaTHOMY YpaBHEHHUIO TPaJIyHpPOBOYHOTO
rpaduka omnpenenstor konuentpamuto Fe(lll) B pactBope (C,, MKkr/mi), a 3ateM mo Qopmyie
m = C-50,0 paccuntsiBatot maccy Fe(lll) B ananmuzupyemoii mpooe.
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3aganue:
1. [IpuBect Bce HEOOXOAMMBIC PACUEThl JISI OMPENCTCHUS MacChl = HCCIICTyEMOM
oOpasiie.

2. DayopumeTpuUecKoe onpeeieHue pudoduaapuna (Butamuua B))

Buoioop céemogpunvmpa. IlepBudHbIil CBETOQUIBTP JODKEH NMPOIMYCKaTh TY YacTh CIIEKTpa,
KOTOPYIO TOTJIOLIAET OmpesenseMoe BemecTBo. HeiTpanbHblit pacTBOp pubodiaBuHa OKpalleH
B JKEJITBHIM LBET U IOIJIOIAET CUHIOK YacTh CIIEKTPa, OATOMY B pabOTE MCIONb3YIOT MIEPBUYHBIN
CBETO(UIBTP CHHETO I[BETA.

Bropuunslii cBeTOQUIBTP JOKEH MPOIMYCKATh Ty YaCTh CIIEKTPa, KOTOPYIO UCITYCKAeT OIpe-
JiensieMoe BEIIeCTBO B pe3ynbrate duryopecueHuu. HeltpanbHelii pacTBop prbodiaBiuHa B BOAE
(iryopecuupyeT *KenTo-3eJIeHbIM CBETOM, IMO3TOMY B pabOTe MCHOIB3YIOT BTOPHUYHBIC CBETO(DUIIb-
TPBI KENTO-3eJIEHOTO 1IBETA.

PaGory BemomnHstoT Ha (ayopumerpe (Trma ID-3-MA) 00bIYHO ¢ PTYTHOW KBapIICBOM JIaM-
MO B KauecTBE UCTOYHMKA BO30OYykaeHus Y D-cBeTa, CHaOKEHHON HECKOIBKUMH CBETO(PUIBTPAMHU.
[{Bera GuiIbTPOB M 00IACTH MPOMYCKAHUS PaBHBI COOTBETCTBEHHO: cUHUN — 400+489HM, duoe-
ToBBI — 310+400 HM, Tony60it — 400+600HM, sxenTo-3eneHbid — 510+575 HMm.

Ilocmpoenue zpadyuposounozo epaghuxa. B mepusie konosl BMectuMocTbio 100,00 M BHO-
cat 5,00 M1 cTanAapTHOTO pacTBopa pudbodiaBiHa, 700aBIAIOT 10 METKH JUCTHILUIMPOBAHHYIO BO-
Ay U TIaTelabHO nepeMeninBatot. [locnenoBaTensHo pa3baBiisoT nonyueHHsld pactsop B 10, 100,
1000 pa3 cooTBETCTBEHHO. PacCUMTHIBAIOT KOHLEHTPALMIO TOJYYEHHOTO pacTBOpa M pe3yJabTaThl
3aHOCST B TaOJHILY.

N3Mepst0T MHTEHCUBHOCTD (DITyOpECLEHIIMU B COOTBETCTBUM ¢ MHCTPYKLIMEN K MpUOOpY, Mo-
JydeHHbIE 3HaYECHUs TaKKe 3aHOCAT B TaOJIUILY:

JlaHHBIE 171 NOJIy4eHUS TPayupOBOYHON 3aBUCHUMOCTH

V, ma 0,50 1,00 1,50 2,00 2,50 3,00

Cp,, MKT/MIT 1,00 2,00 3,00 4,00 5,00 6,00

IIm

HonyquHoe 3HAYCHUEC MHTCHCHUBHOCTU JIIOMUHCCUHCHIMKU B 3aBUCUMOCTH OT KOHUCHTpAIWUH
OpeaAcCTaBIAOT B BUAC KaJ'II/I6pOBO‘-IHOl"O Fpa(bI/IKa B KOOpAWHATAX: ||m — KOHIOCHTpAaUusA BUTaMHUHA
B,:
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Fpa(bI/IK 3aBUCUMOCTH MHTCHCHUBHOCTHU JIFOMUHCCIICHIIMH OT
KOHICHTpAllUX BUTAMHUHA BZ

0,5

04

0,3

0,2

0,1

0 0,2 0,4 0,6 0,8 1

Cg, » MKI/MI

[lo mony4yeHHBIM AAaHHBIM METOJIOM HAaWMEHBIIHMX KBAJPATOB PACCUUTHIBAIOT YPaBHEHHUE 3a-
Bucumoctu C ot |, (oOpaTtHOe ypaBHEHHE TpayupoBOYHOTO rpaduka). Pacuér ypaBHeHus u rpa-
(buYecKy0 HHTEPIPETALUIO MMOJIYYEHHBIX JaHHBIX PEKOMEHIYETCs MPOBOIUTH MOJ PYKOBOJICTBOM
MPEnoaBaTelis C MOMOIIbIO AJIEKTPOHHBIX Tabymi Excel mnam ananoruyHoil KOMIBIOTEPHON MPO-
IPaMMBI.

VYTpOIIEeHHO TOIyCKaeTcs CTPOUTh YPaBHEHUE TPaIyUpOBOYHOTO TpaduKa, UCXOs U3 ypaB-
HEHUS:

| =a + blgC,
a — cBOOOHBIH WieH, K — KO PHUIMEHT MPONOPIHOHATEHOCTH.

Onpeoenenue pubopnasuna (eumamuna B;) 6 npooe. [lonyuennyro npoOy KOTMIECTBEHHO
MIEPEHOCAT B MEPHYIO KOJ0Yy BMecTUMOCThIO 50,0 MII, TOBOAAT BOJOM A0 METKH M MIEPEMEIINBAIOT.
N3mepsitoT UHTEHCUBHOCTH (hITyOPECIICHIIMU TTOJIyY€HHOTO PacTBOpa B YCJIOBUSAX, OMMCAHHBIX BbI-
mre. [To paccuntanHOMy 0OpaTHOMY YPaBHEHUIO TPaIydpPOBOYHOTO Tpaduka ONpeAesitoT KOHIICH-
Tpaiuioo pudbodiaBiHa B pacTBOpPE M C YUETOM pa30aBlIEHUs PACCUUTHIBAIOT MACCy aHATU3HPYEMO-
ro BellecTBa B Mpooe.

3agaHue:

1. IlpuBecTH Bce HEOOXOAMMBIC PACUETHI /IS OMPEAEICHHS MacChl puOo(dIaBHHA B UCCIIETY-
eMoM obpa3siie.
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TECTOBBIA CAMOKOHTPOJIb

1. Mertoa aTOMHO-3MHCCHOHHO CIIEKTPOMETPHUH OCHOBAH:

a) Ha MOTJIONICHUH 3JICKTPOMATHUTHOT'O U3JIy4CHUsI HEBO30YKICHHBIMH aTOMaMU;

b) TepmuueckomM BO30YXkIIEHHH CBOOOIHBIX aTOMOB WJIM OJJHOATOMHBIX HOHOB M PETHCTPAIH
OINTUYECKOT0 CIEKTPa UCITYCKaHHsI BO30YX/IEHHBIX aTOMOB;

C) UCIYCKaHUH JIEKTPOMAarHUTHOTO U3JTY4EeHHUSI HEBO30YKI€HHBIMU aTOMAaMU;

d) MOrIOIIEHHH IEKTPOMAHUTHOTO U3TYYCHUSI HOHU3UPOBAHHBIMH MOJICKYJIAMH.

2. B niamMeHHO# (oToMeTpHH ISl AHAJIMTHYECKHX LeJiell HCIOJIb3YIOT:
a) BOCCTAaHOBUTENIbHYIO 30HY IIJIAMEHU;
b) oxucnuTenbHY0 30HY IUTAMEHH;
C) CPEIHIOI0 30HY, PACIIOJIOKEHHYIO MEKY BOCCTAHOBUTEIIBHOW U OKHUCIIUTENBHOM;
d) BHeHIHUIT KOHYC.

3. CaMbiMHu BBICOKOTEMIICPATYPHLIMU MCTOYHMKAMH aTOMHU3AllMM B ATOMHO-?MHCCHOHHOH
CIIEKTPOMETPHUHA ABJAIOTCH:

a) Tams; C) DJIeKTpUYECKas AyTa;

b) anekTpuueckas uckpa; d) MHIIYKTUBHO-CBSI3aHHAA I1J1a3Ma.
4. Jlns aHA/IM3a pacTBOPOB B KayecTBe HCTOYHUKA aTOMHU3ALUH MCIO0JIb3YIOT:

a) maams; C) BJIEKTPUUYECKYIO AYTY;

b) BIIEKTPHUYECKYIO UCKPY; d) MHYKTUBHO-CBS3aHHYIO IJIa3My.
5. K ¢pu3uko-xumuveckum nomexam B AJC oTHocATCS:

a) TIOJTHOTA MCTIApECHHS TIPOOBI; C) MOHU3AIUS;

b) T aToMu3aTopa; d) remmniepatypa aromuzaropa.
6. IIpudop c poroxumuueckoii nerekuueid B ADC Ha3pIBaeTcs:

a) CIIEKTPOCKOTI (CTHIIOCKOT); C) KBAaHTOMETD;

b) ciexktporpad; d) ciektpomerp.

7. MeTtoaoM njiaMeHHOi (pOTOMETPHUU ONPeEIeIAIOT:
a) MpeJesIbHOE COJepKAHNE ATFOMUHUS;
b) ¢peHosna B UMMYHOCHIBOPOTKAX U BaKI[MHAX;
C) KaJIbLIUS B aJICOPOMPOBAHHBIX CpEAax;
d) cBoOOAHBIN OopMaNbIETHI.

8. MHcrounnkom YP-uziryyeHusi B J1IyOpUMeTPHH SIBJISIETCS:
a) mamma HepHcra,; C) aproHOBBIH J1a3ep;
b) pryrHas kBapueBas 1amra,; d) rmobap.

9. CpeueHne BelIeCTBA, MPOI0/LKAIINEECS HEKOTOPOE BpeMsi MOCe OTMEHbI JefiCTBUS HC-
TOYHHMKA BO30Y:KIEHWUsI, HA3BIBAETCS:
a) GOTOTIOMHUHECIICHITUEH; C) ¢uryopecieHIuei;
b) bochopecnenuneii; d) XxeMOJIFOMUHECIICHITHEH.

10. BbiOepuTe BepHO€e YTBep:KAeHHE OTHOCUTEIHLHO BHYTPEHHEH KOHBEPCHH:

a) Oe3bI3ITydaTeIbHBIN TEPEX0/l MEXKIY COCTOSHUSIMH, UMEIOIIUMHU OJTMHAKOBYIO MYJIBTHUILICT-
HOCTh ¥ OJIMHAKOBYIO HEPTHIO;

b) Ge3bI3iTyuaTenbHBINA TIEPEXO MEXKAY COCTOSHUSMHU, UMCIONUMH Pa3HYI0 MYJIbTHUIUIETHOCTh
Y OJIMHAKOBYIO DHEPTHIO;

C) U3yYaTeIbHBIN MEePeX0.l MEXY COCTOSIHUSIMHU, UMCIOIIUMH OJJAHAKOBYIO MYJIbTUILUIETHOCTh
Y OJIMHAKOBYIO DHEPTHIO;

d) u3nydaTenbHBIA TIEPEXOA MEXKIY COCTOSIHUSMH, MMEIONIMMU Pa3HYK MYJIBTUIUIETHOCTh
Y OIMHAKOBYIO YHEPTHUIO.
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11.

12.

13.

BemecTBa, noriomarwmue Y ®-u3iaydyenne, MoryT ¢uiyopecuupoBaTth B BHAMMON 00J1a-
cTH. JTO cjaeayeT u3:

a) 3akoHa BaBuiosa;

b) mpaBuna Crokca—JIlommers;

C) 3akona Ctokca—JleBmmuHa;

d) ypaBuenus IlItepaa—®doasmepa.

OTtkioHeHHus 0T 3aKoHa CTokca-JIeBIIMHA HAGIIOAIOTCS:
a) B aHTHCTOKCOBO# 00J1aCTH;

b) crokcoBoii obmacTu;

C) Yd-ob6macru;

d) UK-obnactw.

Ilo 3axony JleBuimHa crekTp uiyopecueHIUN Beeraa:

a) CMCIIICH B CTOPOHY OOJIBIINX JIJIMH BOJIH 110 CPABHEHHUIO CO CIIEKTPOM IIOTJIONICHNS,

b) cMeleH B CTOPOHY MEHBIIKX JJIMH BOJIH 10 CPABHEHHIO CO CIIEKTPOM ITOTJIOIIEHHUS;

C) 3epKaJIbHO CHMMMETPUYCH CIEKTPY BO30YKIACHHS (DIyOPECIICHIIMH OTHOCHUTEIILHO TMPSMOM,

MIPOXOIAIICH MEePIeHINKYISIPHO K OCH abCLKCC Yepe3 TOUKY MepecedeHns 000uX CIeKTPOB;

14.

15.

d) He 3aBUCHT OT JITMHBI BOJIHBI BO30Y)KJaIOIIEro CBETA.

BoiGepure ¢opmyry He0OX0AMMYIO /ISl pacuyeTa KBAHTOBOI0 BbIX0/1a /115 ()MIyopecueHIUu:

_ IfI . b _Iabs. — . — Iﬂ
a) o=—1 ) ¢=-"; €) @ =l - labs; d) g=—.
Iabs Iﬂ E

abs

HNuTeHcuBHOCTH (uiyopecuupyiomero pacTsopa NmpsiMo NPONOPIHOHAIbHA KOHIEHTpPa-
uuu uryopecuMpyromero BemecTsa ToJabKo:

) MPU MaJIbIX BEIMUYMHAX ONTHYECKOH MIIOTHOCTH;

b) nmpu GOMBIINX BETMYHUHAX ONTHUECKOW TUIOTHOCTH;

C) ecnu Guryopecuupyollee BEIecTBO OKpPAIIEeHO;

d) rpu MOBBIIICHHBIX TEMITEPATypaXx.

Iloonucwv npenooasamens.
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JIABOPATOPHOE 3AHSITHUE Ne 11

TEMA: XPOMATOI'PAOUYECKHUE METO/bI AHAJIU3A.
I'A30BASA N KUIKOCTHASA XPOMATOI'PA®UA

ean 3ansTHs:

— cghopmuposams 3Hanusn OOIIEH XapaKTEPUCTHKU M CYINTHOCTH XPOMATOTpaPUUECKUX Me-
TOJIOB aHAJIN3a; MPUHIUIIOB XPOMAaTOrpaguuecKkoro pasieieHuss U MPUYUH pa3MbIBaHUSL XPOMATO-
rpadMUecKuX MHUKOB; OCHOBHBIX MPUHIMIIOB BHICOKOd(D(PEKTHBHOMN >KUIKOCTHOU Xpomarorpaduu;
YCTPOMCTBE W MpPUHLUIE PabOThl KUAKOCTHOTO XpoMmaTorpada; OCHOBHBIX 3aKOHOMEPHOCTEH,
JIeKAIIUX B OCHOBE METO/IOB KHJIKOCTHON XpoMaTorpaduu: ajacopOIMOHHON, HOHOOOMEHHOM, KC-
KJIFO3MOHHOM;

— npuodpecmu ymenus BHIIOIHEHUS PAacUueTOB, CBA3aHHBIX C XpOMAaTOrpa)u4ecKUMu MeETO-
JaMH aHaju3a; MPOBEICHUS pa3leieHUs U UISHTHU(PUKAIUU CMECH KaTHOHOB METOJO0M OyMakKHOU
Xpomarorpaduu; IpOBEICHUS aHaJIHM3a JIEKAPCTBEHHBIX CPEJICTB METO0M TOHKOCIOWHOM XpOMaTo-
rpadumu.

Jlureparypa
[3] C. 13-174; [4] C. 144-160; [5] C. 279-317; [6] C. 402—445.

Bomnpocsl I NOATOTOBKH K 3aHATHIO:

1. Xpomarorpadwus. [Tpunmun merona. Knaccupukanus xpomarorpadudeckiux METOJOB 10
arperaTHOMy COCTOSTHUIO MOJBHKHOM (a3bl, M0 MEXaHU3MY B3aMMOJEUCTBUS cOpOaT-COpOEHT, MO
TEXHHUKE BBIIIOJIHEHHUS, 110 L€ TPOBEICHUS.

2. I'azoBas xpomarorpadus u KUIKOCTHAsE Xpomarorpadusi. BeicokosdhdekTuBHAS KUAKOCT-
Has xpomarorpadus (BOXKX) u ronkocnoiinas xpomarorpadus (TCX).

3. XapaKTepuCTHKH YAEP>KUBAaHUS U pa3fiesieHHs] BELECTB, UCIOJIb3YEMbIX JUIs KAUYECTBEHHO-
ro ¥ KOJINYECTBEHHOT'O ONPEENIEHUS BEIIECTB.

4. Teopun xpomartorpapuyeckoro paszaeiaeHus. Teopus XpomaTorpaduyeckux TapesokK.
Kunernueckas teopust (teopusi Ban-/leemrepa).

5. OcobenHoctu razorsepaodazHoi M ra30kUAKOCTHON Xxpomarorpadguu. XapakTepUCTUKU
MOJIBWJKHBIX, HEMOJBMXHBIX (pa3 ¥ HocuTenel. JleTeKkTophl, MCHob3yeMble B ra3oBOM XpoMmaTo-
rpadun. [IpakTuyeckoe npuMeHeHne ra3oBoi XxpoMaTorpapum.

6. XKuakocTHas KOJJOHOYHAS XpoMaTorpadus — HOpMaTbHO-(a3oBas U oOpalieHHO-(pa3oBas
KOJIOHOYHass xpomarorpadus. PacrpenenurenbHas KOJOHOYHAs Xpomarorpadus, nOHOOOMEHHas
Xxpomatorpadusi, SKCKIII03MOHHAsE XpoMmaTorpadus — MOABUKHBIE U HEMOABUKHBIE (a3bl.

7. Xpomaro-Macc-CHeKTpOMeTpHsl. ['a30BbIe U )KUAKOCTHBIE XPOMATO-MACC-CIIEKTPOMETPBHI.

8. IlpakTHveckoe MPUMEHEHHE METOO0B ra30BOM M KUIAKOCTHOM Xpomarorpaduu B ¢apma-
LIEBTUYECKOM aHAJIM3E.

OcHoBHbIe pacyeTHbIe GOpMYJIbl, HEOOXOAMMBbIE IPH NOATOTOBKE K 3aHATHIO
Uucno TeopeTHYecKrX TapeIoK XpoMaTorpapruieckoi KOJIOHKN
2 2

N =16 L} N =55 b
w Wo s

rac N — uucio TCOPECTUYCCKHUX TAPECIIOK, R — HMCIIPABJICHHOC BpeMs yACPKUBAHUS KOMIIOHCHTA,
W — IIMpHUHA IMKA Y OCHOBAHUs,; Wp 5 — IOJIHAA IIHMPUHA ITHMKA HA IIOJIOBUHE BBICOTHI.
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BricoTta, sxBUBalieHTHAas TeopeTudeckoil Tapenke (BOTT):

BQTTzL,
N

rae L — anuna xpomarorpadudeckoii KoJaoHkH; N — 0011ee Yiciio TeOPETUISCKUX TapelloK
Pa3pemenne nByx xpomarorpaduyeckux nukos Rs:

R 2 L+t
STow +w,
1 2
[ToaBrxHOCTE MM KO3 GUIUEHT yaepkuBaHus Ry (B OyMakHON M TOHKOCJIOWHOW XpoMaTo-
rpadun):

rne Ry — moaBmwkHOCTh Win K03 OUIMEHT yaepKuBaHus; Lj — paccTosiHue, MporIeHHOE OTpee-
JSIeMbIM COEIMHEHHEM (MOHOM) /10 LIEeHTpa nsaTHA; Lo — paccrosHue, npoineHHoe ¢GpoHTOM pac-
TBOPUTEIIS.

IIpuMmep pelieHus1 TUIIOBOM 321244

Vcnosue 3a0auu. OnipeneneHue coiepaHUs dIIJIArOBOM KUCIOTHI M rurepo3una B Onbxu
yepHoit ucthsax (Alni glutinosae folia, Black Alder leaf*) npoBoauan MeTo10M KUIKOCTHOM XpoO-
Matorpaduu. s 3Toro codpanHbpie B T€UEHHE JIETa, BHICYIIEHHbIE U 0OMOJIOYEHHBIE JTUCThS B KO-
mmuectBe 1,01 © momecTunm B KpyrMJIOAOHHYIO Koy Ha 250 mui, mpubaBmimu 60 mur cnupra
(60 %, 06/00) KUMATHIN Ha BOJSHOM OaHe B TeucHUe 40 MHH, JOBEIU MacCy 10 MEPBOHAYATHLHOTO
oobema criuprom (60 %, 06/00). Hamocamounyro KHIKOCTh OTQMIBTPOBAIN Yepe3 MEMOpaHHBIN
¢bunbTp ¢ quamerpom mnop 0,45 MkM U LeHTpUYrupoBau. AHaIN3 MPOBOAWIN HA XpoMaTorpadu-
yeckoi kosoHke anuHou 0,150 M u BHyTpeHHUM auameTpoMm 4,6 MM, 3allOJHEHHON CHIIMKareiem
OKTaICIUJICHIIUIBHBIM I XpoMaTorpaduu ¢ pa3MepoM 4acTuil 5 MkM. PacueT mpoBoAuIu 1Mo me-
TOJMY BHEIIHETO craHmaprta, comepxkamiero 0,1 mr/mi u 0,2 Mr/mi Juist TUIIEpO3Uaa U 3JUTarOBOM
KHCIIOTHI COOTBETCTBEHHO.

[Tnomaayn MUKOB HAa XPOMATOTPaMME COCTABWIIM COOTBETCTBEHHO:

S1 — muomane MHKa TUMEPO3WJa Ha XPOMAaTorpaMMe HCIBITYeMOro o0paslia COCTaBUIU
100,0;

S; — mutomae MUKa TUIEPO3KUaa Ha XpoMaTorpaMmme pacTBopa cpaBHeHus coctasunu 100,0;

S3 — TuTOIMIa s MHKA 3JUIArOBOM KHCIIOTHI HA XPOMATOTPaMME HCIBITYeMOro odpasia cocra-
sy 100,0;

S4 — myomaab MUKa 3JUTaroBOM KUCIIOTHI HA XpOMaTorpaMMe pacTBOpa CPAaBHEHUS COCTaBU-
1 100,0.

Ompenenutb, COOTBETCTBYET JIM COOpAaHHOE pacTUTENbHOE Chiphe TpeboBanusm ['d Pb, eciu
OHO JTOJDKHO conepkarh He meHee 0,5 % smmaroBoit kucinotsl (C14HgOg, M. M. 302,2) u HEe MeHee
0,3 % runieposuna (Cp1H20012, M. M. 464.,4).

Pewenue. O6mumii 06beM dKCTpakTa cocTanisier 60 M1, KOHIIEHTPAIHsI BEIIeCTBA B CTAHAAPTE
MIPUBEJICHA B MI/MJI, TOT/a, U3 COOTHOIICHHUS IOl MMMKOB CTaHAapTa U pacTBOpa CpaBHEHUS
M0 METOJy OJHOTO CTaHJapTa MOXHO PacCUUTATh MPOIEHTHOE COJepKAaHUE KOMIIOHEHTOB B Iepe-
CYeTe Ha CyX0€ ChIphE:

[TporieHTHOE CoMepkaHue TUTIEPO3uaa ((,) COCTABHT:

~§5,-C-6-100%-10° S,-C-6 50,8-0,1-6
T S,-m ~S,-m  985-101

0) =0,31%

2
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[TporieHTHOE COMEPKAHUE FIUTATOBOM KHCIOTHI ((0,) COCTABHT:

5,-C-6 138,7-0,1:6

= =0,53%
oo§,-m 155,5-1,01

w

4

CpaBHUBasl NOJIyYEHHbIE 3HAYEHMsI C TEMH MHHMMAJIbHBIMHM 3HAUYEHUSMHU I10 COJIEPIKAHUIO
TUIepo3ua U 3JIJIaroBOM KHCIOTHI, KOTOpbIE MpuBeAeHbl B ['ocynapcTBeHHON (apmakornee Pec-
ny6simku benapych, MOXKHO clienarh BBIBOJ O TOM, YTO PAaCTHTENBbHOE ChIphe «OJbXU YEPHOH JH-
CThS1» COOTBETCTBYIOT MPEAbSIBISIEMbIM TPEOOBAHUSIM.

JIABOPATOPHAS PABOTA

1. Pa3ziesieHue MOHOB JKeJjie3a U MeIH MEeTOA0M OyMasKHOI XxpoMaTorpagpuu

Ilpucomoenenue pabouux pacmeopos. B xauectBe pacTBOPUTENS MCIONb3YETCS CMEChH, IS
npurotoBieHuss 100 M koTopoii OepyT aleToH, BOAY U KOHIICHTPUPOBAHHYIO COJIIHYIO KHCIIOTY
B cooTHomeHuu 7 : 5 : 8 (mo ob6wemy). B kauecTBe pabouux pacTBopoB Hcmoib3yoT: 0,1 M pac-
tBopsl Fe** (FeCls) u Cu®* (CuSO,); 2) cmech FeCls u CuSOy, B3siTyro B cootHomennn 1 : 1;
3) BOAHYIO BBHITSIKKY SIOJIOYHOTO COKa, IPUTOTOBJICHHYIO IyTeM pa30aBieHus 1 mit coka o 1 1 pac-
TBODA.

Mamepuanst u 060pyoosanue. Xpomatorpapuieckoe pasaeicHiue KaTHOHOB jKelie3a U MeIU
MIPOBOAMTCS METOJIOM KPYTOBOM TOHKOCIOWHOM XpoMaTorpaduu, B KauecTBe XpoMaTorpadhuuecKoi
BaHHBI HUCIOJB3YETCS IKCUKATOP (KOTOPBIA MPHU HEOOXOAMMOCTH MOXKET OBITh 3aMEHEH YalllKaMu
[letpu), a ans pasgeneHus: KaTHOHOB MPHUMEHsETCS clieluaibHas XpoMarorpaduueckas Oymara,
100, B ee OTCYTCTBHE, PUiIbTpoBalibHast Oymara u3 GuiabTpa «Oenas JeHta». GUTHib, 10 KOTOpo-
My MOJHUMAETCSl pAaCTBOPUTEIh, MIPEICTaBIAET co00 MONOCKy (pUIbTpOBaIbHONM OyMaru (IJIMHOM
OKOJIO 5 CM W MHUpUHON | cM, KOTOpasi COrHyTa MO JUIMHE moroiam). PactBopuresnb, HAHECEHHBIN
Ha JTHO XpoMmaTorpaduyeckoil BaHHBI, TOJHUMAETCS O (PUTUITIO BBEPX Ha KPYTIIbIH (QUIBTp, B KO-
TOPOM JIJIsI JIYIIETO KOHTAKTa B IIEHTPE JIeNaeTcs oTBepcTre. [t co3manust paBHOBECHOTO JIaBjie-
HUS T1apOB PACTBOPUTENS CUCTEMY 3aKPBIBAIOT KPBIIIKOM.

Ha paccrosaum 1,5 cM oT mieHTpa OyMarn HaHOCAT KapaHAIIOM OKPYXHOCTh, KOTOpasi sIBJISI-
ercsa crapToBod jnuHMEH. JlenaroT Ha Hel 4 METKU W NMPOHYMEpoBbIBalOT. [Ipu moMol TOHKOTro
CTEKJISIHHOT'O Kanuuisipa HaHOCAT Ha MeTKH 10 0,02 mMu1 KaXXJ10ro pacTBopa, CMECH PacTBOPOB U HC-
clieyeMoi OMOJI0rMYecKor KUAKOCTH (BOAHAS BBITSDKKA sI0JIOYHOTO coka). BeicymmBaror Oymary.
3areM HEOOJBIIOE KOJMYECTBO PACTBOPHUTENS TOMEIIAIOT B Xpomarorpaduyeckyro BaHHY. Bo3s-
MO>KHO BHECEHUE PACTBOPHUTENS B KOJUYECTBE 25 MJI B CTaKaH, KOTOPBI MOMEIAIOT Ha THO 3KCH-
Karopa.

Ilposedenue xpomamozpaguueckozo ananuza. Meyenyro Oymary MmomemarT Ha KPOMKY
skcuKkaTopa. OmyckaroT OyMaKHBIH (QUTHIIE B paCTBOPUTENH U IJIOTHO 3aKpPhIBAIOT 3KcHKarop. Ka-
NWUISIPHBIMU CHJIAMH PACTBOPUTEINb MTOJHUMAETCS BBEpX MO (puTHiio u 6ymare. CKopocTh Ipoliec-
ca 3aBHICHUT OT MIMPUHBI QUTHIIS M PACCTOSHHS MEX/Ty TIOBEPXHOCTSIMH JKUIKOCTH U Oymaru. [locie
nepemereHust GpoHTa pacTBOpUTeNs Ha 3—4 cM OT CTapTOBOW JIMHUM Oymary BBIHUMAIOT U BBICY-
muBatOT. |11 IPOSIBIICHAS MATEH OyMary BBIICPKHBAIOT HEKOTOPOE BpeMsl B IMapax KOHIICHTPHPO-
BAaHHOT'O pacTBOpa aMMHaka, 3ateM omyckatoT B pactBop Ks[Fe(CN)s]. OTMeuaroT mBeT Kaskaoro
MSITHA U PacCUMTHIBAIOT Rs. PaboTy MOXHO MPOBOANTE B KpHCTAILIH3aTOpe WM darike [letpu.

Obuapyscenue uccnedyemvix uonoe. JINHENKON ONpEAENsAIOT pacCTOSHUE, NPOHAECHHOE
Ka)XX/IbIM HOHOM OT CTapTOBOM JIMHUH JIO IIEHTPA COOTBETCTBYIOIIETo MsITHA (Xp), 8 TaKkKe paccTosi-
HUE MpoieHHoe GppoHTOM pacTtBopuTens (X). [anee paccunThIBalOT OCHOBHYIO XapaKTEPUCTHKY
XpomaTorpaduueckoro pasjaenacHuss B OyMaKHOM XpoMaTorpapuu — MOJBUKHOCTb UIH KOdPPu-
ueHT ynepxuBanust (Rr) mo gpopmyore:



N3mepus Rt nccnenyemoro pactsopa u R noHos Fe* m3 CTaHIapTHOI'0 pacTBOpa Fe* mok-
HO, 3Has KOHLICHTPALIUIO Fe**, BbrumciuTs, KaKyl JOJII0 OT 3TOW KOHIIEHTPALIMHU COCTABIISIET KOH-
LIEHTpaIMsl UOHOB XKeje3a B pacTBOpE OMOJIOrMYECKOM >KMAKOCTH. JlaHHBIN pacueT OCHOBBIBAETCS
Ha JIOMYIICHUH, YTO MpHU ONMM3KUX KOHIEHTPALUAX ONpPEAENsieMOro HOHA IHaMeTp MATHA B OyMax-
HOM XpomaTtorpaduu MporOPIHUOHAIEH COACPKAHUIO BEIIECTBA.

3aganust:
1. [lpuBenuTe pacdeTsl, HEOOXOMUMBIC MJISi BBIYUCICHHS KOI(DOUIIMEHTOB YACpKUBAHUS
nonos Fe** u Cu®* B Pa3HBIX pacTBOpax.

Bruecute IMMOJIYYCHHBIC JAHHBIC B Ta6JII/IIIy1

Ne
/o

Oo6pasern R; (Fe*") R; (Cu®)

1 FEC|3

2 | CuSOq4

3 | FeClzu CuSQq4
4

SI610YHBINA COK

2. 3apucyiiTe TMOJy4EHHYIO XpoMaTorpammy, 00O3HaubTe€ Ha HeW XpomaTorpagpuyueckue
apaMmeTphl.
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2. OnpeneneHue TMrOKCHHA MeTOI0M TOHKOCJIO0IHOI XpomMaTorpaguu

Mamepuanwvt u o06opyooeanue. Ilpu poOBENCHUH XPOMATOTPaPUUIECKOTO pa3ACIICHUs Be-
miectB MeTosioM TCX MIacCTUHKY C TOHKHM CIIOEM IOPUCTOTO HOCUTENS (HampuUMep, IIACTUHKY
C CHJIMKareyiemM), Ha KOTOPYI0O HaHECEHBbI pacTBOPHI HCCIEAYEMBIX BEUIECTB, IOMEIIAIOT B PacTBO-
puTENb, KOTOPBIM, MPOJIBUTasACh BBEPX 3a CUET KAMWUISPHBIX CHJI, MEpPEMEIIaeT aHAIU3UpPyeMbIe
BelecTBa. [lo 3aBepiieHuI0 XpoMaTorpaguueckoro mpoiecca MpoBOJIAT 00pabOTKY IIACTUHKH,
IIO3BOJISIIOILYIO ONPENENIUTh UCCIEeNyeMble BelecTBa. B paboTe MCIonb3yroTCs IUIACTUHKU C TOH-
kuM cioeM cunmkarens («Mercky, «Silufol»), nccieayemsie npenapaTsl — CIAPTOBBIE PACTBOPHI
JUTOKCHHA, TMPETHEHOJIOHA, KCTPAKT TabneTok «/[urokcuH», pacTBOPUTENh — CMECh XJIOpO-
dbopm — anetod (1 : 1), peakTuB A MPOSIBICHUST — cMech, coctosmas u3 90 mia HyO, 5 M xon-
nenTpupoBaHHoit HySO4, 5 M1 CH3COOH () 1 HeckonbkuX Kanens 0,1 M pacteopa FeCla.

Ilposedenue kauecmeennvix peakyuit. KauectBeHHOE ONpe/IeIeHUE TUTOKCHHA B TabJIeTKaxX
«JIurokcun» npoBogAT ¢ nomoubio peakuun Kemtepa—Kunuanu Ha ne3okcucaxapa, Kotopas Xa-
pakTepHa JIJsl BCeX CTEPOUIHBIX TTTUKO3UI0B. J[J1s1 3TOro He0OXOAUMO pacTepeTh TabJIeTKy B CTYII-
K€, TICPEHECTH IOPOIIOK B MPOOUPKY U IKCTPArMpOBaTh JCHCTBYIOIICE BEMICCTBO 2 MII JICJSTHOM
YKCYCHOM KHCJIOTBI, a CYCIIEH3HIO BCIIOMOTAaTeNbHBIX BELIECTB yIaIUTh HEHTpUDyrupoBaHueM
B Teuenne 3 muH npu 3000 o6/mMuH. K HamocaqouHON KUAKOCTH MPUOABHTH 2 MJI KOHIICHTPUPO-
BanHOUW H»SO,, comepxameit 1 xammo 0,1 M pactBopa FeCls u HaG0gaTh Ha rpaHulle pasnuena
(a3 mosiBICHHE KPaCHO-OYpOTo KOJbIIA, YTO CBUAETENBCTBYET O HAIMYUU CTEPOMIAHON YacTH TIIH-
KO3MJIa, & BEpXHHUI CIION OKpAaIlllMBAaeTCs B 3€JCHBIN, MEPEXOIIIMi 3aTEM B CHHHI, 4TO TOBOPHUT
O MIPUCYTCTBUU JI€30KCHCAXapPOB.

Ilpuzomoenenue pabouux pacmeopos. Jlanee roToBATCS PacTBOPHI BEIIECTB-«CBUICTENCH) —
JUTOKCUHA, MperHeHoyiona. KonrmdecTBo BElecTB — HECKOJNBbKO MI' (Ha KOHYMKE IITAaTeNs ), KOTO-
pbie pacTBoOpsitoTcs B 70 % >TUIOBOM CUpPTE B MPOOMPKAX TUMA «ITEHIOPD».

CnupTOoBOM 3KCTpPaKT TaOJIETKM aHAIM3UPYEMOro mpernapara «/IUrokcuH» moyydaroT mocie
skerpakiuu 70 % 3TUIOBBIM CIIMPTOM IMOPOIIKA TAOIETOK U OTIEICHUS Ocajka IeHTpUudyrupona-
aueMm (3 mun npu 3000 06/muH). PacTBOp Haj 0CAJIKOM, COAEPIKAIIUN TUTOKCHH, TIEPEHOCST B YH-
CTYIO IPOOUPKY U UCTIOIB3YIOT B KadecTBe 00pasiia /Ui aHaIu3a.

Ilpogedenue xpomamozpagpuuecxkozo ananuza. Ha muiacTuHKy U1 TOHKOCJIOHHOM XpoMaro-
rpadun Ha paccrossHUM 10—15 MM OT HHIKHETrO Kpas HaHOCSAT KapaHAalloM CTapTOBYIO JIMHUIO,
He Hapymas ciosi copoeHTa. Ha crapToBoi NIMHMM OTMEUYalOT KapaHAalloM TOYKH /Il HAHECEHUS
pactBopoB 00pa3ioB. PaccTosiHre Mexay Toukamu — 5—10 MM, IpU 3TOM CJIE€IyeT OTCTYNUTh He-
CKOJIbKO MUJUIMMETPOB OT Kpas TUIACTHMHKH, YTOOBI M30€XaTh KpaeBbIX 3(H(PEKTOB MpH IIIOHPOBa-
HUU. 3aTe€M HAHOCST PacTBOPHI 00pa3oB (2—5 mki, 1 mMxi = 10° J) Ha pa3MEUEHHYIO CTapTOBYIO
JUHUIO TOHKHAM CTEKJISTHHBIM KalmWUISIPOM WM aBTOMATHYECKOM THUIIETKOW, ClIeTKa MPHKACAsCh
KOHIIOM KamuJuisipa K COpOEHTY M cTapasich He MOBPEAUTh €ro moBepxHocTu. [lepen mpoBeneHuem
xpoMarorpaduu 1ar0T HAHECEHHBIM IISITHAM TTOJTHOCTHIO BHICOXHYTb.

[ToAroTOBICHHYIO TIACTUHKY MOMEIIAIOT B XpOMaTorpaguieckyro KaMmepy, Ha JTHO KOTOPOi
MIPEABAPUTEIIFHO HAIUTO HECKOJIBKO MUJUIMIUTPOB BEIOPAHHOTO PAaCTBOPHUTEINS (XJI0podhopM — arie-
ToH, 1 : 1). O6beM pacTBOpUTENS JOKEH OBITH TAKUM, YTOOBI CTapTOBAs IMHUS C HAHECEHHBIMH
oOpa3amu oka3ajach Ha HECKOJIBKO MUJUIMMETPOB Gblliie €T0 TIOBEPXHOCTH BO U30€KaHNE PacTBO-
pEeHUS HAaHECEHHBIX BelecTB. Bo BpeMs mpoBeneHus: Xxpomarorpaduu kaMmepa J0JKHA ObITh 3aKphI-
toil. [lox BAMsSHUEM KaWJUISPHBIX CHUJI PAaCTBOPUTENH MOJAHUMAETCS BBEPX IO IJIACTUHKE C CHUJIU-
KarejieM M PacTBOPSIET BEIIeCTBa, HAHECEHHbIE Ha JUHHUIO cTrapTta. Korma (poHT pacTBOpuTENs
MMOAHUMETCSI TIOUTH JI0 BepXa IJIACTUHKU, BHIHUMAIOT €€ M3 KaMephbl M HEMEIJIEHHO OTMEUYAl0T Ka-
paHaanIoM MmoyioxkeHue (hpoHTa pacTBOpUTENS. BRICYIIMBAIOT MIIACTHHKY HA BO3IyXE.

Jlnst oOHapy»XEeHHUsT MCCIEAYEMBbIX BEIIECTB XPOMATOTPapUUECcKyr0 TUIACTHHY TMOTPY K0T
B pEareHT ISl MPOsBIEHUS (CM. BBIIIE), BRBIHUMAIOT, BBIACPKUBAIOT B CYIIHJIBHOM MIKady S5—7 MUH
npu Temnepatype 100 °C unu nox ctpyeit ropstuero Bo3ayxa. Crepouibl (IPEerHEHOJIOH) IPOSBIIS-
I0TCS B KQ4€CTBE PO3OBBIX MSTEH, & CTEPOUTHBIC TTUKO3UIbI (IMTOKCHH) MPOSBISIOTCS B BUJIE CH-
HUX TISITEH.
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JInHEeNKON OIpPENEeNsAlOT PacCTOSIHUE, IPONMAECHHOE KaXAbIM COCAVMHEHUEM OT CTapTOBOU
JHMHHH 70 [IEHTPa COOTBETCTBYIOIIETrO MATHA. (X;,), a Tak)Ke pacCTOSTHUE TPOoiaeHHOe (GPOHTOM pac-

tBOpUTENs (Xf).

CpaBHUBAIOT MOJydeHHbIC 3HaueHHsT Ry (cM. ombiT Ne 1) ¢ mogydeHHBIMH JJISI BEIIECTB-
CBUJICTENICH W JIENAl0T BHIBOJ O HAJIMYMU WM OTCYTCTBUU JUTOKCHHA B (papMIipemaparax, mpei-
CTaBJICHHBIX /ISl UCCIIEIOBAHUS.

Samanus:

1. IlpuBenuTe pacdeTsl, HEOOXOIUMBIC MJSI BBIYHCICHHS KOI((UIMEHTOB YAEpPKUBAHUS
UCCIIElyEMbIX COCIMHEHUM.

Bruecute IMOJIYYCHHBIC JaHHBIC B Ta6JII/ILIy1

Ne
/o

O6pasert

Ry

CrannapTHBIN pacTBOP AUTOKCUHA

CrangapTHBIN pacTBOP MPErHEHOJIOHA

I/ICCJ'IGI[yeMBII‘/‘I pacTBOp AUI'OKCHUHA

I/ICCJ'ICI[YCMBII‘/’I pacTBOp IIPETrHEHOJIOHA

gl | W N B~

DKCTPaKT TabseToK «Iurokcun»

2. 3apucyiiTe MOITY4EeHHYIO XpOMaTOrpaMMy, 0003HAUbTe

METPBL.
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TECTOBBIA CAMOKOHTPOJIb

K ocHOBHBIM XapaKTEepPHbIM 0CO0E€HHOCTSIM ra30BOM XpOMaTOFpa(l)I/IH OTHOCHTCH:

) 9KCIPECCHOCTB; C) yHHUBEPCATIBHOCTD;

b) maueiii pazmep npoosI; d) HU3Kas pa3zenuTeNnbHas CIOCOOHOCTS.
TpeOoBaHNSIMH, IPEABbIBJISIEMbIMH K aJ1COPOEHTY B ra3oBoii XxpomMaTorpaduu, ABJIsIl0OTCA:
a) XUMHYECKasi UHEPTHOCTb; C) KaTaIUTUYECKasi UHEPTHOCTD;

b) MUHUMAaTBHAS TEMJIOEMKOCTD; d) oqHOPOAHOCT.

TpeGoBanusiMu, NMpeIbIBIAEMbIMH K Ia3aM-HOCHTEJISIM B Ta30BOil xpomaTorpaduu, siB-
JISIFOTCA:

a) obecrieueHNe MaKCUMAIIbHON YyBCTBUTEILHOCTH JETEKTOPA;

b) He3HauMTENbHAS COPOUPYEMOCTb;

C) OosbIIas BA3KOCTH;

d) HU3KasE CTOMMOCTb.

TpeGoBannsiMu, npeabsBIsieMbIMH K IOJABUKHOH (paze B ;KMIKOCTHOH Xpomartorpagumu,
SIBJISIIOTCH

a) Xopollas pacCTBOPUMOCTh BCEX KOMIIOHEHTOB aHAJIN3UPYEMOM CMECH;

b) orcyrcTBHE B3auMOEHCTBHS C KUCIOPOIOM BO3/1yXa;

C) IO OKOHYAHHU XpOMaTrorpadupoBaHUsl PaCTBOPHUTEINb JOJDKEH MOJIHOCTBIO YAAJISTh BCE all-

COp6I/Ip0BaHHI>Ie BCHICCTBA C ITIOBCPXHOCTHU az[cop6eHTa;

d) xopoiiee B3aMMOACHCTBHUE C aJICOPOCHTOM.

5. K aerektopam, pearupywoumm Ha cBoiicTBa onpeaenasieMbix Bemects, HE oTHocsiTes:
a) pepaKTOMETPUICCKHIA;
b) criekTpodoToMeTpHUECKHIA;
C) nomsiporpaduueCKHii;
d) mIaMeHHO-HOHU3HIIMOHHBIN.
6. Pa3zjeneHue BelecTB B pacnpeaeTuTeIbHOM KUAKOCTHOI XpoMaTorpaguu 0OCHOBAHO:
a) Ha pa3nuyud KO3(GUIMCHTOB pa3ieieHHs BEIIECTBA MEXKIY MOJBHKHOW U HEMOIBHIKHON
¢bazamu;
b) pasznuunu ko3 HULKMEHTOB pacrpe/ieneHus BElecTBA MEXAY MOIBIKHON U HEMOABUIKHON
¢bazamu;
C) pa3nuuun K03 PUIIEHTOB EMKOCTH BEILIECTBA B TIOIBU)KHOI U HEMOIBIDKHOM (ha3ax;
d) paznuunu K03 PHUIMEHTOB MOTJIONICHUS BEIISCTBA B MOIBUKHOM U HEMOABIKHOM (hazax.
7. Xpomartorpadusi, B KOTOpOii B KauecTBe HEeNOABUKHON (pa3bl NPUMEHSIIOT OKCH/I ATIOMH-
HHUs, 2 B KayecTBe MOJABUKHOM (pa3bl rexcaH, Ha3bpIBaeTcH:
a) HopMalbHO-()a30BO; C) IJIaHApHOI;
b) obpareHHO-(ha30BoO; d) amcopOHOHHOIA.
8. K HemoJIsIpHbIM HEOPraHM4YeCcKUM aJcopOeHTaM VISl KUAKOCTHOH aJcOpOLMOHHON Xpo-
MaTorpauu OTHOCATCS:
a) yroJib; C) OKCHJI MarHus;
b) rpadur; d) rexcam.
9. K agerekTopam, pearupyoiuM Ha onpe/ejeHHOe CBOHCTBO pACTBOPHUTE/Isl, OTHOCATCS:

@) JICTEKTOP 0 PATUOAKTUBHOCTH;

b) mIaMeHHO-HOHH3AIMOHHBIH;

C) IETEKTOP TIO JIEKTPOIPOBOTHOCTH;
d) pedpakromerpudeckuii.
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10.

Pa3nenenue BenmecTs B MOHOOOMEHHOI XpoMaTorpagpuu 0CHOBaHO:
a) Ha 00pPaTHMOM B3aUMOJICHCTBUH 3apPSKEHHBIX KOMIIOHEHTOB CMECH C HOHHOM TPYIION Cop-

Oenra;

b) HeoOpaTHMOM B3aMMOJCHCTBHH 3apsSXKEHHBIX KOMIIOHEHTOB CMECH C MOHHOM IPYIION COp-

OeHra;

11.

12.

13.

14.

15.

C) pa3IM4YHO# COPOMPYEMOCTH KOMITOHEHTOB CMECH HETOABUKHOM (ha3oi;
d) paznuuunu B pazmepax u hopmMe MOJICKYII.

B razosoii xpomatorpadgum aHAJIUTHYECKUM CUTHAJIOM SIBJISIETCS:

a) BpeMsl yJIep>KMBaHUA U ILJIOIIA/Ib MTMKa ONPEACIIIEMOro BEIIeCTBa;

b) paccrosinue, MpoiiIcHHOE 30HOM BEIeCTBA MIPH OJUHAKOBOM BPEMEHH €0 TFOUPOBAHHS;
C) BpeMs yIep>KUBAHU U AUaMETp IATHA Ha XpoMmaTorpaduu st OnpeAesieMoro BelecTBa;
d) KOHIIEHTpAaIKsI PaCTBOPA BEIIECTRA,;

B ToHKOC/10i1HOIT XpoMaTOrpadgpuu aHATUTHYECKHUM CUTHAJIOM SIBJISICTCS:

a) paccTosiHUe, MPOIICHHOE 30HOH BellecTBa IPU OJMHAKOBOM BPEMEHHU €ro AIIIOUPOBAHUS;
b) Bpemsi, mpoiiieHHOE 30HO# BEIIECTBA IIPU PAa3HOM BPEMEHH €r0 AJIIOUPOBAHUS;

C) KOHIIEHTpAIUs PacTBOpa BEIIECTBA;

d) onTruyeckas MIOTHOCTh PAcCTBOPA BEIICCTBA.

B ToHKkoC/10iiHOI XpoMaTorpaduu onpeaeasiroTcs:

a) CMECH ra3os;

b) cMecn OHOJOrUYEeCKH BaXKHBIX BEIICCTB,;

C) cMECH aMUHOKHUCIIOT;

d) 3HAYMTENLHOTO YBEIUYCHHS AHATUTHISCKUX BO3MOKHOCTEH HE HAOII0AaeTCs.

B 3aBHCHMOCTH OT THIA JJIIOUPOBAHMUS B TOHKOCJIOHHOI XpomMaTorpaguu pa3jim4yaoT:
a) KpyroByro xpomarorpadutio;

b) anTHKpYTOBYIO XpOMaTorpaduio;

C) oOpaleHHO-(pa30ByI0 XpoMaTorpaguio;

d) IpsAMOTOUYHYO BOCXOSIIYI0 XpOMATOrpaduio.

B MeToe XxpoMaTo-Macc-ClIeKTPOMETPHH COYETAIOTCS 0JHOBPEMEHHO JOCTOMHCTBA:

a) xpomatorpaduu U ONTHUYECKUX METOIOB UCCIICIOBAHMUS;

b) xpomaTtorpadun 1 Macc-CeKTPOCKONNY;

C) xpomarorpaduu ¥ Macc-CreKTPOMETPHH;

d) 3HAYUTENBFHOTO YBEINYCHHSI AaHATUTUYECKUX BO3MOXKHOCTEH He HAaOI0JaeTCsl.

Iloonucsy npenooasamens.
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JIABOPATOPHOE 3AHSITHE Ne 12

TEMA: OBIIAS XAPAKTEPUCTUKA U KIACCUPUKALUSA
IJIEKTPOXUMHNUYECKHUX METOJOB AHAJIN3A.
KOHTPOJIBHAS PABOTA Ne 3: « PU3UKO-XUMHUYECKHUE METO/bI
AHAJIN3A U UX TIPUMEHEHUE B ®PAPMALHEBTUYECKOM AHAJIU3E»

enan 3ansiTHs:

— cghopmuposame 3nanua 001 XaPAKTEPUCTUKHU U CYITHOCTH DJIEKTPOXUMHUYECKUX METO-
JIOB aHAJIN3a; CYITHOCTH MOTEHIIMOMETPUYECKOTO omnpesencHuss pH pacTBOPOB CHIIBHBIX U CIaOBIX
KHMCJIOT M OCHOBAaHUM; yCTPOMCTBA M IPHUHLHUIIA pAaOOTHI AJIEKTPOJOB, UCHOJIb3YEMBIX IPU MOTEH-
IUOMETPUIECKOM OIPECIICHUH BEIMYMHBI pH;

— copMUPOBATH IEIOCTHOE MPEACTABICHUE O (PU3UKO-XUMHUYECKUX METO/aX MCCIEAOBAHUS
Y WX IPUMEHCHHUH B (hapMaIleBTUUECKOM aHaJIn3e,

— npuodpecmu ymeHus BHITIOIHEHHUS PACYETOB, CBA3AHHBIX C DJIEKTPOXUMUYECKUMH METO/1a-
MU aHaIN3a; IPOBEACHHs MOTEHIIMOMETPHUYECKOTro omnpenenenns pH BOIHBIX pacTBOPOB CHIIBHBIX
u Cﬂa6I)IX KHUCJIOT U OCHOBaHI/If/'I; IIOHUCKa H€O6XOIII/IMI>IX AHAIIMTHYCCKUX MCTOAWK Ha MMPHUMEPEC NIpHU-
MEHEHHSI SJIEKTPOXUMHYECKUX METOJIOB aHAIN3a.

Jluteparypa 1Jisl NOATOTOBKYU K 3aHATHIO
[4] C. 161-173; [5] C. 318-348; [6] C. 446-513.

Jluteparypa 1Jisl NOATOTOBKYU K KOHTPOJIbHOIi padoTe
VYkazaHa B 3a/1aHUSAX K JTa0OpaTOPHBIM 3aHATUIM Ne 9—12.

Bonpocs! 1J1s1 TOATOTOBKYU K 3aHATHIO:

1. OOmas xapakTepucTHKa U KIacCUPHUKALMS SJIEKTPOXUMHUECKUX METOJI0B aHainu3a. [Ipun-
UM pabOTHI NEKTPOXUMHUECKON TUEHKH.

2. Konnykromerpuueckuii Metoj; aHanuza. [Ipsmas konayktomerpusi. KonaykTtomeTrpuue-
ckoe TuTpoBaHue. [loHsATHE O BBICOKOYACTOTHON KOHTYKTOMETPHH.

3. Ilorenunomerpuueckuii Meron aHamusza. [IpuHuun paboTel, KiaccuUKaus 1 OCHOBHBIE
XapaKTePUCTUKU HOHOCEIEKTUBHBIX 3JIEKTPOIOB.

4. Tlorennuomerpuueckoe TUTpoBanue. [Ipuniun merona. OGHapykeHHEe KOHEYHOH TOUKU
TUTPOBAHUS C UCTIOIb30BaHUEM KPUBOW TUTPOBAHUS, €€ IPOM3BOJHBIX U METO/I0M I 'paHa.

5. Kynonomerpuueckuit meron ananusza. O01mas xapakrepuctuka u kinaccupukanus. [psmas
kynoHometpus. Kynonomerpuueckoe turpoBanue. [Ipaktuiueckoe npuMeHeHuUE.

6. BonpTamnepomerpuueckuil Mmetoa aHanuza. Ilomsiporpadus nu coOCTBEHHO BOJIbTaMIEpO-
Metpus. [lomsiporpaduueckas BonHa. [lorennman monyBonHbl. Juddy3noHHbii TOK. YpaBHEHHE
NnbkoBuua. IlpakTuueckoe npuMeHeHHE BoibTaMmrepoMeTpuu. COBpPEMEHHBIE PAa3HOBHIHOCTH
BOJIbTAMIIEPOMETPHH.

7. Ammepomerpuueckoe TuTpoBaHue. [IpuHimn metona. YciaoBus NpoBeIeHUs] TUTPOBAHMUS.
[IpakTueckoe MpUMEHEHHE. AMIIEPOMETPUUECKOE TUTPOBAHUE C ABYMS HMHIUKATOPHBIMH 3JIEK-
TpOJaMH.

8. IlpumMeHeHnE SNEKTPOXUMHUECKUX METOIOB B (hapMaIleBTHUECKOM aHaJTH3e.

Bonpoch! 1J1s1 MOATOTOBKU K KOHTPOJIbLHOM padoTte Ne 3:

1. OOmas xapakTepucThKa GU3NUYECKUX U (PU3MKO-XMMUYECKUX METO/0B aHanu3a. Kiaccu-
¢bukanusa Guznueckux 1 pU3NKO-XUMUYECKUX METOJIOB aHAU3A.

2. Ilpupona u cBoicTBa IEKTPOMAarHUTHOTO M3MydeHus. Knaccugukanus cnekrpockonuye-
CKMX METOJO0B aHanu3a. OCHOBHOM 3aKOH MOIJIOIIEHHS JIEKTPOMAarHUTHOTO u3iaydeHus. [Ipomyc-
KaHUE U ONTUYECKask IUIOTHOCTh. MOJISIpHBIN M yIEIbHBIN KO PHUIIMEHTH! TOTJIOMICHHS.
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3. AGCOpOLMOHHBIC CIIEKTPOCKOIMMYECKHUE METOMbI aHaln3a. ATOMHO-aJCcOPOIIMOHHAs CIEK-
TPOCKONUA. AHAIMTUYECKUE BO3MOKHOCTH Merona. IIpomeccsl, mpuBogsiniye K BO3ZHUKHOBEHUIO
aHAJIMTUYECKOr0 cUrHaia. MismepeHne aHaIMTHYECKOTO CUTHAIA.

4. AGCopOIMOHHBIE CIEKTPOCKOIIMYECKHE METO/Ibl aHaiIu3a. MouleKylsipHas aJcopOLMOHHas
CIIEKTPOCKONHS B YIbTPaPHOICTOBON U BUAUMON 00JaCcTH. AHATUTUYECKHE BO3MOKHOCTH METO/IA.
IIpoueccel, npuBoAsIINE K BOSHUKHOBEHHUIO aHAJIMTUYECKOrO CUrHaina. M3MepeHue aHaIuTHYeCKO-
ro CUTHaJA.

5. UK-cnekrpockonus. AHaIUTHYECKHE BO3MOXKHOCTM Merona. llpoueccsl, mpuBoisiiue
K BO3HMKHOBEHHIO aHAJUTHUYECKOTo curHaia. Mzmepenue ananuruueckoro curnana. MK-cnexrpo-
ckonus ¢ Dypwe npeodpazoBaHUEM.

6. DMHUCCHOHHBIE CIEKTPOCKONMYECKHUE METOABI aHaiu3a. ATOMHO-3MHCCHOHHASI CIIEKTPO-
CKONMs. AHAIMTUYECKHE BO3MOXKHOCTU MeToga. [Ipouecchl, npuBoadmue K BOSHUKHOBCHHUIO aHa-
JUTUYECKOI0 CUrHaja. M3mepeHne aHaIMTHYECKOro CUrHaIa.

7. JltoMuHeclieHTHbIe MeTo/bl aHan3a. Kiaccudukanus, npu4rHbl BO3HUKHOBEHUS, OCHOB-
HBIC XapaKTEPUCTHKH U 3aKOHOMEPHOCTH JIIOMUHECLEHIINH. Biusiare pa3nu4yabpix (pakTopoB HA UH-
TEHCUBHOCTb JIIOMUHECLIEHIIUM PACTBOPOB. Y CTPOMCTBO U MPUHLKI PaboThl IpUOOPOB, IpUMEHse-
MBIX 7151 m3MepeHust (ayopecreHunu. OCHOBHBIE MPHEMBI, UCHOIB3YEMbIE B JTIOMHUHECHEHTHBIX
METO/IaX aHaJIU3a.

8. OOmiast XxapaKTepHCTHUKA U TEOPETUYECKHE OCHOBBI XpOMAaTOrpauecKuX METOI0B aHaTH-
3a. [Ipunuun mMetona. Knaccudukanus xpomatorpadpuyeckux METOJOB 110 THUIAM MOABMKHBIX (a3
U 110 MEXaHU3MY B3aUMOJICHCTBHUS cOpOaT-cOpOCHT. XpoMaTorpapuuecKkue napaMeTpsl yaepKuBa-
HUS U pasjenenus. [IpuemMbl KoJIM4ecTBEHHOTO ONpeieeHus: B XpomaTtorpaguu (MeTobl BHyTpEeH-
HEro CTaHJapTa, BHEIIHETO CTaHAapTa, BHYTPEHHEW HOpMaIU3alun).

9. OOwias xapakTepuCTHKa ra3oBoi xpomarorpadun. Teopun xpomarorpaduiyeckoro pasze-
JeHU — TEOPETHUECKUX TapelioK M KuHetmueckas teopus (Bam-Zleemrepa). OcoOeHHOCTH Ta-
30TBepA0(a3HON M ra30XkKHIKOCTHOM XpomaTtorpaduu. XapakTepucTHKa MOJBM)KHBIX, HEMOJBUXK-
HBIX (ha3 U HocuTeNe. AHATUTHUYECKOE PUMEHEHNE METO/1A.

10. XKXunkoctHas miockocTHas xpomarorpadus. Bymaknas u TOHKOCIOWHas Xpomarorpa-
¢us. XapakTepuCcTHKa MOABMKHBIX U HEHOJABMKHBIX (Pa3. AHAIN3 IUIOCKOCTHOM XPOMAaTOIrpamMMBl.
[TpakTryeckoe npuMeHeHue OyMakHOM M TOHKOCIJIOMHOM Xxpomartorpaduu.

11. XunakoctHas xpomarorpadus. MonooOMeHHass xpomarorpadus. XapakTepUCTHKA TIO-
JBIDKHBIX M HEMOABIMKHBIX (a3. loHooOMeHHOe paBHOBecHe. [IoHsTHE 00 MOHHOM .

12. O6mias xapakTepHUCTHKA KUIKOCTHON KOJIOHOYHOUM Xxpomarorpaduu. [TomspHocTs copOa-
Ta U HENOJBM)XHOM (a3bl, HopMaJIbHAs U oOpaleHHO-(a3oBas xpomarorpadus. Knaccudpukarms
METOJIOB KHJIKOCTHOM XpoMaTorpa@uu o MexaHu3My pasjieJieHus BeulecTB. BricokoapdexTrBHas
KHUJIKOCTHast XpoMaTorpadus. [IpakTuueckoe npumMeHeHue B (papMalieBTHUECKOM aHaJIM3e.

13. Dkckimo3noHHas xpomarorpadus. MexaHu3M pasJielieHus. XapaKTepUCTHKA UCTIONb3ye-
MBIX pacTBopuTeneil 1 Hocutenel. [IpakTruueckoe npuMeHeHre B (papMalleBTHYECKOM aHaJu3e.

14. OOmast xapaKTepuCTHKa U KIacCU(UKAIMS AIEKTPOXUMHUYECKUX METO/IOB aHaIn3a. Xapak-
TEPUCTHKA 3JIEKTPOJOB U MPUHIHIT pabOTHI AEKTPOXUMHUYECKON stueriku. [lonspuzanus 31eKTpoaoB.

15. Konnykromerpuueckuii MeTos aHainusa. Teoperndyeckue OCHOBBL M3MepeHue aHanmuTHde-
ckoro curiana. Konmykromerprnieckoe TutpoBanue. IloHsATHE O BBICOKOUACTOTHONW KOHAYKTOMETPHH.

16. IloTeHmmomMeTpruecKuii MmeTo aHanm3a. [TpuHIMI paboThl, Kiaccudukanms U OCHOBHBIC
XapaKTePUCTUKH HOH-CEJIEKTUBHBIX 3JIeKTpoaoB. OOHapykeHHEe KOHEYHOM TOYKM TUTPOBAHUS
C MCIIOJIb30BAaHNEM KPHUBOW TUTPOBAHUS, €€ MPOU3BOJHBIX U METO/I0M ['paHa.

17. Kynonomerpuueckuii Meron ananusza. O0mas xapakrepuctuka. [Ipsmas KyloHOMeTpus.
[IpaxkTnueckoe npumeHnenne. Kynonomerpudeckoe Tutpoanue. [Ipaktrnaeckoe mpuMeHeHHe.

18. BonpTamnepomerpuueckuii Merol aHanuza. Ilomsiporpadus u coOCTBEHHO aMIiepoMeT-
pusi. YcinoBusi, HEOOXOIMMBIE /IS BOJIbAaMIIEPOMETPUUECKIX U3MEPEHUIA.

19. Ionsporpaduueckas kpusas. Ilomsporpaduueckas BonHa. [loTeHIMan MOTYBOJIHBL
VYpaBuenue UnbkoBuya. [Ipumenenne nonsiporpaduu B papMarieBTHUECKOM aHATIHU3E.
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OcHoBHbIE pacueTHbIE GOPMYJIbI, HEOOX0AUMbIE MPHU MOATOTOBKE K 3aHATHIO
OObennHeHHBIH 3aKkoH Dapases TSl IEKTPOIH3a;
m:M-Qz M -I~t’
nF nF

rae F — uucno ®@apanes (F=96487 Kn/momnp); Q — komuuecTBo snektpudectsa (I-1), Heo6xoaumoe
JUISL BBIJEJIEHUS HA 3JEKTPOJE M IpaMMOB BEIIECTBA C MOJSPHOM MAaccOWl SKBHUBAJIEHTA, PABHOU
M/n (M — MousipHas Macca OmpeaeIsieMoro BeIiecTBa; N — YUCIO0 3JEKTPOHOB, YUYACTBYIOIIUX B
AJIEKTPOJIHOM pPEeaKIun).

VYpaBnenue MibkoBuya:

I, =607-nC-D**-m**.1** =K .C.

r7ie N — YUCIIO DJIEKTPOHOB, YYACTBYIOIIUX B AJIEKTPOXUMUYECKON peakiuu; D — xoaddunuent
nuddys3uu, em>clm— CKOPOCTh BBITCKaHUS PTYTH, Mrc T — BpEeMsl KHM3HU Karuiu (TIeprot
Karmanus), ¢; C — KOHIIEHTpaIwsi, MMOJIB/JT; | — TOK, MKA.

[ToTeHIIMaT HOHOCEIESKTHBHOI'O 3JICKTPOIa:

E=E,+S-19C,,
rae £ — SIeKTPOAHBIN MOTEHIHAN HCIIOIb3yeMOTo IEKTPoa; Ej— cTaHmapTHBINA 9MEKTPOAHBINI

MOTEHIMAJ UCIOIb3yEMOT0 JIEKTPO/Ia; S — HAKIIOH IPalydupOBOYHON KPUBOH 31eKTpoja (HaKJIOH
aneKTpoaHOH QyHKINM); Ci — KOHIIEHTPAIUS HOHA;

DNEeKTPONPOBOAHOCTh (paHee — YyJelbHas 3JIEKTPOIPOBOAHOCTh) — BENUYHMHA, OOpaTHas
yaensHOMY cornpotuiieHuto (CM/M — CHMEHC Ha METp):
1L
K=—-—.
R S

IIpuMep pemieHUus1 TUIIOBO 3a1a4H

Venosue 3aoauu. 5,85 v NaCl pactBopuiii B HeOOIBIIOM KOTHYECTBE BOJIBI H KOJIHYECTBEHHO
nepeHeciu B MepHyto kosi0y Ha 100 M1, 1o0BeH 00HEM pacTBOpa BOJOH 10 METKH. DJIEKTPUIECKOE
COIIPOTHBIIEHUE TOJIYYEHHOTO PacTBOPA M3MEPUIIHN C MOMOIIBIO TUIOCKUX IJIATMHOBBIX 3JIEKTPOJOB
C IOBEPXHOCTBIO 2 M’ KaKIbli, pACIIOIOKEHHBIX Ha PACCTOSHIM 1 CM YT OT Apyra. DeKTpude-
CKO€ CONPOTUBIEHHE cOCTaBUIIO 46,7 OM. OnpeaenuTs yAeabHYI0 3JIEKTPONPOBOJHOCTb MOTYUEH-
HOTO pacTBOPa M CPABHHUTH €€ 3HAYCHHE C TEOPETHUYECKON BETMUMHOMN JUIsi OECKOHEYHO pa30aBieH-
HOTO PacTBOpa.

Pewenue. Monsipuas konnentpanus NaCl B pactBope cocrapiisier:

m/M _ 0,585/58,5

CNaCI = v 01 = 0,10 monr/n
N3mepenHas 3JeKTpOIpOBOIHOCTE (YelIbHAS) YKa3aHHOTO pacTBOpa paBHA:
1L 1 1

K==—=——--=0,01070m"-cm " =0,0107 Cm-cm .
R S 46,7 2
rae Cm — cumenc (1 Cv = 1 Om ).
ITo 3axony Konbpaymra ans NaCl
A =A" 40T =A" +A =50,1+76,4 =126,5 Cm-cM? /MOIb.
0 0 e o Na+ o Cl—

Hcxons U3 SKCHEpUMEHTAIBHOTO 3HAUYEHUs MOJyYeHHOTO Ha OCHOBAaHMM R MOXKHO paccuu-
TaTh 3HAYEHHE A MIPU YKa3aHHON KOHIIEHTPAINH:

=107 CM-cM? /MOTIb.



MounsipHas anekrpornpoBoaHocTh pactBopa NaCl B 3aBucumoctu ot konenTpanuu npu 25 °C:

C, MOJIB/1T 0,001 0,005 0,01 0,02 0,05 0,1
A, OM ~CM*"MOJIb - 123,74 120,63 118,51 115,76 111,06 106,74

CpaBHeHHE [aHHBIX MO 3JIEKTPOIPOBOJHOCTU MPH OECKOHEYHOM pa30aBICHUH U MPHU KOH-
LEHTPALUAX U 10* M — 10 M nosBousier caenarh BBIBOJ O TOM, YTO A COBIAAET CO 3HAYCHUEM
JUI TIPEJeNIbHO pa30aBJIEHHBIX PAaCTBOPOB MpPHU KOHIEHTPAIUSIX ~10° M, a s KOHIEHTPALIUU
0,1 M X mamaer Ha ~14 %.

A 123,74-106,74

-100 % =13,7 %.
123,74

JIABOPATOPHAS PABOTA

1. lorenuuomMeTpuyeckoe onpenenenne pH pacTBOpoB CHIBHBIX H CJa0BIX KHCJIOT W OCHO-
BaHUM

Onpeoenenue KOHYUEHMpAyUU UOHO8 8000p00aA (UOHOB 2UOPOKCOHUSA) 8 PACHBOPEe MEemo-
00m npamou nomenyuomempuu. Taxoe orpeaesieHne OCHOBAHO HAa M3MEPEHUU AJICKTPOJIBHIKY-
el CUIIbl rajJbBAaHUYECKOTO 3JIEMEHTA, B KOTOPOM MHAMKATOPHBIM JIEKTPOJIOM SIBJISETCS CTEKJISAH-
HBIN AJIEKTPO/I, a AJIEKTPOIOM CPAaBHEHHS — XJIopujicepeOpsubiit anekrpoa. IJC Takoii nenu onu-
CBhIBA€TCSl YPABHEHHUEM:

E=K-0,059 pH,
rJie MOCTOsTHHAsA K 3aBUCHT OT MaTepHalia MeMOpaHbl U MPUPO/IbI SJIEKTPOAa CPAaBHECHHS.

J1y1s1 BBITTOJTHEHHUST pabOThI TOTOBAT U3 CTaHAAPT-THTPOB ((hpMKCAHAJIOB) MO CTaHAAPTHOW IIPO-
nenype, onucanHoi panee, 0,1 v pactBopsl HCI, H,SO4, a Takke UCMONB3YIOT 3apaHee MPUTOTOB-
nennbie 0,1 M pactBopsr H3PO4, CH3COOH, HCOOH, CH3COONa.

N3mepstor 3/1C nmpUroTOBICHHBIX pacTBOPOB, TIIATEIIBHO MPOMBIBAsI CTaKaH (JIEKTPOXUMH-
YECKYIO STUEHKY) W AJIEKTPOJIbl AUCTHILIMPOBAHHOM BOJION TIEpEN 3arOJHEHUEM SYeUKU KaXKIbIM
pPacTBOPOM.

S4eiiky U 3JEKTPOBI OMOJIACKUBAIOT PACTBOPOM AJIeKTpoiuTa, pH KoToporo omnpeaensercs
BO n30exaHue paz0aBlieHHs] pabodero pacTBopa OCTaTKaMU JUCTHIUIMPOBAHHOM BOJBI HA IOBEPX-
HOCTH CTEKJIa. 3aTeM MU3MEpUTEIIbHAS sSUeiKa 3aroIHsIeTCS pad0YUM PaCTBOPOM M B HEE OIMYCKAKOTCS
anekTpoabl. [locie ycTaHOBIeHHs TOKAa3aHU PE3yNbTaThl OMPEENICHUs 3aMChIBAIOT B TAOIHILY.

=
=

Neo PaCTBOP pHaxcn pHTeop

HCI

H2SO4

H3PO,4

CH3COOH + HCOOH
CH3COONa

CH3COOH + CH3COONa
NH3-H,O

NaOH

o|N|o|lua[sr|lw|[N|R] 5

PaccunteiBaror pH mcciienyemMbpIx pacTBOPOB M CPaBHHUBAKOT PAaCUETHBIE JTAHHBIE C HKCIIEPH-
MEHTAJIbHBIMU.
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Onpeodenenue KORUEHMPAUUU GEULECNEA 6 NPAMOI NOMEHUUOMEMPUU MEMOOOM KATUD-
poeounozo zpaghuxa. I'otosst ceputo 100 mi stanonnbix pacteopoB HCI, nmeromux ciemyromiue
koHnentpauun: 0,001 M; 0,01 M; 0,1 M; 1 M. Konnientpauusi u noHHas CUJia HE JIOJHKHBI CHJIBHO
OTJIMYAThCSA OT KOHIICHTPAI[UU U MOHHOM CHUJIbI aHAJIM3UPYEMOT'0 pacTBOpa, B 3TOM Cy4yae YMEHb-
IAFOTCS OIIMOKY orpenencHus. IOHHYI0 CHITy BCEX PaCTBOPOB MOICPKUBAIOT TIOCTOSIHHON ITyTEeM
BBeneHusl uHaAuddepentHoro snexrponura NaCl, KOHIIEHTpamusi KOTOPOro BO BCEX pPacTBOpax
JOJDKHA OBITH oguHakoBol nmyteM BBeAaeHus 0,9 r NaCl na kaxasie 100 M pactBopa.

W3mepsitor pH 3TaloHHBIX pacTBOPOB TIIATENILHO MPOMbBIBAsS CTaKaH (DJIEKTPOXHUMHUECKYIO
SAUYENKY) U 3JIEKTPOJIbl AUCTUIIMPOBAHHOM BOAOM IEepel 3all0JHEHUEM STUEUKHU KaXIbIM PacCTBOPOM

I'paduk 3aBucHMOCTH BenmuYrHBI pH 0T Horapuma KOHIIEHTpAIlUH
COJISTHOM KHUCJIOTHI

pH 3

25

15

05

1 1,2 1,4 1,6 1.8 2 2,2 2.4 2,6 2,8 3
-IgChc

U CTPOSIT KaMnOpoBOUHbIi rpaduk B koopauaarax pH — IgCpc.

[Tonywarot y npenonaBatens pactBop HCl Hen3BecTHON KOHIIEHTpALMU U TI0 KaJTMOPOBOUHO-
My rpa@UKy ONpeaessitoT HEM3BECTHYIO KOHLIEHTPALIUIO KUCIIOTHI.

3anaHue:

1. IlpuBenuTe pacuersl, HEOOXOAUMBIE ISl ONPENEICHHS] KOHIEHTPALUU UCCIIEyeMOro pac-
TBOPA COJITHOM KUCJIOTHI.

2. IloreHIMOMeTpHYECKOE TUTPOBAHUE CMECH XJIOPOBOAOPOIHON M OOPHOI KHCJIOT NpPH HX
COBMECTHOM IPHCYTCTBHM B PacTBOpe

B noaroTosneHHBbIN cTakaH JUisl TATPOBAHMS IOMEIIAIOT MAarHUTHYIO MEIIAJIKy, BHOCAT ajUK-
BoTy (10 MIJI) aHaNM3UPYEMOTO pacTBOpa U pa3zdaBIIAIOT HEOOIBIIUM KOJIUYECTBOM BOJIBI C YUETOM
MpaBWIa MorpykeHusi crekiassHHoro pH-anexktpona. CrakaH ¢ TUTPyeMbIM pacTBOPOM yCTaHABIIH-
BalOT Ha MELIAJIKY U MOTPYKAIOT 3JIEKTPOJ B PacCTBOP, NEPEMEIAsl €r0 ¢ IIOMOIIBIO JEp>KATENs Ha
LITaTUBE. Y CTAHABIMBAIOT OIOPETKY B MOJ0XKEHUE, YA00OHOE Al TATPOBAHUS U BKJIHOYAIOT MarHUT-
HYIO MEIIAJKY.
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[TpoBOIAT OPUEHTHPOBOYHOE TUTPOBAHUE, TOOABIASL TUTPAHT PABHOMEPHBIMHU MOPLUSMH 10
1 M1 m u3mepsst pH mocie kax o mopuuu TUTpaHTa. Pe3ynbTaThl 3aHOCIT B TaOIHUITY:

VNaoH, MII
pH

ApH paccuuThIBalOT KaK pa3HUILy MEXKIY HPEABLIYIIEM M MOCISAYIOIUM 3HAUYCHHSIMH, aHa-
JIOTMYHO paccyuThiBacTcss AV, 3Has 3TW 3HaueHwWs1, paccunthiBaloT ApH/ AV u maHHBIE pacyeToB
3aHOCST B TaOJIHILY.

ApH
AV
ApH/ AV

[To mepBomy MakcumanbHOMY 3HaueHHI0 ApH 0OHapyXMBarOT MEPBbI CKAYOK TUTPOBAHMS,
COOTBETCTBYIOIINH CKauKy TUTPOBAHUS COJSTHOU KUCIOTHL. [lociie mo0aBieHus: ouepeTHON MOpInun
TUTpaHTa nocjie ckauka tutpoBanus HCl k pactBopy mo06aistor 1 T MaHHUTA. 3anuChHIBAIOT 3HA-
yenue pH npu Tom xe oObeMe MIeNToud U MPOJ0JDKAIT TuTpoBanue nopiusmu o 1 miu NaOH no
oOHapyKeHHsI BTOpOro pe3koro uzMeHneHus pH (sroporo Mmakcumansaoro ApH), coorBeTcTByroIIIe-
ro CKayKy TUTPOBAHMSI MAHHUTOOOPHOM KUCIIOTHI.

BbINONMHAIOT TOYHOE TUTPOBAHKUE HOBOM aTMKBOTHI PACTBOpA MPHU TEX KE YCIOBUAX, TpUOaB-
Jsi. TATPAHT B 00JaCTU KOHEYHBIX TOYEK TUTpoBaHMs mopuusimu 1o 0,1 mui. PesynbTarsl 3aHOCST
B TaOJIMILY, BBIMOJIHSAS JOMOJHUTENbHBIEC pacueTbl ApH/AV. O6beMbl TIEpBOM U BTOPO TOYEK IKBHU-
BAJICHTHOCTH HAaXOJAT U3 Au(QepeHInanbHbIX KpUBbIX. VICTOIb3ys HaiileHHbIE 00bEMBI HIETIOYH,
uspacxonoannbie Ha TuTpoBanre HCl u H3BOs3, paccuuThiBaoT UX cOlEpKaHUE B TMOTYYCHHOM
pactBope (T/11).

3aganue:

1. IlpuBenuTe pacyeTsl, HEOOXOAUMBIE AJISI HAXO0X/IEHUS] KOHIIEHTPALlUU pacTBOPOB COJISHOM
1 OOpPHOM KUCJIOT IPU UX COBMECTHOM MPHUCYTCTBUHU.
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TECTOBBIA CAMOKOHTPOJIb

K 3/1eKTPOXHMHYECKMM MeTO1aM aHAJIN3a OTHOCSITCS:
a) noJsiporpadus;

b) morenumomerpus;

C) KYJIOHOMETPHSI;

d)xpomarorpadus

B noreHuUMOMeTPHHU UCIOJIB3YIOTCS IJIEKTPObI:
d) CTaHIapTHBIN BOJOPOJIHBIN;

b) MHAMKATOPHBIH CTEKIISHHBIM;

C) xJIopujIcepeOpsHbIN;

d).mMeTamnuecKkuii HOH-CEICKTHBHBIN

K mnpenmymecTBaM MNOTEHIIHOMETPUYECKOT0 THTPOBAHHUS OTHOCHTEIHHO TUTPOBAHHA
¢ BU3YaJbHbBIM OINpeIeIeHHEeM T.3. OTHOCHTCSI:

a) OTCYTCTBHE CYOBEKTUBHO OIPEICICHHOM KOHEUHON TOUYKH TUTPOBAHUS,

b) onpenenenue BeeCTB B OKPAIICHHBIX © MYTHBIX paCTBOpax;

C) HU3Kasi CTOMMOCTb;

d) xoporirasi BOCIIPOU3BOIUMOCTb.

H3mepennsi B KyJJOHOMeTPHYECKOM THTPOBAHUM NMPOBOIASIT PH HEM3MEHHOM
a) MOTCHIIHAJIE;

b) CONPOTUBIICHUH CUCTEMBI;

C) CKOPOCTH TI0J[au¥ TUTPAHTA,

d) cune Toka.

Ji1si BO30OHOBJICHHSI JIEKTPOAHON (QyHKIMHU CTeKJASAHHbIA PH cejleKTHMBHBIN 3J1eKTPOA
BBIMAYMBAIOT B pacTBOpeE:

a) 0,01 M HCI; c) 0,1 M HCI,;

b) 0,001 M HCI, d) 0,01 M H,SQO,.

K ycsi0BusIM npoBeieHUsI KYJJOHOMETPHYECKHUX ONpeaeIeHH OTHOCATCS:
a) OTCYTCTBUE MOOOYHBIX XMMUUYECKUX U AMEKTPOXUMUYECKUX MPOLIECCOB;

b) BO3MOXHOCTH MOTy4SHHUS] HECKOJBKHX CTETICHEH OKHUCIICHHUS DJIEMEHTOB;

C) BO3MOKHOCTb TOYHO ONPEAEIATh KOTUYECTBO 3aTPAYEHHOTO IEKTPUUECTBA;
d) Ha;mMuKe 3JIeKTPpoIa CPAaBHEHHSI.

HN3mepenue 3J1eKTPONPOBOIHOCTH PACTBOPOB NPOBOISAT:
a) pU aHaJIM3€e KauecTBa pacTBOPOB JJIsl MH(Y3UH;

b) moaroToBkM moNSApOrpaduUUEcKoro aHaIM3a;

C) KYJIOHOMETPHYECKOM TUTPOBAHUU;

d) moTeHIIMOMETPUIECKOM TUTPOBAHHUH;.

Metoaom I'pana onpene/isiloT KOHEYHYI0 TOYKY TUTPOBAHUA:
a) B KyJIOHOMETPUYECKOM TUTPOBAHUH;

b) B ammepoMeTpru4ecKoM THTPOBAHNUH;

C) B KOHTYKTOMETPUUECKOM TUTPOBAHUH;

d) B MOTEHIIMOMETPUYECKOM TUTPOBAHUH.

K yci1ioBusIM npoBeieHHs] KOHIYKTOMETPHYECKHX ONpeaeTeHrii OTHOCATCS:
@) OTCYTCTBHE MOOOYHBIX XUMHUYECKUX MTPOIIECCOB,;

b)BBICOKAS CENEKTUBHOCTS,

C) OTCYTCTBHE MOOOYHBIX IJTEKTPOXUMHUECKHUX MPOIIECCOB;

d).Hu3Kas BOCIIPOU3BOAUMOCTb.
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10.

11.

12.

13.

14.

15.

IIpu n3mepennun pH ucnoab3yrorces:

a) pH-cenekTHBHBIN 3JIEKTPO/I U XJIOPHIACEPCOPSIHBIN SJCKTPOI;

b) pH-cenekTHBHBIN 3JEKTPOA U CTAHIAPTHBIH BOJJOPOIHBIN 3JICKTPOJ;
C) pH-ceneKkTuBHBIN 3JIEKTPOI U BOJOPOIHBII 3JIEKTPO/I;

d) pH-cenekTHBHBIHN 3JEKTPO/I.

BuyTpu crexiassnHoro pH ceJleKTMBHOIO 3J1€KTPO1a HAXOAUTCS
a) DIEKTPOJ] CPAaBHEHHS,

b) naceiennsiii pactsop KCI;

¢) 0,AM pacrsop HCI,;

d) aucTrIMpOBaHHAsS BOA.

IIpu BHICOKOYACTOTHOM KOHIYKTOMETPHUYECKOM TUTPOBAHUH 3JIEKTPO/bI:
a) COMPHUKACAIOTCS C aHATTM3UPYEMBIM PACTBOPOM;

b) orcyrcTByIOT;

C) SIBJISFOTCS DIICKTPOJAMH CPaBHCHHS,

d) He conpuKacarTCs ¢ aHAIU3UPYEMBIM PACTBOPOM.

PTyTHBIH Kanawuuii 371eKTPOJ NPUMEHSIeTCH:
a) B moJsiporpaduu;

b) koHIyKTOMETpHH;

C) OTEHIIMOMETPHH;

d) MHBEPCHOHHO# BOJILTAMIICPOMETPHH.

BosibTamMnepoMeTpuyeckne U3MepeHus MPOBOIST:

a) MpH TIOCTOSIHHOM CHJIE TOKa;

b) nepemerunBanuK pacTBopa;

C) MOCTOSIHHOM CKOpOCTH AUG(Y3HH ONpPEeNIeMOr0 BEIIECTBA K 3JICKTPO.LY;
d) mocTostHHOM TIOTEHITHAJIE.

Cpeau npensio:keHHbIX YypaBHeHH# BbiOepuTe ypaBHeHue MibkoBuya:

M M-It
a)m=—-Q=———,
) nF Q nF

b) 1, =607-nC-D¥*-m**.1"* =K .C.
¢) E=E,+S-IgC,,
1L

d) k=rom.
VKRS

Iloonucv npenooasamens.
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OTBETbBI HA TECTOBBIE 3AJIAHUSA

JlabopaTopHoe 3ansiTue Ne 1

Tecr 1 Tecr 2 Tecr 3 Tecr 4 Tect 5 Tect 6 Tect 7 Tecr 8
a d c d a, Cc b e a, b, cd
Tect 9 Tect 10 Tect 11 Tecrt 12 Tecrt 13 Tect 14 Tect 15
a3, bs, c1, |al, b1, c2, (d d b a c
d4, e2 d3, el, f4
JlabopaTopHoe 3aHsiTue Ne 2
Tecr 1 Tect 2 Tecr 3 Tecr 4 Tect 5 Tect 6 Tecr 7 Tecr 8
c a, b, d d a, d b, c c c a
Tect 9 Tecrt 10 Tecr 11 Tecrt 12 Tecrt 13 Tect 14 Tect 15
a c a ab, bl, c2, |a,c a d
dé
JlabopaTopHoe 3ausitue Ne 3
Tecr 1 Tect 2 Tect 3 Tect 4 Tect 5 Tect 6 Tecr 7 Tecr 8
d d c,de c b, d, e c c b
Tect 9 Tect 10 Tect 11 Tect 12 Tect 13 Tecrt 14 Tect 15
a b b b, c a 1c, 2a, 3b, (a2, b3, c1
4d
JlabopaTopHoe 3ansiTue Ne 4
Tecr 1 Tect 2 Tect 3 Tect 4 Tect 5 Tect 6 Tecr 7 Tecr 8
b d c a,b a a a c
Tect 9 Tect 10 Tect 11 Tecrt 12 Tecrt 13 Tecrt 14 Tecrt 15
b b d a a c b
JlabopaTopHoe 3ansiTue Ne 5
Tecr 1 Tecr 2 Tectr 3 Tect 4 Tectr 5 Tect 6 Tect 7 Tect 8
a C b d d b b b
Tect 9 Tect 10 Tecr 11 Tecrt 12 Tecrt 13 Tect 14 Tect 15
a,b a c b a c d
JlaGopaTopHoe 3ansTHE Ne 6
Tecr 1 Tecr 2 Tect 3 Tect 4 Tect 5 Tect 6 Tect 7 Tect 8
b d d a,c a b a b
Tect 9 Tect 10 Tecr 11 Tecrt 12 Tect 13 Tecrt 14 Tecrt 15
b, d a, d b b b c d
JlaGopaTopHoe 3ansitue Ne 7
Tecr 1 Tect 2 Tect 3 Tect 4 Tect 5 Tect 6 Tect 7 Tect 8
d b d b,cd b a c d
Tect 9 Tect 10 Tect 11 Tecrt 12 Tect 13 Tect 14 Tect 15
a a c d b c a,b,c
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JlaGopaTopHoe 3ansaTHE Ne 8

Tecr 1 Tect 2 Tecr 3 Tecr 4 Tect 5 Tect 6 Tect 7 Tecr 8
b, d a d a a, Cc c a, Cc b, d
Tect 9 Tect 10 Tect 11 Tecr 12 Tecrt 13 Tect 14 Tect 15
b, c a a b a,b b, c b
JlaGopaTopHoe 3ansaTue Ne 9
Tecr 1 Tecr 2 Tect 3 Tect 4 Tectr 5 Tect 6 Tect 7 Tect 8
b, c, d a b c,d b b a a, d
Tect 9 Tect 10 Tect 11 Tect 12 Tect 13 Tect 14 Tect 15
a b b a a a,b c
JlabopaTopHnoe 3ansitue Ne 10
Tecr 1 Tect 2 Tect 3 Tect 4 Tect 5 Tect 6 Tecr 7 Tecr 8
b b d a, d c b c b
Tect 9 Tect 10 Tect 11 Tect 12 Tecrt 13 Tect 14 Tect 15
b a b a c a a, Cc
JlabopaTopHoe 3ansiTue Ne 11
Tecr 1 Tecr 2 Tect 3 Tect 4 Tect 5 Tect 6 Tectr 7 Tectr 8
a,b,c a, c,d a,b a,bc d b a a,b
Tect 9 Tecrt 10 Tecr 11 Tecrt 12 Tecrt 13 Tecr 14 Tect 15
cd a a a b, c a,b,d C
JlaGopatopHoe 3ansaTHE Ne 12
Tecr 1 Tecr 2 Tect 3 Tectr 4 Tectr 5 Tect 6 Tect 7 Tect 8
a,b,c b,c a,b,d d c a,c a a,d
Tect 9 Tect 10 Tect 11 Tecrt 12 Tect 13 Tecrt 14 Tecrt 15
a,b,c a c d a a b
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