TEOPETUYECKUE ITPEJACTABJIEHUSA [10 TEMAM KOHTPOJIbHBIX
PABOT U ITPUMEPHI PEIIEHUM A TUTIOBbBIX 3AJTAY

B paznene nmaroTcs TEOpETUYECKUE MPEICTABICHUS, MPUMEPHI PELICHUS
TUIOBBIX 3aJa4 IO 4eTblpeM TeMaMm: «PaBHOBecue B cucTeMe “OCaJoK—
pactBop”. IlpousBeneHue pacTBOPUMOCTHY, «I'paBUMETPUYECKUN aHAIU3Y,
«Pacuer pH pacTBOpoB KHCIOT, OCHOBaHUH, cojeil U Oy(hepHBIX PacTBOPOBY,
«Tutpumerpuueckue MeToIbl aHaNn3a. KHCIOTHO-OCHOBHOE TUTPOBAHUEY.

Tema 1
PaBHOBecHe B cucTEME «0CATIOK—PACTBOP».
IIpousBeneHue pacTBOPUMOCTH

B aHasmMTHYECKON XMMHH CYILECTBYET Psifi TETEPOTCHHBIX IIPOLIECCOB, KO-
TOpPBIE COMPOBOXK/IAKOTCS BBINAICHUEM WIM PACTBOPEHHUEM OCAJIKOB. 3HAHHE 3a-
KOHOMEPHOCTEH YCTAHOBJICHUS M CMEILIECHUS PaBHOBECUS B CUCTEME “‘OCaJOK—
pacTBOp”’ MO3BOJISIET YIPABIATH MPOLIECCAMU Pa3JeIeHUs, PACTBOPEHHUS U OIIpe-
JIEJICHUS BELIECTB.

PaccMoTprM miporieccehl, BO3HUKAIOIME NPU B3aUMOJECHCTBUM MajopacTBO-
puMoro, Ho cuiibHOTO AekTponuta BaSO, ¢ Bogoi. [lox aeiictBrem aumosneit Bo-
61 MoHB! Ba® 1 SO,” 6yyT HepexomuTh U3 KPUCTAIUTMUECKON PEIeTKH B HKH/I-
Ky10 (azy. OJHOBPEMEHHO C 3TUM IMPOLIECCOM MOJT BIAMSIHUEM JIEKTPOCTATUYECKO-
IO MOJSI KPUCTAJUTMYECKOW PEUIETKH YacTh MOHOB Oapus U Cynb(]ar-MOHOB BHOBb
Oyaer ocaxpaarbcs. Ilpu onpeneneHHON TemmepaType B T'€T€POr€HHOM CHCTEME
YCTaHOBUTCS PAaBHOBECHUE: CKOPOCHIb PACMBOPEHUsl Oy0em paeHa CKOpPOCMmU 0cCa-
Jrcoenus1. PactBop, HaXoIsMiics B paBHOBECUU C TBEPIOM (pa3oi, Ha3bIBACTCS HA-
CBIIIIEHHBIM OTHOCUTEJIBHO MAJIOPACTBOPUMOIO COETMHEHUSI.

HacpimenHsiii pacTBop mnpeacTaBisieT co0OM paBHOBECHYIO TIe€TEpOTeH-
HYIO CUCTEMY (COCTOSIIYIO U3 HECKOJIBKUX (a3 ¢ peajlbHOU rpaHuLIed pa3jiena),
KOTOpas XapaKkTEPU3yeTCsl KOHCTAHTON XUMHUUYECKOIO PAaBHOBECHS:

B a(Ba’)-a(S0O;")
" a(BaSO,)

(AKTHBHOCTB TBEPJIOTO BellecTBa cyibdara Oapus paBHa 1.)

Takum 006pa3oM, B HACHIIIEHHOM PacTBOpPe MAaJOPACTBOPUMOIO JJIeK-
TPOJINTA MPOU3BeleHHEe PABHOBECHBIX AKTHBHOCTEH €ro HOHOB €CTh BeJIH-
YHHA MOCTOSIHHAS TPH TaHHOHW TeMmepaType.

B pa30aBieHHBIX pacTBOpaxX TEPMOJIMHAMHYECKAsT KOHCTAHTa PABHOBECHS
(w1 mpou3BedeHHe PACTBOPMMOCTH) MPEBPAIIACTCS B KOHIEHTPAIIMOHHYIO
(yuuThiBasi, 4T0 KOA(G(UIMEHTHl aKTUBHOCTH B JAHHOM CIIy4ae MPUOIU3UTENb-
HO paBHHI 1):

=a(Ba’")-a(SO; ) =K} .

K; =[Ba*1-[SOZ 1.
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Bennunnoit K Moib3ylOTCS B OTHOIICHUHU DIIEKTPOJIHTOB, PACTBOPH-
MOCTb KOTOpBIX B Bojie MeHee 0,01 moub/J1.

Konan4ecTBEHHO pacTBOPUMOCTh Pa3HbIX BEIIECTB BBIPAYKAETCS KOHILICH-
Tpalueil HaCBIIEHHBIX PACTBOPOB.

PacTBopuMOCTh BelecTBa PaBHA €ro MOJISIDHOW KOHUEHTPaluM B
HACBHILIEHHOM pacTBOpe M oGo3Hauaercs S (Moub/i). Csisp Mexay K's u
PacTBOPUMOCTBIO (5) 3aBUCUT OT YMCJIAa MOHOB, HA KOTOPBIE PacIaaeTcs MaJo-
pPacTBOPUMBII AJIEKTPOIUT B PACTBOPE.

Ecin 3anucate paBHOBecHe MajlopacTBOpUMOro coenunenus M,X, ¢ ero
HACBIILIEHHBIM PAacTBOPOM, B KOTOPOM OH JAHMCCOLMUPYET, TO MOJYy4YHM
M, X,= pM + ¢X. Koncranra JaHHOIO PaBHOBECHs SBJIAETCA NPOM3BENECHUEM
pacteopumocti (K’s). Eciu yy U yy IpHOIH3HTEIbHO paBHbI 1 (B pa3bapieH-
HBIX pacTBOpax), To K's = [M]’-[X]? — KOHIEHTPAIIMOHHOE MTPOU3BEICHHE pac-
TBOPUMOCTHU OYJIET CBSA3aHO C PAaCTBOPUMOCTHIO BemecTBa S. [1ycTh KOHILIEHTpa-
IIMsI HOHOB B pacTBope Oyaet paBHa [M] = pS; [X] = ¢S. Ecau nmoacTaButh 3710 B
BeIpakeHue K s, TO Mosydnm

K, =[pSY [¢ST =p”-q"-S"™, cnenosarensno S=ry

Takum oOpa3zoM, yeM BBIIIE 3apsif] KOHOB, 0OPA3YIOIIUX MaJIOPACTBOPH-
MoO€ coeuHeHue, TeM Oobiie [1P.

CymiecTByeT NMpaBUJI0 NMPOU3BEIEHUS]I PACTBOPUMOCTH: €CITU KOHIICH-
Tparys OJHOTO W3 WOHOB, BXOMSAIIUX B Ky, YBEIWYUBACTCS, TO KOHIICHTPAIIHSI
JPYTOro MOHA YMEHBITIACTCSI.

3Hasi KOHIIGHTPAIlMU HOHOB B PAaCTBOPE, MOXKHO MTPOTHO3UPOBATh HAIIPaB-
JICHHE TETEPOTCHHOTO Tpoliecca. Y cJI0BUe BbITIAIEHUsI 0CATKA: €CIIH TPOU3Be-
JICHUE KOHIICHTPAIIMii MOHOB MAaJIOPACTBOPUMOTO JJICKTPOJUTA B CTEICHSX,
PaBHBIX CTEXHOMETPUYECKUM Koddduimentam, Oyaer OoJbllie TaOIUIHOTO
3HAYCHHUS MPOU3BEICHHUS PACTBOPUMOCTH, TO OCAJIOK BBITIAJCT.

OO0pa3zoBaHue 0CaTKOB CBSI3aHO C MPOIIECCOM YKPYIMHEHHUS YacTuil, oOpa-
30BaHHEM KPUCTAUIMYECKON perieTku BemecTBa. OOpa3oBaHMe Ocajka MpoXo-
JUT B 3 cTaguu, KOTOPBIE UIYT C PA3IMYHON CKOPOCTHIO:

" BO3HHUKHOBEHHE 3apO/IBIIICH KPUCTAIUTH3AINN;

" POCT KPUCTAJIOB U3 3aPOIBIIICH;

" arperamys KpUCTAIJIOB C 00pa30BaHUEM MOIMKPUCTAIUINIECKOTO OCAKA.

Ha npornecc o6pazoBanus ocaaka BIusitoT 4 dakropa:

" KOHYeHmpayus UCXOOHBIX pacmeopos (KPUCTAJUIMYECKUE OCAIKH II0-
Jy4aroT U3 pa30aBICHHBIX paCTBOPOB, aMOP(HBIC — U3 KOHIICHTPUPOBAHHBIX );

" PaAcmeopumMocms coeouHeHutl, 0opa3yruux ocadok (4eM MEHbIIE pac-
TBOPUMO COEJMHEHHE, TeM 00Jiee TIOJTHO OCAKIACTCS HOH),

" 00HOUMeHHbIU UOH (MOHMXEHUE PACTBOPUMOCTH MAJIOPACTBOPUMOIO
COCMHEHUS ),
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* memnepamypa (yBEIUYCHHE TEMIIEPATypPbl YBEIMYHUBAECT PACTBOPHU-
MOCTh COJTU M TIPOU3BEACHUE PACTBOPUMOCTH).

PacTtBoprMOCTh OcCazka yBEIMYMBACTCS B TPUCYTCTBHH ITOCTOPOHHUX
AIIEKTPOJIUTOB, HE MMCIOIINX OJHOMMEHHBIX MOHOB B COCTaBe ocajaka. Hampu-
mep, ecnu Kk AgCl mpubasuth NaNQO;, To MOHBI cepedpa U XJIopa OKPY>KaIOTCs
000JI0YKaMH U3 HUTPAT-UOHOB U MOHOB HATPHS, YTO MEIIAECT B3aUMOICHCTBHIO
cepebpa u xJI0p-uoHOB U ocaxaeHuto AgCl u3 pactBopa. B pesynbrare ymMeHb-
IIaeTCs MPOU3BEACHUE PACTBOPUMOCTH, HAOIIOAaeTCA pacTBOPEHUE Ocaaka (co-
neBoit 3 dekr).

IIpumepsl pemrenns 3aaa4 no reme 1

1. Paccuumaiime npousgedenue pacmeopumocmu xaopuoa cepebpa, eciu
MONAPHASL KOHYEHMPAayus e20 HACbIWEeHHO20 B00H020 pacmeopa (S) pasHa
-5
1,33-10 monw/n.
Pemenune. Tak kak pacTBOPMMOCTH XJIOpHJA cepedpa B YHCTOH BOJE
OYCHb Maja, TO K03(h(HUIMEHTH aKTUBHOCTH HOHOB cepedpa U XJIopa MOXKHO
+ ~ ~
npUOIMKEHHO TPUHATH paBHbIME eaunuIe: f(Ag ) = 1; ACl) = 1. 3anumem ve-
pe3 KOHIIEHTPAIIMK NOHOB BBIPAYKEHUE ISl POU3BEICHUS PACTBOPUMOCTH:

K(AgCly=a(Ag")-a(Cl") = f(Ag ) Ag - f(CICI]1=[4g"]-[C].

[Ipu 37AEKTPOJIMTUYECKON AUCCOLMAIIMUA XJIopuaa cepedpa U3 OJHOM yac-
sl AgCl o6pasyercs omuH KatioH Ag  m onus amon CI, T. e. S(AgCl) =
=[Ag"] =[CI'] = 1,33-10" mons/1. CnenoBarensuo, K's(AgCl) = [Ag ][CI] =
=(1,33-107)* =1,77-10""°.

2. Paccuumaiime MOnapHY10 KOHYEHMPAYUI0 KAMUOHO8 CBUHYA U UOOUO-
UOHOB8 8 HACHIWEHHOM 80OHOM pacmeope uoouoa ceunya Pbl,, eciu npoussede-
HUe pacmeopumocmu 0aHHoU coau paero 1,11 0.

Pemenne. Moaua cBUHIIA B BOAHOM PACTBOPE AUCCOLMUPYET CIIECAYHOLIUM
obpazom: Pbl, — Pb’" + 21 ~. Tlomaras, uto KO3((HUIMEHTbl aKTHBHOCTH HO-
HOB CBHHIIA M HOAWMJA paBHbI exuuuue: f(Pb°') = I; f{I’) = 1, 3anumem depes
KOHIIEHTpAIlMd HMOHOB BBIPAXKEHUE JJisi TPOU3BEACHUS PACTBOPUMOCTH:
K{(PbL)=[Pb* ]-[I"T.

[Ipu 3neKTpOIUTHYECKON I[Hccounaunn XJIopuaa cepedpa u3 OJHOM Jac-
THiBI PbI, 06pasyercs oauH KaTHoH Ph°' n jiBa aHI/IOHa 1. O603Ha4YMB KOHIIEH-

TpaLMIO HOMIA CBUHIIA Yepes S nonquM [Pb2 =8 [11=2S.
Toraa Kg(Pblb) = [PH* ][I ] = S-(2S)’ = 4S5°. BblpaBI/IM orcrona S:

9
=[Pb*" ] = ,/K (Pbl) \/1 110 =6.5-10"" moub/m.

CrnenoBaTteibHO, [I =285=26,5 104 = 1310~ momb/i.
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3. Kak usmenumcsa monapuas xoHyeHmpayus uoouoa cepeopa, eciu K
€20 HACLIWEHHOMY pAacmeopy npubasums UOOUO KAlus 00 KOHYeHmpayuu
c(KD)=1,0-10" monv/n, eciu npouseedenue pacmeopumocmu uoduda cepebpa
pasno 8,3:107".

Pemenne. ConeBoit adext yuntoiBare He Oyaem. [lomaras, uto xoadduim-
CHThl aKTMBHOCTH MOHOB cepebpa W MOoAMIa PaBHbI €AMHUIIC, 3aMUIIIEM Yepe3 KOH-
IICHTPAIIM UOHOB BBIPAYKEHHUE JJIs1 TIPOU3BEACHUS PAaCTBOPUMOCTH HOJHIAa cepedpa:

KJ(Agl)=[Ag*-[I"1=8.3-10""".

Paccunraem pactBopuMocTh Hoauaa cepedbpa B yucToit Boje. O603HauMB
[Ag"] = [I'] = S(4g]), noayuum KE(AgI) =[Ag ][I 1= S?. CnenmoBartenbpHO,
pPacTBOPUMOCTH Agl B YHUCTOH BOJE Oyner paBHa
S =JK(Agl) =~/8.3-10"7 =9.1-10™ yonp /1.

Teneps paccuntaeM pacTBOPUMOCTh HOAUAA cepedpa (S;) B IPUCYTCTBUU
OJTHOMMEHHOTO UOHA — MOJAUI-UOHA, UCXOS U3 MPOU3BEICHUSI PACTBOPUMOCTH:

S, =[Ag" 1=K (AgD)/[I"1=8.3-10""7/1.0-10"* =8.3-10"" pomp/1.
Takum 00pa3oM, mpu BBEJCHUH B PacTBOpP Hoauaa cepebpa 100aBOK

MOM/IA KAINs PACTBOPUMOCTD HOAHIA cepebpa yMmensmaercst B S/S; = 9,1-107/
/8,3 10 = 1,1-105 pa3 3a CUeT BIUSHUA OJJHOUMEHHOTO MOJU/I-NOHA.

Tema 2
I'paBuMeTpHUYecKMH aHAIU3

['paBuMeTpruecKuil aHanu3 3aKIOYAETCS B BBIACICHUU BJIEMEHTA WIH
BEIIIECTBA B BUJIE OT/AEIBbHOMN (Da3bl M OMPEEICHUH €€ MAaCChl B3BEITMBAHUEM Ha
aHAIUTUYECKNX Becax. JIOCTOMHCTBOM IpaBUMETPHUUYECKOTO aHAIM3a SBISETCA
BbICOKasi TOUHOCTH (s; = 0,0001). Ommbka metona coctasisiet 0,01 %.

HawnGonee yacTto B rpaBUMETpUH MPUMEHSIETCSI METOJI OCAXKACHUS, KOTO-
PBI COCTOUT M3 psijia ATANOB: OTOOP MPOOKI JIJIsi aHATTU3a, PACTBOPEHUE MPOOHI,
OCAXJIEHUE OIpPEAENIIEMOr0o KOMIIOHEHTA B BUJE MAJIOPACTBOPUMOIO COEIUHE-
HUS, (QUIBTPOBAHUE, MPOMBIBAHUE OCAJKa, BHICYIIMBAHWE WJIM MPOKATUBAHUE
JI0 TIOTYUY€HHMs MOCTOSSHHOM Macchl M B3BeIIMBaHUE. Pexke MPUMEHSIOT METOJ
OTTOHKH, KOTOPBIN 3aKJIFOYAETCS B BBIJICJICHUN OMPEACIIeMOT0 KOMIIOHEHTa B
BUJIE KAKOT0-JIMOO JIETYy4ero COeANHEHUs. AHAIUTUYECKUM CUTHAJIOM B T'PaBU-
METPHUH SBJISIETCS Macca.

CoenuHenue, B BUIE KOTOPOrO OMPEAEISEMbId KOMIIOHEHT OCaXIakoT,
Ha3bIBaeTCs ocaxaaemMoii popmoii. K Hell mpenbsaBisioT psia TpeOOBaHUMN:

"  0CaJ0K JOJDKEH OBITh MaJOPaCTBOPUMBIM U HMETh KOHIIEHTPAIUIO
ONPENEIIEMOTr0 KOMIIOHEHTA B HACBIIIEHHOM PAacTBOPE 32 MpeAesiaMi TOYHOCTH
AHAJTUTUYECKUX BECOB;

"  [OJIyYEHHBIH OCAJOK JTOJKEH OBITh YUCTHIM U BBIIENATHCS B GoOpMme,
yAOOHOM /ISl €r0 ONpeAeIICHUS;
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"  0CaJI0K JOJDKEH 00pa3oBbIBaTh KPYMHbIE KPUCTAIUIIBI, YTO OYyJET CIO-
co0CTBOBATh OBICTPOMY (PUIBTPOBAHUIO (HE 3a0UBArOTCS MOPHI GUIBTPA) U He-
3HAUYUTETLHOMY 3arpsS3HEHUIO0 TOBEPXHOCTH KPUCTAILIOB MO CPABHEHHUIO C MeEJI-
KOKPUCTAJUIMYECKUMH ¥ aMOP(HBIMU OCaIKaMHU.

CoenuHenue, B BUE KOTOPOrO NMPOM3BOAST B3BEIIMBAHHE, HA3bIBACTCA
rpaBuMeTpuyeckoii popmoii. TpeboBanus k rpaBUMeTpUIeCKOr popme:

" rpaBUMETpHUYECKas popMa JOKHA OBITh CTEXHOMETPHUUECKUM COEIH-
HEHUEM M3BECTHOT'O COCTaBa;

" JI0JKHA OBITh YCTOWYMBA;

" JKeJaTeslbHO, YTOObl y Hee Obuia OoJiblllass OTHOCUTENIbHAS MOJIEKY-
JSIpHAsi Macca U COJIepKaHUE aHAIM3UPYEMOIO 3JIEMEHTA B HE ObUIO BO3MOKHO
MEHBIIIHM.

B tabnune npuBeneHbl OCaXKIAIOIIUME PEaKTUBBI, OCaXKJaemas M TpaBU-
MeTpuueckass (OpMbl OCaTKOB ISl T'PaBUMETPUUECKOr0 aHalln3a HEKOTOPBIX
MOHOB.

Omnpenensemplil | Ocaxnarmnil peakTuB dopma ocajgka
VOH (ocaguTenp) ocaxxgaemasi | rpaBUMeETpUYEcKas
Ag" HCI AgCl AgCl
Ba®’ H,S0, BaSO, BaSO,
Nelia BaCl, BasSO, BasSO,
Fe' NH; - H,O Fe(OH), Fe,0;
Al NH; - H,O Al(OH), AlLO;
Ca** (NH,),C,0, - H,O CaC,0,- H,0 CaO

NHorpa ocafok npu NMpoOKAIMBAaHUU HE U3MEHSET CBOEr0 XMMHUYECKOIO
COCTaBa, TOTJIa OocaxkaaeMasi U TpaBUMeTpuueckas (opma coBmajaarT. Hampu-
mep, SO~ — MOH ocaxmaroT U3 pacTBopa aeiictBueM BaCl, B Bume ocaixa
BaSO,. [Ipn npokanuBaHuM OcaJKa €ro XMMHYECKUNA COCTAaB OCTAETCS TAKKE B
dbopme BaSO,. Ouenp yacTo mpu MpOKATUBAHUHN OCAJIKU W3MEHSIOT CBOM XHMHU-
qecknii coctas. IIpu ompeneneHHH comepskaHus kaTHoHOB Al’” mx ocakmaror
pactBopoM ruzapara ammuaka NH;-H,O B Bune Al(OH);, koTophlil ipu mpoka-
JMBAHUU pa3jaraercs u npespamiaetcs B okcu amomMuHus Al,Os.

['paBuMeTprUYECKM MOXHO ONPEACIUTh COAECPKAHUE OJHOTO WM He-
CKOJIbKUX KOMIIOHEHTOB B aHAJIM3UPyEeMOM 00paslie, a TakKe€ IPOBECTH IMOJ-
HBIM 3JIEMEHTHBIA aHAIU3 XUMUYECKOTO COCTUHEHMUS.

Conep:xanue ompeaessieMoro KOMIOHEHTa (MaccoBasi J10J1s1) B aHAJIU3H-
pyemom o0pasiie pacCUMThIBaeTCs 1Mo popmyrie

o,%="F 100,
mO
rJie M — Macca rpaBUMeTprUYeckoil (opMbl, T; m, — Macca HaBecku, T; F — rpa-
BUMETPUUCCKUN (PaKTOp, KOTOPBIA ompadsicaem cooepiicanue onpeoensiemozo
KOMNOHEHMA 8 2pasumempuieckoll popme u PEACTABISICT OTHOLMICHUE MOJISP-
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HOM Macchl ONpeAeIeMOro KOMIOHEHTa K MOJISIPHON Macce rpaBUMETPUYECKOI
(GOpMBI C YUETOM CTEXHOMETPUUECKUX KOIPPUIINEHTOB:

F _ a MOHPCHCHHCMOFO KOMITOHCHTA

b ) MrpaBHMeTquecxoﬁ (bopmbI
rae a u b — crexuomerpuueckue Ko3PpQGUUUEHTHI PU ONPEAEIIIEMOM AJIEMEHTE
B I'paBUMETpUUYECKOU (opme M ompesensieMoOM KOMIOHEHTE COOTBETCTBEHHO
WIH, IPYTUMH CIIOBaMHU, a U b — LieJble Yncia, Ha KOTOPbIE HY>)KHO YMHOXHTb
MOJISIPHBIE MACChI, YTOOBI YUCIIO aTOMOB OIPEAEIIEMOr0 KOMIOHEHTA B YU CIIU-
TeJIe U 3HaMeHaTele ApoOu ObLIO OJIMHAKOBBIM.

Hampumep, npu onpenesieHnn coaepkKaHusl KaTHOHOB JKEJIe3a B €ro Co-
eIMHEHUsX rpaBuMeTpuyeckas ¢opma ummeer coctaB Fe,O;, cienoBaTenbHO,
rpaBUMeTpHYecKkuil hakTop Oyaer paBeH

Fe,0, >

Ecnu HaBecka pacTBopseTcs B KOJIO€ BMECTUMOCTBIO Vi U Ha OJTHO OTIpe-
JejeHue OepeTcsl MUIEeTKON aluKBOTa pacTBopa Vi, TO MaccoBasi J0JIsl KOMIIO-
HEHTa B 00pasiie pacCYMTHIBACTC MO cieayromen Gpopmye:

b

=0,6994.

o™ o Ve
m, Vi

Ecnu nBa kKOMIoOHEHTa B aHAIM3UPYEMOM CMECH 00pa3yroT MajJopacTBO-
pUMBIE COEMHEHUSA C OCAAUTEIEM, TO MPOLUECHTHOE COJIEPKAHUE KAXKIOro U3
KOMIIOHEHTOB MOKHO PacCUMTaTh, 3Hasi HABECKY JIAHHOM CMECHU U MacCy OCaJKa.
O0603HauYMB KOMIIOHEHTHI cMecd X M Y, a COOTBETCTBYIOIME TpaBUMETpHUYE-
ckue ¢popmel I'X u I'Y, cocTaBisiem cucTeMy ypaBHEHUMN:

mx + my=my,
mrx + My = M.

Bripa3uB mMacchl rpaBUMeTpUUecKUX (PopM depe3 Macchl KOMIIOHEHTOB U
COOTBETCTBYIOIINE IPaBUMETpUUECKUe (aKTOPBI, MOJACTABUB HAWJCHHBIC BBIpa-
YKCHUS B YPABHEHUE ISl My, TOJIYUYUM

M rx, Mty m
My, M, Fy F
(X) (Y) x) 49
Pemasi monydeHHOE YpaBHEHHME COBMECTHO C IMEPBBIM, MOJIYy4YaeM 3Haue-

X
m2 nim #"'—:mz.

m-F
HHUS My U My, 3aTEM, UCIIOJIB3Ys ypaBHEHUE ®,% =———-100, onpeaensem mpo-
m
0

HOCHTHOC COACPKAHUEC KAKIOI0O U3 KOMIIOHCHTOB.

Pacuem senuuunvl nasecku

Beanunna HaBecku AHAJIM3UPYCMOI'0 BCIICCTBA 3aBUCUT OT MOJIbLHOU J0-
JU OoIpeaciisicMoro KOMIIOHCHTA, MACChI OCEDK,ZI&GMOI\/JI )51 FpaBHMeTpH‘ICCKOﬁ
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(GbopM, YyBCTBUTEIBHOCTH BECOB U COJAEPKAHUS ONPEAENIEMOr0 KOMIIOHEHTA B
rpaBuMeTpuueckoit ¢opme. Pacuer BenuuuMHbI HaBeCKH (T) U BBITOJHEHMS
OJIHOTO OTpEIETICHUSI TPOBOIST, BOCIOIB30BABIIMCH (POPMYITON
m, =™ 100,
®

I7ie M, — Macca HaBECKH, I, m — Macca rpaBUMETPUUECKOi (hOpMBIL, T; ® — Mac-
coBast 10JIs1 OTIpEAENIEMOro KOMIIOHEHTa B o0pasie, %; F — rpaBumerpudeckuii
dakTop.

Takum 06pazom, IpoU3BeAEHNE MACChl TPABUMETPUUYECKON (DOPMBI U Tpa-
BUMETPUYECKOTO (haKTOpa €CTh Macca ONpeesieMOro KOMIOHEHTA.

Macca rpaBuMeTpUYecKOi POPMBbI OTIPEEIISIeTCs] TOTPEIIHOCTHIO BECOB U
ONTUMAJIbHONW Maccoi ocaxaaemon (popmel. IIorpemHOCTs aHATUTHYECKUX Be-
coB coctapisier + 1107 1.

B 3aBHCHMOCTH OT CTPYKTYphI OcajJika ONTUMaJIbHasg Macca OCaXKJIaeMOu
(bopMBI MOKET K0JIEOATHCS B CIIEAYIONINX HHTEPBAJIAX:

amopubiii (Fe,Os5 - nH,0) 0,07-0,10 r
Kkpuctammuyeckuii, erkuit (CaCOs) 0,10-0,15r
KpUcTamuyeckuil, Tsoxensiii (BaSO,) 0,20-0,40 r
KpUCTAILTMYECKUH, oueHb Tsxenbit (PbSO,4, AgCl) 10 0,50 r

Pemaroriee BiMsHUE Ha MOTHOTY OCAXICHUS M CBOWCTBA OCAIKa OKa3bIBAIOT:

" KOHYeHmpayus ocaoumeis,

" memnepamypa,

" KOHYeHmMpayus nOCMOPOHHUX COIEU.

KonnuecTBeHHBIM KpUTEpUEM IMOJHOTHI OCAXKIEHUSI SIBJSETCS MOJISIpHast
KOHIIEHTpAI[Usl  OCAKJAeMOTO  BElIlecTBAa B  pacTBOpPE Haa  OCAJAKOM
(= 1-10°® monb/m). V36BITOK OcamuTensi (€ro KOHIEHTPALHs) HOKEH OBITh B
1,5 paza Oousblie, yeM 1O ypaBHEHHUIO peakiuu. OIHAKO Ype3MEPHO OOJIBIION
M30BITOK OCAJAUTENSI TOKE HEXKENATENEeH, T. K. 3TO MOXET MPUBECTH K YacCTUY-
HOMY PAacCTBOPEHHUIO OCaJKa 3a CUET KOMIUIEKCOOOpa3oBaHUs, KPOME TOTO, W3-
OBITOK OCaJIUTENs YBEIIMUMUBAET 3arpsi3HEHUE OCAJIKA.

brnaronpusaTHbIM ycI0oBHEM 00pa30BaHUsl OCaJKa SBISETCA HUZKAS MeM-
nepamypa.

JUIst AOCTHMKEHUS TOJHOTBI OCAXKICHUSl HedtcenamenbHbl NOCMOPOHHUE
971eKmMpOoIumsl, BHI3BIBAIOIINE YMEHbIIIEHHE KOA(PPUIIMEHTOB aKTUBHOCTHU U, KaK
CJIE/ICTBHE, BO3PACTaHUE PACTBOPUMOCTHU OCA/IKA.

Ocanxu OBIBAIOT KPUCTATNIMYECKUE U aMOP(HBIE.

YVcnosus obpazosanus kpucmaniuueckux ocaoxkos

" OCaXJEHUE BEAYT M3 pa30aBICHHBIX PACTBOPOB pa30aBICHHBIM pac-
TBOPOM OCaJUTES;
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" PaAcTBOP HArpeBaloT JI0 KUICHUS;

" OCaAUTENh IPUOABISIOT MO KaIlIsiM;

" B PacTBOp AOOABISIOT KUCIOTY (TOBBIIIAs pACTBOPUMOCTH OCAJIKA);
" 0CaJIOK OCTABJISIOT HA BPEMSI C OCHOBHBIM PacTBOPOM.

Yenosus obpaszosanus amopgpuuvix ocaoxos

" oCaXJCHUE BEAYT U3 KOHIEHTPUPOBAHHBIX PACTBOPOB KOHIIEHTPHUPO-
BaHHBIM PACTBOPOM OCAJIUTEIIS;

" pacTBOp HarpesaroT He 10 kunenus, 50—-60 °C ;

" ocaauTeIh NPUOABIAIOT OBICTPO;

" B pacTBOp M00ABIISIOT JEKTPOIUT, UHTEHCUBHO IEPEMEIINBAsi PaCTBOP;

" 0CaJIOK HE OCTABJISIIOT HA BPEMsI C OCHOBHBIM PACTBOPOM, Cpazy QUIBTPYIOT.

IIpuMeps! pelieHus 3a1a4 10 Teme 2

1. Kakoeo cooepoicanue okcuda kanvyus 6 uzeecmusixe (%), eciu npu onpe-
Oenernuu kanvyus uz Hagecku 0,4000 e nonyuerno 0,4340 2 cynvgpama xanvyus?

Pemenne. Haxonum rpaBumeTpudeckuii ¢akTop, OTpakaroluid coiep-
»aHue ornpeaensieMoro kommnonenta CaO B rpaBumerpudeckoi popme CaSOy:

M(CaO) _ 5608
M(Caso4) 136.14
PaccuntsiBaeM Tenepb MaccoByto 100 CaO B U3BECTHSIKE:

m -F .
o) = (500 " 1002 0,4340-0,4119
0,4000

F=

=0.4149

-100=44,69% .

m06pa3ua

2. Haeecky anromunuesoco cniasa maccoiui 0,1425 2 pacmeopunu 6 konbe
emecmumocmoto 200,00 mn. Uz 20,00 mn smozo pacmeopa NOAYHUIU OCAOOK
oxcuxunoaunama anomunus Al(CoHsON); maccou 0,2012 2. Bviuucaumos mac-
cogyto donio (%) anromunus 8 cniase.

Pemenne. [l pacuera ucnonb3yeM ypaBHEHUE

o0,% =" 100. Ve
m, Vi

b

KOTOPOE C YYETOM YCIIOBUH 3a7a4u PUHUMAET BU/
MAl

My c 10Ny,
Al(GHON); 100 - VK

Wy =
CIUIaBa I1

HOI[CT&BHHH YHUCJIOBBIC 3HAYCHHUA, HAXOIHMM MACCOBYIO [JOJIO AaJIFOMHMHHA B
CIIJIaBC.
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26.9815

0.2012.222°22
- 459.44 100. 2000'00 —82.91%

()]
Al 0.1425

3.  Ckonvko muniunumpos 5%-2o0 pacmeopa Humpama cepedopa HeooXo-
oumo 0ns ocaxcoerus xaopuoa cepeopa uz 200,00 mn 0,01 M pacmeopa cons-
HOU Kuciomol?

Pemienue. BoraucisieM CTEXHOMETPUUECKOE KOJIMUECTBO HUTpaTa cepedpa
no peakuuu AgNO; + HCI = AgCl + HNOs. Paccuuraem maccy 200,00 mn
0,01 M comnsiHOM KHCIOTHI 1O chenayrome dopmyne: m = M - V. - C =
= 36,5 (r/mons) - 0,20 () - 0,01 (monb/m) = 0,0730 r. Beruncnum Maccy HUTpa-

M 170
Ta cepebpa: Mo, = %'mma) ~365 0.073=0.3400. VwuureiBas mnpu-

(HCI)
OJIMKEHHBIN XapakTep pacyeToB, IPUHUMAEM IUIOTHOCTh 5%-ro pacTBopa HUT-

pata cepeOpa paBHOI JMHHIIE U HAXOIUM TI0 IPOTIOPIHH V.

(AgNO,) *
B 100 r (m11) pacTBOpa CoEpKUTCS 5,0 r AgNO;
Bx r(mn) — 0,3400 r AgNO;
0.3400
Takum o6paszom, Virenoy = T.100 =6.80 MJL

4. Ilpu oobasnenuu numpama cepeopa k nagecke 0,2000 2 cmecu smu-
xnopuda u smunopomuoa noayyero 0,4023 2 ocaoka. Bviuuciums npoyenmuoe
cooepaicanue 060ux coeouHeHull 8 Cmecu.

Pewenue. [1pu nodasnennn AgNO; K cMECH 3TUIXJIOPUIA U STHIOPOMHU-
Jla BbINAJAET CMech Xxjopuaa U Opomuaa cepedpa. CocTaBUM CUCTEMY ypaBHE-
HUM, 0003HAYUB STUIIXJIOPU] Yepe3 X, a STUIOpoMus — uepe3 Y:

my + my=0,2000,
mAgC] =+ mAgBr = 0,4023

Bripaszum maccel xsopuaa u 6pomuaa cepedbpa uyepe3 Maccbl X U Y U CO-

OTBETCTBYIOIIUE TPAaBUMETPUICCKUEC (DAKTOPHI

M M
—20 e my —2 = m, oy my -2.2215+m,, -1.7232 =0.4023 .

(X) My,
Bripazum my u3 ypaBHeHus: myx+ my = 0,2000:
my = 0,2000 — mx_
IMoncrasuM ero B ypaBHeHue My -2.2215+my,, -1.7232 = 0.4023 , monyyaem
m, -2.2215+(0.2000 —m, )-1.7232 =0.4023 .
[IpeoOpasysi, momydaem
0,4983 - mx + 0,3425 = 0,4023; mx = 0,1200 r.

my

Orcrona
ox=0,1200-100 / 0,2000 = 60,00 %.
VYuursiBas, uto my = 0,2000 — 0,1200 = 0,0800 r, nonyuaem
@y = 0,0800 - 100/ 0,2000 = 40,00 %.
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Tema 3
Pacuer pH pacTtBOpoB KHC/I0T, 0CHOBAHUI1, c0JIel U Oy(epHBIX pacTBOPOB

KuCnoTHO-OCHOBHBIE PEAKIIMM — YACTHBIM CIIy4ail paBHOBECUSI B TOMOIEH-
HOW CHUCTEME, IIOITOMY PacCyeThbl PABHOBECHBIX KOHLICHTPALMA KOMIIOHEHTOB pe-
aKIMM OCHOBAaHbI Ha MCIIOJIb30BAHUU 3aKOHA JICUCTBYIONIMX MAacC U YCJIOBHSIX Ma-
TepuanbHOTrO OaynaHca. KHCIOTHOCTH pacTBOpa SIBISIETCS TJIaBHBIM (PaKTOPOM,
BIIMSIOIIMM HA NPOTEKAHWE XMMHUYECKUX PEaKUui. XapaKTepu3yeT KHUCIOTHOCTb
BOJIOPOJIHBIN TOKa3arenb (pH) — oTpHuIaTebHbIA TeCATHYHBINA JorapudM aKTHB-
HOCTH HOHOB Bojioposa (pH = —1g ay"). B npubmimkeHHbIX pacdyeTax Kod(Quimes-
Thl AKTMBHOCTH NIPMHUMAIOTCS PaBHBIMU eunuIe, Torna: pH = —lg [H'], roe p —
CHUMBOJI OTPUIIATEILHOTO JIecaTUUHOro Jjorapupma (pX = —1gX).

Ecnu miponorapuMupoBaTh HOHHOE TIpousBenenue Boasl K, = [H']-[OH ],
to nonyyaercsi pK,, = pH + OH. D10 ypaBHeHMe cripaBeIJIMBO JJI MPOLECCOB,
MPOUCXOJAIINX TPU KOMHATHOM TeMIepaType.

Takum oOpa3zom, it pacuera pH B nccneayeMoM pacTBOpe HYKHO OIpe-
JICTITh KOHIIEHTPAILMI0 HOHOB BOJIOPO1a [H+].

W3BecTHO, YTO KUCIOTHl U OCHOBAHUS OBIBAIOT CHIIbHBIE (AMCCOLMUPOBA-
Hbl B pacTBOpE MPaKTUYECKH HAIEeN0) U ciadble (JIMCCOLMHUPOBAHBI HE3HAUU-
TEJIbHO).

[H'] B pacTBOpe CHJILHOI KHCJIOTHI paBHA KOHLIEHTPALMHU TOH CHUILHOIM
kuciotel. CnenoBarensHo, pH = —1gCy.

B pactBOpe CHIILHOr0 OCHOBAHUS BBIUMCIAIOT KOHIIEHTpamio OH -1oHOB.

[OH ] B pacTBOpe CHIBHOIO OCHOBAHHS pPaBHA KOHIIEHTPALMU 3TOrO
cuisHOTrO ocHOoBaHus. CnenoBarenbHo, pOH = —1gCocy, pH=14 — pOH.

s pacuera pH pacTBOpOB ¢/1a0bIX KHCJIOT CJIEAYET YUUTHIBATH CTETIEHD

a

9 — HA 0
Aucconualmun CJIa6OI/I KHCJIOTHI h - - 100 (A))a rac KIL-IIA — KOHCTAaHTa AucC-
HA

coruanuu cyadoi KucioThl; Cya — KOHIEHTpALKS C1ab0i KUCIOTHI.
Ecnu crenens aucconumanuu kuciotel Mana (h < 5 %), To MoxxHO ToINa-
raTh, 9YTO PAaBHOBECHAS KOHIICHTPAIUS HEIUCCOIMUPOBAHHONM KUCIOTHI paBHA €€

o6weit kornentpauuu. Toraa [ 1=K Cyy

B pas6aBneHHbx pactBopax xuciaor (C < 107* M) crexyer yduThiBaTh
JUCCOLMALIMI0 PACTBOPUTENS, IO3TOMY pacyeT KOHIIEHTpalMu MOHOB BOAOPOAA
BeIyT 1o hopmyJie [H']= \/KZ[A O+ Ky

Ecmm crenens muccommamuu KUciIoTel h > 5 %, To MOXKHO moaraTh, 4TO
paBHOBECHAs KOHILICHTPAIUS HEIUCCOIIMUPOBAHHON KUCJIOTHI HE paBHa ee 00-

_KZA + \/(K[C-lIA )2 + 4K2{A ’ CHA
2

el konuenrpauuu. Torma [H' ] =
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Ins pacuera pH pacTBOpoB €/1a0bIX OCHOBAHMM CJIEIYET YYWUTHIBATh

/ K® b
CTeleHb AUCCOLUAIMN cl1aboro ocHoBaHus (/1 = C_B' 100 (%), rme K, — xon-
B

CTaHTa JUCCOLUAINU c1aboi KuciaoThl; Cg — KOHIIEHTpaIUs cJ1a00i KUCIIOTHI).
Ecnu crenens aucconmanuu ocHoBarus Maia (h <5 %), To MoxxHO moJ1a-
raTh, YTO PAaBHOBECHAsI KOHIIEHTpALIUs HEAUCCOIIMUPOBAHHOTO OCHOBAHUS paBHa

ero oOweil kouuentparmu. Torma [OH ]=+K,-C,. Hanee umer pacuer

pOH =—Ig/[OH ] w pH=14 — pOH.

Eciu cremenp amccornmanyu ocHOBaHUS h > 5 %, TO MOXXHO TMOJaraTh,
YTO paBHOBECHAs KOHIICHTpAIUS HEIMCCOIIMUPOBAHHOTO OCHOBAaHUS HE paBHA
ero oOrmielt KoHeHTpamnuu. Toraa

—KS+ (KLY +4K:-C,
2
Hanee uaet pacuer pOH = —Ig/OH | u pH=14 — pOH.
BoopoaHbIii moka3areli pacTBOpa TakkKe MOKHO pacCUUTATh, UCTIONB3Y s
WMOHHOE TMPOW3BEICHNE BOJIBI, TIOACTABIISIS HalICHHYO KOHIIeHTparmto OH -1oHOB:

+1 KW _
[H ]_—[OH‘]’ H=—Ig[H].

Pacuer pH pacTtBOpa cosin, 00pa30BaHHOU cuibHbIM OCHOBAHUEM W Cld-

o o OH |= KW 'CconM
oot Kuciomoi, ClenyeT BeCTH Mo (GopMmyiie [ ]— T e s Tme Ky —
HA

ronHoe mpomssenerne Boasl (Ky = 107 mpu 25 °C). Jlanee pacCUMTHIBAIOT
pOH =—Ig[OH ] u pH=14 — pOH.
Pacuer pH pactBopa coJim, 06pa3oBaHHON CuibHOU KUCIOMOU U C1AObIM

/K -C
OCHO8aHuem, BeyT 1o Ghopmylie [H *] = % ; TIe Ky — HOHHOE IPOU3-
B

Begenne ol (Ky = 107" mpu 25 °C). pH=—Ig[H ].
Pacuer pH pactBopa coJmm, 00pa3oBaHHOU c1abou KUciomou U ciabwvim

[OH "] =

+
ocHo6aHueM, CIEAYET BECTU 1o (GopMyJie [H ]Z ; Tie Ky — HoH-

Ks
Hoe npomsseenue Boxusl (K= 10" mpu 25 °C). pH= —Ig[H ].
Pacuer pH pactBopa coJin, 00pa30BaHHOM CUIbHbIM OCHOBAHUEM W CAOOU

08YXOCHOBHOUL KUCTIOMOIL, CIETYeT BECTU 0 (hopMyJie [OH "] =

Ky — nonHoe npousBeneHue Bojbl (Ky = 10" npu 25 °C); K ;’,A(z) — KOHCTaHTa
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) V) a a
JMCCOIMAIINK CITa00M KUCIOTHI 10 BTOPOM CTymeHH, ecimi K HAQ2) <K HAD * Jlanee

paccuutsiBatotr pOH = —lg[OH | u pH=14 —pOH.

JIns nmopaep aHus MOCTOSHHOrO 3HaueHus pH ucnons3yror OygepHbIi
pacTBop. OH COCTOUT U3 cMecHu ciaboit kuciaoTel HA u conpsikeHHOTO OCHO-
Banus A . B OydepHoM pactBOpe cocyiecTByoT paBHoBecus HA + H,O =
=H;0"+A4 u A +H,O=HA+ OH , TOIABIIAIOIIME APYT JIpyTa MpHU 10CTa-
TOYHO BBICOKMX KOHIEHTpauusx Cpya U C,, MO3TOMY MOXKHO CYMTaTh, YTO
[HA]=Cyy n [A"]=C,~ Vcnonb3ys Beipaxenue s K, 1 npenedperas BKia-
nom [H30"] 3a cuer aucconuanuy Bobl, HOMydYaeM i pacueTa KOHIIEHTPaLHH
HMOHOB BOJI0Opojia B OydhepHOM pacTBOpE:

C'HA .

+ a
[H ] = KHA )
e
Jlns OydepHOTro pacTBOpa, COCTOSIIETO U3 CIIA00TO OCHOBAHUS U COTIPS-
JKEHHOW €My KHCIIOTBI, KOHIICHTPAIIMI0 MOHOB BOJIOPOJia BBIYUCISAIOT 1O (hop-
+ KW C +
H — HB +
MyJie [ } —K b o riae Cz v Cyp — KOHIIGHTpAIIUU CJIa00TO OCHOBAHUS U
B VB

€r0 COJIM COOTBETCTBEHHO.

Baxxnoit xapakrepuctukoi OydepHoro pactsopa sBisercs OypepHas eM-
KocTh. JloOaBlieHHE CHJILHOTO OCHOBaHHUS (KHUCJIOTHI) K OydepHOMY pacTBOPY
ero pH MoXXeT U3MEHATHCSI IPU U3MEHEHUH KOHIICHTPAIIMA KUCJIOTHI U COMPSI-
KEHHOTO OCHOBaHHS. YpaBHEHHE MaTepHAIbHOTO OanaHca JJisi CMECH OJIHOOC-
HOBHOW KHCJIOTHI HA ¥ cOnpspKEHHOTO OCHOBAHUSI A~ BBITJISIIUT CIEAYIOIIAM
obpazom: [HA] +[ A ]=Cgyqe.

Ecnu k OypepHoMy pacTBOpy A00aBIsSETCS CHIBHOE OCHOBAaHHE, TO OYy-

dpH

py no0aBisieTcs CUIbHASI KUCIO0Ta, TO Oy(hepHyI0 eMKOCTh PEACTaBISIOT B BU-

Je n = _9Cuwen . 3pag KOHIICHTpAIMU CJIa00N KUCIIOTHI U €€ coyu, OydepHyIo

dpH

(bepHyI0 eMKOCTh MPEJICTABISIOT B BUJIE T = ; €CIIM K Oy(epHOMY pacTBO-

Cua-C,
€MKOCTh MOKHO PAaCcCUMTATh CIICIYIOIMIUM O0Pa3OM: Tt = 2,303ﬁ
HA

A
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IIpuMepsI pemieHus 3a1a4 no reme 3

1. Paccuumarime pH 0,10 M pacmeopa yKcycHot Kuciomai.

Pemienue. PaccunthiBaem creneHb aucconuaruu 0,10 M ykcycHOUM Ku-
CJIOTHI, MPEIBAPUTEIbHO HAMAsS B CIIPABOUYHMKE KOHCTAHTY JIUCCOIMAIIMU J1aH-
HOM ¢J1a00M KUCIOTHI:

a . =5
h= /&.100,%; h= /ﬁ-IOO:I,?ﬂ%,
Cry 0,1

Tak kak paccuMTaHHasl CTENEHb JUCCOLUMAIIMU KUCIOThI MeHbIe 5 %, TO
pacueT KOHIICHTpAIlMu HOHOB BOJIOPO/Ia BEJIEM IO clieayoliei Gpopmyirie:

[H']1=\Kp Cpy  [H']=+/175-10°-0,1=1,32-10"M .

Janee cunraeM pH=—g/H'].
pH 0,1 M pactBopa yKCyCHOH KHCIOTEI paBHO —lg 1,32:107 = 3 —
—1g1,32 = 2,88.

2. Paccuumaume pH 0,10 M pacmeopa ammuaka.
Pemenue. PaccuutsiBaem crenens nuccormanuu 0,10 M pactBopa ammuaka:

{ -5
h= %JOOzlﬁZ%.

Tak kak BBIUMCIIEHHAs! CTENEHb JIUCCOLMAIIMU BOJHOTO pacTBOpa aMMHa-
Ka MeHblle 5 %, To pacuyeT KoHueHTpanuu OH -MOHOB BejeM IO CleayIoIei

dopmyie [OH 1=+K;-Cy; [OH 1=41,76-107.0,1=1,32-10"°M . Jlanee cuu-
taeM pOH= —Ig/OH ]. pOH= —lg 1.32 -10° = 3 — 1g1,32 = 2,88. Otciona
pH=14 —pOH=14-2,88 = 11,12.

3. Paccuumaiime pH 0,1 M pacmeopa ayemama nampus
Pemenue. PaccuntsiBaem pH conu, oOpazoBaHHOM Ci1a00il YKCYCHON K-

K, -C

COoau

a .
K HA

[10™.0,1 .
[OH ]= W=0,75'10SM;pOHZ—lg[OH]Z5—(—0,12)25,12.

pH=14-pOH = 145,12 = 8,88.

coToi u cunbEBIM ocHoBanueM NaOH o ¢popmyne [OH ] =

4. Paccuumaiime pH 6ygeprnoco pacmeopa, cocmoswezo uz 0,10 M yk-
cycnot kuciomsl u 0,10 M ayemama nampus.

Pemenne. KoHnenTpaiuio HOHOB BOJ0pojia B arieTaTHOM OydepHOM pac-
TBOPE pacCYUTHIBaeM 1o (popmyiie

. . C
[H ]:KHA'C—HA.

e
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S

0,1

0 =1,75-10°M . pH = —Ig/H']= 5 -

[Monyuaem [H*]=1,75-10"-

)

g 1,75 = 4,76.

5. Paccuumaiime 0yghepHylo emKOCmb pacmeopa, COCMoAUlec0 U3
0,05 M eoonozo pacmeopa ammuaxa u 0,10 M xnopuda ammonus.
Pemenue. bBydepHyro eMKOCTh TaHHOTO pPacTBOpa BBIUUCIISIEM T10 (hopMyJIe

= 2,303M,
Cy+C,,.

Takum oOpazom,

0,05-0,10

mw=2,303——FF—
0,05+0,10

=0,077.

6. Buiuuciume pH pacmeopa, nonyuennoco npu cmewenuu 100 mn
0,20 M pacmeopa yxcycuou xucaomol u 100 mn 0,10 M pacmeopa consanou xu-
CIOmbl.
Pemenue. [locie cMmenieHus: pacTBOPOB KOHIIEHTPAIIMK COJISTHOM U YKCYC-
HOM KHMCJIOTHI MOKHO PacCUMTATh MO CIAEAYIONIUM YPABHEHUSIM:
ucx(CH;COOH ) V(CH3COOH)
C(CH3COOH) = =0,2-100/200 = 0,10 mon/;

cmecu

CMCX : V
Crieny = —=HD D _ 6,1-100 / 200 = 0,05 mosb/n.
Vv

cmecu

PaBHOBecHs B pacTBOopax ciiaboil ¥ CHIIBHON KUCTIOT 3aIMUIITYTCS TaK:
CH;COOH «—CH;CO00™ + H' U HCl— H' +
0,1 —x X X 0,05 0,05

Pasrosecue ypasaenns CH;COOH <> CH;COO + H' xapaktepusyercs

KOHCTaHTOU JMCCOLMALINY, PABHOMN
. [H']'[CH,COO ] _
K= : =1,75-10".
[CH,COOH

PaBHOBecHast KOHIIEHTpallMsd MOHOB BOJOPOJA B PACTBOPE, COAECPKAIIEM
CMeCh CHIILHOM U cJ1aboM KUCIOT, CKiIaabiBaeTcst u3 cyMmmsl (0,05 + x).

[ToxcraBisisi paBHOBECHBIC KOHIICHTPAIIMHA B BHIPAKEHWE KOHCTAHTHI, TI0-
Jy4daem

_ x-(0,05+x)
- 0,1-x

MoskHo nojaarathk, uto x << 0,05, Torga 0,05 + x = 0,05 u 0,1 —x = 0,1.
VYporiaem nocieaHee ypaBHEHUE:

a
HA

=1,75-10".
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Ko :_0’85"“ ~1,75-10°:

cienoBatensHo, x = [CH;COOH] = 3.48-10° mons/i; [H'] =x + 0,05 = 3,48-10” +
+0,05 = 0,05 moms/n. pH =—Ig[H']=-1g 0,05 = 1,30.

Tema 4
TutpuMeTpudecKkue MeTObl AaHAJIN3A.
Kucsi10THO-0CHOBHOE TUTPOBAHHUE

TutpumMeTpusi — METO/] KOJUYECTBEHHOTO aHA/IN3a, OCHOBAHHBIN Ha TOY-
HOM HU3MEpEeHHH O0BbEMa PACTBOpA PEaKTHMBA M3BECTHOM KOHIIEHTpAIuu (TUT-
paHTa), 3aTPAYECHHOT0 Ha XMMHUYECKYIO PEAKIUIO C ONPEIEIISIEMbIM BEIIECTBOM.
[Iporecc MOCTENEHHOrO MPWIMBAHUS PACTBOPA TUTPAHTA K PACTBOPY aHAJIU3H-
pPYEMOro BEelIeCTBa Ha3bIBAOT mumposaruem. 110 criocoOy MpUroToBIeHUS pas-
JUYAOT nepeuuHble U GMOpUYHble CMAHOAPMHbIE PACMEOPbl (MUMPAHMbL).
[lepBuYHBIA CTaHAAPTHBIA PacTBOP TOTOBAT JUOO PACTBOPEHUEM TOYHOTO KO-
JUYECTBA YUCTOIO XUMHUUYECKOTO BEIIECTBA M3BECTHOTO CTEXMOMETPUYECKOTO
COCTaBa B OMNPEACICHHOM 00BbEME PAcTBOPUTEINS, JUOO ¢ MOMOIIbI0 (puKcaHa-
JIOB — TOYHO OTBEIIEHHBIX MACC TBEPJIBIX BEIIECTB WJIM TOYHO OTMEPEHHBIX 00b-
€MOB MX PAacTBOPOB, TOMEIIEHHBIX B 3aMasiHHbIE CTEKJISIHHbIC aMITyJibl. BTopuu-
HBII CTaHJAPTHBIM PAacTBOP MOJYYAOT CICAYIOITUM 00pa3oM: TOTOBST PacTBOP
¢ IpUOTU3UTENbHON KOHLIEHTpalueH, OJIM3K0oN K TpeOyeMoM, U ONPENEsoT ero
KOHIIEHTPAIUIO (CTaHAAPTU3UPYIOT) MO MOIXOAIIEMY IEPBUYHOMY CTaHAAPTY.

[Ipu TuTpOBaHUU pacxojyeTcs KOJWYECTBO peareHTa, XMMHYECKU DKBU-
BAJICHTHOE ONPEACIISIEMOMY BEUIECTBY, T. €. TOYHO OTBEYAIOIIEE CTEXHOMETPHUHU
peakiuu. KoHeln peakuny Ha3bIBAIOT TOYKOM CTEXMOMETPUYHOCTH WM TOUYKOU
SKBUBAJIEHTHOCTH (TD). DKClepUMEHTaIbHO KOHEL TUTPOBAHUS yCTaHABIIMBA-
I0T 10 U3MEHEHUIO 1IBE€Ta WHJIUKATOpPA WIH KaKOT0-TM00 (PU3HKO-XUMUYECKOTO
CBOMCTBa pacTBOpa. JTa TOYKAa Ha3bIBAE€TCS KOHEUYHOM TOYKON THUTPOBAHUS
(KTT).

[To cocoOy BBIMOIHEHUS PA3NUUAIOT NpAMOe, 0OpamHoe mumposanue
mumpoeganue 3amecmumens. lIpu NpsMOM THUTPOBAHMM TUTPAHT HEMOCPEICT-
BEHHO J100aBJISIOT K TUTPYEMOMY BeIIeCTBY. B ciydae oOpaTHOT0o TUTPOBAaHUS K
OMpEeNIIEMOMY BEIIECTBY J00ABIISIIOT 3aBEJOMBIM M30BITOK TUTPAHTA, Pearu-
PYIOIETO C UCCIETyEMBIM BEIIECTBOM B CTEXHOMETPUIECKOM KOJIUYECTBE, MPO-
BOJSIT PEAKIIUIO 10 KOHIIA, a 3aTEM KOJIMYECTBO HEMPOPEArupOBABIIETO TUTPAH-
Ta OTTUTPOBBIBAIOT JAPYTMM CTAHJAPTHBIM PACTBOPOM. ITOT CHOCOO HMCHOJb-
3YIOT, €CJIH CKOPOCTh MPSIMOI peakiuy Maja Wid HE yJaeTcs Mojao0paTh WHIU-
KaTop.

Ecnu peakuus HecTeXMOMETpUYHA WM MPOTEKAET OYEHb MEIICHHO,
MPUMEHSIIOT Coco0 TUTpoBaHUs 3amecTuTens. K aHanmusupyemomy pacTBOpy
N00aBISIOT BCTIOMOTATEIbHBINA PEareHT, ¢ KOTOPBIM OINPEACIIeMbIA KOMITOHEHT
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pearupyer CTeXUOMETPUUECKH, a TTOJTYUaOIIHUIICS B 9KBUBAJICHTHOM KOJIMYECTBE
MPOJYKT PEAKIIUU (3aMECTUTEIIb) OTTUTPOBBIBAIOT MOAXOASAIIUM TUTPAHTOM.

B ananutuyeckolt XuMUM TPUMEHSIOT camble Pa3HOOOpa3HbIe CIIOCOObI BbI-
pakeHUs! KOHIICHTpAIUiA, HO YaIlle MMEIOT JIEJIO ¢ KOJIMYECTBOM BEIIECTBA B OIpe-
neneHHoM ooweme. Monsapras Konyenmpayusi — OTHOIICHUE YKCIa MOJIEH pacTBO-
PEHHOTO BEIIECTBA K 00BEMy pacTBopa (MOIB/IM® WIH MOJIB/T). OXHAKO IA
pacueToB palMOHAJIbHEE BHIPAKATh KOHIICHTPAIIUIO THUTPAHTA M TUTPYEMOTO Be-
IIECTBA B MOJISIX SKBHBAJICHTOB BEIIECTBA B OJHOM KyOHUECKOM aenumerpe (M)
WIN B OJTHOM JIUTPE (J1) pacTBopa (Hopmanvras konyenmpayus) (MOIb-3KB/1). Mo-
JISIPHYIO KOHIICHTpPAILIMIO KBUBAJIEHTa 0003Ha4al0T OykBOM «C» C yKazaHUEM JK-
BuBanieHTa. Harmpumep, C (HCl) = 0,1 M wu C (1/2H,SO,) = 0,1 mons/m.

Oxeusanennmom Ha3bIBAIOT YCIOBHYIO YAaCTHUILy BEIIECTBA, PABHOIEHHYIO
OJIHOMY HOHY BOJOPOJa B KUCIOTHO-OCHOBHOM pEaKIMy WU OJHOMY AJIEKTPO-
HY B OKHCJIUTEIbHO-BOCCTAHOBUTEIILHOM peakuuu. Hampumep, B peakuuu
aA + bB < cC + dD, koropyto MoxHO 3amucath B Bune A + b/aB < c/aC +
+ d/aD, ycnoBHas yactuia b/a B, paBHoOIleHHasI OJTHOM YacTulle A, Ha3bIBACTCS
DKBUBAJICHTOM BellecTBa B B jmaHHOW peakiuyd. MHOXuTelb b/a Ha3bIBaIoT
Gaxmopom sxeueareHmuocmu BeuecTsa B B maHHON peakiuu u 0003HAYAIOT
fye (B). Tak kak SKBUBAJEHT BEIIECTBA 3aBUCUT OT TUIA PEaKIUid, TO TMPHU HC-
MOJIb30BAaHUU MOJISIPHOW KOHIICHTPAIIMA JKBHUBAJICHTAa (HOPMAIBHOW KOHIICH-
Tparu) HeOOXOANMMO YKa3blBaTh (DAKTOpP IKBUBAICHTHOCTH. Moiaphas macca
9K8UBaleHma paBHa MOJISIPHOW Macce BEIIECTBA, YMHOKEHHOU Ha (paKkTop HKBU-
BaJICHTHOCTU. MoJsipHasi Macca BEIIECTBA YUCIEHHO paBHA CyYMME€ MOJISIPHBIX
OTHOCHUTEJIbHBIX MAacC aTOMOB, BXOJISIIIIMX B €T0 COCTAaB.

Ucnonw3oBanue tutpa (T) siBasieTcs oIHUM U3 CHOCOOOB BBIPAKECHHI
KOHIICHTpAIIUH B TUTPUMETPUUECKOM aHaiu3e. Beiiensior TuTp mo padouemy
BeiecTBY A (Ta) u TuTp BemiecTBa A no onpenensieMomy BeuiectBy B (Tap).
TuTp 1o BEIIECTBY MOKa3bIBAET KOJIMYECTBO IPaMMOB BEIIIECTBA, COEpIKallee-
cs B 1 M1 pabodero pacTBopa, TUTP MO OMPEEIIEMOMY BEIIECTBY — KOJIMYECT-
BO TPaMMOB OTPEIEIIEMOr0 BeIeCTBa, COOTBETCTRYIoMIee 1 M pabodero pac-
TBOPA, BBIYUCIISIOTCS JAHHBIE TUTPHI 1O (hopmyJiaMm

— M (r/mn) u T — M (r/mi),

“ 1000 “H 1000
rae C(A) — koHneHTpanus Bemiectsa A, Moiw/i1; M (A,B) — MossipHbIe Macchl
BemectBa A u B. Eciin vicnonib3ytoTcst HOpMalIbHbIE KOHIIEHTPAIIUU, TO HYKHO
YUYHUTHIBATH MOJISIPHYIO MacCy SKBUBAJICHTA.
BemiectBa pearupyroT Mexay coOOW B IKBUBAJICHTHBIX KOJIMYECTBAX
(n; = ny). Omom 3aKoH Kpammuvlx omuowenuu /{aibmona (3aKoOH IK8UBAIEHMOB)
CIIY’)KUT OCHOBOM BCEX KOJUYECTBEHHBIX PACUETOB B TUTPUMETpPUHU. Tak Kak

n = CV, TO AJd JIFOOBIX pearupyromux BCIICCTB II0 3aKOHY 35KBHBAJICHTOB
n; = n, 0iin C]'V] = Cz'Vz.
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CrnenoBatesibHO, €CIM U3BECTHBI KOHIIEHTpalus, 00beM TuTpanTa (C.,V,)
1 00beM pacTBopa omnpezensieMoro Bemectsa (Vy), MOKHO HallTH HEM3BECTHYIO
KOHIICHTPAIUIO OTIPEIEIIEMOTO BEIIeCTBA:

C. = CT 'VT
X .
VX
Maccy BelecTBa B TUTPUMETPUU PACCUUTBIBAIOT, MCIONb3Ysl (HOpMYILy
C oV M
= (GO )
Mgy = Moy My mnm My = 1000 (ectu o0wvem pactBopa (V)

MIOJICTABIISCTCS B MJI).

B ocHOBe MeTOa KMCJIOTHO-OCHOBHOIO THTPOBAHHMSI B BOJIHBIX pac-
TBOPAX JISKUT MpoTonuTHdeckas peakuus: H;O' + OH™ « 2H,0. Meron npu-
MEHHUM JJI ONPEACIICHUSI KOHLIEHTPALMU KHUCIOT (aJIKaJIuMETpHsi), OCHOBAaHUIA
(ammmumetpust), amdonutoB. llepBUYHBIMH CTAaHIAPTHBIMUA PACTBOPAMHU JIJIS
OTIpE/IeICHNs] KOHIIEHTPAIIMU KUCJIOT CIIyaT PacTBOPHI JeKaruapara TeTpado-
pata Hatpus (Na,B,0; - 10H,0) u xap6onara Harpus (Na,COs); nnsa onpenene-
HUSI KOHIIEHTpAIMU OCHOBaHM# — maBeseBas kuciora (H,C,04 - 2H,0). B kaue-
CTB€ BTOPUYHBIX CTaHJAPTHBIX PACTBOPOB MPUMEHSIOTCS Yallle BCErO PacTBOPHI
HCl1 u NaOH.

IIpumepsl pelienus 3axa4 mo reme 4

1. Hasecky consanou xuciomer maccou 0,6000 2 pacmeopunu 6 mepHou
konoe emecmumocmoiro 100,00 mn. Ha mumposanue 20,00 mn nonyuennozo pac-
meopa uzpacxoodosarno 18,34 mn NaOH. Onpedenums MONAPHYIO KOHYESHMPAYUIO
pacmeopa NaOH, e2co mump u mump s3moeo pacmeopa no HCI.

Pemenue. B cooTBETCTBUM ¢ IPUHLIMUIIOM 3KBUBAJICHTHOCTH YUCIIO MOJIEU
HKBUBAJICHTA TUTPAHTA PABHO YMCIy MOJIEN 3KBUBAJIEHTA OMPEAEISIEMOI0 KOM-
noHeHta: n(HCI) = n(NaOH). 1o ypaBuenuto peakuunt HCl + NaOH = NaCl +
+ H,O 1 Mosb CONSHOM KUCIOTHI COAEPKHUT 1 MOH BOAOPOJA, BCTYIAIOIIETO B

= Coy Vg M,

1000
cM MOJUIpHy}O KOHHCHTpaHI/IIO BCIICCTBA A — COHHHOﬁ KUCJIOTHI:
My -1000  0,6-1000
Coor == M~ 10036.5

A’ A *20,

C(HCI)-V(HCI) = C(NaOH) V(NaOH) wnHaxonuMm KOHIEHTpALUIO IIEJI0YU
C( o) = C(HC/) 'V(HCI) _0,164-20,00
'NaOH -

V neon) 18,34
TI/ITp paCTBopa mIejIoum 1 €ro TI/ITp 10 COHHHOﬁ KHUCIIOTC paCC‘H/ITBIBaeM

o ¢hopmyiam

peakuuio co menoubto (f; = 1). U3 ypaBaenuss M) BBIpaXKa-

=0,164 wmonw/n. Ilo 3akOHy SKBHUBAJIEHTOB

= 0,179 monp/mn.
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T _ C(NaOH) ’M(NaOH) _ 0,179-40,00

o = = 0,00716 r/mu,
(NaOH) 1000 1000 A

C -M 0,179-36.5
_ “~(NaOH) Hen Y, 59
T (vaor 15 = 1000 BT R 0,00653 /M.

2. B 500,00 mn pacmeopa codepocumcs 2,6578 2 Na,CO;. Boiuuciumo
mump coowl u eco mump no HCI.

Pemienne. CornacHo ypaBHeHUIO TuTpoBaHus cojabl Na,CO;+2HCl =
=2 NaCl + H,O + CO,1 ogHOMY MOJIIO BOJIOpPOJIa COOTBETCTBYET YCIOBHAs
vactuna 1/2 (NayCOs), T. €. HaKTop SKBUBATIEHTHOCTH COABL fy, o,y =1/2. U3

YpaBHEHUA
m _Hony Vi Mo
=
“ 1000
BbBIpA’XKacM KOHLOCHTPAIHWIO COAbI B MOJ'II:-BKB/J'I, HCIIOJIB3Yyd MOJIIPHYIO MaAcCCy
OKBHUBAJICHTA, PaBHYIO 1/2 MOJSPHON Macce COJbI:

Mooy 10005 (78,1000
My vicoy 500-53

Tutp pacTBopa kapOoOHaTa HaTPUSI U €r0 TUTP MO COJSHOM KUCIIOTE pac-
CUUTBIBAEM MO (hopmyJiaM

_ Hivacoy " Moaco,) _ 0,1003-53

HNaycoy) = v

. =0,1003 MOIB-3KB/11.
(p—pa)

T varco,) = 1000 000 0,005316 r/mm,
H(Na,coy) M yery  0,1003-36,5
T(Na2C03/HCl) =& 1000 = = 1000 =0,003661 r/m.

3. /s onpedenenus cooepaicanus popmanvoecuoa HaBecky npenapama
maccout 3,017 2 oopabomanu 50,00 ma 1,0 M pacmeopa NaOH 6 npucymcmeuu
nepokcuoa 6ooopooa. llpu nacpesanuu npousouina peakyuss HCHO + OH +
+H,0, = HCOO + 2H,0. llpu oxnasxcoenuu uzdouimox weiouu ommumposaiu
20,12 mn pacmeopa HCI ¢ mumpom pasuvim 0,03798. Bviuucaums maccogyro
oonto (%) popmanvoezuoa 6 npenapame.

Pemenue. CynHoCcTh 00paTHOTO TUTPOBAHUS OTpa)kaeT popMyia

N acroy = MWinvaomy ~— Mucry .
C y4eToM yCJIOBHIA 3a1aud BBIPAXKAEM YMCIIO MOJIEH pearupyroluX Be-
IIIECTB:

m-o .
X C(NaOH) I/(NaOH). Npcry =

. n =
(ticroy *100 > T (N0 1000 ° M e,

T(HCI) ) V(HCI)

N croy = M
CocraBjisieM pacyeTHOE YpaBHEHHE:
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mn-o, = Covaormn Vivaom _ T *Vinen
M o, 100 1000 M 1)
[ToacTaBisis YUCIIOBBIE 3HAYEHHUS, TIOJIyIaeM

3,017-0, _1,0-50,00 0,03798-20,12

30-100 1000 36,5
Otcrona maccoBas o popmanpaeruga oy = 20,86 %.

4. Ha peaxyuto cmecu, cocmoswei uz KapOOHAmMos HAmpus u Kaaius,
maccoti 0,4000 2 uzpacxooosanu 22,00 mn 0,30 M pacmeopa HCIl. Bviuuciumo
maccogyro 0onio (%) kapbonamos Hampus u Kaiusi 8 CMecCu.

Pemenne. CornacHo ypaBHeHUI0 TUTpoBaHusl coisl Na,CO; + 2HCI =
=2 NaCl + H,O + CO,1 oaHOMy MOJIIO BOAOPOJa COOTBETCTBYET YyCIIOBHAS
gactuna 2 (Na,COs), T. €. HakTop >KBUBAJIECHTHOCTU COJIbI Sivacon =1/2. B

TOUYKE 3KBUBAJICHTHOCTU Man Na,COy) + a2 K,CO5) = M rcry » rae
C(HCI) 'V(HCI) o
n =———— — yucno Monei pactBopa HCI, 3arpauenHoe Ha TUTpOBa-
(Hen 1000

Hue. O003HaYMM Yepe3 wy MaccoByro a0it0 Na,COs; B cMecH, YHCIIO MOJICH JK-
BHUBAJICHTOB KapOOHATOB KaJIHs M HATPUS B HABECKE PaBHO
Mey " Oy u _ Mgy, @,
1/2K,C05) —
( 2C05) M

Na/ana,cop) = M

100 -

(1/2Na,CO;) -100 (1/2K,C05)

CoueTaHue 3THX COOTHOIICHUM AaeT
Mey - O, N me,, -(100—m,) _ Cren Vewen .
M(1/2Na2CO3) -100 M(1/2K2CO3) -100 1000
[ToncTaBuB YKCIIOBBIE 3HAYECHUS, TTOJTYYaEM
0,4000-w_ N 0,4000-(100-w,) _ 0,3000-22,00
53-100 69-100 1000

Orcroma MaccoBast 10151 KapOoHaTa Hatpus 46,12 %, MaccoBast J1ois Kap-
Oonara kanus paBHa 100 — 46,12 = 53,88 %.

33



