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1 BBEAEHUE

Baxnyro 4YacTh TeopeTHueckOd U IpPOQECCHOHATIBHONW IPaKTHIECKOU
MTOJITOTOBKH CTYIEHTOB COCTABJISIFOT MPAKTUYECKUE U JJaOOPAaTOPHBIE 3aHATHSL.

CoctaB M copepXaHHE TPAKTHYECKUX W JIAOOPATOPHBIX 3aHSTHH
HaIpaBJICHbI Ha peanu3anuo ®denepanbHOro roCyIapCTBEHHOIO
00pa30BaTeNILHOTO CTAHAAPTA CPEIHETO MPO(PEeCCUOHATBHOIO 00pa30BaHUsL

Benymeil mupakTH4eCcKOM I€Nbl0 MPAaKTHUECKUX 3aHATUN  SBISETCS
(opmupoBanue MpophecCUOHATBHBIX MPAKTUIECKIX YMEHUI (YMEHHH BBHIOJHSITH
OTpeJiesieHHble  JCHCTBUS, ONEpalyy, HEOOXOAWMBbIE B TIOCIEIYyIOUIEM B
po(heCCHOHATBHON AESTETLHOCTH) WM YUeOHBIX IPAaKTHYECKUX YMEHHH (YyMEHHN
pemiatb 3amayd 10 XMMHH), HEOOXOAMMBIX B TMOCienyromeil  y4eOHoi
JeSITeTbHOCTH.

Benymieit jaupakTHuecKoid [eNbl0  1a0OpaTOPHBIX 3aHATHU  SBISETCS
SKCIIEPUMEHTAIbHOE MOATBEPKACHHE U MPOBEPKA CYLIECTBEHHBIX TEOPETUUECKUX
TMOJIOKEHHH (3aKOHOB, 3aBUCUMOCTEN ).

B coorBetcTBHM ¢ paboueil mporpaMmoi yueOHON JTUCIUILTHHBL « XUMHSD)
IPeIyCMOTPEHO MIPOBECHUE MPAKTUYECKUX U 1a00paTOPHBIX 3aHATHI.

B pe3ynbTaTe MX BBINOJHEHUS, 00YYaIOMINIICS JOJKEH:

Benymelt IUIaKTHUECKOW WENBIO MpAKMU4YecKux 3aHAmuii sSBISETCS
(hopMHpOBaHUE MPAKTHYECKUX YYEOHBIX YMEHHH, HEOOXOUMBIX B MOCIEIYIOIICH
yueOHON JAEATeNbHOCTH IO €CTECTBEHHO-HAyYHBIM M 00IIenpodeccnoHalbHBIM
JUCLUIIIMHAM.

Benymwieit nmupakTHyeckod UENbO  1abopamopuubix  pabom  SIBISIETCS
9KCTIEPUMEHTAILHOE MOITBEPKACHUE U MPOBEPKA CYIIECTBEHHBIX TEOPETUYECKUX
TOJIOYKEHUH (3aKOHOB, 3aBUCUMOCTEN ).

CocTtaB M coAepXaHHE NPAKTHMYECKHX 3aHATHH M J1a0OpaTOpHBIX padoT
HalpaBJIeHbl Ha pealu3aldio JAeHCTBYIOMMX (enepalbHbIX TIOCyIapCTBEHHBIX
00pa30oBaTeNbHBIX CTAHIAPTOB CPEIHETO MPOECCHOHATBHOTO 00pa30BaHUAL

B cootBetcTBHM ¢ paboueii mporpaMMol y4eOHOU UCIMIUIMHBL « XUMHSDY
IIPeAyCMOTPEHO MPOBEJCHHE MTPAKTHIYECKUX 3aHATHI U 1a00paTOpHBIX padoT.

B pe3sysbpTaTe UX BBIIOIHEHUS, 00YYaIOMIUNCS TOJDKEH yMemb.

— TIPpUMEHSTh OCHOBHBIE 3aKOHBI XMMHH JUIS PEINCHHUS 3aJad B 00nacTu
npodeCcCHOHANBHOM AEATENBHOCTH;

— WCIOJB30BaTh CBOMCTBA OPraHWYECKWX BEINECTB, JHCHEPCHBIX U
KOJUTOMIHBIX CHCTEM JUTS ONTHMH3ALNHI TEXHOIOTHYECKOTO IIpoLiecca;

— ONMCHIBaTh YPABHEHUSAMH XUMUYECKUX PEAKIMH MPOIECCHI, JIeXKaIIie B
OCHOBE IIPOM3BO/ICTBA ITPOAOBOJILCTBEHHBIX MMPOIYKTOB,;

— TIPOBOJHUTH PACUETHl IO XUMUYECKUM (opMymnaM H ypaBHEHHSIM
peakuny;



— HCIOJB30BaTh JIAOOPATOPHYIO ITOCY Ty M 000pYIOBaHHUE;

— BBIOMpATh METOJ M XOJ XMMHUYECKOTO aHaJIN3a, IIOAONpaTh PEaKTUBHI U
anrmaparypy;

— TIPOBOJUTH KAueCTBEHHBIE PEaKIWU HAa HEOPraHWYECKHE BeIlecTBa U
WOHBI, OT/IEJIBHBIE KIACChl OPraHMYECKUX COSANHEHUI;

— BBINOJHATH KOJMYECTBEHHBIE pAacyeThl COCTaBa BEIIECTBA 10
pe3yibTaTaM U3MEpEeHHIA;

— coOxroaTh MpaBuiia TEXHUKH 0€30MaCHOCTH MpH paboTe B XUMUYECKON
J1a00PaTOPHUH.

ConepxaHue J1a0OpaTOpHBIX pPa0OT OPUEHTHPOBAHO Ha MOATOTOBKY
CTYAEHTOB K  OCBOGHHMIO  NpO(ecCHOHANBHBIX  MOIyJeH  OCHOBHOU
podecCHOHAIbHOW  00pa30BaTeIbHON MPOrpaMMbl  TI0  CHEHHANBHOCTH H
OBJIAIEHHIO TPO(ECCHOHABHBIMUA KOMIIETEHIIUSIMU:

MK 1.1. OpraHu3oBbiBaTh IOATOTOBKY Msica W  IPUTOTOBJICHHE
oy haOpHKaTOB VISl CIIOKHOW KyJIMHAPHOM MPOIYKIINH;

MK 1.2.0praHu3oBbIBaTH MOATOTOBKY pBIOBI M IPUTOTOBJICHHE
101y (haOprUKaToB ISl CJI0XKHON KYJIMHAPHOM MPOIyKIINH;

I1K 1.3. OpraHu3oBbIBaTh MIOATOTOBKY JoMalIHen MTUIIBI st
IIPUTOTOBJIEHUS CJIOKHOM KYJIMHAPHOM NPOAYKLUY;

[1K 2.1. OpraHu3oBbIBaTh ¥ MPOBOJUTH MIPUTOTOBIICHUE KaHaIle, JIETKUE U
CJIOKHBIE XOJIOHBIE 3aKYCKH;

[1K 2.2. OpraHu3oBbIBaTh W NPOBOAWTH HPUTOTOBICHUE  CIOKHBIX
XOJIOIHBIX OJIFOJ M3 PHIOBL, MSICA U CENbCKOXO03SHCTBEHHOM (JJOMAILIHEHN ) ITULIBI;

I1K 2.3. Opranu30oBbpIBaTh ¥ [POBOJUTH  IPHUIOTOBICHHE  CJIOXKHBIX
XOJIOZIHBIX COYCOB;

1K 3.1. Opranu3oBbIBaTh M MPOBOJUTH PUTOTOBJICHUE CJIOKHBIX CYIIOB;

1K 3.2. Opranu30BbIBaTh ¥ HPOBOAUTH IIPUTOTOBICHHE CIIOXKHBIX TOPSTIUX
COYCOB;

1K 3.3. Opranu3oBbIBaTh U IPOBOJIUTH MPUTOTOBJICHUE CIOKHBIX OO 13
oBoIIIE#, TPHOOB U ChIPA;

[IK 3.4. Opranu3oBbIBaTh U MPOBOJUTH MPUTOTOBJICHHE CIOKHBIX OJION U3
PBIOBI, MsiCa M CEITbCKOXO3SIMCTBEHHOM (JOMAIIIHEH ) ITHIIB,

[IK 4.1. Opranu3oBbIBaTh HW TNPOBOAWTH IPUTOTOBICHHE  CIHOOHBIX
XJ1e000YIOYHBIX H3ACTHN U MPa3AHUIHOTO XJIeha;

1K 4.2. OpraHu30BBIBaTh ¥ IPOBOJUTH IPHTOTOBJICHHE CIOKHBIX MYYHBIX
KOHJIUTEPCKUX U3/ACIUH U Pa3THUYHBIX TOPTOB;

[1K 4.3. OpraHu30BbIBaTh M IPOBOAUTH HPHUTOTOBJICHHE MEIKOLITYYHBIX
KOHJIUTEPCKUX U3JEINN;

[IK 4.4. Opranu3oBbIBaTh W  TPOBOAUTH TPUTOTOBJICHUE  CIOXKHBIX
OTJIENIOYHBIX MOy (HabprUKaTOB, UCTIONB30BATh UX B O(OPMIICHH;
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[IK 5.1. Opranu3oBeIBaTh W NPOBOJUTH MNPUTOTOBIICHHE  CIIOXKHBIX
XOJIOIHBIX JECEPTOB;

1K 5.2. Opranu3oBbIBaTh U MPOBOJUTH MPUTOTOBIICHNE CIOKHBIX TOPSYUX
JeCEPTOB.

A Takxe (POPMUPOBAHUIO 0OU4UX KOMPEMEHYUIL:

OK 1. IloHumaTh CymIHOCTh U COIMAIBHYHO 3HAYMMOCTH CBOEU Oymyriei
rpodeccuy, MpOSIBISATH K HEH YCTOHYMBEIA HHTEpEC.

OK 2. OpraHu3oBbIBaTh COOCTBEHHYIO AEATEIBHOCTb, BHIOMPATh THIIOBBIE
METOABl M CIOCOOBI BBITOJNHEHHS TNPO(ECCHOHANBHBIX 33Jad, OLEHHBATh HX
3¢ (EeKTUBHOCTh U KAYECTBO.

OK 3. [IpunuMaTh penieHus! B CTaHAAPTHBIX U HECTaHJAPTHBIX CHTYaIHIX
Y HECTHU 32 HUX OTBETCTBEHHOCTb.

OK 4. OcymiecTBisiTh ~ NMOWCK W HUCIONB30BaHWE  HMH(OpMAaIWH,
HeoOXxoauMor st 3(P(EeKTHBHOTO BBHIMOJHEHUST TPO(EeCcCCHOHAIBHBIX 3ajad,
po(heCCHOHATBHOTO ¥ JJUYHOCTHOTO Pa3BUTHSL

OK 5. Hcnonb3oBaTh WHGOPMAIMOHHO-KOMMYHHKAIIHOHHBIE TEXHOJIOTUH B
npodeCcCHOHANBHOM JIESITENIbHOCTH.

OK 6. PabGorath B KoOJUIeKTHBE W KoMaHje, 3(pdexkTtnBHO o0oO0mATHCS
C KOJUIETaMH, PYKOBOJICTBOM, TIOTPEOUTEISIMU.

OK 7. Bbpatb Ha ce0s OTBETCTBEHHOCTb 3a pPabOTy WIEHOB KOMaHIbI
(TOTYMHEHHBIX ), PE3YJIBTAT BBITIOJIHEHUS 3a/IaHUM.

OK 8. CamocrosTenbHO ONpeneNsiTh 3aJaudl  MpOoEeCcCHOHAIBHOTO |
JIMYHOCTHOTO Pa3BUTHUS, 3aHUMATHCSI CaMOOOPa30BaHUEM, OCO3HAHHO IJIAHUPOBATh
MOBBILICHUE KBAJIM(UKALIIH.

OK 9. OpueHTHpOBaTECS B YCIOBHUAX 4YacTOM CMEHBI TEXHOJOTHIl
B IPO(eCCHOHATIBHON NeATEIbHOCTH.

BeimosnHeHne CTygeHTaMH IPAaKTHYECKUX M Ja0opaTopHBIX padoT 1o
y4eOHON TUCIMITIMHE « XUMHS» HaIlPaBJICHO Ha:

— 000O0IeHne, CHCTEMATH3ALMI0, YITyOleHue, 3aKpeIvieHHe, Pa3sBUTHE U
JETAIN3alMI0 IOMYYEHHBIX TEOPETHMUYECKUX 3HAaHUHM 110 KOHKPETHBIM TeMaM
y4eOHON TUCIUIUINHEL,

— (opMHUpOBaHHE YMEHHH NPUMEHATH IONy4YEeHHBIE 3HAHUS Ha MPAKTHKE,
pean3aIyio eAMHCTBA NHTEIIEKTYaIbHON U IPAKTHYECKOH e TEIbHOCTH;

— pasBUTHE HHTEIUIEKTYyalbHBIX yMEHHH Yy OyAymMX CHEIHaINCTOB:
aHAJMTHYECKUX, IIPOSKTUPOBOYHBIX U JP.;

— BBIPaOOTKY TIpH pELIEHHH I[OCTABICHHBIX 337a4 Mpo(eccHOHANBHO
3HAYUMBIX Ka4eCTB, TAKMX KaK CaMOCTOSITEIBHOCTb, OTBETCTBEHHOCTh, TOYHOCTH,
TBOpYECKAsI HHUIATHBA.

BrmonreHnue ctyaeHTaMu 1a00paTOPHBIX PadOT MO YIeOHOH AMCIHMILIIHE
«XUMHS» HAITPABICHO HA:



— 0000IIeHne, CUCTEMATH3alNI0, YIITyOlieHne, 3aKpeIlieHHue, pa3sBUTHE H
JETAMU3AIMI0 ITOIYYEHHBIX TEOPEeTHYECKUX 3HAaHWH MO KOHKPETHBIM TeMaM
y4eOHOW TUCTIUIUIHEL,

— (opmupoBaHre yMEHWH NPUMEHSTH IMOJydEHHbIE 3HAHHS Ha IPAKTHKE,
peanm3anyio eAMHCTBA HHTEIUIEKTYaIbHOW U IPaKTHYECKOH 1esSTeTbHOCTH;

— (opmupoBaHME U pa3BUTHE YMEHWH: HaOIIONaTh, CpPaBHUBATH,
COIIOCTABIISITh, aHAIU3UPOBATH, J€JaTh BBIBOJBI M OOOOIIEHHS, CaMOCTOSTEIHHO
BECTH MCCIEIOBAaHUSA, IIOJB30BAThCA PA3IMUYHBIMU IpPUEMaMH H3MEPEHHH,
0QOPMIIATH Pe3yNbTaThl B BUE TaONHUII, CXeM, IpadiKOB;

— mnpuoOpeTeHHe HABBIKOB pPAbOThl C  pa3iMUHBIMH  MPHOOpaMH,
anmapatypoi, YCTaHOBKAMH U JPYTUMH TEXHHYECKHMMH CpPEACTBAMU JUIA
MIPOBEJICHUS OITBITOB;

— pa3BUTHE HHTEIUIEKTYyaIbHBIX YMEHHH Yy OyAyIMX CIENHaCTOB:
AQHAJIMTUYECKUX, IIPOEKTHPOBOYHBIX U JP.;

— BBIPa0OTKY IIpH pEUICHHH MOCTAaBJICHHBIX 3a7a4 NpodeccHoHaNbEHO
3HAYMMBIX KaueCTB, TAKUX KaK CaMOCTOSATENIEHOCTh, OTBETCTBEHHOCTh, TOUHOCTb,
TBOpYECKasi UHUIMATUBA.

[MpakTrueckue u nabopaTopHBIE 3aHATHSI IPOBOISATCS TIOCIIE COOTBETCTBYIOLIEH
TeMBI, KOTOpasi 00ECIIeUnBaeT HATMYME 3HAHNI, HEOOXOIMMBIX /IS €€ BBITOJHEHHSL.



2METOIUYECKHUE YKA3ZAHUA
Tema 1.1. OcHOBHBIE IOHATHSA H 3aKOHBLI XHMHH

IIpakTHyeckas padora Ne 1
Yrnpa:kneHnusi B pacieTax 0CHOBHBIX 3aKOHOB XHMUH

I_[e.m,: HAaY4YUTBC ONPEACIIATL MOJIAPHYIO MAacCy U KOJIMYCCTBO BCUICCTBA
OMpEACIATh IMMPOUCHTHOC COACPIKAHNUC 3JICMCHTOB B BEIICCTBE,
BBITTOJIHATH paCUCThI 110 YPABHCHUSAM peaKuHﬁ.

Boinosinus padorty, Bbl Oynere:
- YMETb:
OTIPEIEIISITh MOJISIPHYIO MacCy BEIIECTB

MarepuanbHoe o0ecnieueHue:
Kparkwuii cnipaBounuk puznko-xumuueckux Bennund / [lon pexn. K. I1. Mumenko n
A. A. PaBaensa. — JI.: Xumus, 1974. — 200 c.
[Teproanueckas cucrema xuMmudeckux snemeHToB J[. M. Menpeneea, tabnuna
PacTBOPUMOCTH.

ITonb3ysACh aNrOPUTMOM PEILEHHS TUIIOBBIX 3a/1a4, BBIIIOJHUTE 3aJaHU:

1. Onpenenute Kakoe KOJMYECTBO BEIIECTBA COJNEPXKUTCA B 1 Kr
H,Ouslxr Zn(NO3)2.

2. Omnpenenite NPOLEHTHOE COJCPXKAHUE CEpbl B OKCHIIE CEpbl
(V).

3. Omnpenenute 00beM, KOTOPBIA 3aHUMAaeT | KI YIJIEKHUCIIOTO Ta3a
Tpu:

a) HOPMAJIBHBIX YCIOBHUSAX;

6) p=10°TIa; T=300 K.

4. Ormpeznenute, CKONBKO cynbpara Oapus MOIYYUTCS IpU
s3anmogelicteun 20,8 T BaCl, ¢ Na;SQy, ecimu:

a) IPaKTHYECKUH BBIXOJ] PAaBEH TEOPETUIECKOMY

0) MpaKTUYIECKUH BBIXOA cOCTaBIAeT 99% OT TEOpEeTHIECKOTO.

VYpaBHEHHE peaKIuu BaCl,+Na;SO,—2NaCl+ BaSOa.

5. Cxkonbko Bomopoma (M, V) MOXKHO MOTYyUHTE TPU B3aWMOJEHCTBUH 1 KT
JKEJIE3HBIX CTPYXKEK C COJSIHOM KHCIIOTOM, €CIM HEMETAJUIMYECKUX NpHUMeced B
cTpykKe 2%, a MpaKTHYECKUI BBIXO BOIOpoa cocTaBisieT 99%.

VYpaBHEHHE pPeaKinu Fe+2HCIl—FeCly+H..
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Aneopummbl peuterus Munosvix 3a0au
l.  Onpedenenue monaprol Maccol u KOIUHECMBA Geujecmad.
3amaya. OmnpenenuTh KOIUYECTBO BEMICCTBA THIPOKCHAA  KAJBITHS,
Haxojdmeecs B 296 r 3TOro BelecTBa.

Hano: Pemenue:

Mcaory, =296 T 1) OnpenenuM MOJISPHYIO MacCy THIPOKCHIA KaJbIIUs
Ca(OH),

VCa(oH) , = ?

Uca(om) , = 40+2(16+1) =74 r/mMonb

2) Onpenenum komnyectBo Bemectsa Ca(OH),
Meaomy, _ 296 _ , monb

Hca(om), 74

VcaoH), =

Omesem: VcaoH) , =4 MOIIs

Il. Onpedenenue npoyenmnozo cooepoicanus s1emeHma 6 seujecmae.
Jnst pemieHusl 3amad  JaHHOTO THMA HYXHO WCIIOIB30BATh MOHSITHE
MaccOBOM JIOJIM KOMITOHEHTa B CMeCH ® (OMera).

= M, W g = m,
m,+m, +m, +... m, +m, +m, +...
M3 — COOTBETCTBEHHO, Macca 1, 2, 3-ero KOMIIOHEHTA.
MaccoBasi nons Oe3pa3MepHasi BelMYMHA WM u3Mepsiercs B %, Toraa
TOBOPSIT O TIPOLIEHTHOM COJICP)KaHUH KOMIIOHEHTA.

.100% TA€ My; Ma;

3aoaua.
OmpesienTh CcomepikaHne xenesa U Kucmopoaa B okcume xkemesa (1) —
FeZOs.
Hano: Pemenue:
Fe,03 1) [peanosnoxum, st pacyera B3sutk 1 Mojb BemectBa Fe203,10
Ope="? €CTh
wo="? MFe, 05 = Meyeen = HFe , 0 5 1MOMB = (56-2 + 16-3)-1 =160
2) OmnpenenuM MacCOBYIO JOJTHO JKele3a B okcuze Feo0s
m 56-2
W = —F .100% =——=-100% = 73%
Meeo, 160

3) OmpeennM MaccoBYIO JIOJIO Kuciopoaa B okcue Fe,O3
oo = 100% — 73% = 27%
Omeem: ®re = 13%; wo = 27%.
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1. Onpedenenue obwvema easa, ecau useecmua macca 3moeo 2asd.
3anaya.

Omnpenenute 00beM, KOTOPBIA 3aHUMAIOT 64 T kuciopoaa O; mpH:
a) P=10°TIa, T=273 K (n.y.)

6) P=10°%Tla, T=373 K

Jamno: Pewenue:
Mo2 =64 T 1 cnocob
a) P°=10°TIa 1) OnpenenymM, CKOIBKO MOJICH cOCTaBISIIOT 64 T O».
T9=273 K m, 64
6) P=10°TIa Vo, = 22522 MOJI
T=373K Ho,
VOgs =2 2) Onpenenum 00beM Oz PU HOPMAJIBHBIX YCIOBHSIX.
Voz = ? ng =V”-voz =224-2=448 n
3) Onpenenum o6seM Oz mpu P=10TTau T=373 K
PV PV’
T T?
0y/ 0 5
Vg - P VOT =10 34,8 373:6,12 1
: PT 10° - 273
2 cnocob

1) OmpenenuM 00BEM KHCIOpOJAa NpPU HOPMAIBHBIX  YCIOBHSAX
ypaBHeHust MenneneeBa-Kaneiipona.

pv =Rt
7]
Ho2 =32 I/MOJIB; R=83 Klla - 1
" mous - K
0
ng _mMRT" 64-83 273:44,6J’I

P, 10732

2) Onpenenum o6beM kucnopoa mpu P=10° Ila u T=373 K
mRT 4.8,3-37

v, = :6 8’333:6,12J1

tPeug, 1000-32

Omeem: V°0,=44,8 11; V0,=6,12 .

IV. Pacuemsi no ypasnenuam peaxyuil.

3aoaua.
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CKONBKO BOJOpOJa MOXKHO IIONY4YUTh, €CIM C COJISIHOM
mpopearupyet 6,5 T IUHKA (OTBET BBIPA3HTh B JI, T, MOJISX IIPH H.Y.)

Hano:
mZn=6,5r

My = ?
VHZZ?
VHZZ?

Pemenue:

1) CocTaBuTh ypaBHEHHE PEAKLINH
Zn + 2HCI — ZnCl; + H;

2) OnpenenuTh YUCIo MoJIel Zn

_%_@_01 MOJTb

Uz, 65

Zn

KUCIIOTOM

3) CocTaBuUTh MHPONOPLMIO O YPaBHEHHIO DEAKIHUU |

OTIPENICIUTE Vi
1 mons Zn - 1 mous Hy
0,1 moas ZNn — x moib Hy
01-1

VH2=X = =(0,1 Molb

4) BeIpa3uM KOJINYECTBO BOJIOPOJA BT 1 JI
Mu2 = UH2'VH2 = 20,1 =0,2r
V2 = Vu'VH2 = 22,40,1 = 2,24 I

Omeem: My =0,21; Vu2=2,2471; vi2=0,1 Mmonb

V. 3aoauu na npumecu.

3aoaua.

Ckonbko HerameHod u3Bectd CaO MOXHO MOMY4YHMTh M3 1 T M3BECTHSAKA,
coaepxarero 90% xapOoHaTa KaabLus ?

Hano:
Myss = 1000 k1
®caco3 = 90%

Pemenne:

1) CoctaBuM ypaBHEHHE TEPMHYECKOTO Pa3JI0KEHH

KapOOHaTa KaJlbIus.

Mcao = ?

0
CaCO; ——> Ca0 + CO;

2) OmnpenenuM Maccy KapOoHaTa Kaiblus B 1 T

HU3BCCTHJIKA.
Meaco, -100%
Dcaco, :mi
m. - .
L L _1000-90 _ o0
: 100% 100

3) CoctaBuM MPOITOPIIHIO IO YPABHEHHUIO PEAKIIHH.
Mcaco 5 =40 + 12 +16-3 = 100 r/mob
Hcao=40 + 16 = 56 r/momnB

100r — 561
900 Xr — Mca0
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M — 900-56
Ca0 100
Omeem: Mcao = 514 kr

=514 KT

VI. 3adauu na meopemuueckuii u npakmuueckutl 6vIX00 HPOOYKMOS
peakyuu.

OueHp YacTO MPH MPOTCKAHUH XUMHYECKOH PEaKIMH BBIXOJ MPOIYKTOB
OKAa3bIBAETCSI MEHBIIIE TEOPETHUYCCKH PACCUMTAHHOTO H3-3a MOTEPh U 0OPATHMOCTH
ITPOLIECCOB.

3anayva.

CkoJbKO xJIopH/Ia cepedpa MOXKHO moay4uTh mo peakiu AGNOs + KCI —
AgCl + KNOg, eciu B pactBope 06110 16,9 T HUTpaTa cepeOpa, a MpaKTHYSCKH
BBIXOJ1 IPOAYKTOB cocTaBisgeT 99%.

Hano: Pemenue:
Magyp, = 16,9 T 1) Onpenenum Mager (TE€OP.), UCTIONB3YSI TPOIOPLIHUIO.
TpaxT. BbIX0A=99% Hyonp, = 107+14+48 = 169 r/moib
pagel= 107+35,5 =142,5 r/monb
169r — 142,51
16,9 T — Magci (Teop.)
16,9-1425
Magol=—————=14,25T
169
2) Onmpenenum Magel (TIPaKT.)
m TPakT. _n 14,25 — 100%
Agel mAgCI (mpakr.) — 99%
14,25-99%
m )=————=141T
AgCl (npaxm.) 100%

®dopma npeacTaBieHUs pe3yJabTaTa: BEIIONHEHHAS paboTa ¢ pelieHHeM
WHIMBUIYITBHBIX 3aaHUI.

Kpurtepuu onenku:

3a KaIblif TPaBUIIBHEIA OTBET — | Gart.
3a HenpaBuIIbHbBIN 0TBeT — 0 6aIUIOoB.
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Tema 1.1 OcHOBHBIE IOHATHS H 3aKOHbI XUMHH
IIpakTHueckas padora Ne 2
YnpaxxHeHus B pacueTax ra3oBbIX 3aKOHOB

I_[e.m, paﬁon,lz HAaY4YUTHCA NPOBOJUTH PACUCTHI IO T'a30BbIM 3aKOHaM,
OMpEACIATh MMOBECPXHOCTHOC HATSAKCHUC U BA3KOCTD.

Boinosinus padorty, Bbl Oyaere:
YMETB:
MPOBOJIUTH PACUYCThl MO Ta30BBIM 3aKOHAM, OMPEACISATh MOBEPXHOCTHOE
HAaTSHKCHHUE U BA3KOCTb.

MatepnanbHoe ofecniedeHue:

Kpartkuii cipaBounuk ¢usnko-xumudeckux Benuunt / [lon penakiueit K.
I1. Mumienko u A. A. Pasaens, JI.: Xumus, 1974. — 200 c.

Ilepuomuueckas cucreMa xumMuueckux 3nemeHToB 1. 1. Menneneesa.

3ananue

HayuuTscs peluaTh TUIIOBBIE 3a1a4U:

1. TlpumeHeHHEe Ta30BBIX 3aKOHOB MJIs OIMPEICIICHHS MacChl U 00beMa
rasos.

2. OmnpepeneHrde IOBEPXHOCTHOM  aKTUBHOCTH  BEIIECTB, pacyer
BSI3KOCTH.

ITopsinok BbINOTHEHUST PAGOTHI
[Ipumepsl peleHus THIOBBIX 3a1a4

3aoaua Nel.

Omnpenenute Maccy yrieKucaoro rasa (quokcua yriaepoga CO;) B 6asoHe
06bemoM 50 11, eciu npu 27° C MaHOMeTp Ha GalyIoHe MOKa3bIBaeT AapieHue 7-10°
Ia.

HaHo: AJITOPUTM peLIeHHs: YypaBHEHHE HJIEATBHOTO
Veo, = 50 1 =0,05 m® rasa: py _ % RT

t = 27° C(T=300 K)

= 12+16-2= _
P — 7105 Ha MCO2 12 16 2 44 I‘/MOJ’IL 0,044 KF/MOJ’IL

_pv.-Mm _7-10°-0,05-0,044

Y — VM =061 T
T TRT 83-300

I'T‘lco2 =? m

14



OrtBerT: mco2 =0,61 kr.

3aoaua Ne2.
Omnpepenure, kakoi 00beM 3aHuMaroT 14 kr azora (N2) mpu HOpMaJIbHBIX
YCIIOBHUSIX.
Hano: ANTOpUTM peleHUs:
m,. = l4xr 1) Onpenesnenrie MOJISPHON Macchl a30Ta:
2
t= 0°C (273 K) MN2 = 14-2 =28 r/monn
P =10°IIa (1 atm) 2) OnpeneneHne KOJMIECTBA a30Ta B MOJISAX:
m
VN2 =? Vy, = Mo 14000r =500 moms
* My, 28r/mom

3) Onpenencaue ooObeMa a30Ta, SCIIH:
Vm=22,4 1/Moib
V. =Vm- V. =224 w/mone-500 Mos=
2 2
=11200 n=11,2 M3

OtBeT: VNz =11,2 M5

3aoaua Ne3s.

Omnpeenire MOBEPXHOCTHO-AKTUBHBI MJIM HEAKTUBHBI 3THJIOBBIA CIIUPT U
MOBapeHHast COJb OTHOCHTEIBHO BOJBI, €CIM IMPH HU3MEPEHHH ITOBEPXHOCTHOTO
HATSHKEHHs PacTBOPOB OTHX BEWIECTB crajarmomerpoM npu 25°C momydenst
CIIEAYIOIINE PE3YIILTATEL

[ToBepXHOCTHOE [TnoTHOCTH Yucno
pacTBopa, Kareiab
Pactsop HaTﬂ)ieHI/Ie, pacTROpOR,
BelllecTBa N .
I[)K/ M2 Kr/ M3 1T
) ) 72:10° 1000 25
2) CHz—CH>—-OH
(pacTBOp  STHIOBOTO | G cn 930 32
CIHpPTA)
3) pactop NaCl
(oBapeHHas COb) ONaCl 1090 21

AJITOpUTM pEIICHUS:

1. HOBCPXHOCTHO-&KTI/IBHLIMI/I SABJIAIOTCS BEIIECTBA, KOTOPBIE CHHMXAIOT
TIOBEPXHOCTHOE HATSKECHUEC )KPIﬂKOCTCfI, CJIEAOBATEIIBHO, MLEJIBIO0 PacYETOB

SIBIISIETCS! OTIPENIETICHNE Gp-pa crmpra H Op-pa conn-
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2. OHpeIleJIHeM O>run. cimpra
Pomen. Mo _ 72.107%.930-25 _ 52’3.10*3,Z[)K/M2
pHZO : n'am.z‘n. 1000' 32

GBT. co —

On,0

3. OmnpenensieM Gnacl.
. pam.cn. ’ nHZO _ 72 '10_3 1090 25
pHZO : n'am.cn. 1000 : 21

4. TloBepXHOCTHOE HATSIKEHHE YMEHBINAETCS] MPU PACTBOPEHUH B BOJE
STHJIOBOTO CIMpTa, 3HauuT, OoH sBisercs [IAB. Ilpu pactBopeHMu noBapeHHOMH
COJIM B BOJIE TIOBEPXHOCTHOE HaTshkeHHe yBenuunBaercs, 3HaguT NaCl — ne TTAB.

OTBeT: 3TUJIOBBIM CUPT OTHOCUTENHHO BOAbI — [IAB, moBapenHas coib
OTHOCHUTEILHO BOJIbI — HEe [TAB.

3aoaua Ne4.

OnpeienuTe BSI3KOCTh OJHMBKOBOTO MAC/Ia O CIeAyOMUM AAaHHBM (rpu 22°

C) xanMIUIApHOTO BUCKO3UMETPA.

—93.1073 Jox/m?

ONaCl = Oy 0

Bsiskocte | ITmoTHOCTB Bpewms BbITekaHus T
BemectBo n p
IT (1-c/M?) kr/m® C
1. Bona. 0,01 1000 10,0 C
2. ONMBKOBOE | Mo, macro 950 1031 C (17 mun 10
Maco. CeK)

AJITOPUTM pELIeHUS: TUHAMHYECKas BA3KOCTh PaCCUMTHIBAETCS 10 (hopMmyre:
. p}l'tth‘,'lU ) T}H(l(‘}l() -

950-1031
o =0,01. 2= —"~_p,081l
no,mwc.wac,w nHZO 1000 . 10

P, T,o

OTBeT: 770,7143)(./\151&'10 = 0’9817

®opMma npeaocTaBieHUus pe3yabTara
BrinonHeHne MHAMBUAYATBHBIX 3aaHUNA M0 BapHAHTaM: PEIICHHE 3a/1aY
110 Ha3BaHHOI TeMaTHKe.

Kputepuu ouenku:

3a KaKIpIi IPaBHIBHBIN OTBET — 1 Oam.
3a HenmpaBUIIBHEIA 0TBET — () GayLIoB.
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Tema 1.2. PacTBopsl. Crioco0bl BbIpa:KeHUsI KOHIIEHTPaLMii pacTBOPOB

IIpakTHuyeckoe 3ansiTe Ne 3
Ynpa:kHeHus! B pacyeTax KOHIEHTPAIMH HEOPTaHUYeCKHUX BellecTB
Boinosinus padorty, Bbl Oynere:
YMETB:
— ONpeAeNnaTh KOJIWYECTBa BEIIECTB /ISl IPUTOTOBJICHHUS PACTBOPOB
3a/laHHOM KOHIIEHTpAaLUy;
3ananue:

1 Pacuet HaBECKH BEIIECTBA U 00bEMa PACTBOPUTEIS JJIs IIPUTOTOBJICHUS
pacTBopa 3aJaHHOH KOHIIEHTPAIUH.

2 PacueT KOHIIEHTpaIHii pacTBOPOB.

3Tlepecuer KOHIIEHTpAIMI PACTBOPOB U3 OJTHUX CAUHMUII B IPYTHE.

IHeab padoTbl: HAayuyuTbhCS COCTABIATh  HOHHO-MOJIEKYJIApPHBIE |
MOJIEKYJISIPDHBIE ypaBHEHUS TUAPOJIM3a COJIEH, ONPENENATh XapaKTep Cperbl I10
THILY TUJPOJIA3A COJIH.

BeinosinuB pa6oty, Bel Oynere:

ymemb!

— COCTaBISITb HOHHO-MOJICKYJISIDHBIE W MOJICKYJIIPHBIE — ypaBHEHUS
TUAPOJIN3A COJIEH;

— OMpeAEIIATh XapaKTep CPe/ibl 10 YPaBHEHUIO U TUITY THIPOIN3a COMH.

3ananue:

1 Ompenenenue xapakrepa Cpeabl O THITY THAPOIIH3a COJH.

2 CocTaBineHHE MOHHO-MOJIEKYJSIDHBIX M MOJEKYJSIPHBIX YpaBHEHUM
TUAPOJIN3A COJIEH.

MatepunanbHoe ofecnieueHue:

Kpatkuii crnpaBounuk ¢usuko-xumuueckux BenuunH / Ilom pen.
K. I1. Mumenko u A. A. Pasraens. — JI. : Xumus, 1974. — 200 c.

Ilepuomnueckass cuctema xumuueckux sneMeHToB . . MeHnneneesa,
TabJIMIa pAaCTBOPUMOCTH.

KpaTKne TEOpEeTUYECKUE CBEICHUA:
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Tuoponus coneti — smo obpamumvii, 0OMEHHbLIL NPOYECC 83AUMOOCUCMBUSL
UOHO8 COMU € 8000, NPUBOOAWULL K 0OPAZ0BAHUIO CIAOBIX NEKMPOIUMOS.

I'maponu3 uaeT mo MOHy ciaboro anekTponmTa. B pesynprate ruapoimsa
HU3MEHSETCS KUCIOTHOCTh CPE/IbL.

CoJIb COCTOMT W3 KATHOHA M aHHWOHA, IO3TOMY BO3MOXXHO TPH THIIA
THJIPOJTU3a:

1) eudporus no kamuowny (B peakiiiio ¢ BOJOH BCTYIIAET TOJIBKO KATHOH)

Me™ + H-OH <> MeOH™* + H*,

I'uaponu3 Mo KaTHOHY MPUBOJUT K OOPa30BaHUIO THAPOKCOKATHOHOB H
HOHOB BoJIopoJia (cpeda pacmeopa xucaas). Ecnn n=1, BMECTO THAPOKCOKATHOHOB
TOJTy4aeM MOJIEKYJIbI CTab0r0 OCHOBAaHUSI.

JlaHHOMY THITy THIpPOJM3a TOABEPTalOTCS COaU, 00pA308aHHbIE CAADLIM
ocnosanuem u cunvro kuciomoit (FeCls, CuSQa, BiCls u ap.).

2) eudponus no anuoHy (B pEakIMIO ¢ BOJOH BCTYMACT TOIBKO aHHOH )

An™ + H-OH < HAn™Y-+ OH".

I'uaponu3 MO aHWOHY MPUBOJAMT K OOPa30BaHHIO THAPOAHHOHOB H
TUJIPOKCU-UOHOB (cpeda pacmeopa wjenounas);, ); NAHHOMY THITy THUApOIH3a
HOJIBEPTalOTCsl CO/IU, 0OPA30BAHHbBIE CUTLHBIM OCHOBAHUEM U CAOOU KUCIOMOU
(N3.2CO3, K:S, NasPO4, CH3COONa u }Ip.).

3) coemecmuwiii eudponuz (B peakiyio C BOJOW BCTYMaeT M KAaTHOH, U
aQHUOH) — 2udpoiIuU3 no Kamuowy u auwuony. JlaHHOMY TUIy THIpOJIH3a
HOJIBEPTalOTCsl COMU, 0OpA306aHHbIE CAAObLIM OCHOBAHUEM U CAOOU KUCIOMOU
(Al(CH3COO)3, (N H4)2S 144 ILp.).

B 3TOM citydae B pacTBOpe NMPOTEKAIOT JIBE BBIIIE PACCMOTPEHHbBIC PEAKIHH.
Ecin cnabee ocHoBaHue, TO B OONbLICH CTENEHU OyAET MPOTEKATh THAPOJIU3 IO
KaTHOHY M cpela pactBopa Oyzer kucinoil. Eciii ciabee ocHoBaHHE — Ha00OpOT,
cpena pactBopa OyneT mienouHod. Kak uckiroueHue, BO3MOXKEH CIydail, Korja
cpena Oy/eT MOYTH HETPaIbHON, HO 3TO TOJBKO MCKIIFOUCHHE.

Conu, obpasosannvie cunvhvim ochosanuem u cuavnoi kuciomoi (NaCl,
KNOs, Na;SOs u np.), eudporuszy ne nooeepeaiomcs. Ix MOHBI He 00pa3yloT
noHnaMd H™ u OH" Bogbl c1abomMCCONMMUPYIOMINX WA TPYAHOPACTBOPUMBIX
CO€JIMHEeHUH, paBHOBECHE MEX]y HOHAMH U MOJICKYJIaMH BOJIbl HE HAPYIIAETCs U
pactBop octaercs HelTpanbHbIM, pH paBeH 7.

Iopsinok BeINOHEHUS PAOOTHI:

1. TloBropuTe OCHOBHBIC IIOJIOKCHHS TEOPUH IIEKTPOIUTHUECKOH
JIMICCOLIMALIH.

2. 3aKOHCIIEKTUPYHTE OCHOBHBIC TEOPETUYECKUE CBEACHHUS U OOIIHE CXEMBI
YpaBHEHU peakuuil THIPOAU3a COJIEH pa3HOro THUIIA.
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3. Tlpoanamu3upyiiTe aIrOpuTM HAIUCAHUS W MPUMEPHl ypaBHEHUH
THAPOJIN3A.
4. BBIITOTHNTE MHIMBHYJIbHBIE 33[aHHSI B COOTBETCTBHUH C BAPHAHTOM.

Xopx padoThI:
Aneopumm nanucanus ypasHeHutl 2Uopoau3d.
1. OnpenensieM TUN THAPOIN3A.
2. CocTaBisieM MOHHO-MOJIEKYJISIPHOE YpaBHEHHE THJIPOJIH3a, OIpenessieM
cpeny.
3. CocTaBisieM MOJIEKYJIIPHOE ypaBHEHHE.

3a0anue Nel. CocTaBUTh HOHHO-MOJIEKYJISIPHOE ¥ MOJIEKYJISIPHOE
ypaBHeHus ruaponnsa xiopuaa meau (11).

1) CuCl, = Cu? + 2CI-

Cosnp obpazoBana katroHOM cjagoro ocHoBanusi (Cu(OH)2) u anmonoM
cunbHol kucnotel (HCI), crenosaTenbHo, THAPOIM3 UAeT mo katuony Cu?* u
NPOTEKaeT B JIBE CTaJMU C 0OpPa30BaHUEM B Ka4ECTBE MPOMEKYTOUHOTO MPOIYKTa
OCHOBHOM conu (cpena Kucnasi).

2) CocraBuM ypaBHEHHUS |-if CTaauK THAPOIK3A COJIH:

1 cragug
— MOHHO-MOJIEKYJISIPHOE YpaBHEHHE THPOIIN3a COJIH

Cu?* + H-OH = CuOH* + H*
obpasyercs katnon rumpokcomenu (II), B pacTBope HakarumMBarOTCs HOHBI H,
cpena kucinas, pH<7;

— MOJIEKYJISIPHOE ypaBHEHHE THUAPOIN3a COIH
CuCl; + H;0 <> CuOHCI + HCI.
3) CocraBuM ypaBHEHHUS 2-if CTINUH THAPOIIH3a COJIH:
2 cragus
CuOH* + HOH <> Cu(OH), + H* (MOHHO-MOJIEKY/IIPHOE YPABHEHHE)
CuOHCI + H,0 <> Cu(OH); + HCI  (MomnekyssipHOE ypaBHEHHE)

3adanue MNe2. CocTaBUTh HOHHO-MOJICKYJSIPHOE U MOJEKYJSPHOE
YpaBHEHUS THPOJIH3a alleTaTa HaTpHsl.

1) CH3COONa = Na*+ CH;COO"

Comnp oOpa3oBaHa KaTHOHOM CHIJIBHOTO OCHOBaHHS M aHMOHOM CJa0oi
KHCJIOTBI, CIIE0BATEIEHO, THAPOJIN3 IO aHUOHY.

2) CH3;COO+ HOH = CH3COOH + OH
THIPOJIM3 BEAET K YBEIMUCHHIO KOHLEHTpaimu noHoB OH™ B pactBOpe, cpena
wenoyHast, pH>7.

3) CH3;COONa + HOH = CH3COOH + NaOH.
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3a0anue Ne3. CocTaBUTh HOHHO-MOJIEKYJSIDHOE ¥ MOJICKYJISIPHOE
YpaBHEHUS THAPOJIH3A alleTaTa aMMOHHSL.

1) CH3COONHs = NHs* + CH;COO-

Conbp 00pa3oBaHa KaTHOHOM €JIA0OTO OCHOBAHUSI W aHWOHOM CJIa0oW
KHCJIOTBI, CIIeI0BATENIBHO, THPOJIH3 [0 KATHOHY U 110 aHHOHY.

2) CHs3COO + NH4* +HOH = CH3COOH + NH4OH

3) CH3COONH4+HOH = CH3COOH + NHOH.

B pesynbrare ruaposmisa aneTata aMMOHHSI IIPOUCXOUT 00pa3oBaHKe ABYX
c1a0BIX JICKTPOJIMTOB, PACTBOP OKA3BIBACTCS OJIM3KUM K HeHTpansHOMYy, pH~7.

BopHble pacTBOpBI Takoro THIIA COJIEH, B 3aBHCUMOCTH OT KOHCTAHTHI
JMCCOLMAMA  O0pa3yroNMXCsl CNAObIX 3JIEKTPOJIMTOB HMEIOT HEHTpaJbHYIO,
CI1a00KHUCITYIO MJH CJIA0O0IIETOYHYIO CPeTy.

Koncranra mucconmarmu rumpokcuma ammonus (K(NH:OH) = 6,3~10'5)
HECKOJIBKO OOJIbIIIe KOHCTAHTHI qucconuarmi ykeycHou kuciaotel (K(CH3;COOH) =
1,75:10®), nosToMy peakius BOJHOTO pacTBOpa aleTaTa aMMOHHMS HMEET
C11a0OIIEIOYHY IO Cpey.

dopMa mpeicrapiieHusi  pe3yJbrara:  opopmieHHas pabota ¢
BBIITIOJIHCHHBIMHA I/IHJII/IBI/IZ[yaHBHI)IMI/I 3aJaHuSAMU 110 BapraHTaM.

Kpurtepun onenku:

3a KaXIpIi PaBIIIBHBIN OTBET — 1 Oa.
3a HenmpaBUIIBHBIN 0TBET — () GayIoB.
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Tema 1.2. PacTtBopsl. Cioco0bl BbIpakeHHs KOHIIEHTPAINii pacTBOPOB

IIpakTHyeckoe 3ansitue Ne 4
YnpaxHeHusi B pacyeTax M0 NPHIOTOBJCHHIO PACTBOPOB PAa3IHYHOI
KOHIEHTpaIu
Hear paldorbl: HayuuThCs BBIYMCIATH KOHIEHTpAlMM HOHOB IO
MIPOU3BEJICHUIO PACTBOPHUMOCTH 3JIEKTPOJIUTA, JEeNaTh BBIBOJABI O BO3MOXKHOCTU
BBIMAJCHUS. OCajJka INpPH CMEIIMBAaHWM PACTBOPOB 3aJaHHBIX KOHLEHTpauui u
00BEMOB.

Boinoinus pa6ory, Bol Oyjiere:

ymems:

— BBIUHCIIATH KOHIIGHTPAIMM HOHOB MO TPOHM3BEICHUIO PACTBOPHMOCTH
ANIEKTPOJINTA;

— JieNiaTh BBIBOJBI O BO3MOYKHOCTH BBINAJICHUS OCaJKa IPU CMEIIMBAHUU
PacTBOPOB 3aJaHHBIX KOHIICHTPAIHIH U 00HEMOB.

MarepuanbHoe obecrnieueHue:

Kpatkuit  cnpaBounuk — ¢Qusnko-xumudeckux BenmmuuH /  [lox  pen.
K. I1. Mumienko u A. A. Pasaens. — JI. : Xumus, 1974. — 200 c.

Ilepuomnueckas cuctema xumuueckux sneMeHToB JI. M. Mengneneesa,
TabIMIAa PACTBOPUMOCTH.

— paccuMTHIBaTh U IEPECUUTHIBATH KOHILEHTPALMU PAcTBOPOB UX OIHUX
€IMHULL B IPyTHE.

MarepuanbHoe o0ecnieyeHue:

Kpatkuit crnpaBouHuk —(¢usuko-xumuueckux BenuuuH / Ilom pen.
K. I1. Mumenko u A. A. Pasaens. — JI.: Xumus, 1974. — 200 c.

IIepuomnueckas cuctema xumuueckux snemeHToB J1. 1. Menneneesa.

3ananue:

1 Pacuer HaBecku BemiecTBa 1 00bEMa PaCTBOPHUTEIS AJISI IPUTOTOBICHHS
pacTBOpa 3aaHHOHM KOHLEHTPALIHH.

2 Pacuer KOHIEHTpAIU PaCTBOPOB.

3 Ilepecuer KOHIEHTpANUi PACTBOPOB U3 OJIHUX EAUHHI B PYTHE.

KpaTkue Teopernyeckue cBeieHHUA:
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Cnocobwi sbipasicenist cocmasa pacmeopos

1. MaccoBas J0JI1 paCTBOPCHHOI'O0 BEIIECTBA (® — 3TO OTHOHMICHHUC MACChI
PaCcTBOPEHHOI'O BEIICCTBA K oO1ei Macce pactBopa. BLIpEDKaeTCSI MaccoBas O0JIs
B J0JIIX €AMHHUIBI UJIK B ITPOUCHTAX (HpOHeHTHaﬂ KOHHGHTpaHI/ISI).

m m

o,,, = o, . = —2-100%;
mP*Pi‘ mP*Pa
2. Momspaass konneHtpamuss Cy (MONSPHOCTB) — 3TO YHCIO MOJEH
BEIIECTBAa, HAXOMIIIUXCS B 171 pacTBOpa.
C,= Vowa , [Momw/1]; C,= #
p-pa(n) My a ’Vp—pa(n)

3. HopmanpHast konueHtpauust C,c (HOPMajbHOCTH WM MOJISIpHAs
KOHIIEHTPALUsl DKBUBAJIEHTa) — 3TO YMCIIO MOJIeH DKBHBAJECHTOB BelleCcTBa (IKB),
coniepkatmxcs B 1 J1 pacTBopa.

C, __ M | [momboks/n]; C, :&;
p-pa(n) o (6—aa)
C, = v My v n;g_@av ;
ox "V p-pa(n) amaa " Vo "V ppa(a)
T S
ok (conu) n(Me) . q(Me) ’
1 1

fak(ocHoeamm) = n(OH —) ; fak(m/ammm) = n(H +) ;

1€ Ny, — 9UCII0 MOJICH YKBUBAJICHTOB BEIIECTBA, [MOJIb IKB];

M, — MOJIsIpHasi Macca DKBUBAJICHTa, [I/(MOb 3KB)];

fox (6-60) — PAKTOP SKBUBATIEHTHOCTH BEIIECTBA;

n(Me) — grciio KaTHOHOB MeTaIlIA B (POPMYIIE COJIH;

g(Me) — 3apsin KaTHOHA MeTayuia B (pOpMyJIe COIH;

n(OH"), n(H") — komuecTBO THApOKCHAHBIX rpynn OH™ wu nonos H* B
(hopMyIie OCHOBAaHUSI U KHCIOTBI COOTBETCTBEHHO.

4. MornsinbHast KoHteHTpaius Cy (MOJSIIBHOCTD) — 3TO KOJIHYECTBO

PACcTBOPEHHOTO BELIECTBA B MOJISIX, HAXO/IsIIEeCs B 1 KT paCTBOPUTEISL.

= _Vew [MOJ'IB/KP]-

m,_,(kr)’

m

5. Tutp pactBopa T — umciIO TpaMMOB pacTBOPEHHOTO BemiecTBa B 1 mur
pacTBopa.
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T=—%m - [r/Mnl
\Y/

p—pa(wn)

Tlepecuem xonyenmpayuii pacmeopos u3 0OHUX eOuHuy 8 opyaue
IIpu mepecuyere MPOIEHTHON KOHIIEHTPAIMH B MOJSPHYIO M HAo0OpOT,
HEOOXOMMO MOMHHTBH, YTO TMPOIEHTHAS KOHIIEHTPAIUs PACCUATHIBACTCSA Ha
OTIpeICNICHHYI0 MacCy PacTBOpa, a MOJIIpHAs U HOPMaJIbHAs - Ha 00BEM, TO3TOMY
JUTS TIepecyeTa HeoOX0AMMO 3HATh TIOTHOCTh pacTBopa. Eciii Mbl 0003HAUNM: () —
nporeHTHas KoHineHTpanus; Cy — MoisipHast KoHUeHTpamus; Co — HOpMasibHas
KOHIIEHTpaIlus;, D — DKBHBaJeHTHAs Macca (MOJSIpHas Macca JKBHBAJIEHTA), p —
IUIOTHOCTh PacTBOpa; M — MOJsIpHas Macca, TO (GOPMYIBI IS MepecueTa u3
MTPOLIEHTHOM KOHIEHTPAIIMU Oy YT CIIEIYIOIIHNMU:
Cu=(®-p-10)/m
Cx=(@-p-10)/2
DtrMu ke PopMyTaMu MOXKHO BOCITOJIB30BAThCS, €CITH HY)KHO ITEPECUUTATh
HOPMAJIBHYIO HIIH MOJISIPHYIO KOHI[CHTPAIIUIO Ha TPOIIEHTHYIO.

Ynapusanue, pazbasnenue, konyeHmpuposanue, cmemusanue
pacmeopos

NmMeeTcs m T MCXOJHOTO pacTBOpa C MacCOBOHM J10JI€M pacTBOPEHHOrO

BEIIECTBA (1 U TUNIOTHOCTHIO P1.
Ynapueanue pacmeopa

B pesynpraTe ymapuBaHHS HMCXOJHOTO pacTBOpa €ro Macca YMEHBIIMIACh
Ha Am 1. OnpeneanTs MacCoBYIO JIOMIO PACTBOpA MOCJIC YIAapUBaHUS M2

Bvi600 ¢hopmyn: wucxons w3 onpeperneHHs MacCOBOW JIONH, MOIYyYUM
BBIPAXKEHHUS TS W1 U M2 (02 > ®1):

™2 =My /'m
(Tme m1 — Macca pacTBOPEHHOTO BEIIECTBA B HCXOJHOM PacTBOpE)
mi= m1'm
®w1=my/ (Mm-Am) = (®1- m)/ (M- Am)
Konyenmpuposanue pacmsopa
Kakyro wmaccy BemecTBa (X T) Hago [OTONHUTEIHHO pPACTBOPUTH B
HCXOAHOM pAcTBOpE, UYTOOBI TPUTOTOBUTH pACTBOP C MAacCOBOH Joiei
PacTBOPEHHOT'O BEIIECTBA 27?
Buvi600 ¢hopmyn: ucxons U3 ONpECNCHHS MACCOBOM JOJIM, COCTABUM
BBIPXCHUE IS 01 M (2!
™1 =M / Mp,
(Tme m1 — Macca BelecTBa B HCXOAHOM PacTBOpE).
mi =1 - Mg
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®2 = (Mg+x) / (Mp + X) = (@1 - My +Xx)/ (M, +X)
Pemmast mosmyueHHOE ypaBHEHHE OTHOCUTEIBHO X TTOJTyYacM:
W2 Myt X=®1° Mp+X
W2 M- - M=X—m2 - X
(02—w1) m=(L—-w) X
X=({(o2—w1) m)/(1-w2)
Cmewusanue pacmeopos ¢ pasHblMu KOHYEHMPAYUAMU
BBenem o0o3HaueHus:
®1, ®2, ®3 — MaccoBast JI0JIs1 PACTBOPEHHOTO BEIIECTBA COOTBETCTBEHHO B |
pacTBope, BO 2 pacTBOpe U 3 pacTBOpE;
m; (BemrecTBa), my (BemiecTBa), ms (BEmIECTBA) — MAaCChl PACTBOPEHHBIX
BEIIECTB B COOTBETCTBYIOIINX pacTBOpax;
m; (pactBOpa), m2 (pacTBopa), msz (PacTBOpPa) — MacChl COOTBETCTBYIOIIUX

pacTBOpOB.
SamumieM  obmryr0  GopMmyny JUls  HAXOXICHHS  MAacCOBOH  J0JH
pacTBOPEHHOTO BEIECTBA B MOy YCHHOM pacTBope (npasuno

CMEUeHUSA/CMeUUBAHUSL).
ml(pacmsopa)- w, +m, (pacmeopa)- w,

@s(seusecmoa) = m, (pacmeopa)+ m,(pacmeopa)

Cmemanu m; rpaMMOB pacTBopa 1 ¢ MaccoBO#l JoJiei BelecTBa w1 U mp
rpaMMOB PacTBOpa 2 ¢ MaccoBoil noneil BemecTBa ®2. OOpa3oBascs pactBop 3 ¢
MaccoBOH Joyiell pacTBOPEHHOro BemlecTBa 3. Kak OTHOCSTCS ApPYr K Jpyry
MacChl UCXOJHBIX PacTBOPOB?

Bvi6oo ¢hopmyn: mycte @1 > @2 , TOrmga ®1 > ®3 > 2 . Macca
PacTBOPEHHOI'O BELIECTBAa B pacTBOpe | cocTaBiseT ®1 - mi1, B pacTBoOpe 2 — @2 °
m,. Macca obpasoBaBmierocss pactBopa 3 — (mp — mp). Cymma wmacc
pPacTBOPEHHOTO BEILECTBA B pacTBOpax | M 2 paBHAa Macce 3TOrO BEIlECcTBA B
obpa3oBaBuIeMcs pacTBope 3:

®1°- M1 + o - my=m3° (m1+mz)
W1 M+ - Mm=03 M +o3 My
W1 M —®3 M=®3 - M2—®1 - M2
(0)1* 0)3) ‘M= (0)3* (01) My
mi / mp = (0)3* (01) / (0)1* 0)3)

Taxkum 00pazom, Macchl CMEIIMBAEMBIX PACTBOPOB M1 W My 0OpaTHO
MIPONOPIIMOHATBHEl  PAa3HOCTAM MAacCOBBIX JOJMEH 1 M 2 CMEIIMBAEMBIX
PacTBOPOB M MAacCOBOM JIOJH CMECH M3 (npasuio cMewuanus).

Jns oOnerdeHUs] WCHONB30BaHUS TIPaBHIA CMEMIMBAHWUSA IPUMEHSIOT
npasuno Kpecma (AWaroHaNbHasE MOJIENb «KoHBepTa [lMpcona») — anaroHanbHas
cxeMma IpaBuiia CMEIICHUS:
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Wy y @~ W, ‘
2. = © 7"~ MaccOBBIC HYACTH NEPBOTO |
S e B SSE 5= H BTOPOI'O PACTBOPOB

, >0, ~ 0,

IIpu pacuerax cieBa Ha KOHIIaX OTPE3KOB 3aMMUCBHIBAIOT OJHY HAJ JIPYTOn
MAacCCOBBIC JIOJIM PACTBOPEHHOTO BEIIECTBA B MCXOJHBIX PacTBOpax (mi, M2), Ha
MepPeceYCHUH OTPE3KOB — MACCOBYIO JIOJIO0 PACTBOPCHHOTO BEIIECTBA B PAaCTBOPE,
KOTOPBI HYXHO TIPHUTOTOBUTH, CIIpaBa (Ha KOHIIAX OTPE3KOB) — PAa3HOCTH:
BBIYMTAIOT MO JWArOHAJIM M3 OOJBIIEr0 MEHbIIee 3HaueHHe. [lomywyaembie
3HAYCHUS (MAaCCOBBIC YACTH) IOKA3bIBAIOT, B KAKOM COOTHOIICHHH HAIO CIIUTh
HCXOJHBIC PaCTBOPBIL.

my / m; = (03 — @) / (01— ®3)

JIJist 3TOTO 1O AMArOHAIN U3 OOJIBIIETO 3HAUYCHHS KOHI[CHTPAIIMU BBIUHTAIOT
MEHBIIIYIO0, TOIYYAT (M1 — M3), ®1 > M3 U (03 — ®2), ®3 > ©2. 3aTEM COCTABIISIOT
OTHOIIIEHHE MAacC MCXOIHBIX pACTBOPOB M1 / M2 U BHIYUCIISIOT.

Pazbasnenue pacmeopa

Hcxonsa u3 ompeneneHUss MacCOBOM JOJM, TMOIYYUM BBIPAKCHHUS Ui
3HAYEHHI MaCCOBBIX JIOJIEH paCTBOPEHHOI'O BEIIECTBA B HCXOIHOM pacTBope 1 (m1)
U MIOJTyYeHHOM pacTBope 2 (©2):

o1=my/ (p1- Vi) OoTKyzIa Vi=my /(@1 'p1)
®2 =My (p2 - V2)
mz2=wz "p2 - V2

PactBop 2 nonyyatot, pa3dasiisisi pacTBop 1, mostomy mi = Mo. B dhopmyny

Uit Vi crelyeT OACTaBUTh BhIpaXKEHUE [ulsd m2. Toraa

Vi= (@2 'p2* V2) / (01 * p1)
mz2=wz "p2 - V2
WMo p1- Vi = w2 p2- Va2
Mi(pacTtBOp) Mz (pacTBop)
M1 (pacTtBop) / ma(pacTBop) = @2 / ®1
Ilpn OOHOM W TOM JXE KOJMYECTBE PACTBOPEHHOIO BEIIECTBA MACCHI
PacTBOPOB M MX MacCOBBIC J0JU OOPATHO MPOIOPIIMOHAIBHBI APYT APYTY.

Iopsinok BeINOHEHUS PAOOTHI:

1 3amummTe B OTYET MO MPAKTUYECKOH paboTe OCHOBHEBIE (HOPMYIIBI
Croco00B BBIPa)KEHHS KOHIIEHTPAIUi pacTBOPOB.

2 O3HaKOMBTECh C OCHOBHBIMH METOAAMH PELICHHS 33/1ad Ha CMEIINBaHNE
pacTBOpOB.

3 TIpoaHamu3UpPyiTE MPUMEPHI PEIICHNS TUITOBBIX 3a/1a4.
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4 BrmonHuTe UHIAWBUAYAJIbHBIC 3a1aHU B COOTBETCTBUH C BAPHUAHTOM.

Xopx padoThI:
3aoaua Nel.
Omnpenemite npoueHTHy0 koHneHTpauuo NaCl B pactBope, moigydyeHHOM
npu pactBopeHuH 20 r moBapeHHOU coiu B 180 r BOABI.
Aneopumm pewienus:
1) Onpenenum Maccy pacTBopa
Mp-pa = MNacl + Mo = 20r+180r=200r
2) Onpenenum nporieHTHyo koHeHTpanuio NaCl
Myaci 20

Opacl = -100% = ——-100% =10%

ppa 200
Omeem: TIpolLieHTHAs! KOHIIEHTPALMS TOBAPEHHOM COJU B pacTBope — 10%.
Raoaua No2.

IIpuroroBsTe 100 My pacTBopa caxapa ¢ maccoBoi goneir w=10%, ecnu
IJIOTHOCTH pacTBopa p=1,06 r/cm>.

Aneopumm peutenusi:

Jdnst Toro, 4toObl MPUTOTOBHTH PACTBOP, HYXHO pPAacCUMTaThb Maccy
PACTBOPEHHOTO BEIIECTBA U 00BEM BOJIBL

1) Onpenenum Maccy pacTBopa

Mp-pa = Pp-pa - Vp-pa = 1,06-100 = 106 T
2) OnpenenuM Maccy caxapa U3 BBIPaKCHUS:

cax

0, =M 10006
mp*pa
m - My pa " P 106-10
“ " 100% 100
3) Omnpenenum 0ObEM BOJIBL.
Maos = Mp-pa— Meax = 106 — 10,6 =954 ¢
T. K. pr2o = 11/™Mi1, To Voo = 95,4 M
Omeem: macca caxapa 10,6 T, 00beM Bozbl 95,4 MiL.

=10,62.

3aoaua Ne3.

Onpenenure: a) MPOIEHTHYI, 0) MOISPHYIO;, B) HOPMAaJbHYIO; T)
MOJISUTBHYIO KOHIIeHTpauto moBapernoii conmu NaCl B pacTBope, mOIy4eHHOM MIpU
pactBopenuu 5,85t comm B 100r Boxmpl. IImoTHOCTE MOTyd9eHHOTO pacTBOpa paBHA
1,04 r/cm®.
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Hano: Anecopumm pewienusi:

MNaci=5,85 T a) O = My _ 585 0055 i 5,5%

m,, o =100r My pa 10585

P M, g = Myae + My o =585r +100r =10585r;
p-pa 6)

V= =101,78cx’ = 0,102
Py 1,04
_ 3 _ A% m .
=1,04r/eM® Do = | C, =N = ML = _ 585 _(98uom/n;
? fopa(n) My .fopa(n) 58,5-0,102
C\=? M. = 23+35,5=58,5r/momp
=2

CN_;} B) Cy = Myac = 585 =0,98Mmo115 - 5KB/71
Cm=" M.V, o 585-0102

M, et =Mpar  Foe =58,5-1=58,5r/Moib - 3kB

1

v = 1 =1

1) Co=Vhae _ Myear 585r =1 Moub/KT

Mo Mya Mo ~ 58,5r/Mob - 0,1kr
OtBeT: @, =0,055=5,5%; Cn=0,98momb/11; Cri=ImMonn/kr; Cn=0,98

MOJIb*3KB/IL.
3aoaua Ne4.
Onpenenure MOJIIPHYIO M HOPMaJIbHYIO KOHIIEHTpauu 12%-Horo pactBopa
CEpHOM KHMCIIOTHI, INIOTHOCTH KoToporo p = 1,08 r/cm3?
Aneopumm pewienus:
MornsipHasi Macca CepHOI KUCIIOThI paBHa 98 r/Moib. ClieioBaTeNbHO,
m(H2804) =98u 9(H2504) = m(H2504) . faK =908/ 2 =49.
[Noncrasnss HeoOX0MMBbIE 3HAYESHUS B HOPMYJIbI
Cu=(@-p-10)/m
Cox = (o - p - 10) / My, momyumm:
a) MomnspHast KoHIeHTpanus 12% pacTBopa cepHOI KHCIOTHI paBHA
Cv=(12-1,08-10)/98=132 M
6) Hopwmanbnas koHIeHTparws 12% pacTBOpa CepHON KHCIOTHI paBHA
Cox=(12 1,08 -10) / 49 = 2,64 H.
Otser: Cw=1,32 M; C,c = 2,64 H.

3aoaua Nos.
Onpenemate MoisipHOCTE 10%-0r0 pactBopa H2SO4.
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Hano: ‘ Pewenue:

Wy.s0 ~10%=0,1 1. lns pacueTta mpuMeM \/ =1n

p-paH,SO,

Cy (H,S0,) =? ‘ ITo cnpaBounuKy p b paH, 50, = 11r/cm®, Torga
3 3
My pa =Pppa -Vp_pa =1]1r/cm” -1000cn” =1100r

0y ag = HSOL , OTCHOZA: My, g6, = Wyy0, - My p, =0,1:1100=110r
2 4 m

p-pa

v m
CM (HZSO4) = VHZSOA = M HZ\S/OA
HS '

p—pa(m) p—pa(r)

Ortset: C,,(H,SO,)=1,12 monb/.

110

=—"——=112momnn/1
98-1

3aoaua Ne6.

Ckounbko rpamM 10%- TporieHTHOTO pacTBOpa cojiu Hano aobaButs kK 300
rpammaM 30%- TPOLIEHTHOTO PacTBOpPa STOH ke CONU, YTOObI MOMY4YHTh 14%-
MPOLEHTHBINA pacTBop? [IpUMEHUTH MPaBUIIO CMEIICHHUS.

Aneopumm pewienus:

3amauy MOKHO PElINTb, UCIIOJIB3Ys GOpMyITy MPaBHIIO CMELIEHNUS

m,(pacmeopa)- w, + m,(pacmsopa)- w,

s (gemecmea) ml(pacmeopa)+ m2( pacm@opa)

O6o3naunM Maccy 1 pactBopa yepes x. [loacTaBUM U3BECTHBIE 3HAUEHUS B
(opMyITy IpaBUIIO CMEIICHUSL:

0,14 = (x-0,1 + 300-0,3) / (x + 300)
0,1x + 90 = 0,14x + 42
0,04x = 48
x=1200 (r).
OtBeT: Macca nob6asisemoii conu paBHa 1200 rpamm.

3aoaua Ne7.

Omnpenenure Macchl MCXOAHBIX PacTBOPOB C MAaCCOBBIMU  JIOJISIMH
runpokcuaa Hatpust 5% u 40%, ecnu npu UX CMEIMIMBaHUU 00pa3oBalics pacTBOP
Mmaccoi 210 T ¢ maccoBoit goneit runpokcnaa Hatpus 10%. IlpumeHuTs nmpaBuio
Kpecra.

Aneopumm pewenus:

40% 5% m
10%

5% 3% m.=210- m,
5/30:m1/(210—m1)
1/6 = m1/ (210 — ml)
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210 —my = 6m
7my =210
m:=30T; my=210-m;=210-30=180r
OtBeT: Macchl MCXOJTHBIX PAcTBOPOB C MAacCOBBIMH JIOJSIMH THIPOKCHIA
Hatpus 5% u 40% cootBeTcTBeHHO paBHBI 30 1 180 .

3aoaua No§.
Ynapum 60 T 5%-Horo pactBopa cyibhara Memau mo 50 r. Onpenenmre
MacCOBYIO JIOJIIO COJIM B ITOJTy4YEHHOM pacTBOPE.
Aneopumm peutenusi:
m =60 r; Am= 60— 50 =10 r; ®1 = 5% (um 0,05)
@2 = (0,05 - 60) / (60 —10)=3/50=0,06 (111 6%-HbIi1)
OTBeT: MaccoBasi JIOJIs COJIM B TIOJYYCHHOM PacTBOpe cocTarisieT 6 %o.

®dopma mpeacTaBiIeHUsT pe3ybTaTa: BBIIOJHEHHAs paboTa C pelieHneM
WH/IMBUAYaITbHBIX 3a/IaHUH (33124 Ha pacyeT U MepecyeT KOHIEHTPALUi PacTBOPOB)
IO BapHaHTaM.

Kpurtepun onenku:

3a Kax bl MpaBUIBHBINA OTBET — 1 Gasi.
3a HempaBUIIBHBIN 0TBET — 0 GayIoB.
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Tema 1.3. Teopus anexTpoauTnyeckoil fucconnanuu. 'maposns cosei

IIpakTHueckoe 3ansiTe Ne 5
Beruncienne pH B BOZHBIX pacTBOpPax KHUCJIOT M OCHOBAHU
Hens palGoThl: HAyuyuTHCA COCTABIATh Ha3BaHMUS  KOMILJIEKCHBIX
COEIMHEHUN U YpaBHEHMs MX JUCCOLMALMU, COCTaBNIATh BBIPA)KEHUS KOHCTAHTHI
HECTOMKOCTU U CPABHUBATh KOMIUIEKCHBIE COEIMHEHUS 10 yCTOWUMBOCTH.

Brmonnus pabdoty, Ber Oynere:

ymemp:

— COCTaBIIATh Ha3BaHUA M (POPMYJIbI KOMILIEKCHBIX COEIMHEHHH, YPaBHEHHSI
UX UCCOLMAIUH;

—  COCTaBJSTh  BBIPAKEHUS  KOHCTAHT  HECTOMKOCTH, CpPaBHHUBATH
KOMILJIEKCHBIE COEIMHEHHUS 110 YCTOHYUBOCTH.

MarepuanbHoe obecrieyeHue:

Kparkuit crnpaBouHuk Qusnko-xumuueckux BenawunH / Ilom pen.
K. I1. Mumenko u A. A. PaBaens. — JI. : Xumus, 1974. — 200 c.

Ilepuomuueckas cucrema xumuueckux siemeHToB Jl. M. Menneneesa,
TabJMIIa PACTBOPHUMOCTH.

3aganue:
Hay4uTscs BBINOJIHATH TUIIOBBIE 33JaHUS:
1 CocraBnenue Ha3BaHUW U (OPMYJT KOMITJICKCHBIX COEIMHEHHIA.
2 CocraBiieHHE ypaBHEHMH AMCCOLMAIMM U BBIPAXKEHHH KOHCTAHTHI
HECTOMKOCTH KOMILJIEKCHBIX COEMHEHUM.
3 CpaBHeHHE KOMIUIEKCHBIX COSIMHEHHS 110 YyCTOHYNBOCTH.

KpaTkue Teopernyeckue cBeieHHUA:

Komnnexcuvle coedumenuss — 3TO COCOWHEHHS BBICIIETO IOPAIKA,
coJIepIKallIie B COCTaBe KOMIUICKCHBIA HOH

Teopusa KomnieKCHbIX coeOuneHuli (KOOpOUHAYUoHHAss meopus) OblIa
npemoxkeHa B 1893 r. A. Beprepom.

B cocraB KOMIUIEKCHOTO (KOOPAMHAIIMIOHHOTO) COCOMHEHHUS OOBIYHO
BXOJUT LIEHTPAJBHBIA aTOM, Ha3bIBaEMbIH KOMNIEKCO00pasogamenem, i AOHBI HIIHA
MOJIEKYJIbl,  HEMOCPEICTBEHHO  CBSI3aHHBIE €  KOMIUIEKCOOOpa3oBaTeseM,
Ha3pIBaeMEbIe Jucanoamu. VIOH-KOMIUIEKCOOOpa3oBaTeNnb W JIMTAHIBI 00Pa3yIOT
6HYMPEHHIOW KOOPOUHAYUOHHYIO c¢hepy KOMIUIEKCa. Y KOMIUICKCHBIX HOHOB
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UMEETCSl  BHeWHsAsl  KOOpOUHAUUOHHAs — cgepa,  OOpa3oBaHHAs  HWOHAMHU
MIPOTUBOIIOJIOKHOTO ~ 3Haka. Ilpm 3ammcu  GopMynsl  KOOPIMHAIMOHHOTO
COEJMHEHNS BHYTPEHHIOI KOODPJMHAIMOHHYIO cepy 3aKIoYaloT B KBaJpaTHbIC
CKOOKH; aTOMBI BHELIHEH cepbl HaxomsITcs 3a KBaApaTHBIMU cKoOkamu. [Ipumep:
B Molekyne xiopuma muammuHocepeOpa [Ag(NH3bICl won Ag* smusercs
KOMIUTeKcooOpa3oBareieM, Moyiekysibl NHz — muranpamu, wonsr CIT oOpasyror
BHEIIHIOKO cepy.

KommekcooOpazoBarenssiMi ~ Haiie BCETO  SIBJISIIOTCS  TTOJIOKUTEIBHO
3apskeHHbIE HOHBI MeTamioB — Fe®*, Fe®*, Co?*, Ni%*, Cu?*, Ag*, Ag*, Zn%*, Hg?*,
Br u ap. Jlurangamu MoryT 6biTh nonsl Tuna CN-, I, F, CI, OH, CO3%, SO4%,
C,04%, MONEKyYIIbI, UMEIOIUE HEeMoeIeHHbIE AEKTPOoHHbIe mapel, — H20, NH3,
CO, NO u psi1 OpraHuYECKUX COSTMHEHUMN.

Jlurangpl CBs3aHBI C IIEHTPAIGHBIM aTOMOM-KOMILIEKCOOOpa3oBaTeIeM
KOBJICHTHOM CBs3bI0, 00pa30BaHHOI IO JOHOPHO-AKIENTOPHOMY MEXaHHU3MY
(KoOopMHALMOHHAS CBsI3b). JIMraHabl OOBIYHO SBIISIFOTCSI JOHOPAMH JIEKTPOHHBIX
nap, a HeHTPAIbHBIA aTOM — aKIenTopoM. Unciio JuranaoB, KOOPIMHUPOBaHHBIX
KOMILIIEKC000pa3zoBaTesieM, Ha3bIBalOT KOOPIMHAIIMOHHBIM YHCIIOM.

Jyist OONBIIMHCTBAa KOMIUIEKCOOOpa3oBaTenell KOOpAMHAIMOHHBIE YHCIIa
paBHHI 2, 4, 6. 3apsi1 KOMIUIEKCHOTO HOHA PaBeH CyMMe 3apsAA0B HOHOB, BXOSIINX
Bo BHyTpeHHI0t0 cepy. Tak, mst [Fe(CN)s]> cymmapHbilii 3apsn (-3) paBen cymme
sapanos Fe¥*(+3) m 6CN(-6): +3 + (-6) = -3. Eciu Iurasgom ciyxar
aneKTpoHeiTpanbHble Mojekynsl (H20, NH3), 3apsin KOMIUIEKCHOTO MOHA paBeH
3apsily HOHA-KOMIIJIEKCOOO0pa30BaTelIs.

Homenxnamypa KomMniekcHuix coeouteHuil

1) B Ha3BaHMM KOMIUICKCHOTO COEAWHEHHUS MEPBBIM  YKa3bIBaIOT
OTPULIATEIBHO 3apPSHKEHHYIO0 4acTb — aHHMOH, 3aTEM IIOJIOKHUTENIBHYIO 4acThb —
KaTHOH.

2) Ha3Banme KOMIUIEKCHOIO HMOHAa HAYMHAIOT C YKa3aHUS COCTaBa
BHyTpeHHel cdepbl. Bo BHyTpeHHel cdepe mpexk/e BCero Ha3bIBAIOT JIMTaH/IbI —
aHUOHBI, IPUOABIIAA K UX JTATHHCKOMY Ha3BaHHIO OKOH4YaHHUe «o». Hampumep: Cl™
— xy10p0o, CN™ — nuano, SCN™ — tuonuanato, NOs~ — mutparo, SOz>~ — cynbhuTo,
OH" - ruagpokco uw T. A Ilpy >TOM MONB3YIOTCA TEPMHUHAMH: JUIS
KOOPIMHMPOBAHHOTO aMMMaka — aMMHH, IO BOOBl — akKBa, ISl OKCHIA
yraepoxaa(ll) — xkapOoHwIL.

3) Uncno MOHOIEHTATHBIX JUTaHA0B (HeHTpansHbie Moiekysl (H2O, NHs,
CO, NO u 1p.) u 3apskenHbMu HoHbI (CN—, F—, Cl-, OH—, SCN—, S;05% u 1p.))
YKa3bIBaIOT TPEUSCKUMU YUCIUTEIbHBIMA: | — MOHO (4acTO HE TMPUBOAUTCS), 2 —
o, 3 — Tpu, 4 — Tetpa, 5 — meHTa, 6 — rekca. J[Is MOMMACHTATHBIX JIUTAHIOB
(HarpuMep, ITUIICHINAMIH, OKCAJIaT) UCTIONB3YIOT OMC-, TPHC-, TETPAKUC- U T. JI.
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4) 3ateM Ha3bBIBAIOT KOMIUIEKCOOOpa3oBaTelb, HCIIONB3YSl KOPEHb €ro
JATUHCKOTO Ha3BaHWS M OKOHYAaHHE -aT, IOCJe Yero pPHUMCKHMH LUppamMu
YKa3bIBalOT (B CKOOKaX) CTENEHb OKHCIICHHUS KOMILIEKCOO0pa3oBaTedIsl.

5) INocne obo3Ha4YeHUs] cocTaBa BHYTpEeHHEH cdepbl Ha3bIBAIOT BHEIIHIOKO
chepy.

6) B Ha3BaHUU HEUTpaJIbHBIX KOMIUIEKCHBIX 4acTUl|
KOMIIJIEKCO0Opa30oBaTeNb YKa3bIBaeTCsl B IMEHUTEIILHOM Ma/Ie)Ke, a CTENeHb ero He
yKa3bplBaeTCs, TaK KaK OHa OJHO3HAYHO  ONpeNeNsieTcsi, HUCXOoIsl U3
AJIEKTPOHEHTPATILHOCTH KOMILIEKCA.

[Ipumepsr:

Ks[Fe(CN)s] — rekcanmanodeppar(I1) kamust

(NHa4)2[PtCl4(OH)2] — muruapokcotetpaxnoporuiatuaat(IV) ammoHwust

[Cr(H20)3F3] — tpudropoTprakBaxpom

[Pt(NH3)4Cl2]Cl; — xmopun muxnopoterpaaMmuHIIaTHHBI(IV)

Ilopsinox BeINOTHEHNs PaGOTHI:

1. TToBTOpPHTE OCHOBHBIC MOJIOKCHUST KOOPIUHAIIMOHHOW TEOPHU CTPOCHUS
KOMIIJIEKCHBIX COCJIMHEHMIA.

2. 3aKOHCIEKTHPYWTE Ha3BaHUS OCHOBHBIX JIMTAHIOB W IpaBHIIA
COCTAaBJICHUS Ha3BaHUM KOMILJICKCHBIX COEIMHCHUIA.

3. Tlpoananu3upyiTe M OCMBICIIUTE MPUMEPbHI BBIOJHEHUS THIIOBBIX
33J]aHUM 10 COCTABJICHUIO HA3BaHUM M YPAaBHEHUH IUCCOLMALMU KOMIUIEKCHBIX
COCIMHEHHUI.

4. BrInoNMHNTE WHIUBUIYATbHBIC 3aJAHUS B COOTBETCTBHH C BAPHAHTOM.

Xopn padoThI:

IIpuMepsl BEIIIOIHEHUS TUIIOBBIX 3alaHui

3aoanue Nel.

VYxkaxuTe: a) KOMILUIEKCO00pa3oBaTeib, 0) JUraHAbl, B) KOOPIHMHAI[IOHHOES
YHCJI0, T) CTENEeHb OKUCIEHHS KOMILJIEKCOOOpa3oBatels, 1) 3aps KOMILUIEKCHOTO
HOHa, €) Ha3BaHUE KOMIDIEKCHBIX COeIMHEH U K4[Fe(CN)g],
[CU(Hzo)z(NH3)2]SO4.

Pewenue.

1. K+4[Fe+22(CN’)6 ]+ — rexcanmaonodeppar (I1) kamus.
=]

(=3
=]
=

Jr

=

IIeKc000pa3o
PAMHAIMOHHO

=

2. [Cu(H20)2(NHs3)2]SO4 — cynsdat nuaksaaguammes meau (11)
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KO

i
¢
f

MILIEKCO00p
HMTaHIbI—

KoopnuHanmonHoe uucio B AaHHOM Tnpumepe: 4=2+2 (ompenensieTcs
CyMMO¥H JINTaHJIOB).

3aoanue Ne2.

Hamnmmre  xumudeckue — GOpPMyNIBI  KOMIDIEKCHBIX — COEIMHEHHH:
a)rexcaranoxpomat (ll1) xamms; ©) Opomun rexcaammuH kobaneta (l11); B)
HUTpAT AuakBateTpaammut Hukens (11).

Pewenue.

a) rexcarmanoxpomar (1) kams — Kz[Cr(CN)s];

6) 6pomu rekcaammut kobasbta (111) — [Co(NHs)s]Br3;

B) Hutpar auakBareTpaammut HUKes (1) — [Ni(H20)2(NHs)a](NOs),.

3aoanue Ne3.

Hanummre  ypaBHEHHMsl — OUCCONMALMM  yKa3aHHBIX  KOMIUIEKCHBIX
COEJMHEHUH, BBIpaXEHHS KOHCTAaHT HECTOMKOCTH W, TOJb3YSCh TaOIMYHBIMU
3HAYEHHUSIMU KOHCTAaHT HECTOHKOCTH, CPABHUTE 3TH COSAWHEHUS 110 YCTOMYNBOCTH:
[Ag(NHs3)2]Cl, K[Ag(CN):].

Aneopumm pewenus.

1. KoMmrmuiekcHble coequHEHUsT TpPH 3JIEKTPOIUTUYECKON JIUCCOLMAINH
00pa3yloT KOMIUIEKCHbIE HWOHBI M HWOHBI BHENIHEH cdepbl KaKk CHIIbHbBIC
ANIEKTPOJIUTHI:

[Ag(NH3)2]Cl <> [Ag(NH3)2]" + CI -

2. KommiekcHple HOHBI MOABEPralOTCS MAUCCOLMAILMM Kak  ciadble
ANIEKTPOJIMTHL.  YTIPOLIEHHO  JAWCCOIMAIMI0O BHYTPEHHEH  cdepbl  MOXHO
MPECTaBUTh TAKUM 00pa3oM:

[Ag(NHs)2]" <> Ag* + 2NH;3

3. IlpuMeHss 3aKOH JEHCTBYIONMX MacC K OOpaTHMBIM Hporeccam
JMCCOLMALMY KOMITJIEKCHBIX MOHOB, 3alMIIEM BBIPAXKEHHS KOHCTAHTHI
HECTOMKOCTH:

K - Ag+]'[NH3]2 —9.10"°
" [Ag(NH,), I
4. Tlo TOlf e cXeMe BBIIONHSAEM JEWCTBHS CO BTOPBIM IIPHIMEPOM
KOMIIJIEKCHOTO COEJMHECHUS:
K[Ag(CN)2] <> K* + [Ag(CN).]
[Ag(CN)2] <> Ag* + 2CN-
_lag ] fen F

[agcn), ]~ 0

H
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5. KoHcTaHTa HeCTOMKOCTH KOMIUIEKCHOTO HOHA XapaKTEpU3yeT MPOYHOCTh
(yCTOHYMBOCTB) BHYTpeHHEH cepbl KOMILIEKCHOrO MOHA. UeM MeHbIle
KOHCTAHTa HECTOWKOCTH, TEM MPOYHEE KOMIUIEKCHBIN MOH.

Ky = 1102 < K, = 9-10® , 3naunt xommnekcHsiii mon [Ag(CN).]~ Gonee
npounbiii, gvem [Ag(NH3)2]* .

dopMa mpeicTaBieHusi pe3yabTaTta: opopmieHHas paboTa ¢
BBIMOJIHEHHBIMY HHIMBU Iy JIbHBIMHU 3aIaHASMH 110 BAPHAHTAM.

Kpurtepnu onenku:

3a KaKIbIH MPaBHIBHBIN OTBET — 1 Oa.
3a HenpaBUIIBbHBIH 0TBET — () OasLIoB.
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Tema 1.3. Teopus anexTpoauTn4ecKkoil fucconnanuu. 'maposns cosei

IIpakTHueckoe 3ansaTHE Ne 6
CocTaBjieHHe ypaBHEHHUI peaKuil THIPOJIN3a coJiei
Henp paGoThl: HAYYUTHCS ONPEAEIATH CBOWCTBA COSIUHEHUH MO CTETIEHU

OKHCJICHUSA OJICMCHTOB, COCTaBJIATh YpaBHCHUSA OKHCJIMTCIIBHO-
BOCCTaHOBHUTCJIbHBIX peaKHHﬁ, PacCUYUTBIBATh OKUCJIHMTCIIBHO-BOCCTAHOBUTCIILHBIC
IIOTCHI MaJIbl 10 YpaBHCHUIO HepHCTa, OIpeACIATh HaIlpaBJICHUA

CaMOIIPOU3BOJIBHOTO IIPOTEKAHUS PEAKIIIH.

Boinosinus padorty, Bbl Oynere:

yMmemy.

— 10 CTeNeHH OKUCIIEHWS JJEMEHTOB IPOTHO3MPOBATH CBOWCTBA
COEJIMHEHUH B PeaKIMsX C IPyTUMHU BEIECTBAMHU;

— paccuUMThIBaTh OKHCIHUTEIbHO-BOCCTAHOBUTEINIBHBIE IOTEHIMAJBI  I10
ypaBHeHuto HepHcra;

— coctaBiiATh  ypaBHeHuss OBP u  ompemensite  HampapieHHUS
CaMOIPOU3BOJILHOTO UX MPOTEKAHUSL.

MartepuanbHoe odecnieueHne:

Kpartkuit cnpaBouHMK Quinko-xumuueckux BenmuuuH / [loxm pen. K.IL
Muienko 1 A. A. Pasaens. — JI. : Xumus, 1974. — 200 c.

Ilepuomnueckas cucrtema xumuueckux sieMmeHtoB JI. M. Menneneesa,
TabJIMIIA PACTBOPHUMOCTH.

3aganue:

HayuuThcs BBITONHAT TUIIOBEIE 3aJaHUS 110 TaHHON TeMe:

1 OrmpeneneHne CTENEHH OKUCIEHHUS DJJIEMEHTOB B  BEIECTBAaX,
MIPOTHO3MPOBAHHUE UX CBOMCTB B PEAKIHSIX C IPYTUMH BELIECCTBAMH.

2 CocraBienue ypaBHEHUH OKHCJINTEIPHO-BOCCTAHOBUTEIBHBIX
peaxuuii.

3 Pacuer  OKHCIMTEIBHO-BOCCTAHOBHUTENBHBIX  IIOTEHIHAIOB IO
ypaBHeHuto HepHcTa.

4  OmnpeneneHrue HANpaBlIeHUS CAMOIPOU3BOIBHOTO  MPOTEKAHUS
peaxumii.

Kparkue TeopeTuiecKkue cBeIeHUsI:
Dnexmpoousie nomenyuansl
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B rereporeHHbIX CcHCTEMaX, COJEpXKAIIUX 3apsDKEHHbIE 4YacTUIIbl, Ha
rpaHunie paszjiena (a3 yCTaHABIMBACTCS PAaBHOBECHE M BO3HUKACT Pa3HOCTh
MOTEHIIMAJIOB: PACTBOP 3apsDKAETCS MOJIOKUTENBHO, a IJIACTUHA OTPULIATEIBHO.
DTa pa3HOCTb NOTEHIUAJIOB Ha3bIBAETCS AIIEKTPOAHBIM MOTEHIIAIOM.

DIEKTPOHbIE HOTEHIUATIb], H3MEPEHHBIE T10 CPABHEHMIO CO CTAHAAPTHBIM?,
IIPU KOHIICHTPAIIMd WOHOB B pacTBOpe | MOJB/T Ha3bIBAIOTCSA CTAHIAPTHBIMH
57EKTPOJHBIMU IOTEHIMANTaMK, o0o3HauatoTcss E°, M cBeleHBI B TAONMIIEL
3aBUCUMOCTD JEKTPOAHOIO MOTEHIMAa OT TEMIIEPATypPhl KU KOHIIEHTPaIllui HOHOB
BBIpaXkaeTcsi ypaBHeHHeM HepHcra:

E:E°+BIMQ

nF rme
E — snextpoausiit notenman, B;
E°— CTaHAApTHBIN AJIEKTPOHBIN OTeHIUAN, B;
R — yHuBepcanbHas ra3zoBas moctosHHas, 8,3 Jx/Mois-K;
T — remnepatypa, K;
N — YKCJIEHHOE 3HAYEHHE 3aps/ia MOHA;

4

F — moctosiunas ®dapanes, 9,65-10 Kn/mons;

C — KOHIeHTpaIMs HOHOB B PACTBOPE, MOJIB/JI.

Jlnst cranpapTHoi Temnepatypsl 298K (25°C)

E=E0+9%§mc

n

Ecin pacronoxuTh MeTaulbl B IOPsIKE BO3pACTaHUS 3HAUCHUM HX
CTaHJAPTHBIX MOTEHIMAJIOB, TO MOJYYHUTCS Psi aKTMBHOCTH MeTayuloB. Kaxkmprid
METaUI B O3TOM psLy sBIeTcs Oojee CHIBHBIM BOCCTAHOBHUTENEM, YeM
NOCJIE Y OLIMN.

OKucnumenbHo-60CCMAaHOBUMENbHbIE PeaKyull U NOMeHYUA bl
OKUCIUMENbHO-B0CCINAHOGUMENbHBIX NAD

OKuciumenvbHo-60CCMAHOBUMENbHbIE — peakyuu — —  9mo  peakyuu,
npomexawowue ¢ UMEHeHUeM Cmenenu OKUCIEHUs 91eMEeHmOo8, Mo ecmb
CONposodCcOaroUecs nepexoo0om INEeKMPOHO8 OM OOHUX AMOMO8 K OpPY2UM.

BoccranoButens — yacTuna, OTAArONIAs SIEKTPOHBI.

OKHCIMTENb — YaCTUIIA, TPUHIMAIOIIAS SJIEKTPOHBL

UYncio OTHaHHBIX ¥ IPUHSTHIX 3JIEKTPOHOB PABHO.

! 3a onmexTpo; CpaBHEHWs TPHHAMAIOT CTAHIAPTHBIA BOXOPOIHBIA DIEKTPOJ,

MTOTEHIIHAJI KOTOPOTO IPUHST PaBHBIM HYJIIO.
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Kaxnmas OKHCINTETbHO-BOCCTAHOBUTENbHASI PEAKIHSl COCTOMT W3 JBYX
MOJIypeakui, Uil KaKIOH OKHCINTEIbHO-BOCCTAHOBUTENIBHOM Mapbl MOXKHO
M3MEpPUTH TOTEHINAJ C TIOMOIIBI0 HHEPTHOT'O JIEKTPO/Ia, HallpuMep, INIATHHOBOT'O
WM CTEKJISTHHOTO.

[oTeHnMaNbl OKHCIUTENFHO-BOCCTAHOBUTEINIFHBIX AP PACCUNUTHIBAIOTCS 1O
ypaBHeHuto HepHcra:

C
0,059 Ig st

=E°

OK./BOCCT.

E

ok.popmaBoccT.popra
BOCCT.¢h. , TIe
N — 9UCJI0 OTAAHHBIX lIaCTI/IHeI‘/'I OJICKTPOHOB;

oxb- _ MOJIAPHAs KOHIIEHTPALMs OKMCJIEHHOM (OPMBI;

Csoccmrj;. 3
— MOJISIpHas KOHOEHTpalus BOCCTAHOBJICHHOU q)OpMI)I.

Hanpa@ﬂeHue npomeKaHusl OKUCIUMEIbHO-60CCIMAHOBUMENIbHbIX peaKL;ulZ

Ilo Benuuune II0TCHIIHUaJia OKHCJIUTEIIHHO-BOCCTAHOBUTEILHOMN napbl
MOXHO CYIUTb 00 aKTUBHOCTH OKHCIIMTEIA W BOCCTAHOBHUTENS. Uem BbIIIe
OKHMCJIMTEIBHO-BOCCTAaHOBUTEIBHBIN MOoTCHIHAaJI napnl, TEM B 60.]‘”)]].[6]‘/11 CTCIICHU
BbIPAXCHbBI OKUCJINTE/IbHBIC CBOMCTBa CUCTEMBI.

TakuMm 00pa3oM, 3Hasi CTaHIAPTHLIE SJIEKTPOIHBIE MOTEHIHATL MOXKHO
OIpEACINTh HaIpaBJICHHUE IMPOTECKAHUA OKHCJINTEJIbHO-BOCCTAHOBUTEIHHOMU
PEAKIIUH IO BBIPAKECHUIO:

3.0.C. = Eokns~Ep-ns > 0

Ycnosue CaMOITPOU3BOJIBHOI'O IIPOTEKaHUA OKHCIIMTCIIBHO-
BOCCTaHOBUTEIHLHOM peakuuu: eciau 3ﬂeKmp003quCj/u4aﬂ Cuia OKucjaumenlbHo-
60ccmaHoBUmMeslbHO2co npoyecca bonvue HYJIA, mo amom npoyecc
CaAMONpouU360J1bHO npomexKkaem 6 NPAMOM HanpaeieHuu.

ITopsanok BbINOIHEHNs PadOTHI:

1. TloBTOpUTE OCHOBHBIC MOHATHS, U3y4YEHHBbIE B TeMe «OKHCIUTENbHO-
BOCCTaHOBUTEIIBHBIE PEAKIIUI.

2. 3aKOHCIEKTUPYHTEe yCJIOBHE CAMOIPOHM3BOJIBHOTO  IPOTEKAHHMS
OKHCIIMTEIbHO-BOCCTAHOBUTENBHOM  peakiuu, ypaBHeHune  HepHcra s
ONpeNeNeHnss  3JEKTPOJHBIX  NOTEHIHMAIOB  HOHOB M OKHCJIUTEIBHO-
BOCCTaHOBHUTEJIBHBIX TTap.

3. IlpoaHamm3upyiTe ¥ OCMBICIHTE IPUMEPHl BBINOJHEHHS THIIOBBIX
3aJ]aHU{ 110 IPOTHO3MPOBAHUIO CBOMICTB COECOUHEHMI, COCTABJICHUIO YpaBHEHUM
OBP u onpeneneHnIo HAIIPaBICHHS CAMOTIPOM3BOIBHOTO UX IPOTEKAHMUS.

4 BrIonHUTE NHANBHUIYAIbHBIE 3aJaHUS B COOTBETCTBHU C BAPHAHTOM.

Xox padoThI:
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Raoanue Nel.

Onpenenute CTEEHb OKWCICHUS BCEX JJIEMEHTOB B coeauHeHMsX: P20s,
MnSQOy, MnOz, KMNOy, KNO, NH4NO3;, KNO3, K>Cr,07, KzCI’O4, Na,SO0s.

Aneopumm pewsenus.

CreneHb okuclieHHS — (QopMalbHBIA 3apsi aTomMa B Monekyire. Cymma
3apsiIoB BceX aTOMOB B MoJiekysie paBHa O. CyMma 3apsiioB aTOMOB B MOHE paBHA
3apsily MOoHa.

o8 2 2 +6 2 : “ 2
P20s Mn(SO”™ MnO,
(+5)24(-2)-5=0 (+2)+[(+6)+(-2)4)=0 +4+(-2)2=0
Hoel 2 . <32 Dl 4452
KMnOy KNO; (NH:)(NOs)
+1474(-2)4=0 +14+3-+-2)-2=0 B+(+1-4+5+(-2)-3=0
+1 +5 2 +1 +5 3 41 +6 2 al 42
KNO} K:Cr;O7 K;CrO4 NH;SOI
3aoanue No2.

VKaxuTe, Kakoe COECIUHEHHE MOXKET OBITh TOJNBKO OKHUCIHUTEIEM, TOJIBKO
BoccranoButeneM, Wi u TeM, U Apyrum: KNOz, HNO3, CrCls, KoCrOs, H.S, SO,
H2S04, MNSO4, MNO2, KoaMNO4, KMNOs.

Aneopumm peuterus.

Eciu cremeHb OKHCIAEHHUS HHU3INAs OTPUIATENIbHAsL, TO aTOM MOXET OBITH
TOJIBKO BOCCTAHOBHUTEJIEM, OTJAET DJIEKTPOHBI, IPUHUMATE UX HE MOXKET.

Eciu creneHs OKUCIEHUs BBICIIAS TOJOKUTENBHAS, TO aTOM MOXET OBITh
TOJIBKO OKHCITHTENICM, TPUHAMAET 3JIEKTPOHBI, OTIaBaTh EMY yKE HEUEro.

Ecnu cremeHb OKHCICHHS 3aHHMACT MPOMEKYTOYHOE 3HAUCHHE, TO aTOM
MOXET OBITh OKHUCIUTEIEM W BOCCTAHOBUTEIIEM, TO €CTh U IIPUHUMATH, U OTIABATH
DIEKTPOHBI.

HNO; — oxucanrens (-3, 0,41, 42, 43, +3)
+

CrCl; — oxucanrens / BoccrasosuTens (0, 13, +6)

38



K2?r04 — okHcaurens (0, +3, +6)

H;g ~ BOCCTaHOBHTEND (-2, 0, +4, 46)

So’% — OKHCIMTEIIB / BOCCTAHOBHTENS (-2, 0, +4, +6)
I-ESO,; — oxucauTens (-2, 0, 44, +6)

.‘vlnSOa — BOCCTaHOBHTENS (+2, +4, +6, +7)

Mni)z = OKHC/IMTECNTh, BOCCTAHOBHTENS (+2, 14, 46, +7)
Kzf\;‘an,, = OKHC/IHTENb, BOCCTAHOBHTES (+2, +4, +6, +7)

KMnO; — oxucaurens (+2, +4, +6, +7)

Radanue No3.
Omnpenendre  TOTEHIMAA  OKUCIIHTEIBHO-BOCCTAHOBUTEIBHON  Mapsbl

Sn*/Sn*? mpu Temmeparype 25°C M KOHIEHTpaLAX Cone ~0,1 woms/n,

C

sn'? 70,001 Mob/.

Aneopumm pewenus.

1. 3amaua pemaeTcss C HUCHOJB30BaHHMEM ypaBHeHHs HepHcra:
0,059, [ox]

E=E°+
n “[Redox] o

[0X]- KOHIIEHTpalKsl OKUCICHHON (OPMBI, B MOJIB/IL.

[Re dOX] - KOHLIEHTPAIHsI BOCCTAHOBJICHHON (POPMBI, B MOJIB/II.

2. OkwucneHHoll (popmoil sABIAIOTCS HOHBI SN** | Tak Kak OJOBO CTOMT B
4ETBEPTOM IPYyIIE, MMEET YEThIPE JJIEKTPOHA HA BHEIUHEM CJIO€ W HOH Sn**
0oJIbIIIE OTHATH DJIEKTPOHBI HE MOXKET.

BoccTaHoBIEHHOH (hOpMOii ABIIAETCS MOHBI SN2,

CiemoBaTenbHoO:

[ox]=[ SN**]=0,1 Mons/n

[Redox]_ sn+21=0,001 Mo/

3. Mo TabnuamM HaXOJMM CTaHJIAPTHBIN 3JEKTPOAHBIA MOTEHIIUAI.

E? ... =0158

4. Tlo ypaBHeHuto HepHcTa paccyMThIBAGM MOTEHIMAT OKUCIUTEIBHO-
BOCCTaHOBHUTEIHHON MaphI MIPH 25°C (298K) 1 3amaHHBIX KOHIEHTPALUSX:

E=0,15+ 0";59 Iy 00(;(1)1 =0,15+0,02951g10"? = 0,15+ 0,0295(+2) = 0,15+ 0,059 = 0,209B
E° =0,209B

OtBer = Sn*“fsn*?
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Raoanue No4.

CocTaBUTh  ypaBHEHHE OKUCIUTEIbHO-BOCCTAHOBUTEIBHON  PEaKIluy,
MPOTEKAIOIIEH MeX/ly IepMaHTaHATOM KaJusl U MOAUJIOM Kajlusl B KHCJIOH cpeje U
OTIPEICITUTh BO3MOXKHOCTh €€ TIPOTEKAHHS B CTAHIAPTHBIX YCIOBHUSX.

Aneopumm pewsenus.
+1 +7 -2 +1-1 +1 +6-2 +2 +6 -2 0 +1 +6 -2 +1 -2
KMnO4+KI+H250s > MnSOs+12+K,S0s+H20
OKHUCIHUTETH 2
+7 - +2
Mn+5e — Mn
Boccranosurens 5

21 -2e 1,
Ilo Ta6J'II/IHe HaxoJum CTaHAapTHBIC IIOTCHIIM AJIbI OKHUCJIUTCIIBHO-

0
El o =151B E| ~ =0,54B
BOCCTAaHOBUTECJIBHBIX Map: ) 2

E° E°
M +7/M +2 -
3.1 =ECms- Eoypy= M7 MM 12 21 51.0,54=0,96>0
OrtBerT: OKHUCJIUTCIIbPHO-BOCCTAHOBUTCIIbHAA peakuusa IMPOTECKACT
CaMOHpOHSBOHbHO B HpﬂMOM HaHpaBneHI/II/I.

dopma mpencraBieHuss pe3yabrara: odopmieHHas pabota ¢
BBIITIOJTHECHHBIMHU I/IH}]I/IBI/I}IyaJ'[I)HI)IMI/I 3aJlaHUsAMHU 110 BapyvaHTaM (33}13‘-11/] n
yIpa)KHEHUs 110 Ha3BaHHOM TeMaTHKe).

Kpurepuu onenku:

3a KaXIpIil IpaBUIBHBIN OTBET — 1 Oa.
3a HenmpaBUIIBHBIN 0TBET — () GayIoB.
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Tema 1.4. I'eTeporeHHbIe pABHOBECHSI B CHCTEMe «PACTBOP-0CAT0K»
IIpakTHueckoe 3ansiTue Ne 7
Pemenne 3ana4 no reme «IIponsseaenue pacTBOPUMOCTI

Hean pabdoTbl: HAYYHTHCS BBIYMCIATH KOHIICHTPAIlMd HOHOB 10
MPOM3BEICHUIO PACTBOPUMOCTH DJICKTPOJINTA, AENaTh BBIBOJBI O BO3MOXHOCTH
BBIMAJAEHUS OCajJKa MPH CMEIIMBAHUK PACTBOPOB 3aJaHHBIX KOHICHTPAIMHA U
00BEMOB.

Boinosinus padorty, Bbl Oynere:

ymemu!

BBIUUCIIATh KOHIICHTPAIIMA WOHOB IO MPOU3BEACHUIO PAaCTBOPHUMOCTH
JJICKTPOJIMTA, JIEJIaTh BBIBOJBI O BO3MOXKHOCTH BBIMAJCHHUS OCaJKa IpHU
CMEIIMBAaHUH PACTBOPOB 33JJAHHBIX KOHIICHTPAIHI U 00bEMOB.

3aganmue:

Hay‘-II/ITbCH peuIaTh TUMOBBIC 3a1a1Un:
1. BbluucicHHe TPOW3BEACHHUS PACTBOPUMOCTH MAaJIOPaCTBOPHMOTO
JJIEKTPOJIUTA.
2. Beuucnenne KOHIICHTPAIIUK HOHOB u PacTBOPHUMOCTH
MaJIOpacTBOPHMOTO HJIEKTPOIMTA B €10 HACHIIIEHHOM PacTBOpE.
3. YcnoBus 00pa3oBaHUs OCAIKOB.

KpaTKne TEOPETUYECKHUE CBCICHUS

3aKkoH JEHCTBYIOIIMX Macc INPUMEHMM KaK K TOMOT€HHBIM, TaK M K
reTepOreHHBIM CHCTeMaM. PacCMOTpHM CHCTEMBI, B KOTOPBIX KOHTAKTHPYIOT OCAJIOK
U PacTBOpP TOTO WIJIM WHOTO BellecTBa. HachlleHHbIH pacTBOp M 0CaJOK OTAENICHBI
JpYT OT Apyra HOBEPXHOCTBIO pa3ziena U ABIIOTCS (a3aMu FeTePOreHHOM CHCTEMBI.

[Ipy COMpPHKOCHOBEHWH C BOJOH KAKOTO-THOO  MaropacTBOPHMOTO
5IEKTPONMTA, Hampumep, cyinb(ara Oapus BaSOs, uonnl Ba?* u SO mox
JeificTBUEM JUITONEH BOJABI HEPEeXOMAT C IOBEPXHOCTH KpPUCTAIOB B PacTBOD.
OmHOBpPEMEHHO HAauHETCs M 0OpaTHEIA Hporece — ocaxkaeHne BaSOy4, noHBI Ba** u
SO4> B pacTBOpe MOTYT CTaJIKMBATLCA C IIOBEPXHOCTBIO KpHCTamioB BaSOs u
OCaKIAaThCs (BBLACILATHCS) O BIMSHAEM NPHUTSDKEHHS APYTHX MOHOB. IlocTerneHHO
CKOPOCTh PacTBOPEHHs BELIECTBA yYMEHBIIACTCS, a CKOPOCTh IPOTHBOIOIOXKHOTO
mporecca — OCAXICHHS — YBENHYMBACTCS, 4YTO M TPUBOJUT K COCTOSIHHIO
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JMHAMUYECKOTO PABHOBECHS, TIPM KOTOPOM UMCIIO HOHOB Ba?" n SO4*, yxoasumx B
€JMHUIly BPEMEHH C TIOBEPXHOCTH TBEpIOH (a3bl, paBHO YHCIY HOHOB,
BO3BPAIIAIOIINXCS HA 3Ty IOBEPXHOCTB.

Taxum 00pa3zoM, IOJydaeTcsl HaCBIMIEHHBIH pacTBOp cyibgara Oapus, B
KOTOpOM OoJIblile He HAOMIOaeTCsl HM YMEHBIIEHHSI KOJIuecTBa TBepaoi (assl, HH
HakoIleHus MoHOB Ba?* u SO42".YcTaHABIMBAETCS PABHOBECHE MEXKITY OCAIKOM
(TBepmo# (hazoii) NMEKTPOINTA U HOHAMH DJIEKTPOIUTA B PACTBOPE — TMHAMUYECKOE
TeTEepPOTEHHOE PABHOBECUE — OCAOOK <> HACLLUIEHHBLIL PACMEOP .

BaSO4(ocanok) <=> Ba?* (pactBop) + SO42~ (pacTBOp)

B 3TOM pacTBOpe KOHIEHTpalysi MOHOB OYEHb Majla M BCIEJICTBUE 3TOTO
B3aUMOJIEHCTBUE UX APYT C IPYTrOM MPAKTUYECKH OTCYTCTBYET.

KoHcTanTy paBHOBECH s TETEPOr€HHOM CHCTEMbI MOXHO 3aIIMCaTh TaK:
[Ba*].[sof ]

[BasoO, ]

Konuenrtparuto tBepio# ¢azpl BaSO4 MOKHO CUUTATH TOCTOSIHHOM, TOT/Ia
K -[BasO,]=[Ba® |- [SOZ | = 17P4,s, = const.

B HachIILIEHHOM PacTBOpE MaJOPaCTBOPHMOTO JIIEKTPOJIHMTA MPOU3BE/ICHUE
MOJIAPHBIX KOHHCHTpaHI/Iﬁ HOHOB, BO3BCICHHBLIX B CTCICHW, PpPaBHBIC UX
CTEXMOMETPUYECKUM KO3((HUIIMEHTaM, NIPU JIAaHHOH TemIlepaType €CTh BeIn4nHa
NIOCTOSIHHAS, Ha3bIBaeMast npousgederuem pacmeopumocmu (I1P).

B oOmem Buze mis ypaBHEHHs] UCCOLMALMM  MaJOPacTBOPUMOTO
ANEKTPOIIUTA

KnAm <> nK™ + mA™

NpaBWIO  TNPOW3BEJICHUS  PAaCTBOPUMOCTH  IOJy4YaeT  CleAylollee
MaTeMaTHYECKOE BBIPAKEHHUE:

[K™T'TA™]™ = ITP(KnAm),

roe [K™] u [A™] — paBHOBecHBIC KOHIIEHTPAIIMH KATHOHOB M AHHOHOB,
00pa3yroIMXCcs IPU AUCCOIMANH AeKTpoinTa KnAm;

N 1 M — CTeTNeHy, B KOTOpble HE0OX0IMMO BO3BECTH KOHIICHTPAIIUH HOHOB.

Hanpumep: Bas(POs); <> 3Ba?* + 2P0,

IIP (Bas(PO,).) = [Ba*P[PO4 12

W3 npousBeneHHii pPacTBOPUMOCTH MOXKHO PACCUUTATh KOHICHTPAIHU
KaTHOHOB W aHHOHOB B PAaCTBOPE MAaJIOPACTBOPUMOrO JIICKTPOIMTA. 3HAYCHUS
MIPOU3BE/ICHUI PACTBOPUMOCTH TIPHBE/ICHBI B CIIPABOYHUKAX.

[IpousBeneHne pPacTBOPUMOCTH ¥ pPACTBOPUMOCTH BEIECTBA  SIBIISIOTCS
XapaKTepUCTUKAMU MAaJIOPACTBOPUMOTO BEIECTBA, MEXAY O3THMH BeMYHHAMU
CYIIECTBYET TECHAS CBSI3b.

PactBopumocth (S) — 9TO MaKCHMAIBHO BO3MOXHAs KOHIICHTpAITHSI
BEIIIEeCTBa B pacTBOpE, BhIpakaetcs B /71, /100 T H20.

K =
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MornsipHasg pacTBOPUMOCTb S COBMAJA€T € MOJIIPHOM KOHLEHTpaluen
HACHIIIEHHOTO PaCTBOPA, BEIPAXKAETCs B MOJIL/J U cBsi3aHa ¢ [1P:

TP (KnAm)=[K™ ] [A™]=(nS)"*(MS)™.

st nByXMOHHBIX A5eKTposnToB, Hartpumep AgCl(n=1,m=1):

ITP(AgCl)=[Ag*][CIF]=S*(AgCl)

JU71st TpeXHOHHBIX 3JIEKTPOIUTOB, HanpuMmep CaFz(n=1,m=2):

ITP(CaF,)=[Ca?"][F]*=S(2S)*=4S".

CrenoBaTenbHO, TPOM3BEJECHHE PACTBOPHMOCTH W PAacTBOPHUMOCTD —
B3aMMOCBSI3aHHBIC BEJIWYMHEI, [TOITOMY II0 M3BECTHOH PacTBOPHMOCTH BEIECTBA
MOYXHO HaliTW 3HaUeHHUE IPOM3BEICHHST PACTBOPHMOCTH U HA0OOPOT.

[lo cremeHM HACHILEHWs  Pa3IMYalOT  PacTBOPHl  HEHACHIIICHHBIE,
HACHIIICHHBIE U NTePeHACHIIICHHEIE.

Jlns nenacwimenHoro pactsopa I1P (Bas(PO4),) > [Ba*]*[POL* 12

Jlns nackimenHoro pactsopa TP (Bas(POa),) = [Ba?*P[PO4 12

Jlns nepenachimenHoro pactsopa TP (Bas(POs),) < [Ba?**[POL4 ]2

[Ipu mpoBeneHnn peakiuii B pacTBOpe, B Pe3yJbTare KOTOPHIX BO3MOXKHO
o0pazoBaHue oOcCajJKka, HEOOXOMUMO COOJOJAaTh ONpeeICHHbIC TpPeOOBaHUSI K
BBIOOPY KOHIIEHTpAIIMI PEareHToB.

VYcnoBue o0Opa3oBaHUs OcajiKa: MPOHM3BEJCHHE MOJISIPHBIX KOHIEHTpAIHid
WOHOB, BO3BEJCHHBIX B CTeleHb crexuoMeTpuueckux koddduuuentor (I1K),
JIOJDKHO OBITh 0OJIbIIE BEJIMYMHBI Ipou3BeieHus pactBoprmocTy (I1P):

KnAm < nK™ + mA™

IMTK(KnAm) = (CK*™"¢(CA ™)™ > ITP(KnAm)

Ecmu TIK(KnAm) < ITP(KnAm), To ocazok He obpa3yetcs. CiegoBaTelbHO,
3Hasl KOHLEHTPALMK HMOHOB MaJOPacTBOPUMOIO 3JIEKTPOJIUTA B PAcTBOPE, MOXKHO
OPHEHTUPOBOYHO OLICHHUTB, BBINAJET JI B JAHHOM CIIy4dae OCaJloK.

Iopsiaok BBINOTHEHUsI PAGOTHI:

1 TIloBropuTe OCHOBHBIE TEOPETHYECKHE IIOJIOKEHHS TeTepOreHHOro
paBHOBECHUS B CHCTEME «PAaCTBOP-0CAIOKY.

2 3Zanummte oOmpe QOpMyJsbl, TPUMEHSEMble JUIsl  BBIYMCIICHUS
NPOU3BEACHUS PAaCTBOPUMOCTH M HCIOJIB30BAHUS 3TOM BENMYMHBI B pacyeTax Mo
OIpeIeIeHN 0 KOHIIEHTPALMii HOHOB U BO3MOKHOCTH 00pa30BaHMs 0CaIKa.

3 IIpoaHamu3upyiiTe ¥ OCMBICIUTE aJrOPHTMBI PELICHUS THIOBBIX 3a/1a4 Ha
oIpeieIeHNe IIPOU3BEICHHS PACTBOPIMOCTH, KOHIIEHTPALMid HOHOB ¥ BO3MOKHOCTH
00pa3oBaHuUs OcaKa.

4 BBINOJHATE MHAMBHUTyaJIbHbIE 3aJJaHUs B COOTBETCTBHU C BAPHAHTOM.

Xona pa6oTsI:
IIpumMepsl pelieHusi TUIIOBBIX 3a/1a4
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3aoaua Nel.
PactBopumocts CaCOj3 paena 0,00069 r/n. Beruncnure [TP(CaCOs).
Aneopumm peuieHus.
1. Monspnas macca CaCOs: M(CaCOs3)=100 r/morb.
2. Paccumtaem momspHyto pactBopumocts CaCO3
S(CaCO;) = L / M(CaCO;3) = 0,00069 / 100 = 6,9+107° mons/m.
3. MonsipHasi pacTBOPHMOCTh COBITJIAET C MOJISIPHON KOHIEHTpanueit
COJIH B PacTBOpe:
C(CaC03) = S(CaCO0s) = 6,9¢107° mons/m.
4. Haiinem paBHOBECHBIC MOJSPHbBIE KOHIICHTPALIMK HOHOB B PaCTBOPE:
CaCOs¢»> Ca?* + COs*
[Ca?*] = [COs% ] = S =6,9+10° momb/m.
Torma ITP(CaCO;) = [Ca?*] « [COs%];
ITP(CaCOs3) = 6,9¢107° +6,9¢10° = 4810720,
Otser: [IP(CaCO;3) = 48+1072°.

3aoaua Ne2.

ITpoussenenue pactBopumoctd Phl; mpu 18°C pasno 1,4+1078, Paccuuraiite
KOHIIEHTpaLUK HOHOB Pb%* 1 J~ u pactBopumocTs Py B /1.

Aneopumm pewienust.

1. PhJ; <> Pb* + 2)-

2. TIP(Pbly) = [PR**]-[J T

3. O6o3uauum [Pb?*] = X, Torma [J] = 2x

4, CnenoBaTellbHO

ITP(PbJ2) = [Pb2+]-[J-]2

[MP(PbJ2) = x(2x)2 = 4x3

1,4¢10-8 = 4x3

w3
X =3 % =15-10"° momw / 2.

5. MonspHas pacTBOPUMOCTb coiu paBHa 1,5¢107° Mob/i1.

6. KoHIeHTpauuy HOHOB PaBHBL:

[Pb?*] = 1,5¢10"% Mmonb/n

[37]= 21,5103 =3,0°10"3 moms/m.

7. UtoOBI OT MOJISIPHOI PAaCTBOPUMOCTH TIEPEHTH K PacCTBOPUMOCTH B T/,
HEOOXOAMMO MOJIIPHYIO PacTBOPUMOCTH YMHOXHUTH HA MOJIAPHYIO
Maccy BeIecTBa.

L = SsM(PbJ;) = 1,5¢103461 = 0,692 r/n.

Otser: [Ph?*] = 1,5¢1073 mons/n; [J7] = 3,0¢10~ moss/m; L(PbJz) = 0,692 r/n.

3aoaua Ne3.
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OmnpenenuTe, BBIMAAET JIM OCAJI0K MPU CMEIIMBAHUN PaBHBIX 00beMoB 0,2 M
pactBopoB Ph(NOs), u NaCl.

Aneopumm peuieHus.

1. MonekynspHOe ypaBHEHHE PEAKIIUH:

Pb(NOs3), + 2NaCl = | PbCl, + 2NaNQs.

2. Hounno-monexynspHoe ypapHenue: Pb>* + 2CI- <> PbCl,

3. Jlna ompeneneHus yCIoOBHsS 00pa3oBaHHS OCagKa HEOOXOaMMO
paccuutats [1K: ITK(PbCl,) = [Pb?*]-[CI]?

4. Jlns saxoxaenus ITK HyxHo Haiftu xoHuentpamuu Pb?u CI- mocre
CMEIMBAHKS PACTBOPOB 3aJIAHHON KOHIEHTpanuu. [Ipy cMenMBaHum
PAcCTBOPOB OIMHAKOBBIX 00BEMOB KOHI[CHTPAIIMH HOHOB YMEHbBIIAIOTCSI
BJIBOE:

[Pb?*] = 0,1 Moms/m; [CI]1=0,1 Mons/m.

5. TIK(PbClp) = [Pb?*]-[CI']?=0,1 - 0,12= 1078,

6. Omnpenensem I1P no Tabmunam: ITP(PhCl,) = 2,4-10™.

7. Cpasuusaem IIK c TIP: TIK(PbCly) = 10° > TIP(PbCl,) = 2,4-10%,
3Hayut ocanok PbCl, Bemazer.

Otser: ocanok PbCl; Bemazer.

3aoaua Ned.

[TpousBenenue pacTBOpUMOCTH Cylb(uaa Mapradua npu 25°C paBHo 5,6°10~
18, Bemazer i ocanok npu cMmemmsanuy 5 Mt 0,060 MnSOg u 4 ma 0,011 Na,S?

Peuienue.

MorekyJIsipHOE YpaBHCHHE PEAKIIHN

MnSO4 + Na,S = MnS + Na,SO4

VIOHHO-MOJIEKYIISIPHOE YPaBHEHHE PEaKIIUH

Mn?* + S* = MnS

Jli1st onpesiesieHust yCIOBHsI 00Opa3oBaHMs ocajka HEOOXOMMMO PacCUMTATh
IK

IIK(MnS) = [Mn?*][S*].

Jna HaxoxneHus IIK HyxHO Haiitu koHuenTtpauuu Mn?* u S*  nocne
CMCIMBAHUsS PAacTBOPOB 3aJaHHOM KOHIeHTparmu. OmnpenesnseM HCXOIHbIE
KOHIICHTPAITMH HOHOB JIO CITUBAHHS PACTBOPOB:

Jlns  onpeleleHHs KOHLEHTpauuu HoHoB Mn?*  HyxkHO mepesecTu
HOpMaJTbHYO KoHIIeHTparuio MnSO4 B MomsIpHY1O.

f2x(MnSO4)=1/2 0,066 MnSO4 = 0,03M MnSO4

MnSO; MnZ* + 80427

0,03 Mos/1

Jlns onpezieneHds KOHIEHTPAlUU HOHOB S?~ HYKHO HEPEBECTH HOPMAJIBHYIO
KoHIEeHTparuio NaS B MOJISIpHYTO.

f.«(NaS)=1/2  0,01m NazS = 0,005M NaS
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Na;S <> 2Na" + S

0,005 mMomb/1

OmnpenenseM KOHIEHTPAIUIO HOHOB ITOCIIE CMEIIMBAHHSI PACTBOPOB.
O06bem pactBopa nocite cmenmBanust 5 Mi MNnSO4 1 4 M NapS cram 9 Mo
KoHIneHTpanust HOHOB TOciie CMEIMBAHUS PACTBOPOB

[Mn?]= % =0,017xm06/ 1

[S 27]: 4-0,005 =0,002m010/ 1

Haxomum nporsBeicHre KOHIICHTPAIHi

IIK(MnS) = [Mn#*][S].

TIK(MnS) = 0,017 » 0,002 = 3,410

Cpasuuaem I1K ¢ TP (mpunosxenue, Tabmn.3)

3,4410°>5,6:1071¢

CrenoBatenbHo, ipu cimBanuu 5 M 0,006H. pactBopa MnSO4 1 4 M 0,011
pactBopa NaxS obpazyercs ocagox MnS.

Vcxo/iHble JaHHBIC U PE3yJIbTATHI pacueTa 3aHOCHM B TaOJIHUILY.

KounnenTparysi, MOJIB/J1
sl nocie
Housl  |cruBaHUS [IK(MnS) = [Mn?*][S*]
CIIMBAHUS
pacteop ACTBOPOB
OB p p
5.0,03
——=0,017
M) 0,03 9 IK = 0,017 « 0,002 =
3,410°°
4.0,005 _
. S 0,005 o P92 34105556101

OrtgeT: npu ciuBanuu 5 mu 0,006H. pactBopa MnSO;, u 4 M1 0,011 pacTBOpa

NazS ocanox MnS obpasyetcsi.

dopma mpeacTaBieHus pe3yabTaTa: BHIIONHEHHas paboTa ¢ pelleHHeM

WHAVBUIYaTBHBIX 33729 IO BAPHAHTAM.

Kpurepun ouenxu:

3a KaXKplif IpaBIIBHEIA OTBET — 1 Oai.
3a HempaBWIBHBIN OTBET — () OayIOB.
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Tema 1.5. KoMmjieKkcHbIe COeIHHEHUS

IIpakTHueckoe 3ansaTue Ne 8
BeinosHeHne ynpaskHeHHil 10 COCTABJICHHMIO YPABHEHU
JIEKTPOJUTHYCCKON TUCCONUANNH KOMIIJIEKCHOTO COC/IMHECHUS U
KOMILIEKCHOT0 HOHA

Heﬂb paﬁon,l: HAay4YUTBCA COCTaBJIATH Ha3BaHUA KOMIIJICKCHBIX
COGI[I/IHCHI/Iﬁ 1 ypaBHCHUSA HUX AHUCCOLHALHNU, COCTABIATH BbIPAKCHHSA KOHCTAHTDLI
HECTOMKOCTHU U CpaBHUBATH KOMIIJICKCHBIC COCAUHEHU 110 yCTOfI‘IPIBOCTPI.

Boinosinus padoty, Bul Oyaere:

ymemo!

COCTaBJIATh HA3BaHUS KOMIUICKCHBIX COCIMHEHHUH ¥ YpaBHEHHS WX
JIUCCOIMAIINH, COCTABJISITh BBIPAKCHUS KOHCTAHTHI HECTOMKOCTH W CPaBHUBATh
KOMIIJICKCHBIEC COCIUHECHUA 110 yCTOﬁ‘IHBOCTH.

MarepuanbHoe obecneyeHue:
Kpatkuii cripaBouHuk (usnko-xumudeckux BemuuuH / Iloxg pemakmwmeit K. I1.
Munienko u A. A. Pasnens, JI: Xumus, 1974. — 200 c.

[Tepuoanueckas cucrema xumuueckux 3nemeHToB . M. Menneneesa.

3ananue

Hayuuthcs pemiats THUIIOBBIE 3a1aHUS:

4 Cocrapnenue Ha3BaHUH U (POPMYJT KOMIUIEKCHBIX COEIMHEHUH.

5 CocraBieHrne ypaBHEHUH AUCCOLMAIMM M BBIPAXKCHUH KOHCTaHTHI
HECTOMKOCTH KOMIIJIEKCHBIX COETMHEHUN.

6 CpaBHeHHE KOMIUIEKCHBIX COSTUHEHHS 110 YCTOMYMBOCTH.

ITopsinok BeINOTHEHUS PAGOTHI

[IpuMepsI pelieHnst TUTIOBBIX 33734
3adaua Nel.
Ykaxure: a) KOMIUIEKCOOOpa3oBaTeib, 0) TUraHAbl, B) KOOPIHMHALIMOHH O
YHCIIO, T) CTENEHb OKUCJIEHUS KOMIUIEKCOOOpa3oBaTeis, a) 3apsa KOMIDIEKCHOTO

HOHA, €) Ha3BaHHUE KOMIUIEKCHBIX COCIMHCHU N K4[Fe(CN)g],
[Cu(H20)2(NH3)]SOx.
Aneopumm pewierus.

6. K*s[Fe*?(CN™)g ]* — rexcanuaonodeppar (1) kamus.
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JIMTaHITbl —

KOMI'IJ'IeKCOO6p33()BaT
KOOpAHMHALITMOHHOE

7. LCU(HTzO)z(N H3)2]TSO4 — cynbgar auaksaguammus meau (11)

JIMTaH/1bI
JIMraHabl

KOMILIEKCO0Opa3oB

KoopaunaiyionHoe umcio B JaHHOM mnpumepe: 4=2+2 (ompezaensercs
CyMMOMH JIMTaHJIOB).

3aoaua Ne2.

Hamnmmre  xumuueckue  (OpMyNIBI  KOMIUIEKCHBIX — COEAMHEHUH:
a) rekcarmanoxpomar (lll) xamms; 6) Opomua rexcaammuH koGanbta (I1); B)
HUTpat auakBatetpaammun Hukens (11).

Aneopumm pewenus.

a) rexcaranoxpomar (1) kamas — Kz[Cr(CN)s];

6) 6pomu rekcaammun kobasipta (111) — [Co(NHs)s]Br3;

B) Hutpat auakaterpaammut Hukens (1) — [Ni(H20)2(NHs)4](NOs)..

3aoaua Ne3.

Hanumurte  ypaBHEHHS  JUCCONMAIMM  YKAa3aHHBIX  KOMIUICKCHBIX
COCJIMHEHUH, BBIPAKEHUST KOHCTAHT HECTOMKOCTH U, MOJb3YSACh TAOIMYHBIMHU
3HAYCHUSAMH KOHCTAHT HECTOMKOCTH, CPABHUTE 3TU COCAUHEHHS [0 YCTOMYUBOCTH
[Ag(NH;3)2]Cl, K[Ag(CN)2].

Aneopumm pewienus.

1. KommiekcHBIE COEIUHEHHUS TPH 3IEKTPOIUTHYECCKON IHCCOLIMAIIH
00pa3yloT KOMIUIEKCHbIE HWOHBI M HMOHBI BHEIIHEW cdepbl Kak CHIIbHBIC
SJIEKTPOJIUTHL:

[Ag(NH3)2]Cl <> [Ag(NHs).]* + CI~

2. KowrnekcHble HMOHBI TOJBEPraloTCs IHCCONMAIN KaK cla0bie
ANEKTPOJIMTHL.  YTPOLIEHHO  AWUCCOIMAIMI0O BHYTpeHHEH  cepbl  MOXKHO
MIPEICTaBUTH TAKUM 00pazoM:

[Ag(N H:;;)z]+ > Ag* + 2NH;3

8. IlpumeHsis 3akOH JCHCTBYIOIIMX Macc K OOpaTHMMbIM Mpoleccam
IUCCOIIMALIMM  KOMIUIGKCHBIX ~ HOHOB, 3allHIIEeM BBIPAKEHUS  KOHCTAHTHI
HECTOMKOCTH:
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K = Ag+]-[NH3]2 —9.10°®
" [Ag(NH,), ]
9. IIo To# ke cXeMe BBINOIHSIEM HeﬁCTBHH CO BTOPBIM MPUMEPOM
KOMIIJIECKCHOI'O COCIMHCHUA:
K[Ag(CN).] <> K* + [Ag(CN).]
[Ag(CN)2] <> Ag* + 2CN-

N R
_lagtllenf L on
L= 1 —1.10
Ag(CN )2]
10. KoHCTaHTa HECTOMKOCTH KOMIUIEKCHOTO MOHA XapaKTepH3yeT

MPOYHOCTHh (YCTOMYMBOCTH) BHYTpPEHHEH cdepbl KOMIUIEKCHOTO HoHa. Yem
MEHbIIIe KOHCTAHTa HECTOMKOCTH, TeM MPOYHEE KOMILUICKCHBII HOH.

Ki=110% < K, =9-10®, 3HaunT xommiekcHeii non [Ag(CN),]~ 6onee
npounsiit, uem [AG(NHs)2]* .

dopma npeocTaBJeHNs pe3yabTara
BrinonHenvne WHAMBUAYATbHBIX 3aJaHUN 10 BapUaHTaM: pElIeHUE 3a1a4
10 HA3BaAaHHOM TeMaTHKE.

Kpurepun oneHku:
3a KaXxplil IpaBUIBLHBINA OTBET — 1 Gas.
3a HenpaBUIIBHBIN OTBET — ) GayuIOB.

Tema 1.6. OKuCINTEIHLHO-BOCCTAHOBUTEIbHbIE peakunumn

IIpakTHuyeckoe 3ansaTue Ne 9
Omnpenesienne okucauTedeli u  BoccraHoBuTeseii. CocraBiieHne
ypaBHenuii OBP

]_le.]'ll) paﬁOTbl: HAay4YUTHCA 11O CTCIIEHU OKUCJICHUS BEIIECTBA A€J1aTh BBIBOJX
O €ro CBOﬁCTBaX, COCTaBJIATH YPaBHEHUSA OKHUCIMTEIBHO-BOCCTAHOBUTEIIbHBIX
peaKLlPIﬁ, ONpeaCIATh OKUCIIUTEIIN U BOCCTAHOBUTEIIN.

Bsinoanus padory, Bel Oyaere:

ymemy:

MO0 CTENEeHH OKKCIICHHs BEIIeCTBA JeNiaTh BBIBOA O €ro CBOWCTBAX,
COCTABIISITh YPABHEHHUS OKHCIUTEIILHO-BOCCTAHOBUTEIBHBIX PEAKIHi, ONPeNeIsTh
OKHCIIUTEITH U BOCCTAHOBHTEIIH.
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MarepuanbHoe o0ecnieyeHue:
Kpatkuit cripaBounuk ¢usuko-xumudeckux BeianunH / Ilon pemakmumern K. I1.
Mumenko u A. A. Pasnens, JI.: Xumus, 1974. — 200 c.

Ilepuomnueckas cucrema xumuueckux snemenToB Jl. . Menneneena.

3aganue
Hay‘H/ITBCH BBIIIOJIHATH TUIIOBBLIC 3a1aHUS 110 I[aHHOﬁ TEME:
1. Or[peﬂeneHI/Ie CTCIICHU OKHUCJICHUSA BCUICCTB, IMMPOTHO3UPOBAHUEC HX CBOf/iCTB B
peaKkuuigX ¢ ApYruMU BECUICCTBAMMU.
2. COCTaBHeHI/Ie ypaBHeHI/Iﬁ OKHUCIIUTCIIBHO-BOCCTAHOBUTCJIBHBIX peaKHHﬁ.

ITopsinox BeINOJHEHUS PadOTHI
ITpumMeps! perieHus TUIIOBBIX 3aJaHUH

3aoanue Nel.

Onpenenute CTENEHb OKUCICHUS BCEX 3JICMEHTOB B coenuHeHUsX: P20s,
MnSQO4, MnO2, KMnO4, KNO2, NH4NO3, KNO3, K2Cr,07, KoCrOg, NazSOs.

Aneopumm pewienust.

Crenenb OoKkHceHUS — (OpMaNbHBIA 3apsy aroma B Moiekyne. Cymma
3aps/IoB BceX aToMOB B Mosiekylie paBHa 0. CyMMa 3apsJj0B aTOMOB B HOHE paBHa
3apsily UOHA.

+ 2 +2 452 2

P,05 Mn{SO4)* MnO;
(+5)-2+{-2)-5=0 (+2)+[(+6)+(-2)-4}=0 +44+{-2)2=0

vl 4T 2 432 34 452
KMnQ, KNO; (NH (NOsY
+1474{-2)4=0 +1434+(-2)-2=0 G(+1-4+5+(-2)3=0
ol ¢35 2 +«1 +« 2 ol +6 2 -} +4 2

KNO, K1Cr103 K:Cl()q Nu;SO;

3aoanue No2.

VKaxure, KaKoe COEAUHEHHE MOKET OBITh TOJIBLKO OKHUCIUTEIEM, TOILKO
BoccTaHoBuTeneM, i u TeM, u Apyrum: KNO,, HNOs, CrCls, K,CrOs, H,S, SO,
HzSO4, MnSO4, MnOZ, KzMnO4, KMnOa,.

Aneopumm peurenusi.

Ecnu cTeneHb OKUCIICHUs HU3IIAs OTPHUIATEIbHAS, TO ATOM MOXET OBITh
TOJIbKO BOCCTAHOBUTEJIEM, OTJIAET JEKTPOHBL, IPUHUMAThH X HE MOXET.

Eciu crenens OKUCIeHUs BEICIIAs IOJIOKUTENBHAS, TO aTOM MOKET OBbITh
TOJIBKO OKHCIIUTENIEM, IPUHUMAET 3JICKTPOHBI, OTIaBaTh EMY YK€ HEUero.

Ecnu creneHb OKUCIICHHS 3aHUMAET MPOMEKYTOYHOE 3HAYCHHUE, TO aTOM
MOJKET OBITh OKHCJIUTENIEM U BOCCTAHOBHUTENIEM, TO €CTh M IPUHUMATh, U OTABATh
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BJIEKTPOHEL.
;{[:1’03 - oxuemnrens (-3, 041, +2, +3, £3)
ngl_a — orMCauTeNs / poccranonurens (0, +3, +6)
K2CrO4 — oxnenurens (0, +3, +6)
Ll;g — BOCCTRHOBHTEAE (-2, 0, +4, +6)

SO% = OKHCIHTENb / BOCCTAHOBHTENE (-2, (), 24, +6)

HESO4 ~ oxneanTens (-2, 0, +4, +6)

P{fnSO. — BOCCTAHOBHTENG (42, +4, 46, +7)

Mni); — OKHCJIHTE!IB, BOCCTAHOBHTERE (12, 44, +6, +7)
KaMnO, ~ okscantens, poccranoBHTE L (+2, +4, 46, +7)

7

!(Mno‘ — OKHCIHTENS (42, +4, +6, +7)

Raoanue No3.
CoCTaBUTh ypaBHEHHE OKHCIHTEIHLHO-BOCCTAHOBUTEIBHON peaKIyy,

IIPOTEKAIONIEH MeXIy IepMaHTaHATOM KaJlus U MOJUAOM KaJlus B KHCIION cpese u
OIPENIEIUTh BO3MOXKHOCTD €€ IIPOTEKAHUS] B CTAHJAPTHBIX YCIOBHSIX.

A./lZOpumM pewerust.
+1 +7 =2 +1-1 +1 +6-2 +2 +6 -2 0 +1 +6 -2 +1 -2
KMnOs+KI+H2S0s > MnSOs+12+K, S04+ H20
+7 - +2
Oxucnurens Mn+5e > Mn | 108 2
5

Boccranosurens 21 —2e - 1,°
Ilo Tabnuue HAXOAUM CTaHJAPTHBIE IOTEHIMAIBl  OKMCIUTEIBHO-
=151B+ E® _=0,54B

Mn*7/Mn*? 1,021~

R0 _|0 — 1o .m0 = B -
3.1.C. =E ok - s EMnHWW2 Elzlzr 1,51-0,54=0,96>0

BOCCTaHOBUTCJIBHBIX Iap: E°

OTBET: 3HAYUT OKHMCIMTEIBHO-BOCCTAHOBHUTEIIBHAS peaknusa MIPOTEKACT
CaMOITPON3BOJIBHO B IIPSIMOM HaIlpaBJICHUH.

®opma npeaocTaBieHUs pe3yabTaTa
BrimonHeHne HHINBUAYATBHBIX 3aJaHAN 10 BapHAHTaM: PEIICHUE 33139

1 YOPaXHEHUU 110 Ha3BAaHHOW TEMATHKE.
Kpurepun oueHkn:

3a KaKIIpIi IPaBUIIBHBIN OTBET — | Gam.
3a HempaBWIBHBIN OTBET — () OayIOB.
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Tema 1.6. OKuUCIANTEIBHO-BOCCTAHOBUTE/IbHbIE peaKINU

IIpakTHueckoe 3ansiTie Ne 10
OmnpenesieHue HATIPABJICHUI NPOTEKAHUS PeaKIui

Leasb padoTbl: HAYYUTHCS PACCUUTHIBATH TEIIOBBIE d(P(EKTh peakiuii u
TEIJIOTHl 00pa30BaHUs BEIECTB, ONPEAEIATh HAIpaBIeHHE CaMOIPOH3BOIBHOIO
TEYEHUS XUMUYECKUX PEaKIu.

Boinosinus padorty, Bbl Oynere:

yMmemy.

— IPOBOJUTH MPOCTEHINNE TEPMOAUHAMHYUCCKUE PACUCTHI;

— OIpEeNeNATh HAIMpPABICHUE CAMOIPOU3BOJIBHOIO TCUYCHHUS XHMHUCCKHX
peaKiuii.

MaTepnanbﬂoe odecrevyeHme:

Kparkuit crnpaBouHuk Qusnko-xumuueckux BenawunH / Ilom pen.
K. IT. Mumienko u A. A. PaBaens. — JI: Xumus, 1974. — 200 c.

3aganue:
HayuuTscs pemiaTh TUIIOBBIE 3a1a4M:
1 TIIpumenenue ciencTsus u3 3akoHa ['ecca.
2 OmpezneneHue BO3MOXKHOCTH — CaMOIIPOM3BOJIBHOTO — IIPOTEKAHHSA
(HU3UKO-XUMHUYECKOTO IpoLecca.

KpaTkue Teopernyeckue cBeieHUA:

| 3axon mepmoounamuxu

Tennoma, noosoouman uau OmMEOOUMAsi OM CUCHEMbl PABHA USMEHEHUIO
SHYmMPeHHell IHepeUL NIIOC COBEPUIEHHAA CUCEMOU padoma.

B peanbHbIx yciaosusax mpu t° = const u p = const pa6ota A=p'AV, a
Q =A U+p- A V.

Ipunamo eeauwuny U + pV = H — nasvieamv sHmanvbnue cucmemsi.
CrenoBaTenbHO, W3MEHEHHE SHTAJBIINM CHCTEMBI WM XMMHYECKOH pEakIuu

paBHO TerioBoMy 3ddexTy 3Toi peakimu: Q = AHX,p,: H> — Hy. Enununneit
mmMepeHns sSHTanenmmu B cucteme CU  saBmsercs Jx  (mxoymp) wm kIx
(KUITOIKOYIIB).

3axou 'ecca u cnedcmaue u3 neeo
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Has MIPOBEICHUS TEPMOXUMHUYECKUX pacyeToB TIOJIB3YIOTCS
TEPMOXMMHUYECKIMHU YPaBHEHHUSIMH, B KOTOPBIX IPUBEJICHO 3HAUYCHHE SHTAIBIHNN
peaxnuy U yKa3aHbl arperaTHble COCTOSHHSI PEareHTOB U MPOITYKTOB.

Hanpumep: CO2(ra3) + C(1B) «» 2CO(ra3); AHx.p. =+ 173 x[Ix

OHTaJbMUSl peaknuu oOpa3oBaHMS MHOTO3JIEMEHTHOTO COEIUHEHHS U3
MPOCTHIX BEIECTB, OTHECEHHas K | MONIIO MpPOAYKTa PEaKuH, HA3bIBAETCS
SHTaJBIMENH 00pa30BaHMsI BEIECTRaA.

Onmanvnus 06paz08ans NPOCMbIX GeUeCme NPUHAMA PAGHOTL HYTIO.

Pacuetsl TemnoBHIX A(PQEKTOB peaknuii OCHOBaHBI Ha  3aKOHAX
MepMOXUMUL.

3axon Jlasyazve-Jlannaca: SHTANbIUA PA3NOXKEHUS COEAUHEHUS Ha
MIPOCTHIE BEIIECTBA PaBHA, HO MPOTHBOIIOJIOKHA 110 3HAKY SHTAJILIIMK 00pa30BaHUs
9TOTO COEJAMHEHUS U3 TEX XKE MPOCTHIX BEIIECTB.

3axkon [lecca: cymMMa DBHTaNbIMH JBYX WM 0OoJee IPOMEXYTOUHBIX
peaxuuii mpu nepexojie U3 UCXOTHOTO COCTOSHUSL K KOHEYHOMY paBHA SHTAJBIHN
peaxkuuy, KOTopas HENOCPEJCTBEHHO BENeT OT MCXOJHOTO K KOHEYHOMY
COCTOSHHIO.

Cnedcmsue uz saxona lecca: DHTaNbIUs peaklMy NPeACTaBIseT co0Oit
Pa3HOCTh MEXAY CyMMOM SHTANBINNA 00pa30BaHUs MPOJAYKTOB PEAKIMH U CYMMOM
SHTAJBIHMIA O00pa30BaHHUs HMCXOAHBIX BEIIECTB C YYETOM CTEXHOMETPUYECKUX
K03()(PHUIMEHTOB ¥ arperaTHOro COCTOSHHMSL.

AHY =>'n-AH)  —>'n-AH,

Bmopou  3axon  mepmoounamuxu.  Ouwmponus.  Ouepeuss  [ubbca
Ycnosue camonpoussonvrnozo meuenus npoyeccog

B xuMuyeckux cucTeMax CaMOIPOU3BOJIBHO NMPOTEKAIOT T€ IPOLECCHI, B
XOZIe KOTOPBIX BO3pACTAET YUCJIO YAaCTHI] MIM YHCIO BO3MOMKHBIX COCTOSHHH
aTOMOB.

KonndecTBeHHO BEPOSITHOCTh OCYLIECTBICHHS JAaHHOTO MAaKpOCOCTOSIHUS
CHCTEMBI BBIPa)KAaeTCsl BEJIMYMHOMN, IPOIOPLMOHATIBHON Jorapudmy BEpOSTHBIX
MHKPOCOCTOSIHUIA ¥ HAa3bIBAETCS SHTPOIHEH S.

S=K:IgW, 20e W — uucno seposmuwix cocmosmuil.

JpyruMu cioBaMH 3HTPONMS XapaKTEpU3YeT Mepy pa3ynopsao0oyenHOCmu
cucmemul. IHMPONUs. mem MeHbute, vem boee ynopaooueHsl Yacmuybl 6eujecmed,
TO €CTh HAWMEHBIIYI0 JHTPONHI0 HUMEIOT HACAIBHO IMPAaBHUIBHO ITOCTPOCHHBIE
KPHCTAJUIBI IPU a0COIIOTHOM HYJIE.

[Ipn mepexone cUCTEMBI U3 COCTOSIHUS «1» B COCTOSHHE «2)» W3MEHEHHE

s,-S,—As=2
SHTPOIHUHU PABHO: T,
TO €CTh H3MEHEHME OHTPONMM 3aBHCHT OT TEMIEpaTyphl M HMeEET

pasmeprocTh J[x/K
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Jyisl KONMYEeCTBEHHOTO BBIPAXKEHHWS HAIPaBICHHUS IPOTEKaHHs Ipolecca
'm60Ocom BBeneHa BenMUMHA HM300apHO-U30TEPMHUYECKOTO NOTEHIHMaNa (Win
«oHeprust I'ndoca») G = H-T-S nnm npu nepexozae n3 cocTosiHUA «1» B cocTOsSTHHE
«2» m3meHenue OHepruu [mbbca paBHO: AG=C,-G1=AH-T-A4S — Il 3akon
TEPMOTMHAMHUKH.

Wnave: Oumponus Huxoz0a camonpou3goibHO He YMeHvulaemcs, npu
CaMonpoOU3BOILHOM MeyeHUU PeanbHbiX NPoYeccos ona aubo eospacmaem, 1ubO
ocmaemcs neusmennou AS20.

Jast ynobcTBa TIPUHSTO TIOJIB30BATHCSA CTaHAApPTHBIMH
TEPMOJIMHAMHYECKUMH BEJIMYMHAMH, TO €CTh BEIMYMHAMHM, XapaKTEPU3YIOUINMH
BEIIECTBO B CTAHAAPTHOM COCTOSHHU:

P=1 atm=10°TIa; T=298 K (25°C).

AH®- cTanaapTHas SHTAILIMSA 00pa30BaHKs BEIIECTRA;

S® — cranjapTHas SHTPOMMS BELIECTBA;

AG° — cranyaptHas sHeprus ['u66ca.

OTH BEMYUHBI 11 MHOTUX BEIIECTB CBEJICHBI B TaOIUIBI U IPUBOASATCS B
CIpaBOYHUKAX (PU3UKO-XMMHUYECKUX BEJINYUH (CM. IIPHIIOKEHHE).

s XumMuyeckol peakuy MOXKHO 3aIllACaTh:

RS TR SN
Asox'p' - Z n- Sﬁpozl, - Z n- Sgcx

0 0
AGYy, = D> .n-AGY,,, - > n-AGy,
Ilopsinox BbINOIHEHHUS PaGOTHI:

1 TloBTOpHTE OCHOBHBIC IOHSTHUS, H3y4EHHBIE B TeMe «XHMHUYECKas
TEPMOJMHAMUKA», 3aKOHBI TEPMOXUMHUH U TEPMOJUHAMUKU.

2 3aKoHCIEKTHPYWTE YCJIOBHE CaMOIPOHM3BOJBHOTO TEUeHUs (u3MKo-
XMMHYECKHX MPOLECCOB, OCHOBHBIE (OpMyIBl (MaTeMaTHUeCKHUe BBIPAKEHUS
3aKOHOB T€PMOJUHAMHUKH, CIIEACTBH U3 3akoHa ['ecca).

3 IIpoaHanmu3upyiTe 1 OCMBICIUTE aJrOPUTMBI PEIICHHS THIIOBBIX 3a/1ad Ha
IIpUMEHEHHE CJIEACTBUA U3 3akoHa lecca M oOIpeleleHUEe HaNpaBlIeHUS
CaMOITPOU3BOJIBHOTO POTEKAHUS (PU3MKO-XUMHUYECKHX MPOLIECCOB.

4 BrIonHUTE NHANBHUIYAIbHBIE 3aJaHUS B COOTBETCTBHHU C BAPHAHTOM.

Xon padoThI:

3adaua Nel.

[lonme3ysick HaHHBIMH TaONMIBI TPWIOKEHHWS] B KOHIE METOIMYKH,
Bbuucuts AH? peakuyu:

2Mg(TB)-i-COz(r):ZMgO(TB)-i-C(TB)

Aneopumm peuienus.
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Ilo JaHHBIM Ta6J'II/IIH>I MMPUIIOKCHUSA CTAHAAPTHBIC SHTAJIbIINA 06pa30BaHI/IH
YIJIICKHCIIOTO ra3a M OKCHUJa Maruus paBHBIL.

AH%0 2 = —393,5 x/Ix/Momb

AHg0= — 601.8 KJ[>x/MOIB

CraHJapTHEIE SHTAIBIMH OOPA30BAHUS MPOCTBIX BEMIECTB PABHBI HYJIO,
T.C. AHOMg:AHOCZO.

CraHapTHas SHTAIBINS PEAKIUU PABHA:

AHC, , =2-AH g0 — AHOc0 2 =2-(~601,8)~(~393,5) = 810, 1 kJlx.
Otset: AH% ,=-810,1 kJIsk.

3aoaua Ne 2.

[Tonp3ysch CHIpaBOYHBIMM JAaHHBIMHM, YCTaHOBHMTE, BO3MOXKHO JM IIpU
temmneparypax 298 K u 2500 K BoccraHOBJI€HHE JUOKCH]IA THTaHa 10 CBOOOJHOTO
MeTajlIa o CXeMe:

TiO2 ey t2Can=Ti@e+2 CO

3apucumocthio AH? u AS oT TeMmepaTyphl peHeGpeUb.

Anzopumm pewrenusi.

[To Tabnuie NPUIOKEHHS HAXOANUM:

AGi02 = —888,6 KJ[K/MOTIb S%i0 2 =50,3 kJK/MOTb
AGco=—-137,1 xJIx/Monb S%=5,7 xJlx/Monb

AH%i0 2 = —943,0 xJ1/MOIb S%=-30,6 x/Ix/Monb

AH%0=-110,5 xJIx/Monb S%0=197,5 xJIx/MOIb

CraHgapTHble SHTaIBIUM O0pa3oBaHusi M dSHepruu ['mOOca mPoCThIX
BEIIECTB PaBHBI HyO, T.e. AHc = AH % =0.

ITo 3akony I'ecca uist paccmaTpuBaeMoil peakuuu:

AG =2AG co-AGri0 2 = 2:(-137,1)—(-888,6) = 614,4 x]Tx.

IMockoneky AGY>0, Boccramosnenne TiO2 mpu 298 K rpadurom
HEBO3MOJKHO.

Jlns pacuera AG?%, , = AH %, — T-AS% , = AH, — 2500-AS ..

Haxomum:

AHY ,=2-AH%0 — AH%i02 = 2:(-110,5) — (-943,0)=722,0 kJIx.

AHAJIOTHYHO BBIYUCIISIEM:

ASox_p_: (SOTi+2~SOco) — (SOTio 2 — Z-Soc) = (30,6 + 2-197,5) — (50,3 —
2-5,7)=363,9 Ix/K.

W3menenne sHeprun ['n60ca peakunu mpu remnepatype 2500 K pasro:
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AGPO=AHY , —2500-AS’%, 107 =722,0 - 2500-363,9 103 = ~187,75 xJIx

AG?0= _187,75 xJlx<0, cienoBaTelbHO mpu T=2500 K BoccTanoBneHue
TiO; rpahUTOM BO3MOXKHO.

Otset: AGY ,= 614,4 xJIx>0, Boccranopienne TiO, npu 298 K rpadurom
HeBo3MoxkHO. AG®YV= _187,75 «xJlx<0, cnemoBarenshHo mpu T=2500 K
BoccranoByierue Ti02 rpaduTOM BO3MOXKHO.

dopMa mpeicTaBieHusi pe3yiabTara: opopmieHHas paboTa ¢
BBIMOJIHEHHBIMY HHIMBU Iy JIbHBIMHU 3aIaHASIMH 110 BAPHAHTAM.

Kpurtepnu onenku:

3a KaKIbIi MPaBUIBHBIN OTBET — 1 0.
3a HenpaBUIIBbHBIH 0TBET — () OasLIoB.
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Tema 2.1. TeopeTnyecKkue 0CHOBBI OPraHUYECKON XUMHUHU
IIpakTHueckoe 3ansaTHe Ne 11
CocraBJjieHHe CTPYKTYPHBIX ()OpPMYJI H30MEpPOB

I_[em, paﬁOTbl: HAY4YUTBCA COCTABJIATH U3OMCPBI OPTAHUYCCKUX BECUICCTB

Beinoanus 3Ty padory, Bel Oynere:

yMeThb:

— COCTaBIISATH (DOPMYJIBI OPTAHUYECKHIX BEIIECTB (YIIIEBOAOPOIOB);

— Ha3bIBaTh [0 CUCTEMaTHYECKO HOMEHKJIATYpe Ipe/ielIbHbIC
YTIIEBOIOPO/IBI M UX TIPOU3BOJTHBIE;

— IIPOCTPAHCTBEHHO ITPECTABIISATH CTPYKTYPY MOJIEKYI IIPEASIIbHBIX
YTJIEBOAOPOOB HOPMAIBHOTO M U30CTPOEHHUS.

O0opynoBanue U MaTepuaiIbl: HAOOP I IOCTPOCHHUS IAPOCTEPIKHEBBIX
MOJEJIEN MOJIEKYJI, TPAHCIIOPTUD.

ITopsiIoK BbIMOJIHEHUS PA0OTHI:

1) mocTpoiiTe mapocTepKHEBbIE MOJIEIN MOJIEKYJI MeTaHa, dTaHa, OyTaHa,
n300yTaHa, ICHTaHA ¥ U30IICHTAHOB;

2) HanMIIKUTE CTPYKTYypHBIC (POPMYJIIbI ¥ (DOPMYJIBI COCTABA ITUX BEIECTB;

3) Ha30BUTE BCE BEIIECTBA [0 CUCTEMAaTHUYECKOW HOMEHKIIATYPE;

4) n300pa3uTe MOAEIN MOJIEKYJI 3TUX BEIECTB IPOCTPAHCTBEHHO Ha
Oymare;

5) u3MepUB TPAaHCHIOPTHPOM YITIBI MEXKy HAIIPABICHUAMU CBA3CH,
y6enuTech, 4To Bce OHM paBHbI 109°28;

6) BBITIOJIHUTE UHIWBUIYaIbHOE 3a/1aHHE.

IIpumep MHAUBUAYAJIBHOTO 3aJaHHA
1. HazoBute BemecTBa 1o cucTeMaTHYeCKOH HOMEHKIIAType, TI0
YKa3aHHOMY BBIIIIE AJITOPUTMY.

CHs

1) CH;—C i) CH, — CH, — CH, — CHy
| |
CHs cl

2) CHs;— CH — CH-CHs
| |
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CHs CHs
CH; - CH3

3) CH;-C- :CHz — CH, - CH3
CH, - CH3
4) CHs — CH, — CH, — CH2 — CH2 — CH3
2. CocraBbTe COKpaIlleHHbIE CTPYKTYPHBIE (JOPMYIIBI BEIIECTB 110
YKa3aHHOMY BBIIIE aJITOPUTMY: 2, 2 — TUMETHII-3-XJI0p-0yTaH; 4 — STUII-OKTaH.
3. YkaxuTe u3oMepbl TuOpoMOyTaHa.

By
a) CHz; - C - CH, - CHs
| Br
By
a) CH;-C T CH; — CH,-CHjs
Br

6) CHs — CH — CH — CHs

| |
Br Br

®dopma npeacrasieHus pe3yasTara: ohopmieHHas paboTa ¢
BBIIIOJIHEHHBIMU MHIMBUAY ATbHBIMH 33JaHUSAMH 110 BapHaHTaM (3a1a4d U
YIPaXHEHU 110 Ha3BaHHOH TEMAaTHKe).

Kpurtepuu ouenku:

3a KaXIpIi MpaBUIBHBIN OTBET — 1 Oa.
3a HenpaBuIIbHBIH 0TBeT — 0 GasLIoB.
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Tema 2.2. Yriesonopoast

IIpakTHueckas padora Ne 12
CocTraBjieHHe U Ha3BaHHMe CTPYKTYPHBIX (pOPMYJ1 ATKAHOB, AJIKCHOB,
AJIKHHOB
Leasb padoThl: HAYIUTHCS COCTABIATH CTPYKTYpHBIE (OPMYJIBI H30MEPOB
JUISL BEIIECTB aIKaHOB, AJKEHOB, AJKUHOB. HaxomuTb WCTHHHYIO (GOpMyITy
YTJIEBOIOPOMOB.

Beinoanus 3Ty padory, Bel Oynere:

ymemp:

— COCTaBJISITH (DOPMYJIBI HEMPEAETBHBIX YIIIEBOAOPOJIOB;

— Ha3plBaTh HENpeJeNbHbIE  YIJIEBOAOPOJBI IO  CHCTEMaTHYECKOM
HOMEHKJIAType;

— ONpeJemATh MOJNEKYIApHYI0 (OpMyITy YIIeBOAOPO/a IO €ro INIOTHOCTH U
MAacCOBOI1 JI0NI€ JIEMEHTOB.

3ananus
1. HamummuTe cTpyKTypHBIE (GOPMYIIBL:
| — ankeHoB: a) 2-MeTUIOyTeHA-2; 0) 2-mertunmnporneHa-1; B)
2,3-auMeTmirekceHa-3;
r) 2,5,5-TprMeTHireKceHa-2; ) 2,2,6-rpumernin-4-
STWITENTEHa-3;
Il — ankanreHoB: a) 2-MeTUiINeHTaaueHa-1,3; 0) 2-MeTHITeKCaqeHa-
1,5;
B) 2,4-muMmeTuinieHTaaneHa-2,4; r) 2,5,6-

TPUMETHUIOKTaqueHa-1,3;
1) 2,4-numertuirentaauena-1,5;

Il — ankuHOB: a) 3-MeTUJIMEeHTHHA- | ; 0) 4,4-muMeTHIITIEHTHHA-2; B)
3-MeTri-4-3triiokTuHa-1;
T) 4-3TUNTeKCUHA-2,; ) 2,2,5-TpuMeTHITeKCHHA-3;

2. Ha3oBuTe ciieayronme anKeHbl:
a) CHy—CH,~C=CH-CH; 6 CHy—CH—CH—CH,—C=CH,
a)CH,;=CH—CH=CH—CH, 6) Cll.v:-‘('.'ll*-%‘H—('H—(7H=CH3
CH,—CH, CH;

B HC=C—CH=C—CH; ) CH,—(.‘H=(I‘—C = CH—?H-—CH,
CH, CH; HyC—CH,; CH,—CH; CH;
3. HasoBuTe crieayromme TMCHOBbBIC YTIIEBOJOPOIBL:
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4. HazoBute CJICAYIONIMEC aJIKUHBI:
CH; (|'in CH,
a) CHy—C=C—CH—CH; 6) CH;—CH—C=C—CH—CH,—CH;

CH; CH; CH3CH;
) CHy-C—C=C—C—CH; 1) CHy—C—CH—C=C—CH,
CH; CH; CH,—CH;

5. Kakue ankeHbl MOTYT OBITH HOJYYEHBI NPU ACTHIPHUPOBAHHHU: a) H30-
OyTaHa;

0) 2-merwnOyTaHa; B) 2-MeTWNEHTaHa; T) mnponaHa? Hanmmmre
COKpallleHHbIE CTPYKTYypHBIE (POPMYJIBL.

6. Kakue yrmeBomopoabl M B KakOM KOJIMYECTBE IOJYYalOTCS TIpH
neruapatanuu 10 kxr: a) stwioBoro crmpta CHz—CH>—OH; 6) mpomuioBoro
crnupta CHz3—CH>—CH>—OH?

7. CxoJbKO TpaMMOB OpoMa MOTYT MPUCOEANHHUTE: a) OyTeH-2 maccoi 2,8
r; 0) meHTeH-2 Maccoit 3,5 r; B) rekceH-2 maccou 4,2 T ?

8. Kakoii 00beM BomopoJa HEOOXOIMM JUIsi TUAPHPOBAHUS CMECH Ta30B
Mmaccoii 12,4 r, conepkaiux aTuieH (Maccosast n1oist 22,58%), nponen (32,26%) u
OyteH-2 (45,16%)? Hanummre COOTBETCTBYIOIME YPABHEHUSI PEAKIIHIA.

9. CKONIbKO TpaMMOB TaJIOT€HOIPOM3BOJHOTO 00pa3yeTcs B pe3ysbrare
B3auMOJICHCTBUsL TiporiiieHa o0bemoMm 1,12 11 ¢ xyopoBogoponoM? Beipaszute
PEaKIHIO B CTPYKTYPHBIX (hOpMYyJIaX, yUUThIBas PaBuiIo MapKOBHHUKOBA.

10. Ckonbko TpaMMOB YKCYCHOTO aibAETHJa MOXHO IOJNY4YUTh U3
aneTnieHa ob0vemMoM 50 1 mo peakumn KyuepoBa, yduMTBIBas, 4YTO BBIXOJ
anpaeruaa coctaniseT 90 % ot TeopeTHuecKoro?

11. Kakoii obpeMm ameTwieHa HEOOXOIMMO 3aTpPaTUTh IS TONXYy4eHHS
Oensona maccoit 40 kr?

12. Ckonbko TpaMMOB OpoMa MOXKET MPUCOCTUHUTHCS K ATHIICHY 00beMOM
1,12 1 mpu HOPMaNTBHBIX YCIOBUAX (H.y.)?

13. Ckonpko JUTPOB dTaHa MPU H.y. IOJYYHTCA TPH B3aHMMOACHCTBHU
aneruiieHa Maccoit 39 r ¢ Bogopoaom oosemom 50 n1?

14. Ckompko IHUTPOB KucCIOopoma (H.y.) mMmOTpedyeTcs IS IIOJHOTO
CTOpaHUs: a) alleTUiIeHa Maccoit 6,5 T; 6) 1 Mo mpormieHa?

15. TIpu cxxuranuu raza oobemom 4,48 1 obpasosaiicst okcun yrirepona (1V)
Maccoit 13,44 T u Bomga maccoit 10,8 r. Macca ogHOTO JIMTpa 3TOTO ra3a ImpH H.y.
pasHa 1,875 r. Onpenenute nCTHHHYIO (POpMyITy rasa.

— OMpeeNIATh MOJEKYISIPHYIO (OPMYITY YIIEBOJIOPOIA TI0 €ro INIOTHOCTH 1
MAacCCOBOH JI0JIE 3JIEMEHTOB.

AJIropuT™M peleHusi TUIIOBOI 3a1a4u
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3amava. [Ipu cxxuranum ra3oo0pasHOTO yriieBojopona obovemom 2,24 1
moirydeHo okcuaa yraepona (1V) maccoit 13,2 r u Bogs! maccoit 7,2 1. [motHOCTH
rasa mo Bo3ayxy coctaBisieT 1,52 (a.y.). Ompenenurte MONEKYISpHYIO (GOpMYITy
rasa.

Pemenue.

Drosn(B-Ba) = M(B-Ba)/M(B0311) = M(B-Ba)/29.

1. Monsiprast Macca ra3a paBHa: M(B-Ba) = M(B031) * Dgosn(B-Ba).

M(Bo3n.) = 29 r/Mmonb;  Diyoss(Taza) = 1,52;

M(raza) = 29 r/momnbe1,52 = 44 v/MOIIb.

2. Macca yriaepoja u Boiopoja B 2,24 11 yriieBoJopo/ia COCTaBIsET:

12 r yrepona oopazyer 44 r CO;
_ 13,22-122 _

x »ymepoma »  132» COq a2, % ©
2 rtBOmopoma obpasyer 18 r H,O
_ 12222 g, H.

y »Bojopoza  » 7,2 » H0 182

3. Macca yriepoja ¥ BOJOPOJa B COKKEHHOM rase coctapisier 3,6r+0,8r =
4 4r

4. Paccunrtaem maccy 2,24 11 yriaeBogopo/a:

44 r yrueBojopoja 3aHMMaloT o0beM 22,4 1

Z » YIIeBoJopoaa » » 2,24 »

2= % — 440

5. 3Ha4uT, Ta3 COCTOUT TOJIBKO U3 yriepoaa u Bogopoaa. CieoBaTenbHoO,

H= 36 : 08 =0,3:0,8=1:2,66,
12 1

otkyna npocreiimasi popmyna CHoge (My = 14,66). OTHOLIEHHE MacChl
HUCTUHHOTO COENMHEHHMsI K Macce TpocTeiiiero cocrasiuser 44/14,66 = 3.
CrenoBatenpHO, MpocTeiiyto  QopMmyiny Hajo yBelIMYHTh B 3 pa3sa,
C:H= 36 : O’8=0,3:0,8=1:2,66=3:7,98=3:8,

12 1

orctozia uctuHHas popmyna raza CzHsg.

[Ipumeuanue: ecnu B YCIOBHHM 3aJaud JlaHA OTHOCUTENbHAs IUIOTHOCTh
BEIIECTBA 110 BOAOPO/LY, TOT/Ia TPUMEHSIIOTCS (DOPMYIIBL:

DHz(B-a) = M(8-Ba)/M(H2) = M(B-Ba)/2.

M(B-Ba) = M(H2) * DHz(B-Ba) = 2 * DH2(B-Ba).

[Momb3ysCh ANTOPUTMOM PEIICHHS THITOBOM 3a/1a4H, BBIMOIHUTE 3aaHUSL.
3amanns
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1. BoBemure MoJeKyIsIpHYIO (OpMyITy BEIecTBa, COJEPIKAIIEro yriepos
(maccoBas mons 85,7 %) m Bomopon (14,3 %). IlmoTHOCTE TAPOB MO BOAOPOIY
paBHa 21.

2. BrBemuTe MOJEKYISIpHYIO (OPMYJTy BEIECTBA, COAEPIKAILIETO YIIIEPOJ
(maccoBas mons 81,8%) u Bogopon (18,2%).

3. Ompenenure MOJIEKYISIPHYO (DOPMYITy BEILIECTBA, COAEPIKAIETO YTIIIepO
(MaccoBast mons 83,72 %) m Bomopon (16,28 %), ecam MoNeKyJIsApHas Macca
BeIlleCTBa paBHA 6.

4. Beluucnure WIOTHOCT 3TaHa MO BO3IYyXY U BOJOPOLLY.

5. Omnpenennure MOJEKYISIpHYIO (OpPMYJTy ra3000pa3HOrO BEIIECTBA, €CIIH
€ro IJIOTHOCTh IO BO3JyXYy paBHa JBYM, a MaccoBas J1oiisi yraepona 82,76 % u
Bojopona 17,24 %.

6. Ilpm oxkurannu ra3zo00pa3HOrO YIVIEBOAOpPOJA OOpa30BaliCsl OKCHIL
yraepona (IV) maccoit 3,3 T u Boga maccoit 2,02 1. [ITOTHOCTB €ro Mo BO3IYXY
cocraiser 1,04. Hanumute CTpyKTYpHYIO (OPMYITy YTIICBOAOPOIA.

dopma mpeacTaBieHus:  pe3yJabTara:  odopmieHHas paboTa C
BBIIMTOJITHCHHBIMU  MHAUWBUAYAJBbHBIMH 3aJaHUsIMU 110 BapUaHTaM (38.}13.‘{1/1 u
yOpakKHEHUS 110 Ha3BaHHON TEMAaTHKE).

Kpurtepun onenku:

3a Kax bl MpaBUIbHBIA OTBET — 1 Gas.
3a HenmpaBUIIBHBIN 0TBET — () GayIoB.
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Tema 2.3. Kuciopomocoaep:xainiie opraHndecKue BenecTsa
IIpakTHyeckoe 3ansiTHe Ne 13
CocraBjieHHe U Ha3BaHHe CTPYKTYPHBIX (hOopMy.J1
KHCJIOPOI0COACPAKAIMX OPraHUYECKHX BelIeCTB)

Leasb padoThl: HAYIUTHCS COCTABISTH CTPYKTYpHBIE (hOPMYIIBI H30MEPOB
JUISl BEILIECTB CITUPTOB, ajbJIETH/IOB, KapOOHOBBIX KUCJIOT. HaxoquTe MCTHHHYIO

(bopMyJTy yrIIeBOIOPOIOB.

Beinoanus 3Ty padory, Bel Oynere:

ymemp:

— COCTaBJISITH (DOPMYJIBI JTB/ICTUAOB U KApOOHOBBIX KHCIIOT;

— Ha3bIBaTh AJIBAETUIBI U KapOOHOBBIE KHCIOTBHI IO CHCTEMaTHYECKOH
HOMEHKJIAType;

— pemiaTh pacyeTHbIE 3aJaud [0 YPaBHEHHSIM pPEakUUid MpeBpalieHus
aJIbACTU 0B U Kap6OHOBbIX KHCJIOT.

3ananus

1. Hanummre cTpyKTypHBIE (DOPMYJIBI CIEAYIOIIMX COCAMHEHWM: a) 2,2-
JMMeTHIOyTaHalb; 0) 2,2,3-TpuMeTUIINIeHTaHaNb; B) 2,4-ANMETUIINIEHTAaHANb: T) 3-
MeTHIOyTaHalb.

2. Ha3zoBute 1o MexIyHapOAHONH HOMEHKIIATYpPE CIIEIYOLIUE COCUHEHNUS:

CH; e CH, 0
1) CH;—C—CH;~CH,~C%. 6) CHy—C—CH,—C?
CH;, q CH, “H
CH,
8) CH;~CH,—CH (fo r) CH; Q'—L‘D{;-l'il~—1_f(-l
CHy—CH, U o, o, H

3. Hammmmre CcOKpalleHHBIE JIMHEIHBIE CTPYKTYypHbIE  (HOPMYIIBI
aJIBETHIO0B, OOpa3yIOUMXCSl NPH OKHCICHHH CIUPTOB: a) IPOIMIOBOro; ©O)
OyTUJIOBOTO; T) aMHUJIOBOTO.

4. Hamummre ypaBHEHUS pEaKIWil B3aUMOJECWCTBHS C BOJOPOJAOM B
MIPUCYTCTBUU HUKEJIEBOTO KaTajm3aTopa: a) JTaHaisy, O) ¢opmampaernnua; B)
MAacJISTHOTO aJIbJETHIA.

5. Hanumurte ypaBHEHHsSI pPEakUUd KaTAIMTUYECKOTO  OKUCIIEHHS
KHCJIOPOJOM BO3/AyXa IPH BBICOKOM TEMIEpaType CIEAYIOMIMX CIHPTOB: a)
mpomnanoia-1; 6) MeraHomna; B) 3TaHONA.

6. HammmmTe ypaBHEHHS pEaKnWil TOMYYEHHs CICAYIOIMX ajlbJeTHIOB
OKHCJIEHHEM COOTBETCTBYIOIINX CITUPTOB!

H [a) 0O 0
a)CH,—l"_'—(I// ) CHy—CH; CH;—-({ n'u‘n,.:-~-C|l~(</
CH, \H H H



7. Kakxoit o0beM BoOIOpOJa HEOOXOMMMO 3aTPaTUTh Ha IIPEBPAIICHHC
staHaist Maccoit 11 kr B aTanon?

8. [Ipu oxwcnIeHUH apJernaa Maccoi 8,6 T aMMHUAYHBIM PaCTBOPOM OKCHIIA
cepebpa BbIIENIIOCH cepedpo Maccoi 21,6 r. Brrumcnute MONEKyISIpHYIO Maccy
anpreruaa. Hamummre CTpyKTYpHBIE (OPMYITBI BOBMOKHBIX H30MEPOB M HA30BHUTE
HX 10 XKEHEBCKOW HOMEHKIATYpeE.

9. B 1aByX mpoOupKkax HaXOIATCS YKCYCHBIH albICTHI M STHJICHTIHKONb.
Kak npu momoum ruapoxcunaa meam (II) ompenmenuth, rae kKakoe BeIIECTBO?
Hamummte ypaBHEHHS COOTBETCTBYIOIIMX PCAKITHIA.

10. Hanuumte ypaBHEHUsI peakiuii B3aUMOJEHCTBUS C THIIPOKCHIOM MEIN
(I): a) ykcycHoro anpaernia; 0) mponaHais; B) OyTaHas; T) 2-MeTHIOyTaHaJIST; 1)
3-MeTHIIIeHTaHATS.

11. Tlpu oOKMCIEHMM TEXHHYECKOro TpernapaTa YKCYCHOTO albJIeruja
Maccoit 0,5 r aMMuauHbIM pacTBOpoM okcuaa cepedpa (I) oOpasoBancs meramt
maccoit 2,16 r. OmpenenuTe MacCOBYIO JIOJIIO alleTalbJeTua B TEXHHUUYECKOM
npemnapare.

12. HazoBuTe 1o Mex/1yHapOIHONH HOMEHKIIATYype ClIelytolne KapOOHOBBIE

CH, GHy CH,
4) CHy~C—CH;~COOH 6) CHy~CH—CH-CH~COOH
CH, H,C—CH,
CH;=CH; CH,
B CH—C-CH;~CH;~C—COOH 1) CHy—CH-CH-COOH
[
CH;—CH, CH; CH;y CH,—CH;
KHCTIOTBI:
CH;-—CH—COOH CH\—(’-'H—‘-Hz COOH
|
. Cll
) CH €) ‘

13. HanmuomTe cTpyKTypHBIE ()OPMYJIBI H30MEPOB BaJICPHAHOBOH KHCIOTHI
1 HAa30BHUTE UX MO MEXIyHApOJHOM (cHCTeMaTH4eCKOi) HOMEHKIIAType.

14. Hantuimte cTpyKTYpHBIE (POPMYJIBI CIEIYIOIINX KAPOOHOBBIX KHCIIOT:

a)  2-meTwnOyTaHOBOW; 0)  2,2-IMMETHIIPONAaHoBoil; B)  2,4,4-
TPUMETHWITEKCAHOBOM;

r) 2,2,4,4-TeTpameTi-3,5- IUATHITEITAHOBOM.

15. Kakoe coenuHEHHWE NOIYYUTCS IPH BOCCTAHOBJIECHHH BOJOPOIOM
STaHOBOU KUCIIOTHI?

16. Kakoe coeamHEHHE TMONXYYUTCS TPH BOCCTAHOBJIEHHH BOIOPOIOM
onenHoBOM KucaoThl C17H33COOH?

17. Kakas npenenabHasi OTHOOCHOBHAS KMCJIOTA MOJYYUTCS IPU OKUCIIEHUU:
a) 9TaHoIna; 0) METaHOJa; B) MPOITMOHOBOTO aNbJCTHAA?
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18. CKONBbKO TpaMMOB KHCJOTHI W CIIUPTa HAJ0 B3SATh IS ITONyYEHHS
MYpaBBUHO-3THIIOBOTO 3¢pupa mMaccoit 37 r?

19. Kakoi#i 06beM BoAopoJa MpH HOPMAIBHBIX YCIIOBUSIX BBLICIUTCS TIPH
JIEMCTBUU Ha YKCYCHYIO KUCJIOTY MarHus Maccou 8§ r?

20. Cxkonpko IpaMMOB MYpPaBBUHOW KHCIIOTHI OKHUCIMIOCH aMMHAa4HBIM
pacTBOpoM OKcuaa cepebpa, eclii B pe3yibTaTe peaknud IOoIy4eHO cepedpo
konmuecTBoM BeniecTa 0,1 Monp? Kakoii o6beM okcnnaa yriepoaa (1V) npu atom
BBLAETMIICS?

dopMa mpeicTaBieHusi pe3yJabTara: opopmieHHas paboTa ¢
BBIMOJIHEHHBIMM ~ MHWBUIYaJbHBIMH 3aJaHUSIMH 110 BapuaHTaM (3374 |
yIpa)KHEHUS 110 HA3BaHHOH TEMAaTHKeE).

Kpurtepnu onenku:

3a KaKIbIi MPaBUILHBIN OTBET — 1 0.
3a HenpaBUIIBHBIH 0TBET — () OasLIoB.
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Tema 3.2. XuMu4eckasi TepMOIMHAMHUKA

IIpakTHueckoe 3ansTHe Ne 14
Pemenne 3ana4 no reme «TepmoauHaMmudeckue pacieTbn

Leas paGoThI: HAYYUTHCS PACCUUTHIBATH TEIUIOBBIE APQEKTH peakunii u
TEIJIOTHl 00pa30BaHUs BEIECTB, ONPEAEIATh HAIpaBI€HHE CaMOIPOH3BOIBHOTO
TEYEHUS XUMUYECKUX PEaKIu.

Beinoanus 3Ty padory, Bel Oynere:

ymemp:
HAYYHUTBCSI PACCUUTHIBATH TEIUIOBBIE d(PEKThl PeakHidi U TEIIOTH 00pa3oBaHUs
BEIIECTB, ONPEAENATh HAIpaBICHUE CAMOIPOHM3BOJILHOIO TEUEHHS XUMHYECKHX

peaKiuii.

MarepuanbHoe o0ecnieyeHue:
Kpatkuii cipaBoyHuk ¢pusuko-xumudeckux Benuunt / [lon penakiueit K.
I1. Mumenxo u A. A. Pasuens, JI: Xumus, 1974. — 200 c.

3ananue

HayuuTscs peluaTh TUIIOBBIE 3a1a4M:

1 TlpumeHenue ciaeacTBus U3 3akoHa [ecca.

2 OnpepeneHre  BO3MOXXHOCTH — CaMOINPOM3BOJBHOTO  MPOTEKAHHS
(U3UKO-XUMHUYECKOTO MpOoIiecca.

ITopsinok BbINOTHEHUST PAGOTHI
[IpumepsI peleHus TUIIOBBIX 33439

3aoaua Nel.

[lonme3ysich JaHHBIMH TaONUIBI TPIJIOKEHHSI B KOHIlE METOJUYKH,
Bbrumcuth AH? peakuuu:

2Mg(TB)+C02(r):2MgO(TB)+C(TB)

Aneopumm peuierus.

[lo maHHBIM TaONHIIBI MPHUIOKEHUS CTAHIAPTHBIC YHTAIBIINN 00pa30BaHU
YTIEKUCIIOTO Ta3a U OKCHAA MarHus paBHBL

AH’co , = — 393,5 kJlx/Moub

AHMgo= — 601.8 xII/Monb

CranaapTHBIC SHTAJBIINN 00pa30BaHUS MIPOCTHIX BEIIECTB PaBHEI HYIIO, T.€.
AHoMg:AHOCZO.
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CranaapTHas HTAIBINUS PEaKMK PaBHA!
AH,=2-AH 0 — AHco , =2:(-601,8)-(-393,5) = 810,1 x/Lx.

Otget: AH% ,=-810,1 K]k

3aoaua Ne2.

Ilone3ysich CHpaBOYHBIMM JAHHBIMH, YCTAHOBUTE, BO3MOXKHO JIM IpH
temmneparypax 298 K u 2500 K BoccTaHOBJIEHHE TUOKCH]IA TUTaHA 10 CBOOOHOTO
MeTajlIa [0 CXEMe:

TiO2 (12 F2Can=Tisyt2 COgr)

3asucumocthio AH? 1 AS? oT TemnepaTyphl npeHeGpeyb.

Anzopumm pewenus.

[To Tabmuiie NprIIOKEHHS HAXOUM:

AG®rio , = —888,6 KJlK/MOb %70, =50,3 x/lx/momb

AG%co=—137,1 kJIx/MoIb S%=5,7 kJlx/Monb
AHCri0 , =—943,0 kJlK/MOTb S°i=-30,6 kJlK/Monb
AH 0= —110,5 kJI>x/MoIb S%0=197,5 xJIx/Monb

CraHgapTHbIe SHTaNbIUK 00pa3oBaHUs W OJHepruu [ubOca mNPOCTHIX
BEIIECTB paBHbI HyJI0, T.e. AH’c = AH; =0.

ITo 3axony I'ecca ayist paccMaTpuBaeMou peakium:

AGY , =2AG co-AG o , = 2:(-137,1)—(-888,6) = 614,4 xJIx.

IMockonbky AG®-0, Boccranobnenne TiO; npu 298 K  rpadurom
HEBO3MOJKHO.
Jlns pacuera AG?, , = AHO , — T-AS%, = AH%, — 2500-AS%,,.

Haxonum:

AHY ,=2-AH%0 — AH%\0 , = 2:(-110,5) — (-943,0)=722,0 xIx.

AHaJIOTHYHO BBIUUCIISICM:

AS%, = (S%i+2-8%0) - (S’rio, — 2:S%) = (30,6 + 2:197,5) — (50,3 — 2:5,7)=363,9
Jx/K.

Wzmenenue sueprun ['n66ca peakiun npu temmnepatype 2500 K paBHo:

AGPO=AH, , —2500-AS’%,, 1073 =722,0 — 2500-363,9 103 = —187,75 Ik

AG®M= 187,75 x]JIx<0, cnenoatensHo npu T=2500 K BoccTaHOBJIEHME
TiO; rpahuTOM BO3MOXKHO.

Otset: AGY% ,= 614,4 k][>0, Bocctanosnenue TiO2 npu 298 K rpadurom
HEBO3MOXKHO.

AG®M= _187,75 x]JIx<0, cnenoatensHo npu T=2500 K BoccTaHOBJIEHME
TiO; rpahuTOM BO3MOKHO.
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®dopMa npeaocTaBJIeHUs pe3yabTaTa
BeINoJHEHHEe WHIWBUAYANBHBIX 3aJaHHi 110 BapHaHTaM: pEIICHHE 3a7ad Mo
HAa3BaHHOW TEMAaTHKE.

Kpurepnu onenku:

3a KaKIbIi MPaBHIBHBIN OTBET — 1 Oa.
3a HenpaBUIIGHBIH 0TBET — () OasuIoB.
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Tema 3.2. XuMu4eckasi TepMOJIMHAMHMKA

IIpakTHueckoe 3ansiTHe Ne 15
Pemenue 3a1a4 Ha 3aKoHbI: JHTpOnNHU, ['nd6ca

Leas pabdoTsl: HayuyuThCS TPOBOMUTH BHIUMCIECHHS Ha 3akoHbl [uOOca,
SHTPOIHIO

Boinosnus padorty, Bbl Oynere:

yMemy:
MIPOBOJIUTH PacUCThl HA 3aKOHBI [ 1O0Ca, SHTPOITHIO

MarepuaiabHoe oGecniedeHHE:

Kpatkuit cnpaBounuk (usuko-xumuueckux BenuuumH / Ilog pen.
K. II. Mumenko u A. A. Pasnens. — JI.: Xumus, 1974. — 200 c.

Ilepuomuueckas cucremMa xumuyeckux osnemeHToB [[. V. Menneneesa,
TabJMIIa PACTBOPHUMOCTH.

3ananue:

1 OmpeneneHre MPOIEHTHOTO COACPIKAHHS KHCIOTBI B oOpasie
UCCIIelyeMOTo PacTBOpa.

2 OrmpeneneHre NPOLIEHTHOTO COACpP)KAaHUS IIENOYM B oOpasie
HCCIIElyeMOro pacTBoOpa.

ITopsnok BbINOIHEHNs PadOThI:

1. IloBTOpUTE CYIIHOCTH M OCHOBHBIC ONEPALMH TUTPUMETPHUUECKOTO
aHaM3a.

2. Ilpoanami3upyiiTe U OCMBICIHUTE AJTOPUTMbI PEIICHUS THIIOBBIX 3a/1a4
Ha IIPOBEJICHUH PacyeTOB B IPaBUMETPHUECKOM aHAIIH3E.

3. BrinonHuTe MHAUBUAYaIbHbIC 331aHUS B COOTBETCTBUH C BAPUAHTOM.

Xon padoThI:

3aoaua Ne 1.

Brmonaute pacuersl, HeoOxoauMele mpu npurotosiaennu 500 mi: a) 0,2 H
pactBopa H>C>04-2H,O; 6) 0,2 M pactBopa H.C.O4-H-O; B) pactBopa ¢
T(H2C204):0,010 /™ML,

Aneopumm pewenus.

1 Paccuntaem MOJISIpHYIO MacCy BELIECTBA:

M(H2C204-H20) =12+ 12-2 + 16:4 + 2-18 = 126 r/monb.
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2 PaccunTaeM 3KBUBAJIEHTHYIO MAcCy BEILIECTBA:
Im(H2C204'H20) = M(H2C204 H20) fors(H2C204-H20) = 126-1/2 = 63
T/MOJTB.
3 Paccuntaem Maccy BemiecTBa, HeOOXOMMMYIO JiIst TpuroToBieHus 500 M
0,2 H pactBopa H2C>204-2H0:
CN = Mol Vp-pa () = M/ (O Vppa ()
M(H2C204-H20) = Cn-Owm Vppa () = 0,2:63-0,5 = 6,30 1.
4 PaccunTaeM Maccy BEIECTBa, HEOOXOAUMYIO JUTsl TpUroToBieHUsS S00 Mt
0,2 M pactropa H2C204-2H,0:
Cm = N/Vppa ) = M/ (M- Vppa )
M(H2C204-H20) = Cvi'M-Vppa () = 0,2:126:0,5 = 12,60 .
5 Paccuntaem Maccy BeliecTBa, HEOOXOIMMYIO JUIsi IpUroToBieHus S00 M
pactBopa ¢ T(H2C204)=0,010 r/m.:
M(H2C204) = 0,01 r/mut - 500 M1 = 5,0 T.
m(H2C:04H0) = (5,0 © - M(H2C04-H20)) / M(H2C04) =
=(5,0-126)/90=7,0r.
Oteer: a) M(H2C204-H20) = 6,30 r; 6) m(H2C204-H0) = 12,60 1
B) m(H2C204-H20)=7,0 1.
3aoaua Ne 2.
Onpenenute nporeHTHOE conepkanue menoudn NaOH B pactBope, eciu
JUTsl TATPOBAHMSI B3ATa anukBoTa 10 MJI, HA TUTPOBAHUE KOTOPOM M3PACXOJIOBAHO
V1=8,5 mn, V2=8,3 mi, V3=8,5 mi1 pabouero pacteopa HCI ¢ Tnc=0,0121 r/mi.
Aneopumm peuienus.
1. CocTaBuM ypaBHEHHE POTEKAIOUICH TP TUTPOBAHUH PEAKIIUH:
HCI + NaOH — H,0 + NaCl
2. Yucio  DKBHUBAJIIEHTOB HC], [oule[IIee Ha  TUTPOBAaHUE
PacCUMTHIBACTCS TaK:
Avacny = M(HCI)f,(HCI) = (1+35,5) 1 = 36,5 1r/M01b-9KB.
Nowsctict) = (Ther © Vep eny)/ Dmacry = (0,0121-8,43)/36,5 = 0,0028 M0J1b'3KB.
3. Ilo 3ax0HY SKBHBAJICHTOB YHCJIO MOJICH SKBHBAJIICHTOB ILIEJIOYH PABHO
YHCITy MOJIEH SKBUBAJIEHTOB KUCIIOTHI, T.€.:
Noxs(NaOH) = 0,0028 Mob-9KB.
Ou(NaOH) = M(NaOH)-f,(NaOH) = (23+16+1)-1/2 = 40 r/m01b'9KB.
m(NaOH) = Om(NaOH) - nyw(NaOH) =40 - 0,0028 = 0,112 1
%NaOH = m(NaOH)/Maueors = 0,112 7/ (10 Mt - 1 v/mm) = 0,0112 %.
Otset: %NaOH = 0,0112 %.
3aoaua Ne 3.
Omnpenenute MPOLEHTHOE CONEPKAHME JKelle3a B PYyJe, €CIM HaBeCKa PYIbI
0,1658 T pacTBOpeHa U TiepeBeZicHa B MEepHYIO kKoi0y Ha 200 M1, B3sTa aIMKBOTA
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10 mn u ortuTpoBana pabounm pactBopoM KMnO4 ¢ xonnentpamuerr N=0,0108
MOJTb'3KB/11. Ha TuTpoBanue monnio 8,6 mir, 8,4 Mut i 8,7 MII 3TOTO pacTBOpa.
Aneopumm pewseHus.
1. CocraBuM ypaBHEHHE MTPOTEKAIOIIEH IPU TUTPOBAHUN PEAKIIMH:
10Fe*2S0s +2KMn*"04 +8H,SO. —>5F€2+3(SO4)3 +2Mn*2S04 +K,SO04
+8H20;
2. Paccunrtaem sKBHBaJEHTHYIO Maccy XkeJjesa:
Dm(Fe*?) = M(Fe)-fos = 56:1 = 56 r/Monb-3KB;
3. Paccumtaem npoleHTHOE Co/iep)KaHHe Keyesa B pyae:
Vp(KMnOy) + (8,6 + 8,4 + 8,7)/3 = 8,57 mu;
Niwno, Vi, * Dy rery *Viorsin 0,0108-8,57-56- 200

-100% =
a-m -1000 10-0,1258-1000

OrtseT: % Fe = 62,5%.

-100% = 62,5%.

%Fe =

dopma mnpencTaBJeHHs] Pe3yJIbTAaTa: BBHIIOJIHEHWE WHIUBUIYAJIbHBIX
3a/1laHUM IO BapUaHTAM.

Kpurtepun onenku:

3a Kax bl MpaBUIBHBINA OTBET — 1 Gasi.
3a HenmpaBUIIBHBIN 0TBET — 0 GaIoB.
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Tema 3.3. XuMHueckass KHHETHKA

IIpakTHueckoe 3ansiTie Ne 16
Beinonnenne ynpaskHeHuil 1 pemieHue 3aga4 no teme: «Kunernueckue
pacdeTbD)

Leab paGoThI: HAYYUTHCS BBHITIOIHIATE KHHETHYCCKHUE PACUCTHI
Boinosinus padorty, Bbl Oynere:

yMmemy.
— MPOBOJUTh KWHETUUECKUE PACUETHI

MarepuaiabHoe o0ecniedeHue:

Kpatkuii cipaBouHUK HU3MKO-XUMUYCCKHUX BesnunH / [Tox

r) PAaBHOBECHBIE KOHIIeHTpaluu BeuiectB paBHbl CO2=0,5 monp/n. [COJ=0,2
MOJIb/J. BBIUMCIUTh KOHCTAHTY PAaBHOBECHS M Ha4a bHYIO KoHIeHTpanuo CO;,.

Aneopumm pewenusi.

1. BeIYuCIMM KOHCTaHTY PaBHOBECHS

_[co} 0,2 pen. K.IL Mumenko u A. A. PaBgens. — JL.:
w=lco,]” 05

Xumus, 1974. — 200 c.

Ilepuomnueckass cucrema xumudeckux osnemeHToB [l M. Menpneneesa,
TabJIMIIA PACTBOPHUMOCTH.

=0,08

3ananue
HayuuTbcs perats THIIOBBIE 3aa4H:
1. Tpumenenue 3akona Bant-I'odda mist pacuera U3MEHEHHsT CKOPOCTH
peaxuu.
2. IlpumeHeHHe 3aKOHA NEWCTBUS Macc Uil OIpelelieHHS KOHCTaHTBHI
paBHOBECHUS U CKOPOCTH PEaKLUH.

ITopsaaok BeINOJIHEHUs1 padOThI
[IprMmeps! pereHns TUTIOBBIX 33134

3aoaua Nel.

[Ipu HekoTOpo#l TemmepaType peakuns 3akaHnumBaetcs 3a 90 cexyna. Ha
CKOJIBKO TPaIyCOB M3MEHMIIACh TEMIIEpaTypa CHCTEM, €CIIM PEAKLUS 3aKOHYHUIIACh
3a 10 cexyna. TemmepaTypHblit ko3dduimeHT ckopoctu v = 2,5.

Aneopumm pewenus.
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YCTaHOBUM CBSI3b MEX/Iy BPEMEHEM M CKOPOCTHIO MPOTEKAHHS PEaKIHH:
yeM Ooinbine ckopocTh (V), TeM MeHblIe BpeMs (T) peakiuu, TO eCTh V:E’

T

ucrone3ys npasuio Bant-Topda monyunm: v, T 7%, MOJICTaBUM U (POBEIC

1

Vi1
90 .3 : AT
JlaHHbIe 33/@un ~2 _ 9 510, IPOJIOrapumMupyem: lg9="- 1g2,5. Otkyna 0,9542
10 10
— —n40
=AT §3979: AT=24
10

Tax kak 11>T2, V1 < Va2, clleloBaTeIbHO, TEMIIEpaTypa HoBbIcHaach Ha 240,

OrtBetr: AT=24°,

3aoaua No2.

IIpu HexoTopoii Temneparype B cucteMe CpytCO22 2CO,

2. Onpeaenum UcxoaHy0 KoHeHTpaiuo CO».

YcnoBUMCS CUMTATh, YTO K HAyaly PEAKIUM OTCYTCTBOBAIHM IPOIYKTHI
peakiuu. Ilo ypaBHeHHIO peakiiui BUIHO, 9To 2 Mot CO momydvaercs u3 1 mMouns
COz, znauut 0,2 mona CO momyuutcs u3 0,1 mons COz. CnenoBaTeiabHO
npopearupoBaio 0,1 wmone/n COz, Torma HavalbHas KOHIICHTpAIMS ObLIia
0,5+0,1=0,6 moub/1, Tak Kak ocTasock 0,5 MOJIL/TI.

Penrenue yno0HO 0pOpMIISITh B BUIC TaOJIHUIIBI:
HavanpHas PaBHOBeCHBIE
IIpopearupoBan | O6pazoBaioc
Bemects | KOHIEHTpauu o N KOHIICHTpALU
o o u
MOJIB/JT MOJIB/JT
MOJIB/JT MOJIB/TI
COz 0,5+0,1=0,6 0,1 - 0,5
CO 0 - 0,2 0,2

OtBeT: Kpasn = 0,08; [CO2]4au=0,6 MOITB/11.

3aoaua Ne3.

Koncranra paBuoBecus peakuun Hp+Cl,22HCl  mpu  HexoTopoit
temnepatype paBHa 0,4. CKONBKO TPOIIEHTOB BOJOpOAa IIOJBEPraeTcs
IIPEBpaIEHHIO B XJIOPOBOIOPOJ IPU 3TOH TeMIlepaType, €ClM CMelaTh 2 MO
BOAOpOAa ¢ 3 MOIAMH XJ0opa?

Aneopumm peutenus.

1. BbIpa3suM paBHOBECHBIE KOHIICHTPAIMHM DPEArMpyOIMX BEIIECTB U
HOJICTABHUM WX B BBIPAKEHHE KOHCTAHTHI paBHOBeCHs. JIIsi 3TOro cjesaem
HPEIIONIOKEHHE, YTO IPOPEArHpOBao X Mojieil Ha, TOra Mo ypaBHEHHIO PeaKinu
BumHo, yro Cl, mpopearmpoBano cronbko ke, a HCl obpasoBamocs 2x MoJIsL.
CiieZi0BaTeIbHO, PABHOBECHBIE KOHI[CHTPALMH:
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Koneunnie
Hauanpnas
IIpopearupoano | OOpa3oBanock | (PaBHOBECHEIC)
BemectBo | KoHIEHTpanus
MO/ MOJIB/T MOJIB/T KOHII.
MOJIB/JT
H; 2 X - 2-x
Cl, 3 X - 3-x
HCI 0 — 2x 2x
__[af _,,.orcroma o @2y’
paBH. [Hz][cilz]—OA ’ 7(27)().(37)()
1,8x%+x-1,2=0
x1=—1,2; x»=0,58

OtpunaTenbHOe 3HAUYEHHWE KOPHS OTOpachlBaeM, 3HAYUT, MPOPEArvpoBajio
0,58 monst Bogopoa.
2. BrIpasuMm mpopearupoBaBiliee KOJIMYESCTBO BOJOPOJAA B IMPOICHTAX OT

Ha4yaJIbHOTO 0’58-100%=29%, To ecTh 29% BOAOpOAa IIPEBpATUTCS B
2

XJIOPOBOJIOPO/I.
OtgeT: 29% BoAOpOIa MPEBPATUTCS B XJIOPOBOJAOPOI.

®opma npeaocTaBeHUs pe3yabTara
BBIHOJ'IHCHI/IC I/IHJII/IBI/I)]yaIII)HI)IX 38.)18.HI/II7] 10 BapI/IaHTaM: pemeHI/Ie 3a1a4
10 Ha3BaHHOI TeMaTHKeE.

Kpurtepuu ouenku:

3a KaXIpIil TpaBUIBHBIN OTBET — 1 Oa.
3a HenpaBuIbHBIH 0TBeT — 0 GasLIoB.
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Tema 3.3. XuMHueckass KHHETHKA

IIpakTHueckoe 3ansiTie Ne 17
BeinosiHeHne ynpaskHeHHI U pelieHue 3a1a4 10 TeMe: «XHMHYecKoe
PaBHOBeCHE»

Leab padoThI: HAYYIUTHCS OMPEACTIATh KOHCTAHTY CKOPOCTH PEAKIIMHU, Ha
OCHOBE PacyeTOB JEJaTh BHIBOJBI 00 M3MEHEHUE CKOPOCTH XMMUYECCKUX PEAKIIUi
Y HAIIPaBJICHUS CMEIICHUS XMMHUYCCKUX PEaKITHI.
Boinosinus padorty, Bbl Oynere:

yMmemy.
— MPOBOJIUTH PacUEThl HA XUMUUYECKOE PAaBHOBECHE

MarepuanbHoe odecniedeHue:
Kpartkuii cipaBounuk ¢usnko-xumudeckux Benuunt / [lon penakiueit K.
IT. Mumenko u A. A. Pasnens, JI. : Xumus, 1974. — 200 c.

3aganue

HayuuTscs pelaTh TUIIOBBIE 3a/1a4M:

3. Tlpumenenue 3akoHa Baurt-I'odda, 3akoHa NEWCTBYIONMX Macc B
pElIeHUH 3a]a4 Ha U3MEHEHHE CKOPOCTH XUMHYECKUX PEaKIni.

4. OmpezneneHue CKOPOCTH, KOHCTAHTHI pPAaBHOBECHS XHMHYECKOU
peaKuum.

5. Ilpumenenne npunimmna Jle-Illatenbe ans ompeneneHus ycIOBHA
CMEILEHUS] XUMUYECKOT'0 PaBHOBECHSL.

ITopsinok BBINOTHEHUST PAGOTHI
[Ipumeps! peleHus TUIOBBIX 33439
3aoaua Nel.
TemmnepaTypHbiii ko3 uieHT peakiuu paBeH 2,5. Onpepenute, Kak
HM3MEHHUTCS CKOPOCTh PEaKIHH IIPH HOBHIIIEHUH TemrepaTypsl oT 60 go 100°C?
Aneopumm peuienus.
3aBHCUMOCTb CKOPOCTH PEAKIMH OT TEMIIEpaTyphl OIHCHIBACTCS
npasunom Bawm-I'ogpgpa: npu nogviwenuu memnepamypsvl Ha
Kaoxcovle 10°  cxkopocmv  OOMLUWUHCINBA  XUMUYECKUX —Pearyutl
yeenuuusaemcs 6 2-4 pasa:

163



-1y

V.
T — . 10
—z 7 VTz - le ¥ !

1 riae v, M v, - CKOPOCTH peakuuy rpu Temneparypax Tru Tz

Y - TEMIEpaTyPHBIA KOI(PPUITHEHT.
v T,-Ty 100-60
Tz —p 10 _25 0 _25%_3906.

VT1

OTBeT: CKOPOCTh peakuuu u3MeHHTCs B 39,06 pa3 (yBemmuurtes B 39,06
pas).

3aoaua Ne2.
Omnpenenure, Kak U3MEHUTCSI CKOPOCTh MpiMoi peakuni Ny + 3Hyqy <>
2NH3(p,

€CJI KOHLIEHTPAIMIO BOJIOPO/A YBEJIMUHUTH B 2 pa3a?

Aneopumm peuwienus.

1) 3anwimieM BbIpaXEHHE 3aKOHA OCUCMEUs Macc U JaHHOW MPSIMOM
peaxuuu:

v° = k[Nz]'[Hz]S'

2) Tlpu yBenMUYeHHH KOHIIEHTPAIIMH BOIOPO/a B 2 pa3a CKOPOCTh MPSIMOit

peaxuuu OyaeT paBHa
v=K[N,2H, [ =8k[N,]-[H, .

3) OmpemenmuM, Kak  HM3MEHUTCS  CKOPOCTh  NpPH  YBEIHYCHHH

KOHIICHTPALMU BOJOPOAA B 2 pasa:
0® k[N, ]-[H, P

OTBeT: TpH YBEJIWYCHWH KOHIICHTPALMH BOAOPOAAa B 2 pa3a CKOPOCTh

peaxIuy yBeIHn4nBaeTcs B § pas.

v _ 8k[N2]‘[H2]3

3aoaua Ne3.
Omnpenenite CKOPOCTh PEAKIMH, €CIA 32 2 MHHYTHI KOHIIEHTpALUs
HCXOIHOTO BEMIECTBA U3MEHUIACE C 2 MOJIL/I 10 0,2 MOJIB/I.

Hano: Anzopumm pewrenus.

At =2 MuH CpenHsist CKOPOCTh OMHCHIBAETCS] YPaBHEHUEM
C1 =2 monp/n ;=+§

Cy = 0,2 T AT

MOJIB/JI
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v="? O  CcKOpoCcTH  peakuu  MOXHO  CyIOWTh,  H3Mepsd
KOHIIEHTPALMIO  HMCXOJHBIX  BEHIECTB  MJIM  HPOIYKTOB.
KoHueHTpamusi MCXOAHOTO BellecTBA C TEYEHHEM BPEMEHH
mocternieHHO yMmeHbmaercss u AC  wuMeeT 3HaK «-», a
KOHIIEHTpalus Mpoaykra yBenuuusaeTcs 1 AC nMeeT 3HaK «+».
1) Onpenenenrie U3MEHEHNsT KOHIICHTPAINH:
AC=C;-C1=0,2-2=-1,8 MOIB/T1.
2) OmnpenenieHne CKOPOCTH PeaKiu:
At =2 muH = 120 cek

_ -1,8moms/n

120 cex
Oteet: v = 0,015 mMomb/(71-cek).

= 0,015 Moue/(J1 - cex).

3aoaua Ned.

Onpenenute KOHCTAHTY PaBHOBECHUSI CUCTEMBI 2A ) + By <> C(n, ecu
PaBHOBECHBIE KOHIIEHTPALMK BellecTB PaBHBL [Alpasn = 2 MOnb/, [Clpass = 0,2
MOJIB/JI.

Aneopumm peuwienus.

3anuieM BbIpaKeHHWE KOHCTAHTHI PaBHOBECHUS Uil JaHHOM PpEaKuud |

paccurTacm €c:
_lel. g 02 02
pasn = L] pas = 52 2 0,05.

OtBer: Kpasn = 0,05.

3aoaua Nes.

YkaxxuTe, KaK CABUHYTh BIIPABO XUMHUECKOE PABHOBECHE CUCTEMBI:

CaCO3(TB) <> CaO(TB) + COZ(rag) — Q7

Aneopumm pewsenus.

J1s pereHus 3amaynd HEOOXOIUMO OTBETUTH Ha BONPOC: Kakhe (haKTophI
(Temmeparypa, HaBIeHHE, KOHIICHTpAIlMd) W KakuM o00pa3oM (TIOBBICHTH WIIH
MIOHU3UTH) HY)KHO M3MEHHTh, YTOOBI CIBHHYTH BIIPAaBO XUMHUYECKOE DPaBHOBECHE
cucteMsl? HampaBneHne cMEmEHHS XHMHYECKOTO PAaBHOBECHS —OIPEACISAETCS
npunyunom Jle-Lllamenve:

Buewmnee sozoeiicmsue (1, P, C) na pasHnogechyro cucmemy cosuzcaem
pasHogecue 8 HANpAasieHuu mMou peaxkyuu, KOmopas Npuooum K YMeHbUleHUIO

amoeo 8o3delicmeus®.
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IIpumenum npunyun Jle-Illamenve nis pelieHUs 3a1a49u:

1. Peakiiiss B TpsMOM HampaBiI€HHMHM NPOTEKaeT C yMEHBIICHHUEM
TeMIlepaTypsl (TEMIo MOTVIOMAETCs), 3HAYNUT, YTOObI PAaBHOBECHE CIBUHYTH BIIPABO
no mpuHumny Jle-Illatense TeMnepaTypy HY>KHO YBEIMYWTH, TO €CTh HarpeBaTh
CHCTEMY.

2. Peakuyisi BIpaBO WJAET C YBENMYEHHEM 4YHCJIa T'a30BBIX MOJIEKYJI, TO
€CThb C YBEIMYEHHWEM JABICHHs, 3HAYHMT, YTOOBI CIBHHYTH PAaBHOBECHE BIIPABO
HYKHO JJaBJICHUE YMEHBILHTH.

3. HyxHo ymeHpumth KoHHeHTpammioo COz, UTOOBI paBHOBECHE
CIBHUHYTH BIIPABO.

(DopMa NMpeaoCTaBJICHUSA pe3yJbTara
Brimonnenue WHAWBUAYaJIbHBIX 3aJlaHU 10 BapuaHTaM: pCeIICHUE 3aJa4d I10
Ha3BaHHOU TEMaTHKE.

Kpurtepun onenku:
3a KaxIbIil paBUILHBIA OTBET — 1 Gasi.
3a HenpaBUIIBHBII 0TBeT — () OaILIOB.
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Tema 3.4. Teopusi pacTBOPOB JIEKTPOJIUTOB M HEYJIEKTPOJIUTOB

IIpakTHueckoe 3ansiTie Ne 18
Pemrenne 3agau: «PacueTbl 0CMOTHYECKOTO 1aBJIEHHUSI, TEMIEPaTyp
KHIIEHHs1, 3aMepP3aHus PACTBOPOB»

I_[e.m, paﬁoTu: HAay4YUTBCA PaCCUMUTBIBATH KOHUCHTpAlUHU, OCMOTHYECKOC
JAaBJICHUC, TEMIICPATYpbl KUIICHHA U 3aMCp3aHusl pacTBOPOB, MNPUMCHATL B
pacueTax 3aKOH OCTBaJ'IL]Ia; onpeaAciiiaTb pH Cpe€abl paCTBOPOB.

Boinosinus padoty, Bul Oyaere:

- yMeTh

PACCUMTHIBATh KOHIIGHTPAI[MH, OCMOTHYECKOE JaBJICHHE, TEMIICpaTyphl
KHUIICHUS W 3aMEp3aHMsi PacTBOPOB, NMPUMEHATh B pacueTax 3akoH OCTBabia,
omnpenensTe PH cpensl pacTBOpoB.

MarepuanbHoe obecnieyeHue:

Kpatkuii cipaBounuk (Gpusnko-xumudeckux BeianunH / [Tox penakiueit K.
IT. Mumenko u A. A. Pasnens, JI. : Xumus, 1974. — 200 c.

[Tepuoanueckas cucrema xumuueckux 3nemeHToB . M. Menneneesa.

3ananue

Hayuutscs permaTs THUIIOBBIE 331a4H:

1 Pacuer KOHIIEHTpaIUil paCTBOPOB.

2 PacyeT OCMOTMYECKOIO [aBJEeHHSA, TEMIEPaTypbl KHUIICHUS U
3aMep3aHusl PacTBOPOB.

3 Pacuer pH cpenpl pacTBOpOB.

Ilopsinox BbINOJHEHUs PadOTHI
IIpuMmeps! peleHns TUIIOBBIX 3a1a4
3aoaua Nel.
Onpenenure: a) MNPOLEHTHYIO; ©0) MOSIPHYIO;, B) HOPMAIbHYIO; TI) MOJSUIbHYIO
KoHueHTpanuio noapenaoil conu NaCl B pacTBope, MOMy4eHHOM TIPU PACTBOPEHUHU 5,851
comu B 100r Bop!. IInoTHOCT HOJTyYeHHOro pacTBopa pasHa 1,04 r/cms,
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Hano: AJNTOpUTM pEILLCHHUS:

Mnac=5,85 T
Nect B a) o = Myaar _ 585 — 0055 WM 5,5%

My,0 =100r o T m L, 10585
Ly_oa =1,04r/cM* M, = My + M, o =585r +100r =10585r;

- 0
Onact =7 ) M, 100+5,85
C\=? V, o = — 2 === =101,78cu’ = 0,1021

v ! Pooa 104
Cn=? p-p
Cn=? C = Yno _ Myeci
Vp—pa(n) M peci 'Vp—pa(n)
= _ 58 = 0,98MOB/1 *
58,5-0,102

M .a = 23+35,5 =58,5r/moib

B) Cy = Myo 58 0,98mo1b - 5KB/11
M, V, pun  585-0,102
M, nvoa =Myaa o =58,5-1=58,51/M071B - 9kB
1

f’\NaCl = 1 =1

NCm=Vaeo _ Myaar _ 585r =1 MOJB/KT

Myo My Mo ~ 58,5r/Moib - 0,1Kkr
OtBeT: @,y =0,055=55%; Cum=0,98 wmonw/n; Cm=1 monn/kr; Cn=0,98

MOJIbDKB/JI

3aoaua Ne2.
Onpenemure MoisipHOCTh 10%-0ro pactBopa H2S04.
AJTOPUTM peIIeHHUS:

1. lnst pacueTa mpuMeM \/

HaHno:
Ois0, =10%=0,1

p—paH,SO, =l

C, (H,80,)=? Ilo cipaBOYHUKY p, o = 11r/cm®, Torma

My pa =Pppa Vo pa =11r/cm® -1000cn® =1100r

mH SO, . — — —
Oy, = ML, OTCIONA: My, e = Wy 50, My 4 = 0,1:1100=110r

p-pa

v m
Cu(H,80,) = R0 = M HZ\S/OA
HS

p—pa()

110
98-1

=1,12mois/1
p—pa(n)

Otser: C,,(H,S0,)=1,12 mMonb/m.
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3aoaua Ne3.
B 540 r Bogst pactBopeHo 36 T rimtoko3sl CeH120s (M = 180 r/Moutp). Onpenernmre:
a) OCMOTHYECKOe JlaBieHue pacTBopa mpu 315 K;
0) TemIiepaTypy 3aMep3aHHs pacTBOpa;
B) TeMIIEpaTypy KUIEHUS PaCTBOPA.
[110THOCTH pacTBOpa CUYMTATH PABHOM IJIOTHOCTH BOABL KpHOocKkomuueckas u

30y IHOCKONMYECKAs MOCTOSHHEIE BOJBI COCTABNISAIOT COOTBETCTBeHHO 1,86° m
0,52°.

HaHo: AJITOPUTM PEIICHUS:

ml'J'IK)K.:36 r

Mo i=540r a) OnpenenuM 00bEM pacTBOpa, MPUHKMAs BO BHUMAaHHE,
Pppa=1,00r/cm® ro

T=315K rf'lpipa = mm}o‘(_ + mHZO =36r +540r = 576F,

K" —1 86° Vp-pa= Mp-pa/ Pppa = 576/1 =576 mu = 0,576 .

K:::Ao —0,52° Haiinem monsphyto KOHHeHTpaIéEIO pacTtBopa:

Pocyor.=? C,= \\//mm‘ =M mr_";';‘ =180.0576 =0,35m0716/ 1.

T :? p—pa(n) TITIOK. p—pa(n) ’

Tii“:[:,) Haxomum ocMoTHYECKOE AaBiieHue pacTBopa mpu 315 K:

Pocmor. = Cu'RT= 0,358,3315 =915 kIla.

0) Ompenienum TeMIIepaTypy 3aMep3aHus pacTBopa:

AT, =K,

3aM 3aM

Voo m,,.. 36
. Cm — Zf[o L emok. H0 20K =1, _ O’GQOITaK

= lsan =186- =
m,_, (k) M., - Miio 180-0,540

270K

KaK Boja kpuctammsyercs pu 0°C, To uckomas Benuuuna: Ty, =0-0,69=-0,69°C.
B) Onpenenum TeMIepaTypy KAIIEHHUs pacTBOpa:

AT, =K_ -C, =K"° o Vewoe  _ K0 M 052_&
mp—u (KZ) M : mHZO 180- 0,540

270K

=0,19°

Tax xak Boga kunuT npu 100°C, To nckomas BenuuuHa: Tm= 100 + 0,19=
100,19°C.
OtBeT: Poeyor. = 915 kI1a; Tsay = —0,69°C; Twun = 100,19°C.

3aoaua Ne4.
Ompenemre pH 0,01M pactsopa HCI.
Hano: AJNTOPUTM peIeHHUS:
C,, =0,01m (HCI) 1. HCI=H"+CI" - crIbHBIi 3IEKTPOITAT
3HauuT [ +]:CM =0,0lmone/ 1
PH=? | 2. pH=— Ig[H*]= - 190,01 = — Ig102=2
OtseT: pH=2.
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3aoaua Ne5. Onpenemmre pH 0,01m pactBopa KOH.

Hano: AJNTOpUTM pEILLCHHUS:

C,, =0,01m (KOH) 1. KOH=K* +OH" - CHJILHBIH 2JIeKTPOITUT
3HauuT [OH’]z C,, =0,0lvonw [ n

pH=? 2. K, =|H"] o ]=10"

102[H"]=10%
[H*]=10" =10"2mons/n
107
3. pH=-Ig[H*]= -Ig1012=12

Otset: pH=12.

dopma npeocTaBJieHNs pe3yiabTara
BrinonHenne WMHIWMBUIyalbHBIX 3aJaHUN 10 BapuaHTaM: pelleHdue 3ajad To
Ha3BaHHOM TeMAaTHKE.

Kpurtepun ouenku:

3a KaxIbIil paBUILHBIA OTBET — 1 Gasi.
3a HenpaBUIIBbHBIH 0TBeT — () OaIUIOB.
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Tema 4.3. KomonaHble CHCTEMBI

IIpakTHuyeckoe 3ansiTe Ne 19
Beinonnenne ynpaxknennii: «Cocrasiyienue ¢opmyJ1 H cXeM CTPOCHHSI MHIEILT
KOJIJIONIHBIX PACTBOPOB»

Hens paldoThl: HayuuThCAd COCTABIATh YPABHEHUS OKHCIUTEIBHO-
BOCCTaHOBHTEJBHBIX PEaKLUi, PaCCUNTHIBATh OKHUCIUTEIEHO-BOCCTAHOBUTEIIBHBIE
MOTEHIMalBl IO  ypaBHeHMI0  HepHcra;  ompenensTe — HampaBleHUs
CaMOIIPOM3BOJIBHOTO MMPOTEKAHUS PEaKIH.

Boinosinus padoty, Bul Oyaere:

- YM€Th:

COCTaBJIATh YPAaBHEHUS  OKUCIUTEIBHO-BOCCTAHOBUTCIBHBIX  PEAKITHA,
PacCCUUTBIBATG OKUCIMTEIBbHO-BOCCTAHOBUTEIILHBIC IMOTCHIMAJBI IO YPaBHCHHIO
HepHcTa; onpenessiTh HampaBIeHUs] CaMOITPOU3BOJILHOTO IIPOTEKAHUS PEAKITHIA.

MarepuanbHoe obecnieyeHue:

Kpatkuii cnpaBoynnk ¢pusnko-xumudeckux Bennunt / [lon penakiueit K.
I1. Mumienko u A. A. Pasaens, JI.: Xumus, 1974. — 200 c.

IIepuonnueckas cucrema xumuueckux 3nemeHToB 1. Y. Menneneesa.

3ananue

HayuuTbcs BBIONHATH THIIOBBIE 331aHUS 110 JTaHHON TeMe:

1. CocraBneHne ypaBHEHUH peakMii TOJMy4YeHHS HEPaCTBOPHMOIO
BEIIECTBA.

2. CocTaBlieHHE CXEMBI CTPOSHHUS MHULIEIUIBI THIPO30JISL.

Ilopsinox BbINOJHEHUs PadOTHI
[Ipumep perieHus THIIOBOTO 3aJaHUS
CocTaBbTe ypaBHEHHE peaknuyd OOpa3OBaHMS W CXEMy MHIICIUIBI 3071
Womuga cepebpa, MOIYYEHHOTO TPH B3aWMOISHCTBUH PAcTBOPOB HOIUIA
kanus Kl u Hutparta cepebpa AgNOs, ecru iHoau Kanus B3sT B H30bITKE.

AJITOpUTM pEIIeHUS.
1. CocTaBUTh ypaBHEHHE PEAKIUH IMOTYyYEHHsI HEPaCTBOPHMOI'O BEILECTBA,
yKa3aTh KaKoe BEIIECTBO B3ATO B U30BITKE.
AgNO;z + KJ - |AgJ + KNO3

U30BITOK
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2. CocTaBUTh CXEMY CTPOCHHUSI MULIEIUIBI TUAPO30IIS:

a) 3anmcaTh (GOpPMYILy SApa, KOTOPBIM SIBJISIETCSI HEPACTBOPHUMOE BEILIECTBO;

06) 3ammcaTb aACOPOIMOHHBIA CIIOH, KOTOPBIA COCTOMT W3  «N»
MTOTEHIINATION PEACIIAIONINX HOHOB, IMEIOIINX CPOJICTBO C TIOBEPXHOCTHIO siapa, (N-
X) IPOTUBOMOHOB;

B) OIpEeIeNuTh 3apsA  YacTHIbl, KOTOpas COCTOMT W3  sjpa,
MTOTEHIUATION PEACIISIONINX HOHOB M IPOTHBOMOHOB 110 (hOpMyJIe:

n—(n-x) = x
r) 3anucaTh AU GY3NOHHBIA CIION, COCTOSAIINHI U3 «X» IPOTHBOMOHOB.

CxeMa CTpOCHHST MHIICILUTBI THAPO30JIsI HOAUAa cepedpa
AgNO; + KJ - AgJ + KNO3

uzbbLIMOK
{ImAgJ] *nJ * (n—x) KP*x K*
H_J
\a4pq
.

arperay i dy3HbIi cioi

~N

aJICOPOLIMOHHBIN CIIOM
MHUIIEIIIA
®dopma npegocTaBJieHUs! pe3yJabTaTa
BelnosiHeHue WHAMBH Y JIbHBIX 33/IaHHUH 110 BapUaHTaM

Kpurepuu onenku:

3a KaXIpIil paBUIBHBIN OTBET — 1 Oa.
3a HenmpaBUIBHBIN 0TBET — () GayIoB.
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Tema 5.7. OcHOBBI IPOBe/IEHUSI KOJMYECTBEHHOI0 aHAJIN3A

IIpakTHuyeckoe 3ansiTe Ne 20
BbinosiHeHHE pacyeToB B KOJHYECTBEHHOM aHAJIN3e

I_[e.m, paﬁon,lz HAYYUTHCA BBIIOJIHATE PACUCThl B TI'PABUMETPUUCCKOM
(BCCOBOM) AHAJIN3C, HAaXOAUTH IMMPAKTUYCCKOC MPUMCHCHHUC TPaBUMCETPUUYCCKUM
MCTOJaM aHaJIu3a.

Boinosnus padoty, Bul Oyaere:

-yMeTh:

BBIMOJIHATh PAcUeThl B TPAaBUMETPHUCCKOM (BECOBOM) aHAIM3€, HAXOIWUTh
MPaKTHYECKOE PUMECHEHUE TPAaBUMETPHUCCKUM METOIAM aHAJIN3A.

MarepuanbHoe o0ecrieueHme:

Kpatkuii cipaBoyHnk ¢pusuko-xumudeckux Benuunt / [lon penakiueit K.
IT. Mumenko u A. A. Pasaens, JI: Xumus, 1974. — 200 c.

[Tepuoanueckas cucrema xumuueckux 3nemeHToB . 1. Menneneesa.

3ananue

HayunTtbcs perate TUIIOBBIE 3a/1a4H 110 TaHHON TeMe:

3. Ompenenenre MacChl W IMPOICHTHOTO COACPKAHMS OMPEACIICMOro
BEUIECTBA.

4. OrmpeneneHre Macchl ¥ IPOLIEHTHOTO COZICPKaHUs IIPUMECei B BEILIECTBE.

5. Ormpenenenne Macchl ¥ MPOIIEHTHOTO COACP KAHUS BIIaTy B BEIIECTBE.

ITopsinok BbINOTHEHUST PAGOTHI
[pumep pereHus TUIOBBIX 33434

PacyeTsl B BECOBOM aHalM3€ BBIIOJHSIOTCA C TOYHOCTBIO, KOTOpas
OTIpe/IeJIsIeTCS] TOYHOCTHIO B3BEUIMBAHUA Ha aHATUTHYECKUX BECax.

Pacuer pe3ynpTaToB AJIs IEPBOTO M BTOPOTO BAPHAHTOB BECOBOTO aHAM3a
CBOAWTCS K OIPEACTICHHI0, KaKyl0 JOJTI0 OT MAacChl B3STOIl HABECKH COCTABISECT
Macca BBIJICJICHHON COCTaBHOM YacTH.

3a0aua Nel. Jna ompeneneHHWs COAEpKaHWs BIArd B3ATa HaBECKa
xnopuna Hatpust 2,08 r. Tlocie BhICYIIMBaHUS IO TIOCTOSIHHOM MacChl MOJTYyYEHO
1,99 r. Paccunraiite conepxanne Biara W (%).
Aneopumm pewrenusi.
Paccuntaem cojiepykanue Biaru mo ¢popmyie
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W%gsarn = 100% - (M1 — my)/my,
r7ie M1 ¥ My — Macca HaBeCKH XJIOPH/Ia HATPHS 10 U TOCJe BBICYIIMBAHHS,
COOTBETCTBEHHO, T.
W%gsarn = 100% - (2,08 — 1,99)/2,08 = 4,33%.
OtBet: W%gar = 4,33%.

3a0aua Ne2. ]lns ompeneneHusl coaepXKaHWs 30Jbl B35Ta HaBecKa
kamenHoro yrist 0,9214 r. Ilocnme npoxanuBaHHs O IOCTOSHHOM Macchl
nosydero 0,0103 r. Paccunraiite coneprxanue 30ib1 X(%).

Aneopumm pewsenusi.

Paccuntaem coneprkanue 30561 10 Gopmyite: X%som = 100% - Mz / my,
rzie M1 ¥ M2 — Macca HABeCKU KaMEHHOTO YIJIsl 10 U TI0Ciie MPOKaINBaHHS 10
MTOCTOSIHHOM MacChl, COOTBETCTBEHHO, T.

X %301 = 100% - 0,0103 /0,9212 = 1,118%.
OtBeT: X%s0m: = 1,118%.

Pacuer pe3ynbrara 1j1sl TPETHETO BapHaHTa BECOBOT'O aHAJM3a COCTOMUT U3
JIBYX 4acTei:

a) CHayasa OIpEeJesIIoT, CKOJIBKO TPaMMOB OITPE/IessIeMOr0 KOMITOHEHTa
COJICPIKUTCS B BECOBOM (hopme;

0) 3aTeM OIpeAeISIOT, KAKOH MPO IEHT COCTABISIET KOMIIOHEHT OT MacChl
B35ITOM HAaBECKHU.

3a0aua MNe2. W3 wmasecku 0,2017 r© crutaBa Jkene3a  IOCIIE
cootBeTcTBYOIMX oneparuid nonydeno 0,0871 r Fe;Oz. Onpenenute, CKOJNBKO
IIPOLICHTOB JKeJIe3a COJAEPIKUTCS B CIIaBe.

Aneopumm pewenus.

1. B Xoje aHanu3a CIUIaB PacTBOPAIOT B KMCJIOTE, 3aTeM KaTuoHbl Fed*
OCX/IAIOT PACTBOPOM aMMHaka M ToJyueHHbId amop¢ubiii ocanok Fe(OH)s
BBICYIIMBAIOT U MPOKAIUBAIOT 10 Fe,O3 1 B3BEMMBAIOT 10 MOCTOSHHOM MacChI.

Fe3* + 30H™ — Fe(OH)s;
2Fe(OH)3 & Fe 03 + 3H20.

2. CnenoBatenbHo, 1 Monb BecoBod (opmbr  Fe,Oz  mokHO
TIOJTyYUTh U3 2 Moueit xemne3a Fe.

CocraBisieM IPOMOPLHUIO U pelIaeM ee:

M(Fe,03) = 2-55,8+16-3 = 159,8 r/moinb; M(Fe) = 55,8 r/moisb.
111,7 r (Fe) — 159,8 r (Fe203); . 1117.0,0871,
1598 '
x 1 (Fe) — 0,0871 r (Fe203).
3. 3areM HaxoIUM IPOLIEHTHOE COJAECpPKaHUeE XKeye3a B CIUIaBe:

W %(Fe) = 11L7-00871 4 005 _ 30,20%.

159,8-0,2017
Otset: W%(Fe) = 30,20%.
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Ecnu 0003HaunTh: Maccy HaBecku — g (T); Maccy BecoBoi opmbl — G (T);
aHamuTHueckuii daktop mepecueta — F = Monp. romn/Maccosoii dopysy TO TTOTYUHM
o01yto (opMyITy pacueTa B BECOBOM aHAJIN3E:

G

w,, (%)=F, -5.100%.

. sec.

@opMa npeaoCcTaBIeHUs pe3yibTaTa
Brmonnenue WHANBUAY AJIbHBIX 3aZ[aHPII>‘I 110 BapuaHTaM.

Kpurtepnu onenku:
3a KaKIbIi MPaBUIBHBIN OTBET — 1 Oa.
3a HenpaBUIIBHBIH 0TBET — () GasLIoB.
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Tema 5.8. 'paBuMeTpuyeckuii (BecoBoil) MeTO1 aHATU3A
IIpakTHuyeckoe 3ansaTHe Ne 21
BeinosHeHne pacyeToB B TPABUMETPHYECKOM aHAJIN3¢e 00beMa BelleCTBA,
Macchl BelecTBa

Lenps padoTBI: HAYUYHTHCS BBIIOJHATH PACUCTHl B TPABUMETPHICCKOM
(BecoBOM) aHaNM3e, HAXOIWTH MPAKTHUYCCKOE MPHUMEHECHHE TIPaBUMETPHUCCKUM
METO/aM aHaJn3a.

Boinosinus padorty, Bbl Oynere:

-yMeTh:

BBIMOJIHATh PAcUeThl B IPaBUMETPHUCCKOM (BECOBOM) aHAM3e, HAXOIUTh
MPaKTHYECKOE PUMCHEHUE TPAaBUMETPHUCCKUM METOIaM aHAJIN3A.

MarepuanbHoe o0ecnieyeHue:

Kpartkuii cipaBounuk ¢usnko-xumudeckux Benuunt / [lon penakiueit K.
I1. Mumienko u A. A. Pasaens, JI.: Xumus, 1974. — 200 c.

[Tepuoanyeckas cucrema xumuueckux anemMeHToB /. M. Menpaeneesa.

3ananue

Hay‘-II/ITBCﬂ peH_IaTb TUIIOBBIC 3a1a4U I10 JIaHHOﬁ TEME:

6. OmpeneneHre MacChl W IMPOICHTHOTO COACPKAHHS OIMPEACIICMOro
BEILECTBA.

7. OrnpeneneHre Macchl M MPOLIEHTHOTO COJIePYKaHMsI TIPUMeECel B BEILIECTBE.

8. OmnpeneneHre Macchl U MPOLICHTHOTO COJICP)KAHMUSI BIIATH B BEIIECTBE.

ITopsinok BbINOTHEHUST PAGOTHI
[pumep pereHus TUIOBBIX 33434

Pacuersl B BECOBOM aHajM3€ BBIMONHSIIOTCS C TOYHOCTBIO, KOTOpAsi OIpPEessieTCs
TOYHOCTBIO B3BELIMBAHMS HA aHAJIMTHYECKUX BEcCax.

Pacuer pe3ysbTaToB I MEPBOTO U BTOPOrO BAPHAHTOB BECOBOIO aHAIN3a CBOAUTCS
K OIpEesICHHI0, KAKYIO JIOJI0 OT MAacChl B3STON HABECKH COCTABJISIET Macca BbIJICICHHOM
COCTaBHOM YacTH.

3adaua Nel. Jlns ompeneneHHs COAEp)KaHMS BIAru B3sTa HaBECKa XJIOpHUIA
natpus 2,08 r. [Tocse BbICyIIMBaHKS 10 OCTOSIHHOM Macchl mosyueno 1,99 r. Paccuuraiire
coznepxanue Biaaru W (%).

Aneopumm pewerust.

Paccuuraem coneprkanue Biaru o gpopmyse
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W%Enaru =100% - (ml - mz)/ml,
rae M1 1 M2 — Macca HaBECKU XJiopyuaa Harpusd OO0 U IIOCJIE BBICYIIMBAHUA,
COOTBETCTBCHHO, T.
W%garu = 100% - (2,08 — 1,99)/2,08 = 4,33%.
OrtBer: W%Bnam = 4,33%

3aoaua Ne2. Jljist onpenienieHus CoJlep KaHus 30J1bI B3sITA HaBECKa KaMEHHOTO YTIIs
0,9214 r. Tlocne mpokanuBaHus A0 MOCTOSTHHOW Macchl noydeHo 0,0103 r. Paccuwnraiite
cozaepxkanue 30Jib1 X(%0).

Aneopumm peutenus.

Paccunraem cozeprxanue 305s1 10 hopmyiie: X%som = 100% - M2/ My, tae m1 u
M2 — Macca HaBECKH KAMEHHOTO YIJIS JIO ¥ MIOCJIE IIPOKAIMBAHUS JI0 TIOCTOSTHHOM MAacCCHI,

COOTBCTCTBCHHO, T.
X%s0m: = 100% - 0,0103 /70,9212 = 1,118%.
OrtBer: X%s0m: = 1,118%.

Pacyer pesynbTara A TPEThEro BapHaHTa BECOBOIO aHAIM3a COCTOUT U3 JIBYX
yacTei:

a) CHauyaja OINpEJENSIOT, CKOJBKO I'PAMMOB OIpPE/E/SIEeMOT0 KOMIIOHEHTa
COZIEPIKUTCS B BECOBOH (hopme;

0) 3aTeM OIpPEIEeNIOT, KAaKOH IPO LEHT COCTaBIIAeT KOMIIOHEHT OT MacChl B3SITOM
HAaBECKH.

3adaua Ne2. 3 naBeckn 0,2017 T crulaBa »ene3a IOCIE COOTBETCTBYIOIIHX
onepaiii  moiydeHo 0,0871 r Fe20s. Ompenenure, CKOJIBKO IPOIEHTOB JKele3a
COZICPIKUTCA B CILIABE.

Aneopumm pewenus.

4. B xozme aHanM3a CIUIaB pacTBOPAIOT B KHCJIOTE, 3areM KaTHOHbI Fe
OCaXXJal0T PacTBOPOM aMMHAaKa M TOIy4eHHbIH amopdHbiid ocanok Fe(OH)s BiCcyIIMBaoT
n npokanuBator 10 Fe2O3 1 B3BELIMBAIOT /10 ITIOCTOSHHON MacChl.

Fe®* + 30H- — Fe(OH)s;
2Fe(OH): & Fe203 + 3H20.

5. CnenoBarensHo, 1 Monb BecoBoii (opmbl Fe203 MOXKHO MOIyddTh U3 2
Mozeil sxenesa Fe.

CocraBiisieM HPONOPLHIO U pelIaeM ee:

M(Fe203) = 2-55,8+16-3 = 159,8 r/moui; M(Fe) = 55,8 r/mouib.
111,7 r (Fe) — 159,8 r (Fe203); L, 1117-0,0871,
1598

3+

xr (Fe) — 0,0871 r (Fe20s3).
6. 3aTeM HAXOMMM MPOIEHTHOE COMIEPIKAHUE JKEIe3a B CIUIABE:

Woe(Fe) = 1700871 5004 — 30,2006,
159:8-0,2017

Orteer: W%(Fe) = 30,20%.

177



Ecin o6o3HaunTh: Maccy HaBeckn — g (r); maccy BecoBoi ¢opmbl — G (r);
aHanurtudeckuil (akrop nepecdera — F = Monp. xown/Maeecosoit popyer, TO HOIYYUM OOIIYIO
(opMyITy pacdera B BECOBOM aHAIN3E:

W, (%) =F, ¢

—-100%.
9

np.Jeec.

@opMa npeaoCcTaBIeHHUs pe3ybTara
Brmonnenue WHANBUAYAJIbHBIX 3a)laHHI>i 110 BapuaHTaM.

Kpurtepnu onenku:
3a KaKIbIi MPaBHIBHBIN OTBET — 1 Oa.
3a HenpaBUIIBHBIH 0TBET — () OasuIoB.
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Tema 5.8. 'paBuMeTpuyeckuii (BecoBoil) MeTO1 aHATU3A
IIpakTHuyeckoe 3ansiTHe Ne 22
BeinosHeHne pacyeToB B TPaBUMETPHYECKOM aHAJIN3€E MACCOBOH 101H
BeLIECTBA

I_[em, paﬁon,l: HAYYUTHCA BBIIOJIHATE PACUCThl B TI'PABUMETPUUCCKOM
(BCCOBOM) AHAJIN3C, HAaXOAUTH IMMPAKTUYCCKOC MPUMCHCHHUC TPaBUMCETPUUYCCKUM
MCTOJaM aHaJIu3a.

Boinosinus padorty, Bbl Oynere:

-yMeTh:

BBIMOJIHATh PACUYeThl B TPAaBUMETPHUCCKOM (BECOBOM) aHAIIM3€, HAXOIUThH
MPaKTHYECKOE IPUMEHEHUE TPAaBUMETPHUCCKAM METOIaM aHAJIH3A.

MarepuanbHoe o0ecnieyeHue:

Kpatkuii cipaBoyHnk ¢pusuko-xumudeckux Benuunt / [lon penakiueit K.
I1. Mumienko u A. A. Pasaens, JI.: Xumus, 1974. — 200 c.

Ilepuomuueckas cucrema xumudeckux anemeHToB 1. . Menneneesa.

3aganue

Hay‘-II/ITBCﬂ peuiaTtbh TUIOBLIC 3a/Ia49U 110 JIaHHOﬁ TEMC:

9. OmpezneneHue Macchl M IPOLEHTHOIO COIEP)KAHHS OIpPeNesieMOoro
BEILECTBA.

10. Onpenenenue Macchl ¥ MPOLICHTHOTO COIEPIKAHMS IIPUMECEi B BEILECTBE.

11. OnpeneneHre Macchl ¥ MPOLIEHTHOTO COACP)KAHNUS BIIAaTH B BEIIECTBE.

IMopsinok BBINOTHEHUS PAGOTHI
[Ipumep pereHus TUIOBBIX 33434

Pacuersl B BECOBOM aHajM3€ BBIMONHSIIOTCS C TOYHOCTBIO, KOTOpAsi OIpPEessieTCs
TOYHOCTBIO B3BELIMBAHMS HA aHAJIMTHYECKUX BEcCax.

Pacuer pe3ysbTaToB [Isi IEPBOTO U BTOPOrO BAPHAHTOB BECOBOTO aHAN3a CBOAUTCS
K OIpEeesICHUI0, KAKYIO JIOJI0 OT MAcChl B3STOH HABECKH COCTABJISIET Macca BbIICICHHOM
COCTaBHOM YacTH.

3adaua Nel. Jlns ompeneneHHs COAEp)KaHMS BIAru B3sTa HAaBECKa XJIOpHUIA
natpus 2,08 r. [Tocse BbICyIIMBaHMS 10 OCTOSIHHOM Macchl mosyueno 1,99 r. Paccunraiire
coznepxanue Biaaru W (%).

Aneopumm pewerust.
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Paccunraem cojiepykaHue Bliary 1o GpopmyJie
W%Enaru =100% - (ml - mz)/ml,
rae M1 1 M2 — Macca HaBECKU XJiopyuaa HaTrpusd OO0 U IIOCJIE BBICYIIMBAHUA,
COOTBETCTBCHHO, T.
W%gsaru = 100% - (2,08 — 1,99)/2,08 = 4,33%.
OrtBer: W%Bnam = 4,33%

3aoaua Ne2. Jljist onpenienieHus CoJiep KaHus 30J1bI B3sITA HAaBECKa KaMEHHOTO YTJIIs
0,9214 1. Tlocne mpokanuBaHus 10 MOCTOSTHHOW Macchl noxydeHo 0,0103 r. Paccuwnraiite
cozaepxkanue 30Jib1 X(%0).

Aneopumm pewrenus.

Paccunraem cozeprxanue 30161 110 hopmyiie: X%som = 100% - M2/ M1, tae m1 u
M2 — Macca HABECKH KAMEHHOTO YISt JIO | TI0CIIe POKAJINBAHHS JI0 MOCTOSIHHOM MaccChl,

COOTBCTCTBCHHO, T.
X%s0m: = 100% - 0,0103 /70,9212 = 1,118%.
OrtBer: X%s0m: = 1,118%.

Pacyer pesynbpTara A TPEThEro BapHaHTa BECOBOrO aHAIM3a COCTOUT U3 JIBYX
yacTeil:

a) CHauyala ONpPENEISIIOT, CKOJBKO I'PAMMOB OIpPE/ESIEeMOT0 KOMIIOHEHTa
COZIEPKUTCS B BECOBOH (hopme;

0) 3aTeM OIpPEEeNAIOT, KAaKOH IPO LEHT COCTaBIIAeT KOMIIOHEHT OT MacChl B3SITOM
HAaBECKH.

3adaua Ne2. 3 naBeckn 0,2017 T crulaBa »xene3a IOCi€ COOTBETCTBYIOIIHX
onepaiuii  moiydeHo 0,0871 r Fe20s. Omnpenenure, CKOJIBKO IPOLEHTOB JKele3a
COZICPIKUTCA B CILIABE.

Aneopumm pewenus.

7. B xone aHanm3a cIUlaB pacTBOPAIOT B KHCIIOTE, 3aTeM KaTHOHbI Fe
OCaXXJal0T PacTBOPOM aMMHAaKa M IOIy4eHHbIH amopdubiii ocanok Fe(OH)s BrICyIIMBaoT
1 npokanuBaioT 10 Fe2Os 1 B3BEIINBAIOT 10 NOCTOSHHOM MacChI.

Fe®* + 30H- — Fe(OH)3;
2Fe(OH): & Fe203 + 3H20.

8. CnenoBarensHo, 1 Moab BecoBoii (opmbl Fe203 MOKHO MOIyddTh U3 2
Mozeii sxenesa Fe.

CocraBiisieM HPONOPLHIO U PeIIaeM ee:

M(Fe203) = 2-55,8+16-3 = 159,8 r/mos; M(Fe) = 55,8 r/moub.
111,7 r (Fe) — 159,8 r (Fe203); - 1117-0,0871,
1598 '

3+

xr (Fe) — 0,0871 r (Fe20s3).
9. 3aTem HAXOIUM MPOIEHTHOE COMIEPIKAHUE JKEIEe3a B CIUIABE:

Woe(Fe) = 211700871 1500 — 30,2006,
159:8-0,2017

Orteer: W%(Fe) = 30,20%.

180



Ecin o6o3HaunTh: Maccy HaBeckn — g (r); maccy BecoBoi ¢opmbl — G (r);
aHanurTudeckuii (akrop nepecdera — F = Monp. xown/Maeecosoit gpopyer, TO HOIYYUM OOIIYIO
(opMyITy pacdera B BECOBOM aHAIN3E:

W, (6)=F,,,. S

-—-100%.

. sec.

@opMa npeaoCTaBIeHHUs pe3yibTara
Brmonnenue WHANBUAYAJIbHBIX 3a}1aHI/If/’I 110 BapuaHTaM.

Kpurtepnu onenku:
3a KaKIbIil MPaBUIBHBIN OTBET — 1 Oa.
3a HenpaBUIIBHBII 0TBeT — () GayuIoB
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Tema 5.9. TurpumeTpuyeckuii (00beMHBbII) MeTO aHAIU3A
IIpakTHuyeckoe 3ansiTHe Ne 23
BeinosHeHne pacyeToB B THTPUMETPHYECKOM aHATH3e

Heﬂb paﬁon,l: Hay4YUTBCA MPOBOAUTH BBIYHUCIICHUSA B TUTPUMETPUUCCKOM
(O6’BeMHOM) AdHaJIM3€, HAaXOAUTh HPAKTUYCCKOC IMPUMEHCHHUC TUTPHUMCTPUYCCKUM
MCETOJaM aHaliu3a.

Boinosnus padorty, Bbl Oynere:

-yMeTh:
MIPOBOJUTH BBIYHUCIICHUS B THTPHUMETPHUCCKOM (0OBEMHOM) aHAM3€, HAXOIWUTh
MPAKTHYECKOE PUMEHEHUE TUTPUMETPHUCCKUM METOIaM aHAJIH3a.

MarepuanbHoe o0ecnieyeHue:

Kpartkuii cipaBounuk ¢usnko-xumudeckux Benuunt / [lon penakiueit K.
II. Mumenko u A. A. Pasnens, JI.: Xumus, 1974. — 200 c.

[Tepuoanueckas cucrema xumuueckux 3nemeHToB . M. Menneneesa.

3aganue

Hayuutscst peniath TUIIOBBIC 33/1a4H M0 TAHHOM Teme:

1. BeinonHeHHWe pacyeToOB Ui IPUTOTOBJICHHUS HEOOXOIMMOTo o0BbeMa
pacTBOPOB 33a/IaHHOW KOHIIEHTPALIUH.

2. OmpezneneHue  MPOLGHTHOTO  COJCPXKAHUSI  AHAIM3HPYEMOIO
KOMIIOHCHTA B HABECKE BEIICCTBA.

3. Omnpezenenne NPOLIEHTHOIO COACPKAHISI BEIIECTBA B PaCTBOpE.

ITopsinok BINOTHEHUST PAGOTHI
[pumep pereHus TUIOBBIX 33434

3aoaua Nel. BeimonHute pacueTbl, He0OXoauMble rpu npurotoBieHrn 500
mit: a) 0,2 H pacteopa H2C204-2H,0; 6) 0,2 M pacteopa H,C,04-H,0; B) pactBopa
C T(H2C204)=0,010 /ML

Aneopumm pewsenus.

PaccuntaeM MOApHYIO Maccy BEIeCTBa:

M(H2C204-H20) =12 + 12-2 + 164 + 2-18 = 126 r/monb.

PaccuntaeM 3KBHBaJIEHTHYIO MacCy BEILIECTBA:
9M(H2C204'H20) = M(H2C204'HzO)'ngB(H2C204‘HzO) = 126' 1/2 = 63 F/MOHL.

a) Paccuntaem maccy BelecTBa, He0OX0qUMYHO s ipuroroBnenus 500
mit 0,2 H pactBopa HoC204-2H,0:

CN = naxslvp—pa @) = m/(aM'VP'Pa (ﬂ))
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mM(H2C204-H20) = Cn'OmVppa () = 0,2:63-0,5 = 6,30 1.

6) PaccunTaem maccy BemiecTBa, He0OXoMMYyto [uisi purorosienus 500
mit 0,2 M pactBopa H2C204-2H0:

Cnm = N/Vppa ) = MM Vypopa ()

m(H2C204°-H20) = CvirM-Vppa (0 = 0,2:126:0,5 = 12,60 1.

B) Paccunraem maccy BemiecTBa, HeoOXoMuMYyto Juisi mpurotoBierus 500
mit pactBopa ¢ T(H2C204)=0,010 r/mur.:

mM(H2C204) = 0,01 r/mi - 500 mt=5,0T.

m(H2C204-H20) = (5,0 r - M(H2C204-H20)) / M(H2C204) = (5,0 - 126)/90
=70r.

Oter: a) M(H2C204-H20) = 6,30 1; 6) m(H2C204-H20) = 12,60 13
B) m(H2C204'H20) =70r.

3a0aua Ne2. Onpenenute mnporeHTHOe coaepkanue menoun NaOH B
pacTBope, eciu Jyis TUTPOBAHMS B3siTa alMKBOTa 10 MJ, HA TUTPOBAHUE KOTOPOM
uspacxogoBano Vi1=8,5 mi, V»=83 wmu, V5=8,5 mu pabouero pacrBopa HCI ¢
The=0,0121 /M.

Aneopumm peuienus.

4.CocTaBUM ypaBHEHHUE MPOTEKAIOIICH MPU TUTPOBAHUHU PEAKIIUH:

HCI + NaOH — H.0O + NaCl

5.Uncno sxsuBanentoB HCI, nomeniiee Ha TUTpOBaHHE PACCUUTHIBACTCS
Tak:

Avarcly = M(HCI) fy(HCI) = (1+35,5) 1 = 36,5 r/M051b3KB.

nm(ﬂu) = (THc| . ch(HCI))/ :')M(HCI) = (0,0121‘8,43)/36,5 = 0,0028 MOJIb'3KB.

6.110 3aKOHY S5KBHUBAJIECHTOB YMCIIO MOJIEM SKBUBAJIECHTOB ILEJIOYM PABHO
YHUCITy MOJIEH KBUBAJIEHTOB KUCJIOTHI, T.€.:

Noxs(NaOH) = 0,0028 mMou1b9KB.

9v(NaOH) = M(NaOH)-f,(NaOH) = (23+16+1)-1/2 = 40 t/M01B9KB.

m(NaOH) = Bm(NaOH) - n,(NaOH) =40 - 0,0028 = 0,112 1

%NaOH = m(NaOH)/Maueorss = 0,112 7/ (10 M1 - 1 v/™mm) =0,0112 %.

Otset: %NaOH = 0,0112 %.

3adaya Ne3. Ompenenure MPOLIEHTHOE COJIEpKAHUE JKelie3a B pyaAe, eCli
HaBecka pynsl 0,1658 T pacTBopeHa m mepeBeneHa B MepHYIO komOy Ha 200 M,
B3ita amukBota 10 ™My u  orrtuTpoBana pabounm pactBopom KMnOs c
konuentpanueir N=0,0108 mounb-9kB/1. Ha tutpoBanue nonuio 8,6 mi, 8,4 mi u 8,7
MII 3TOTO PACTBOpA.

Aneopumm peuierus.

4.CocTaBiM ypaBHEHHE IPOTEKAIOIIEH PH THTPOBAHMN PEAKLIHH:
10F€‘+ZSO4 + 2KMI’I+7O4 + 8H,S0, — 5F62+3(SO4)3 + 2Mn+ZSO4 + K,S04 + 8H,0;

5.PaccunTaeM SKBHBaJICHTHYIO MacCy Kejesa:
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Im(Fe*?) = M(Fe)-fos = 561 = 56 r/MONIB3KB;
6.PaccuntaeM MPOLIEHTHOE COAEPIKAHUE JKENE3a B Py/Ie:
Vep(KMNOg) + (8,6 + 8,4 + 8,7)/3 = 8,57 m;

N V CPn : 3 2+ .VK()'I)M . . .
OpFe = —<Mn0: kMO, (et 0 100% = 0,0108-8,57-56-200 -100% = 62,5%.
a-m -1000 10-0,1258-1000

HaBecKU

OtseT: % Fe = 62,5%.

@opMa npeaoCTaBIeHHUs pe3ybTara
Brmonnenue WHANBUAYAJIbHBIX 3a)IaHI/If/'I 110 BapuaHTaM.

Kpurtepnu onenku:

3a KaKIbIi MPaBUILHBIN OTBET — 1 Oa.
3a HenpaBUIIEHBIH 0TBET — () OasuIoB.
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Tema 5.9. Turpnmerpndeckuii (00beMHbII) MeTO/ aHAIN3A
IIpakTHueckoe 3ansTHe Ne 24
BeinosHeHne pacyeToB B THTPHMETPHYECKOM aHAIHM3e HA IpUMepe o0beMa
PacTBOpa, Ha KOJINYECTBO NpUMeceil
Hens padoThI: HAYUYNTHCA MPOBOAUTH BBIUHCIECHHUS B TUTPUMETPUUYECKOM
(oObeMHOM) aHaJM3€, HAXOMUTH NMPAKTUYECKOE MPUMEHEHHE TUTPHMETPHYECKUM
METOZAaM aHau3a.

Boinosnus padorty, Bbl Oynere:

-yMeTh:
MIPOBOJUTH BBIYHUCIICHUS B THTPHUMETPHUCCKOM (0OBEMHOM) aHAM3€, HAXOIWUTh
MPAKTHYECKOE IPUMECHEHUE TUTPUMETPHUCCKUM METOIaM aHAJIH3a.

MarepuanbHoe o0ecnieyeHue:

Kpartkuii cipaBounuk ¢usnko-xumudeckux Benuunt / [lon penakiueit K.
II. Mumenko u A. A. Pasnens, JI.: Xumus, 1974. — 200 c.

[Tepuoanueckas cucrema xumuueckux 3nemeHToB . M. Menneneesa.

3aganue

Hay‘IHTI)Cﬂ peuiaTth TUMOBLIC 3a/Ia4U 110 JIaHHOﬁ TEMC:

4. BbINONHEHUE PAcyUeTOB /sl MPHUIOTOBJICHHUS HEOOXOAMMOro o0bema
pacTBOPOB 33a/IaHHOW KOHIIEHTPALIUH.

5. Ompenenenne MIPOIICHTHOTO COZIePIKaHU AQHATU3UPYEMOTO
KOMIIOHEHTa B HaBECKE BEILECTBA.

6. OmpezeneHue NPOLIEHTHOTO COACPYKAHMS BEIIECTBA B PACTBOPE.

ITopsinok BbINOTHEHUST PAGOTHI
[pumep pereHus TUIOBBIX 33434

3aoaua Nel. BeimonHute pacdeTsl, HeoOXouMble rpu npurotoBieHrn 500
mit: a) 0,2 H pacteopa H2C204-2H,0; 6) 0,2 M pacteopa H,C,04-H,0; B) pactBopa
C T(H2C204)=0,010 /ML

Aneopumm pewenus.

Paccuntaem MOIApHYIO Maccy BEIECTBA!

M(H2C204-H20) =12 + 12-2 + 164 + 2-18 = 126 r/monb.

PaccuntaeM 3KBHBaJIEHTHYIO MacCy BEILIECTBA:
9M(H2C204'H20) = M(H2C204'HzO)'ngB(H2C204‘HzO) = 126' 1/2 = 63 F/MOHL.

a) Paccuntaem maccy BerecTBa, He0OXoquMyt0 st ipurorosnenus 500
mit 0,2 H pactBopa HoC204-2H,0:

CN = naxslvp—pa @) = m/(aM'VP'Pa (ﬂ))
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M(H2C204-H20) = Cn'OwmVppa ) = 0,2:63-0,5 = 6,30 T.

6) PaccunTaem maccy BemiecTBa, He0OXoMMYyto [uisi purorosienus 500
mit 0,2 M pactBopa H2C204-2H0:

Cym = MVppa ) = MIMVyppa ()

mM(H2C204-H20) = CvirM-Vppa (0 = 0,2:126:0,5 = 12,60 1.

B) Paccunraem maccy BemiecTBa, HeoOXoMuMYyto Juisi mpurotoBierus 500
mit pactBopa ¢ T(H2C204)=0,010 r/mur.:

mM(H2C204) = 0,01 r/mi - 500 mt=5,0T.

m(H2C204-H20) = (5,0 r - M(H2C204-H20)) / M(H2C204) = (5,0 - 126)/90
=70r.

Oter: a) M(H2C204-H20) = 6,30 1; 6) m(H2C204-H20) = 12,60 13
B) m(H2C204'H20) =70r.

3a0aua Ne2. Onpenenute mnporeHTHOe coaepkanue imenoun NaOH B
pacTBope, eciau JUis TUTPOBaHMS B3siTa alukBoTa 10 MJ, Ha TUTPOBAHUE KOTOPOH
uspacxogoBaHo V1=8,5 mi, V>=83 wmu, V5=8,5 mu pabouero pacrBopa HCI ¢
The=0,0121 /M.

Aneopumm peuienus.

7.CoCcTaBUM ypaBHEHHE MPOTCKAIOIICH TIPH TUTPOBAHUY PEAKIIHU:

HCIl + NaOH — H20 + NaCl

8.Uncno sksuBanentoB HCI, noieniiee Ha TUTpOBaHHE PACCUUTHIBACTCS
Tak:

Avarcty = M(HCI) fy(HCI) = (1+35,5) 1 = 36,5 r/M071b3KB.

nm(ﬂu) = (THc| . ch(HCI))/ :')M(HCI) = (0,0121‘8,43)/36,5 = 0,0028 MOJIb'3KB.

9.1T0 3aKOHY S5KBHUBAJIECHTOB YMCIIO MOJIEM SKBUBAJICHTOB ILEJIOYM PABHO
YHUCITy MOJIEH KBUBAJIEHTOB KUCJIOTHI, T.€.:

Noxs(NaOH) = 0,0028 MoI1b-9KB.

9v(NaOH) = M(NaOH)-f,(NaOH) = (23+16+1)-1/2 = 40 t/M01B9KB.

m(NaOH) = Bm(NaOH) - n,(NaOH) =40 - 0,0028 = 0,112 1

%NaOH = m(NaOH)/Maueorss = 0,112 7/ (10 M1 - 1 v/™mm) =0,0112 %.

Otset: %NaOH = 0,0112 %.

3aoaya Ne3. Onpenenute MPOIEHTHOE CONEpPKAHHUE JKee3a B pyle, eciu
HaBecka pynael 0,1658 T pacTBopeHa m mepeBeneHa B MepHYIO komOy Ha 200 m,
B3ita amukBota 10 ™My u  orrtuTpoBana pabounm pactBopom KMnOs c
konuentpanueir N=0,0108 mounb-9kB/1. Ha tutpoBanue nonuio 8,6 mi, 8,4 mi u 8,7
MII 9TOTO PACTBOPA.

Aneopumm peuierus.

7.CocTaBUM ypaBHEHHUE NPOTECKAIOIIECH P THTPOBAHHH PEAaKIHU:
10F€‘+ZSO4 + 2KMI’I+7O4 + 8H,S0, — 5F62+3(SO4)3 + 2Mn+ZSO4 + K,S04 + 8H,0;

8.PaccunTaeM SKBHBaJICHTHYIO MacCy Kejesa:
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Im(Fe*?) = M(Fe)-fos = 561 = 56 r/MONIB3KB;
9.PaccunTaeM MPOLIEHTHOE COAEPIKAHUE JKENE3a B Py/Ie:
Vep(KMNOg) + (8,6 + 8,4 + 8,7)/3 = 8,57 m;

N V CPn : 3 2+ .VK()'I)M . . .
OpFe = —<Mn0: kMO, (et 0 100% = 0,0108-8,57-56-200 -100% = 62,5%.
a-m -1000 10-0,1258-1000

HaBecKU

OtseT: % Fe = 62,5%.

@opMa npeaoCTaBIeHHUs pe3ybTara
Brmonnenue WHANBUAYAJIbHBIX 3a)IaHI/If/'I 110 BapuaHTaM.

Kpurtepnu onenku:

3a KaKIbIi MPaBUILHBIN OTBET — 1 Oa.
3a HenpaBUIIBHBIN 0TBET — () OasuIoB.
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Tema 1.1. OcHOBHBIE IOHATHSA H 3aKOHBbI XUMHH
JlaGopaTopnas padora Nel
Peaknum HoHHOT0 00MeHa

Iean paGoThl: HAYYUTHCS POBOIUTH YPABHEHUS PEAKI[Ui HOHHOTO
obMmeHna

Beinoanus 3Ty padory, Bel Oynere:

yMmemy:

— OTIPENIEIISITh CPely PACTBOPOB BEILIECTB;

— COCTaBJISITh YPABHEHUS PEAKLIUI B MOJIEKYJISIPHOM U HOHHOM BHJIE;

— IPOBOAUTH PEAaKIUN B3aMMOJIEUCTBHS COJIEH C KHCIOTaMH, LIEJI04YaMH 1
MEX Ty COOOI.

MarepuaiabHoOe 00ecniedeHre: PCaKTHBHBIN MTATUB C HAOOPOM PEAKTUBOB
(11e104M, KUCIIOTHI, COJIN ), HHIUKATOPBI, TIPOOUPKH, ITUIIETKH, TPOMBIBAJIKA C
JTUCTUJIIIMPOBAHHOM BOJIOM.

Brumanue!

[Tpu BbIIONTHEHUH Pa0OTHI OYIbTE aKKYPATHBI, OCTOPOXKHBI U BBITOIHSIHTE

npaBuia TEXHUKH 0€30MacHoi padoTh!!

Onwvim Ne 1. Bzaumooeiicmeue Kuciom u 0CHO8AHUL (peaKyus
Heumpanuzayuu).

INopsnox BeIIONMHEHUS PaOOTHI:

1. Haneiite B mpobupky 5-10 xanens pactBopa menoun(KOH nmm NaOH) u
1-2 xanmm pactBopa ¢enondranenna. Habnronalite n3MeHeHue 1[BeTA.

2. 3arem mobGasmstiite o 1 karte pactBopa kuciaoThl (HCI uma HoSO4),
BCTPsXHBas NpoOHUpKy. OTMEThTE U3MEHEHHE LIBETA C MaJUHOBOTO 10
OecuBeTHOTO Nocie NpHOaBIEHHsT HEKOTOPOTO KOJIMYECTBA KUCIIOTHI.

3. [Touemy pactBop oOecuBeTUIICS HE cpa3y?

4. Hanunmre ypaBHEHUE PEaKLUU B MOJICKYJIIPHOM U HOHHOM BHIE.

5. ChemnaiiTe BBIBOZ O TOM, UTO 00pa3yeTcs B pe3yiIbTaTe PeaKkinu
HEWTpaJIn3alyH.

Onvim Ne 2. Jleiicmgue Ha pacmeopbl coeli pacmeopamu wenouetl.

IopsimoK BEINOTHEHUS OIBITA!

1. B omry mpo6upky Haineiite 5-10 kamens pactBopa coim xenesa (111)-
(FeCls), B npyryro comu meau (11)-(CuSOa).

2. B 06e npobupku 1o KarisiM npuituBaiite pactop menoun (KOH wmu
NaOH).

188



3. Habmopaiite oOpa3oBaHue ocaIkoB Oyporo u roiryooro mnsera.

4. Harmmmre ypaBHEHUs pEakUi B MOJICKYJISIPHOM U HOHHOM BHJIE.

5. Cnenaiite BBIBOJ O B3aUMOJEUCTBUU COJIEH CO IIeI0YaMHu.

Onvim Ne 3. Jleticmeue Ha pacmeopul coneti pacmeopamu KUCiom.

[Mopsinok BEIITOJIHEHHS OIBITA:

1. B mpobupky Haneflite 10 kamens pacTBOpa coJpl — KapOOHATa HATPHUS
Na,COs.

2. JIo6aBbTe mo kamism pactBopa kuciaoThl (HCI nmu HoSOy).

3. HaGmopaiiTe BhIEIEHHE Ta3a.

4. HarucaB ypaBHEHHE peaKIUK B MOJICKYJISIPHOM U HOHHOM BHJIE,
00BSICHUTE, ITy3BIPHKH KAKOT'O I'a3a BBIICIISFOTCSL.

5. Cnenaiite BBIBOJ O B3aMMOJCHUCTBHM COJIEH C KUCIOTaMHU.

Onvim Ne 4. Bzaumooeticmaue conetl medicoy cobol.

[Topsiiok BEIMOJHEHUS OITbITA:

1. Haneiite B mpoGupky 2-3 karmm pactBopa cosr PO(NO3),
(Pb(CH3COOQ),) u npuieiite 1-2 kamiu pactBopa noauaa kanus Kl. Habaromaiite
obpasoBanue xearoro ocaaka nomuaa ceunia (11) Pbl..

2. Hanuumre ypaBHeHHE peakiiy B MOJIEKYJIIPHOM ¥ MOHHOH (opmax,
OTMETHTE [IBETa 00PA30BaABIIUXCS O0CAAKOB M UCXOHBIX PACTBOPOB U Ha3BaHUSI
BEIIIECTB.

3. Cnenaiite BBIBOJ O B3aMMOJECHCTBUU COJICH.

Onwvim Ne 5. Jlelicmgue pacmeopos coneti, KUCIOm U ujenoueli Ha
unouxamopwl. I uoponu3s coneti

INopsnox BeIONMHEHUS PaOOTHI:

1. Ha monocky yHuBepcaibHOM HHANKATOPHON OyMaXKKi HaHECHTe 110 |
Karuie pacteopa coistoi mimm ceproit kuciotsl (HCI, H2SO4), pacteopa mienoun
(KOH wnn NaOH) u muctiinmpoBanHOM BoAbl. OTMETBTE IIBET, 3aMUIIUTE B
Tabnuiy. [1o mikane yHUBepcaabHOW HHIMKATOPHOW OyMaru onpeienuTe
3HaueHue PH pacTBOpOB, 3aMUIINTE B TAOIUILY.

2. B oany npoOupky HaselTe 5 Karneiab KACIOTHI (J11000i ), BO BTOPYIO
IpoOUPKY 5 Karenb pacTBopa IIeNIO4H, B TPEThIO AUCTHIUTUPOBAHHBIA BOJIBL
Jo6aBrTe Bo Bece mpobupku HemHOTO 1. H2O 1 1o 1-2 karm pactBopa ¢peHoI-
¢ranenna. OTMETHTE [[BET pacTBOpA. 3aIHIINTE B TAOIHILY.

3. Ha momocky yHUBEpCaNbHONW MHIMKATOPHOM OyMakXK HAaHECHTe 1o 1
karute pactopa Alx(SO4)s (FeCls, Fex(SO4)s, FeSO4), pactBopa Na,COs (K2COs,
NaCH3COO) u pactsopa NaCl (KCI, NazSO4). OTMeThTe 1BET, 3aIUIINATE B
Tabnuiy. 1o mkane yHuBepcaIbHOM HHANKATOPHON OyMaru ompeaeanTe
3HaueHne PH pacTBOpOB, 3anuImTe B TAOIHUILY.

4. CnenaiiTe BBIBOJ O ISUCTBHH PACTBOPOB BEIIECTB Ha HHAMKATOPBHI,

189



OTIpEIeNIUTE PEAKIHUIO CPEIbl PACTBOPOB, YUUTHIBAs, 4To Ipu PH = 7 — cpena
HelTpanbHas, pu PH > 7 — cpena menounast, a npu pH < 7 — cpena kucnasi.
3aroIHUTE MOCIEIHUH CTONOET TAOHIIBL.
5. Ilo 3Ha4eHHIO Cpeabl PACTBOPOB 3aIOIHUTE B TabJIHMIIE CTPOKHU CcTOJIOIA,
YKa3bIBaIOIIET0 Ha IIBET MHANKAaTOpa (eHoNn(TaIenHa B pacTBOpax COJIEH.
[NoaTBepauTe CBOM BHIBOIBI OMBITHBIM MTyTeM. B Tpu mpoOupku HaseiTe mo 5
Karlellb pacTBOPOB COOTBETCTBYIOIIMX COJIEH, HCIIOJIb3yeMBIX B II. 3. Jlo6aBbTE BO
Bce mpooupku HemMHOro 1. HoO 1 1o 1-2 kamm pactBopa GpeHondranenHa.
OTMeThTe LIBET pacTBoOpa.
Tabmmna naOmroneHwmit:

LIBeT nHIMKAaTOpA pH pacTBopa Coena
PacTBOp (o mxane pei
Oenondranen | YHuUBepcaibH pacTtBo
BEIECTBA H i YHHUBEP. a
WHJMAKAT. OyM.) P
HCI (H,S04)
KOH (NaCH)
H,0O
Al>(SO4)s
(FeCls)
N3.2CO3
NaCl (Na»S04)

6. Hanmummre ypaBHEHUS JIEKTPOIUTHUECKON TUCCOLMANN KaXKJOT0 U3
BEILIECTB.

7. O0bsicHUTE, IPUCYTCTBUEM KaKUX HOHOB OOYCIIOBIECHBI KHCHas cpefa ’
IeJI04HAas! Cpeia pacTBOPOB.

8. Hammmmre ypaBHEHUS peakuuii THAPOIN3a coyieii B MOJIEKYIISIPHOM 1
HNOHHOM

®dopma mnpeacTaBieHHs Ppe3yJbTaTa: OTYET O IpoJeTaHHOW paborte,
BBIBOJIBL.
Kpurtepuu ounenku:

3a KaKIpIi IPaBHIBHBIN OTBET — 1 Oam.
3a HenmpaBUIIBHEIN 0TBET — () GayIoB.
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Tema 1.1. OcHOBHBIE IOHATHSA U 3aKOHBbI XUMHH
JlaGopaTopnas pa6ora Ne2
Peakuuu HeifTpanuzanumu

I_[e.m, paﬁOTl)I: HAay4YUTbCA  MPOBOJAUTHL  pCaKIUU HeﬁTpaJ'IH?,aHPIPI,
COCTaBJIATh YPaBHCHHA peaKL{I/Iﬁ B MOJICKYJIAPHOM 1 HOHHOM BH/IC

Beinoanus 3Ty padory, Bel Oynere:

ymemb.!

— COCTaBJISITh YPaBHEHUS PEaKLUi B MOJIEKYJISIPHOM U HOHHOM BH/IE;

— JIOKa3bIBaTh aM(OTEPHOCTH I'HJIPOKCUJIOB;

— IPOBOAUTH PEAKIUHM B3aUMOJACHCTBUSI METAJUIOB C KHCJIOTaMH, COjeil ¢
KHCJIOTAMH, IIEeJI0YaMH U MEXILy CO0Oi;

— IPOBOANTH KAYECTBEHHBIE PEAKIINK B3aMMOACHCTBHUS Ha HOHBI JKele3a +2,
+3.

MarepuanbHoe ofecnieueHre: peakKTUBHbIN IITATUB C HAOOPOM PEaAKTHBOB
(1Ienoyu, KUCIOTHI, COJIM), METAUTHI (B BHJAE IMOPOIIKA, CTPYKKH WM TPaHyI),
NpOOHPKH, THIIETKH.

Brumanue!

[Tpu BBIMONHEHUH pabOTHI OyIbTE aKKYpPaTHBI, OCTOPOXKHBI M BBITOHSIHTE

npaBuia TEXHUKH 0€30MacHoi padoTh!!

Onwvim Ne 1. Bzaumooeiicmaue memanios ¢ KUCIOMamu.

[Mopsinok BhIMOIHEHHSI PAOOTHI:

1. Haneiite B mpooupky 5-10 kanenb pactBopa cojsiHOW (CEpHON) KHCIIOTHI.
B npoOupky ormyctute MeTamn (IpaHyily LHWHKA, MATHUEBBIE CTPYIKKH, JKEJIE3HYIO
KaHIIEJSIPCKYIO CKPETIKY, MEJIHbIE CTPYKKH, METaJUT B BUIE TIOPOIIIKA U T.11.).

2. OnunimTe CBOU HAOJIOJCHUs. Y KXKHUTE, KAKOH ra3 BBIICISIETCS.

3. Hanuite MoneKyJIsIpHbIE M MOHHBIE YPaBHEHHSI PEAKIIH.

Onvim Ne 2. Amghomeprocms 2u0poKcuoos.

[Mopsitok BBHIMOIHEHUSI OIbITA:

1. Haneiite B mpobupky 5-10 kamens pactBopa comu xpoma (CrCls wm
Crz(SO4)3) (mmm amomunws, sxenesa (I11) u T.m.), 106aBbTe MO KamuisiM PacTBOP
LIEJI0YH JIO TeX IMOp, IMOKA He BBIMAJET CepO-3€JEHOr0 IBETa 0CAJ0K THIPOKCHIA
xpoma (1) — Cr(OH); (6emoro nBeta ocamok ruapokcuaa amomurus — Al(OH)s,
Oyporo 1Beta ocaok ruapokcua xemnesa (111) — Fe(OH)s).

2. Hamummrte ypaBHEHHE pEaKMd B MOJICKYJSIPHOM M HOHHOM BHJIE,
OTMETHTE [BETA M HA3BAHUS BEIIECTB.
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3. 3aTeM coaep)KUMOe ITPOOUPKHU pa3jelTe Ha JIBE YacTH: B OJHY MPOOHPKY
HaJlelTe 710 pacTBOpeHus ocajaka pactBop kuciotel (HCI umn HoSOs), B apyryro —
pacteop menoun (KOH uiun NaOH).

4. OT™MeTbhTe, YTO PeaKlUH MPOTEKAIOT M B TOM U B IPYTOM CIIydae.

5. OTMeThTE [IBET MOITYYAIOIINXCS BEIECTB.

6. Hanmimte ypaBHEHUsI peakiliii B MOJIEKYJISPHOM U HOHHOM BH/IE.

7. CpenaiiTe BBIBOJ O TOM, YTO Takoe aM(OTEpHOCTh THAPOKCHIOB —
chopmynupyiTe orpesereHre aM(pOTepHBIX THIPOKCH/IOB.

Onvim Ne 3. O6uapyacenue xamuona Fe?*.

TopsiOK BBIMONTHEHUS OMBITA:

1. Haneiite B mpo6upky 2-3 karmu pactopa comu Fe?* (FeCl, um FeSOy),
npubasbTe 1-2 karum pactBopa HCl u 1-2 kammm pactBopa rekcanuanogeppara
(1) xamust (xpacuoit kposiHo# comnu) Ks[Fe(CN)s]. Habmromaiite obpa3oBanue
TEMHO-CHHET0 0CaJika TypHOYJIeBOIl CHHH.

Fe?* + K3[Fe(CN)g] = Fes[Fe(CN)e]2| + K*

2. Hamuumre ypaBHEHHE PEaKIUH B MOJNCKYJISIPHOM M HOHHOM BHIE,
pacCTaBbTC KOSd)(bI/ILII/IeHTbI B YpaBHCHUHN PCAKINH, OTMETHTEC IIB€TAa U Ha3BaAHUSL
BEIIECTB.

Onvim Ne 4. Obnapycenue kamuona Fe>*.

HOpﬂ}lOK BBIIIOJIHCHU S OIIbITA:

1. Haneiite B mpobupky 2-3 kamum pacteopa coma Fe3* (FeCls nmm
Fez(SO4)3), mpubaBbre 1-2 kamm pactBopa HClI m 1-2 xammm pacTtBopa
rekcanmanopeppara (Il) xamust  (xenroit  kpomsiod  comu)  Ka[Fe(CN)g].
HabOmnronaiite oOpazoBaHue CHHETr0 0cajika OepIHHCKOM JIa3ypH.

Fe®* + K4[Fe(CN)s] = Feq[Fe(CN)e]s| + K*

2. Hamummre ypaBHEHHE pEakUMH B MOJCKYIIPHOM M HOHHOM BHIE,
paccTaBbTe KOI((GUIHEHTH B YpaBHEHHH PEaKLMH, OTMEThTE L(BE€TAa M HAa3BaHUS
BEILECTB.

®dopma mnpeacTaBiieHHus Ppe3yJbTaTa: OTYET O IpoJeTaHHOW paborte,
BBIBOJIBI.
Kpurtepuu ounenku:

3a Kaablif IPaBUIIBHEI OTBET — | Gart.
3a HenpaBWIIBGHBINA 0TBET — 0 6aJUTOB.
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Tema 2.4. AMUHBI. AMUHOKUCJIOTHI. beakn
JlaGopaTopnas pa6ora Ne 3
Oo0HapyskeHHe OPraHMYecKHUX BellecTB crneupuiecKUMH peakuusiMu

Leapb paGoThI: HAYYUTHCS OOHAPYKUBATH OPTAHIUCCKIE BEIIECTBA
Boinosinus padoty, Bul Oyaere:

— TIPOBOTUTH HECJIIOKHBIC PEaKIUH 1O OOHAPYKCHUIO TIIFOKO3BI
(ampaerumoB), Kpaxmaia 00BEKTaX;
— COCTAaBJIATH CXEMBI PEBPAIIICHIH BEIIECTB Pa3IMYHBIX KJIACCOB.

MarepuanbHoe o0ecrieueHme:

PeakTuBHBINA INTATUB, MPOOHMPKH, MHIIETKHA, HArPEBATEIBHBIN DIIEMEHT,
PACTBOpPBI TJIFOKO3BI, CaXapo3bl, Kpaxmayia, pacTBOPHI THAPOKCHIA HATPHUS WM
kanusi, cynbgara meau (1), HuTpara cepebpa, amMmuaka, 102, TUCTUILIMPOBAHHAS
BOJIA.

3aganue:
OOHapy KeHHUe IITFOKO03bI, CaXxapo3bl, KpaxmMalia

Iopsinok BbINOTHEHUsS] PAGOTHI:

1 CucremaTusupyiite 1 0000IIMTE 3HAHUA 110 T€ME, IOBTOPUB M3Y4CHHBIH
Ha JIKIIMOHHOM 3aHATHU MaTepHall.

2 BBINONHUTE NPaKTHYECKYIO YacTh PaOOTHI.

3 IIpoBeauTe pacyer.

4 Cdopmysmpyiite oOLIMe BBIBOIBI O IPOJIEIAHHOMN padoTe.

Xopn padoThI:

Onvim Ne 1. Obnapyoicenue 2moxko3vl
/ 0]
(anvoecuonou epynnor —C  H\

IMopsiaoK BBINOTHEHHS OTIbI

1. B TmatennsHO BBEIMBITYIO IpOoOUpPKY HajerTe 0,5 M1 pacTBOpa HUTpaTa cepedpa.
2. JobGaBpTe B Hee pa30aBIEHHBII pAacTBOp aMMHaKa JO PacCTBOPEHHS
obpasytomerocs ocajka Agy0.
3. 3areM mo0aBbTEe B MPOOHMPKY pacTBOpa (OpMaibAeTH[a, aleTalbJCTHIa WA
TJIFOKO3BI 1 OCTOPOXKHO HarpeuTe.
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4. Habroaiite oOpa3oBaHue «cepeOpsHOTO 3epKaay Ha CTEHKaxX MPOOUPKU.
5. CocTaBbTe CXeMy MpEBpAIICHUS.
6. Bo BTOpYyI0 pobupky Haneite 0,5 mi cynbgara meau (11) — CuSO..
7. Hob6aBbre pactBopa menoun KOH mmm NaOH no obpasoBanms roxy6Goro
ocajka.
8. 3arem HaneiiTe pacTBOp (oOpManmblIeruia, aleTanbIeruaa WIH TIOKO3BL,
Harpeiire.
9. Habmonaiite o6pasoBanue kpacHoro ocajaka okcuaa meau (1) Cu,O.
10. CocraBbTe cxeMy MpeBpaIeHUH.
Onvim No2. Ceoticmea caxapo3vl

Iopsiiok BBINOJTHEHUS ONIBITA
1. B mpobupky Haneiite 3—4 kamm pactBopa cynbdara meau (11) — CuSOs..
2. Jlo6aBpte pactBopa menounn KOH wmmu NaOH 1o oOpa3oBanus romay0oro
ocajxka.
3. Jlo6aBbTe B MPOOHPKY 3 MJT pacTBOpa caxapo3bl M CMECh B30OJITATE.
4. Tlpu BCTpsIXMBaHWM HAOJIOJAWTE PAaCTBOPEHHE TOJIyOOro ocajika T'MIPOKCHIA
menu (1) u o6pazoBanue curero pacteopa caxapara meau (11).
5. Cnenaiite BBIBOJ O CBOMCTBAX caxapo3bl.

Onvim Ne3. Obnapyoicenue Kpaxmana
ITopsiIoK BHIMOJIHEHHSI ONBITA
1. B npobupky nHanetite 0,5 M pacTBopa KpaxMaiia (KpaxMallbHOTO Kieiictepa).
2. JIo6aBbTe K HEMY HECKOJIBKO Karlellb CIIUPTOBOTO PACTBOPa HOIA.
3. Habmopaiite 00pa3oBaHue CHHErO OKpaIIMBaHUSI.
4. Harpeiite npoOupky u HaO0/1aiiTe MCYe3HOBEHHE OKPACKH.
5. Tlocne oxnaxaeHHWs COACPKUMOTO BHOBb HaONIOnaiiTe MOSBICHHE CHHEH
OKPaCKH.

®dopma mnpeacTaBieHus Ppe3yJbTaTa: OTYET O IpoJeTaHHOW padorte,
BBIBOJIBL.

Kpurtepuu onenku:

3a KaIblif TPaBUIIBHEIA OTBET — | Gart.
3a HenpaBWIIBGHBINA 0TBET — 0 6aJUTOB.
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Tema 4.3. KomonaHble CHCTEMBI

JlaGopaTopnas pabora Ne 4
IlosryyeHne KONTOMIHBIX PACTBOPOB

Lean padoThl: HAYYUTHCS MMONYYaTh KOJUIOMIHBIE PACTBOPBI, MPOBOJUTH
HX KOAryJsIUIO M 3alMTy; HAOII0IaTh SBJICHHE PACCESHHUS CBETA KOJIOMIHBIMU
pacTBOpamMH.

Boinosinus padorty, Bbl Oynere:

ymem.!

— TOJIyYaTh KOJUIOMIHBIC PACTBOPHI,

— IPOBOJUTH UX KOATYJISAIMIO U 3aIIUTY;

— TI0 WHTEHCHBHOCTH PACCESHHOTO CBETa CpPaBHUBATh KOJUIOWHBIC
PACTBOPHI B 3aBHCUMOCTH OT UX KOHIICHTPAITUH.

MarepuanbHoe obecrieyeHue:

Ilepuomuueckas cucreMa xumuyeckux osnemeHToB [[. V. Menneneesa,
TabJMIIa PACTBOPHUMOCTH.

OOopyloBaHHE ¥ PEAKTUBBI: JJIEKTPOIUINTKA, BOIsSHas OaHs, MPOOHPKH,
PEeaKTUBHBIN IITATUB, CTAKAHYUK, JUCTHILIMPOBaHHAs Boja, 1 % pacTBop xyopuaa
xeresa (I11) — FeCls; 1M pactBopa NaCl, Na;SO4, NazPO4, AlCl3, xomton bt
pactBop ruapokcuza xenesa (1) u3 omsita 1; 1%-b1it pactBop xenatuna, 1%-
bl PaCTBOP Kpaxmaia.

3ananue:

1 TlomyueHue KOJUIOMAHBIX PACTBOPOB, MPOBEACHUE HMX KOATYJSIUH H
3QIIUTHL.

2 HaOmroneHue sIBICHUS pacCesHUs CBeTa (OMaIeCIeHIH) KOJLIOUIHBIMH
pacTBopamu.

Kpartkue TeopeTuueckue cBeJeHUs:
Memoowbl nonyuenusa Koan10uOHbIX pacmeopos (3o0.eii)

MeTo/1bI TOTyYeHHS 30J1€H IETSTCS Ha IBE TPYIIIBL:
1. Hucnepeauposanue — npobneHHe KpPYNHBIX YacTUI IO KOJUIOWJHOU
JMCIEPCHOCTH:

a) MeXaHH9IecKoe ApoOIIeHre B METFHUTIAX H B CIICIIHAIBHBIX POOMITKAX;

0) mpobneHue moj ACHCTBHEM YJIBTpa3ByKa (THAPO3ONM Cephl, rpadura,
MTOJIMMEPOB, OPTAHO30JIN JIETKOIIJIABKUX METAJIIOB);
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B) 3JIEKTPUYECKOE JAUCIIEPIHPOBAHNE TIPH TIOMOIIM BOJIETOBOM JIyTH;

I) YCIOBHO K METOJaM JUCIIEPTUPOBAHUSI OTHOCHTCS Nenmu3ayus.
no0aBJIeHNEe K CBEXKENPHUTOTOBIEHHOMY PBIXJIOMY OCaJKy IHCIEPTHPYyEeMOTro
BEIIECTBA JJIEKTPOJMTA — cTaOmiM3aropa, MoJ AEHCTBHEM KOTOPOTO YaCTHIIBI
ocajika OTIEISIOTCS APYT OT APYra U MepPeXoIsiT BO B3BEILIEHHOE COCTOSHUE.

2. Konoencayus — 310 MeTOJ TOJydYeHUsI 30JI€H yKPYINHEHHEM YacTHUI]
(MoJeKys, aTOMOB, MOHOB) JIO pa3Mepa KOJUIOHIHBIX
YaCTUIL:

a) KOHJICHCalUsl TapoB (TyMaH, JIbIM);

0) 3ameHa pactBopuTens (Ipu J00aBIEHHMM K WCTUHHOMY pacTBOPY
pacTBOpUTEN, B KOTOPOM BEILECTBO HE PACTBOPSETCS, MPOUCXOTUT YKPYIHEHHE
Y4acTHIl (arperaTUpOBaHuE));

B) B Pe3yJIbTaTe XUMHUECKOH peakKiy ¢ 00s3aTeIbHBIMH YCIOBHSIMHU:

— o00pa3oBaHHE MAJIOPACTBOPUMOTO BEIIECTBA;
— MaJasi KOHIEHTpalys pearupyolnMmx BeIleCTB;
— M30BITOK OJJHOTO M3 PEareHTOB B KAYECTBE CTAOUIIN3aTOPA.

OOmme ycioBUs TOJYYEHHS KOJUIOMJHBIX CHCTEM HE3aBHCHMO OT
IMPUMEHACMBIX MCTO/JI0B!

1) HepacTBOPUMOCTH BEIICCTBA IUCIEPCHOW (a3bl B JHCIICPCHOHHON
cpere;

2) JOCTH>KEHHME YaCTHUIIAMH KOJUIOMIHOW TUCIIEPCHOCTH;

3) HaimuMe crabwin3aTtopa, KOTOPHIH COOOINAET CHCTEME arperaTMBHYIO
YCTOWUYUBOCTb.

Koazynayusa xoanouonvix pacmeopos — 3TO TIpoOLECC YKPYIHEHHUS
(cnumaHusA) KOJJIOMAHBIX YAaCTHIl C TMOCIEeAyIoImeil moTepell yCTOWYMBOCTH
KOJJIOUTHOTO PacTBOpA.

Meroabl KoaryJsiuu:

1. oGaBneHue 3/eKTPOIUTOB IIPUBOIUT K YMEHBIICHHIO 3apsiia KOJUIOUIHON
YaCTHUIIBL, 4, CIIEI0BATENbHO, K YMEHBIIICHHUIO CHITBI OTTAJIKUBAHHUS MEXKITy HUMU.

MuHnManpHasg KOHILEHTpAIMs JIIEKTPOIUTa B PACTBOPE, BBI3BIBAIOIIAS
KOAryJIALHUIO Ha3bIBaeTCS nopocom koazyiayuu. Koarymipyromed crmocoOHOCTHIO
00J1aJ]at0T TOJILKO MOHBI, MMEIOIINE TOT K€ 3HAK 3apsiga, 4TO U HPOTHBOHOHBIL.
Koarymupytommass crmocoOHOCTb yMEHBIIACTCA C yMEHBIICHHEM 3apsga HOHa-
KOaryJisropa.

Hanpumep:
3- - -
PO, >SS0, >ClI AlP* > Ca?* > Na*
KOAaryJIupyomas criocoOHOCTh KOaryJIMpyromas ciocoOHOCTh
YMEHBIIAETCS YMEHBLIAETCS
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CocTosHMEe KOJJIOWIAHOM CHUCTEMBI, KOTZA 3aps)] KOJUIOMIHBIX YacCTHI]
CTAaHOBHUTCS PaBECH HYITIO HA3BIBACTCS U309AEKMPULECKUM COCTNOSIHUEM.

2. Koarymsmmio KOJUTOMIHBIX PAaCTBOPOB MOKHO BBI3BATh
HATpEBaHIEM WM 3aMOPa’KUBAHHUCM.

3. Koarysust KoJUTOWIHBIX PacTBOPOB MOXKET MTPOXOAUTH U
MOJ  BIMSHHEM  MCEXaHWYCCKUX  BO3ICHCTBHIA:  IIepEeMCIIMBAHUS,
LEHTPU(PYTHPOBAHUS U T.JI.

Y cTONYHMBOCTH KOJUIOUAHBIX PACTBOPOB 00YCIIOBIICHA!

1) HanmuumeM 3apsIOB OJMHAKOBOTO 3HAKa HAa KOJUIOMJHBIX YacTHIAX,
ITO3TOMY OHH OTTaJKUBAIOTCS M HE MOT'YT YKPYITHHTHCS M CETUMCHTHPOBATE;

2) HaJMYUEM THAPATHBIX (MM COJBBATHBIX) 000J0YEK, MPEMSTCTBYIOIINX
CIIMIMAHUI0 KOJUIOUIHBIX 4YacTuI] (00pa3yroOTCs, €CIM IUCICPCHOHHAs cpena
nMeeT noJisipHble Mosekybl — HoO, crinpr);

3) HaJMYMEM B KOJUIOMJIHBIX PAcTBOPaxX BBICOKOMOJICKYJISPHBIX BEIICCTB,
KOTOpBIE, aIcOpPOMPYSICh Ha MOBEPXHOCTH YAaCTHUIIBI, 00pPa3yIOT 3alllUTHBIA CIIOMH.
3TO SBJICHUE TIONYYMIO HA3BAHUE KOLIOUOHOU 3aUUNbL.

Onmuueckue c0UCmMEa KOLIOUOHBIX PACMEOPO8

[lpy nNpoxXOKIEHUM CBeTa Yepe3 JUCIEPCHYI0 CHCTEMY  MOXET
HAOJIOAATHCS:

1) nornoueHue Jyded ONPENENCHHBIX JUIMH BOJH, YTO CBOWCTBEHHO
JII00BIM CHCTEMAM;

2) oTpakeHHE CBeTa TIOBEPXHOCTHIO YACTHIl, €CIH pa3Mep YaCTHI]
3HAYUTENILHO OOJIbLIE JUIMHBI BOJIHBI CBETA (IPOSIBISICTCS] B MyTHOCTH CYCIICH3HM,
SMYJIBCHUH);

3) paccesHHE CBETOBBIX JIy4ei BO BCEX HAIPABJICHUSAX UMEET MECTO, ECIIU
JUIMHA WX BOJHBI COM3MEpPHMAa C BEJIWYMHOM 4YaCTHI[, YTO XapaKTEpHO IUIs
KOJUTOUTHBIX PACTBOPOB.

1 — UCTOYHWMK CBETA; 2 — INH3bI;

3 —cocyza, C KoNNoUgHbIM

pactBopom.

—

Pucynoxk 1 — Cxema s¢pdexra Turmans
[IyTh MPOXOJXK/IEHHSI CBETOBOTO ITy4YKa
Yyepe3 KOJUIOUIHBIN pacTBOP BUCH MPU HAOIIOJICHHH COOKY CBETAIIMMCS KOHYCOM
(komycom Tundans), 9to OBUIO HA3BAHO ONANCCYCHYUEH.

IMopsok BbINOIHEHNs PadOThI:
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1 Cucrematusupyitte u 0000IUTe 3HAHUS IO TeMe, 3aKOHCIICKTHPOBAB B
OTYET IO Ja00paTOPHOH paboTe KPaTKUE TCOPSTHUCCKHUE CBEICHHUS.

2 BBIOIoHAUTE MPaKTHYECKYIO YacTh paOOTHI.

3 OrmerbTe HAOMIONCHWS, 3allOMHATE TAONHUIYy, CHOPMYIMpYHTE U
3aMUIIMTE B OTYET OTBETHI HA BOMPOCHI MO KaXKJOMY OIBITY.

4 ChopmyupyiiTe 00IIHE BEIBOABI O IPOJICIIAHHON padoTe.

Xopn padoThI:
OmnbIT Ne 1. [Toayyenue 304151 rugpokcuaa keje3a (III)
HOpﬂI[OK BBIIIOJIHEHU A OIIbITA:

1 Bexunsiture 10 Mit IUCTUIIIIMPOBAaHHON BOJIBI B CTaKaHYMKe Ha 50 MIL.

2. He npexkpaias HarpeBaHus, IpuiIeiTe Mo KarisiM K 3toit Boje 1 mut 1%-
ro pacteopa FeCls.

3. HaGnronmaiite  oOpa3oBaHHMe  KpPacHO-KOPUYHEBOTO  KOJUIOWIHOTO
pactBopa rujapokcuaa xenesa (I11).

4, Hanumute ypaBHeHue runpoinunsa coiu xjaopuaa xenesa (I11).

5. CocraBbTe CXeMy CTPOSHHUS MHIEIUIBI IMOJYYSHHOTO 30JIsI, MOJIB3YSCh
anroput™MoM (cM. [Ipakrrueckoe 3ansitue Ne 10)

6. Komnonanelit pacTtBOop oxyamuTte, W paziedte B 6 mpobupok: 4

NpOOHPKY JUIsl ONBITA 2 ¥ JIBE IPOOMPKH IS OTIBITA 3.
OnbiT Ne 2. IIpoBeaenne koary sty ruipoxcusa sxesiesa (1)
3J1eKTPOTATAMH
ITopsiIoK BBIMOJIHEHUS OMBITA:

1. Cuwnras xamm, npueiite pactBop NaCl K KOJJIOMZHOMY pacTBOpY
Fe(OH)sz B 1-mpobupke 10 006pa3oBaHUs PHDKETO OCAAKa (YHUCIO Karelb 3amHUIlnTe
B Ta0mnuILy).

2. ToT e omeIT mpojenaidTe ¢ APYTHMH JIEKTPOJIMTAMH, PE3YIbTaThl
3aMUIINTE B TAONHILY.

3. 3Has 3aps1 KOJUIOUIHOW 9aCTHIIBI 30JIs (OTBIT 1) yKaXKUTe, KaKhe HOHBI
SIBJIAIOTCS JUIS JAHHOTO 3071 KOaryJISHTAMH.

4. CpaBHUTE KOAryJIHPYIOIIYI0 CIIOCOOHOCTh YKa3aHHBIX BBIIIE HOHOB-
KOAryJITHTOB, 3aIIMCaB HX B PSJI 10 BO3PACTAIOMICH.

5. OObsACHHTE, OT YeT0, 3aBUCHUT KOATYIHPYIOIIasi CIIOCOOHOCTh HOHOB.

6.

Ne Konnongueni DnexTpo Yucno kaneib
poOUPKHU pacTBop JINT DJICKTPOJIATA
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1 Fe(OH)3 NaCl

2 Fe(OH)3 Na,SO4

3 Fe(OH)3 NasPO4

4 Fe(OH)s AlIClIs

OmnbIT Ne 3. [IpoBeneHne KOJUIOUIHOM 3aIMTHI
[opsiioK BEITOTHEHUS OIIBITA!

1. B nBe npoGupku ¢ ruapozonem xenesa (I11) mpubaBpTe 1o 5 kamens B
onHy — 1%-ro pacTBopa Kpaxmaia, B Apyryto — 1%-ro pactBopa xejaTHHa.
2 B kaxnayro npoOupKy, B30anThIBas, MPUOABISHTE MO KalllsiM pacTBOP

Na;SOy. INoncumraiiTe umMcnao Kamesb, MOJABEPTHIMXCS KOAryJSIIUH B KaXIOH
poOupKe.
3. OOBSICHUTE C TOYKH 3PEHHUsI SBJICHHUS KOJUIOWAHON 3allUThI, TOYEMY Ha
KOaryJsiMio THIPO30JIS B pa3HBIX MPOOMpPKax MOTpeOOBaJOCh pPa3IM4YHOE
KOJIMYECTBO 3JIEKTPOJIUTA.

OnbIT Ne 4, SIBjieHre paccesiHusI CBETA KOJUIOWIHBIMH PACTBOPAMHU

[TopsiIoK BBIMOJIHEHHS ONIBITA:

1. Hanetite B Tpu npobupku 1, 2, 3 karumm pactBopa AGNOs, npuseiite B
HUX JMCTHJUIMPOBAHHOM BOJBI /IO OJMHAKOBOTO OOBEMa MO METKE, U MO JAECSTh
kanenb pactBopa Kl.

2. [IponaGmromaiite BO Bcex NPOOMpPKAaxX OMAJCCUEHIMIO, BBI3BAHHYIO
paccesHUEM CBETa KOJUIOUAHBIMU dacTHIaMU Agl.

3. Hamumire ypaBHEHHE peakiiui OOpa3OBaHUS M CXEMY MHIICIUTBI 301
Hoauna cepeOpa, eciii HOIH]T KaJlksl B3AT B U30BITKE.

4. CpaBHHTE HWHTCHCHBHOCTH DACCESIHHOTO CBETAa B 3aBHCHMOCTH OT

KOHIICHTPALMH 307151 Hoauza cepedpa.
Cdopmynupyiite o01Me BEIBOJIBI 110 TA0OPATOPHOU padoTe.
®dopMa mpeacTaBIEHUsT Pe3yJabTaTa: OTYET O IMPOJCIAHHOH paboTe,
3allOJIHEGHHE TaONHIBL, COCTABICHHBIE CXEMBl YpPAaBHCHHH HaOIIOHaeMbIX
MPOLIECCOB, CXEMBI MULIEIUT [TOTyYaeMBIX 30J1¢i, BHIBOIBL.
Kpurepuu ouenku:

3a KaIblif TPaBUIIBHEIA OTBET — | Gart.
3a HenpaBWIIBHBINA 0TBET — 0 6aJUTOB.
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Tema 4.3. KomonaHble CHCTEMBI

JlaGopaTopnas pabora Ne 5
IlosryyeHue KONIOMIHBIX PACTBOPOB

Lean padoThbl: HAYYUTHCS MMONYYaTh KOJUIOMIHBIE PACTBOPBI; MPOBOIUTH
HX KOAryJsIUIO M 3alMTy; HAOII0IaTh SBJICHHE PACCESHHUS CBETA KOJIOMIHBIMU
pacTBOpamMH.

Boinosinus padorty, Bbl Oynere:

ymem.!

— TOJIyYaTh KOJUIOMIHBIC PACTBOPHI,

— IPOBOJUTH MX KOATYJIAIHUIO U 3AIIUTY;

— TI0 WHTEHCHBHOCTH PACCESIHHOTO CBETa CPaBHUBATh KOJUIOUHBIC
PACTBOPHI B 3aBHCUMOCTH OT UX KOHIICHTPAITUH.

MarepuanbHoe obecrieyeHue:

Ilepuomuueckas cucreMa xumuyeckux osnemeHToB [[. V. Menneneesa,
TabJMIIa PACTBOPHUMOCTH.

OOopyloBaHKE ¥ PEAaKTUBBI: JJIEKTPOIUIUTKA, BOJsHAs OaHs, MpPOOHPKH,
PEeaKTHBHBIHN IITATUB, CTAKAHYUK, AUCTHIUIMPOBaHHas BoJa, 1 % pacTBop xiopuia
xeresa (I11) — FeCls; 1M pactBopa NaCl, Na;SO4, NazPO4, AlCl3, xomton bt
pactBop ruapokcuza xenesa (1) u3 omsita 1; 1%-b1it pactBop xenatuna, 1%-
bl paCTBOp KpaxmaJa.

3ananue:

3 TlonydeHue KOJUIOMIHBIX PACTBOPOB, MPOBEACHUE HMX KOATYJSIIUU H
3QIIUTHL.

4 HaOmroneHue SIBICHUS paccesHus cBeTa (OMaNeceHIN) KOJUIONIHBIMU
pacTBopamu.

Kpartkue TeopeTuueckue cBeJeHUs:
Memoowbl nonyuenusa Koan10uOHbIX pacmeopos (3o0.eii)

MeTo/1bI TONTydeHuS 301€i IENSATCS Ha ABE TPYIIIBL:
3. Hucnepeuposanue — npobneHHe KpPYNHBIX YacTUI A0 KOJUIOWJHOU
JMCIEPCHOCTH:

a) MeXaHH9IecKoe ApoOIIeHre B METFHUTIAX H B CIICIIHAIBHBIX POOMITKAX;

0) mpobneHue moj ACHCTBHEM YJIBTpa3ByKa (THAPO3ONM Cephl, rpadura,
MTOJIMMEPOB, OPTAHO30JIN JIETKOIIIIABKUX METAIJIOB);
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B) 3JIEKTPUYECKOE AUCIIEPTHPOBAHUE ITPU IIOMOIIH BOJILTOBOH JIyTH;

I) YCIOBHO K METOJaM JUCIIEPTUPOBAHUSI OTHOCHTCS Nenmu3ayus.
no0aBJIeHNEe K CBEXKENPHUTOTOBIEHHOMY PBIXJIOMY OCaJKy IHCIEPTHPYyEeMOTro
BEIIECTBA JIEKTPOJMTAa — cTalOmim3aropa, Moj AEHCTBHEM KOTOPOTO YaCTHIIBI
ocazika OTAEIAIOTCS APYT OT APYTra U MNEePEXOIAT BO B3BELIEHHOE COCTOSHUE.

4. Konoencayus — 310 MeTOJ TOJydYeHUsI 30JI€H yKPYINHEHHEM YacTHUI]
(MoJeKys, aTOMOB, MOHOB) JIO pa3Mepa KOJUIOHIHBIX
YaCTUIL:

a) KOHJICHCalUsl TapoB (TyMaH, JIbIM);

0) 3ameHa pactBopuTens (IpW JO0aBIEHMH K KCTHHHOMY pacTBOPY
pacTBOpUTEN, B KOTOPOM BEILIECTBO HE PAaCTBOPSETCS, NPOUCXOIUT YKPYIHEHUE
Y4acTHIl (arperaTUpOBaHuE));

B) B Pe3yJIbTaTe XUMHUECKOH peakKiy ¢ 00s3aTeIbHBIMH YCIOBHSIMHU:

— o00pa3oBaHHE MAJIOPACTBOPUMOTO BEIIECTBA;
— Masasi KOHI[EHTpalys pearupyonMmx BeIeCTs;
— H30BITOK OJJTHOTO U3 PEareHTOB B KAUeCTBE CTAOMIM3aTOPA.

OOmme ycioBUs TOJYYEHHS KOJUIOMJHBIX CHCTEM HE3aBHCHMO OT
IMPUMEHACMBIX MCTO/JI0B!

4) HepacTBOPUMOCTH BEIICCTBA AUCIEPCHON (ha3bl B AUCICPCHOHHOMN
cpene;

5) JIOCTH)KEHHE YaCTULIAMH KOJUIOMIHOW IUCTIEPCHOCTH;

6) HayMuMe cTaOMiIM3aTopa, KOTOPBIA COOOINAeT CHCTEME arperaTUBHYIO
YCTOWUYUBOCTb.

Koazynayusa xoanouonvix pacmeopos — 3TO TIpoOLECC YKPYIHEHHUS
(cnumaHusA) KOJJIOMAHBIX YAaCTHIl C TMOCIEeAyIoImeil moTepell yCTOWYMBOCTH
KOJUIOMJHOIO PacTBOPA.

Meroabl KoaryJsiuu:

1. HoGaBneHue 3/eKTPOIUTOB IPUBOIUT K YMEHBIICHHIO 3apsiia KOJUTOUIHON
YaCTULIBL, 4, CJICIOBATENIbHO, K YMEHBILEHUIO CUJIbl OTTAJIKUBAHUS MEXKITy HUMHU.

MuHuManpHas KOHLEHTpalMsl 3JEKTPOJIMTA B PACTBOPE, BbI3BIBAIOIIAS
KOAryJIALHUIO Ha3bIBaeTCS nopocom koazyiayuu. Koarymipyromed crmocoOHOCTHIO
001aJ]al0T TOJILKO MOHBI, UMEIOIIME TOT K€ 3HAK 3apsia, 4TO U MPOTHBOHOHBL
Koarymupytommass crmocoOHOCTb yMEHBIIACTCA C yMEHBIICHHEM 3apsga HOHa-
KOaryJsirtopa.

Hanpumep:
3- - -
PO, >SS0, >ClI AlP* > Ca?* > Na*
KOAaryJIupyomas criocoOHOCTh KOaryJaupyromas criocOOHOCTh
YMEHBIIAETCS YMEHBLIAETCS
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CocTosHMEe KOJUIOMIHOM CHCTEMBI, KOTJA 3apsl KOJUIOMIHBIX YaCTHII
CTAaHOBHUTCS PaBECH HYITIO HA3BIBACTCS U309AEKMPULECKUM COCTNOSIHUEM.

4. Koarymsmmio KOJUTOMIHBIX PAaCTBOPOB MOKHO BBI3BATh
HATpEBaHIEM WM 3aMOPa’KUBAHHUCM.

5. Koarysust KoJUTOWIHBIX PacTBOPOB MOXKET IMPOXOIUTH U
MoJ  BIMSHHEM  MEXaHWYCCKAX  BO3JCHCTBHIA:  TICpPEMCIIMBAHUS,
LEHTPU(PYTHPOBAHUS U T.JI.

Y cTONYHMBOCTH KOJUIOUAHBIX PACTBOPOB 00YCIIOBIICHA!

1) HanmuumeM 3apsIOB OJMHAKOBOTO 3HAKa HAa KOJUIOMJHBIX YacTHIAX,
ITO3TOMY OHH OTTaJKHBAIOTCS ¥ HE MOTYT YKPYITHUTHCS M CSAUMCHTHPOBATH;

2) HaTM4YMEeM THIPATHBIX (MM COJBBATHBIX) 000JO0YEK, MPEISATCTBYOIIUX
CIIMIMAHUI0 KOJUIOUIHBIX 4YacTuI] (00pa3yroOTCs, €CIM IUCICPCHOHHAs cpena
nMeeT noJisipHble Mosekybl — HoO, crinpr);

3) HaJMYMEM B KOJUIOMJIHBIX PAcTBOPaxX BBICOKOMOJICKYJISPHBIX BEIICCTB,
KOTOpBIE, acOPOMPYSICh HA MOBEPXHOCTA YaCTHUIIBI, O0PA3yrOT 3all[UTHBIA CIIOH.
3TO SBJICHUE TIONYYMIO HA3BAHUE KOLIOUOHOU 3aUUNbL.

Onmuueckue c0UCmMEa KOLIOUOHBIX PACMEOPO8

[lpy nNpoxXOKIEHUM CBeTa Yepe3 JUCIEPCHYI0 CHCTEMY  MOXET
HAOJIOAATHCS:

4) MOIVIOUICHHE JIyyedl OINpEACNICHHbIX [UIMH BOJH, YTO CBOWCTBEHHO
JII00BIM CHCTEMAM;

5) oTpakeHHE CBeTa TIOBEPXHOCTHIO UYAaCTHIl, CCIH pa3Mep YacTHIl
3HAYUTENILHO OOJIbLIE JUIMHBI BOJIHBI CBETA (IPOSIBISICTCS] B MyTHOCTH CYCIICH3HM,
SMYJIBCHUH);

6) paccesHHE CBETOBBIX Jy4ei BO BCEX HAIPABJICHUSAX UMEET MECTO, ECIIU
JUIMHA WX BOJHBI COM3MEpPUMa C BEJIMYMHOM 4YacTWI], YTO XapaKTEepHO IUIs
KOJJIOUHBIX PACTBOPOB.

1 — UCTOYHMK CBETA; 2 — INH3bI;

3 —cocyza, C KoNNoUgHbIM

pactBopom.

—

Pucynoxk 1 — Cxema s¢pdexra Turmans
[IyTh MPOXOJXK/IEHHSI CBETOBOTO ITy4YKa
Yyepe3 KOJUIOUIHBIN pacTBOP BUCH MPU HAOIIOJICHHH COOKY CBETAIIMMCS KOHYCOM
(komycom Tundans), 9To OBUIO HA3BAHO ONANECYCHYUECI.

IMopsok BeINOJIHEHUsT padoOThI:
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1 Cucrematusupyiite u 0000IIMTE 3HAHUS MO TEME, 3aKOHCIICKTHPOBaB B
OTYET IO Ja00paTOPHOH paboTe KPaTKUE TCOPSTHUCCKHUE CBEICHHUS.

2 BBIOIoHAUTE MPaKTHYECKYIO YacTh paOOTHI.

3 OrmerbTe HAOMIONCHHS, 3alOJHUTE TAOMUIy, copMyIupyiTe u
3aMUIIMTE B OTYET OTBETHI HA BOMPOCHI IO KAXKJIOMY OIBITY.

4 ChopmyupyiiTe 00IIHE BEIBOABI O IPOJICIIAHHON padoTe.

Xopn padoThI:
OmnbIT Ne 1. [Toayyenue 304151 rugpokcuaa keje3a (III)
HOpﬂI[OK BBIIIOJIHEHU A OIIbITA:

7. Bexunsiture 10 Mit IUCTUIIIIMPOBAHHON BOJIBI B CTaKaHYMKe Ha 50 MII.

8. He mpexpamias HarpeBaHus1, NpUIICHTE 10 KarumsM K 3Toi Boze 1 mir 1%-
ro pacteopa FeCls.

9. HaGnronmaiite  oOpa3oBaHHMe  KpPacHO-KOPUYHEBOTO  KOJUIOWIHOTO
pactBopa rujapokcuaa xenesa (I11).

10. Hanumute ypaBHeHue runpoinunsa coiu xjaopuaa xenesa (I11).

11. CocraBbTe CXeMy CTPOSHHUS MUIEIUIbI TTOJYYEHHOTO 30Jisl, MOJIB3YsCh
anroput™MoM (cM. [IpakTuueckoe 3anstue Ne 10)

12. Komnonanelit pacTtBOop oxyamuTte, W paziedte B 6 mpobupok: 4

NpOOHPKY JUIsl ONBITA 2 ¥ JIBE IPOOMPKH IS OTIBITA 3.
OnbiT Ne 2. IIpoBeaenne koary sty ruipoxcusa sxesiesa (1)
3J1eKTPOTATAMH
ITopsiioK BBIMOJIHEHMS OIBITA:

7. Cuwnras karmm, npuieiite pactBop NaCl kK KOJJIOHMIHOMY pacTBOpPY
Fe(OH)sz B 1-mpobupke 10 006pa3oBaHUs PHDKETO OCAAKa (YHUCIO Karelb 3amHUIlnTe
B Ta0mnuILy).

8. Tot >xe omeIT mpojenaiTe C APYTMMHU SIEKTPOIUTAMH, PE3yIbTaThI
3aMUIINTE B TAONHILY.
9. 3Has 3apsil KOJUIOUIHOM YacTHIIBI 30715 (OIBIT 1) yKaXKuTe, KaKue HOHBI
SIBIISIFOTCS TSI TAHHOTO 30JI1 KOaryJIsTHTaMu.
10. CpaBHHUTE KOAryJupyIOIIyl0 CIOCOOHOCTh YKa3aHHBIX BBIIIE HOHOB-
KOAryJITHTOB, 3aIFICaB X B PSAI I10 BO3PACTAIOMIEH.
11. OObsACHHTE, OT YeT0, 3aBUCHUT KOATYIHPYIOIIasi CIIOCOOHOCTh HOHOB.
12.
Ne Konnongueni DnexTpo Yucno kamneib
poOUPKHU pacTBop JIAT DJICKTPOJIATA
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1 Fe(OH)3 NaCl
2 Fe(OH)3 Na,SO4
3 Fe(OH)3 NasPO4
4 Fe(OH)s AICI;

OmnbIT Ne 3. [IpoBeneHne KOJUIOUIHOM 3aIMTHI
ITopsimok BHIOTHEHUS OMBITA:

4. B nBe npoGupku ¢ ruapozonem xenesa (I11) mpubaBpTe mo 5 kamnens B
onHy — 1%-ro pacTBopa Kpaxmaia, B Apyryto — 1%-ro pactBopa kejaTHHa.
5 B kaxmyo mpoOUpKy, B30aITHIBasl, MPUOABISIITE O KaIUIIM pPacTBOP

Na;SOy. INoncumraiiTe umMcnao Kamesb, MOJABEPTHIMXCS KOAryJSIIUH B KaXIOH
poOupKe.
6. OOBSICHUTE C TOYKH 3PEHHsI SBJICHHUS KOJUIOWJHOW 3alllUThI, TOUYeMy Ha
KOaryJsiiMio THAPO30JIs B pasHbIX MPOOMpPKax TNOTpeOOBAIOCH pa3IUYHOE
KOJIMYECTBO 3JIEKTPOJIUTA.

OnbIT Ne 4, SIBjieHre paccesiHusI CBETA KOJUIOWIHBIMH PACTBOPAMHU

[TopsiIoK BBIMOJIHEHHS ONIBITA:

5. Hanetite B Tpu npobupku 1, 2, 3 karumm pactBopa AGNOs, npuseiite B
HUX JMCTHJUIMPOBAHHOH BOJBI 10 OJJMHAKOBOrO O0BEMa IO METKE, ¥ MO JEeCSTh
kanenb pactBopa Kl.

6. [IponaGmromaiite BO Bcex NPOOMpPKAaxX OMAJCCUEHIMIO, BBI3BAHHYIO
paccesHueM CBeTa KOJJIOUAHBIMA dacThIlaMu Agl.

7. Hanumure ypaBHeHHE peakiuu oOpa3oBaHUS M CXEMY MHLEIUIBI 30115
Hoauna cepeOpa, eciii HOJM/| Kaikst B3SIT B U30BITKE.

8. CpaBHUTE WHTCHCHBHOCTH pPACCESIHHOTO CBETa B 3aBHCHMOCTH OT

KOHIICHTPALMH 307151 Hoauza cepedpa.
Cdopmynupyiite o01Me BEIBOJIBI 110 TA0OPATOPHOU padoTe.
®dopMa mpeacTaBIEHUsT Pe3yJabTaTa: OTYET O IMPOJCIAHHOH paboTe,
3allOJIHCHHE TAONHIBI, COCTABICHHBIE CXEMbl YpPaBHEHHIl HaOIIOIAEMBIX
MPOLIECCOB, CXEMBI MULIEIUT [TOTyYaeMBIX 30J1¢i, BHIBOIBL.
Kpurepuu ouenku:

3a KaIblif TPaBUIIBHEIA OTBET — | Gart.
3a HenpaBWIIBHBINA 0TBET — 0 6aJUTOB.
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Tema 4.4. MUKpoOreTeporeHHble CHCTEMBbI

JlaGopaTopnas pabora Ne 6
H3ydenue nponeccoB HAGYXaHUs M CTyAHe00OpPa30BaHUA Kpaxmajia,
JKeJJaTUHA U Pa3/IMYHBIX BU/10B 3€PCH

Lean padoThl: U3yueHHE BIAMSHHS MPUPOIBI PACTBOPEHHBIX BEIIECTB HA
HaOyxaHHWe JKeJaTHHA, BIUSAHUSA KOHIIEHTPAIMM IOJMMEpPa Ha CKOPOCTh
CTyTHEOOpa30BaHUS

Boinosinus padoty, Bol Oyaere:

ymemo!

— OMpPEeJETIATh 3aBUCHMOCTh CTCTICHU HaOyXaHus *xenatiHa oT PH cpesr;

—  OmpejelieHHE 3aBUCUMOCTH  CKOPOCTH  CTyJIHEOOpa3oBaHHMsS  OT
KOHIIEHTpAILIUU [TOJIMMeEpA.

MartepuanbHoe odecnedeHne:

Kparkuit crnpaBouHuk Qusnko-xumuueckux BenawunH / Ilom pen.
K. I1. Mumenko u A. A. PaBaens. — JI. : Xumus, 1974. — 200 c.

ITepuoanueckas cucrema xumuueckux 3nemeHToB . 1. Menneneesa.

OOopynoBaHue M PEaKTHUBBIL: NpoOMpKM,  INTATWB,  JIMHEHKa,
TUCTWIIMPOBaHHAS BOJA, pPACTBOP KHCJIOTHL, pPAcTBOP IIEJOYH  PA3IMYHBIX
KOHLICHTpALIMH, JKeMaTHH CyXOW, Kpaxmalsl, 3epHa; TEepMOCTaT, INPOMBIBAJIKAa C
JMCTHJUIMPOBAHHOM BOJION, BOJIsTHASI OaHsl, CeKyHI0MeD (4achl).

3ananue:

1 Ompenenenue 3aBUCHUMOCTH CTEleHH HaOyxaHusi jkenathHa ot PH
CpemslL.

2 OrmnpeneneHne 3aBUCUMOCTH  CKOPOCTH  CTyIHEOOpa3oBaHHS  OT
KOHLIEHTPALUH TTOJIMEpa.

Kpartkne TeopeTuueckue cBeeHUs:
Habyxanue noimmepos
Habyxanue — 310 caMOIPON3BOJIBHBINA MPOIIECC MOTTIOMIEHNUSI PACTBOPUTEIS

BBICOKOMOJIEKYJIAPHBIM BEIIECTBOM, CONPOBOXKIAIOIIMNCS yBEJIMYEHHEM MAacChl U
o0BpeMa momumepa.
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B pesynbrate OrpaHMYeHHOTO HaOyXaHHs MOJMMMEpP MpEeBpaIiaeTcs B
cmyodenb, HEOTPAaHHMUCHHOI'O — IIEPEXOJUT B pacTBOp. Xapakrep HaOyXaHUs
3aBHCHUT OT TEMIIEPATYPBHIL.

HaOyxanune mpezcraBisier co0oil mponecc OJJHOCTOPOHHETO CMEIINBAHUS,
IIpU KOTOPOM MOJIEKYJIBl PAacTBOPHUTEINSI Oiarofapsi MOJBIKHOCTH NMPOHUKAIOT B
MIPOCTPAHCTBO MEXKAY MOJIEKYJIaMH MM dacTamu Mosekysn BMC.

Crenenb Habyxanus , _ M~ Mo |

mO

rae M u m, — Macca HoluMepa ociie ¥ 10 HaOyXaHus.

Crenenb HaOyxaHus 3aBUCUT OT pH pacTBopa, 17151 6eJIKOB OHa MUHUMAJIbHA
B U30IEKTPHUECKOH TOUKE.

CrynHeoOpa3oBaHHe U CHHEpPe3HC

Cmyonu — 3TO MHOTOKOMIIOHEHTHBIE HETEKy4YHMe CUCTEMBI, COJepiKallue
BBICOKOMOJIEKYIISIPHBIE BEIIECTBA M HU3KOMOJIEKYJISIPHBIN pacTBOPUTENb.

OCHOBHOE CBOWCTBO CTyIHEW — OTCYTCTBHE TEKy4eCTH OOBSICHSIETCS
00pa3oBaHUEM CETYaTON CTPYKTypbl U3 MAaKpOMOJIEKyJl HOIMMepa M €ro 4vacreil.
Cs3u MEXAY HUMH SBJIAIOTCA PE3YJIbTaTOM B3aHMOHeﬁCTBHﬂ TOJISIPHBIX T'PYIIIL. B
sYEeHKax ATOU CETYATON CTPYKTYPbI HAXOIUTCS HU3KOMOJIEKYJISIPHAS KUAKOCTb.

CryneHp MOXXHO THOJYYHUTh NPH OTPaHWYEHHOM HaOyXaHMM TOJNHMMEpa B
pacTBOpHTENIEe UM IOTEpe TEKY4eCTH pacTBopa nosmmepa. OCHOBHBIM YCIOBHEM
oOpa3oBaHUs CTYIHA M3 pPacTBOpa SBISIETCA OrPaHHYEHHAas pPacTBOPUMOCTb
MI0JIMMEpA B PacTBOPUTEIIE.

dakTOpHI, BIUAIOLIME HAa CTyIHEOOpa30BaHHE:

a) MOHMXXEHHE TeMIIepaTypbl CIOCOOCTBYET CHIDKCHHIO PacTBOPHMOCTH,
IIepexo/l pacTBOPa B CTYAEHb OCYILLIECTBIISCTCSI HEPEPBIBHO U HE XapaKTepu3yeTcs
OIIPENIEIICHHON TEMIIEpaTypoOii;

0) 3acTyJHEBaHHWE HAYMHACTCS MPH ONPEICICHHOW KPUTHYECKOIl
KOHIEHTPALUH ISl CUCTEMBI, IPH KOHI[EHTPALMU HUKE KPUTUUECKON CTYICHBb
He o0Opa3yeTcs;

B) 3acTyHEBaHME Jydllle MpoTekaeT npu pH, OIM3KUX K U303JIEKTPUUECKON
TOUYKE.

Cunepe3uc — OTHENEHHE U3 CTYyAHSA JKUAKOCTH, COIIPOBOXKIAEMOE
YMEHBIIEHHEM €TI0 Pa3MEPOB IIPU COXPAHEHUH (POPMBEL.

Iopsinok BeINOHEHUS PAOOTHI:

1 Cucrematusupyiite u 0000ImuUTEe 3HAHUS 11O TEME, 3aKOHCIEKTHPOBAB B
OTYeT 1O J1ab0paTOpHON paboTe KpaTKUue TEOPETHUESCKHE CBEICHHUSI.

2 BBIIoMHAUTE MPaKTHYECKYIO YacTh PaOOTHL

3 OrMmersTe HaAOMIONECHWS, 3alONHUATE TaONHIly, WOCTPOiTEe TpaduK,
chopMyIMpYITE U 3aIMUIIATE B OTYET OTBETHI HA BOIIPOCHI IO K&KIAOMY OITBITY.
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4 Odopmute oTUeT, CHOPMYIHUPYHTE OONMWE BHIBOIABI O TPOJICIAHHON
pabore.

Xopn padoThI:
OmnbiT Ne 1. OnpegesieHne cTeneHy Ha0yXaHus AKeJIATHHA U
BausiHHe Ha Hee pH cpennbl
[opsitok BEITOTHEHUS OITBITA!

1. Orrpanmyupyiite 0 BBICOTE 4YETHIpE TNPOOMPKH M BHECUTE B HHUX
HeOOJIBIIOE OTMHAKOBOE KOJIMUYECTBO CYXOTO0 JKenathHa hy.

2. B mepsyto npobupky Hanelite 5 mi. pactBopa constHod (HCI) kucnotst
¢ koHmeHtparueir 0,1 mMonw/i1; Bo BTOpyro — 5 mi. pacteopa menoun (KOH) c
koHIeHTpanuedi 0,1 Monb/ J; B TPeThi0O — 5 MJI JUCTHUTUPOBAHHOM BOJBI; B
yerBeptyto — 0,001 mi pactBopa HCL

3. ConepxuMoe poOHPOK TepeMelaiTe 1 ocTaBbTe Ha0yxath Ha 1 4vac.
[epnoauyecku nepemenmmBaiTe pacTBOPHI.

4. Tlo ucreyeHMM 4Yaca U3MepbTE BHICOTY CJIOS HaOyXIIEro jkeinaTHHa B
KakJ0H npoodupke h2.

5. Pe3ynbTaThl OIbITA 3aIIUIINTE B TAaOJIHILY.

6. Paccuwuraiite cteneHp HaOyXaHHUsl KeJIAaTHHA B KaXAOW MPOOWpPKE IO

¢bopme:

a= hz;hl*loo
Ne Bricora cnos Konneatpauus pH | Bricora cros CreneHnb
MPOOHUPKY JKeIaTHHA, H* bkenaTiHa, (N2)jnabyxanus, (o)
(h1) Mosib/n cM %
cM
1 10t 1
2 1018 13
3 107 7
4 108 3

7. OObsicuute Biusinue pH cpenpl Ha cremeHb HaOyxanus. [Ipu kakom
3HaueHnu pH HaOmromaercs camast O0bIast CTeNieHb HabyxaHus OeKoB?

OmnbIT Ne 2. Onpesenenne BAUSHUS KOHIEHTPALUHI MOJIMMepa Ha
CKOPOCTH CTY/IHe0Opa30BaHus
[opsnok BEIONTHEHUS OIBITA:
1. B tpu oTrpamyupoBaHHBIC NPOOMPKH HACHIIETE Pa3HOE KOJIMYECTBO
xenatrHa 110 BeIcoTe 0,25 cM, 0,5 cm, 0,75 cm. Haneiite Bo Bce mpoOHpKH 1Mo 5 Mt
JTVICTHJUTUPOBAHHON BOJBI M OCTaBbTe HabyxaTh Ha 20-30 MHHYT.
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2. Harpeiite npoOMpku B KUISIIEH BOASHOM OaHEe 10 MOJHOTO
pacTBOpEHUS KeJIaTHHA.

3. TIpobGupxu B30ONTAliTE M ITOCTABBTE OXJIAXKAATHCS B TepMocTaT 110 —10°C.

4. OrtMeTrsTe BpeMs OT MOMEHTa Hayajna OXJaXKACHHs 1O 0Opa30BaHHSA
CTYIHS B KaXX/I0i IIPOOHPKE — BpeMsI 3aCTyIHEBaHNUSI.

[Ipumeuanune: mpolecc 3acTyJHEBAaHMS CUYMTAETCS 3aKOHYEHHBIM, €CIIH
pacTBOp JKeJIaTUHA HE BBUIMBACTCS MIPU TIEPEBOPAUYNBAHUH POOHPKH.

5. Pe3ynprarthl OIbiTa 3a0MIIATE B TAOJHILY.

No Konuentpanus Bpemst CxopocTb MexaHuueck
IPOOHpPK JKeJlaTUHA 3aCTyJHEBaHUS BacTyJHEBaHUsI, | M€ CBOMCTBRA
u (%), 00 (1), Mmun v=1/t, Mun’* CTYIHS
1 0,25
2 0,50
3 0,75

6. TIloctpoiiTe Tpauk 3aBHCHUMOCTH CKOPOCTH HaOyxaHHsS  OT
KOHIICHTpAIUH XE€JIaThHA B O6’I)CMHI)IX MMPONCHTAXx, C}IeﬂaﬁTe BBIBO/I.
Coopmynupyiite o01ime BEIBOJIBI 110 JIJAOOPATOPHO padoTe.

®dopma mnpejacTaBiieHus Ppe3yJbTaTa: OT4ET O MpoJelaHHOW paborte,
3aI0JIHEHHbIE TaOJUIIBI, TOCTPOSHHBIN rpaHK, BHIBOIBI.

Kpurtepuu onenku:
3a KaXIpIi MpaBUIBHBIN OTBET — 1 Oa.
3a HenmpaBUIIBHBIN 0TBET — () GayIoB.
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Tema 4.4. MUKpoOreTeporeHHbIe CHCTEMBbI

JlaGopaTopnas pa6ora Ne 7
H3ydenue npouneccoB HAOYXaHUs U CTyAHeO00Pa30BaHNUs KpaxMaJja,
JKeJIATHHA U Pa3JINYHBIX BU/I0B 3epPeH

Lean padoThl: U3yueHHE BIMSHHS MPUPOIBI PACTBOPEHHBIX BEIIECTB HA
HaOyxaHWe JKeJaTHHA, BIUSHUS KOHIIEHTPAIMM IOJIUMEpPa Ha CKOPOCTh
CTyTHEOOpa30BaHUS

Boinosinus padorty, Bbl Oynere:

ymem.!

— OMpPEeETIATh 3aBUCHMOCTh CTCTICHU HaOyXaHus xenatiHa oT PH cpesr;

—  OmpejeleHHE 3aBUCHUMOCTH  CKOPOCTH  CTyJIHEOOpa3oBaHHs  OT
KOHIICHTPALIUH TTOJIUMEDA.

MaTtepuanbHoe odecrieueHne:

Kparkuit crnpaBouHuk Qusnko-xumuueckux BenawunH / Ilom pen.
K. IT. Mumenko u A. A. PaBaens. — JI. : Xumus, 1974. — 200 c.

ITepuoanueckas cucrema xumuueckux 3nemeHToB . 1. Menneneesa.

O06opynoBaHue u PEaKTUBBI: MIPOOHPKH, ITaTUB, JIMHEHKa,
JUCTWIMPOBAHHAS BOMA, PACTBOP KHCJIOTHI, PACTBOP IICJAOYM  Pa3IMYHBIX
KOHLICHTpPALIMH, JKeMaTHH CyXOW, Kpaxmalsl, 3epHa; TepMOCTaT, NPOMBIBAJIKa C
JMCTHJUIMPOBAHHOM BOJION, BOJIsTHASI OaHsl, CeKyHI0MeD (4achl).

3ananue:

3 OmpezneneHue 3aBUCUMOCTH CTENIEHM HaOyXaHus >kenatuHa or PH
CpemslL.

4 OrmpeneneHue 3aBUCHMOCTH  CKOPOCTH  CTyIOHEOOpa3oBaHHS  OT
KOHLIEHTPALUH TTOJIMMEpa.

KpaTKne TEOPETUYECKHUE CBEICHUSA

Ha6yxanue nojumepos
Habyxanue — 3170 caMOIPOM3BOJIBHBIN HPOLECC ITOTJIONIEHUS PACTBOPUTEIS
BBICOKOMOJIEKYJIAPHBIM BEIIECTBOM, COINPOBOXKIAIOIMNCS yBEJIMYEHHEM MAacChl U
o0Bpema momumepa.
B pesympraTe orpaHMueHHOro HaOyxaHHs NOJMMEpP NPEBPAIACTCS B
cmyOeHb, HEOTPaHHYCHHOTO — IMEPEeXOAUT B PACTBOP. Xapakrep HaOyXaHUs
3aBUCHUT OT TEMIIEPATYPBL
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HaOyxanune mpezcraBisier co0oil mponece OJJHOCTOPOHHETO CMEIIMBAaHUS,
IIpU KOTOPOM MOJIEKYJIBl PacTBOPHUTEINS Oylarojapsi MOJIBMKHOCTH MPOHUKAIOT B
MIPOCTPAHCTBO MEXKAY MOJIEKYJIaMH WK YacTsAMH MoJieKys1 BMC.

Crenensb nabyxanus , _ M~ M |

mO

rae m u m, — Macca HoluMepa ociie U 10 HaOyXaHus.

Crenenb HaOyxaHus 3aBUCUT OT pH pacTBopa, 1711 6eJIKOB OHa MUHUMAJIbHA
B U30JIEKTPHYECKOHN TOUKE.

CrynHeoOpa3oBaHue U CHHEPE3HC

Cmyonu — 3TO MHOTOKOMIIOHEHTHBIE HETEKY4YHMEe CHCTEMBI, COAEpIKaIlue
BBICOKOMOJIEKY/IAPHBIC BEIECTBA U HU3KOMOJIEKYJISIPHBII pacTBOPUTEIID.

OCHOBHOE CBOWCTBO CTyIHEW — OTCYTCTBHE TEKy4eCTH OOBSICHSIETCS
00pa3oBaHUEM CETYaTOH CTPYKTYypbl U3 MAKpOMOJEKyJ IMOIMMEpa U €ro 4acTeid.
CBsi3M MeXIy HUMH SBISIFOTCS PE3YJIbTATOM B3aMMOJICHCTBUS TOJSIPHBIX rpymil. B
sUeKax 3TON CeT4aTol CTPYKTYpbl HAXOAUTCS HU3KOMOJIEKYIIPHAS KUAKOCT.

CTyneHbp MOXXHO MOJYYWTh TIPH OTrpaHMYEHHOM HaOyXaHUHM ToJiMMepa B
pacTBopHTENle MM MOTEpe TEKYy4eCTH pacTBopa monumepa. OCHOBHBIM YCIIOBUEM
oOpa3oBaHUs CTYIHA M3 pPacTBOpa SBIAETCS OrpaHUYEHHas pPacTBOPUMOCTh
HoJMMepa B PaCTBOPHUTEIE.

dakTOpHI, BIUAIONIME HA CTyIHEOOpa30BaHHE!

a) MOHMXEHHE TeMIepaTypbl CIOCOOCTBYET CHIDKEHHIO PAaCTBOPHMOCTH,
IIepexo/l pacTBOpa B CTY/AEHb OCYILECTBIIAETCA HEPEPHIBHO U HE XapaKTePU3yeTCs
OIIPENIEIICHHON TeMIIEpaTypOH;

0) 3acTyJHEBaHHME HAYMHACTCS MPH ONPEICICHHOW KPUTHYECKOIl
KOHIEHTPALUH ISl CUCTEMBI, IPH KOHILEHTPALUU HUXKE KPUTUUECKON CTYICHb
He oOpa3yeTcs;

B) 3aCTyIHEBaHHUE Jydlle IpoTeKkaeT npu pH, OIM3KUX K M303/IEeKTPHUYECKOi
TOUKE.

Cunepe3uc — OTHENEHHE U3 CTyAHS OSKHUAKOCTH, COIPOBOXKIAEMOE
YMEHBIICHUEM €T0 Pa3MepOB IIPU COXPAHEHHH (OPMBL

IMopsinok BeINOIHEHUSA PAOOTHI:

1 Cucrematusupyiite u 0000ImNTEe 3HAHUS 110 TEME, 3aKOHCIIEKTHPOBAB B
OT4YeT 1O J1abopaTopHOU paboTe KpaTKUe TEOPETHYECKHE CBEICHUSI.

2 BemosHAUTE MPaKTHYECKYIO YacTh paOOTHI.

3 OtMmerbTe HAOMIOJNCHUS, 3alONHUTE TaONUIly, I[OCTPOHTE TpaduK,
chopMyIMpYITE U 3aIMUIIATE B OTYET OTBETHI HA BOIIPOCHI 10 KAKIOMY OITBITY.

4 Odopmute oTUeT, chHOpMyIHpYyHTE OOIE BHIBOABI O IPOAEIAHHON
paborte.
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Xopn padoThI:
OmnbiT Ne 1. OnpegesieHne creneny Ha0yXaHus AKeJJaTHHA H
BaIusiHHe Ha Hee pH cpennbl
IopsaOK BBHIMOTHEHUS OIBITA:

8. OrtrpamyupyiiTe O BBICOTE YETHIPC MPOOMPKH M BHECHTE B HHX
HeOOJIBIIOE OTMHAKOBOE KOJIMYECTBO CYXOT0 JKemaTiHa hy,

9. B mepByto npoOupky Hajerte 5 mi. pactBopa coisiHoi (HCI) kuciaoTs
¢ koHmeHtparueir 0,1 mMone/;m; Bo BTopyro — 5 mi. pacteopa menoun (KOH) c
koHIeHTpanued 0,1 Mombs/ J; B TpeThio — 5 MJI JUCTHJUTUPOBAHHOHM BOJBI; B
yerBeptyto — 0,001 mi pactBopa HCL

10. Conepxumoe IpOOHPOK TepeMelaiTe U ocTaBbTe HaOyxaTh Ha 1 yac.
[epnoauyecku nepemenmMBaiiTe pacTBOpPHI.

11.Tlo ucredeHnn 4aca M3MEPHTE BBICOTY CIIOs HaOyXIIero »ejJaTHHa B
Kaxxtoi mpoodupke h2.

12. Pe3ysbTatThl OIbITa 3aITUIIATE B TAONHUILY.

13. PaccuuTaiite creneHb HaOyxaHUS JKETATHHA B KaKIOW MPOOHPKE IO

dbopme:

a= h‘?‘;hl*loo
Ne BeicoTa ciosi Konnentparus pH | BeicoTa ciost Crenenpb
MPOOUPKY J>KeJIaTUHA, H* pkenaTuHa, (N2)jnabyxanus, (o)
(h1) Mosib/n cM %
cM
1 101 1
2 102 13
3 107 7
4 103 3

14. O6psacuute Bnusaue pH cpenpl Ha creneHp HaOyxanud. [Ipm kakom
3naueHnn pH Habmromaercs camasi OoJbInast CTeNeHb HaOyXaHHsl OEIKOB?

OmnbIT Ne 2. Onpenenenue BIUSHUS KOHIEHTPALMH M0JMMepa Ha
CKOPOCTH CTYIHe0Opa3oBaHusl
[opsiiok BBIMOIHEHUS OIbITA!

6. B Tpu orrpamyupoBaHHBIC MPOOUPKM HACKHIILTE Pa3HOE KOIHUYECTBO
xenatrHa 1o BeicoTe 0,25 cM, 0,5 cM, 0,75 cm. Harneiite Bo Bce mpoOupku mo 5 mi
JTVICTHJUTHPOBAHHON BOAKI U OCcTaBbTe HabyxaTh Ha 20-30 MHHYT.

7. Harpeiite mnpoOupkn B KHIAMIEH BOAIHOM OaHE IO TIOJIHOTO
PacTBOPEHUS KeTaTHHA.

8. TIpoOupku B30ONTAliTE M TOCTABBTE OXJIAXKAATHCS B TepMocTaT 1o —10°C.
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9. OrMerbTe BpeMsi OT MOMEHTa Haudala OXJAXKACHHS 10 0oOpa3oBaHUs
CTYIHS B KaXXI01 TPOOHpPKE — BpeMsl 3aCTyIHEBaHNUSI.

[Ipumeuanune: mpolecc 3acTyJHEBAHMS CUYNTAETCS 3aKOHYEHHBIM, €CIH
pacTBOp JKeJIaTHHA HE BBIIMBACTCS IIPU TIEPEBOPAUNBAHUY IPOOHPKH.

10. Pe3ynpTaThl ONBITA 3aNMIIATE B TAOJHILY.

No Konuentpanus Bpemst CxopocTb MexaHuueck
IpOOHpK JKeJlaTUHA 3aCTyJHEBaHUS BacTyAHEBaHUsI, | M€ CBOMCTBRA

u (%), 00 (1), Mmun v=1/t, Mun’* CTYIHS

1 0,25

2 0,50

3 0,75

7. Tloctpoiite rpaduk 3aBUCHMOCTH  CKOPOCTH  HaOyxaHHsS  OT
KOHIIEHTPAIIUH KeTaTHHA B 00bEMHBIX TPOIEHTAX, C/IENaiTe BHIBO/I.
Cdopmynupyiite oO1ie BEIBOIBI 110 1aOOpaTOPHOU padoTe.

®dopma mnpejacTaBiieHUus Ppe3yJbTaTa: OTY4ET O MpoJeTaHHOHW paborte,
3aI0JIHEHHbIE TaOJUIIBI, TOCTPOSHHBIN rpaHK, BHIBOIBI.

Kpurtepun onenku:

3a Kax bl MpaBUIbHBIA OTBET — 1 Gas.
3a HenmpaBUJIBHBIN 0TBET — 0 GayIoB.
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Tema 5.3. KauecTBeHHBI aHAJIN3 KATHOHOB

JlaGopaTopnas pab6ora Ne 8
KauecTBennble peakuuu katuonos |, 11, 111 rpynnsr

I_[e.m, paGOTbI . Hay4YUTbCA IpOBOJAUTH Ka4CCTBCHHEBIC pCakuun
06Hapy>1<eHI/1;1 OCHOBHBIX KATHOHOB.

Boinosnus padorty, Bbl Oynere:

ymemy.

— MPOBOJIUThH KAYECTBCHHBIC PEAKIMK OOHAPYKECHUS OCHOBHBIX KATHOHOB |,
I, 11, 1V, V u VI ananutuveckux rpym;

— COCTaBJIATH CXEMBbI YPAaBHCHUN Ka4eCTBCHHBIX PEAKIUN OOHAPYKCHUS
OCHOBHEIX KaTHOHOB.

MaTepnanbﬂoe odecrevyeHme:

Ilepuomuueckas cucremMa xumuyeckux dnemeHToB Jl. V. Menneneesa,
TabJIMIa pACTBOPUMOCTH.

OO0opyioBaHWE W PEaKTHBBI: MPOOUPKH, MAJOUYKH, IHUIICTKH, BOPOHKHU,
¢wibTpoBanbHas Oymara, IeHTpudyra, OSISKTPOILIUTKA, BOAAHAs  OaHs,
PEaKkTUBHBIA IITATUB C HAO0OPOM HEOOXOJMMBIX KHCIIOT, IIEJIOYeH, COoJeH,
peareHTOB, HHIUKAaTOPOB.

3aganue:
Oonapyxenue katuonos I, I, 111, 1V, V u VI ananutuueckux rpyri.

KpaTkue Teopernyeckue cBeieHHUA:

Ananumuueckue NPUSHAKU  Bewjecmé U  AHATUMUYECKUe XUMUdecKue
peaxkyuu

I[pu mpoBeaeHNN KaUECTBEHHOTO M KOIMYECTBEHHOTO aHAIN3a HCIIOJIB3YIOT
aHAMTHYECKUE PU3HAKH BEIIECTB M AHATMTHYECKUE PEaKLIIH.

Ananumuueckue npusHaxy — 3T0 XUMHYECKHe WM (QU3MYecKue CBOMCTBA,
KOTOpBIE ITO3BOJISIIOT OOHAPY)KUTH BEIIECTBO WM ONPEAEITUTh ero KoamyecTBo. K
HUM OTHOCSITCS I[BET, 3allaX, CIOCOOHOCTH BELIeCTBA 0Opa30BBIBATH OKpAIIEHHEIE
U MaJIOPaCTBOPUMBIEC COCIMHEHHsI, Ta3bl IPH B3aMMOJEHCTBHU C ONpeNeTIeHHBIMH
peareHTamu U T. 1.

Ananumuueckas — xumuueckas  peaxyus (AXP) — 3TO  peaxums,
COIPOBOKIAIOMIASCA aHAJIMTHYESCKHM MPU3HAKOM, M0 KOTOPOMY MOYKHO CYIHTH O
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HAJIMYUH B TPoOe KaKoro-Jim0o KOMITOHEHTa. B kadecTBe aHANNTHYECKNX peaKIii
Yalmie BCEr0 MCHONB3YIOT peakUuH oO0pa3oBaHUS OKPAlIEHHBIX COEAWHEHUH,
BBIJICICHNE WJIM PpAacTBOPEHHE OCAJKOB, BBIICICHWE Ta30B, 0OOpa3oBaHHE
KPHCTAJUIOB XapaKTepHOH (OpMBI, OKpaIIBAHUE TUITAMEHH I'a30BOM TOPEITKH.

B rauecmeennom xumuueckom amanuze 01 pazoenenusi U 0OHAPYIICEHUs
UOHO8 UUPOKO UCNOIL3YIOMCS XUMUYECKUe Peakyuu 6cex munos, npomexkaiowue 8
Pacmeopax: peaxyuu  ocadcoenus U KOMIIEKCO000paz068anus, KUCIOMHO-
OCHOBHbBIE U OKUCTUMETLHO-80CCTHAHOBUMETbHbIE.

Peakiuu ocaklleHMsT OYEHb 4YAacTO NPUMEHSIOT i OOHapy)KeHHS
pa3nmuuHbIX noHOB. OOpazoBaHME OC3aAKOB — 3TO OAWH M3 OCHOBHBIX
aHAJIUTHYECKUX A(PQPEKTOB, HMEHHO TI0ATOMY OOJBIIMHCTBO KaueCTBEHHBIX
peakuuii sABNSETCA peaKuMAMH ocaxjaeHus. Hampumep, uoHel Ba?* — mo
BBIMNAJICHUIO KEJITOr0 MeJIKOKpucTanueckoro ocaaka BaCrOg:

2Ba?* + Cr,07% + H,0 = 2BaCrOs| + 2H".

BaxHyro ponp UrpaloT peakuuM OCXKICHHS W TNPH pazdeieHui NOHOB.
JleiCTBUTENILHO, OCHOBa JIFOOOW AHATUTHYECKOM KiIacCH(UKAIMK —  3TO
0CaaAuTECIIbHOC ﬂeﬁCTBHe Pa3JIMYHBIX PCArCHTOB Ha OIMPECACIICHHBIC I'PYIIIIbI HOHOB.

KucinoTHO-0CHOBHEIE peaKun TAaKXeE MOXHO HCIIO0JIb30BaTh JJIA
0OHapysicenuss N pazoeieHusi AOHOB, XOTS C ATOW LIENIbI0 OHU MTPUMEHSIOTCS PeXxe,
4eM peakimu ocaxkiaeHus. Hampumep, mis oOHapyskenust nona NH4* cymectByer
cnenupuyueckas KUCJIOTHO-OCHOBHAS PEaKIHsL:

NH;*+OH = NH3T + H,0.

CymiecTByeT 3HAYUTEIILHOE KOJINYECTBO OKHUCIIUTENBHO-
BOCCTaHOBUTENBHBIX peakiuii (OBP), koTopple ycCHemrHo NpUMEHSIOTCS Ui
obHapyxenusi noHoB. Hanpumep, nonbl Cr®* 4acTo OKMCIAIOT 10 XpOMAT-HOHOB
CrO4%, 4To IPUBOIUT K MOSBJIECHUIO KENTOM OKPACKH.

B03MOXXHOCTh ~ MCHOJIB30BaHUS  PEAKIUH  KOMIUIEKCOOOPa30BaHHS B
KAaueCTBEHHOM aHaju3e OO0yCJIOBIEHa BO3HUKHOBEHHEM W HWHTEHCHBHOCTBIO
aHAIMTHYeCKUX 3(P(PEeKTOB, a Tarke OOJIBIIOH M30MPATENBHOCTBIO PEAKIMil 3TOTO
tuna. KoMiekcHsle coequHeHUs 001aJat0T PAIOM CBOMCTB, IEHHBIX IJIs XUMHUKa-
aHAJIUTHKA:

— MOHBI IEHTPAJIBHOTO aTOMA M JIMTaH/IO0B, HaXOICh B COCTAaBE KOMILIEKCA,
MPAKTUYECKH OTCYTCTBYIOT B PaCTBOpE B CBOOOJHOM BHJIE, IOATOMY UX HE BCerza
yaaercss oOHapy>XUTh. DTO CBOWCTBO MIMPOKO HCHONB3YETCS VI pa30eleHus |
Mmackuposanus WOHOB. Hampumep, mpu oOHapykeHHH HOHOB Mn?* B BuzE
MaJIMHOBO-p030Boro coeauHenus H[Mn(C204),] uonsl Fe*, memaromue cBoeii
OKpacKoOH, Jerko Mackupywrcs ¢ropua-uonamu F- 3a cuer oOpa3oBaHUA
6ecuseTHoro kommiekca [FeFg]®:

Fe3* + 6F = [FeFe]*~.
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3a cueT 00pa3zoBaHMs THAPOKCOKOMITIIEKCOB N3 aM()OTEPHBIX THAPOKCHJIOB
kaTtuoHoB III aHanmuTHUecKkol Tpynmsl

Cr(OH)s| + 30H = [Cr(OH)e]*,

Zn(OH)| + 20H™ = [Zn(OH)4]%,

Al(OH)3| + 30H = [AI(OH)s]*

yAaeTcss JIerKO pa3lieIuTh CMeCh THUJPOKCUIIOB [ IPOBEICHUS
TociIeyIoIero oOHapyXeHHsI KATHOHOB B OCaJlke U B (UIIbTPATE.

— KOMIUJIEKCHBIE COEIAMHEHHUS YacTO 00JafaloT XapaKTEpHBIMH OKpacKamu
WM MaJOH PacTBOPUMOCTBHIO, HA YeM OCHOBaHbI MHOTHE PEAKLMH OOHAPYIHCEHUSL.
Hampumep, uwonsl NHs* ob0pasytor ¢ peaktnBoM Heccrepa HepacTBoprMoOe
KOMILJIEKCHOE coelMHeHne Oyporo 1BeTa:

NH4* + 2[Hgls]?> + 40H" = [NH,Hg,0]1| + 71" + 3H,0.

[Mpumensss cneunduueckne W BBICOKOCENIEKTHBHBIE PEAKIMH MOXKHO
oOHapyHMBaTh HWOHBl TaK Ha3bIBAEMBIM OpOOHbLIM  MEmMOOOM, TO €CTh
HEMOCPEICTBEHHO B OTJIENIBHBIX MOPLHUIX HCCIEAYEMOro pacTBOpa HE3aBUCUMO OT
COZIep’KaHMs B HEM JPYTHX HOHOB. B 3TOM cilyuae He MMeeT 3Ha4eHHus MOPSAAOK
o6Hapy>1<eH1/m OTACJIIBHBIX KOMIIOHCHTOB CMCCH.

ITpy HEBO3MOXXHOCTH OIpee/ICHUsI HOHOB IPOOHBIM METOJIOM (OTCYTCTBUE
cnenn(pUUECKUX PeaKiyii) pa3padaThIBAIOT ONpPEEeHHYIO TOCIIEeI0BATEIbHOCTh
peaxuuii, NpeCcTaBIISIONIYI0 COOOM CHCTEMaTHYeCKMH XoI aHaimm3a. B aTom
cilydae K OOHapy)KEHHIO KaXKJI0T0 MOHA MPHCTYNAIOT MOCJe TOro, KaK BCe ApYyrue
MEIIAOIIMe €ro ONPENeNICHUI0 HOHBI OyIyT MpeABapUTENbHO YAAJIEHBI U3
pactBopa. Taxum o00pa3oMm, IpH CHCTEMAaTHYECKOM XOJAE aHauu3a Hapsay C
peakuusaMH OOHAapyXEHHs OTICIBHBIX HOHOB MNPHOETAalOT TaKkKe K PeakmusaMm
OTJEIICHUS UX APYT OT APYra, UCIOJb3Ys Pa3Indus B PACTBOPUMOCTH COCIUHEHUN
pa3zenseMbIX HOHOB.

IMopsinok BeINOHEHUS PAOOTHI:

1 Cuctematusupyiite 1 0000IINTE 3HAHUSA 110 TEMe, 3aKOHCIIEKTHPOBAB B
OTYeT 0 J1abopaTOpHOU padoTe KpaTKHe TEOPETHYECKIE CBEICHUS.

2 BpINonHUTE TPAKTHYECKYIO YaCTh PabOThI.

3 OrMeTbTe HaONIOAEHHMS, COCTABBTE ypPAaBHEHHS IMPOBEACHHBIX PEaKIHUil
oOHapy>KeHUsI KaTHOHOB.

4 CoopmymupyiiTe o0IHe BEIBOABI O IIPOJEIIAHHON paboTe.

Xon padoThI:

Onvim Ne 1. Buinonnenue peaxyuii 06HapysceHuss Kamuona Ag

K HeckombKMM KaluIsiM pacTBOpa COJIM HHUTpaTa cepedpa, MOMEIICHHBIX B
JIBE TIPOOUPKH, MPHIUTH B ONHY pacTBOp comnstHO kuciotel HC1, a B apyryro —
pactBop xpomara kamms KoCrOs. B mepBoit mpobupke HaOmogaiiTe oOpa3oBaHme
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0€J0ro TBOPOKHCTOTO, & BO BTOPOW — KMUPIUYHO-KpacHOro ocanka. CocraBbTe
YpaBHEHUS MTPOJICTAHHBIX PEAKIIUH.

Onvim Ne 2. Buinonnenue peaxyuu obHapysicenus kamuona Pb?*

K 4-5 xamasam pactBopa comu cuHma PB(NOs), mobasere 4-5 kamenb
noauaa Kanus. HaOmomaiite oOpasoBanme xentoro ocamka Pbl,. CocraBbTe
ypaBHEHHE peaKiHu.

Ipumeuanue: ecnu TONYYEHHBIA OCANOK OTHENUTh, ITIPH KHUIISTYCHUH
pactBoputh B ykcycHoi kuciote CH3COOH, To mpu MeaseHHOM OXJIaXJICHUU
Pbl, BeImageT B BUE 30J0TUCTBIX KPHCTATIOB-YCIITYEK.

Onvim Ne 3. Buinonnenue peaxyuti o6Hapysicenus kamuona Ba?*

B nBe mpoOupku Haneiite 1o 4-5 kanenb pactBopa cosu O0apus (BaCly nam
Ba(NOs)2). B oxny npobupky 106aBbTe HECKONBKO Kamelb pactBopa NaSOs uin
H,SO4, a B mpyryro — pactBopa xpomara kamusi KoCrOs. B mepBoit mpoOupke
HaOJroaliTe BBIMAJCHUE OENOro KPHUCTAUTMYECKOTO OCajka, a BO BTOPOH —
xentoro ocanka BaCrOs. CoctaBbTe ypaBHEHHsI IPOJETIAHHBIX PEAKIHH.

Onvim Ne 4. Buinonnenue peaxyuu obnapycenus kamuona Ca®*

B npobupky Hanmeiite 4-5 kamenp pactBopa comu CaCl,, moGaBbTe
HECKOJIbKO Karmeib okcajata amMMmoHusi (NHg)2C,04. HaGmopaiite obpasoBaHue
Oenoro ocagka CaC;0s4, HepacTBopuMoro B orTianuue oT BaC;Os B yKcycHOM
kucinore CH3COOH. CocTaBbTe ypaBHEHHE peaKkiiy 0OHApYKEHUSL.

Onvim N 5. Buinonnenue peaxyuu oOHapydicerust Kamuona A

Ha nonocky ¢uibTpoBaHHOH Oymaru HaHecuTe 1 KaIullo pacTBOpa COJIH
amomunns (AlCl3 wim Alx(SOs)s3), momectdTe 3TO HATHO HaJ CKISHKOH ¢
KOHIIEHTpUpOBaHHbIM pacTBopoM ammuaka (NH4OH) na 1-2mun. Hanecure 1
KaIUll0 CIOMPTOBOIO pacTBOpa ajM3apyHa MM alOMUHOHA. (OCTOPOXKHO
noacymute Oymary u HabnoAaliTe HOsABICHHE KPaCHOTO IIATHA.

Onvim Ne 6. Boinonnenue peaxyuu obnapyicenus kamuona Zn>*

K 1-2 kamuism pactBopa conu nuHka (ZnSO4) npubasbre 1 Mi aneraTHON
OydepHoit cmecu, 2-3 karuu | H pactBopa Tnocynbdara HaTpust U 1 M1 pacTBopa
auti3oHa.  HalOmromafite  oOpa3oBaHme — MajMHOBO-KPacHOTO  pacTBOpa
KOMILIEKCHOM COJIH.

Onvim Ne 7. Boinoanenue peaxyuu obnapyosicenusn kamuona Fe**

K 2-3 kannam pactBopa comu Fe?* (manpumep, FeSO,) mpubasbre 1-2
karu pactBopa HCIl u 1-2 xammm rekcanmanogeppara (1) xamas Ks[Fe(CNg)].
Habmromaiite oOpa3oBaHme TEMHO-CHHETO ocajaka TypHOyineBoi cuHu. CocTaBbTe
YpaBHEHHE PEAKIUH.

Onvim Ne 8. Buinonnenue peaxyuti obuapycenus Fe>*

B 1Be npoGupKu HaleiiTe Mo HeckoJIbKO Kamelb comu Fed* (manpumep,
FeCls), 3atem B omHy mpoOHpKy T00aBhTE HECKOIBKO Karelh PacTBOpa pOJaHUIA
ammonust NH4CNS, a B apyryto npobupky — 1-2 xarm pactopa HCl u 1-2 karum

A
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pactBopa rekcaruanodepputa (1) xamus Ki[Fe(CN)s]. Habmropaiite B mepBoii
npobupke 0Opa3oBaHHE KPOBABO-KPACHOTO OKPAIMBAHUS, @ BO BTOPOW — CHHHI
ocaiok OepiuHckoi nazypu. CocTaBbTe ypaBHEHHS MPOBEICHHBIX PEAKIIHH.

Onvim Ne 9. Buvinonnenue peaxyuu obHapycenus: kamuona Cu®*

K HeckompKMM KamisiM pacTBopa coiu Memu (Hampumep, CuSOs)
mpuwinBaiite mo kamwmsM pactBop ammuaka NHsOH no mosBienmst romy6oro
ocanka CU(OH), u mansire n36srtok NH4OH 1o oOpa3zoBanust pacTBopa KpacHBOTO
cuHe-(puroneToBoro 1eeta. CocTaBbTe YpaBHEHHS IBYX MPOTEKAIOIINX PEAKIINH.

Onvim Ne 10. Buinoanenue peaxyuu oonapyscenus kamuona NHx*

a) B mpoOupky Hayeite 2-3 xarum pactBopa comu ammonus (NH4Cl wim
(NH4)2S0.), no6aBbsTe 4-5 kamnenb peaktBa Heccnepa, HaGmroqaliTe oOpa3oBaHue
KpacHo-0yporo ocajxa.

0) Ha yacoBoe CTEKJIO WM B (pap(opoByIO HaIIeUKy HaJCHTE HECKOJIBKO
kanesb pactBopa coiu NH4*, npuneiite 4-5 kamens pactBopa NaOH u 6bicTpo
HAaKpOHWTE CTEKIOM C TIPUKIECHHOH C BHYTpPEHHEH CTOPOHBI CMOYCHHOMH
JMCTHJUTMPOBaHHOM BOJION MHIMKATOPHOW OymMakkoii. [logorpelite peakiMOHHYO
CME€Cbh, HHAWKATOpHAasA 6yMa)KKa JO0JDKHa M3MCHUTH [BET: JIAKMYCOBasA WJIN
YHUBEpCaJIbHAs IIOCUHETH, (PeHo(TanenHoBasi — MOKPacHET.

OObsicHUTE, TTOYEMY MEHSETCSI LBET WHAMKATOPHOH OYMaXKKH, COCTAaBbTE
ypaBHEHUSI IPOTEKAIOIIMX PEAKIIH.

Onwvim Ne 1 1. Boinonnenue peaxyuu obnapyosicenus K*

K HeckoJbKHM KaIlisiM pacTBopa cojepxkariero K* (cpema qomkHa ObITh
HeWTpalbHas), NpUOaBbTe HECKOJBKO Kallelb PacTBOpa TeKCAaHUTPO-KOOanbTaTa
(1) matpust Naz[Co(NO,)s], moTpuTe masoukoi o cteHku npobupku. Habmomaiite
oOpa3oBanue sxenToro ocagka. CoctaBbTe ypaBHEHHE PEAKIUH.

Onwvim Ne 2. Beinonnenue peaxyuu oonapysicenus Na*

K HeckoNbKUM KamisiM pacTBopa, cojepikaiinero Na* (cpema MokHa OBITh
HEeWTpalbHOH), 100aBbTe HECKOJIBKO Kallelb PacTBOpPa JUTHAPOAHTHMOHATA KaJlus
KH;ShO4. Habnromaiite obpaszoBanne 06eOro MeETKOKPHCTAUTHYECKOTO OCaKa.
CocTaBbTe ypaBHEHHE PEaKIUU.

Caenaiite BBIBOJ 110 Ta0OpaTOpPHOU padoTe.

@dopma mnpeacTaBiieHHs pe3yJbTaTa: OTYET O MpoJeTaHHOW padorte,
COCTaBJICHHBIE CXEMBI YPAaBHEHUI HAOIIOaeMBIX PEaKIHii, BHIBOMBL.

Kpurtepuu ounenku:

3a KaIblif TPaBUIIBHEIA OTBET — | Gart.
3a HenpaBWIIBHBINA 0TBET — 0 6aJUIOB.
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Tema 5.3. KauecTBeHHDBIH aHAJIHN3 KAaTHOHOB

JlaGopaTopnas pab6ora Ne 9
KauecTBennbie peakuuu katuonos |, 11, 111 rpynmnsr

I_[e.m, paGOTbI . Hay4YUTbCA IpOBOJAUTH Ka4CCTBCHHEBIC pCakuun
06Hapy>1<eHI/1;1 OCHOBHBIX KATHOHOB.

Boinosnus padoty, Bul Oyaere:

ymemy.

— MPOBOJUThH KAYECTBCHHBIC PEaKI[MH OOHAPYKECHUS OCHOBHBIX KATHOHOB |,
I, I, 1V, V u VI ananutudeckux rpymi;

— COCTaBJIATH CXEMBbI YPAaBHCHUN Ka4eCTBCHHBIX PEAKIUN OOHAPYKCHUS
OCHOBHEBIX KaTHOHOB.

MaTepnanbﬂoe odecrevyeHme:

Ilepuomuueckast cucrema xumuueckux osnemeHToB J[. M. Menneneesa,
TabJMIIa PACTBOPHUMOCTH.

OOopy/ZioBaHHWE ¥ pPEaKTUBBI: MPOOUPKH, MAJOYKH, MUIETKH, BOPOHKH,
¢bwibTpoBanbHas Oymara, IUeHTpudyra, OSICKTPOILIUTKA, BOAsHAs  OaHs,
PEaKkTUBHBIA IITATUB C HAO0OpPOM HEOOXOJMMBIX KHCIIOT, LIENoueH, CcoJeH,
peareHTOB, HHIUKATOPOB.

3ananue:
Ob6napyxenue xkatuosos |, I1, 1, 1V, V u VI ananutuyeckux rpymi.

Kparkue TeopeTnueckue cBeJeHUs:

Ananumuueckue npusHaku eewjecms U AHATUMUYECKUe XUMUUECKUue
peakyuu

[Ipn mpoBeaeHNN Ka4eCTBEHHOTO M KOJIMYECTBEHHOTO aHAJIM3a UCIIONIB3YIOT
aHAJUTHYECKUE TIPU3HAKHU BELIECTB U AHATUTUIECKHE PEAKIHU.

Ananumuueckue npusHaxu — 3T0 XUMHUYECKHE WM (pU3NUECKHEe CBOWCTBA,
KOTOpBIE TTO3BOJIIFOT OOHAPYKUTh BELIECTBO MIM OMPEAEINTH ero KommdecTo. K
HUM OTHOCSITCS IIBET, 3aIlax, CIOCOOHOCTh BEIIECTBA 0OPA30BHIBATH OKPAIICHHbIC
1 MaJIOpacTBOPHMBIEC COCIMHEHHSI, Ta3bl IPH B3aUMOICHCTBUHU C ONPEICICHHBIMU
peareHTaMu | T. 1.
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Ananumuueckas — xumuweckas — peaxyus (AXP) — 3TO  peakums,
COIIPOBOXKIAIOMIASICS aHAMTUYECKIM IIPU3HAKOM, T10 KOTOPOMY MOXHO CYJHUTBH O
HAJIMYUH B ITPoOE KaKoro-Jimbo KOMIIOHEHTa. B kadecTBe aHAIMTHUECKUX PEaKIIUH
Yalmie BCEr0 MCHONB3YIOT peakUuH oO0pa3oBaHUS OKPAlIEHHBIX COEAWHEHUH,
BBIJICICHNE WJIM pAacTBOPEHHE OCAJKOB, BBIICICHWE Ta3oB, OOpa3oBaHHE
KPHCTAJUIOB XapakTepHOH (OPMBI, OKpaIIMBaHUE TUIAMEHHU Ta30BOW TOPEIIKH.

B xauecmeennom xumuueckom amanuse 0N pazo0eneHusi u OOHAPYICeHUs
UOHO8 WUPOKO UCHONLIVIOMCA XUMUYECKUe PeaKkyuu 6cex munos, npomexaiowue 6
pacmeopax. peakyuu  ocaxdcoenus U KOMHIEKCoo00paszoeamnus, KuCiOmHo-
OCHOBHbIE U OKUCTUMETbHO-60CCNAHOBUMETbHDILE.

Peakium ocakeHMST OYEHb 4YacTO MPHUMEHSIOT I  OOHapy KEeHHS
pa3nuuHbIX HOHOB. OOpazoBaHME OC3aAKOB — 3TO OAWH M3 OCHOBHBIX
aHAJIUTHYECKUX A(PQPEKTOB, HMEHHO TI0ATOMY OOJBIIMHCTBO Ka4eCTBEHHBIX
peakiuii sABNSETCA peaKuMAMH ocaxjaeHus. Hampumep, uoHel Ba?* — mo
BBIMNAJICHUIO KEJITOr0 MeIKOKpUcTanyeckoro ocaaka BaCrOg:

2Ba?* + Cr,07% + H,0 = 2BaCrOs| + 2H".

BakHyl0 pONb WTparOT peakluu OCKACHUS M TPU pasoeieluu WOHOB.
JleicTBUTENILHO, OCHOBa JIFOOOW AHATMTHYECKOM KiIacCH(UKAIMK — 3TO
0CaauTCIbHOC JICI‘/IICTBI/IG Ppa3JIMYHbIX PCAr¢HTOB Ha OMPECACIICHHBIC I'PYIIIBEI HOHOB.

KucinoTHo-0CHOBHEIE peaKun TaKXe MOXHO HUCITIOJIB30BAaTh JJIsL
O0OHapysicenusi N pazoeieHusi AOHOB, XOTS C ATOW LIENIbI0 OHU MTPUMEHSIOTCS Pexe,
4eM peakimu ocaxkiaeHus. Hampumep, mis oOHapykenust nona NH4* cymectByer
crneruduueckas KUCIOTHO-OCHOBHAS PEaKIHS:

NH;*+ OH = NHs?1 + H2O.

CymectByer 3HAYUTEIILHOE KOJINYECTBO OKHCIIUTEIBHO-
BOCCTaHOBUTENBHBIX peakiuii (OBP), koTopple ycCHemHO NpPUMEHSIOTCS VIS
obHapyxenusi noHoB. Hanpumep, nonbl Cr®* 4acTo OKMCIAIOT 10 XpOMAT-HOHOB
CrO4%, 4To IPUBOMUT K HOSBJIECHUIO KENTOM OKPACKH.

BO3MOXXHOCTP ~ HCIIONB30BaHMS — peakIid  KOMIUIEeKcooOpa3oBaHUS B
KAaueCTBEHHOM aHaju3e OO0yCJIOBI€Ha BO3HMKHOBEHHEM W HHTEHCHBHOCTBIO
aHAIMTHYeCKUX 3(P(PEeKTOB, a Tarke OOJIBIION M30MPATENBHOCTBIO PEAKIMil 3TOTO
tuna. KoMiekcHsle coequHeHNs 001a1at0T PAIOM CBOMCTB, IEHHBIX IS XUMHUKa-
aHaJNTHKA:

— WOHBI LEHTPAJIBHOTO aTOMAa U JINTaHJ0B, HAXOAACH B COCTaBE KOMILIEKCa,
MIPAKTHYECKH OTCYTCTBYIOT B PaCTBOpPE B CBOOOIHOM BHJIE, TO3TOMY HX HE BCETAA
yaaercss oOHapy>XUTh. DTO CBOWCTBO IMIMPOKO HCHONB3YETCS VI pa30eleHus |
Mmackuposanus WOHOB. Hampumep, mpu oOHapykeHnn HOHOB Mn?* B Buze
MaJIMHOBO-p030Boro coeaunenus H[Mn(C204),] uonsl Fe*, memaromue cpoeii
OKpacKoH, Jerko MackupyrwTtcs ¢ropua-nonamun F- 3a cuer oOpa3oBaHUA
GecupeTHOro Komrekca [FeFg]®:
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Fe3* + 6F = [FeFe]*~.

3a cueT 00pa3zoBaHMs THAPOKCOKOMITIIEKCOB U3 aM(OTEPHBIX THAPOKCH/IOB
katroHOB Il aHamuTHYeCKO# TpymIbI

Cr(OH)s| + 30H = [Cr(OH)e]*,

Zn(OH)| + 20H™ = [Zn(OH)4]%,

Al(OH)3| + 30H = [AI(OH)e]*

yAaercss JIerKO pa3lieIuTh CMeCh THUJPOKCUIIOB [ IPOBEIECHUS
MocIIeyIoIero oOHapykeH!sl KATHOHOB B OcaJike U B (punbTpare.

— KOMIUJIEKCHBIE COEAMHEHUS 4acTo 00JalaloT XapaKTEpPHBIMH OKpacKaMU
WM MaJOH PacTBOPUMOCTBHIO, HA YeM OCHOBaHbI MHOTHE PEAKLMH OOHAPYIHCEHUSL.
Hampumep, uwonst NHs* ob6pasytor ¢ peaktnBoM Heccrepa HepacTBoprMoe
KOMILJIEKCHOE coe/lMHeHne Oyporo 1BeTa:

NH4* + 2[Hgls]?> + 40H™ = [NH,Hg,O]1| + 71" + 3H,0.

[Mpumensas cneunduueckne W BBICOKOCENIEKTHBHBIE PEAKIMH MOXKHO
oOHapyHMBaTh HWOHBl TaK Ha3bIBAEMBIM OpOOHbLIM  MEmMOOOM, TO €CTh
HEMOCPEICTBEHHO B OTJIENBHBIX MOPLHUIX HCCIEAYEMOro pacTBOpa HE3aBUCUMO OT
COACpKaHUA B HEM APYTUX MOHOB. B sTom ClIyda€ HC MMECT 3HAUYCHUSA MOPAAOK
06Hapy>1<eH1/m OTACJIIbHBIX KOMIIOHEHTOB CMCCH.

ITpy HEBO3MOXXHOCTH OIpee/ICHUsI HOHOB IPOOHBIM METOJIOM (OTCYTCTBUE
cnenu(pUUECKUX PeaKiyii) pa3padaThIBAIOT ONpPEEeHHYIO TOCIIeI0BATEIbHOCTh
peaxuuii, NpecTaBISIONIYI0 COOOM CHCTEeMaTH4YecKuil XoJ| aHanmm3a. B aTom
cilydae K OOHapy)KeHHIO KaKAOTo MOHA IPHUCTYMAIOT ITOCIE TOro, KaK BCe NpyrHe
MEIIAIOIINE €ro OMNPEACICHUI0 HOHbI OyAyT MpeJBapUTENIbHO YAAJIEHbl U3
pactBopa. Takum o00pa3oMm, IpH CHCTEMAaTHYECKOM XOJAE€ aHauu3a Hapsay C
peakuusaMH OOHAapyXKEHHs OTHCIBbHBIX HOHOB MPHOETaloT TakkKe K PeaKuusaM
OTJEIICHUS X APYT OT APYra, UCIOJb3Ys Pa3Iudus B PACTBOPUMOCTH COCAUHEHUN
pa3zenseMbIX HOHOB.

IMopsinok BeINOHEHUSA PAOOTHI:

1 Cuctematusupyiite 1 0000IINTE 3HAHUSA 110 T€Me, 3aKOHCIIEKTHPOBAB B
OTYeT 0 J1abopaTOpHON paboTe KpaTKue TeOPETHUESCKIE CBEACHHUS.

2 BBIONMHUTE TPaKTHYECKYIO YAaCTh PaOOTHL

3 OTtMeTtbTe HAOJIOAEHUS, COCTAaBBTEC YPaBHEHHS IPOBEICHHBIX PEaKIIUI
0oOHapy>KeHUSI KaTHOHOB.

4 CoopmymupyiiTe o0IHe BEIBOABI O IIPOJEIIAaHHON paboTe.

Xon padoThI:

Onvim Ne 1. Buinonnenue peaxyuii o6Hapyscenus kamuoua AQ

K HeckombKMM KarusiM pacTBOpa COJIM HUTpaTa cepedpa, MOMEIICHHBIX B
JIBE TIPOOUPKH, MPHIUTH B ONHY pacTBOp comnsiHOi kuciotel HCI, a B apyryro —
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pactBop xpomata kamsi KoCrO4. B mepBoit mpobupke Habmonalite oOpazoBaHue
0€JI0ro TBOPOKHCTOTO, & BO BTOPOW — KMUPIUYHO-KpacHOro ocanka. CocraBbTe
YpaBHEHHS TPOJICTAHHBIX PEAKIIHU.

Onvim Ne 2. Buinonnenue peaxyuu obHapysicenus kamuona Pb?*

K 4-5 xamasam pactBopa comu cuHna Pb(NOs), mobaeere 4-5 kamenb
nomuaa Kamus. HaGmiogaiite obpasoBanue xentoro ocaaka Pbl,. CoctaBbre
ypaBHEHHE PeaKiHy.

Ipumeuanue: ecnu TONYYEHHBIA OCAJOK OTHEIHUTh, TPH KUIISTYCHUU
pactBoputh B ykcycHoi kuciote CH3COOH, To mpu MeaseHHOM OXJIaXJICHUU
Pbl BeIageT B BUE 30J0TUCTHIX KPHCTATIOB-YCIITYEK.

Onvim Ne 3. Buinonnenue peaxyuii o6Hapysicenus kamuona Ba?*

B nBe mpobupku Haineite o 4-5 kanenb pactBopa conu O6apus (BaCly nm
Ba(NOs)2). B oqny npobupky 106aBbTe HECKONBKO Kamelb pactBopa NaxSOs uin
H,SO4, a B mpyryro — pactBopa xpomara kamusi KoCrOs. B mepBoit mpoOupke
HaOJroaliTe BBIMAJCHUE OENOro KPUCTAUTMYECKOTO OCajka, a BO BTOPOH —
xentoro ocanka BaCrOs. CoctaBbTe ypaBHEHHS POJIETAHHBIX PEAKIHH.

Onvim Ne 4. Boinoanenue peaxyuu obnapyscenus kamuona Ca**

B npobupky Haneiite 4-5 kamenp pactBopa comu CaCl,, moGaBbTe
HECKOJIbKO Karmenb okcajata amMMmoHusi (NHg)2C,04. HaGmopaiite obpasoBanue
Oenoro ocagka CaC,0s4, HepacTBopuMoro B oTiauuue oT BaC;Os B yKcycHOI
kuciore CH3COOH. CocTaBbTe ypaBHEHHE peaKkiuy 0OHApYKEHUSL.

Onvim N 5. Buinonnenue peaxyuu oOHapydicerust Kamuona A

Ha monocky ¢unbrpoBaHHOl Oymarn HaHecuTe | Karuiio pacTBopa COJIH
amomunus (AlCl3 mmm  Alp(SOs)3), momecTHTe 3TO MATHO HAJ CKISIHKOH C
KOHILIEHTpUpOBaHHbIM pacTBopoM ammuaka (NH4OH) na 1-2mun. Hanecure 1
KaIUll0 CIOMPTOBOIO pacTBOpa ajM3apyHa MM alOMUHOHA. (OCTOPOXKHO
noacymute Oymary u HabnoAaiiTe HOsABJICHHE KPaCHOTO IIATHA.

Onvim Ne 6. Beinonnenue peaxyuu obuapyscenus xamuona Zn>*

K 1-2 karmuism pactBopa conu nuHka (ZnSO4) npubasbre 1 Mi aneraTHON
OydepHoit cmecu, 2-3 karuu 1 H pactBopa Tnocynbdara HaTpus U 1 M pacTBopa
auti3oHa.  HalOmromafite  oOpa3oBaHme — MajMHOBO-KPacHOTO  pacTBOpa
KOMIUIEKCHOM! COJIH.

Onvim Ne 7. Beinonnenue peaxyuu obnapyscenus xamuona Fe?*

K 2-3 kannam pactBopa comu Fe?* (manpumep, FeSO,) mpubasbre 1-2
karu pactBopa HCIl u 1-2 xammm rekcanmanogeppara (1) xamuas Ks[Fe(CNg)].
Habmromaiite oOpa3oBaHne TEMHO-CHHETO ocanaka TypHOyneBoil cuHH. COCTaBbTE
YpaBHEHHE PEaKLUH.

Onvim Ne 8. Beinonnenue peaxyuti o6uapycenus, Fe>*

B e npoGupku HaneiiTe Mo Heckoibko Kamelb comu Fed* (manpumep,
FeCls), 3atem B omHy mpoOHpKy T00aBhTE HECKOIBKO Kareilh PacTBOpa pOJaHUIA

A
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ammonust NH4CNS, a B npyryto npobupky — 1-2 karum pactsopa HCl u 1-2 xanmm
pactBopa rekcarmanodepputa (1) xamus Ki[Fe(CN)s]. Habmropaiite B mepBoii
npobupke 0Opa3oBaHHE KPOBABO-KPACHOTO OKPAIMBAHUS, @ BO BTOPOW — CHHHI
ocazok OepanHCKoit Ta3ypu. CocTaBbTe YpaBHEHHS TPOBEICHHBIX PEaKIUi.

Onvim Ne 9. Buinonnenue peaxyuu obHapycenus kamuona Cu®*

K HeckombkuM KamisiM pactBopa conmu Meaud (Hampumep, CuSOg)
npuwinBaiite mo kammsM pactBop ammuaka NHsOH no mosBienmst romy6oro
ocagka CU(OH), u mansire n36srtok NH4OH 1o 0oOpa3zoBanust pacTBopa KpacHBOTO
cuHe-puoneToBoro 1eeta. CocTaBbTe YpaBHEHHUS IBYX MTPOTEKAIOIINX PEaKIUi.

Onvim Ne 10. Buinoanenue peaxyuu oonapyscenus kamuona NHx*

a) B mpoOupky Hayeite 2-3 karum pactBopa comu ammonus (NHiCl wim
(NH4)2S0s), no6aBsTe 4-5 kanenb peakta Heccnepa, HaGmroqaliTe 0Opa3oBanue
KpacHo-0yporo ocajxa.

0) Ha yacoBoe CTEKJIO WK B (GaphopoBYIO HAIICYKy HAJCHTE HECKOIBKO
kanesb pactBopa coiu NH4*, npuneiite 4-5 kamens pactBopa NaOH u 6bicTpo
HAaKpOWTE CTEKIOM C TIPUKIECHHOH C BHYTpPEHHEH CTOPOHBI CMOYCHHOMH
JUCTHJUTMPOBAHHOM BOJON MHMKATOPHOM Oymakkoil. [lonorpeiite peakinoHHYIO
CME€Cb, HHIAUWKATOpPHAaA 6yMa>i<1<a JAOJDKHA M3MCEHHUTH MBCET: JIAKMYCOBas WJIH
YHUBEpCaJIbHAs [IOCUHETH, (PeHoI(TanenHoBasi — MOKPaCHET.

OObsicHUTE, TTOYEMY MEHSETCSI LBET WHAMKATOPHOH OYMaXKKH, COCTAaBbTE
ypaBHEHUSI IPOTEKAIOIIHX PEAKIIH.

Onvim Ne 11. Buinoanenue peaxyuu obnapyscenus K+

K HeckoNbKHUM KamisiM pacTtBopa compepskamiero K* (cpema momkHa OBITH
HeWTpalbHas), MpUOaBbTe HECKOJBKO Kallelb PacTBOpa T'eKCAaHUTPO-KOOanbTaTa
(1) matpust Naz[Co(NO,)s], moTpuTe magoukoi o cteHku npobupku. Habmomaiite
oOpa3oBanue xenToro ocagka. CocTaBbTe ypaBHEHHE PEaKIUH.

Onwvim Ne 12. Beinonnenue peaxyuu obnapysicenus Na*

K HeckoNbKUM KaruisiM pacTBopa, cozepskaiinero Na* (cpema MoKHa OBITH
HEeWTpanbHOH), 100aBbTe HECKOJIBKO Kallelb PacTBOpa JUTHAPOAHTHMOHATA KaJIus
KH;ShO4. Habnromaiite obpaszoBanne 06eOro MEIKOKPHCTAIIMYECKOTO OCalKa.
CocTaBbTe ypaBHEHUE PEaKIIUU.

Caenaiite BBIBOJ 110 1a0OpaTOpPHOU padoTe.

®dopma mnpeacTaBieHus pe3yJbTaTa: OTYET O MpoJeTaHHOW padorte,
COCTaBJICHHBIE CXEMBI YPAaBHEHUI HAOIIOaeMBIX PEaKIHii, BHIBOMBL.

Kpurtepuu ounenku:

3a Kaxablif TpaBUIIBHEIA OTBET — | Gart.
3a HenmpaBUIIBHEIA 0TBET — () GayIoB.
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Tema 5.4. KauecTBeHHBIH aHAJIHN3 AaHHOHOB

JlaGopaTopnas pa6ora Ne 10
KavecTBeHHBIC peakuy AHHOHOB

Leas pa0oThI: HAYYUTHCS TNPOBOJUTH  KAUYECTBEHHBIE  PEAKINU
oOHapy»xeHust ocHOBHBIX aHHOHOB |, Il u |1l ananmTryeckux rpym.

Boinosnus padoty, Bul Oyaere:

ymemy:

— TIPOBOJIMTH KaueCTBEHHBIE peaKknnuy OOHApYKEHHsI OCHOBHBIX aHHOHOB |,
I1 u 1l ananmuTHYEeCKUX TPYMIT;

— COCTaBJIATh CXEMbl ypPaBHEHHI KaueCTBEHHBIX PEaKIMH OOHApYKEHUs
OCHOBHBIX aHHOHOB.

MarepuanbHoe obecrieyeHue:

Ilepuomuueckas cucrema xumuyeckux aiemeHtoB . M. Menneneesa,
TabJIMIa PACTBOPUMOCTH.

OOopylioBaHHWE ¥ pPEaKTUBBI: MPOOUPKHM, MAalOYKH, MUIETKH, BOPOHKH,
GuIbTpBl, NEHTpUdYTa, ANEKTPOIUINTKA, BOASHAS OaHs, PEakTHBHBIN IITATUB C
Ha0OpPOM HEOOXOMMBIX KUCIIOT, IIEIOYeH, COIeH, peareHToB U MHIUKATOPOB.

3ananue:
Oo6napy>xenue annonos I, I u 11l ananuTryeckux rpym.
IMopsinok BbINOIHEHHS PAOOTHI:

1 Cucrematusupyiite 1 0000ImHUTe 3HAHUS 10 TeMe, IIOBTOPHB M3yYCHHBIH
Ha JIEKIIMOHHOM 3aHATHU MaTepHall.

2 BBIoNHUTE TPaKTHYECKYIO YacTh PaOOTHI.

3 OrMeTbTe HaAOMIOAEHHMS, COCTABBTE YPABHEHHUS NPOBEICHHBIX pPEaKLHH
00OHapyXKEHHsI aHHOHOB.

4 CoopmymupyiiTe o0mme BEIBOABI O IPOJEIAaHHON paboTe.

Xon padoThI:

Onvim Ne 1. Buinonnenue peaxyuii obuapyscenus cynvpam-anuona SOs>

HanefiTe B mpoOMpKy HECKOIBKO KalleJlb pacTBOPa, COAEPIKAILETro CyIb(ar-
uon SO,2, npuneiite Heckonbko Kameir pactsopa HCI, 1o xucioif cpemsl mo
YHUBEPCAIbHOW WHINKATOpPHOW OyMmaxkke u m00aBbTe 2-3 Kammm pacTBOpa
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peacenma BaCl, (xnopuoa 6apus). Habmomaiite o0pa3oBaHue 0Oemoro
kpuctaumaeckoro ocaaka BaSO,. CoctaBeTe ypaBHEHHE PeaKIIUU.

Onvim Ne 2. Buinonnenue peaxyuti o6Hapysicenus kapbonam-anuona COz%~

B npobupky ¢ ra3ooTBogHOM TpyOKOi HanelTe 4-

5 xanens pactBopa NaCOz, 100aBbTE HECKOJIBKO KaIelb

xucnomer  HCI, Beigensronuiicst yriexucisiii raz CO;

e MpOmycTHTe uepe3 wu3BecTkoByr Bomy Ca(OH)..

"{\\ HabOmonaiite mnoMyTHEHHE W3-3a BBINAJCHHUS OCaJKa

PN \ CaCOz. CocraBbTe ypaBHEHHUS JBYX MPOTEKAIOIIUX

N 00, L ZUSEY peakuuid.

CafOHy .

Onvim Ne 3. Buinonnenue peakyuii 0OHAPYICeHUs

cunuxam-anuona SiOz>

IIpu no6GaBIeHMH K PAcTBOpPY, COAEpKAIEMy CHUIMKaT-aHuoH SiO3%, a)
kucnotsl uiu 0) comn ammonust NH4C1 oOpasyercst KpeMHHEBasi KHCIOTa B BUJE
cTyaHs WiH 0enbIx xionbeB. CocTaBbTe YpaBHEHUE PEAKIHH.

Onvim Ne 4. Buinonnenue peaxyui 06HapydiceHus. cyno@uo-anuona S=

B npo0Oupky HajeiiTe HeCKOJIbKO Kareib pacTBopa coiu NasS, no0aBbre
HeckoJbpko Kamenb 2 H pactBopa HCI u mpukpoiite mpoOupKy (GHUIBTPOBAIBHOM
Oymaroi, cMoueHHOU pactBopoM amerata cBuHia PB(CH3COO),. HaGmonaiite
no4yepHeHue Oymaru B pe3yibraTe oOpa3oBaHHs 4YepHOro cynbpuaa ceuia PbS.
CocTaBbTe ypaBHEHHS IBYX MPOTEKAOUIUX PEAKIIUH.

Onvim Ne 5. Buinonnenue peaxyuu o6Hapyocenus xaopud-anuona Cl-

K HeckompkuM KammsiM pactBopa NaCl mpuieiite HECKONBKO Kameib
pactBopa Hutpata cepebpa AgNOs. HabGmopaiite o0Opa3oBanue Oesoro
tBOpoxucToro ocaaka AgCl. CoctaBbTe ypaBHEHUE PEAKIHH.

Onvim Ne 6. Buinonnenue peaxyuu obHapyscenus numpam-anuona NOz

Ha dacoBoe crekno Hanecute 2-3 karu pactBopa NaNOs, momecTute B
LEHTP KpUCTALHK xene3Horo kynopoca FeSO4-7H,0 u 1 karumo xoni. HSOs.
HaGmonaiite BOkpyr kpuctaia Oypoe OKpallliBaHHE B BHIE KOJIbLA B pe3yJIbTaTe
obpasoBanus kominiekca [Fe(NO)]SOq.

Onvim Ne 7. Buinoanenmue peaxyuu 0OHAPYICEHUs ayemam-aHuoHa
CH3COO

Hanefite B mpoOmpky 4-5 Kamemp pacTBOpa COJNM ameraTa HaTpUs
CH3COONa, noGaBeTe Heckonbko Kamenb HCI, omryruTe 3amax yKCyCHO#M
kucnotsl. CocTaBbTe ypaBHEHHE PEaKIHH.

Cremaiite BEIBOJ 110 TabopaTOpHOIA padorTe.

®dopma mnpeacTaBieHusl pe3yJbTaTa: OTYET O MPOJCIaHHOW padorte,
COCTaBJICHHBIE CXEMBI YPAaBHEHHUI HAOIIOAEMBIX PEaKIIHii, BHIBOMBL.
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Kpurepuu onenku:
3a KaKIBIi MPaBIIBHBIN OTBET — 1 Oa.
3a HenpaBUIIBHBIH 0TBET — () GasuIoB.

Tema 5.4. KauecTBeHHBIH aHAJIHN3 aHHOHOB

JlabopaTopHas padora Ne 11
KauyecTBeHHBIE peaKIui AHNOHOB

Leas pa0oThl: HAy4YUTHCS TPOBOJUTH  KAYECTBEHHBIE  PEAKIMU
oOHapy»xeHust ocHOBHBIX aHHOHOB |, Il u |1l ananmTryeckux rpym.

Breinosinus paéoty, Bol Oyaere:

ymemb:

— NIPOBOJUTH KAUECTBEHHBIE PEAKLIUHM OOHAPY)KCHUS OCHOBHBIX aHHOHOB |,
Il u Il anamuTHUeckux rpynm;

— COCTaBJIATh CXEMbl YPaBHEHMII Ka4eCTBEHHBIX PEaKIMil OOHapy>KeHU
OCHOBHBIX aHHOHOB.

MarepuanbHoe ofecneueHue:

Ilepuomnueckas cucrtema xumuueckux aieMeHtoB JI. . Menneneesa,
TabJIMIIa PACTBOPHUMOCTH.

OO6opynoBaHWe M pPEakTUBBI: MPOOUPKH, MaOYKH, IHIIETKH, BOPOHKH,
GbubTpel, HEHTpU(YTa, ANEKTPOIUINTKA, BOZASHAS OaHs, PEaKTHBHBIN IITATUB C
Ha00OpPOM HEOOXOMMBIX KUCIIOT, IIEeJ0Yeil, Coell, peareHTOB U MHANKATOPOB.

3ananue:
ObHnapyxenune annoHoB |, |1 u Il anamTnaeckux rpymi.
Iopsinok BeINOHEHUS PAOOTHI:

1 Cucrematu3upyiTe U 0000IIUTE 3HAHUS 10 TEME, TOBTOPUB U3YUCHHBIN
Ha JIEKIIMOHHOM 3aHATHU MaTepHall.

2 BemosHATE MPaKTHYECKYIO YacTh paOOTHI.

3 OTtMmeTbTe HAOIIOMEHUS, COCTaBBTEC YPaBHEHHS IPOBEICHHBIX PEAKIIUI
0OHapy)XKeHUSI aHHOHOB.
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4 ChopmymupytiTe 00Ime BEIBOABI O IPOJICIAHHON padoTe.
Xopx padoThI:

Onvim Ne 1. Buinonnenue peaxyuii o6Hapyicenus cyrvpam-anuona SO
Hauteiite B mpoOHpKy HECKOJIBKO Kallelb pacTBOpa, COAepIKamiero cynbdar-
non SO4%, npuneiite Heckosnbko Kamenb pactBopa HCI, mo xucmoii cpemsl 1o
YHUBEpCAJIBHOM WHAMKATOpHOW OyMakke W pgo0aBbTe 2-3 Karli pacTBopa
peacenma BaCl, (xnopuoa 6apus). Habmomaiite o0Opa3oBaHue 0enoro
Kpuctaummueckoro ocajaka BaSOs. CocTaBbTe ypaBHEHHE pEaKIUH.
Onvim Ne 2. Buinonnenue peaxyuti o6uapyoicenus kapbonam-anuona COz%
B npobupky ¢ ra3ooTBoAHON TpyOKO# HaselTe 4-
5 xanens pactBopa NaCOsz, 100aBbTE HECKOJIBKO KaIelb
xucnomer  HCI, Beigensronuiicst yrmexucisiii raz CO;
mpomycTuTe uepe3 u3BecTkoByr Bomy Ca(OH)..
HaOnromaliTe mOMyTHEHHME W3-32 BBINAJICHUS OCalKa
CaCOs. CocTaBpTe ypaBHEHHS [JBYX HPOTEKAIOIMX
N T0, Caf ("%\:\/ peaxiui. )
Onvim Ne 3. Bvinonnenue peaxyuii 0OHaApyiceHust

cunuxam-anuona SiOz%

IIpu 1n06aBIeHMH K pacTBOPY, COAEPKalleMy cuiaukarT-aHuoH SiOz?, a)
KkucsoTel Wi 60) conmu ammonust NH4C1 oOpa3yercst kpeMHHEBasi KUCIIOTa B BUIE
CTyIHs WK OenbIX Xi1onbeB. CocTaBbTe ypaBHEHHE PEaKIHH.

Onvim Ne 4. Beinonnenue peaxyuu obHapyscenus: cyiv@uo-anuona S

B mpoOupky HalneliTe HECKOJIBKO Karellb pacTBopa conu NapS, no00aBbTe
Heckonbko kamens 2 H pactBopa HCl u mpukpoiite mpoGupKy (QHIBTPOBAIBHOIM
Oymaroii, cModeHHOU pactBopoM aretara cBuana PH(CH3COO),. Habmromaiite
nmouepHeHUe OyMaru B pe3ysbTaTe 0Opa30BaHUs YEpHOro cyib(puaa cBuHLA PbS.
CocTaBbTe ypaBHEHHUS JBYX MIPOTEKAIOIINX PEAKIIUIL.

Onwvim Ne 5. Boinonnenue peaxyuu obnapycenust xaopuo-anuona Cl-

K HeckompkuM KammsiM pactBopa NaCl mpuieliTe HECKOIBKO Kareib
pactBopa Hutpata cepeopa AgNOs. HabGmopaiite oOpa3oBanue 6enoro
TBOpOkucToro ocaaka AgCl. CocTaBpTe ypaBHEHIE PEAKIIHH.

Onvim Ne 6. Buinonnenue peakyuu obHapyscerus nrumpam-anuona NO3

Ha gacoBoe crexno Hanecure 2-3 karum pactBopa NaNOQOs, momectute B
LEHTP KpUcTauMK xene3noro kymopoca FeSO4-7H,0 u 1 karumo xonr. HSOs.
HaGmonaiite BOkpyT kpuctauia Oypoe OKpalliBaHHE B BUJE KOJIbIA B Pe3yibTaTe
o0pasoBanus komiuiekca [Fe(NO)]SOa.

Onvim Ne 7. Buinoanenue peakyuu OOHAPYICEHUS ayemam-aHuoHa
CH3COO
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Harneiite B mpoOupky 4-5 Kamemb pacTBOpa COJNM alerata HaTpHA
CH3COONa, no6aBeTe Heckoipko kamenb HCI, omrytuTe 3amax yKCycHOM
kucnoTel. CocTaBbTE ypaBHEHUE PEAKIIH.

Caenaiite BbIBOJ 110 1ab0OpaTOpHON padoTe.

dopMa mpeacTaBIeHHsT pe3yJabTaTa: OTYET O IPOJEIAHHOH paboTe,
COCTABJICHHBIE CXEMbI YPABHEHHUIT HAOIIOIAEMBIX PEaKI[Hi, BBIBOIBI.

Kpurtepnu onenku:
3a KaKIbIi MPaBHIBHBIN OTBET — 1 Oay.
3a HenpaBUIIBHBIH 0TBET — () OasuIoB.

Tema 5.5. KauecTBeHHBIH aHAJIHN3 HEU3BECTHOTO BElIECTBA

JlabopaTopHasi padora Ne 12
AHaJIN3 HEM3BECTHOTO BELECTBA

IHeab paboTbl: HAY4YUTBCS MNPOBOIUTH CHCTEMATHUYECKHH  aHamM3
HEM3BECTHOTO  BEUIECTBA IO  KUCIOTHO-NIENOYHOW  KJIacCUPUKAMU |
00Hapy»HMBaTh OCHOBHBIE KATHOHBI, aHUOHBI B X CMECH.

Beinoinus padory, Bel Oyaere:

ymembs:

— TPOBOJUTH CHUCTEMATUYECKHH aHaIW3 HEU3BECTHOIO BEIECTBA IO
KUCJIOTHO-IIEJIOYHOH KIaccu(puKanuy;

— OOHapy’K1BAaTh OCHOBHbIE KATHOHBI U aHHOHBI B X CMECH;

— COCTaBJIATh CXEMBbl ypPaBHEHMI KaueCTBEHHBIX peakKlUi OOHapy)KeHHA
OCHOBHBIX KaTHOHOB U aHHOHOB.

MaTepHiUlLHOe odecreyeHme:

Ilepuomnueckass cuctema xumuueckux syeMmeHToB . . MeHnneneesa,
TabIIUIa pAaCTBOPUMOCTH

OO6opynoBaHWe W pPEaKTHBBI: MPOOWPKH, MATOYKH, IHIIETKH, BOPOHKH,
GbubTpBl, HEHTpUGYTa, SNEKTPOIUINTKA, BOASHAS OaHs, PEaKTUBHBIA IITATHB C
Hab0pOM HEOOXOIUMBIX KHCIIOT, IEI0YeH, COTeH, peareHTOB M HHIMKATOPOB.

3ananue:
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1 OnpeneneHne KAaTHOHOB B COCTaBe IPOOHI.

2 OnpezeneHre aHUOHOB B COCTaBe MPOOHI.

[Mopsinok BeITOTHEHMS PAOOTHI:

1 Cucremarusupyiite 1 0000IIMTE 3HAHUS TI0 TEME, TIOBTOPHB U3yUCHHBII
Ha JIEKIIMOHHOM 3aHSATHH MaTepHal.

2 BBIIOIHHUTE MPAKTHYECKYIO YacTh paOOTHI.

3 OrmeTbTe HaOMIO/IEHHS, COCTABHTE YPAaBHEHWS MPOBEIECHHBIX PEaKIIHi
0oOHapy»XeHHsI KATHOHOB U aHUOHOB.

4 ChopmymupyiiTe 00IIHEe BEIBOABI O IPOJICIIAHHON padoTe.

Xopn padoThI:

1.IlonyuuTte OT mpernoaaBatessi IpoOy HEU3BECTHOTO BEIIECTRA.

2. IIpoBeanTe BU3yaNbHbBIC HCCIICIOBAHHSL.

3. IIpoBeauTe Hccne0BaHus IPU PACTBOPEHUH B BOJIC.

4. TIpoBeMTe UCCIICIOBAHUS IPH PACTBOPEHHUH MPOOHI B KHCIIOTE.

5. IIpoBeauTe Hccne0BaHus IPU ASHCTBUH Ha TIPOOY paCTBOPOM ILETOYH.

6. BoimoyHuTe CcHCTEMAaTHYECKHMH aHaau3 HEM3BECTHOIO BEIIECTBA, €CIH B
pe3yIbTaTeC MNPEABAPUTEIIBHBIX ucnelTanuii Bel He cMorm ONpeaACIINTL COCTaB
poOBI.

X00 cucmemamuyecko2o anaau3a cmecu KamuoHo8 nocie
npeosapumenbHuIX UCHbIMAHUL

1) otnensror | anamutuueckyro rpynmy (Ag, Pb?*, Hg.?") neiicteuem HCI
(¢punbrpar conepxur Il, 111, 1V, V, VI rpymmsr).

2) orgensior |l anamutuueckyro rpymmy (Ba?t, S
H2SO4 (punbrpat conepxur 1, 1V, V, VI rpymmsr).

3) ocaxparor: Il amamuTuueckyro rpynmy (APY, Zn*, Cr*); IV
anamatuueckyro rpymny (Fe*, Mn?*, Mg?*); V anamatuueckyro rpymmy (Cu?*,
Ni2*, Co?") B Buge rugpokcunos aeiicteueM menoun KOH (hunbTpar comepikut
VIrpymmy).

4) 3atem otaemstot |11 Tpymimy pacTBopeHHEeM ocaika B M30BITKE MISTOUH.

50 ocamok ruapokcunoB IV u V rpynn o6pabatsiBatot pactBopom NH4OH,
KaTHOHBI V IpyHIel yXonaT B guisTpatr. Ha dmisTpe ocraercs ocafok KaTHOHOB
IV rpynnsr

6) KaxIyIo OTAEIBHYIO TPYIITY aHAIM3UPYIOT, HCIOB3Ys crenupudeckue
1 Ka4eCTBEHHBIC PEaKIIUH.

X00 cucmemamuyecko2o aHAIU3A CMeCU AHUOHO8 NOCTIe NPe08aAPUMENbHBIX
UCTIBIMAHUIL:

1) orgensor |l amamutuueckyro rpymmy (SOs%, COz?, PO, SiOs%)
nericreuem BaCl,.

r?* Ca?") peiictBuem
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20 ornenstor | amamuTuueckyro rpymmy (Cl, BrI, S%) neiictBuem
AgNO:s.

3) ocaxxnarot Il ananmutnyeckyro rpynmy (NO3z~, NO;-, CH;COO").

4) KXY OTIACTHHYIO TPYIITY aHATU3UPYIOT, UCTIONB3Ys CHenu(UIecKre
Y KaYeCTBCHHBIC PEAKIIHH.

7. CuenaiiTe 3aKJII0YEHHE O COCTaBE MPOOBI BEIIECTRA.

dopMa mpeacTaBIeHHsT pe3yJabTaTa: OTYET O IPOJEIAHHOH paboTe,
COCTABJICHHBIE CXEMbl YPaBHEHHI HAOIIOIAEMBIX PEAKIIHH, BBIBOJIBL.

Kpurtepnu onenku:
3a KaKIbIi MPaBUIBHBIN OTBET — 1 Oa.
3a HenpaBUIIBHBIH 0TBET — () OasLIoB.

JlabopaTopHasi padora Ne 13
AHaJIN3 HEM3BECTHOTO BELECTBA

Ieab padoTbl: HAy4YUTBCS MNPOBOJIUTH CHCTEMAaTHYECKHHA  aHajM3
HEM3BECTHOTO  BEUIECTBA IO  KUCJIOTHO-IIEJNOYHOW  KJIacCUPUKAMU |
00Hapy>KMBAaTh OCHOBHBIC KATHOHBI, aHHOHBI B HX CMECH.

Bsinoinus padoty, Bel Oyaere:

ymembs:

— TPOBOJUTH CHUCTEMATHYECKHH aHaIM3 HEW3BECTHOIO BEIIECTBA 11O
KUCIIOTHO-IEJIOYHOH KIaccu(HUKaIny;

— 00Hapy’KHBAaTh OCHOBHbIC KATHOHBI I aHHOHBI B UX CMECH;

— COCTaBJIATh CXEMBbl ypPaBHEHUI KaueCTBEHHBIX pEaKlUi OOHapy)KeHHA
OCHOBHBIX KaTHOHOB U aHHOHOB.

MaTepnaﬂL}me odecneyeHue:

Ilepuomnueckass cuctema xumuueckux aneMeHToB . . MeHnneneesa,
TabIuIa paCTBOPUMOCTH

OO6opynoBaHwe W pPEakTHBBL: MPOOUPKH, MAJNOYKH, IHIIETKH, BOPOHKHU,
GUIBTPBI, HEHTPHU(YTA, IEKTPOIDIMTKA, BOJSMHAS OaHS, PEaKTUBHBIA INTATHUB C
HabOpOM HEOOXOIUMEBIX KHCIIOT, IEI0YeH, COTeH, peareHTOB M HHIMKATOPOB.
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3amanme:

1 Onpenenenre KaTHOHOB B COCTaBe IPOOHI.

2 OnpepeneHre aHUOHOB B COCTaBe MPOOHI.

[Mopsinok BeITOTHEHMS PAOOTHI:

1 Cucremarusupyiite U 0000IINTE 3HAHUS IO TEME, IIOBTOPUB U3yUSHHBIN
Ha JIEKIIMOHHOM 3aHATHH MaTepHall.

2 BBIIOMHHUTE MPAKTHYECKYIO YacTh paOOTHI.

3 OrmeTbTe HaOMIO/EHHS, COCTABHTE YPAaBHEHHWS MPOBEICHHBIX pPEaKIHit
0oOHapy»XeHHsI KATHOHOB U aHUOHOB.

4 ChopmymupyiiTe 00IHEe BEIBOABI O IPOJICIIAHHON padoTe.

Xoa padoTthi:

7.IlonmyuunTe OT HpernojiaBarens mpody HEU3BECTHOTO BELIECTBA.

8. IIpoBeanTe BU3yaNbHbBIC HCCIICIOBAHHSL.

9. IIpoBeauTe HCCNEI0BAHNS IPU PACTBOPEHUH B BOJIC.

10. IlpoBeanTe MccIe0BaHMUS IPU PACTBOPEHUH MPOOBI B KHCIIOTE.

11. TlpoBeanTe UCCIEIOBaHUS NIPH JACHCTBUH Ha MTPOOY PACTBOPOM IIEJIOYH.

12. BEImoIHUTE CHUCTEMATUYECKHH aHaIM3 HEU3BECTHOIO BEIECTBA, €CIIA B
Pe3yabTaTeC NPEABAPUTEIIBHBIX ucnbelTanuii Bel He cMorm ONpeaACIINTL COCTaB
poOBI.

Xo0 cucmemamuyeckoeo aHaau3a cmecu KAamuoHo8 nocie
npeoeapumenbHuIX UCNbIMAHUL

1) otpensror | anamutuueckyro rpymny (Agt, Pb?*, Hg.?*) neiicteuem HCI
(¢unbrpar conepxur Il, 111, 1V, V, VI rpymms).

2) orgensior |l amamutuueckyro rpymmy (Ba?t, Sr¥*, Ca®") neiictBuem
H2SO4 (punbrpar cogepxur 1, 1V, V, VI rpymnmsr).

3) ocaxparor: |l amamuTuueckyro rpymnmy (APY, Zn*, Cr¥); IV
anamatuueckyro rpymny (Fe¥*, Mn?*, Mg?*); V anamatuueckyro rpymmy (Cu?*,
Ni2*, Co?") B Buge rugpokcunos aeiicteueM menoun KOH (hunbTpar comepikut
VI rpynmy).

4) zatem otnensitot |11 rpynny pactBopeHneM ocajika B U30BITKE IIETOYH.

50 ocamok ruapokcunioB IV u V rpynn o6pabatsiBatot pacteopom NH4OH,
KaTHOHBI V IpymIel yXonatT B ¢guisTpatr. Ha duisTpe ocraercs ocalok KaTHOHOB
IV rpynnsr

6) KaXxIyIo OTIEIBHYIO TPYIITY aHAIM3HPYIOT, HCIONB3Ys crenupuaeckue
1 Ka4eCTBEHHBIE PEAKIIUH.

X00 cucmemamuyecko2o aHAIU3A CMeCU AHUOHO8 NOCTIE NPe08aAPUMETbHBIX
UCTIBIMAHUIL:
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1) ormensior Il amanutuyeckyro rpymmy (SO42, COs%, PO, SiO5%)
nevicteuem BaCly.

20 ornenstor | amamuTuueckyro rpymmy (Cl, BrI, S%) neiictBuem
AgNO:s.

3) ocaxxnarot Il ananmutnyeckyro rpymnmy (NOz~, NO;-, CH;COO").

4) KKy OTIACTBHYIO TPYIIY aHATU3UPYIOT, UCTONB3Ys CHenUu(UIeCKre
U KaueCTBEHHBIE PEAKIINH.

7. CnenaiiTe 3aKJII0YEHHE O COCTaBE MPOOBI BEIIECTRA.

dopma mpeacTaBIeHHsT pe3yJabTaTa: OTYET O IPOJEIAHHOH paboTe,
COCTABJICHHBIE CXEMbI YPABHEHUIT HAOIIOMAEMbBIX PEAKIIHiA, BHIBOJIBL.

Kpurtepnu onenku:

3a KaKIbIi MPaBUILHBIN OTBET — 1 0.
3a HenpaBUIIBbHBIH 0TBET — () OasLIoB.
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Tema 5.8. 'paBuMeTpuyeckuii (BecoBoii) MeTO1 aHATH3A

JlaGopaTtopnasi padora Ne 14
Onpenesenne coaep:kaHus BJIAaru B MUIIEBbIX MPOIYKTAaX

I_[e.m, paﬁon,l: HAay4YUTbCA TI0JIb30BATHCA AHAJIUTUYCCKHUMU BECaMMH,
BBITIOJIHATH OCHOBHBIC OII€paliii BECOBOT'O aHaJin3a.

Boinosnus padorty, Bbl Oynere:

ymemo:

— TI0JIb30BATHCS AHATMTUYCCKUME BECaAMH;

— BBIMIOJIHATH OCHOBHBIE OTIEpPAIlFK BECOBOTO aHAJIN3A.

MarepuaibHoe odecneyeHue:

OOopynoBaHWE W PEAKTUBBL AHAJIUTHYECKHE BECBl, TEXHOXUMHUECKUE
BECHI, CYIIMIBHBIA MIKa(, OIOKCHI, TEPMOMETp, SKCHKATOP, IIHIIIIbI, UCCIIETyeMble
00pa3isl (xJ1e000yI04HbIE U3EHsI PA3HOTO BH/IA, TEYEHBE, CyXapH ).

3aganue:
OnpeneneHre MPOLCHTHOIO COACPIKAHUS aHATMTHYCCKON BJIard B o0pasiie
MUIIEBOTO MTPOAYKTA.

IMopsinok BeINOIHEHHS PAOOTHI:

1 Cucrematusupyiite 1 0000mMTE 3HAHUS 10 TeMe, IIOBTOPUB M3yUYECHHBIH
Ha JIEKI[MOHHOM 3aHATHU MaTepHall.

2 BBINonHUTE NPaKTHYECKYIO YacTh PaOOTHI.

3 IIpoBenuTe pacyer.

4 Cdopmympyiite oOLIMe BHIBOBI O POJIEIAHHON padoTe.

Xopn padoThI:

1. Bospmure B 4YHCTBI HOBEACHHBIM [0 IOCTOSHHOM Macchl OFOKC
mramMeTpoM 35-40 MM HaBECKY HCCIIEyeMOTO BEIIECTBAa Ha aHAIMTHIECKUX Becax
¢ tounocthio 10 0,001 r. BenwmuwHa HaBecKH ~2 T, TOJIIMHA CJIOS HABECKH B
OIOKCE HE JI0JDKHA OBITH OOJIBIIE 5 MM.

2. OTKpHITHIH O1OKC MOMeIaroT B Harpetsiil 10 105°C cymmnbHbli mkad u
BBIICP)KUBAIOT B TeueHHe | yaca.

3. BbiHHMaOT OIOKC M3 CYHIMJIBHOTO MiKada NMIIaMH, MOMEINAIT B
9KCHUKATOp U B HEM OXJIAXKIAIOT.
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4. B3BemmBalOT OXJNAKICHHBI OIOKC Ha aHAJUTHYECKUX Becax C
TouHocThIO 0,001 1.

5. IIpoBOAT KOHTpPONBHYIO IpocymKy B TedeHue 30 MMHYT, CHOBa
OXJIAKJAI0T B DKCUKATOpPE U B3BEIIMBAIOT. KOHTPOIBHBIE MPOCYIIKH MOBTOPSIOT
JI0 TeX Mop, 1MoKa yObu1h Macchl oopasua Oyner 0,001 r nim MeHbIe.

6. PaccuunTaiiTe MpoOIEHT aHATUTHYECKOM BJIard B 0Opasiie 1o GopmyJie:

wo, =% "% 1000,

G
rae Ji ¥ 0o — Macca obpasiia 10 U ocje MPOCYIIKU, COOTBETCTBEHHO, T.
7. ChopmymupyiiTe BBIBOJ IO JTaOOPaTOPHOU padoTe.

dopMa mpeacTaBIeHHsT pe3yJabTaTa: OTYET O IPOJEIAHHOH paboTe,
BBIBOJIBI.

Kpurtepnu onenku:

3a KaKIbIi MPaBHIBLHBIN OTBET — 1 Oa.
3a HenmpaBUJIBHBIN 0TBET — 0 GayIoB.
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Tema 5.8. I'paBuMeTpuyeckuii (BecoBoii) MeTO1 aHATHU3A

JlabopaTtopnas padora Ne 15
Onpenesenne coaep:kaHus BJIaru B MUIIEBBIX MPOIYKTAaX

I_[e.m, paﬁon,l: HAay4YUTbCAd TI0JIb30BATHCA AHAJIMTUYCCKMMU BCCaMMU,
BBITIOJIHATH OCHOBHBIC OII€paliii BECOBOI'O aHaJIM3a.

Boinosinus padorty, Bbl Oynere:

ymembo:

— TI0JIb30BATHCS AHATMTUYCCKUMH BECaAMH;

— BBIMIOJIHATH OCHOBHBIC OTEPAIMU BECOBOTO aHAIN3A.

MarepuaibHoe o0ecneyeHue:

OOopynoBaHHEe W PEAKTHBBL. AHATUTHYCCKHE BEChl, TEXHOXMMHUYECKUE
BECHI, CYIIMIBHBIN 1IKad, OIOKCHI, TEPMOMETP, SKCHKATOP, IIUIIIBI, HCCIIETyeMble
00pa3isl (xJ1e000yI04HbIE U3ETHsI PA3HOTO BH/IA, TEYEHBE, CyXapH ).

3aganue:
OnpeneneHre MPOICHTHOIO COACPIKaHMS aHATUTHYCCKON BJIard B 00pasiie

MUIIEBOTO IPOAYKTA.

IMopsinok BbINOIHEHUS PAOOTHI:

1 CucremaTusupyiite 1 0000mHUTe 3HAHUS 110 TEME, IIOBTOPUB M3yUCHHBIH
Ha JIEKLIMOHHOM 3aHATHU MaTepHall.

2 BBIoONHUTE TPaKTHYECKYIO YacTh PabOTHI.

3 IIpoBeauTe pacyer.

4 Cdopmysmpyiite oOLIMe BHIBO/IBI O IPOJIEIAHHOMN padoTe.

Xopn padoThI:

1. BospmuTe B 4YHCTBIN MOBEIACHHBIM [0 ITIOCTOSIHHOW MacChl OFOKC
mramMeTpoM 35-40 MM HaBECKY HCCIIEyeMOTO BEIIECTBAa HAa aHAIMTHIECKUX Becax
¢ toynocthio 10 0,001 r. BeawuwHa HaBeCKH ~2 T, TOJIIMHA CIIOS HABECKH B
OIOKCE HE JIOJDKHA OBITH OOJIBIIE 5 MM.

2. OTKpHITBIN O01OKC moMeatoT B HarpeTbiid 10 105°C cymunbHbli mkad u
BBIICP)KUBAIOT B TeueHHEe | yaca.

3. BomHnMaroT OOKC W3 CYMIMIBHOTO MIKada MIMIIaMH, MTOMEMalT B
9KCHUKATOp U B HEM OXJIAXKIAIOT.
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4. B3BemmBaOT OXJIAKACHHBIM OIOKC Ha aHAINTHYECKUX Becax C
TouHocThIO 0,001 1.

5. IIpoBOIAT KOHTPONBHYIO IpocymKy B TeueHue 30 MMHYT, CHOBa
OXJIAKJAI0T B 3KCUKATOpE M B3BEHIMBAIOT. KOHTPOIBHBIE MPOCYIIKM MOBTOPSIOT
JI0 TeX Mop, 1MoKa yObu1h Macchl oopasua Oyner 0,001 r nim MeHbIe.

6. PaccuuTaiitTe MPOICHT aHATUTHYCSCKOH BJIaTH B 00pasIie mo GpopmyIie:

wo, =% "% 1000,

G
rae Ji ¥ 0o — Macca o6pasiia 10 U ocje MPOCYIIKH, COOTBETCTBEHHO, T.
7. ChopmymupyiiTe BBIBOJ IO JTaOOPaTOPHOU padoTe.

dopMa mpeacTaBIeHHsT pe3yJabTaTa: OTYET O IPOJEIAHHOH paboTe,
BBIBOJIBI.

Kpurtepnu onenku:

3a KaKIbIi MPaBUILHBIN OTBET — 1 Oa.
3a HenpaBuIIbHBIH 0TBeT — 0 GasLIoB.
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Tema 5.9. TurpumeTpuyeckuii (00beMHBIIT) METO aHAIU3A

JlaGopaTopnas pa6ora Ne 16
OmnpenesieHue cogep:KaHUA KHCJIOTBI 1 IIEJI0YH METOAOM
HeHTpaJIu3anuu

Lean padoThl: HAy4IUTHCS pabOTaTh C MEPHOM ITOCY/I0H, TOTOBUTH paboune
PacTBOPBI, TUTPOBATH, IPOBOAUTE ONPEEICHHUS] METOJJOM HEHTpaIu3aluy.

Boinosnus padorty, Bul Oynere:

ymem.!

— pabotaTb ¢ MEpHO¥1 IOCYI0H;

— TOTOBUTH paboumre pacTBOPEI,

— TUTPOBATh, TPOBOUTH OMPEICICHUSI METOIOM HEHTPaIH3aIlHH.

MarepuanbHoe obecrieyeHue:

Ilepuomuueckas cucremMa xumuyeckux osnemeHToB [[. V. Menneneesa,
TabJMIIa PACTBOPUMOCTH.

OOopynoBaHHEe M PEAKTHBBI: MEpPHBIE KOJOBI, BOPOHKH, OOMKH, (pUKcaHa
cepHoit kucnotel HySOs, aucTwinmpoBannHas Boma (1. H20O), mpombiBaika,
KapaH/all Mo CTeKITy, KOHNYeCKHE KOJIObI, MEpPHbIE MHUIIETKH TPaayHpOBaHHbIE U
HerpajJyupoBaHHbIC, KallelbHNIIA, CIIMPTOBOW pacTBOp (eHon(ranenHa, OopeTka,
TEXHOXMMHUYECKHE BECHl C PA3HOBECKAMH, CTaKaH XMMHYECKUI CTEKISHHBIMH,
cyxoii KOH (eaxoe kamm), CTeKJIIHHAS MAI0YKa.

3ananue:

1 Onpenenenue MPOLEHTHOTO COACPXKAHUS KHCJIOTBI B 0oOpasie
HCCIIEeIyeMOro pacTBOpa.

2 OmnpeneneHue MOPOLEHTHOTO COJACPXKAHMS IIEIOYM B oOpasie
HCCIIEeIyeMOro pacTBOpa.

IMopsinok BeINOIHEHUSA PAOOTHI:

1 Cucrematu3upyiTe U 0000IIUTe 3HAHUS IO TeME, IIOBTOPHB W3YICHHBIN
Ha JIEKIIMOHHOM 3aHATHU MaTepHall.

2 BrmosHATE MPaKTHYECKYIO YacTh paOOTHI.

3 IIpoBenuTe pacyer.

4 ChopmymnupyiiTe odIme BEIBOABI O IIPOICIAHHON paboTe.

Xox padoThI:
51 8bINONHEHUS ONBIMOB.
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1. IonyuwnTe 3amaHue y MPeIoIaBaTes.
2. [IpuroToBbTE CTAaHMAPTHBIA (YCTAHOBOYHBIN) pPAcTBOP CEpPHOH KHCIOTHI U3
¢ukcanana. [ 3T0r0 B MpeIBapUTEIIBHO TIIATEIBHO BHIMBITYIO MEPHYIO KOJIOY
(200 mwm 250 M) TEpeHECHTE KOJMYECTBCHHO C TIOMOIIBI0 BOPOHKH W OOiKa
comepxkumoe ammyiel  (ukcanama HpSOs, pmomefite 1. HoO mo  wmetkw,
nepementaiite. [Tonmummre Ha KoOe GOpMyITy M KOHIIEHTPAIHIO PacTBOpa.

Onvim Ne 1. Onpedenenue coOepicanus KUCIOMbl U WeNo4u Memooom
Hetlmpanuzayuu

ITopsiok BHIIOTHEHUS ONBITA:
3. Jlns onpeneneHus cojepKaHHE KHCIOTHI B HCCIIEILyeMOM pPacTBOpE HYXKHO
MIPUTOTOBUTh PabOuYMii THUTPOBaHHBIA pacTBOp Mmienoud. Jlns oatoro B
naactMaccoBoi mocyzae roroBsaT pactBop KOH mpumepnoit xonnentpauuu. Ha
TexHu4yeckux Becax oTBenmBaroT 0,56 T cyxoro KOH u pacTBopsOT B cTakaHe B
100 M a. H2O npu nepemMelMBaHUU CTEKISTHHOM nanoukoi. ClnuBaloT pacTBOp B
MOJIMATHIICHOBYIO OaHKY, MOJIUCHIBAIOT. 3allOJHSIOT OIOPETKY 3THM DPacTBOPOM
LIeJI0YM M OTTUTPOBBIBAIOT MM MO QeHondrasenHy 2 amukBoThl 1mo 10 wmi
crangapTHoro pactBopa Kuciotsl HoSO4.
4. PaccunThIBaIOT HOPMAIIBHOCTB pabouero pactBopa mesiouu rno Gopmyie:

— Ny -V,
W
V“‘ U
TKOH _ Nk ’Vk '9M(K0H) _ Nk 'Vk -56 .
Von -1000 Vo -1000

5. Korma pabounii pacTBOp WIENOYM TPHUIOTOBJIEH, W KOHIIEHTPALUS €ro
YCTaHOBJIEHA, BO3BMUTE TPHU adMKBOTHI mo 10 Mi ucciemyemoro pactsopa B
KOHHYeckue KoJobl, pazdasbre 1. HoO no ~100 M, no6aBbTe 2-3 Karuii pactBopa
¢deHondTanerHa U OTTUTPYHTE PACTBOPOM ILEJIOYM JIO TOSIBICHUS yCTOMYMBOM
MaJIMHOBOHM OKpackd. OTMEThTE MOLIEINE Ha TUTPOBAaHUE OOBEMBI.
6. [IpouieHTHOE CozleprkaHie KOMITOHEHTa pacCUUTaiiTe Mo hopmyie:

N -V?.5
X (%)K*)nbl = p p M(K7Mbl) .100%;
1000-10
7. PaccunTaiiTe NpOLIEHT OTHOCUTEIHHOM OLIMOKH:
np_ meop
%omﬂ oumbrku i . 100%
: Xmeap

Onvim Ne 1. Onpedenenue coldepicanus KUCIOMbl U WeN04l Memooom
Helumpanuzayuu

HOPHZIOK BbIINOJTHECHHUSA ONIbITA:
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1. B xaxmyro U3 TpexX YMCTHIX KOHWYECKUX KOO orOepute anukBoTy (10 mm 15
MJI) MEpHOW NHIETKOH HCCIEAyeMOro pacTBOpa, A00aBbTE AMCTHILIMPOBAHHON
BOJIBI IpUMEPHO 110 06bema 100 M1, mpuielTe 0 HECKOJIBKO Karelb CIIUPTOBOTO
pacTBopa UHMKaTopa (heHonpTaienHa.

2. JIns ompeneneHusi CoJEp)KaHME IIEJIOYM B HCCIEIYEMOM pacTBOPE YHCTYIO
OIOpeTKy 3alloJIHUTE IPUTOTOBIEHHBIM CTaHAApTHBIM pactBopoM H>SOs 1o
HYJICBOM OTMETKH W OTTUTPYHTE BCE aJIMKBOTHI HCCIEIYeMOIo pacTBOpa II0
WCYE3HOBEHHIO MAJTMHOBOM OKPACKH, OTMETHTE OOBEMBI KHCIOTHI, MOMIE/ el Ha
TUTPOBaHHE.

3. IIpoueHTHOE cozleprkaHie KOMIIOHEHTa pacCUUTaiTe 1o hopmye:

N -V*.D
X (%) o = )4 )4 M (wenouu) . 100%,
N 1000-10
4. PaccuuTaiiTe MpONECHT OTHOCUTEILHOW OIUOKHU:
np__ meop
%omH oKy i . 100%
! Xmeop

5. ChopmynupyiiTe BBIBO/I IO J1aOOpaTOPHOI padboTe.

dopMa mpeacTaBIEHHST pe3yJabTaTa: OTYET O IMPOJCIAHHOH paboTe,
BBIBO/IbI.

Kpurtepun onenku:

3a KaXIpIil IpaBHIIBHBIN OTBEeT — 1 Oan.
3a HempaBUIIBHBIN 0TBET — 0 GayIoB.
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