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KHHra COJEpKHT onHcaHHe cnocoGoB onpeaeseHHs
(noTeHuHOMETPHYECKHH, cnexTpodoTOMETPHYECKHI, "KOH~
AYKTOMETPHYECKHi H Ap.) H pacueroB KOHCTAHT HOHH-
S3IHH NPEHMYILECTBEHHO OPraHHYeCKHX KHCJAOT H OCHO~
saunlt, Onxcana HanGosee ynoGuas annapatypa, THpH=
BEIEHE THNHYHBEle KPHBEle H TAGNMHUBLl H JaHEl KOHe
cTauTH HouusanHu ceeiue 400 KHCIOT H OCHOBaHHiL.

Kudra npepnasuauaerca AR XHMHKOB K OHo-
XHMHKOB Hay4HO-HCC/IEZIOBATENbCKHX HHCTHTYTOB H 3a-
BOJCKHX J1aGopaTopHii, a TaKXxe MJa aCNHPaHTOB H
CTYNEHTOB XHMHYECKHX BY3OB,

Wt

NPEIWCJ/IOBHUE PEIJAKTOPA TIEPEBOJIA

Ilpennaraeman BHHMaHHIO uMTaTeseil kHura AabGepra u Cep-
’KEHTa OTHIONb HE SIBJIsieTcs y4eGHUKOM, XOTSl HayuHblH PabOTHUK,
BrepBble HaYHHAIOWUH paboTy B 06J1aCTH KHCJIOTHO-OCHOBHHIX
CBOICTB OPraHHYeCKHX M HEOPraHHYeCKHX COEJHHEHHH, MOXeT Mo-
YEpNHYTb W3 HEe MHOXKECTBO MOJE3HbIX COBETOB M yKa3aHuil no Teo-
DHH M TNPAKTHKE OMNpeMe/ieHHs] KOHCTAHT HOHM3alMM, a TaKKe HX
3Ha4YeHHs1 sl XdapPAaKTEPDHCTHKH, HHHHBHRYBJ[HS&].[HH H pE&KuHOHHOI'r“{
cnoco6HOCTH XMMHYECKHX BellecTs. Kuura sta — no cyluectsy cnpa-
BOUHMK, npapga HeGosblioro o6beMa, COAEPIKALUMI BEJIHYMHBI KOH-
cradT HoHu3auuu cebiie 400 BaXKHeHIIMX HeOPraHWYeCKUX W opra-
HHYECKHX COENMHEHHUil. DTH KOHCTAHTHI ONpeeJieHbl COBPEMEHHBIMH
MeTodaMH [OCTAaTO4YHOIl creneHu ToyHocTH. Jlng Toro uToGHI
yuTateslo GblI0 sicHee, KaKMM NYTeM JOCTHIHYTa 3Ta TOYHOCTD,
cnpasoqﬂuﬁ MartepHan paCﬂOJ]O)KEH OO ONHCaHHs METOOOB H3yuye-
HHfl KHCJOTHO-OCHOBHBIX cBOcTB. OnucaHBl MeTOAbl M WX annapa-
TypHOoe O(OpMJieHHe, OCHOBaHHble Ha CHEKTPO(OTOMETPHHM, MOTEH-
LIHOMETPHYECKOM THUTPOBaHHH, KOHOYKTOMETPHHM H T. A. K coxkane-
HUIO, 3[1€Cb OTCYTCTBYET METOH KHHETHYECKHX H3MepeHM, B MnocJef-
Hee BpeMsi MOJIyYHBLIMH HEKOTOPOe paclpoCTPaHeHHe.

Ilpu pabore Han nepeBOLOM KHHIFHM Mbl CTapajHch COXPaHWTb
CBO€06p33H€ H3NOMEeHHA, Oenalollee KHHIY CTOJ1b HHTEpCCHOf‘I no
¢opMe ¥ comepxkaHuio, JIUUIb B HEKOTOPBIX MECTaX COYJIH MOJIE3HEIM
LaTb TIpHMeyaHMs, yallle BCEro Kacalolluecs peaKUHOHHOH crnocob-
HOCTH H CTPOEHHS OPraHHYeCKMX COefHHeHHMH. B KHHMre npusefieHO
pononnenue, Hanucahunoe A, A. Byraesckum, 0. ®. PoiGKunbM H
P. A. TlefinenM, Racalollieecss METONOB CTaTHCTHUECKOK 06paboTKu pe-
3yJIbTATOB M3MePeHHH KOHCTAHT -MOHM3ALMHM M NOrpPEeILHOCTEH, noJay-
YyaeMblX NnpH HCIOJb30BAaHHH OJlHOI'O H3 HEHGOJIEE I'lOﬂy.ﬂHpIIle Me-
TOAOB Onpe/ie/IeHHsl 3THX KOHCTAaHT — criekTpodoToMeTpryeckoro. Ha-
neeMcs, uto kuura AnbGepra H CepreHTa HafileT WHPOKHH KpYyr
yyTarenei.

B. Hopaii-Kowuy
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W3 TMPEONWCJIOBHST ABTOPOB

[lpennaraemoe npakTHYECKOE PYKOBOACTBO MPEAHA3HAYEHO MJ51
HCCJIeIOBATENIEH, KOTOPhIE HE MMEIOT QnbiTa paboThl NoO onpenedie-
HHIO KOHCTAHT HOHH3aLHH, OAHAKO XOTAT 5THM 3aHATLCA., B KHHre,
KpoMe TOro, AaHbl yKasaHHs Ha GoJiee COBPEMEHHBIE, NepCrneKTUB-
Hble ¥ 3KOHOMHBIE JIO BPEMEHHU METOHAB!, NPHBEAEHb! ONUCAHMS OIBI-
TOB, [OJsi BOCHPOM3BENEHUA KOTOPHIX™ MOryT OBITH HCHOJIB3OBaHBE! -
JIerKO JOCTYIHBIE BellecTBa. MBI HACTOATENLHO PEKOMEHAYEM Hauu-
HalOIUMM AJisi JIYYUIero YCBOEHHS NPOBePsTh KaXAblil NpUMep 3Kche-
pUMeHTaNbHO M pacueTHbIM MetogoM. Cnefyer HayuHATB C TUTPO-
BaHus1 Gopioii KHcaoTH (cTp, 36) ¥ NOBTOPATHL €ro A0 TEX Mop, NoKa
Bce NOJyyYeHHble 3a OAHO THTpoBaHue 3HayeHus pKa He pacmoso-
¥KaTcsi B IPUBEACHHHIX NpefediaX. TonbKo Korga Bce LUECTh NMpHMe-
pOB, ONHCAHHLIX B IJ1aBe 2, GynyT BHIOJHEHH YAOBJIETBOPHUTEJBHO,
clelyer MpUcTynaTtb K pa6oTe ¢ HEM3BECTHHIMH BelLeCTBAMU.

Bonee onwiTHbI HccnenoBaTesib MOXKET HayaTh € [JMLMHA
(ctp. 37). B ToM ciiyuae, ecnu pesysnbTaThl 6YAYT JIeXKaTh B IIpHBE-
LEeHHBIX Npepenax, cjaeiyer nepeifiTy xk npumepaMm H3 ryae 3 u 4.

Ilns BHINONHEHHN NEPBBIX ONBITOB HEOGXOAMME! JIMIL OUEHL HPO-
cTele pacyeThl. MBI NMocTapasnuch, YKasaTh, YMTAaTeNI0 Ha Te Ciyyay,
KOorjga 3TH MNpPOCThle MeTOAbl HE SABJSIOTCH NOCTATOYHO TOYHBIMH H

_Ha3HBEiJ]H‘ Gogsiee COBEPLIECHHbIE METOALl paCyeTOB.IJisl 3THX CJIy4aeB.

YenoxxHeHHble METOMbI BBOAMJIMChH IOCTENEHHO M BCeraa ¢ noapos-
HEIMH Pa3bsCHEHUSIMH,

Mbl mocTapajich MOMOYbL YHTATENI0 B MCTOJIKOBAHHM KOHCTaHT
HOHM3aLMH, NMOKAa3aTh, KaK OHM BJIMAIOT Ha pacTBOpHMMOCTL (rJia-
Ba 6), KaK MOXXHO BBLIYHCJAMTL CTENEHb HOHM3aUuM NpPH Aio6oM 3Ha-
yenuH pH (npunoxenue IV) M Kak KOHCTAHTH HOHM3ALMH MOryT
NMOMOYbL NpH OnpedeneHHH cTpoeHus Bellects (rsnasa 8). CeemeHbl
B Ta6uxubl 400-u3BecTHBIX KOHCTAHT (cTp. 116).

Hacrosiuas kuura sipasiercs npakTHYeCKHM PYKOBOJICTBOM; O-Tes
opuu e uoHusauuu (rnapa I) MoxHo noapo6GHee MpoyecTb B KHH-
rax P. Il. Beana «Kucnorer ¥ ocnopanusi» u B. Toyapa «H3smepe-
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uus pH»!, a Takxke B MoHorpadun Pobuncona u Croyka «Pacrso-
pBI 3J1eKTPOJIHTOB» 2. . 38 &4
[Mocsientss TaBa NOCBsLUeHa OMNpeieJeHHI0 KOHCTaHT YCTOHYH-

BOCTH MeTaJlIHYeCKHX KOMIUIeKCOB NyTeM H3MepeHHs KOHLEHTpalHH

NPOTOHOB, OTOPBABLIMXCS NPH 06pasosaHHH Kommuekcd. Onpezesne-
HHe KOHCTAHT OCyLUECTBAsieTCH C MNOMOIUBLI0 MOTEHIHOMETPHYECKHX
MEeTOJOB, ONHCAaHHHX B raaeax 2 u 3.

" ABTOPH CTapajiCh IPHAEPMKUBATHCH NPHEMJEMBHX HOPM TOYHO-

cTH, H60 KaK upe3MepHas TOYHOCTb, TAK M PacibiBYaToCTb onpene-
JIeHH#l JMlleHs! cMuicia. Toabko B aa6GopaTopusix, crenuajbHo ofo-
PYZOBAHHBIX ANSl TOJYYEHHsi KOHCTAHT OYeHb BBICOKOH TOYHOCTH,
MOXHO MaKCHMaJIbHO YCOBEpIUeHCTBOBATh TEXHHKY ollpelelieHMH, a
NOTOMY 37iech MX He onuchiBasid. OxMako aBTOPH CYHTAIOT, YTO AAH-
Has KHMTa TNOMOXeT unTareasM usbexartb olMOOK NMpH oNpenene-
HUH KOHCTaHT, YacTO BCTPEYAlOLLMXCHA B HAaYYyHOH JMTEpaType.

I'R. P. Bell, Acids and Bases; V. Gold, pH Measurements, Methuen

Chemical Monographs, 1952.
“PR A Robinson, R. H. Stoke, Elekirolyte Solutions, London, Butter-

worth, 1959,
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. BBEJAEHHE

YT0 03H3YAeT TEPMHH €KOHCTAHTH HOHH3ALHH»?

B stofi KHUre Mol TePMHUHOM KOHCTAHThl HOHH3aLHK NOHHMAKOTCS
T€ KOHCTaHThl, KOTOpPHIE YNOTPeGJAIOTCS [ANsi M3MEPEHHS CHJIBI KH-
cnot M ocHoBauuil.’ FIX yacto He COBceM BepHO Ha3BIBAIOT KOHCTAH-
TaM{ AMCCOLMALMH, HO 3TOT TEPMUH HETOYEH, TAK KaK HOHM3aLusi—
370 He6oJiblIoH YyyacTOK OOLWIMPHOrO MOAs SIBJAEHUS] AHCCOLHALMH.
Hanpuwmep, cy6cTpaTe! — 370 NPOAYKTH AMCCOLMALMM SH3UMOB, MH-
Hennbl AUCCOUMHPYIOT Ha MOHOMePHl H NPH TeMmepaType OKoOJIO
700°C MosieKyJsisl HOma AMCCOUMMPYIOT Ha aTOMbl. M3BecTHO MHO-
JKeCTBO TaKMX PABHOBECHBIX MNPOLECCOB, M MCCIENOBATENM MpuUJia-
ramrT, GOJIbIIIHe YCHIIMA [OJisi OINlpeaeJieHHs COOTBETCTBYIOLUHX KOH-
cTaHT auccoumauuu. Ilopasiisioligst 4acTb TaKMX NPOLECCOB SIB-
JasieTcst  juccounauued, Ho He HOHu3auuefi. C APyroH CTOPOHHI,
UBHTTEPUOHE — NPOAYKT HOHM3aLMH, HO He Auccouuauuu. Creno-
BaTeJIbHO, B JAHHOM Cllyude TePMHH KOHCTaHTa. AMCCOUMALMM —
He NOAXOASALIMH CHHOHMM, XOTsi HHOTAA OH H ynorpebisieTcs.

TepMHH «KOHCTAHTA UOHH3aLMH» MOXKET BHI3BaThL HEKOTOPHIE BO3-
pax<eHHsl B CJyuae, KOrda KOHCTaHTa.XapaKTepH3yeT paBHOBECHe,
B KOTOPOM OAMH MOH nmpespaiuaercss B Apyro# [cM. ypasuenue (1.5)].
3JTa TPYAHOCTb, OAHAKO, MCYe3aeT, ‘eC/H ONpefessiTh TePMUH «KOH-
CTaHTa HOHH3ALUHMM» KaK OTHOCHALUMHCS JIMHIb K IPOTOHY WJH HOHY .
THAPOKcHIa. B TakuX coyyasix, Kak ypaenenue (1.5), Moxer GHTb
npegnoXeH M APYrofi TepMHH — «KOHCTAHTa KHCJIOTHOCTH», Opn--
HAKO 3TO Bbipa)K€HHe He HALNIO WHPOKOTro pacnpocTpaHeHHsi. Mel
NpeAnoYHTAEéM TEPMHH «KOHCTaHTA HOHM3aUHU» KAaK MePUJIO CHJIBI

KHCJIOT H OCHOBaHHH. '

Lleas onpepenenus KOHCTAHT ' HOHH3AIHH .

- KOHcTaBTa - HOHH3allH# MOKa3hiBaeT COOTHOLIEHUe HOHOB, Ha KO-
TOpble pacnajaercsi BELUECTBO, .M HENLHCCOLMHPOBAHHBEIX MOJIEKYJ,
npu aio6om Boi6panHoM sHaueHMH pH. Tak, ecaum KoHcraHTa HOHu-
3auHH GeH30HHOH KHCAOTH 7,6« 107°, To MOXKHO GBICTPO MOACYMTAT,
yro npu pH = QSE},% BeulecTBa HaxoauTcs B opme anuona (I) u
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11% B ¢opMe HelTpaNbHBIX N;O.rlel{y.n (II)

_ Cco0°® A/ COOH
g4 o
Y
(I (n

Taxoii cnoco6 uu(popManud BO MHOIMX cayuyasX noJsesedH. Tak Kak
pasjuyHble MOHbl MMEIOT pasHble yJAbTPa(HONETOBbIE CNEKTPH, npa-
BHJIbHBIE CNEKTPO(OTOMeTPHYECKHe OnpeleseHuss MOryr ObiTb cAe-
JlaHbl JIMIIb B TOM cjlyuae, €cad MOMHHTb 3HayeHHEe KOHCTaHTH
HoHu3salny. MoHBl faHHOro BellecTBa OTJIHYAKTCA TAKIKe M N0 Apy-
ruM (puU3HUECKUM, XMMUYECKHM u GuosoruueckuM cpoiictBam ', Kowu-
CTaHTa HMOHM3auuM (npu onpeneneHuu uHtepsana pH, B kortopom
BElLleCTBO MeHbllle BCEro HOHM3UPOBAHO) YKa3blBAa€T YCJOBHUSl BhI-
JI€NEHHUs] €ero ¢ MakCUMajbHbIM BHIXOZOM (cM. raaey 6). DTo uMeer
GosbLIOe 3HAUEHHE B NpenapaTtHBHON XHMHH.

KoHcTaHThl HOHHM3aLMH 4acTO MCNONbL3YIOTCst s YCTAaHOBJEHHs
CTPOEHHsi BHOBb BbIJEJIEHHHIX BellecTB (cM. ryasy 8), OHM TakiKe
IEMor},"r NOMOYb /51 TOATBEPIKAEHHS HMOEHTHYHOCTH [BYX BELIECTB,
5? He UMeWIUMX TeMIlepaTyphl IJ1aBJCHHS.

l(panme H3JI0OKEeHHe XHMMHYECKHX OCHOB HOHH3aUHH

PagHoBecue npouecca HOHM3AUMH AJs PasjHyHBIX KHCJAOT MOK-
HO MpeAcTaBHTb B o0LieM BHME:

HA=H®4A® (1.1)

Hanpﬂmep, l'[pH HOHH3aLHH YKCYCHOfi KHCJIOTH! B BOAHOM pPacTBO-
pe o6pa3yioTcsi NPOTOHLI (H®) u auerar-nonn (CHsCOO®), koro-
pble JAalT C MOHM3UPOBAHHOHI YKCYCHOH KHCJOTOH paBHOBeC-
gyio cmech. Ilepen o6CyAeHHEM KOJHYECTBEHHOH CTOPOHBI STOro
‘paBHoBecusi 6yneT NpuBefeHO KpaTKoe oNHCaHHe XUMHYECKHX OCHOB
HOHH3aIHH. ’ ) . y

MHorse BeluecTBa NpPH PacTBOPEHHHM HX B BOAE He MOBHILIAIOT
€e - 5JIeKTPONPOBOAHOCTH. Takue BelleCTBa Ha3blBalOTCHA He3JIEKTpo-
gutamMu. OHH MOHMXKAIOT TEMIepaTypy 3aMep3anusi BOABI TPoMop-
LHOHAALHO HX MOJISIPHON KOHLleHTpauuu. 3pup, xaopodopm u Gen-
3041 — THUMHYHBIE HE3NEKTPONHTEHL ' . _

Kucnorh, OCHOBaHHf H COAM TOBBILIAIOT 3JIEKTPONPOBOAHOCTH
BOJABl NMpH pPacTBOPEHMM MX B~HeH. Takue BelllecTBa Ha3blBAIOTCSH
sJieKTpoJIuTaMu. Bce 3s1eKTPONIUTH MOHUXKAIOT TeMNEpPaTypy 3aMep-
3aHMs1 BOAH ropa3go GoJsiblile, yeM CJAENOBaJIO OXHAATh, HCXOMsl M3
HX MOJIsipHOji KOHUeHTpauuu. Hanpumep, consiHas KHC/IO0TA, eNKHii
HaTp, XJIOPUA HATPHs — MOHMKAKOT TEMIIEPATYpPy 3aMep3aHHs BABOE
6oJiblile NPOTHB OXHAAeMOro, IJTO "OTKPBITHE TpPHBEIO IUBEACKOro

‘1 Albert, Selective Toxicity, London, Methuen, 1960.
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XMMHKa AppeHHyca K CO3RaHHIO TEOPUH HOHM3aUMH 3JEKTPOJIUTOB
(1884—1887 rr.{, Aanee passutyio Dbpencremom, Jloypu, Ile6aem
u apyrumu . Hcxonms u3 sTofi TeopuH, NMPeANOsaraior, YTO B BOAHOM
PACTBOpe HET MOJEKY/ XJIOPHAA HaTpusi, a cofepiarcsi aumb Na®
u CI®; mer Monexya xnopucroro somoponma, a toabko H® u CI®;
HeT MOJeKys efKoro Hatpa, HO Tosbko Na® u OH®. Konuentpupo-
BaHHble pacTBopbl (T. €. koHueHTpupoBanuee 0,01 M) nokasmBaiT
OTKJIOHEHHE OT MEeasbHOrO NOBEAEHHS| He MOTOMY, YTo 06pasyloTcs
HEHTPaJbHble MOJIEKYJibl, a K3-3a Pa3/IMYHBIX MEXKHOHHBIX MNpPUTH-
KeHUH M OTTaJIKUBaHHWH,

Cyabdar HaTpusa paer genpeccuio B 3 pasa GONbIUYIO, YEM MOXK-
HO OXuAaTbh OT Mosekynn NaSOs Brino nokasano, uto oH pac-
wenssiercs Ha asa wona Na® u omun uon SOFC.

OG6biuno Bce coaM B BOAHBIX PAaCTBOPax MOJHOCTbIO HOHH3HPO-
BaHbl 3, XOTA BCTPEUAIOTCH M HCKJIOYEHMS, KaK HalpUMEp, XJOPHIH
PTYTH, KaAMUS M cBUHLA. [lonMBaneHTHBle KAaTHOHLI MeTaJjoB OG-
pPa3syloT KOMILJIEKCH! CO lllaBesieBOH KHCJ0TO#H, (ochOpHOi KUCIOTOMH
U APYrUMHM JIMTAHOAMH; KOMIUIEKCH 3T OOLIYHO HMEIOT KOJIbYaToe
crpoerne (cM. ryasy 9). OHn He SBJRIOTCA CONSIMH M HMelOT Ma-
JIYI0 CKJIOHHOCTb K HOHH3alMH,

B nporsBONOOKHOCTL COJISIM, MHOTHE KHCJIOTbl ¥ OCHOBAHMSI HE
NOJIHOCTBIO HOHW3UPOBAHH B PAcTBOPaX. CHJIbHHE KHCJIOTH U CHJlb-
HbIE€ OCHOBaHHUSl (Hampumep, €IKHii HATpP U cOJsiHas KUCIO0Ta) MoJ-
HOCTbIO HOHH3HpoBaHbl B uHTepralie pH = 0—14. Ho cnaGuie u
YMEpPEHHO CHJIbHBIE KHCJOTHI H OCHOBAHUSA HOHH3HPOBAHbBI HEMOJHO-
CTbIO, XOTS CTelleHb HOHM3alMM HX B pa3bapJieHHBHIX pacrsepax
6osibule, YeM B KOHLUEHTpupOBaHHBIX. Kpome TOro, cosnu, nosyue-
Hble u3 €1a00fi KHCJIOTH WM M3 €1a60ro OCHOBaHHS, B PacTBOpE
HECTOHKM W YACTHYHO FUAPOJM3YIOTCH A0 KMCJOT M OCHOBaHuii. Ta-
KHM 00pa3soM, NOJHOCTbIO HOHH3MPOBAHHLIE COJIH MOryT AaBaTh KH-
CJAOTY HJM OCHOB@HHE, KOTOPble HOHM3MPOBaHbl HemnoaHocTeio. [lo-
CKOJIbKY BC€ OMNHCaHHBle NPOLECCH FBJSAIOTCH OBHICTPBIMH M paBHO-
BECHBEIMH, ITIOJIOXKEHHE HE TaK CJIOXKHO, KaK 3TO MOXET [OKa3aThCA.
B camom nene, creneHb HOHM3aLMM B PacTBOPE 3aBHCHT JHIIbL OT
ABYX (haKTOpOB: OT 3§a_ug_ggﬁ_pl:lﬂdjp\l_&‘__ﬂocnenuee,_ KaK 3TO NOKa-

3aHo ypashenueM (1.3), snBAs®TCH NOCTOSIHHBIM AAs J06OH AaH-

HOM KMCJIOTH WJIH OcHOBaHMs: ClleloBaTe/BHO; 11 U3BECTHOIO 3HA-
yeHuss pH crenenn HOHM3ALMM 3aBUCHT TOJIBKO OT NMPUPOABI KUCJO-
Thl (WM OCHOBaHMsl), He3aBUCHMO OT Toro, Gblia JIH OHa npeasa- -

PHTEeNbHO HeliTpaJjiudoBana. Hanpumep, COOTHOWIEHMe alleTaT-HOHOB
M MOJIEKYJl YKCYCHOH KHCIOTH Gyner ONHUM M TeM e npu nobas-
JIeHHH aueraTa: HaTpHs, auetara  KalJlis My YKCYCHOH ~KHCIOTHI
K BOAe, 3anauHoe '3HaveHne -pH KoTtopoii™ nopaepxusaercs

2 R. P. Bell, Acids and Bases, London, Methuen, 1952.
! Bronsted, Physical Chemistry, London, Heinemann, 1937.
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nocrogaHuM. Ecsin 3HaueHne pH pacTBOpa yBeJIMYHBAETCs, TO CO-
OTHOLIeHHe HOHOB H MOJIEKYJI’ TAKIKe BO3PACTAeT, OJIHAKO 5TO HOBOE
COOTHOLUEHHE HE 3aBHCHT OT TOro, NMOJYYeH JIH PACTBOP M3 YKCYC»
HoOll KHCJIOTHL HJIM M3 KaKoH-HuOYyab ee CoJiH. 3TO BHITEKaeT M3 3a+
KOHa JeHiCTBHA Macc.

CyulecTBeHHOH 'yacTeio J1060H TEOPHM HOHM3ALUHH SBJSIETCS
NpHMeHeHHe 3aKOHa [eHCTBUSl Macc JHAs OIUCaHHA YCTaHOBHB-
lIerocss HOHHOrO. papHopecusi. Tak, Npou3BeleHUe KOHUEHTpALHM
HOHOB, 06pa30BaBLIKXCA TPH MOHW3AUMH YKCYCHOH KHCAOTHI, Haxo-
JUTCsi B NOCTOSIHHOM COOTHOLIEHHMH C KOHuUeHTpauHed HEUOHWU3HPO-
BaHHBIX MOJIEKYJI. CJlEJlOBaTBJIbHO YTBEpK DA, 4UTO KOHU.EHTpaILHH
HEHOHU3HPOBAHHOH KHCJIOTHI [CHSCOOH] paBHa KaKoii-To omnpene-~

JIEHHOH BeJMYMHe, Mbl MOAPa3yMeBaeM, YTO NPOM3BeJEHHE KOHIIEH-

tpaunu uonos [H®] [CHsCOOPClTakiKe paBHO onmpeneneHHOl Benu-
YiHe, KOTOpasi HAXOAHMTCA B IOCTOSIHHOM COOTHOLIEHHHM C IepBOH.
370 COOTHOLIEHHE HA3BAHO KHUCJIOTHOH KOHCTaHTOH Homusauuu (Ka).
HIM NMPOCTO KOHCTAHTOH HOHW3ALUH

[H®] [CH,CO0®] ‘
R 'Kﬂ=_ [CH,CO0H] (1.2)

Ins yKcycHOH KHCJOTBHI, KakK Gbl10 HaiiieHo 3KCIePHMEHTa/bHO,
- K, paeua 1,75-10°8 moasa (npu 20°C) *. [lis onpenefienus Kou-
CTaHTH MOHM3ALMH JID6OI" KHCIOTH Bhipamenne (1.2) moxer GHTH
npe,uc'rameno ‘B 0061 tpopme

[H®] [A®]

- o K=y
OTKYRQ
pKa—pH+lg IHAl—lg[Ael (1.3

rae A® — moﬁoi& aHHOH;
p— OTpHUATe/IbHEL Jorapudm ok

Kan Gyner panee NoxasaHo, B BOAHOM PaCTBOPe BCe TPH KOMNOHEHTa paBHO-
BecHs mnpa'rugonaubl a_noromy H® ucnonssyercs yuwb kak cokpamenuoe 060~
3Ha-|enne H:0 MIH (He H;0). - v

! . ™~

s - Knacchyeckne H TepMOLHHAMBYECKHE KOHCTANTH

Ypaaﬂetme (1. 3) ABJISIETCS JIKIUD npuﬁnnmeﬁﬂmm TaK KakK 3a-
KOH JefiCTBHS Macc OCHOBaH Ha MOHATHH 06 «aKTHBHOH Maccey,. npo-

’

* Ila.uee paamepnocm KOHCTAHT . HOHH3AUHH Aas KpaTKOCTH He YKashl-
BaloOTCH,” .

** Ona uenefi,’ HS/JIOMEHHHX B raaBax 1 u 2," Moxer OblTb B3AT OTPHLATE/b-
HB Jlorapud)m KOHIEHTPaUKH HOHOB Boﬂ.opo.na. Bo.'xee 'rulmoe onpepeaexHue
DaeTcs YpasHeHues (3 9) Ha CTp. 56, ) . . /

12 . _' ' . . | L d

TUBOMOCTABJISIEMOli KOHLEHTPauuu. [103TOMy npaBuiibHee NHCATh

‘L@’fﬁ H'KI=M

T
Ka= SHA {HA)} (14)

rae *H®, *A® u 2HA — cooTBeTcTBEHHO, AKTHBHOCTH NpPOTOHa, auHo-
Ha H KHCJOTEL-

YpaBuenue (1.4) maTteMaTHYECKH BbIpa)KaeT TO, YTO HE BCE ya-
cTHubl B ypasHennt (1.3) nonnoctelo ceoGoansl. IIpu usyyenun ¢u-
3UYECKHX CBOMCTB CTaJ0 M3BECTHO, YTO OTKJIOHEHHE OT HAEaNbHOro
COCTOSIHUSI YBEJHYHBAETCS C BO3pACcTanHeM KoHUEHTpauuu. [Tostomy
Ka, BpiuMceHHas no ypassenuio (1.3), Ha3paHa KOYUEHTPaLMOHHOH
koHcTanToil uoHusaumu (Ki), Tak Kak oHa W3MeHseTCs npu pas-
Gasnenuu *. K,, noacuuTaHHas M0 ypaeuenuio (1.4), HasniBaercs
TEPMOAUHAMHYECKOH KOHCTAHTOH M He 3aBHCHT OT KOHLEHTpaLHH.
Ilpu 6eckoHeynoM pa3baBieHHM KOHLEHTPALMOHHAsi KOHCTaHTa cTa-
HOBHUTCS DaBHOI TEPMOAMHAMHYECKOH KoHcTaHTe. Ilna OAHOOCHOB-
HBIX KHMCJIOT M OCHOBaHHU pasHHLA MeXAy 3TUMH [ABYMsi. KOHCTaH-
TaMH 06byHO Mana yxe npu 0,01 M u noutH Hepasnuyuma npu
0,001 M (cM. raaey 3, ctp. 56). Mbl pekoMenayeM NpHMEHSITL ypa-
BHeHUe (1.3) npu caenylOLMX YCJIOBHAX:

‘a)’ KOHCTANTH! JOJKHBLI ONpPEeNeNsiThCH B PACTBOPAaX, KOHLEHTpa-
1M KOTOPHIX He npesbiiaer 0,01 m0.48/4;

6) B pacTBOpE HOJIKHBI HAXOAMTHCS JIUIIb OJHOBAJIEHTHBIE UOHBIL.

Cnenyer OTMETUTb TOJIbKO TO,.UTO MpH JIOOBIX pa3baBieHusix ak-
THBHOCTb HEHTPAJIbHLIX MOMNEKYJl HE OTJIMYAETCHA 3aMETHO OT MX KOH-
UeHTPaUuu H yTo-3HayeHue pH, nosyueHHoe oObIYHBIMH METOHNAMH,
XapaKrepH3yerT aKTHBHOCTh MOHOB BOAOpPOMA, & HE HUX KOHLEHTpa-
LMIO, XOTs, KaK NPaBUJO, 3TH [ABE BEJHYHHb 3HAYUTEJbHO HE OTJIM-

yaiores. CllenoBaTenbHo, BesHuuHa, o603HauaeMas [AQ] HEH]JHI‘O.H.'
Ha Jasi ypasHeuus (1.4).

OcuoBauns

JIl5si OCHOBaHHiI NOJIOXKEHUE HOHHOrO PaBHOBECHSI TaKXe MOXET
6HITH ONMCAHO KHUCJAOTHOH KOHCTZHTOH MOHM3auud. Hanpuwmep, am-
MUaK — OCHOBaHHE, KOTOpOe, NPHCOEMMHsis NPOTOH, obpasyeT HOH
aMMonusi. OIHAKO HOH aMMOHUs (NH®) moxno paccMarpuBath H
KaK cjiabylo Kuc/aoTy, KOTopasi cnoco6Ha YacTHYHO HOHU3HPOBATh
B BOJHOM pacTBOpe, AaBasi HOHH BOAOPOAE M MOJIEKYJH aM-
Muaka. Ilostomy:

[H®] [NH;,]

Ka= [NHE]

(1.5)

* KOHUEHTPaLHOKHYI0 KOHCTaHTY HHOIJA HaSHIBAIOT «KNACCHYECKOH KOHCTaH-
TOf», NTO COOTBETCTBYET TakKIKe «KaXCyLIeHCs KOHCTAaHTe», 0/HAKO M TOT, H Apyroif
TEPMHH HeXKeJaTe/bHEl,

13



DKcnepuMeHTanbHO OBIO HafiIeHO, YTO 9Ta KOHCTAHTA paBHa
5,5-1071° (npu 25°C). Ypasuenue (1.5) moxer GuiTb H306paxeno
B OoJiee ofwieM BHOe: -

[H®] [B}
[BH®]

Takoe ucnonb3oBaHue KOHCTAHT KHCJIOTHOCTH IJsi XapaKTepH-
CTHKH MOHH3alluH OCHOBaHMi Gbwio BBeneno B 1923 r. Bpencrenom,
KOTOpBIf YBHJe], HACKOJBKO yAOOHO BHPaxKaThk CTENeHb UOHU3aLMH
KHCJIOT ¥ OCHOBaHHII B OHNHOH lIKaJie, nogo6HO TOMY, KaK 3HaueHHe
pH oaunakoBO Xopollo XapaKTepu3yeT H KHMCJOTHOCTb, H OCHOB-
HOcTb, PopMaljibHOe CXOACTBO MeXKAY IMpoLeccaMH, OMHCAHHBIMH
ypasHenuaMu (1.3) u (1.6), sakniouaercss B TOM, yTO B 060MX CAay-
yasX YyacTHUL], COOTBETCTBYIOLHe HAaNHCAHHEIM B 3HaMeHarene, npH
HOHH3aUHM pacnajaroTcss Ha MPOTOH M HOBOE BELUECTBO, KOTOpPOE
OTJIMYaeTCsi MO COCTaBy OT MCXONHOrO Ha HOH Bomopoxa. Pasblue
HCCJIeA0OBATE/IH NOJIb30BaJIMCh Vsl ONMMCAHUS HOHU3ALMH OCHOBaHMI
npyroii kouctantolf (Kg). s amMuaka OHa MOXeT Gbrrb BhIpa-
KeHa ypaBHeHHeM-

K, = (1.6)

[OH®I[NHP)

‘ Ko=—Twmomr ~ (1.7)
¥, Kak OBJO HalileHo 9KcnepuMmeHtanbHo, Kg= 1,8+105 (npu

25°C) BEJIH'{HHy Ks Kak KONHYECTBEHHYI0 XapaKTEPUCTHKY UOHH-
3alM¥ OCHOBAaHUH NPUMEHATL HE CJelyeT, IOTOMY YTO OHa HE 3a-
TParuBaeT CyLIHOCTH Npollecca. CyLIHOCTb €r0 3aKJIOYaeTcs B TOM,
41O Jio6asi KMCJIOTa NpPH HOHM3aUMH [aeT NpPOTOHLI, a OCHOBaHue

.IpUCOeaHHAET _HX, CJ'IEIIOBaTeJIbHO KHCJIOTHL H OCHOBaHHsI MOryT

GBITE KONHYECTBEHHO OXapPaKTepU30BaHHI N0 MX CPOACTBY K NPOTO-
ny. 3ta B3auMOCBs3b TpebyeT HCNOJbL30BaHUs €IUHbIX KOHCTAHT KH-
cnotHoetH (Ka) Anst KMCJIOT M OCHOBAaHMH.

Besunua pK

KoncraHTel HOHH3aUMH — MaJible, a NOTOMY HEYAOOGHBIE BEJIHYM-
Hbl; OOBIYHO MOJIL3YIOTCH MX OTPHUATEILHEIMH Jorapupmamu (u3-
pectHbIMU Kak pKa), KoTopble ynoGHBI KaK B MPOM3HOWIEHUH, TaK H
B HanucaHuu [CM. ypaBHeHnue 3, 1.3)]. Tak, snauenue .pK, yKcycHoii
KHCNOTH pasHo 4,76, yTto ropasfno yaobHee, yeM BHpa’KeHue Ans
ee KOHCTaHTH HoHusauuu 1,75-10°5. 3nayenue pK, ammuaka cocras-
Jnsier 9,26, uto ynobuee koHcTaHTH HOHM3auuu 5,5-1071° Panpue
IONsi OCHOBaHHW# NpHBonwauch 3Hauenuss pKs (Hanpumep, 4,74 ans
ammuaka npu 25°C). Teneps HX MOXKHO NpPEBPATHTh B BEJIHYHHH
pKa, BHUMTas H3 OTPHLATEJNBHOrO JiorapugMa HOHHOTO NpPOH3Bene-

‘Husi Boabl (Kw) ans cooTBerctByloleil temneparyphl. Besnunna

pKw paBna 14,17 npu 20°C u 13,62 npu- 37°C (cm. Tlpunoxe-
Hue IT). Torna npu 20°C
pKa+pK,o=14,17 (1.8)
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OueBupHo, yto BesiMukHa pKa ymobHee Onsi cPaBHEHHsI CUJIBI K-
caoT (Mau ocHoBanuit). YeM cHibHee KucaoTa, TeM HHxKe ee pKa;
yeM CHJIbHEE OcHOBanue, TeM Bbille ero pKa.

dopMa KPHBEIX THTPOB aHUus. B Tex cayyasiX, KOraa KH-
CI0Ta MJM OCHOBaHHE HOHH3UPOBAHE! B PacTBOPE HAMOJOBHMHY, 3Ha-
uenne pH pacteBopa paeHo Benu-
ynHe pK, KHCIOTH HJH OCHOBa-
nusi. Ecnu kucnora uonusuposas [
Ha Ha 10% (ocnoeahne na90%),
snavenve pH na emnmuny nmxe, 77
penuuunp pKa. EcaM ke kuc- 'm0
nota HWoHM3upoBaHa Ha 90% g}
(ocHopanne Ha 10%), 3Hauenue 8

7
6

pH Ha enunuuy BHuIE BeJHYU-
ubl pK,y. Korma kucaora gicco-
uuHpoBana Ha 1%, Benuuuna
pH una 2 epuuuunt nuxe pKi;
KOrza OHa AMCCOLMHPOBaHA Ha
0,1%, seanuusa pH wa 3 enu-
nuuel HUXKe pKg ¥ 1. 1. OcHoBBI-
BafAChk Ha& 3THX J[JaHHBIX, JIErKo
npexncraButh cebe (Qopmy Kpu-
BOil HERTPaNM3auMM KHCJAOTH (OCHOBaHMsI) NpPH YCJIOBHH, YTO KHC+
JloTa He CJIHIIKOM caabas (puc. 1.1).
!

A L PR | A L A i i 3
g 10 20 30 40 50 60 70 80 S0 100
Cmenens uonusauuu, 7

Puc. 1.1. Tunuyuaa kpHBas, nojyyeH-
HafA NpH MOTEHHHOMETPHYECKOM THTPO-
BaHHH KHcnoTH  (6OpHaa KuCJOTaA,
i =g:2 an 200 C)-

Baaumumiit nepecuer seswunn K, n pK,

Hns nepecueta Ka u pKa cnenyer B3ato sorapudm KOHCTAHTH ¢ OGDaTHLIM
suakoM. Hanpuwmep, YKCyCHas KHCJIOTAa HMeEeT KOHUTAaHTY HOHH33UKH 1,75- 1075,
aorapudmM ee 5,2430; ecnu B3ATH 3TY BeNuuuHy ¢ o6paTHBIM 3HAKOM, TO NOJY-
yum 4,7570. 310 u ectvb pKa 4na ykcycholi kxucsiote, OcHOBHOCTS, Bmpa}xeunan
uepe3 pKy#, nepecuHTHIBaeTCA TaKHM e o6pa3oM.

Haa nepecuera pKa 8 Ka Gepyr pKa ¢ 06GpaTHEIM 3HAKOM H HAXOHAT aHTH-
Jorapu¢M noJyuyeHHoro yucia. B KaueCTBe NpHMEepa NPHBOAHM Pe3yJbTATH Ta-
KOro nepecuera Ji/li HEKOTOPHIX BeLIeCTs:

pK, (20° C) K,
bensoHHan kucnota . . . . 4,12 76.107°
n-Harpoaunauu . . . . . . 1,01 98-1077
AMMHAK . . . . . . . . . 9,36 44.107%°

) nKpesom . ........ 1014 7,2-107"
10,81 1,5-107"

MerunaMus . . . . . . . .

B rex cayuasmx, Korja OCHOBAHHA OXapakTepk3oBaHH BesmuHuol K, yno6-
nee cHauana Nepesectu Ks B pKs (rouHo Tak ke, Kax 370 onucaHo ana pKa),
a yxe satem nepecuntarr pKs B pKa, BHUHTAA MONYYEHHLIA peay/bTaT H3 14,17
(nas 20°C) wmm 14,00 (nas 25° C). Hanpumep, uaBecTHo suayerue Ky = 1,5-10°5
ann ammuaxka npu 20°C. Jlorapudm 31ofi senmumnm 5,1761. Ecnu Basth- ee
c ofpaTHEIM 3HaKOM, TO NOJyuuTcs 4,8239, Buuaranne 482 us 14,17 paer aua-
yeune pKp aasn 20° C, pasuoe 9,35,
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Pacyer KOJHNECTBA HOHHIHpOBaHHOA ¢opmu

B Ilpunoxenun IV (cTp. 164) ykasaHo NPOLEHTHOE COLEpPIKaHUe
'(KMC/IOTH WJIM OCHOBAHHSI) MOHM3UPOBaHHOi (popMbl @ AJsl pasnuy-
HBIX 3Hauenuit pH n pKa. 3Tn Be/MYHHB! COCYHTAHB! MO YPaBHEHUIO
(1.9) nns ocuopauuit u no ypasHenuio (1.10) s kucjor:

-~ —— lm I
U &= T (pH—pKy) (1.9)
100 -
‘!}}r"}“ %= T antiig (pKs — pHY - (1.10)

Ha OCHOBaHHH 3THX ypasneuuu puc. 1.1 u Hpnnomeﬂun IV mo-
MHO NPUATH K BHIBOAY O TOM, YTO Majioe M3MeHeHHe BejuuuHb pH

NPHBOAMT K GOMBLIOMY H3MEHEHHIO BEJHYMHBl &. DTO OCOOEHHO BaX-

HO B TOM cJyuae, koraa peauwyudsl pH u pK 6ausku (o6biuHo BGau-
3H TOYUKH no.nyaempa.rmaauuu)

B Tta6a. 1.1' naubl npu6nukeHHble 3HavyeHus PKa HeKOTOPbIX
OGHIYHBIX ‘'KHCJIOT # OCHOBaHHfi. KHC/IOTH H OCHOBaHHs ommaxosou
CHJTHI * nomeiuensl APyr npoma apyra.

: - s Tabruya 1.1
't Cuna HeKOTOPHIX OGBIYHBIX KHCIOT H ocHOBaHuA
' (npuGanyenHsle SHaYeHUNA)

_ + Kuecnora - 1 pKy OcHopauus pKy
Consuan kucaora ¥ - | Enxuii Hatp ¥ _
IllaneneBas KHCIOTA . . 2 | Aneramupue . . . . .| 12

OTHAGMEE . + . . . .| 11
VkcycHan xucaora . . . 5 AMMHAK . . . . . .. 9 ,d
YronbHaa KHCAOTA . . . 6 Muorue aaxanaomasl . . 8
Cuuuabuas xkucaora, 6op- | Aunaul, nupuauH o . .| O :
Has KHCOTA . « + + » 9 -
DEHOR . . . « & o o o 10
Caxapo3a . + +'v o o - I3 | n-Hurpoawuaun . . . . 1

* JlonAOCTBI0O WOHMSHPOBAHE; pKa He MoxeT OBTb npdc'rolnsuepeuo.

Hau6onee pacnpoctpauenuue METOAb ONpeAcACHHs KOHCTAHTH nmiuaau:—m

HauGonee: ynoﬁnmm ME'TOHOM onpene.r:enaﬂ KOHCTAaHT HOHM3a-
LUHH fABJiseTcs TNOTeHLJOMeTpHYecKoe THTPOBaHWe (ryiaBnl 2 u 3).

Jlnsi noTeHUHOMeTPHYECKOrO THTPOBAHHS Heo6XOAMME! 'IBa 3JIKTPO- .

na.-Haun6osee ynoGHoit napoi sBJAIOTCS CTeKIAHHBIH H KaJloOMelb-

* JKenatensuo- 3HaTe 5Ty TabnHIy HaHBycTb AAs TOro, 4To6M HMETh 9Ta-
NoHuble (KOHTPOJIbHEIE) TOUKH NpPH .oueHKe HOBbiX SHayenufi pK. Bosee nonuwe

H TouHHle JaHHBle O KOHCTaHTax Houuaal.mii Oo.nbluerg KONHYeCTBA BEJYECT Mpu-

BeJIeHH B mane 8,

6" e

HBlH 3sekTpoabl. He pexkoMmenayercs wncnonb3oBaTth AJsi OGBIYHBIX
Lesieil BOOOPOAHBIH 3J€KTPOA BMECTO CTEKJSAHHOro, TaK K&K OH 60-
Jiee KanpuseH B paboTe M 4acTO AAET HEBEPHLIE MOKa3aHHs BCJEH-
CTBHE THAPHPOBAHUSA OMNpenessieMoro Beulectsa. [loMUMO HCMOsB30-
BaHHA B KAyecTBe OCHOBHOIO CTAHAAPTAa, IJldaBHas UEHHOCTb BOMO-
pPOJHOrO 3JIEKTPOAA 3aKJI0OYaeTcsl B BO3MOXKHOCTH NPUMEHEHHsi ero
IJi1si OMNpEeHeJIEHHs] KOHCTAHT HOHM3alUH OYeHb cJaGbBlX KUCIOT H
OYeHb CHJIbHBIX OCHOB@HHMil, 0COGeHHO Anf_ BellecTs, PKa KOTOPBIX
11 unu Gonbuwe (ctp. 46). B durepsane pH = 12—14 cTeknsHHbIi
anekTpon HertoueH. CepeGpsiHblii 3JIEKTPOHL B -HEKOTOPHIX CJjyuasix
npennoqmre.nbﬂee' yeM KaJoMesbHBIH. XHHIHAPOHHBIH H CyprH-
HBIi 3JIEKTPOAB! Celiuac NPUMEHSIOTCA’ PEIKO.

Hcnonb3oBanue HHAMKATOPOB BMECTO 3JEKTPOMOB st Habuio-
JieHun 3a usMeHenueM pH npu TUTpoBaHMM TaKkKe SIBNSETCH OOHOM
H3 GopM noreHuuomerpuu. ONHAKO 3TOT METOJ BECbMa YyBCTBHTE-

" JIeH M [Ha@eT XOpollue pe3ysbTaThi TONLKO B ONMBITHBIX PyKax* u ceil-

yac OH UCINOJL3YeTCsl ropasno pexe, yeM npexzae. CneuuannpHas o6-
J1acTh NIPUMEHEeHUs] 3TOr0 METOHa — ONpelefieHHe KUCAOTHOH (DyHK-
UMM pPacTBOPOB KOHLEHTPHUPOBAHHHIX KucaoT (cTp. 67).

B to_BpeMs Kak NOTEHUMOMETDRYECKOE OMpeneneHe KOHCTANTE .

HOHHSAUMH 3aHHMaer 20 mun ‘IpHMEHeHHe cneKTpo-
"?Boromerpuqecxoro MeToHa B yJbTpaguoneTroBoii obnacTu cnexkrpa

Iasi Toi ke Lenu TpebyeT Gosbluylo-uacte paboyero ausa. TeMm He
MeHee, 3TOT METOl OKasbiBaeTcsi YAOOHBIM /sl ONpefesieHHs! KOH-
CTAHT MJOXO PAacTBOPUMBIX BELUECTB, a Takxke s paboThl NpH
OyeHL MaibiX MM oveHb GoabLIMX 3HayeHusX pH, korma crexkasi-
Hblil 3s1ekTpoA HenpurogeH. CnekTpopoTOMETPUYECKHI METOL MOXKET
6LiTb MCMONB30BaH JHUIL B TEX GlyyasnX, KOIQa BeELLeCTBO MOIJo-
llaeT CBEeT B YJbTPa(HOJETOBOH HJM BHUAMMOH OGAACTH M MaKCH-
MyMB! TIOrJIOLLEHHS] COOTBETCTBYIOIUUX HOHHEIX (POPM HAXOASITCH HA
pasiuuHbX AauHaX BosH. CHekTpoOTOMETPHYECKHE ONpejeNeHusi
BCErga cBfi3aHbl C IOTEHLUOMETPHYECKHMHM, IOCKOJBKY CIEKTpalb-
HBle H3MepeHusi npooasTcs B OydepHBIX pacTBopax, 3Hauenusi pH
KOTOpPHIX OINpEeAeJsloTcsi INoTeHLHoMmeTpuyecku. [lorenumomerpuue-
‘CKOe omnpefieneHHe KOHCTaHT HOHHM3AUMH-UyTeM H3MEPEHHs KOHUEH-
TPaL¥y HOHOB BOAOPOAa He CBA3aHO HEMOCPEACTBEHHO c ONpenefe-
HueM HeuspecTHBIX (uccienyemsix) pewtects. Ilpu cmektpodoromer-
PHYECKOM K€ MeTOde H3MEepHIOTCH CABHIH CIEKTpajbHBIX JIMHHI,
o6A3aHHBle MPHCOeNMHEHHIO NMPOTOHAa K HeH3BeCTHOMY (Hccaenye-

-MOMY) BelilecTBy (ryiaBa 4). PaMaHoOBCKMe CEKTPH M fIePHBIN Mar-

HUTHBII pe30HAHC MNO3BOJISIOT ONpENeNsiTh KOHCTAHTH HOHU3AUMH
Jaxe TaKHX:CHJBHBIX KHCJIOT, KaK a30THas W TpUQTOpYyKCycHas S.

OnpeneJieHe KOHCTAHT MOHH3ALHU C NMOMOLUBLI0 KOHAYKTOMETpPH-
YecKoro meTofia (cM.rjiaBy 5) 3aHuUMaeT OOBIYHO HECKOJIbKO GoJiblie

t+ Kolth f Blochem. Z., 162, 289 (1925).
6 Redll Hood D:sc.. Farad. Soc., 24, 87 (1957),
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BPEMEHH, HEXeJH MOTEeHLHOMETPHYECKoe oMNpeneseHde. D10 Me-
Hee rubkui ¥ ynoGHBI MeTOH, HO OH mose3eH Npu pabore co caa-
6pimu kucnotamu (pKa > 12). Bonbiiass uyacte KOHCTAHT HOHM3a-
.uHY, onpeneneHHbix go 1930 r., 6bina HaliZleHa UMEHHO 3THM MeTo-
IOM, HO MHOFM€ W3 NOJIyyeHHbIX 3HayeHHH OKa3anucb HETOYHBIMH.
Tem He MeHee U 3TOT METOJA MOXKET AaTh TOYHbLIE Pe3yJbTaThl, €CJH
MoJL30BATHCH UM ¢ OCOGEHHOM TLLATENbHOCTBIO H OCTOPOXKHOCTDIO.

JpyruM MeTOooOM OMnpeleNeHHsi KOHCTAHT SIBJISETCH H3MepEeHHe
BO3pacTaHusi PacTBOPHMOCTH B BOJe HCCJEAYyeMOro BEllecTBa INpH
passuyHbX* 3Hayenusix pH pactBopa (rmaBa 6). 3ror merom He
TdK TOYEH, KaK NOTEeHLHOMEeTPHYECKHUH, CeKTpo(pOTOMETPUUECKHUH H
KOHAYKTOMeTpHYeCcKHH, HO GhiBaeT NoJie3eH B TeX cayyasX (K cua-
CThbIO, PEAKUX), KOFJl@ BEIEeCTBO CJMIIKOM Masio pacTBOPUMO B BO-
ge Aaast Toro, 4To6bl HCINOJIb30BATh NOTEHLHOMETPHYECKHH MM KOH-
OYKTOMETPHYECKHI METOH, H CINeKTP ero HENpPHroleH AJsi onpene-
neHusi. Karanus rupponusa 3GupoB, NHCAXapHAOB M TIJIIOKO3HIOB
KAK METOJ M3MePeHHsl KOHCTAHT HOHU3alMu: NpejcTaBJisieT JHUIb
HCTOpHYeCKuii uHTepec. B psine cayyaeB STOT MeTOR NPHBOAHI K
OoueHb rpy6uM oLIHOKaM. |

Onenxa HeoOXOAMMON CTENeHH TOYHOCTH

INocnhe mnosnyyeHusi CEpHH Pe3yJbTATOB, HCCAENOBATEJb MOJKEH
6bICTPO pelIuTh, AOCTATOYHO JIM OHM XOPOQUIM AJsi ero lejed, Hiau
ONBIT CJIEAYET MOBTOPUTb, HECKOJBKO H3MEHHB YCJOBHsI €r0 Ipose-

" nenns. Hcxonss ¥3 JIHYHOro ONBITa, MOXHO YTBEPXKOATb, HYTO €C/IH
B CEPUH Pe3yJbTaTOB, NMOJYYEHHBIX B ONHOM 3KCIepHMeHTe, Habulo-
naercsi Gosbluoii pa3Gpoc, TO B uTOre 3TO OOBIYHO MPUBOAMT K roO-
pasgo Gosbuiel ouubKe, yeM MOXKHO OblMO OXHAate. Tak, eciu
3Hauenue pKa nonyuunocn pasubiM 7,83 = 0,2 (rme 0,2 — pasGpoc
WM IUIOLAAL PaccesiHufA), TO CTOJL K€ BEPOSATHO, YTO HCTHHHOE
3HayeHHe pKa sexut BHe npenenos 7,63—8,03, Kak W BHYTpPH -HUX.
Takum o6pasoM, takas creness touyHoctd (+0,2) cosepuienHo He-
nocratoyHa. He Hano Bnajats M B APYryl0 KpaHHOCTb, NbITasich
onpepesiuTb KOHCTAHTY MOHM3aUMH ¢ pasbpocoM MeHblle, YeM
+0,01. Ha takoe onpenejieHre MOXHO NOTPATHTb MHOrO Hezielb H

Haxe MecsilieB, a ycunus OyayT onpapAaHb JIHIUbL B TOM ciyyae,

eCJIH KOHEeYHOH wLe/blo -OhJI0 ycTaHoBJeHHe MEXAYHapoaHoro CTaH-
JapTa uau Kakas-ro clenHasbHas KajiuGpoeka, OueBmuHoO, noJKeH
CylllecTBOBATh KaKOK-TO CpellHHii myTb. MHorue ynTaTenu TOH KHH-
TH 3aXOTAT MNONYYHTH AOCTOBEPHEIE pe3yJsbTaThl, KOTOpPbBlE CMOIYT
NOBTOPHTb M APYrue Hccjenosatesiv. B To e Bpemsi, OHH 3aXoTAT
JAOCTHYbL 3THX PE3YJIbTATOB 34 BO3MOXHO KOpoTKoe Bpems. Ouesun-
HO, YTO B CEPHH pe3ynbTaToB, NOJYYEHHBIX B OJHOM OIbiTe, HENO-
nyctuM Goubllimii pa3bpoc 3HaueHuii, yvem =*0,06. Boobuie cnensyer
-06Cy1aTh H CPapHHBATb CepHH pe3yJbTATOB, MOJIyYeHHLIX OXHHM
METONOM, TaK KaK NPH pa3HbX M'e'_rg,t_L_a:x HCC/CA0BaHHA OHH MOryT
pasjiHnyaThCs.
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Jas toro 4ytobul onpemenuth pa3bpoc 3HaueHHi, HaNO HaNTH
anTunorapudpm ans Kaxuaoii BesHuyuHs pKa B cepun, onpenenuts
CPEelHIOI0 BeJMYMHY M B3fTb JiOrapudM 3TOH CpenHeil BeJHYHHBL
Haun6onbuee orkyionenue 3nayenuii pKa B cepun oT HaiieHHO# Be-
JIHYHHLI K €ecTh ee pa3bpoc (paccesnue). Tax, ecsau HaiiieHo, 4TO
CpeHssi BeJuHuuHa papHa 3,93, a neBATb 3Havenuit pK, B cepun
(M3 KOTOpBIX ¥ Oblna HalilleHa Cpe[Hfisl BEJXUYWHA) COOTBETCTBEHHO
3,91; 3,91; 3,93; 3,95; 3,94; 3,96; 3,97; 3,94; 3,91, To Bennunua 3,97
uMeer HaubGosbuiee oTknoHenue (0,04), a motomy pasGpoc 6ymer
+0,04 (unu +0,04 u —0,02), u 3uavenue pK, cienyer manucatsb
Kak 3,93 % 0,04.

Ilpumep, NpuBeNeHHHI HHXKe, MANIOCTPHPYET OWMOKY, KoTopas
NOJIYYHTCs, €CnH OpaThb CPEAHIO BeJHYUHY norapudMos, BMecTo
TOro, 4TOOBb! CHayasa MPeBPaTHTh STH BEJMUMHBI B aHTHUJIOrapu(pMbL
Ecan B3snte nee senuyunn pKa 2,10 u 2,90 u ux cymMMy pasuenuTb
Ha 2, To moJyuyuM BeanuuHy 2,50, sBASIOLLYIOCS He CPEOHMM apid-
MeTHYeCKHMM, a KBajapaTHbM KopHeM. BMecto 3toro Hyxmno 6bL1o
npespatuts BenuuuHbl pKy B ux autunorapudmer (126 + 794) u ux
cymMmy paszneauts nononam (460). Jlorapugm 460 pasen 2,66, uro
AIBJISIETCS NPaBUAbHONI CpelHeH BEJHYMHOM.

Hekoropbie aBTopel J106siT cOOGUIATL CBOM KOHCTAHTLI C «Be-
posiTHoii owHOKo#» BMecTO yKasauusi pasbpoca. HcnosnbsoBanue
BEPOATHOH OLIMOKH NPEAnosaraeT MeHbllIHe OTKJIOHEHHs!, YeM B feii-
CTBHTEJIbHOCTH, YTO CKPBIBAET OT YHTaTeNsl IOJE3HYI0 HH(OPMAaLHIO
0 MakcuManbHoii owubke. Beposithas owubka nosyyaercst BLYHTa-
HHeM cpenHeil BeJiuuMHbe PKa M3 Kaxnoro 3nauenuss pKa B cepuu
(6e3 yuera 3naka). CymMMa 3THX OTKJIOHEHMH 3aT€M YMHOXAeTcs Ha
3 u ZesMTCH Ha MPOM3BEAEHHE YHCJa BEJUYHH B CEPHH Ha Kopeub
KBaJpaTHHf u3 HX uucaa. Tak, eciu B MPHBENEHHOM BBIE npu-
Mepe BesiuuuHy 3,93 BhHUECTb W3 NEBATH 3HAYEHHil B CEpHH, a pe-
3yabTaThl CJOXKHTL Oe3 yuera 3Haka, To noayuum 2 = 0,17, BeposT-

_Hasa omubka 6yaer:

9V9 27
«CreneHe TOYHOCTH», KOTOPAsi PACCYMTHIBAETCS KaK YacTHOE OT
NesieHUs] BEPOSITHOH OIIMOKM Ha cpenHee 3HayeHHe, SIBNSiETCs elle
MeHbllieif BEJHYMHOH, M yKa3aHHe 3TOH BeJIMUHHBI ONSIThb-TAKU MEHee
noJie3Ho, YeM yKasaHue pas6poca. [ljis Hac oueBHIHO, 4TO GOJbIIYIO
yacTh 3Ha4YeHHH HeOo6XoAMMO coobillaTh ¢ yKa3aHHEM MaKCHMaJib-
HOll BesuyHMHH pa3bpoca. :

Banaune TeMIepaTyps Ha KOHCTAHTH HOHH3auHK

KoHcTaHTB MOHM3aLluu BapbUpYIOT ¢ TemNepatypoil. Koppes-
LyoHHAsl KpuBas OOCBIYHO HuMeeT (opMy mnapabosnbl ¢ pPasMBITHIM
mMakcHMyMoM. [y MHOPMX KHCJIOT, BKJIOYas Bce KapOGoHoBHIE
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KHCJIOTBI, 3TOT MaKCHMYM JIEXKUT NpPH TemnepaTtype okono 20—25°C,
a MOTOMY KOHCTaHTHI HMOHM3aLMM TAKUX BELIECTB MOXHO ompeje-
naTh 6e3 0COGEHHO TILATeJBbHOrO KOHTpoJs Temmepatyphl. Tak, nep-
Boe 3HayeHHe pKa JIMMOHHOH KMC/IOTHL H3MeHsieTcsl B Ipejenax
4,44—4 47 npu usMeHeHud Temnepatypsl ot 12,5 no 91°C. denon,
onHako, ctaHoBuTcs kucaee Ha 0,012 emunnubl pKy ¢ yBeauyenuem
TeMmepaTypbl Ha Kaxablii rpaayc. HekoTopble HeOpraHuyecKkHe KH-
cjothl (HanpuMep, ¢ocdopHasi) HeuyBCTBHTEJBHBl K TEMIEpaType,
B TO BpeMsi Kak GOpHas KHCJIOTa CTAHOBHMTCHA CHJIbHEE NMPHUMEPHO HA
0,006 epuuuL c yBe/iMueHHeM TeMmnepaTtypel Ha 1 epad.
Aao’rconepmam,ue OCHOBaHHUA YYBCTBHTEJBHBI K H3MEeHeHHK TeM-
nepartypbl, cTaHOBsich ‘cniaGee ¢ nopbiwieHneM ee. Tak, pKa anuauua
cocrasnser 4,66 npu 20°C u 4,52 npu 30°C. TemnepaTypHblii 3¢-
" ¢ekT GOJiblIE Yy CHABHBIX M- MeHbLie Yy ca1aGbiXx OoCHOBaHHH. Temne-
patypHble KoapHuUMeHTs GOMbLIOro 4YHC/a. OCHOBaHHil (BKAlOYas
aJIKHJIAMHHBL, aHHJIHH M NMHPUAMH), ONpefleJieHHble B BOAE B HHTEp-
Bane temnepatyp 19—30°C, nmpuBepenn B 1aba. 1.2. =4

Tabauya 1.2

TemnepatypHbie K03 dHUHEHTH
ANA a30TCOAEPIAUHX OcHoBaHHH npw 0—40°C°

Brivects npi ysenu-
YeHHH TeMMNepaTypHl
Ha Kamasfl rpazyc

BuiuecTs nmpu yBeau-
PKa YieHHH TeMIEepaTyph ng
Ha Kaiuamsiil rpanyc

33 0,04 6,6 0,017
42 0013 -~ 75 0,018
4,6 0,014 9,0 0,020
50 0,015 . 10,0 0,021
58 0,016 1 1,0 0,022

¢Hall, Sprinkle, J. Am. Chem. Soc., 54, 3469 (1932).

ﬂaHHbIe TabJ. 1.2 He. TOJI_EIKO HJIJI!OCTpprIOT 3aBHCHMOCTD KO"-I
3(1)(DHHHEHTa OT BEJIHYHHBL pKa, HO H NO3BOJIAKOT prﬁo nepecuuraThb
BeJIHUHHY KOHCTAaHTBI C Of.l_HOI.:I TeMIIepaTypel Ha- Apyrylo.

H3 CKa3aHHOro BBILUE $ICHO, HTO-npl/l HaCTPOI‘;IKe IIOTeHuHOMBTpa
_J_'_IO GOP?EEQMLQx(h—eDHOM y_"'pi(iT-_%opy.,“ E. Ta.l{}Ke” Hpﬂ OfnpencneHiy
KQ_H_E'TB’HT’EEHHSauHH BCEX OCHOBaHHH H MHOTHX KHMW'H&Oﬁ}EOAHM“
TUiaTeJIbHBIH KOHTPOJIE TEMIIEPATYPHI. T —
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Taasa 2

ONPENEJIEHUE KOHCTAHT UOHU3ALUH
METOOAOM NOTEHLHUOMETPUYECKOIrO THUTPOBAHUA
CO CTEKJIAHHBIM 3JIEKTPOOOM

Jlyumnii cnoco6 onpesesieHnsi KOHCTAHT HOHM3ALMH — MOTEHLHO-
MeTpusi. DTOT MeTOA OnpeneseHus 3aHuMaer mano spemeHd. Oc-
HOBHBIM TpuGOpoM B OCOpPYNOBaHHHM MOTEHLUOMETPUYECKOTO THTPO-
BaHHsl SIBMAAETCH TNOTEHUHOMETPHYeCKHH npubop, KOTOpBIi OGLIYHO
HaseiBaoT pH-merpom. Ilpu mpaBHAbLHON 3KCIUIyaTalHH 3TOT MpH-
6op mMoXKer AaBaTh BMOJIHE NpHeMJeMble pe3yibTarthl. Bosee TouHble
PE3YALTATEl MOXKHO MOJNYYHTL C MOMOLIbIO BUOPALMOHHOIO SJIeKTPO-
meTpa * (3/neKTpoMerpa ¢ JMHaMUYECKUM KOHaeHcaTopom) (ry1aga 3)..

BopoponHblii anekTpon siBAsieTCs CTaHAAapTOM, Ha KOTOPOM OC-
HOBaHbl BCe onpenenexuna pH: Pactsop, B KOTOPOM XOTAT MpOH3BeE-
CTH HM3MEpeHMs], HACBILIAI0T BOAOPOAOM H NOMeuialT B atMmochepy
3TOro rasa. S'J]BKTPOLL COCTOMT M3 MEJIKO H3MEJILYEHHOH IJIATHHDI,
HaHEeCEHHOHl Ha MNJAaTHHOBYIO mnacTuHKy. OH o6ianaer cnocoGHO-
CTBIO NpeBpaiaTh BOAOPOJ B MOHBI BOAOpOAA:

H,—=2H® {2 2.1)

Merajinnyeckas NaacTHHKAa mpuoOpeTaeT MpuU 3TOM CBOGOAMBLH
sneKTpuuecKuil 3apsia (2e). YBenuuenue 3apsiga NPOHCXOLUT A0 TeX
nop, NMoKa 3JEeKTPUYECKHH NMOoTeHLMaJ MEeXAy IJIaCTHHKOH W pacTso-
pOM He AOCTHIHET BeJHYHHEL, NMPenATcTBYIOUeH AaJbHEHIeMy Ha-
KOMJIEHUIO 3apsifia. ITOT NOTEHUHAN ABJseTCss Mepoil TeHAEHUUH BO~
Jloposia paclenysTbCss Ha MOHBL H, TaKuM oGpa3oM, NepexoiHuThb B
pactBop. Ecau Bojopos HaxXoAMTCs MOA aTMOC(HEPHBIM AaBJIEHHEM
U OTeHLHaa 3JeKTpoia paeeH E (B 8), To

E=—2L1n{ne)
rae T —a6comornas Temneparypa, °K;-

R —rasosas nocrosiHxas;
F —nocrosinnas ®apajes.

1 (22)

* [Oznako cneagyer oTMETHTBb, YTO BHOPaLHOHKbIH g.n_el_{_-rpomqrﬁ B 4 pasa go-
poxce pH-merpa, — I[Tpum, asropal. ’ . '
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Insi H3MepeHHs 3TOro MOTeHuHMasa NJATHHOBYIO MJACTHHY. COe-
AUHAKT € M3MEPUTEJNbHBIM YCTPOHCTBOM, KOTOPBIM OCBIYHO $iB-
JisieTCsl MOTEHIMOMETp C rajlbBaHOMETPOM BBICOKOIrQ COMNPOTHUBJIEHHS.
Ilene 3akaHuuBaeTcsi KaAOMEJIbHBIM 3JIEKTPOAOM C MOCTOSIHHBIM M0~
Tenuuanom. 3uayenue pH uccnenyemoro pacrsopa (npu 25°C) pac-
CYUUTHIBAIOT MO (QopmyJe

Eo—E;

g {H®}=pH — 0,0501

. (2:3)
,rae Ey— naGmopnaemblii noteHuual, s;
E, — noteHunan KalOMEJBHOTO 5JIEKTPOAa B YCJOBHSX IKCIe-
pUMEHTa, 6.

Annapa'rypa‘ o0ilero HasHaveHHd

Hcnonep3oBanue BOLOPOAHOrO 3/J€KTPOAA AJisi ONpeNesieHHs KOH-
CTAaHT HOHM3aLMH ONMMCAHO HA CTp. 46. 2707 3/eKTpoA HeynoGeH B
pa6oTe, TaK KaK OH JIETKO OTPaBJ/IsieTCs, a YacTO ¥ B3aUMOAEHCTBYET
C HCClleAyeMBIM BELLECTBOM. )

B npomblujieHHBIX M OGBIYHBIX J1aGOPAaTOPHBIX NpuGOpax BMe-
CTO BOAOPOAHOrO LIMPOKO NMPUMEHSETCS CTeKJSHHBIH anekTtpoa. Ou
COCTOMT M3 TOHKOCTEHHOH KOJGOuYKM (my3blpbKa), H3rOTOBJIEHHOH H3
MSITKOrQ CTEeKJa, COAepXKaulefi COJIHYIO KUCJOTY, B KOTOPYIO IO-
rpy>KeH MaJieHbKHH cepeCpsaHblll snekrtpoa. Ilene 3akanuuBaetcs
KaJIOMEJIbHBIM WJIM XJopcepeGpsiHbiM 3nekTpoaomM. Ilorenuuan cre-
KAsiHHO# MeMOpaHBl, B OCHOBHOM, INpONOPULMOHAJeH Beiuunse pH
pactBopa. OnHako NpH BbHICOKOM COOTHOLUEHWM MOHOB HATpUSl U BO-
AOpOAa HOHBI HATPHS BHEAPAIOTCs B MeMOpaHy, YTO NMPHBOAHT K
HeBepHBIM pe3ynbTataM. Ilo 370l mpHyMHe enKOe Kaju NpPH NoTeH-
UMOMETPHYECKOM THUTPOBAHHHM TPEANOYTHTENLHEE HEXKeNH eaKHH
HaTP, TaK KaK OTHOCHTE/IbHO BBICOKOE COJAEpP>KaHHE MOHOB KaJlusl He
BJMAET 3HAYHTEJIBHO HAa TOYHOCThL NMOKasaHHil. THapaTt okHcH TeTpa-
STHIaMMOHUS aeT €uie MeHbuylo OmMUGKY, YeM €[KOoe KalH, OfHa-
KO pacTBOpPbl €ro HeyjOCHBl [Jisg NPaKTHYECKOro HCIOJbL3OBaHHs *
BCJIEACTBHE UX HECTOHKOCTH.

IToreHuuan, cosnaBaeMblii HOHAMH BOLOPOAA B pacTBOpe, H3Me-
PAIOT C MOMOLULIO NOTEHUHOMETPA, KOHCTPYKIHS KOTOPOr0 OCHOBaHa
Ha NpHMEHEHHH SJIEKTPOHHBIX JaMM. 3aBUCHMOCTbL MEXAy MOTeHLua-

" JIOM CTEKJSAHHOrO 3/JeKTpoaad M BesuuuHoii pH pactBopa umeer oG-
uytwo ¢opmy, npeacrabieHHyo ypaBHeHHeM (2.3), OQHAKO, BKJIO-

. - -t
* [lpn onpesienienny BeJHuHHH pKa  CHABHHX OpramHyeckux OCHOBaHKA
ownbkH, o6a3aHnON NPHCYTCTBHIO B PACTBOPE HMEOPTaHHYECKHX KATHOHOB, MOIKHO
H3bexkaTb, eCIH H3MepsTh BeJHudHE pH nocse noGaBlieHHs SKBHBAJAEHTHOTO KO-
JIHYeCTBA COJISHOH KHCIOTH K CBOGOJHOMY OCHOBAHHIO J€CATHIO PaBHBLIMH MOpP-
uvame [cm. Searles, Tamres, Bleck, Quarterman, J. Am. Chem!
Soc., 78, 4917 (1956}]. =2
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yaer TakKe HEKOTOphle H3MeHsIOLHecs BeJIHYHHBI, KaK, Hanpumep,
noreHunan acuMMmerpuu M Ap. I103TOMY CTEKJsHHBIT 3JeKTpOsL e
MoX<eT OBITH MCMOJB30BaH KaK CTAHAapTHHIA, HO TO3BOJISIET BOC-
NnoJiL30BaTbCsl O4YeHb yAOOHBIM Cnoco0OM cpaBHeHHs 3HauyeHuit pH
cepun pactBopoB. Jlnsi Toro yToObl BOCNOJNbL30BAThCA 3THM NYTEM,
3JIEKTPOA KaJuGpyrT A0 W nocjie M3MepeHUst MO [BYM HM3BECTHBIM
OydepusiM pacTBopam, 3HauyeHue pH oAHOro M3 KOTOPHIX AOJXKHO
Jexatb 61H3KO K 006J1aCTH HSMepeHHs.

Jasi NOTEeHLMOMETPHYECKOTO THTpPOBAHUA MpHrolleH He JoGCoi
pH-meTp, Tak Kak TexHHKa THTpPOBaHus Tpebyer, 4ToObl NMOKa3aHHS
npu6opa ObiM yCTOMYMBBIMH ‘H NpHOOP COXpaHsJ MOCTOSHHBIE TO-
KasaHMsi MpH 3aMepe MO KOHTpoJbHOMY OydepHoMy pacTeopy Tak
10JT0, Kak 370 HeoGxoaumo nas onpenenenus pKa. CraGuibnocts
nokasauus pH-merpa Moxker GHITH NMpoBepeHa MyTeM MNOAKJIIOYEHHS
ero K_akKyMYJAsiTOPY M 3a3eMJIeHHIO C MOMOUILI0 TpeX NpPOBOAOB;
pH-metp ocrasasitor BkitoueHHsIM Ha 0,5 uau 1 «. ITocsne nposepku
N0 BCTPOEHHOMY CTaHAapTHOMY 3JIeMeHTYy («CMoJI3aHHs» CTPEJIKH He
LOJIKHO MMeTb MecTa) lelb ypaBHOBelUMBAeTCsl 10 CTEKJSHHOMY H
KaJIOMeJBbHOMY 3JieKTpoaaM, norpyxedssim B 0,05 M pacrBop Gu«
¢ranara kanuda. lllkany noreHuHoMeTpa YCTaHaBJHMBAIOT HA 3Haye-
nuve pH = 4,00. Yepea 1 « nokasapgus npubopa A0JKHB NOBTOPHTh-
cst ¢ TousocThio a0 0,01 eaununbl pH Ge3 Kakoii-nn6o nONOJHUTEN b=
noii nacrpoiiku. (Ecain nokasanus npubopa cragoBsTCs HeCcTalnJibe -
HBMH JIMWDL HHOTAA, TO MPHYMIIOH 3TOr0 MOXKeT ObITh Hefpo3apsnKa
unH nepesapsanka Gartapeit.) Tonyok uau Bubpauus MOTYT HApYILUHTD
Hactpoiiky pH-metpa, BcieacTBue H3MEHEHHsI PACCTOSIHHA MeEXAY
CEeTKOH W HMTBIO HaKala B 3JeKTpPoHHoit Jsamne. Ilostomy nas
uesieit TutpoBanus pH-merp syyne ycranaBlHBaTh Ha KOBpHKe H3
NOPHCTOH pe3HHbl B He0OJbIIOH THXOH KOMHaTe M 00s3areJbHO HA
NPOYHOM MacCHBHOM cTojie. XOTsl MMEIOTCsl HeCKOJNBKO Mopedneit pH-
METpOB, NPUIOAHBIX AJis THTPOBaHUS, NMpEANOYTEHHE CJIelyeT OT/aTh
pH-merpy Cambridge Bench Pattern ¢ rpanynpoBkoii 0,02 exunuubl
pH. Jdpyrum ouenp xopouum, Ho Gojiee gOoporuM npuGopom siB-
asercs Company’s Model pH-M4, kotopeiii uMeer wIKany c aene-
ausimu 0,01 eaunuun pH, BbIno/sHeH Ha NOJYNpPOBOAHMKAX M pabo-
TaeT Ha CyXuXx snemeHTaXx. pH-MeTpel c - nutanueM oT obugeil ceTn
OGLIYHO HEeNOCTaTO4YHO CTaGM/bHBI B paboTe, a HEKOTOpBIE MOJEJH
K TOMY e u gopord. [IpuMepoM Takoro moTeHLMOMeTpa BHICLIETO
Kiaacca siBasiercss Universal pH-meter model 22, puinyckaemuiii Ra-
diometer Company B Konenrarese. OH He naer HMKakKuX OTKJOHe-
HUH B NOKa3aHuAX W He TpeGyer NpeaBapUTe/bHOIO NMporpeeBa nepen
paGoToif, OAHAKO LIKaja ero rpaiyMpoBaHa B CJAHIIKOM OOJBLIHX

- enunuuax (0,05 pH). INpuGopor ansg aBTOMAaTHUECKOTO THUTPOBAHMS,

le MMEIOIUHX YCTPOHCTB AJ1si BAPBUPOBAHHUA CKOPOCTH THUTpPOBaHHA,
CJIEH.}VET H3GEI‘aTb, ﬂOCKCIJley OHH HCKJIH4YAaT KOHTpOJ’Ib, OCyIH.E-
CTBJISIEMHI YEJOBEKOM, TOr1a KaK OH B BRICUIeH cTeneHH HeoOX0AHM
I8 TapaHTHPOBAHHO TOYHO# paboTHI,
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B kauecTBe mapbl 3JE€KTPOMOB aBTOPH PEKOMEHAOBANH Kano-
MenbHBI# * (Cc npoO6KOil H3 NOPHCTON KepaMMKHM) M CTEKJSHHBIH
snexkTponbl. Ilocnenuunit fOMKeH HMeTb KOAaKCHaJbHBIH NPOBOA A
usbexanus eMKocTHoro agdekra. [TpoBona Ha KaxkaoM H3 3jeKTpo-
DOB LOMKHB 6bITb ~ | M InnHOM. CTeKNsiHHBIN 3JeKTpod Jyylle
6paTh oOLUero THNAa, TaK Kak OH He NOABEepraeTcs- AeHCTBHIO KHCOT,
Cpok cnyx0bl Takoro -3JIEKTpolla NpH MNOCTOSIHHOH pafore MOXKer
pocturath 3 Mecsiues. IIPHFONHOCTb 3JIEKTPOLA MJIsi Pa6OTH MOXKHO
onpejiesuTh ciaenywouum obpasom. InexkTpon norpysxkawT B 0,05 M
pactBop - GudTanata KajHsi M peryJHpylOT LIKaay NOTEHUHOMETpa
Ha pH = 4,00, a 3areM MOIOT .3JIEKTpOJ M MomeliaioT ero B 0,05 M
_ pactBop Gopara Kaaus (Oypni). IIpuGop 6e3 kaxoeo-aubo donoaru-
TeAbHO20 pezyauposanus ROJIXKEH NOoKasarb 3HaueHne pH, manuoe
B Ilpunoxenun 111 (wanpumep, pH = 9,23 npu 20°C). Ecau noka-
3aHus npubopa OyayT .OTJHYaThCs OT TaGaHyHBIX Ooslee, yeM Ha
#+ 0,01 enunnunl pH, snektpon nomxen GbITh 3aGpakoBaH.

CylLuecTByIOT CleLHajbHble 3JIeKTPOAbl AJsl 0GJaCTH 3HAYeHHIr
pH Boite ‘12, Onun o6n1aga0T yMeHbIIEHHOH MPOHHLAEMOCTBIO 1O
OTHOILUEHHIO K HOHAM KaJlHsl, HO HeCTOHKH B KucjloTax. Bce sjekTpo-
bl TAKOTO THNA,. KAK MPaBH/0, ObICTPO TEpPsiH YyBCTBHTEJNBHOCTD,
HECMOTPSA Ha TLIATe/]bHBIH yXoA. TakHe 3JEKTPOABI - MOXHO MpoBe-
PHTL IOC/IE KOHTPOJA MO (TanaTHOMY u GOpaTHOMY, a TAKXKe H IO
0,01 M rtpunarpuiibochaTHomy ** Gybepunim pactBopaM. Ecuu
cllelHaNbHBIH CTEeKNAHHLIH 3JIeKTPOA XOPOIEro KayecTsa, 70 OH LOJ-
XXEH NOKasaTb B MnocjenHeM Oy¢epHOM pacTBope MeHblee OTK/OHe-
Hue OT TOyHoro sHayenusi pH (11,90 npu 20"(? 111,72 npu 25°C),
UEM - OTK/IOHEHHe, [OKa3aHHOe OOGLIUHBIM 3JIEKTPOJOM, C KOTOPHIM
OLHOBPEMEHHO MpPOAENaH Te xe MaHHnyasuuH. B To Bpems, Korna
3JIEKTPOABI HE HCMOJL3YITCS, HX CJeAyeT XPaHUTL B CTPOroM
COOTBETCTBHH C HHCTPYKLHAMH H3roTOBHTEJS.

TutpoBanue yAoGHO MPOBOAHTL B BHICOKHX CTAKAHAX E€MKOCTBIO
100 u 50 cm3. CrakaH 3aKphlBalOT KOPKOBOH MpoGKOiil ¢ MATbIO Mpo-
CBEPJIEHHBIMH OTBEPCTHAMH, H3 KOTOPHX [Ba NpeaHasHauyeHbl A/s
3/IEKTPO/IOB, OAHO A/l MOAAYH a30Ta, ONHO — AJ TEpPMOMETpa H
ONHO — JiJIfl GIOPeTKH MJM MHKPOLUNPHUA. SJIEKTPOAbL. HE NOJMHHI
C/HIIKOM IJIOTHO cHaeTk B npobke. Mx ykpenssiior ¢ nomolusio
NPYXHHHBIX 3a)XKHMOB Ha MAaJeHbKOM Jab0paTOPHOM LUTATHBE.
DnekTpobl MPHCOEAMHSIIOT C IOMOLUBLIO' MpPOBOAOB K KJIEMMaM
pH-merpa, a wratue 3a3eMasior. DTo yCTPOHCTBO FMOKa3aHO HA
puc. 2.1. : : ‘s

- [TepeMelinBanue Jyuilie BCEro OCylleCTB/sATh, 6apOOTHPYs uepes
pacteop-cnabyio cTpyilo asota. Bo Bpemsi 3amepa mokasauuii npu-

* KanoMesbHfi 9/1eKTPOA JeTue  BOCHPOH3BOMHTCA, 4eM XJIOPCEpeOpAHbI,
KOTOpHi K TOMY e OKHCJIAeTCA B KHCJEIX PACTBOPaX M pacTBOPSeTCHs B aMpHax
(em. Hill, Ives, J, Chem. Soc., 1951, 305). i :

** Na;HPO, (1,419 2) 1 0,1 5. NaOH (100 c#?) B 1 OM® BOROEL,

2

6opa nopauy rasa cieanyer npekpaTuTb. CJHIUKOM CHJIBHAS CTPYS
a30Ta MOXKET MPUBECTH K NoTepe BMecTe ¢ OpH3raMH 4acTH pac-.
TBOpA. '

AsoT cHayasa oyHwawT, Nponyckas ero uepes pactsop Pusepa,
KOTOpBIHi FOTOBMTCS pacTBOpeHHeM ruapocyibpurta HaTpHa (16 2),
HaTPHEeBOH coaH B-anTpaxuHoHcysbdokucaorel (0,8 2) u eaxoro
Hatpa (15 2) B Bone (100 cm®). OcBoGoxnenHbléi TakuM 0GpasoM
OT KHCJIOPOZA K [ABYOKHCH YIJHPOAd a30T CJeAyeT OYHCTHTb OT Ka-
neJjex LIEJOYHOrOo pacTBopa INpoNycKaHHeM depe3 HeGosbLioe KO-
JIHYeCTBO BOJHIL. '

g,

L—
‘Puc. 2.1 Cranpapmunii npubop AN THTPOBAHHAL

] ~BepHbEp MEKpOWNpHUA; 2— mopllieHb MHKPOWNpHua; $—TpyOKa AAL BBOLA &3018;

f — KOaKCHEALENE mpoBOA K OTpHuaTensuof kaeMue pH-merpa; 5-—nposoa K NOACHHTe ALHOR

kaemme pH-MeTpa; 6~ npoBod 1AS 3a3eMACEHS; 7= KalOMEAbHHA SACKTPOL; & - CTEKAAHHAL
HCA2 MHKPOULNDHua; 9-—TepMoMeTp; 10— CTEKARHHLA SAeKTPONL,

TurpanT (THTpyoOILMi pacTBOP), KHCAOTY MJH LienOub, MOMHO
no6aBasTh JKH60 U3 Gloperku, Au60 H3 MHKpounpuua. ITpumenenune
MHKPOLITPHLIA C BepHbepPOM OCQOEHHO LEHHO B TeX CayuasX, KorAa
o6beM npubapasiemoro THTpanTa man. Eciu GlopeTka MCnosib3yercst
JJS O3HPOBAHHS LIEJIOUH, ‘TO ee CJlefyeT 3alUUTHTb OT MONaAaHus
YIIEKHCIO0r0 rasa, KaK MoKasaHo Ha puc, 2.2 (npeﬂochanmenbnas
Tpy6Ka B HOPMaJbHOM IOJIOXKEHHH 3aKphiTa Npo6koit). Mbl mosb+
ayemcss MukpownpuueM «Aglas (Burroughs Wellcome and Co) ¢
KoJIeHYaTOH CTEKASHHOW urjofl. ¥ao0HO HMeTb ABA TaKHX IUMpH=
la — OfMH AJA IEAOYH H OQMH AJs KucjaoThl. [las Toro utoGnl

HaNoJIHUTL MHKPOLUNPKI, PAaCTBOPOM LileslouH, u30exaB CONPHKOCs

HOBEHHA C YIVIEKHCJBIM rasoM, coAepiallHMCA B BO3LYXE, HYKEH

onpene/ieHHblH HABBIK, KOTOPHIH mpuHoOpeTaeTcst CO BpPEMEHEM.
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Kak 6bl10 OGBACHEHO Bblwe, [Jisi MOJYYEHHs JOCTOBEPHBIX pe-
3yJLTaTOB HEOOXOAHM CTPOrH#i KOHTPOJbL TeMnepaTyphl. B Komuate,
rAe NPOBOASAT TUTPOBAHKHE, HE JOJKHO GBITH CKBO3HAKA, a TeMmnepa-
TYpPy B Heil cieiyeT NOANEpPXKHBATh CTPOro MocTosiHHOM, IIpeamou-
THTe/IbHEe NMOANEPKHBATb B KOMHATE TeMnepartypy, GAHM3KYIO K TeM-

. : nepatype . THTpOBaHHs (CM. HHIKe),
H OTHOCHTEJIbHYIO BJa)>XHOCTb B Hpe-
aenax ot 20 no 609%. IMpuGopw ciies
AyeT pacrnoJjaraThb B TeX MeCTax, Kyaa
He TMonapgaeT TMPAMOH COJIHEYHBIH
ceer, Cocyn aAns THTPOBAaHHMA NOMe«
waKnT B BOAsHyl0 ©aHIO, B KOTO-
poit noanepaxKuBaercs nHeobxomuMmas
! Temneparypa. Temmeparypy Ha To-

CTOSIHHOM YPOBHEe MOXHO MNOJAJLEpKH-=
BaTb JUGO0 aBTOMAaTHYeCKH, JHGO
BpyuHYyto (n06aBJisisi TOPSIYYI0 HJIK XO<
JIOAHYIO BOAY).

IlpurotToB/ecHle PacTBoOpoB

B ToM cayyae, Koraga THTPaHTOM
fIBJISIETCA LieJIO4b, PAacTBOP MAOJIKEH
ObiTL NPUTOTOBJIEH W3 BOABl, He CO-
pepaxaueii AByoKHCH yraepopa. [le-
5 MHHEpaJH30BaHHas BOAa, NOJY4YeHHas
.ﬁ NyTeM NPONMyCKaHHUs1 AHCTHJJIHPOBAaH+

j HOH ' BOABl Yepe3 HOHOOOMEHHYIO KO-

¢ . JIOHKY, TMpHrogHa B TOM Cliy4ae,
€C/M €ee 3JIeKTPONPOBOAHOCTL A0CTa-
’ toyua Mana (105 om~t), Takas He

Lo b o d .l

copepiKalliasi pPacTBOPEHHBIX Ta30B
! Bona MoxeT OBbITH MOJIyyeHa - HHaue:
C OMCTUIJHPOBaHHYIO Boay caeayer

o SHEPruYHO MPOKUMNATHUTbL B TEYEHHE
Puc. 2.2. Bioperka ans pactsopa

KOlro Kanm: » " o
I tov6Ka ef . -pesHHOBOiI NpPOOKOH M  OXJaiHTh,
27 Dworunenonas” Gyrums e 01w TakuM  crnocoGoM MNPHIOTOBJIEHHAs
pacreopom KOH; 3— pesnnopas TpyGKa;
f oo Oropamamt 5 epexxoaopos  BOA2 cBoOOZIHA T4KXE OT KUCJIOpOoAa
Kpag. H npurogHa ALJs THTPOB@HHUA JIETKO
OKHCJISIOLIKMXCA  BeLecTB. THTpye-

Moe BellecTBO ynoOHee BCero pacTBopsTh, NMepeMellHBas pacTBop
" MarHuTHOH Meluajkoii, npencrasasiolieii co0oii Ma/ieHBbKYIO 10JIOCs
Ky >XeJle3a, MOKPBITYI0 MjacTMaccoil. Mewanky 3ty rnomew{aior B
cocys AJsi THTPOBAHHS H YCTAHABJIMBAIOT €€ Ha ClelinajbHOM Mar-
HHTHOM ycTpoficTe. 10 MOJHOro pacTBOPEHHsl BELECTBA 3JIEKTPOADL
HE CJeAyeT onycKath B cocyA. IlepemeninBaHHe MarHuTHOH Mellass

26

5 MuM, 3aTeéM 3aKpHITb COCyA YHCTOMl

J

>

KOH Npu TUTPOBAHHMU Jyullle 3aMEHHThH MNPOINYyCKaHHEM uepes3 pac-
TBOP CTPyH asora (cM. Bbille), NMOKPBHITYIO MJACTMAaCCOH MellankKy
MOXXHO HE BbIHHMAaTb H3 COCYyaad.

Ecau ana o6neryeHuss pacTBOPEHHS BeELIECTBAa MPUMEHSJOCh
HarpesaHHe, TO pacTBOp HeoOGXOAMMO OXJalHTh [0 TeMmneparypsl
THTPOBAHUSI HJIH HECKOJILKO HMXKE paHee MOTPYXKEHHsl B HEero 3Jiek-
TpoAoB. DBONBIIMHCTBO CTEKJSIHHBIX 3JeKTPOAOB naer 3ddekr
rucrepesuca (3anasabiBaHdsa B AOCTHIKEHHH YCTOHYMBOTO paBHOBE-
CHsi) MpH OXJax<IeHMH W crabGunbHoe 3Hayenue pH He Aocturaercs
B TeueHHe HEKOTOpOro BpeMeHu nocie oxaaxaenus !. K cuactbio,
ructepesuca He Haluronaercss npu HarpeBaHuH. Ecan temnepatypa
KOMHATBl AJIfl THTPOBAHHA HE MOXET MOANePKHBATbCA PaBHOH TeM-
nepatype THTPOBaHHs WJM HUXKE €€, -TO CTeKJSHHBIH 3JIeKTpon cJie-

© JlyeT XPaHWUTb B TePMOCTaTe NpH TeMmnepaTtype THTPOBaHHsI.

NpuroToBaeHHe eakoro Kaas, ceobonHoro or KapGoHaTos

HecmoTps Ha 7O, 4TO NONYYHTL CBOGOAHBIH OT KapOOHAaTOB THA-

. PAT OKMCH HAaTpHS Jierue, yeM TMAPAT OKMCH KaJlHsi, MMEHHO Mocjea-

HUii ynotpelJssieTcsl B KauecTBe LUEJOYH TIPH MOTEHUHOMETpPUYECKOM
THUTPOBAaHHH, TaK KaK NpHMEHEHHE €ero oﬁecnequsae'r MEHbLllle 11o-
rPelHOCTh 3JeKTPoaa B LENOoYHBIX pactBopaX. Mmewuwnecs B npo-
Jlaxke TMaJioukH eAKOro Kaju OCBIYHO cozepixkar KapOGOHAaThl Ha Mo-
BEPXHOCTH. DTO NO3BOJISIET BHIMBITL B3BELIEHHOE KOJIHYECTBO Ijia-
BJIEHHOrO €AKOro Kaiau (cMmbiB mpuGausurenbHo 15% mnanouku),
OTTUTPOBATH NMPOMbIBHBIE BOAbl (@ 3aTeM BBIKHHYTH HMX), H, TaKHM
o6pa3oM, y3HaTb, CKOJBKO BONBI cjelyeT A06aBUTh K OcTaBlueiics
TBEPAOH 1uesouH, 4ToObl NOJYYHTh HECKOJBLKO KOHUEHTPHPOBaHHEe,
yeM 0,1 . pacrBop KOH. anbHeiitium pasGabieHHe€M H THTpPOBa-
HueM noayuaior toudo 0,100 H. pacrsop KOH. Bce 3tu onepauun
c/ieayeT NPOBOLHMTb B MPOCTOfi MO yCTPOHCTBY annapatype, HO ofec-
He‘lHBalOllleﬁ OTCyTCTBHE KOHTAaKTa C YIJIEKHCJBIM rasom, cojepiKa-
uumMcss B Bosayxe. OrtcyrctBue KapGoHaToB OOGBIYHO MOATBEP-
MaaeTca NOTeHLMOMETPUYECKHMM THTPOBAHHEM AMMHOKHCJOTH (TH-
cruauna), 3HaueHue pKa kotopoii 6,08 ne Moxer ObLITh MOJY4YEHO
B NMPHCYTCTBHH ABYOKHUCH yrJsiepoaa. Has mpuroToesieHust pacTBopa
LIEJIOYH HeJb3s PEKOMEHIAOBATH TOJIBKO OIHCAHHBIE BhiLle MEeTon,
TNOCKOJIELKY HEKOTOpBIE HAapTHH €4KOro KaJlu MDI‘Y’i‘ HMETh MNMaJiOYKH
C MEJKUMH TPEUMHaMU, YTO HE TMO3BOJISIET BHIMBITL BCe KapOOHATHL.
B takux ciyuasx npenoyTHTe/NbHee HOHOOOMEHHBDIIi.cnocob 2, Hafo-
JEeHHBIH HHXKeE.

I'uppat okucu Gapusi 0o0aB/sOT K PacTBOPY MPOAANKHOIO en-
“KOro Kaiu 4. 1. a. Ocanky kapGoHaTta 6apuii [alOT OCeCTk, a H30hI-
TOK HOHOB O0apusi yjansioT, Npomyckas pacTBOp uepe3 KOJIOHKY

'Irving, Williams, J. Chem. Soc., 1950, 2890,
? Armstrong, Chem. a, Ind., 1855, 1405,
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c HoHooOMeHHo#t cMosofi (Amberlite IR-120), kortopas npexcra-
Basier coboii Kanuesylo coab RSOzK (rme R — Matpuua cmoant).
dqoat npeacTasiaser co6oi pacTBOP YHCTOTO €KOro Kany, cnoﬁon—
HOTO OT Kap6OHATOB.

a) Ocaxnenne KapOoHaTa: aHAJHTHYECKH . YHCTOE EIIKOE KaJH
(14 2) PacTBOpsIoT B JeMuHepaJH3oBaHHOH Bozle (okoso 1,5 dm?)
H B pacTBop noﬁannnm’r aHa-
JIUTHYECKH YUCTHIH ruaopart
okucH Oapus (3 2). Cycnen-
3UI0 BCTpAXuBaKwT 15 mun B
KOHHYECKON KoJs0e, 3aKPHITOi
- pe3uHoBOil MNpoOKOii, CKBO3b
KOTOPYIO NMPONYLIEHA CTEKJ/ISAH~
Haa  TpyOKa, BXojs1Las
BHYTPb KOJIOB ITPHMEpPHO Ha
5 cm. Konby nepeBopaunBaiot

oA TOTrO, YTOQBl OCagOK Kap-
6onaTa 6apHﬂ ocesl  HHXe
YPOBHA BXOxAweR# TpyOkw.
6) IlpurotoBnenue - cMo-
JIBL: amﬁepnn'ronym cMOJay
(Amberlite" resin IR-120 H)
(50 cM® aHaAMTHYECKH 4H-
CTO}i) 3aMeluMBaIOT B KalIKLy
C BOOOH M NOMELIAlT B KO-
JIOHKY, . OKaHYHBalOLLYIOCH
TPEXXOAOBLIM KpaHoM. CMmoay
npombiBaroT 1 H. pactBopom
consnoi KucaoThl (1 dm3), a
Puc. 23. Hpnﬁop ANa npurotoBienus 3aTeM Bopoit (~ 1,5 OM3) mas
cofozoro ot kapGouaToB pactBopa  yaajieHHsi H30BITKA KHCJIOTHL
€/IKOT0 KalH: H, nakomell, uepe3 KOJIOHKY
R e KT § Raaecebshosts  IPONYCKAIOT 0.2 W. pacToop
eMKOCTBLIO 2 O3 ¢ PACTBOPOM €IKOrO KAanH H ru KCl (OKCIJIO 1,5 6M3) 40 Tex

okucH Gapua; 4—ocanoxk KapboHaTa Gapus; H .
9— nonns-gnaenonue rpyﬁmeﬁos——auﬁegnm-osu Hop, [IOKa 3Ha4eCHHe pl-l na

- H OCTaBNAKT CTOATH Ha HOYDb -

_cuona (IR-120) 8 ¢Qopme xanHeBORA COMR; 7 — cTEK-

‘naEAas  OycHHKa; & — refoanllioe CYMeHRHE;

J0—nonusThAeHoBast OyTHAL eMKOCTBIO 2,2 OM%;
11— 1pybKka C BATPOHHOA HSBECTBIO.

. BXoae H BBIXOH4€ H3 KOJIOHKH

He Oyner oauHakoBo (06bly-
HO Tpebyetcs okoJsio 1,3 Om3).

CMony OCTaBJAKT CToATb 3a-
nuTOli PacTBOPOM XJOpHAa Kajusi ewe 1 4, a 3aTeM NpPOMBIBAIOT
200 cm® ceexero pacrtsopa. D10 06ecneunnae*r nepexoa CMOJBl B

KanueBylo ¢opMmy. H36LITOK pacTBopa XJOpHAA Kalus yAagasior

TIpOMbIBaHHEM “KOJIOHHB! JleMHHEpaJH30BaHKO!K BOAOH 10 TeX mop,
noka 100 cu® snloata -He NepecTaHyT AABATh NOMYTHEHHS C NMOAKHC~
JleHHBIM PacTBOPOM HHTpaTa cepebpa (Tpebyercs npuGIH3HTENBHO
1,8 om® Boapt). as Toro utobbl 0GecneuuTb mnoayyeHHe cBoGoaHON
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0T KapOOHATOB BOALI, MPONYCKaHHe BOLLI yepe3 HOHOOOMEHHYIO CMOJY
OCYLUECTBJSIOT B atMocepe HHEPTHOrO rasa, MCIOJIb3ys YyCTPOli-
cTBO, H306paxeHHoe Ha puc. 2.3. [IpoMBIBHEIE BOABI BHOPaCHIBAIOT.

B) Ouucrka cBoGOAHOrO OT KapOOHATOB, HO COAEPKalliero HOHBL
Gapusi pacTBOpa: KOHHYECKYI KO0y, COAepKauiyld HeOYMILEHHOEe
€0KOe KaJii, NMPHCOeNHHAIOT K BEPXY KOJOHHLEI H Pacrsop MpoImy-
CKaloT yepe3 HOHOOGMeHHYIO cMmoay. Ilepsuie 100 cx® or6paceiBaloT,
a oCTajbHOE Yepe3 MOJU3THICHORYIO TPyOKYy coOHMpaioT B 3anoJiHeH-
HYI0 a30TOM MOJIMATHJEHOBYIO GYTBHIIb eMKOCTBIO 2 Om3, mpenBapH-
teJbHO KanuGpoBanHyro mno 100 cm® um cHaGxeHHylo TPyOKOii
C HaTpPOHHOH u3BecTblo. Korza copepxuMoe KOHHYeCKOH Koalbbi Gy-
[eT MpONylUieHO yYepe3 KOJIOHHY, K BePXHEH 4acTH KOJIOHHBI C TNO-
MOLUBIO MOJIM3THJIEHOBOTO CH(OHA, MPUCOEAUHSIOT KaiuOpOBaHHYIO
NOJIMATHJEHOBYI0 OYThUb eMKocThlo 500 cm3, colepxalyo OeMHUHe-
paJiM30BaHHYI0 BOAY M CHAGXKEHHYI0 TPYGKOH C HATPOHHOH M3-
pecTbio. Cmony npomeiBawT Bopoii (200 cm®) u asjwoat npucoenu-
HSIOT K PacTBOPY €AKOT0o KaJu B NOJIM3TUAeHOBOH OyThliH. TpyOKy,
COeAUHSAIOUIYIO KOJIOHHY C TMOJIM3THJIEHOBOIl OYTHIJIBLIO, NEPEeKPBIBAIOT
C NOMOLIbI0 BUHTOBOIO 3a)KHMa M OTCOENMHSIOT OT KOJIOHHBEL Uepes
pacTBop €AKOro KaJjau B -TeueHue 10 mux 6apOOTHPYIOT a30T U Oy-
TBIb MEPHOAMYECKH B3GA/TEIBAIOT A/l OGeCreyeHusi OAHOPOJHOCTH
pactBopa. 3ateM OyTblIb NpPHCOENMHAIOT K OlOpeTKe €MKOCTbIO
50 cM?, u pacTBOp eNKOr0 KaJsu CTaHAapTUSHPYIOT NO aHaJMTHYECKH
yuctoMy Oudranaty Kanus (BeicymweHHoro npu 120°C B Teuyenue

1 4), ucnonb3ys B KauectBe MHAMKaropa (eHondranedH. O6GbeM

copepxumMoro OyThliM perynupyloT poGasJjieHueM HeOOJBIUHX MOP-
LM OYMLIEHHOH BOZLI A0 TeX NOp, NOKa PacTBOpP eIKOro KajH He
6yner Touno 0,1000 H.; HOPMaJBLHOCTL MPOBEPSIIOT MOCJE KaXA0ro
noGasnenus. O6wuil o6beM pacTBopa okoiyio 2 O0u%. Kak 6buio Haii-
JeHO HaMu, cojgepxxanue KapGonatoB, onpenesieHnoe B 800 cm3 pac-
TBOpa MHKpPOBECOBBIM MeTOOM (MO MpHBeCYy HaTPOHHOI- H3BECTH
nocyae oceoCoxkpaeHHsn CQO; u3OHTKOM KHUCJAOTH) COCTaBHJIO MeHee
OJHOH 4acTH Ha THICAYY.

BuiGop KOHUEHTpalHH [OAs THTPOBaHHSA

Ecan pacrBopMMOCTb BelllecTBa NO3BOJISIET, MPEANOYTUTEBHO
tutposate ero B 0,01 M kgouuentpauuu. Ilpu.3Tolt KOHueHTpauuu
3¢ (PeKT aKTUBHOCTH, KaK npaBuiio, Maa (cTp. 56). OmHAKO MOXKHO
HCIOJIb30BaTh PacTBOpbl ¢ KoHuentpauueir no 0,1 M, ecnu npusu-
MaTh BO BHHMaHHE NMOMPaBKy Ha aKTHBHOCTb, KAK 3TO YKA43aHO Ha .
ctp. 56. [Ipenenr;, B KoTOpeix pK, MOXHO OnpefienuTh AOCTATOYHO
TOYHO C TMOMOIIBIO CTEKJSIHHOTO 3JEKTPONad, COCTABJSIOT, MO Ha-

nmeMy MHeHuIo, BeauuuHbl ot 1,25 no 11,0. OgHako npu Hcnosbso-
BaHHH BOLOPOAHOrO 3/€KTposa MoxHO onpenenutb pKa no 13,652

3:-Hall, Sprinkle, J. Am. Chem. Soc, 54, 3469 (1932); Thamsen,
Acta chem. scand., 8, 270 (1952).
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.BcrencTBue MaJsioff pacTBOPMMOCTH BELLECTBA, MOMET OKa3aTbCs
XeJateJbHBIM TUTpoBaTh OoJsiee pas6Gasnensblii, yem 0,01 M pac-
TBOP. Hpenaapmenbnoe THTPOBAaHHE [JOJI2KHO IIOKa3aTb B 3TOM cay-
yae, MOXHO JIH OXHJAAaTb TOUHBIX pe3yJbTaTOB INpH TAKOM pa3ba-
BieHud. Ecain Bo3HMKaIOT KaKHE-JIHﬁO'COMHeHHﬂ, cjlieayeT CpaBHHTb
3HaveHus pH, mosyueHHble npu nNpoGHOM TUTPOBAHHH, CO 3HAYEHH-
aMu pH, nosyuyeHHEIMH NpU THTPOBAHHM TAKOTO Xe OGBeMa BOAHL,
H MOCMOTpeTe KaK OTJHYalwTCA 3TH YHCHA. Ecau HY>XHO THTPOBATb
pactpopsl, Gonee pasGasnennble, uem 0,001 M, cnenyer Bocnosb3o-
BaThCA OoJiee WyBCTBHUTE/NIbHOH annapaTypoii (ctp. 44).

Hounnasi cuna 0,01 M pacrBopa OAHOBalleHTHOTO BeleCTBa B
TOYKe monyHeiTpanusauuu pasHa 0,005. HekoTopblie HccaenoBatenu
MpeanoYyMTa0T THTPOBAThL Bce PACTBOPHI NpH INOCTOAHHOH HOHHOH
cune, oObluHO Hcnoaw3dys aas 3toro 0,1 IVF pacteop KCI. 3toro,
0AHakb, He cselyeT nesaTh B TeX C/lyyasiX, KOrna HCIONL3YIOT Me-
TOJIbl, ONKHCAHHBIE B 9TOH ry1aBe, KOTOPBHIE HE YYWTBIBAIOT B pacuerax
aKTHBHOCTEH (3TH METOAB! He YYHTHIBAIOT TaK}Ke MONpaBKH Ha JKUA-
KOCTHBIH KOHTAKTHBIH NOoTeHuwuan). Ilas toro uroGel NpoBEpUTH TOY-
HOCTL onpenenenus, TTpytotT 0,01 M ykcycuyto kucaory npu 20° C;
noJyyeHHoe sHaueHHe pKa N0MKHO sexxaTh B npenenax 4,74 = 0,03.
DTy BeJIMUHHY MOXHO CPaBHHTb C TEPMOAMHAMUYECKOH BEJMYMHOIM
pKa (4,7560), kotopas moayyeHa? ¢ y4etoM BCEX BO3MOXKHBIX YCO-
BEPIIECHCTBOBAHUI B TEXHHKE ONpeNesieHHss H pPacyeToB.

Onucanne Merofa THTPOBRHHA

Temnepatypuyio mikany pH-merpa ycranasnuBawot Ha TtpeGye-
Mylo temnepatypy. Jlanee, CTeKASIHHBIH 3JIEKTPOA MPOBEPSIOT MO
¢ranatHomy u 6opaTHOoMy OydepHbIM pacTBOpaM, KaK 3TO ONKCAHO
Ha cTp. 24 *. PacTBOp BellecTBa roToBAT, KaK yKa3aHo Ha cTp. 26,
KOHLEHTPALUI0O pPacTBOpPa BHIGUPAIOT B COOTBETCTBMH CO CKa3aHHLIM
Ha c1p. 29. Temnepatypy pacTBopa LOBOASAT 0 TpeGyemoi M pac-
TBOp nepeMemuBaloT ciaboil cTpyeil asora (ctp. 24). Onpeneasior
suavenue pH pactBopa. 3ateM gecsiTblo MOPLUHMSIMH, Kaxaas M3 KO-
TOPLIX PaBHA OJAHONM NecATOH 3KBUBaJIeHTa, NOGABJSIOT THTPAHT H
samepsioT 3Hauenue pH nocse kaxnoro noGaeJieHHs, KaK TOJBKO
yctaHoBuTcst paBHoBecue. He cnenmyer npunumate snauenue «pKs,

_KoTopoe MoOXeT ObITb noayuyeHO Kak PH TOukH noayHeliTpanusa-
LIHH», 1 .

Kak ToJbKO THTPOBaHHE 3aKOHYEHO, JIEKTPOAL CPasy e MOIT
H noMmewarnT BO (pTanaTHbifi, GOPATHBIA HAH TPHHATpHHdOChAaTHBI
Oydepuniii pactsop (BbiGHpas Gydep, Gauskuit K HanaeHHoMy pK).
Ecau 3nauenue pH storo 6ydepa.He BOCNIPOH3BOAUTCS C TOYHOCTHIO

*+Harned, Ehlers, J. Am, Chem. Soc., 54, 1350 (1932).
* Has npemnonaraemuix suauenuft pKa > 10,5 uesecoo6pasio mnpoBepaTh
snekTpoaH no GopaThoMy K Tpudocdariomy Gydepam (ctp. 24).
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* 0,02 Gea usmerenun HacTpolxku npubopa, pesynbTarbl THTPOBa-
M5 OOJKHBL OblTh OTOpoweHsl. Ecnu oTknoHenus HaGniopalorcs H
NpH NOBTOPHOM THUTPOBAHHM, TO NPHYHHOH 3TOr0 MOFyT GHTH — He-
MCMPaBHOCTL OAHOTO M3 3JIEKTPONOB, HEAOCTATOYHOE MOCTOsiHCTBO
TEMMepaTyphl, WM XK€ HapylleHHe PexHMa paGoThl 3JEKTPOHHLIX
Jgamn Bcaeacteue BuGpauuu (crp. 23) npuGopa.

Ta6ruya 2.1

Onpeneneune HOHCTAHTHI HOI‘fHSEuHH OJAHOOCHOBHOR KHCNOTHL,

Hae Tpeﬁylomee BBEJEHHS NONPaABOK HA HOHBl BOAOPOAa H THAPOHCHIAa

Beujecrgo: Gopnas kucaota, HzBOs. Mou. b, 61,84, T emneparypa: 20°C.
Konyenrpayun: 0,01 M B Touke nonyneftpanusaund. Bopuyiwo kucnoty (0,0309 &)

_BHICYLUHBAIOT B TeueHHe HouH B BakyyM-skcHkarope (CaCly, 20 mm pr. cr., 20°C)

i pacTBopsioT B 47,5 cM® OUHLIEHHON KHOAYEHHEM AHCTHAJMHPOBAHHON BOALL

Tutpant: | [ CTexuoue'rpmecl;ue K
O.F -y fl g_}s:‘:::gg_ﬂ KOHUEHTPauHH (HA] | 1g wncen |P¥a (cymfa €00t~
pactsop MeTpa, 6 G Hs crosb- Bem.‘r'ﬂﬂugx
KOH, ﬁ qacTuua ¢ uacTHua Ges | [AY] ua 5 uHces u3 cTonbuos
eM? P HOHOM Bofo- | HOMa BOAO- 2 u 6)
pona [HA] pona [AS]
| 2 3 4 5 6 7
0 6,16 0,010 0 .
0,5 8,34 0,009 0,001 9/1 0,95 9,29
1,0 8,68 0,008 0,002 8/2 0,60 9,28
1,5 8,89 0,007 0,003 7/3 0,37 9,26
2,0 9,07 0,006 0,004 6/4 0,18 9,25
2,5 9,26 0,005 - 0,005 5/5 0 9,26
3,0 9,43 0,004 0,006 4/6 —0,18 " 9,25
3,5 9,62 0,003 0,007 3/7 —0,37 9,25
40 9,84 0,002 0,008 2/8 —0,60 9,24
45 10,14 0,001 0,009 1/9 —0.95 9,19
50 1056 | © . 0,010 .

Pesyavrar: pKa = 9,25 (% 0,06) mas 0,01 M pacrsopa npu 20°C (cpenmnee
us Bcex gaepatTH H3mepennil), Ecaum seanunny pH = 10,14 wucopaBute ¢ yueroM

KOHLEHTPa Ul [OHBI. KakK 3T0 cgenano B Ttabn, 2.4, to BeanunwHa 9,19 cra-
et 9,23, a KoHeuHHM pesyawTatoM Gyper 9,26 % 0,03,

* CTeXHOMETPHYECKHMH KOHUCHTPAUMAMH HA3HBAKT Takue, KOTopele Gblan 61l B TOM CayHae,
ecnn OB KAXAAR NOPUMA IMENOYH pealHpoBana cO CBOHM SKBHBANEHTOM KHCJAOTHl (cTp. 35).

Pas6Gapnenue pacTBopa THTPAHTOM BHOCHT JiHIib HeGOJBUIYIO
OlKOKyY, ecau COOJIIOAEHBl CJENYIOUHe YCJOBHS: a) THTPaHT A0J-
*eH OBlTb, MO MEHbILeH Mepe, B IECATh pa3 6osiee KOHUEHTPHPOBAH-
HBIM, YeM TUTpyeMblft pacTBOp, H 06) pacueThbl A0J¥Hbl 6a3upoBaThb-
Cfl Ha KOHUEHTPAaLMH, KOTOpas AOCTHr4eTcs B CpeAHeH TOYKe THTPO-
BaHH#A, KaK 310 H cpenano B Taba. 2.1 u-2.2. Ilpu Hcnonb3oBaHHH
THTPaHTa B CTO pa3 Gosiee KOHUEHTPHPOBAHHOIO, HEXEJH THTPyeMoe

'BellecTBO, B pacuer MOXeT BBOAHMTBCA HCXOAHAs KoHLleHTpalus

THTPyeMoro pactBopa (kak B Taba. 2.3). Ecau, onnako, Hcnpasae-
HHe TMOrpelllHOCTH, BHOCHMMOH BcJeACTBUe pasbaBlieHHs pacTBopa
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BOJOH, coliepxauieHics ‘B TUTpaHTe, 0COOEHHO XKeaaTesIbHO, TO 3TO
Moxer OblTh caellaHo caenylowuM ob6pasom. Beraebre B TaGuuuy
. HOTOJIHMTEJIbHBIH CTONOEL, NalouiHil NOJIHYI0 KOHUEHTPAUMIO THTPYye-
Moro marepuana., Hanpumep, B tabn. 2.2 ator cronGen (2a) Oyner
HaxoAuThCA MexAy crosbuamMu 2 W 3, a uMciaa B uem OyAyT nocre-
NMeHHO yObiBaTh B COOTBETCTBUH C MOCTENEHHBIM pa3GaByieHHeM pac-
TBOpa THTpaHToM OT 0,01 mo 2,5 c¢#®. Uucna B cronbuax 3 ¥ 4 HYXK-
HO OTperyiHpoBaTh TakK, uTolBl CyMMa 4ucCes, HaXOASLUMXCA HA
OJHOH JIWHHH, gaBasa uHcJo B croabue 2a. OcrannHas uyacTek T1a6-.
JIHIBI ocTaeTcsl 6e3 H3MeHeHHI.

: Ta6ruya 2.2

Onpenenenne KOHCTaHThl HOHH33a1lHH OJHOOCHOBHOH KHCJOTHI,
'rpeﬁyfow.ee BBEJleHHH MNONpaBoOK HAa HOHUCHTPaILHO HOHOH Bojopopa

Beuwecreo; Genzoinan xucnora, CiHgOs. Moa, B. 122,1. Temneparypa: 20°C.
Konyentpayun: 001 .M B Ttouke noayHefiTpannsauus. Densofinyio KHCJIOTY
(0,0611 &) BuCywmmBalOT B TeyeHse HOYH B BakyyM-3kchkatope (H SO,
20 mm pr. cr., 20°C) H pacreopsior B 47,5 cM® BOAM NpH nepeMelUHbaHHH Mar-
HHTHOH MewaJskofi B Teuekne 20 smus npu 40° C.

Tmipnm-_ C"‘reexaou:r%_u- K
o (5
2;,:@ pH ne‘::npin:n‘ [ H®] » ..[Eﬂl:ili?.}; Hig cu.:'; :é'_ ? ge:cz:;?]mcs:“
;{g‘l-'[, . . [A]+{H®) | “ua 6 qHcen H2s cr;;nﬁ-
(HA} | [A9] ’ o
1 2 3 4 "5 6 7 8 —
05 |33 | 0009 0 '
: 0, 0,001 0,00045 855/145 W7 4,12
1,0 3,59 | 0,008 0,002| 0,00026 774/226 +0.54 4,13
1,5 3,79 | 0,007} 0,003] 0,00016 684/316 0,34 4,13
2,0 3,96 | 0,006] 0,004] 0,00011 589/411 -+0,16 4,12
25 4,14 { 0,005{ 0,005{ 0,00007 493/507 ~0,02 4,12
3,0 4,32 | 0,004{ 0,006 0,00005 [ 395/605 —0,19 4,13
3,5 4,60 | 0,003| 0,007{ 0,00003 297/703 —0,37 4,13
i e ) Mk | )
) ) ) — 100 —0,95
50 [645/0 |o0010f — 1900 . 5

Pesyavrar: pKa = 4,12 (£ 0,01) gra 0,01 M pactsopa npn 20°C (cpennee
K3 NleBATH U3MEpEHHi),

* Cu. mabn. 2,1, :
** Hs cronbus 2 1 Hpuaomenns 1 (ctp. 161).

. Tpynnee .Bcero THTPOBaTh CO CTEK/ISHHBIM SJIEKTPOJOM TaKHe
BelllectBa, y KOTOphiX pKa 2> 11, IlpuunHbI nOJyYeHHs HETOUHBIX
pesynbTaToB cjeAymolHe. -
~a) Ilposepka snekrpona no GopatHomy Gydepy (pH okono 9,2),
3Havyenue pH KoTOpOro oTCTOUT C/AHLIKOM Aajneko oT obaacTH THTPO+
BaHu1. ’ - ' ' .
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6) CeoiicTBa CTEKJSHHOTO 3JIEKTPOAA TAKOBBI, YTO OH CTaHO-
BuTCR BCe GOJiee W 0oJiee MPOHHL@eMBIM N0 OTHOLICHHIO K HOHAM
®
KaJius ¢ BO3PacTaHHeM OTHOLIEHHS [K®)[HE]. '
B) IlponHkHOBeHHEe 3HAUMTEJILHBIX KOJIHYECTB YrJIEKMCJOro rasa
B pacTBOp, HECMOTPA Ha NPHHSATHIE NPEAOCTOPOXNKHOCTH.

Ta6auya 2.3

OnpefieleHHe KOMCTAHTHI HOHH3AUSH OJHOOCHOBHOR KHCJOTHI,
B3ATOl B (opme HaTpHeBOM CONH (CP. THTPOBaHHE cBo6oQHOH KHCIOTHI,
npusegenHoe B Taba 2.2)

Bewecreo: Gensoar matpus, C/HsO;Na. Mon. B. 144,1. Temneparypa: 20°C.
Konyentpayua: 0,01 M nocrosnno. DBeHsoar uarpus (0,0721 2) BrCywIHBAIOT
B Teuenlie noun B BakyyM-skcukatope (H2SOs, 20 am p7. c7., 20°C) n pactBo-
psiloT B 50 ca® xonoaHoil BOAEL.

CrexnomeTpu- pl{a {cymma coot-

Turpanr: YecKHe KOH-
1H n& oH ueHTpauHK {0®) [HA]-{H®) lig :fgﬁg_ BETCTBYIOWHX
TBGgM’ ' - (AO]+ (1O} ua 6 uHcen 13 cronbuos
iHa| | [a8] 2u7)
1 2 3 | 4 5 6 . 7 8

000 {7070 |0010 :
005 | 506 | 0001 0009] — 100/900 | —0,95
010 | 472 | 0002 0008] — 200/800 | —0,60
015 | 449 | 0003| 0,007| 000003 | 207/703 | —0.37
020 | 4,30 | 0,004( 0,006( 000005 | 395/605 | —O0,19
025 | 413 | 0,005] 0,005| 0,00007 | 493/507 | —0,01
030 | 396 | 0,006] 0,004 000011 | 589411 | 40,15
035 | 378 | 0,007| 0,003| 000017 | 683/317 | 4033
040 | 358 | 0,008{ 0,002| 000026 | 774/226 | 0,54
045 | 334 | 0,009| 0,001| 000046 | 854/146 | -+0,77
050 | 307 |0010|0

- e W

N N N NN
ek ki ol ok ok ok
— DD 1t D e DO DD =t

Pesyabrar: pKa = 4,12 (£001) gan 001 M pacrsopa npu 20°C (cpeanee
H3 [eBATH H3MepeHHi).

[103TOMy aBTOPH He PEKOMEHAYIOT IOMb30BAThCsl CTEKJISHHEIM
3/1eKTPOJOM JJIsl THTPOBaHHA BelleCTB, pKa KOTOpBIX BhIllE Il wan
oko0 11 M /sl pacTBOPOB C KOHUEHTpaUHMeH, MEHbLUEH, YeM 0,01 M.
Ina o6nactu Gosee BbicOKUX 3HaueHHit pKa GoJiblle MOJAXOAUT MO+
TEHUMOMETplisl C BOLOPOAHBIM 3/IeKTPOAOM (CTP. 45), cnekTpogoTo-
merpusi (rnaBa 4) ¥ KOHAYKTOMETPHs (rnaBa 5).

VYpapHeuus AR pacueta BeJHYHHE pK,

B tom cayuae, koraa tutpylor 0,01 M pacreop M oGaacTte
THTPOBAHHUs JIEXHT B npenenax or 4 1o 10 eaunun pH, HyXHBI
JiMllL OYeHb MPOCTEIE pacueThl, NpeACcTaBJICHHBIE B tabsa. 2.1. Bripa-
xenne [AHJ/[A®] 8 cron6ue 6 HrpaeT OCHOBHYIO POJIb U N0Jy4aeTCH
n3 ypaphenusi (1.3). Uucna B cTonGue 6 He 3aBHCAT OT pasbaBaienus.
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WX HeMHOro W OYeHb TOJIE3HO NMOMHMTb MX Hausyctb. [Ipu TakoMm
NpOCTOM THTPOBAaHHM B J1aGOPaTOPHbIHA JXYpPHan CJELYeT 3aHOCHTb
auub croabubt 1, 2, 6 u 7, npuuem, cronben 6 Bcerna 6yner oau-
HAaKoB. . . - ’

Yacto, onHaKO, o06JacTb THTPOBAHHA JIeXHT BHe 006JacTH
pH = 4—10. Hdaxe B ta6a. 2.1 nocaeanue wuppn (pH = 10, 14)
BBIXOOAT 34 3TH NpejeJibl. Ecau 3ta BeJIHYHHA HCINpdBJieHA C yue-
TOM KOHLUEHTpauHMH HOHOB THIAPOKCHJa, KaK 3TO CreJlaHo B
tabn. 2.4, coorsercrBywouiee 3Hauenue pKa Bospacraer ¢ 9,19 no
9,23, a KoHeyHBIM pesyabTatoM Oyzer He 9,25 =+ 0,06, a 9,26 %= 0,03.

-

Tabauya 2.4

Onpepenernne KOMCTAHThl HOMH3ALHH OJHOOCHOBHON KHCAOTDI,
Tpe6ylollee BBeJeHHsS! NONPapKH HA KOHUEHTPALMI0O HOHOB THAPOKCHJA

Betyecrso: n-kpeson, C;HsO. Mon. B. 108,13. Temneparypa: 20°C, Konyer-
Tpayua: 0,01 M B Touke nonyueiitpanusaumuM, IleperHaHHeifi B BakyyMe u BEICY-
LieHHB 32 HOub B BakyyM-skcukatope (H:SQy, 20 mm pr. cr., 20°C) n-gpesod
(0,0541 2) pacreopsior B 47,5 cM® BOAL NMpPH nepeMelIMBaHHE B TeueHHe 30 MUM
MarikTHON Meuwlajkon B arMocdepe asora npu 20° C.

THTpaBT: CrexuomeTpn-
* yecKas KOH- pKy (cymma coor-

p;;zcgg?p - pH uentpauns | (QHO}" Il_:%]_i.{_gu_ee} ,l{% puner . ":Zg:c::yéotx.!;:‘sxum

Py iHA] | [a©] ] 48)-{ouS} ue 6 2u7)

1 2 3 4 5. 6 7 8

0 6,921 0,010} 0 — '

0,5 9,19] 0,009| 0,001 —_ 900/100 0,95 10,14

1,0 9,55( 0,008| 0,002| 0,00002 802/198 -+0,61 10,16

1,5 9,771 0,007 | 0,003| 0,00004 704/296 -+0,38 10,15

20 9,97 { 0,006{ 0,004| 0,00006 606/394 40,19 10,16

2,5 10,14 0,005] 0,005} 0,00010 5107490 40,02 10,16
. 3,0 10,29 (- 0,004 | 0,006{ 0,00013 413/587 —0,15 10,14

3,5 10,46 | 0,003 | 0,007 | 0,00020 320/680 —0,33 10,13

40 10,64} 0,002 0,008} 0,00030 230/770 0,053 10,11

4,5 10,84 0,001 | 0,009 0,00048 148/852 —0,76 10,08

50 11,08| 0 0,010 ’

Pesyarvrar: pKa = 10,14 (£0,03) ans 0,01. M pacteopa npn 20°C (cpennee
H3 ceMH sHayeHuil. [leppoe u neBsToe M3MepeHHs OTOPOLUEHH).

* Hs cronbua 2 v Ilpuaoxennn I (crp. 161).

B Tex cayyasiX, Koraa THTpYyEMblf pacTBOp O4eHb pa3baBJieH,
pH nomxHO ocTaBaThcsA B Y3KHX Npefesiax B TeYeHHe BCEro BpeMeHH
THTPOBaHHS, €CAH He NPHHHMATh BO BHHMaHHe NOAOGHBIX NONpaBoOK.
Tak, gna 0,001 M pactBopa pH #0MKHO OCTaBaTeCA B Npenenax
59, £ :

. Tor ¢daxr, uT0 -paCTBOpH 3JEKTPHYECKH HeHTpalbHBl, JeJaeT
_ OCOOEHHO HeOOXOAHMBLIM “Y4eT KOHIEHTPalHH HOHOB BOAOPOAA

34"

(ruppokcuna). Tak kak cymMMa MOJOMKHTEJNbHBIX 32psiloB JOJIXKHA
GbITb paBHA CyMMe OTPHUATE/LHBIX 32pPsaA0B, TO

[A®]4-[OH®] = [K®] 4-[H®] (2.4, a)-

. {
Bcaeactsue Toro, YTO BCe COJIM B pacTBOpe MOJHOCTEI0 HOHU3H-

POBaHLI, BEJUYUHA [KEB] paBHA KOHLEHTPaluH eAKOro KaJH, B3sTOH
¢ yuetoM pasGasJsienusn ero pacgeopom. Ilostomy

[A®] = [KOH] —[OH®] +[H?] (2.4, 6)

[Y] — nonuas koHueHTpauus B3sATOR KUCJOTHL M CK/Ia[bIBA€TCSl OHA U3
OBYX BeJHYHH [A®] u [HA), a notomy '

[Y] = [A®]+[HA] (2.4, 8)
‘Pewias coBmectHo ypaBHeHus (2.4, 6 u B), NoJyuum:
[HA] = [Y] — [KOH] +[OH®] — [H?] (2:4,1) -

Ecau npuHuMaeM BeJIHYHHY [A®) pasuoii [KOH] (kak 3To cae-
naHo B croabue 4 1abJ. 2.2), T0, TéM caMbIM, AONyCKaeM, YTO BeJiH-
yuiibl [H?] u [OH?I HesHauuTenbHH MO CPABHEHHIO ¢ HHMH M TOBO-
PHM O «CT€XHOMETPHUYECKOH KOHLEHTPALHH>, 3710 ponyueHHe He Mo-
3eT GBITh NPUHATO A/ GoJjiee 1eJouHOM Hau kucnoil o6nacru. Tak

- L]
[A®] pasno [KOH] + [H®] B kucniofi o6aacTu wau [KOH]—[OH“I
B LleJOyHOi oGaacTu [cM. ypaBheHue (2.4,6)]. Touno Tak xe, nei-
cTBuTenpHas Kouuentpaiws [HA] pashna [Y]— [KOH] — [H®¥] B Kuc-
no#t o6nactu u [Y] — [KOH] 4 [OH®] B wenousoii o6nacti. ITu He-
Gosblye AOMOJHHUTENbHblE pacyeThl OuyeHb YJY4llaioT pe3yJ/bTart.

Kax onpenesuts KOHLEHTPALHH [H®] u [OF®] no nokasauusm

pH-merpa o6nsicieno B Ilpunoxkennu .

PacueT KOHCTAHT MOHM3AIMM OCHOBaHMIl MPOBOAHMTCS MOAOGHBIM
e 06pa3oM, ucxonst u3 ypasHerus (1.6). Ecim pesynbTar JNEXHT
B o6aacth pH = 4—10 (pasa 0,01 M pacreopa), TO NONpaBKOH HA
HOHBl BOJOPOAA M THAPOKCHIA MOXFN npeHeGpeub H B crosalue 6
nomewujate NPOCTO BEJUUYUHBI [B]/[Bhej, kak B 1aba. 2.5. Has pe-
aysnbtatoB Huke pH = 4 3Ty BesUUUMHBI 3aMEHAIOTCA

_1B1+[HO]
(BH®] —[HO]

Kak B 1a6s1. 2.6. [TonoGuuiM e o6pasom aas: pH > 10 8 cronbue 6
BOJIKHO ObITh, Kak B Tabn. 2.7:

8] — [OH®]

[BH®] 4 [OH®)



HeckonbKO THOHYHBIX tuTpoBauil (NpuMeps /1A NMPAKTHKH)

[IpuBoAKMMBIE NpPHMEpPbl OXBATBIBAIOT TUMHYHble CJly4au MOTeH-
LHOMETPHYECKOTO THUTPOBAaHHA H IIOKa3blBalOT, KaKWM 006pa3oM
Ayuwie Bcero o6pabaTbiBaTh pe3yJbTarhl.

B ta6s. 2.1 npuseneun pesysabrathl TutpoBanus 0,01 M pactso-
pa HsBOs, kKoTopoe siBAsieTcs) TUIIMYHBIM NPUMEPOM MOTEHUHOMET-
pHUECKOr0 THUTPOBaHMs, Koraa He Tpefyercsi MOMPaBOK Ha HOHbI
BOZOPOAA HJHM THAPOKCHJIA. 3HAYEHHE YyyeTa ITHX BEJHYHH MNpH
onpenenesun pKa, Kak ykKasbiBajocb Ha cTp. 34, ‘Bo3pacTaer MpH

TuTpoBanuu B obaactu pH > 10.
TaGauya 2.5

OnpejeneHHe KOHCTAHTbl HOHMSAIHH OAHOKHCJIOTHOTO OCHOBAHHH,
HE Tpeﬁymmee BBEJEHHSA NONPaBOK Ha HOHblI BOAOpOAA H THAPOHCHJAA

Bewecreo: aMuHO-Tpuc-okcHMeTHaMeTan (6ydep «rpuc»), HyNC(CH:OH)s.
Moa, B. 121.14. Temneparypa: 20°C. Konyenrpayus: 0,01 M nocrosHuo.
«Tpuc» (0,0606 2) BrcywHBaioT B Teuenue 1 « npH 110° C ua Bo3nyxe, pacTBOPHIOT
B 50 cm® OyMILEHHOH BOAM M THTPYIOT B TOKe as3ora (NPHCYTCTBHE [BYOKHCH
yriepoia HeaonycrHMo). : .

XH HYeCKHE pK, (cymma coor-

’{“t?a;r- H CT?:OH?;:::Eauun“ [BH@] ig uncen nzﬂ:'rnymumx
meop HCI, P 1B] 13 cToAbua 5 | gucesi s cronbuoa

ext [BHO®] (8] 2 u 6)

1 2 3 4 5 6 7

0 10,12 0 0,010

0,05 9,12 0,001 0,009 1/9 —0,95 8,17

0,10 8,78 0,002 0,008 2/8 —0,60 8,18

0,15 8,55 0,003 0,007 3/7 —0,37 8,18

0,20 8,36 0,004 0,006 4/6 - —0,18 8,18

0,25 8,19 0,005 0,005 5/5 0,00 8,19

0,30 8,01 0,006 0,004 6/4 10,18 8,19

0,35 7,81 0,007 0,003 713 40,37 8,18

0,40 7,57 0,008 0,002 8/2 ,60 8,17

0,45 721 0,009 0,001 9/1 ,05 8,16

0,50 4,32 0,010 0

'Peayabmr: pKa = 8,18 (£ 0,02) ana 001 M pacrsopa npu 20°C (cpennee
- H3 [eBATH H3MepeHHit).

B tabn. 2.2 (6eH30iiHas KHCJAOTA) NPUBOAMTCH TUMHYHOE THUTPO-
Banue, TpeGyloliee yueTa MonpaBOK Ha HOHbL Bogopoaa. Taba. 23
otpaxaer tTutposanue 0,01 M pacrBopa GeH30aTa HaTpUsl CHJIBHOI
KHcyioToll. PaKTHUECKH 3TO TO e THTPOBAHHE, YTO M Npelblayluee,
HO TpoBelleHHOe B oOpaTHoM HampabienHd. CpaBHEHHE JaHHBIX
1abs. 2.2 4 2.3 nokasbiBaeT KakuM 00pasoM MOXHO NO-Pa3HOMY

" IPOBECTH OJIHO M TO e THTPOBaHHe GE3 CYLUECTBEHHBIX H3MEHEHHl
B pacueraX. THTpoBaHHe n-Kpe3osa, MPHBEIEHHOE B Tabn. 2.4, sB-
JNieTcs NPHMEepoM THTPOBAHHs KHC/IOTHl B TOM Ciy4ae, KOrAa HeoO-
XOAMM yueT NOnpaBKH HA HOHBI 'HAPOKCHJA.
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Tabauya 2.6

Onpene.llenne KOHCTaHTbl HOHH3ALHH OJHOKHCIOTHOrO OCHOBaHHA,
'rpeﬁylom,ee BBEI€HHA MNOIIPAaBOK HAa KOHUEHTPALHI HOHOB BOAOpOAa

Bewjecreo: n-xnopannaun, CeHgNCL Moan. B. 127,57, Temneparypa: 20°C.
Konyentpayus: 0,01 M nocrosnuo, [lepernamHuii B BaKyyMe H BhICYLUEHHbI
B Teuenne HOuH B BaKkyyM-skcHkaTope (CaClg, 20 mm pr. cr., 20°C) n-xnopaum-
ann (0,0638 2) pacrBopsior B Teuenne 30 Mum npH nepeMELIHBAHHM MACHHTHOL
Merankoji B 50 ca® Boaw npu 40°C.

'l{‘nrpanr: 21;’:‘l:{%M§§p:' . [BHO @l 1g wcen pK, (cymma coor-
rmop G, | ot |_sovtomum | (ye)+ (EOOLMUON f G0E | aerermyone
ou [BHEB]I [8] +{He) ua 6 2uy

1 2 3 | 4 5 6 7 8
0 6,72 | 0 0,010 — —_ —
0,05 4,85 | 0,001 0,009 — 100/900 —0,95 3,90
0,10 4,62 | 0,002 0,008| 0,00003 197/803 —0,61 391
0,15 4,31 | 0,003| 0,007 | 0,00005 295/705 —0,38 3,93
0,20 4,14 | 0,004 0,006 0,00007 393/607 —0,19 3,95
0,25 3,96 | 0,005| 0,005| 0,00011 489/511 —0,02 394
0,30 3,81 | 0,006 | 0,004]| 0,00015 585/415 | 40,15 396
0,35 | 3,64 | 0,007 0,003] 0,00023 677/323 40,32 3,96
040 | 343 [0008|0002| 000037 | 7631237 | 4051 3,94
0,45 3,20 | 0,009] 0,001 0,00063 837/163 +0,71 391
0,50 |295(0010|0

Peayabrar: pKa = 3,93 (% 0,03) pna 0,01 M pacrsopa npu 20°C (cpemnee
M3 OEBATH H3MepeHHi). ’

* Hs cronbua 2 i Ilpanoxenns ! (cTp. 161).

B taGn. 2.5 npesacrassieHO THTPOBaHHe aMMHO-TPUC-OKCHMETHJ-
METaHa, H3BeCTHOro .Takxe Ioa Ha3paHueM Oydepa «Tpuc». 10

. IpUMep THTPOBaHUs OCHOBaHUA Ge3 yuera mnonpasoK. B ta6n. 2.6

Aaercs NpuMep TUTPOBAaHWS OCHOBaHWs (N-XJOpaHWJMH), KOraa Tpe-
OyeTrcsi BBeAEeHHE MONpPABKM HAa WOHH Bojopona. B tabn. 2.7 noka-
3aHO THTPOBaHHE [IVIMIIHHA OT LIBHTTEPHOHA H3N®CH2COOE’ o
amona HNCH,COO®. O usurrepnonax noapo6GHO TroOBOPHUTCS
B rJjaee 7, a NOTOMYy 3/ech HOCTAaTOYHO CKa3aTh, yTo TabJu. 2.7 ua-
JIOCTPUPYET TUTPOBAHHE aMHHOTPYMNNBl H3 KaTHOHA A0 HelTpasbHOMH
¢opmbl. DTO MpuUMEp HMCNOJL3OBAHHS NONPAaBOK HA HOHEl THAPOK-
CHAA NpH THTPOBAHHH OCHOBaHMH.

TOYHOCTL H NMPAaBHABLHOCTb. KOHTPO/IL TOuHOCTH PesynkTaToB -

PesynbTar moxer OuTb TOYHBIM (T. €. JieXaTh B Y3KHX mpeje-
Jlax), HO He GbiTh NpaBH/IbHEIM (T. €. HcTHHEEIM). O6paTtHoro mnoJo-
XKeHHs ObiTb He Moxer. ITostomy Bcerna XenateqbHo 6paTh cpeft-
HIOIO M3 HECKOJNbKuX BenuuuH,  CpenHee WS  NeBATH NONYYEHHHIX

87



Pdoruya 2.7

Onpeue.;lenﬂe KOHCTAHTBI HOHH3ALHH OJHOKHCIOTHOrO OCHOBAHHS,
TpeGyloulee BBEAEHHs MNONPABOK Ha KOHUEHTPALHIO HOHOB THAPOKCHIA

Beujecreo. rawumn, CoHsNO.. Mon. B. 75,07. Temneparypa: 20°C.. Komyen-
rpayus: 0,01 M B touke nmonynefirpanusauni, OuHilleHHbIF NepeKpHCTaNAH3AUHeR
H3 BOJH H BbICylIeHHE{i Ha Bo3gyxe npH 110°C B teuenne 1 « ramunn (0,03752)
pactBopstoT B 47,5 cM® ouHLUEHHOJ BOOM H THTPYIOT B TOKE a3oTa.

Turpaut: CrexnoMeTpu- . oK. (cysma
pgé{-:f&p pH KomienTpauss {one}* hﬁ—"—htﬁ[[éflic{)fig?} - :?é:g. :gﬁgﬁmg
Ko (8u®]| (8] - ua 2u7)
1 2 | 3 3 5 6 7 8
o |630 0010|0 i - —
0,5 8,94} 0,009} 0,001 —_ 900/100 0,95 9,89
10 |928| 0.008] 0,002 — 800/200 :f:o 9,88
1,5 }.9,50] 0,007} 0,003] 0,00C02 702/298 -+0,37 9,87
2,0 9,69] 0,006{ 0,004]| 0,00003 603/397 40,18 9,87
2,5 9,88] 0,005] 0,005] 0,00005 505/495 40,01 9,89
3,0 10,05 0,004 { 0,006]. 0,00008 408/592 —0,16 9,89
3,5 |10,23] 0,003|-0,007| 0,00015 315/685 —0,34 9,89
4,0 |10,42| 0,002| 0,008| 0,00018 218/782- —0,55 9,87
45 |10,68| 0,001 | 0,009] 0,00033 133/867 —0,81 | 9,87
50 [(1L01j0 .

Pesynbmr: pKa-= 9,88 (£ 00l) nna 0,01 M pacteopa npu.20°C (cpennee
H3 [EBATH H3MEpeHHil). _ . -

* Hs ctonbua 2 ® l'lpn-nomenm I (crp. 161).

‘3HAYEHHHl NO/MIKHO JexaTh B mpegenax +0,06 (ctp. 18). [1pu Toy-
HOl M akKKypartHoil paGorte pas36poc 3HauyeHHHi MOxeTr OblTb 3Ha4H-
TEJIbHO yMeHbllieH, KaK, Hanpumep, B TabJs. 2.2 u 2.7, rae npeacras-
JIEHDBI Jy4lIie, C 3TOH TOYKH 3PEHHs, Pe3yJibTaThl, NOy4YeHHbIE HAMH
B nabopatopun. HanGosee oCLiuMH NPHYHHAMHK CJAMIUKOM G6OJb-
woro pasbpoca pe3yabTaToB Moryr OblThb NMPHCYTCTBHE Nnpumeceii B
TUTPYeMOM BeuiecTBe H HeOosblllass HETOYHOCTb NpH N0GaB/ieHHH
TuTpaHra (C¢Mm. Huxke). Takue omwnbKH 4acTo 0COGEHHO AICHO BUAHBI
Ha.MepBOM M MOCJeAHEM pe3y/abTaTaX W3 CepUH H3MepeHHil.

OG6mue MCTOUMMKH OMMGOK M HX yCTpaneHwe

Onnoit ‘U3 HauGoJee ‘06LHMX OLUHGOK NpH THTPOBAHHH LIEJOYBIO .

fABJIAeTCH .TEeHOEHIHs K 33aBLILEHHIO pe3YJbTATOB THTPOBaHHA.
OGBIYHO 3TO -BHIBBAHO HAJIHYUMEM IMPUMECEH B THTPYEMOM BelllecTBe,
B CBAI3H C 4YEM B PacTBOPe €ro [PHCYTCTBYeT MEHbIUE, yeM Ipeamno-
Jaraer uccaenopareb. -Camolt pacnpocTpaHEHHOH NPHMeChHiO, IO-
~ poxialollel Haubonbilliee yucao OWHGOK, sBAsercs Boaa. IToatomy
© V1A ONpeNe/IeHHs KOHCTEHT HOHH3AUMH cleayer OpaTh JIALWL aHAIH-
_ THYECKH 4YHCThlEe BEIIEeCTBa H BbjcyllllHBaTb HX B TeX XK€ YCJIOBHAX,
-~ KOTOpHle,  NPEAWIECTEOBAYIH HX- aHAJH3Y. Hpyroi NPHYHHOH 33BbLILIE-

Husl 3HayeHusi pH Moxer GbiTh CJAHMLIKOM 3HEPrHYHOE MponycKaHHe
asora uepes pacTBOP, BCJAEACTBHE YEro 4acTb PacTBOpa YHOCHTCH
B Buge Opbiar. Ewe onHOH npuuuHOM mMoxKeT GHITB TO, YTO NpPH CO-
BEpLIEHHO TOYHOH HaBecKe B PacTBOPE BCE e HAXOAMTCH MeHbLIce
KOJIHYECTBO BELIECTBAa, TAK KAk KakKasi-TO 4acThb €ro He pPacTBOPH-
nace. Pasymeercsi, uTo B NpUCYTCTBHM HEpPaCTBOPEHHOr0 MaTepuala
ToyHOoe 3HayeHHe pKa MoJyuHTH HEBO3MOXHO. '

ITpu THTpOBaHHMM KUCJIOTOl, BCNEACTBUE TEX >Ke MPHUYMH, MOTYT
HAa0aI0AaThCsl 3aHHKEHHBIE Pe3ybTaTH.

Jpyrum oGuuM HCTOYHHKOM OLIMGOK NMPH THUTPOBAHHM SIBJISIETCS
HeTOYHOCTL M3MepeHHst o0beMa THTpaHTa. DTO MOXeT GHITh BLI3Ba-
HO U060 HeOMBITHOCTHIO THUTPYHOLLero, J1u60 owHOKoii camoit Glo-

‘PETKH.

B. HexoTOpBIX cayyasix TpeOyrollasics TOUHOCTb HE MOXeT OBITh
AOCTUTHYTA BCJeACTBHE TOrO, YTO BHIGpaHHBII MeTOA HE TrOAUTCH
s panHoro Beuiectsa (crp. 16—18).

$IBHO HeynOBJIETBOPUTENbLHBIE PE3YJBLTAThl YacTo MOJYYaloTCs B
Tex cllyyasix, Korga BElieCcTBO pasjaraeTrcs B NpolLecce THTPOBaHHA.
HHorza nepenie HECKOJBKO M3MEPeHMH AAlOT COBMNAajaloliie 3Haye-
uusa pK, u nulp NOTOM HayuHAOUIEECH pasJjioXxeHHe NMPHBOAMT K OT-
KJIOHEHHIO BeNKYMHE! NoTeHuHana. BewecTBa Jlerko pasnarapiuecs
Nnoji AeACTBMEM KHCJIOT WJIM ILeJIOUeil, YacTo MoABepraioTcs BO3jeii-
CTBHIO Ka)[0#l Kanju THTPaHTa, faxe MpH XOpOLUeM mnepemMeniuBa-
HuM pactBopa. MHorna oGpaTHoe TH1pOoBaHHe NaeT APYrue BeJiH-
yudel pH, B TO BpeMs Kak BTOpOoe npsiMOe THTPOBAHHE MOBTOPSET
neppoe npsamoe (T. e. KpUBble NpsMOro ¥ OGPAaTHOrO THTPOBAHHII
oGpa3yloT NeT/JI0 Tuctepesnca). JTO yKasblBaeT Ha MedJIeHHOe MU
KOJIHYecTBeHHOe MpeBpallleHue AByX B3aHMOCBSI3aHHBIX BELUECTB, KO-
Topbie MOTYT ObiTh AHGO TayTOMepaMH, NHG0 HAXOAHTBLCA B 3aMKHY-

TOM paBHOBECHH, nAub0 OOQHO M3 BelleCTB MOXeT OLITh KOBaJIEeHTHHM

riapatom apyroro. IlceBpokucioTH (Hanpumep, HUTPOMETaH) H
NCeBAOOCHOBaHUsA (Hanpumep, TPU(EHU/IMETaHOBbBIE KpacHTeNH H
YETBEPTH4YHBIE MPOU3BOAHBIE N-I‘ETEpOuHKJIOB) TaK¥e garoT OMNHCaH-
HYIO Bbllle KapPTHHY [pH THTPOBaHWH, NpHYeM, DABHOBECHE MOXKET
ycTaHaBAHBaTbcd OT | 4« 0o Hemeau. TakuMm nyrem oOpasylorcs
KOBaJIeHTHBI! TMApaT-HOH S M nceeBpoocHoBanus $*. B nutepatype
YKasblBaeTcsl, YTO B 3THX CJiyyasiX NMPHMEHHM, KaK U OOBbIYHO, 3aKOH
JeiCTBUS "MacC K 47O, MO MOJYyYeHHBIM JaHHBIM, MOXHO MOACYMTATH

.- KOHCTAHTBl PaBHOBECHs, HEe H3Yyuyasi NPH 3TOM KHHETMKY pPeakuuii.
-~ HepepHble KOHCTAHTBI KMCJOTHOCTH H OCHOBHOCTH YacCTO N0JyyarTcs

s Albert, Brown, Cheeseman, J. Chem. Soc., 1952, 1620; Perrin,

‘- Inoue, Progr. Chem. Soc., 1960, 342,

8 Goldacre Phillips, J.-Chem. Soc., 1949, 1724.
* [[ouatHe o <ICEBAOSNEKTPOJMTAX®, NpelioxenHoe I'anueM, B cBere co-

; BpeMEHHHX BO33peHHSI Ha NPOUECCH HOHM3AUHH — MOJADHIAUHH, He BHACPM(H-

Baer cTporoji KputHki—cM, O, @, T'nna6ypr,.B. A, Iopafi-Kownny,

- JKOX, 27, 989 (1957). — [Tpun. pedasiopal.
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npn HM3KHX 3HavyeHusix pH, ocobenno Hmxe 2. B HekoTOpHIX cay-
yafx BELLeCTBO AEHCTBHTENbHO o0najgaeT TaKHMH KHC/OTHBIMH HAH
OCHOBHBIMH CBOIICTBaMH, Kakue npeanonaraer pKa, onHako pesynb-
TaThl HMEIT cAHIWIKOM Goablioilt pasbpoc, utelul ObITh NpHEMJe-
MbIMH,- TakHe pe3y/nbTaThl BO3HHKAIOT, KOraa penHuynHa pKa paeHa
MM HeMHOro Gosblue Jorapudpma passeneHus. Tak, NPH H3YYEHHH
OHOrO OCHOBaHHA (KoHUeHTpauua Obina 0,05 M, a, cnemosatenbHoO,
pasBenenne 20 u ero Jorapudm 1,3) HafinenHoe 3HayeHHe pKa OKa-
3anoch 1,45 + 0,13 (nonpasku ua oGbeM Gpalinch, KaK yKa3aHO Ha
ctp. 32). Takoit Gonbwoil pasaGpoc HegonycTHM. [TpHunHON OMIKHOGKH
fIBHIOCH HCIIONIb30BAHHE BEJIHYMH AKTHBHOCTEHl M KOHLUEHTPalHii B
ONHOM H TOM e ypaBHeHHH, T. . Beanunna {H®} Geina cocunrana
Kak aHtunorapudm (0 — pH) u B eauHMuax akTHBHOCTH MCHOJB30-
BaHa BMECTE C BE&JHYHHAMH CTEXHOMETPHYECKHX KoHuenTpauui [B]
H [BHe].Korna BEJIHYHMHY [BHfB] 3aMEHHJIH COOTBETCTBYIOLIEH aKTHB-
HOCTBIO (KaK yKas3aHo Ha CTp. 57—59), 6bl10 noJyyeHo YAOBJETBOPH-
. TenbHOe 3HayeHue pK,=1,25 == 0,05 (cTp. 53). Micnonb3osanne Benu-
ynabi {H®)} coBmecTno ¢ BennumnaMu KoHueHTpauuii e Breyer<3a
coboii ommnbku, ecnn pKa wa 1,5 enmnmuer unu Gonee Bbille Jora-
pudMa pasBeleHHus.
MHuHMble KOHCTAHTH

B Ttex cnyuasx, koraa BennynHa pKa, nonyueHnas B pesysbraTte
THTPOBAHMS, JIEXKHT 3HAYHTEJILHO HHXe JorapudmMa pasBeleHHs, NPH
KOTOpOM OHa Oblla onpejeneHa, OHa NOYTH HaBEpHAKA sBJSETCA
MHHMO# KOHCTaHTOH, a THTPYEMOE BelleCTBO BOOGILE HEe HMEeT HH
KHCNEBIX, HH OCHOBHBIX CBOHCTB B 3TOil o0nactu. Tak, THTpOBaHHe
o6biyHoi Boanl (4,75 ¢m3) 0,5 cm3 1 u. pactBopom HCI naer senu-
unny pKa = 0,62 = 0,07 (naxe B 70M cnyyae, Korga y4TeHO pas-
Gap/ieHHe THTPAHTOM), €C/H HE NPHHHMaThb BO BHHMaHHe NONPAaBKY
Ha aKTHBHOCTb. Takoii peayiabTar siBnsieTcs siBHbIM aGeypaom. Ecau
66l B Bole GBbUIO pacTBOPEHO HHEPTHOe BeIEeCTBO (HamnpHMep,
0,1 M), To MoxHO 6Gbin0 OBl MOBEPHTH B TO, YTO HaiifleHHOE 3Haye-
Hue pKa, XapakTepH3yer ero KHC/NOTHBIE CBOHCTBA, XOTS TOT (akKT,
4yTo Jorapu¢pm pasbasienus pasen 1,0, monxen Geln Obl HACTOpPO-
XHTb HCCJIeJOBaTeNsl.

MHHMBle KOHCTAHTBI KHCJIOTHOCTH H - OCHOBHOCTH NOJYYAIOTCS
TaKXe NPH THTPOBAHHMH CO CTEKJSIHHBIM 3JIeKTpoaoMm B oGaactn pH
soiie 11, Hanpumep, 100 cm® npokunsiueHHOi BOAbI THTPOBaNH
5 cm? 0,1 n. pacteopa KOH. B peayabrare THTpoBanus Gbinia nony-
yeHa MHuMAan KoHcTaHTa pKa = 12,4 = 0,05 (pacuerhl BeJHChL HA
0,005 M pactsop). Ecan 661 B pactBope Gbino 0,005 M uHepTHOro
BELLECTBA, TO MOXHO 6bln0. 6Bl NOAYMaTh, UTO HaHleHHAs BeJlHYHHA
" OTHOCHTCA K HeMy. Bcerpeyarolimecs B JIHTepaType OYeHb BBICOKHE
WK OueHb HH3KHe 3HaueHMsi pKa cnenyeT BCAKHH pa3 KPHTHUECKH
paccMOTpeTh, mpexnae 4YeM NPHHSATH. '
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Trasa 3

YCOBEPUIEHCTBOBAHHE NOTEHUHOMETPHYECKOIO
TUTPOBAHHS. ANNNAPATYPA H PACHETDI

A. ANIMAPATYPA

NoayMukpoTuTpoBanve. THTpOBaHHe NO MeTOAY, ONHCAHHOMY B
rnape 2, Moxet ObITh NPOBEAEHO C MEHbIIHM KOMHYECTBOM BelleCTBa
6e3 NoTEpH TOYHOCTH M Jaxe C HeGONbIIHM YBeJUYeHHEM CKOPOCTH.
Ilpu 3TOM MOXHO HCNONB30BaTh JIHIIb 5.10-° Mons BellecTBa,
pactBopennoro B 10 cm® soaw (0,005 M). D10 skonoMuT Goabiloe
KOJMHYEeCTBO MaTeprana. Jlns OCYLIeCTBNEHHS 3TOro HeOGXOAMMO
HMeTb BeChl C TOYHOCTbIO B3BeumBauus Ao 10 mxe (1. e. mo msATOrO
3HaKa) M MHKDOLUNPHL, KOTOPHIM MOXHO otMmepaTb 0,6 cm3 0,1 H
tuTpanta nopuusiMu mo 0,050 cm3. MunumanbHbii OGbeM THTpye-
moro pactBopa moxer GuiTh 10 cm? (B 30 cm® crakane). MeHbiuwii
o6beM pacTBOpa He CMOMeT NOKPHTb HH OJHOTO H3 CTaHAapTHHIX
97€KTPOAOB. ABTOPB! CYHTAIOT, YTO 3TOT METOL OYeHb YyIOCeH AJs
00bIYHBIX ONpe/eNieHHii HOBBIX BELIECTB M HMCHOJB3YIOT €ro. NoCTOsIH-
Ho ¢ 1954 r. lns Gonee KOHLEHTPHPOBAHHBIX PacTBOPOB HJH MeHb-
IIHX KOJHMYECTB BELIeCTBa CJENyeT NPHMEHATb MHKPOMETO..

MukporutpoBanue. XoTs HMewIascsi B Npojaxe annaparypa
NpurofHa Ansi MHKPOTHTPOBaHHs, GoJsbLiasi 4YacCTh €e CJHILKOM
Xpynka H ecTKa Aas Toro, ytoOel ee uncTuTh. ITpuGop, naobpa-
JKEeHHBbIl Ha puc. 3.1, MoXeT ObITb cOOpaH H3 JIETKOAOCTYNHbIX MaTe-
pPHasIOB, €C/IH HMeTh MHHHMATIOPHbIN creknsiHHblii snekTposa. C nomo-
Lpl0 Takoro npHbGopa MoxHo Jerko THTpoBath (00 me BeluecTsa,
pacteopennoro B 0,5 cu® Boabl. Takum o0pa3oM, nonyuyeHHas KOH-
cTalTa MOHH3aLMH MOXET NOMOYb B HAEHTH()HMKALHH MadjblX KOJHi-
YeCTB BeLLECTB, BBIAEJEHHBIX C MOMOILbI0O XpoMaTorpaduu, a ocTas-
iwnficas Nocne THTPOBAaHHsi PAaCTBOP MOMHO HCIIONb30BaTh ANS CHA-
THSl YyAbTPadHOJETOBOr0 CNEKTPa: : i

INpuGop, usoGpamennwit Ha- puc. 3:1, mpurosen ans o6bEMOB
pacteopa ot 0,5 no 5,0 cm®. On nonxen GbiThb MOMEIEH B TEPMO-
craTHpoBaHHyK komHaTy. Yawky [lerpn nmamerpom 9 ca, comep-
HKalylo. HACBLILEHHBIH PacTBOP XJIOPHAA Kajus, MOMEUIAIOT: Ha

4]



()

LWUTaTHB C NOABEMHBIM cToNHKOM. Cocyn Ans THTPOBaHUs TPeCTaB-
JsieT co6oii CTaKaH ¢ MJOCKHM JIHOM H3 CTeKJla HJH TOJIH3THJIEeHa.
Ou gonxen ObiTh BoicoTolt 20—30 Mm u guaMerpom 10—20 mm, B
3aBHCHMOCTH -0T TpebyeMoro. o6peMa. DEKTPHYECKHI KOHTaKT MEX-
Oy THTPyeMbiM PacTBOPOM H PacTBOPOM XJiOpHAa Ka/lisi B yallKe
TleTpn ocyuiecTBasieTcsi ¢ MOMOLIBIO CONEBOro MocTHKa (puc. 3.2).
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- Pue.s3.1. Mpubop mis noTeHLHOMETPHYECKOTO OFpeNeNeHHs KOH-

CTaHT HOHM3ALHH MHKPOMETOAOM:

]~ MHKpOWNDHL; 2 — MHHHATIODHHM CTEKASHHBLIA  3snextpon; 3 — CTeKNAHHBIA

UHAHEAD ¢ npobkoR; 4—Tpybka AAY BBONA A30TA AAS CO3NAHHE HHCPTHON ATMO-

cdepbl; §—cocyn Ang THTpoBaHH®; 6—walika IleTpu ¢ HACHUIEHHKINM PacTBOPOM

XNopHIOA KaJH#; 7 — WTATHB C MpPEJIMeTHRM CTOMHKoM; 8 ~—Tpylka nnsm nonaymn

. OYHIUEHHOro 2a30Ta H3 acnHpartopa (pHc. 3.3); 9— BHHTOBOA 32)KHM; JO-conesof

MOCTHE; JJ—KanoMeabubit BAEKTPOR (OO6MUHMIA), 12— kaOHANAp RAS-BBOAa 83078.
-~

JInsi. NBrOTOBJEHHs1 €ro CTEKAsTHHYIO0 TPYOKY mHaMeTpoMm 7 MM BBITS«
ruBaoT po auamerpa | mm. IIpH oCTOpPOXKHOM HarpeBaHMH Ha naa-
'MEHH” TOpeJIKH Kanwiisp u3rubaior, npuaasas eMmy U-oGpasnyio
.. (bopmy,. TaK, 4TO6H OAHO KoJeHO 6bWIO Ha 30 MM ANHHHEE APYIOro.
PaccrosiHne. MexAy--KoJeHaMH: BOMKHO Gbith 2-—3 mm. BTopoii us-
ru6:-nenaloT" B-TOM MecTe, TAe TPyOKa NepexoauT B Kanwansp
- (puc. 3.2).: [InMHHBLI KOHell Kamwwisipa NOMeWlaloT B TeMJIb pa-
cTBOp arap-arapa”(0,3:2) ‘B HachlLI€HHOM BOJIHOM PacTBOPE XJOPH-
na-wanaus (10 cm®) W cnerka BcachlBalOT €ro.Tak, YTOGHI OH MOJMHO-
CTBIO-3aNONHUN Kanunasp. Korga arap-arap oxfaauTcsi ¥ 3acTBIHET,
U-06pasublii. kanuaasp obpesalor Tak, uroObl 00a KojeHa OBbulx
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ofHHaKoBOk A7HHbL. CoONEBOH MOCTHK IMOABELUHBAIOT Ha KpaH co-
cyAa Ansl THTPOBaHHA. B TO BpeMs, Korja MOCTHK He HCNOJb3yeTcs,
ero cjefyer XPaHHTb B HAachILIEHHOM pacTBOpe XJOpHZa Kanus.
YpoBeHb pacTtBopa B yaluke IleTpn perynHpyroT Tak, 4ToGbl OH
6bl1 mpHMEepHO Ha 2 MM BBILIE YPOBHSI pacTBOpa B cocyle s TH-
TPOBaHHs.

MuUHHATIOPHBIH CTEKASIHHBI 37eKTPOA YKPENAsilOT Haj CTOJIHKOM
LITaTHBA B PE3HHOBOH npo0Ke, KOTOPYIO BCTABJAAIOT B 3allUTHHIH
CTeKNsHHHI uunusap. B npobGke Beipesaior cexktop 10° yTo mosso-
JISIeT JIerKOo BCTaBAATh MIAYy MHKPOLUNPHLA :
fIpH THTPOBAHHH, H BBICBEPJIHBAIOT OTBEp- }
CTHE AHaMeTPOM 3 MM, Kyaa HOMeLaT
Kanuansap, noABOAslHI a30T AJfl nepeme- -
wueanua. Urny u xanunasip onyckamor B
THTPYeMblil pacTBOp. 3allHTHBIH CTEKJsAH-

Hblil LIMJIHHADP JHaMEeTPOM OKONO 35 MM H L
BbICOTOH oOKONO 55 MM HMeeT OGOKOBOH 2
narpy6ok, yepe3 KOTOPHII NMOAAETCs as30T B
TeX cayyasx, -ecjqH TpeCyeTcss HHepTHas arT-
Mmocdepa, TaK Kak asoTra, ogaBaeMoro Ha
nepeMeuIHBaHHe, AN 3TOH LeNH HemocTa-
ToyHo. CTekNSHHBIH 3NeKTPoJ YKpenasiot
-TakKHM oO6pasoM, 4yToOBl ero KOHel Haxo-
OHNCsE Ha 1 Mm Bulllle HHIXHEro Kpas 3a-
IWHTHOrO LUAHHApPa H Ha 50 mm peille yawku [leTpu npu Makcu-
MajlbHO ONYLEHHOM CTONHMKe IUTAaTHBA. 3aUIMTHLIH LHAHHAD U

| £

Puc. 3.2. 3anonnenne co-
JIEBOr0 MOCTHKa:
I—wMecto ofpesa nocae 3anoa-

HeHHA; 2— CTAKAH AAR PACTBOpa
arap-arapa ¢ XJOPHAOM K&AHR.

" 3NeKTPOAbl XKECTKO KPensaTCsa C IMoMOLUbI0 3aXHMOB Ha cneunHanb-

HoMm witatuse (Ha puc. 3.1 He noKasan). Ecan npubop Hcnonb3yercs
4acTo, TO [a/bHEILIHM €ero YCOBEepPLIEHCTBOBAHHEM MOXeT OblTh
ycTaHoBKa 3y6uaToii peliKH H LUECTEPHH AJsi PEry/IipoBaHHsi BBICO-
Tbl MOJBEMAa LITATHBHOTO CTOJNHKa, a TaKXe /s 3aKpelnJyieHus H
ONYCKaHHsi MHKPOLUNpPHLA. _

HachblilieHHblli KaJlOMENbHbI! 31eKTPOA KPENnHTCs Ha TOM e
wratuse. O pacrnosiaraeTcsl CHapy»H CTEKJSHHOTO 3aLLHTHOTO UH-
JHHApPa TaKuM o6pasoM, yToObl-uMelollasicss Ha ero KoHLEe MOpHCTas
nnacTuHKa (mpo6Ka) HaXoAW/iach Ha OJIHOM YPOBHE C HHIKHEH
KPOMKO#H 3alHTHOrO LHJIHHAPA.

BeuiecTso, KOHCTaHTy HOHM3alUHH KOTOPOTO HY¥KHO OIpPENENHTb,
TOYHO B3BEILUHBAIOT B TRPHPOBAHHOM COCYZAE AJsl THUTPOBaHMA. 3a-
TeM B COCYyZ A06aBiAsilOT BOAY M BElIECTBO pacTBOPAIOT (ecnH
neoGxoaHMO, TO ocTopoxHO nogorpesaiot). Ilocne oxnaxpenus omn-
penensilor o6beM pacTBOpa NyTeM B3BELUMBaHMs COCy[a C €ro co-
JIepPXKHMBIM C TOYHOCTBIO Ao | Me.

. JlunefiHocTh NOKA3aHHH 'CTEKJSIHHOTO 3JEKTpoia IpoBepsiercs

- no (ranatHoMy u 60paTHOMy GydepubiM pacTsopam, Kak OnucaHo
Ha cTp. 24. DnekTpox 3aTeMm ObicTpo MoioT. ns aToro ymoGHO Hc-
. IoNb30BaTh HErPajlyMPOBaHHYI0 NUNETKY eMKoCThlo okono 15 cm?
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t pesuHoBON rpyuweii. Koxeu nuneTKu npu 5TOM HOJKEH HAXOAHTHCA
Ha 15 Mm HHXKe CTEKJSIHHOrO 3JIEKTPOAA, CTPYIO BOJALI Ha KOTOPBIN
HanpaeAsioT BBEPX NMOA yrjom 45°. OcTaBluHecsi KanjH YAajsiioT C
3JIEKTPOJla H 3alllHTHOrO UMJHHApPA C MOMOLUBI0 HeGOABbLIOro KycKa

¢buabTpoBanbHoit GymarH. TuTpoBanue cne-

l l 7yeT HaYMHaTh HEME[JIEHHO MOocje NPOBEPKH

H MbiTbsi 3ieKTpopa. Iasi 3Toro HeoOGXoaHMO
YCTaHOBHTb COJIEBOHM MOCTHK H NOAHATbH CO-
Cyn IJisi THATPOBaHHsi BMecTe ¢ yawkoi [lerpu
TaK, 4ToObl My3bIpeK CTEKJSIHHOro 3JIeKTpoja
6bla forpy:KeH B pacTBop.

OunileHHbil @30T W3 pe3epByapa EMKO-
cteio okono 500 cm® (puc. 3.3) mponyckaioT
yepe3 TOHKYIO TOJHITHIEHOBYIO TPYOKy B
Kanuaaap agas nepemewnsanus. CKopocTb
Nnojayu asoTa peryJHpylT ¢ MOMOLUbI0 To4-
HOro 3aXXHMHOro KpaHa Tak, 4ToOH oHa Onina
OoKoJi0 ABYX ny3bipbkoB B 1 cex. IloTok rasa
nojiep:KHBaeTCsi BO BpeMsi noOaBneHusi Kax-
OO MOpPLMH THTPaHTa H B TeueHHe | mun no-
cne atoro. [logauy asora npekpauiarwoTt, nepe-
KDblBasi KpaH Ha peaepByape, Npexie 4eM
npoyecTb noxkasauus pH. PasHosecne po-
cruraercsi yepes | mun mnocne nOpekpaileHHst
nojayd rasa. . ,

Puc. 3.3. Acnmparop. Ecan tepmocratupoBaHHe KOMHATbLl, Te

Anst nOAAuM azota: NMPOH3BOAHTCSI THTPOBAaHHE, HEBO3MOXKHO, TO
I—cocyx-¢ moxol; 2—pe-  yamwky [leTpu cjaenyer marotoButh ¢ pyGalu-
 sepoyap exkocThio 500 cu® voir. LlnpkyJsiums Bogsl B py6allKe co3aeTcs

¢ mnoMolublo yabTpatepmocrata. Ilpu 3tom
TeMIepatypa B COCyfe AJisi THTPOBaHHA NOJIXKHA NOAJLEPKHBATHCS
¢ TouHocTri0o 0,5 2pad. _

31‘1&!(1’[]0“81’]] C JHHAMHYECKHM KOHAEHCATOpOM

1ot THn npubopa, W3BeCTHbIH TaKikKe Kak BHOPaLMOHHBIH ycH-
JIHTEJb, Ob1 B nocnedHne rOabl yCOBEPLIEHCTBOBAH H HCIONbL3YyeTCs
L5 u3MEpEHHs] OYeHb MaJlblX 3HAuYEHHil TOKa C AOCTaTOYHO GoJib-
1woii Tounoctbio. PabGouas yacTh npubopa, BHELLHe HanOMHHaLLAs
paguosamMny, HMeeT JiBe 3JIeKTPOAHBIE IMOBEPXHOCTH, OTAEJIEHHBIE
APYr OT JApyra HeGOJbLUMM BO3AYWHBIM 3a30poM. ORHH M3 3J€K-
TPOAOB HENOABHIKEH, APYTOH )K€ NPHBOAHTCSA B [ABHXKEHHE OPH MO-
MOLM COJIEHOMJa, KOTOpbiH COOOIL@eT eMy CHHYCOHAaJbHOE KOoJie-
GaTenbHOE ABHIKEHHEe. TaKkoe YCTPOHCTBO rapaHTHPYeT YCTOHUYHBYIO
-paboOTy KOHJEHCaTopa. DJIEKTPOMETP ¢ AMHAMHYECKHM KOHJEHca-
TOPOM K npHcnocoGieHHeM i usMepenusa pH npruMepHO B 4 pasa
nopoxe npopaxuoro pH-merpa, oamako o ouenb yaoGeH nns
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uamepenna pH ¢ toynocteio 2o *0,002 enunuusl. Ero npumenenue
0CO0€HHO JKeNaTeNbHO NPH OnpeaeseHHH KOHCTAHT YCTOHYMBOCTH
(rsiaBa 9), rae Kaxpaoe vd3MepeHHe COCTOMT, IO CYLUEeCTBY, B Ha-
xoxjeHun HeGonblluofi pasuuubl B 3nayenusx pH mexny nsyms
THTPOBaHHAIMH (OAHO THTPOBaHHE NPOBOAMTCH B NPHCYTCTBHH Ka-
THOHA MeTajJla u jpyroe B ero orcyrcteue). Ecnu aror npuGop
iMeeTcst B n1a6opaToOpHH, TO OH MoXeT OBITb HCNONb30BaH H JIsl
OOBIYHBIX MOTEHUHOMEeTPHUECKHX THTPOBAHHH CO 3HAYHTENbHBIM
NOBHILEeHHEM TOYHOCTH onpenexenus B HHTepsase pH = 3—10.

AsTopol npumenssin anektpoMerp ¢pupmbl Vibron Electrometer,
mMonear 33B c npucnocobnenneM guisi uamepenusa pH tuna C 33B
(Electronic Instruments Ltd, Richmond, Surrey, England) u ua-
wnp, YTOo npubOp fAaeT BnONHE YCTOHYHBBLIE pe3ynbTaThl (C TOY-
Hocteio no *0,002 eguuuust pH) B TeueHue
24 4 npu ycnosuM, 4TO OH paGoTaer npH mo- [ ) '_‘r::"!
CTOSINHOI TemmepaType. ]

Beck npubop, cocTosilliiii H3 JHHAMHYECKO-
ro KOHJEHCaTopa, yCHAUTEJIsI NePEMEHHOro To-
Ka, BHINPSIMHTENsI TOKa, cTabunusupyolero
perynstopa HanpsiXeHHs NOCTOAHHOrO TOKa,
ranbBaHOMeTpa, MOHTHPyeTcss B 06oablLIOM
SILlHKEe OTAeNbHO OT npucnocobsenus, H3Me- L
psiowero pH. Ilpucnocobnenne Ans H3mepe- —
msi pH cocronT M3 OOTEHLHOMETPHYECKOro
MOCTHKA, LUKaNH, KaNHOPOBAaHHOH B euHHNaX Puc. 34. Crekasuuwii
pH, u umeer knemMm panasi snektpogoB. OHo  COCYA [s THTPOBaHis,

33KJKYEHIIBIH B BOAs-
NpHMEHSIeTC CO CTEeKJASIHHBIM 3JIEKTPOLOM Hyo pyGauky.
(tuna GG33) M HachILEHHBIM KaJOMeNbHHM
snektTpoRoM (THna RJ23).

Heo6xonnm TouHbI KOHTpONL TeMnepatypbl. Ha puc. 3.4 noka-
3an HauGonee ymoGubiii cocyn aas TutpoBaHus. OH npepcraBasieT
co6oii BBICOKMII CTaKaH, 3akJIOYeHHBIH B BOAsIHYI0 pPYyOallKy, uepes
KoTopylo UMPKYJAHPYeT BOAa TaK, YTO TeMIepaTypa pacTsopa B CTa-
Kale nopaepxuBaercs ¢ TodHocthio +0,02 epao. _

Pacnonoxenne 3n€KTPOAOB AOMKHO OBITH TaKOe, KaK MoKasaHo
na puc. 2.1, 3a ucKiao4YeHHeM TOro, YTo MarHHTHOe NepeMemIHBaHHe
moxker ObiTh 3aMEHEHO MpopyBaHHeM a3oTa. PaaMmewnBaHHe mnpo-
AoJKaeTcss B TeyeHue | MuH nocje KaxKaoro npuGaenieHHst H npe-
Kpauaercss KaK TOJbKO CHATBHL Mokasanus npuBopa. Ecan neoGxo-
I¥MO BECTH THTpPOBaHHe B aTMoc(epe a3oTa, TO HaJl NOBEPXHOCTHIO
XKHAKOCTH NPOMNYCKAlOT TOK BJaXHOro, cBOGOAHOro OT KHCJOpOAa
rasa. :

CrexknauHbie 5JeKTPOABN HH3KOrO CONPOTHBJEHUSA

®upmoit Janaer Glaswerk, BaBapusi, H3roToBASIOTCA 3NEKTPOAHL
GonbLIOro Auamerpa (3 cM) ¥ HHM3KOro comnporuBiesus (0,5 mom).
OTH 3NeKTPOIbl HE HYXKAAKOTCS B YCHJAMTENSIX U JaI0T PesyJbTaThl,
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TOYHOCTb KOTOPbIX He.OTJHYaercsi OT TOYHOCTH, NOJy4aeMOH apH
NOMOILK . BOLOPOAHOro 3aeKTposaa, a uMmeHHo: 0,002 exunnubl pH
uiau 0,1 me. Takas BbICOKas TOYHOCTb! OGbsicHsIETCS CNOCOGHOCTBHIO
9THX 3J1eKTPOLOB KOMIIEHCHpPOBaTh KoJeGaHHsl MOTeHLHAala acHM-
.METPMH; OfIHAKO, OHH OKa3aJHCb BeCbMa HeylOOHbBIMH B MPAaKTHKE.

Bonopoaubiii 8/1eKTpoR,

~ DTOT 3NEeKTPOA COCTOHT H3 NMJATHHOBOH HJH 30/I0TOH NMPOBOJIOKH
(MM mMNacTHHKH), Ha KOTOPYIO HaHECEH O4YeHb TOHKHil cnoil Menko
pasnpoGneHHo, KaTaJHTHYECKH aKTHBHOH naaTHHbl. Bogopomubie
3JIeKTPoAbl MOryT: OBITb JierKO NpHOOpeTeHbl HJIH H3rOTOBJIEHBI 10
merony mnbaeGpanpaZ Ilpu skcnayaTauww 3TH 3N€KTPOAbI Tpe-
OyioT u3BecTHOH ocTopoxHocTH3. C MOMOLbI0O BOAOPOAHOTO 3JIEK-
TpOAa, NPHMEHEHHOIO B fAyeiKax 6e3 CoJNeBBIX MOCTHKOB, Obul mpo-
BeneH paa uaMepeHHit pK, ¢ OueHb BBICOKOH TOYHOCTBIO 4,
OnHako BOOOPOAHBIH 3NEKTPOJ SIBJISIETCSl TPOMO3JKHM H OH Me-
Hee ylobGen B paboTe, YeM CTEKJSIHHBII 3JIEKTPOA, TaK Kak oOueHb
- JIETKO OTPaBJISETCS COeHHEHMSMH, COJEpIKalUUMH Cepy, PTYTb HJH
MbILUBAK. KpomMe TOro, OoH MOKET BOCCTaHaBJIHBaTh HCCledyeMoe
Beuectso. BomopoaHblil 3neKTPOA ualle BCEro NpPHMeHseTcs ans
NOTEHLHOMETPHYECKOr0 THTPOBAaHMsA BellecTB, BeavuynHa pK, Koro-
poix npesbitiaer 11, 7. . B 061aCTH, Iie CTEKNSIHHBIA 3N€KTPOj siB-
. JiseTcsl MeHee TOYHBIM. BOAOpOAHDLIH 3JIEKTPOA HeNb3sl NPHMEHATh B
NPHCYTCTBHH BELUECTB, CNOCOGHBIX OKHC/ATBHCA MJH BOCCTaHABJIH-
BaTbCsl, TaK KaK B 3TOM cjyuyae OH OyJeT PernCcTpHpPOBaTh 3HAYEHHE
OKHCJIHTENbHO-BOCCTAHOBUTENBHOrO noteHuuana. IlpuGop cobGupatot
. TaK, KaK II0OKa3aHO Ha puc. 2.1, HO BMECTO CTEKJSIHHOrO 3JIeKTpoaa
HCNOJIb3YIOT BOAOPOAHBIH M BMECTO TOKa asoTa MPONYycKaloT BOXO-
poA Ha KOHeu BOAOPOAHOro sjeKtTpoaa. (B ApyroM Tune sjeKTpoxa
BOOPO/ NMOCTYINAET B CTEKNAHHYIO TPYOKYy, B KOTOPOH HaxogMTCs

niaTHHOBas npososioka). HeoGxoaumo, yTo6b npobka cocyna nJs .

THTPOBaHHs Obl1a IVIOTHO MMOAOTHAHA M HMeJa JIONOJIHHTEJbHOe
oTBepcTHE AJsi TPYOKH, KOTOpasi CJAYXKHT AJISi OTBOAA BOHAOPOAA M3
noMelleH s, Yepe3 NPOMEeKYTOUHYIO CKJSHKY.

[Mpu paGore co 3uauennsamH pH > 11 u3 Bomopoma cneayer
yAAAUTE Jaxe cleibl KHCIOpoja, nponyckass BOAOPOA JuGO Han
nJaTHHUPOBaHHBIM acGectoM npu 500° C, nu6O uepes cTaHAAPTHLII
apu6op ¢ XPOMOBOH CoJbJO *, KOTOPbIH paGoTaeT NpH KOMHATHOIl

; L.Covington, Prue, J. Chem.:Soc., 1955, 3696; King, Prue, J. Chem.
Soc, 1961, 275.". " .-+~ . ~ . -
2Hildebrand, J. Am, Chem, Soc., 35, 847 (1913).
o 8 Kolthoff, L_ait}nen, pH and Electro-titrations, New York — Wiley,
1931 ' Nt '

“Harned, Ehlers, J. Am. Chem. Soc, 54, 1350 (1932); Harned,

Owen, The Physical Chemistry of Electrolytic Solutions, New York, Peinhold,

1950, ctp. 497. » e ' ) )
. * Hanpumep, «Nilox», - Southern- Analytical Ltd, Camberley, Surrey,

England, . - . ' :
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Temnepatype. XoTd HH OJHMH npHOOp Tak jaeTanbHO ke paspaboTaH,
Kak pH-merp, Heo6xoauMbiii A/ MOJNYYEHHs] W PErHCTPAUMH MOKa=
3aHMH MpH THTPOBAHHH, HO B CJIyYyae ero OTCYTCTBHS MOXHO B
KauyecTtse MHJJHBOJBTIIOTEHLITHOMETP A NpPHMEHATDb dHaJIOrHYHHE
npucnocobnenus, Bcerga HMelOLIHecs B JaGopaTOPHH.

[Ipumeps! ucnonb3oBalHsi BOLOPOAHOTLO 3/JEKTPOAA A Onpeje-
nenns pKy co 3nayenusiMu 12—14 MoxHO HaiiTH B paGore Tam-
ceHa 5; BenencTBHe BHICOKOH YYBCTBHTENbHOCTH BOJOPOMHOTO 3J€K-
TpoAa K KonebGaHHsIM TeMnepasypsl, cneayer obsi3aTeNbHO CTaHaap-
TH3HPOBaTb 3JIEKTPOABl NPH. TOH IKE TeMnepartype, npu KOTOpoil
NPOBOAHTCS THTPOBaHHE. .

MHKDPOTHTPOBAHHSl C NOMOLUBIO BOJOPOAHBIX 3JIEKTPOJOB MOTYT
ObiTh npoBeeHbl B HEGONBLIONH, TOPH3OHTAJNBHO YAJHHEHHOH syeiike
emkocThio 0,15 cm® ¢ Tpems TpyGkamu® Bopmopoa BxomuT uepes
ONHY u3 TPYOOK, OPOXOAHMT HaJl MOBEPXHOCTBIO PaCTBOpa, [aJjiee ye«
pe3 pacrnosioXXeHHbIH B LEHTPE 3JIEKTPOA H NOnajaer yepes mnocnef-
HIOI0O TPYOKy B JIOBYIUKY, a OTTYAa B BO3AYLIHOE NPOCTPAHCTBO.
ConpukocHOBeHHe 3/J1EKTPOla C BOJOPOAOM, TaK K€ KaK H pasme-
WHBaHHe, o0eCneyHBaeTCss MEXAHHYECKHM KauyaHMeM sueiiku moj
yraom 20° co ckopocTbio okosio 3 pa3 B 1 cex. KanoMenbHblil 3/1eK«
TPOA CpaBHeHHA coofuiaeTcs ¢ AYeHKOH uyepes KanHansp W CTON-
KPaH, npucoeAuHeHHbe KO AHY siueiikH. IIpuGop comepkurcsi B BO3-
AYUIHOM TepMocTaTe NpH TpeGyeMoil TeMmnepaType C TOYHOCTBIO
+0,2 epad.

MeTtoa noTOKA

Ecnu BewectBo ycToilyuBo B OAHOI HOHHON (oOpME H HeycTOl-
YHBO B ApPYyro#, To GHICTpPOE CMELIEHHEe PacTBOpPa CO CTeXHOMETpH-
YeCKHM KOJIHYECTBOM TWTPaHTa A0 TOrO, KaK NOTOK CMECH pacTBO-
pOB [OCTHIHET 3JEKTPOAOB, He MNpeAcTaBjseT TPyAHocTH. TakoH
MeTON THTPOBAHMsl ONMHCAH AJA AMHIHHOB?, KOTOPblEe YCTOHYMBH B
BHAE KAaTHOHOB M HEYCTOHYHBBI B BHJIE HEHTpalbHBIX MOJIEKYJ.
BenesncTeue TOro, YTO B paccMaTpHBaeMOM INpHMepe BeaHYHHBl pH
[IOCTATOYHO BeJIHKH, NPHMEHSJICS BOAOPOAHBI 3JEKTPOA; OAHAKO
npu GoJiee HU3KHX 3HayeHusix pH BMecTO BOLOPOAHOrO MoXeT GbIThH
MpHMEHEH CTEKJSHHBIH 3JIEKTPOA. :

B. METObl PACHETA

+

MoANeAEXTPONUTH

Muorye BellecTBa WMEIOT JBE rpynnkl, cnocOGHBIE K HOHH3ALHH.
Ecau o6e rpynnbl KHCJble, TO OHH MOTYT OBITb OTTHTPOBaHBI MOCJe-
IOoBaTeNbHO 2 3KE LeJouH; ecaH o6e.rpymnnbsl OCHOBHHE, TO OHH

8 Thamsen, Acta chem. scand., 8, 270 (1952).
¢ Ogston, Peters, Biochem. J., 30, 736 (1936).
? Schwgarzenbach, Helv, chin. acta, 23, 1162 (1940).
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Moryt GbiTh OTTHTPOBaHbl 2 3x8 KUCJOTH. Takoro poja onpenene-
HHSi He HYXJAITCA B KakKux-nubo crneuHanbHBIX MeTonax pac-
yeta (TOYHOCTb PE3y/NbTATOB JJIsl JMKAaTHOHA HMJIH JIHAaHHOHA MOXeT
GBITh MOBHILLIEHA 332 CYET MPHUMEHEHHS ClelHaNbHbIX MONPaBOK, Kak
yKa3aHo Ha cTp. 959).

OpHako, €cyli AaHHblE THTPOBaHHs MOKa3bBaIOT, 4TO pK, o0eux
Tpynn OTJIMYAIOTCs APYT OT Apyra MeHblIe, YyeM Ha 2,7 €QHHHUH, TO
oOBIYHO MPHMEHsIEMble METOAbl PacyeTa He MOTYT [aTb TOYHBIX pe-
aynbraToB. OnpefeneHHe KOHL@ THTPOBAHMSl ToOc/je NpHGaB/eHHs
nepBoro 3KBHBaJieHTa 3aTPYAHEHO, TaK KaK THTPOBaHHE BTOPOH
rpynnsl HauHHaeTCsl Mpex/le, YeM KOHYAeTcsi THTPOBaHHE MepBOil.
B Takux cnydasix TOYHBIH pe3ynbTaT THTPOBaHHS MOXET GObITh
NonyyeH MPH HCNOJIb30BAHHHM CJENYIOLIero MeToAa pacuera, npen-
noxennoro Hoitecom 8, .

HonyctuM, yTo C— 0611as8 KOHUEHTPALHsl (BCEX YaCTHL) KHC-
JOTHI, KOTOpas THTPyeTcs; B — KOHuUeHTpauusi npubGasnenHoil 1ue-
nouu. (I1pu oGpaTHOM THTPOBaHHH B = 2C 32 BbIYETOM KOHLEHTpa-
LUK KHCNOTH, noGaBnenHoit u3 Oopetku.) [lpeanonoxum, 4to

-

X={H®}(B—C+(H?))
Y =2C —(B+{H®})
z =(H®(8+(H%))

B ypaBHeHHSX HEJ/b35l HCIOJb30BaTb KOHLEHTPAUHIO HOHOB IH-
npokcuna [OH®], naxe nas snavennit pH > 10.
onyctuM, uto X, Y{, Z, oTHOCATCA K NOKas3aHHAM, NOny4eH-
HbIM IIpM THTPOBaHHH MeHee yeM | k6 THTpaHTa M uTO X3, Ys, Z,
OTHOCSITCS K NOKa3aHHUsM, NOJyYeHHBIM IPH THTPOBaHHH Gojiee yeM
1 3ks. ' .

Torpa
: _ NZ,=Y,Z, _ XiZi—X.Z,
Ku= XY, —X7, K= Y\Z;—~Y,Z, @1

OT cpenneit TOUKun B J106Gyi0 CTOPOHY BbIOMpaloTCs Mapbl MokKa«
3anuii; BHIGOpP NOKa3aHWH NPEANOYHTAIOT, XOTA H HE 00s3aTeNbHO,
CHMMeTPHUHbIA. DTOT MeTon cBfA3aH ¢ GOJBIUMM KOJIHYECTBOM pac-

" yeToOB, OJIHAKO OH Be€CbMa npocT H 6€3 Hero HeJb3fd NONYYHTh, [0
NAaHHBIM THTPOBAHHsA, TOUHBIX PE3Y/IbTATOB. .

- JIas OCHOBaHHsi TIPUMEHSIOTCA T€ K€ PACyeThl, 32 HCKAIOYEHHEM
toro, uto B ypasuenun (3.1) ¢opmyna Kay naer snauenue Ka u
Hao6oporT. : :

dochopuas KucjoTa co 3HavennsiMu pKy = 2,2; 7,1 u 12,3 npen-
cTapnsieT coGOH NpHMep NOJHINEKTPOJINTA, He HYXKAAIUIEerocsd B
koppekTuposke no merony Hoiieca, B TO BpeMsi Kak JHMOHHas

"* Noyes, Z. phys. Chem.,'11, 495 (1893); cp, Britton, Hydrogen Ions,
London, Chapman Hall, 1955, . )
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KHcs10Ta co 3HadyeHusMu pKy = 3,1; 4,7 u 6,4, OueBHIIHO, HYXKIAeTCsl
B TaKOH KOpPPEKTHPOBKE.

B T1abn. 3.1 NpHBOAMTCS NMPHMep BelllecTBa (SIHTapHas KHCJIOTa),
3HayeHHsd pK, KOTOPOro MOCTAaTOYHO OJAH3KH, 4YTOOBI OKa3blBaThb
BAHsIHHEe ApYr Ha gpyra. BeanunHel pK, Oes nmonpaBKH Ha aKTHB-
HOCTb, NpHBeAeHHble B cTonbue 3 Tabs. 3.1, 6bIIH BBIYHCJEHBI AN%
napbl MOHOK2pGOHOBBIX KHCJIOT, TaKXe Kak H 1aba. 2.1. B cronGue
4 T1abn. 3.1 npuBefeHbl TOuHbE 3HaueHHsl pK,, MonyuyeHHble 1O Me-
tony Hoiieca, kak nokasano B Tabn, 3.2,

Tabruya 3.1

Onpeneneﬂne KOHCTAHT HOHH3ALHH IlBYOCHOBHOﬂ KHCJIOTBI
¢ GAHM3KHMH 3HAYeHHAMH pKy

Betyecreo: sutapnas kuenora, C4HeO4. Mon. B, 118,09, Temneparypa: 20°C.
Konyenrpayua: 0,01 M npu HeiflTpanusauuy Ha TPH YETBEPTH, OTKOPPEKTHPOBaH-
Has Ha Yoennuenwe o6bema, Kak ykasano Ha crp. 3l. $flurapmas kuncaora
(0,0590 2), mpamnael nNepeKpHCTANNM30BaHHAs M3 Tenaoil BOABI H BHICYLUEHHAs
B teuenne HOouH (HzSO, 20 mm pr. cr., 20°C), 6una pacteopeHa B 42,5 cad
JeMHHepaNH30BaHHO{ BOJBL.

S " Benuunna HEOTKOPPEKTH- | Benuunua OTKODDEKTHDO-
Tl;l;c?rgop IEEZI)H pH posavkoh pK, (monyueh- | gaupoit K, (ngqueugan
P Haf TaK Xe, KaK H TaK We, KBK ¥ B Talba, 3.2)
8 1abn. 2.1)
1 2 3 !
0,0 3,02 — -
0,5 3,28 4,03 —
1,0 3,52 4,05 4,07
1,5 3,71 4,04 4,07
20 3,89 404 4,07
2,5 4,05 4,03 4,08
30 4,20 401 4,09
35 4,35 3,97 4,12
4,0 4,48 387 4,11
4,5 4,64 3,66 4,12
5,0 4,78 — —
55 4,92 587 5,42
6,0 5,05 5,65 5,42
6.5 5,20 557 543
7,0 5,34 552 5,44
7,5 548 548 5,43
8,0 5,63 545 5,
8,5 579 542 5,39
50 6,02 542 540
9,5 6,35 540 -
© 10,0 8,12 '

Pesyavrar: pKaj = 4,09 % 0,03; pKag=542+003 nps koHueHTpALUH
0,01 M 1 20°C. _ -

N3 Ttaba. 3.2 BUjIHO, YTO MPH NMOMOLM STOr0 METOAAa MOXKHO IO«
JAyuuth Gonee TouHbie 3uayenusi pK,. CyuiecTBenHo, uTo MOJOBHHA
¢YMMB ABYX 3HaueHuid pK, noutH TouHo paBHsiercs 4,78, uTO COOT-

4 3ak, 269 49
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flHTapHas Kdclora
Onpenenenne GAH3KHX NO 3HayennsM pKg.

(KoHUeHTPauusa 0,01.M)
(3Hayenne cHMBONOB HpHUBENEHO Ha Ctp. 48)

Tabruya 3.2

e rtes st e

N c B [1+] x v ¢ Yz %z,
45 0,0106 0,0096 2,29 1078 | —2244 107" 0,0116 5045 10" 1,922 % 107" 4,692 % 10~
55 0,0104 00115 1,20 1078 1,334 10° 0,0093 1,657 % 107"
4,0 0,0108 0,0086 331X 107° —7,183%107° 0,0130 9,455 107" 1,28 107" 7,753 107"
6,0 0,0103 0,0124 8,91 10™° 1,879 107° 0,0082 9,844 107"
3,5 0,0109 0,0076 - 4471078 | —1,457% 1077 0,0142 1,526 107" 7,520 > 107" 1,083 10"
6,5 0,0102 00133 6,31 < 10-° 1,960 %< 10™° 0,0071 5,296 % 107"
30 0,0110 0,0066 . 6,31 X 10-8 —2,739< 1077 0,0153 2,652 3 10™"! 4,506 107" 1,618 X 107"
7.0 0,0101 - 0,0141 4,57 % 10-¢ 1,830 10° 0,0061 2,945% 107+
2,5 0,0111 0,0056 8,91 % 10-8 —4,8205 1077 0,165 4517 107" 2,711 X 107" 2,250 % 107"
7,5 0,0100 0,0150- 331 10-¢ 1,656 % 10™° 0,0050 1,643 X 107"
20 0,0112 0,0045 1,29 < 10—+ —8475 1077 00178 7,705 10" 1,540 % 107 3,082 % 107"
80 0,0099 0,0158 2,34 X 10-¢ 1,38 107" 0,0040 8,651 > 107"
1,5 00114 0,0034 1,95%¢ 10—+ —1,521X107° 0,0192 1,369 % 107"° 8,415 10~ 3970 10~"
8,5 0,0098.. 0,0167 1,623 10-# L1183 10™° 0,0029 4383 107"
1,0 0,0115 ° 0,0023 3,02 104 —2,688 % 10~° 0,0204 2,371 X 107" 3256 % 10~ "¢ 4,505 % 107"
9,0 0,0097 0,0175 9,55 X 10-7 7449 10°° 0,0019 1,596 % 107" :
o,oilis-ﬁffgop XY, - XaWh XZ, KaZ, NZy—¥iZ, XY= Xa¥, X&—XaZ, PRy, PKay
45 —9,087% 10710 1,547)( 10710 | —371810"2| 6,730 10~% =270 X 1074 | —3634 %107 | -—1,045 X 1071° 4,12 5,42
40 —5,890 1071 | 24431070 | —7,071 X 10"%} 1,777 X 107" —6473 1071 | —8,333 10710 | 2484 % 10~1° 4,11 542
6,0 . : )
35 —1,0343¢107° | 278310710 | —7,716X10"%| 2991 10~1° —~1,008> 1078 | —1,312107° | —3763% 107" 4,12 543
65 . . _ - .
30 —1,671¢107° | 2,800 1071 | —8,066%107%| 4,853 107*° —~1573 1072 | —1,951 X107° | —5660% 107'° | - 4,09 544
70 , ' e ' : ' -
25 —2410X107° | 2,732 10710 | 7919 107%{ - 7,480 X 107" —2232 %1071 | 26831070 | —8,272 X107 208 543
2,0 23390100 | 245810710 —7,332X107%( 1,064 1071 —3067 %X 1078 | —3636%107° | —1,137¢ 1078 4,07 543
8'0 -y L i : i i ’ IR = i . . : .
15 . —4411 100 | 214710710 | 6,667 X 107%} 1,831 X 10718 —3962X 1071 | —4626%107° | —1,508% 10718 [ * 407 5,39
85 : “E R .
10 ~5,107¢107° | 1,520X107° | —4,200X 1072 1,766 1078 —4502% 107 | —5259 } 107° | —1,809 107 | - 407 5,40
90 4, . . " ' ' : :
5 *
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BeTCTBYeT 3HaueHHio pH B Touke nonyHeirpanus3auuu (3Ta 3aBHCH-
MOCTb Mexny 3HaueHuaMH pK, noausjaekrpoiura He HalGalopaercs
Ha MpaKTHKe, ecny 3HaueHus pK otauuarpTtes Apyr ot Apyra Gonee,
.4eM Ha 2,5 eIHHHLBI).

Ilpy HaNKHYMH B ONHOM H TOM K€ COEJIHMHEHHH KHCJIOH M OCHOB-
HOH TrpyInm, oHH MOrytT ObiTh, COOTBETCTBEHHO, OTTHTPOBAHHI llie-
noubio ¥ Kucnotoi. Bnuakue suauenns pK, BcTpeuaroTcss He OueHb
4yacToO H B 3THX cayuyasx HeoO6xopumo - o6pabaTeiBaTh pe3yJbTaThl
THTPOBaHHsA TaK, K&K 3TO MoKazaHo B Ta6Ga. 3.2. Bonee cnoxuas
npo6nemMa, BHISICHAIOULASl AIBJISIETCA JIH JaHHOE BellleCTBO LBHTTEPHO-
oM, ofcyxaaeTrcs B riaee 7.

Onpepnenenre pKa nas Monekya ¢ GONbIUHM YHCJIOM HOHH3HPYIO-
L{HXCS TPYNn MpeacTaBnsieT TPYAHOCTH faxe B TOM CJyyae, KOTAa
BCe Ipynnbl BEUIECTBA CTPYKTYPHO HAEHTHYHbI, HANpHMep B NOJIH-
aKpuNOoBOil KucsnoTe. BBICOKHII MONEKYNsIpHbII BEC TAKHX BelLeCTB
npuaaer UM ocoOble cBOHCTBa, GJarofapsi KOTOPbIM HX MOXHO OT-
HECTH, HapAAy C MOJHMNENTHAAMH H HYKJEOTHOAMH, K KJaccy COoeflH-
HeHH#, HccneayeMbiX OHogH3HKaMH.

KpuBbie THTPOBaHHS MONH3JEKTPOJIHTOB UMEIOT HEOonpejenen-
Hblii {cMasaHHbii) BHA. [IpH THTPOBAaHHH MOJIH3JIEKTPOJIHTA JaHHBIE
THTPOBAHHS AONXKHB ObITh HaHeCeHE! HA rpaduk. JleperuGul KpHBOi
TUTPOBaHHA MOryT OBbITH 3aTeM OCHapy»eHbl NMyTeM HaxOXIEeHHS
NOJIOXKEHHsl MaKcuMasabHoro npupocra pH (npu ycaouu npubabne-
HHSl PaBHBIX KOJHYECTB 11eJ04YH). BO BpeMsi THTPOBaHHs CJeAyeT
_TIOAIEPKHBATL NOCTOSAHHYI0 HOHHYIO CHJY MO CJELYIOLMM HPHYH-
nam. PacTBopeHHBIil B YHCTOH BOJE NMOJHHOH MMEET TEHAEHLHIO pac-
I.HHpﬂTbCS] 3a cuer BSaHMO,[lEﬂCTBHS«l OOHOHMEHHBIX 32pAA0B HACTONb-
KO, HACKOJILKO 3TO BO3MOKHO. HO npH 3TOM HOHHas cuJla pacTBoOpa
Bospacraer no Mepe mnpuGapjieHuss THTpaHTta. IlponopunoHanbHO
3TOMY YBEJHYEHHIO OOBIYHO BO3HHKAET COKpalleHHe MOJEKYJbl, TaK
yto 3HayeHH pK nocTOAHHO MeHsilorcs. Ecau BecTH THTpPOBaHHKe
B NMPHCYTCTBHH HaCBIILEHHOrO pPacTBOpa XJIOpHAA KaJus, TO 3TO MO-
3BOJIsieT MOCTOSIHHO YAEpXKHBAaTb BEILECTBO B €ro cxatod dopme.
B npOTHBOMOJOXHOCTE TOMY, 4TO HalJiopaercss B ciydyae MOHO- H
IMHOHOB, Gonbluas 4acTb NPOTHBOHOHOB MNOJHHOHA pacnoJiaraercs
¢usnyecku GAu3KO K HEMY.

Jlaxe npu COXPaHEHHH NOCTOAHHOH HOHHOH CHNBI BO BpEMsL

BCEro THTPOBaHHsi HEBO3MOXKHO INOJYYHTb TOYHOro 3HayeHuss pKa

ISl KaKoil-nuGo IPYyNnel 86(COKO NMOJHOCHOBHOH KHCIOTH. DTO che-
- pyet u3 ypaBHenus Kepna®

; PKa = pK¢+ 8 pH
rae pKo-Qanaqeline pK opHoii wonuanpymwoweiica rpynnei, xap'ax-

TEepHOH AJ1d RAHHOTO MOJH3JEeKTPOJINTa;
B — koncraura.

-
8 Kern, Z. phys. Chem., A 181, 269 (1938).
&2 .
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Takum oGpasom, pK, — KOHCTaHTa TOABKO [Jisi JaHHOTO 3Haye-
uus pH, ¥ yeM BBILIE 3TO 3HayeHHe, TeM ciabee, NO-BUAHUMOMY, CTa-
HOBHTCSl KaJasl KHCJas rpynna.

Koathpuunentst akTHBHOCTR

Jlo cux nop Mbl GbAM B COCTOSIHMH PEKOMEHJOBATH METOAB MO-
nyyeuns pK ynosneTBOpuUTeNbHOH TOYHOCTH 6e3 BHeCeHHS noNpa-
BOK Ha akTHBHOCTb. OOHAKO £NnelyeT MOAYepPKHYThb, YTO KOHCTAHTLI
HOMM3ALMH, TONY4YEHHble NpH MOMOLUH 3THX METOAOB, SIBJASKOTCS
«CMelUaHItbIMH KOHCTaliTaMH», H, HallpHMEp, AJsl KUCJIOT OHH Jexart
MEXAY KOHLEHTPALHOHHBIMH KOHCTARHTAMH HMOHH3aLHH H TEpMOAN-
HaMHYECKHMIl KOHCTAHTaMii HOHM3AaIlUH, ¢ KOTOPHIMH O3HAKOMIMCs
NPH PacCMOTPEHHH KOHAYKTOMETPHYECKOr0 MeTOJa OmnpefiesieHus]
KodcTantT Houusauuu (cTp. 94, 95). DTH cMelllaHHBble KOHCTAHTBI 060-
3HAYHM Kf‘; OHH MOCTOSIHHBI JHIUL JAf KOHLEHTPAaLHH HOHH3HPO-
BaHHBIX YACTHL, NPH KOTOpoil Obna uaMepena penuuunHa pH. ¥Ypas-
Hemus T1aBbl 2 OTNUYAIOTCA OT ypaBHeHus (3.2) TeM, yTO B ypaBHe-
HHu (3.2) Bce oOo3HauyeHHs BbipaeHbl AaKTHBHOCTAMH. YpPaBHEHHE
(3.2) HaeT TepMOAHHAMHYECKYI0 KOHCTAHTY HOHH3aLHH (K;f). He
3aBHCSILYI0 OT KOHLEHTPAUHH; OHO OTJIHYAeTCs H OT YpaBHEHHS.
(3.3), KOTOpPOE LENHKOM BBIPAXEHO B KOHUEHTPALHAX H AaeT KOH-
LEHTPAlUHOHHYI0O KOHCTAaHTY HOHH3alUK U\’f), MEHSIOLLYIOCS 'C KOH-
UEeHTpaLuei;

T__ (H®) ()

Ka - {HA} (3'2)}
Ks= ————[Hf:}g]\e] (ns1s1 KHCJIOTHI)
H (3.3)
1] &
KE = %%Ei]— (pns ocHoBamuit) -

OnpeneanM HaCKONbKO pacyeThl, NPHBEAEHHBEIE [0 CHX IOP,

BKJIOYaJdH BbipaXeHHe KOHLUEHTpalHH, &8 TaKXE aKTHBHOCTH H 06-

CYIHM cleuuaJbHble YCNOBHS, [Jie 3TO CMEIIeHHe BBIpaXKeHHH Tpe-
6yer BBEIEHHs NONMPaBOK.

Hasectno, yto [HA], He siBnsisick HOHOM, HMEET HEKOTOPYIO akK-
THBHOCTb, TPAKTHYECKH PaBHYI0 KOHLUEHTPALHH, H YTO BbipaXKeHue
ANs HOHA BOMOPOAA, HANPHMEp, H3MEPEHHOE NOTEHUHOMETPHYECKH,
IJIS1 BCEX NMPaKTHYECKHX LeJdeill npeacTaBisieT co0o0fi aKTHBHOCTD
HOHa BOAOpOAA {H@} M Pe3KO OTJIMYaeTcsl OT KOHLEHTPAalUHH HOHA
Bojgopoaa ] (cMm. Ipunoxenue I u Cneunduraumwo Bpuranckoro
Cranpapra'?). TakuMm o6pasoM, OCHOBHLIMH BBIPaXKEHHSIMH, HY-
K AIOIKWMHCS] B MONpaBKaX' Ha AKTHBHOCTb, SBJISIIOTCS BHIpaKeHus

10 Brit. Stand.,, Ne 1647 (1961).
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[Ae] nast kuenor u [BH®] ans ocuoBanwmii. CylUHOCTL NMOHATHA aK-
THBHOCTH 3aK/lW4YaeTcs B TOM, 4TO HE BCE HOHH ABJSKTCA NOJ-
HOCTBIO CBOGOAHBIMH; 3TO NMPOHCXOAHT BCJEACTBHE 3JIEKTPOCTATHYe-
CKOTO IPHTAMXEHHA MeXAY MNPOTHBOIOJOXKHO 3aPsXKEHHbIMH HOHa-
MH B pacTsope.
AKTHBHOCTb NI0GOr® HOHA 32BHCHT OT.€ro KOHLEHTPAUHH H Bbi-
paxaercsi ypaBHEHHEM °
(A%} =[A®] 5, \ (3.4)
rae fu— Ko3bGhHUHEHT aKTHBHOCTH MOHA, KOTOPBIl OOBIYHO MEHbLle
edMHHLbL. :
3T1oT K03G(}HUIHEHT N0JXKEH BOo3pacTtaTh C yBejHueHHeM pasbas-
JleHusi U NpH OGeCKOHEYHOM Ppa3GaBjieHHH OH CTAHOBHTCSl PaBHbLIM
eJHHHIEe H TOraa KI;KE.
~ Koncranta HOHH3auuM, noJyyeHHas OTEHLHOMETPHYECKHM TH-
1poBanneM Ka, ornuuaerca or K§ n K TeM, uTo B ofHO ypasn-
nenne xoput sbipaxenne {H®), a B npyroe sripaxenne [A®].*[Inn
. HEAMCCOLHHPOBAHHBIX KHMCJAOT 3TOT BONPOC HE HMEET 3HAYeHHs, TaK
KaK A Hux Geapasnnuno, Kak uanucatb [HA] nau {HA}.
B HeKOTOpHIX cayyasiXx, Nepeyuc/eHHBIX Ha cTp. 56, Kenaresb-

: . M T
.Ho nepeiiti oT Ky K K.. 3jech caenyer ckasaTb HECKOJBKO CJOB

O TeOPpHH aKTHBHOCTH, yTo0Ll NOHATH CYUJ,HOC_TI:: npouecca BBEJEHHSA -

NONpaBoK. Sy \

O6ias GopMyaHpOBKa 3aBHCHMOCTH MEKAY KOHLEHTpPauHed Jio-
60ro HoHa M €ro Ko3d(pHUHEHTOM AKTHBHOCTH JaHa B paGorax [le-
6an u Xiokkeas !, «Honnyio cuny» oGosHayaiotr yepe3 I (uiu p)
H BBIYHCJAIOT 00 cneaymolleil hopmyne

- I=0,5XLC,22 (3.9)
‘tne Cy— MoONIsipHAsi KOHLEHTPalUMs HOHA, a8 Z-—ero BajIeHTHOCTb.
Jas npocToro cnydasi ONHOBAJEHTHOIrO 3JIEKTPO/HTa, HanpHMeEp
- nnis Gen3oaTta HaTpHs, 3TO Bhipaxenue ynpoiuaercs H I = Copuy
Cornacno [e6ao u Xiokkenio, KO3GGHUHEHT aKTHBHOCTH (fy)
KaKoro-iuG0 HOHA € BAaJEHTHOCTHLIO 2z onpenensercs ¢GopMmynoi

A2YT '
_ _ Ilgf.,ﬂ T Ba, )T (3.6)
rae A 1 B — KoHCcTaHTh, 3aBHCALLHE OT JHIEKTPHYECKOH NMOCTOAH-
' HOH.H TeMnepaTypel pacTBOopHTensi (Bnsa pasbasieH-
o HBIX BoAHbIX pactBopos A4 = 0,505 u B = 0,328 X 108

) npu 20°C); :

* Ilng KMCJAOT SHAYeHHH K:‘ - ABJIAIOTCH NPOMEKYTOUHBIMH MEXIY SHaue-
) T,
- HHAMH Kf H K,; U5 OCHOBaHH{ 3HaueHue pKM Bruwe, yem Kf‘ =KE. Kon-

My’ .
cragra (K, ) npencrasaser coGofi, no onpefefieHnio HEKOTOPHIX aBTOPOB, KKAMKY+

| mylocsi KOHCTauTy wommsalku» (KT); 570 Tepmum, KOTOpHA MH pexOMEHAOBaTb
He MoIKeM, : .
I Debye, Hiickel, Phys, Z, 24, 305 (1923); 25, 145 (1924).
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0y — pa3MepHbiii napaMeTp HOHa, T. €. CpPeQHee pPacCcTOsiHHEe Me-
KAy HOHaMH, Ans Kotoporo 3gauenume 53X 1078 moxer
OBITh NPUHSATO B KauecTBe cpe/lHeil BeJIHYHHBI.

Uro6sl npeppaTuTh ypaBhenue (3.6) B ¢dopmy, OTBeuaIOLLYIO
JIBYM THIAM HOHOB, NPOTHBOMNOJIOXHO 3apPsiXKEHHbIX H OJHOBPEMEH-
{10 MPHCYTCTBYIOIIKX, MOXHO Hanucatp Aas 20°C '

Azt VT 0,505z z" VT
g fo = = — (3.7)
14 Ba, V¥ 14 1,6V7
roe f, -—cCpelnui KO3((QHUHEHT HOHHOW aKTHBHOCTH;
2zt 1z~ — paJIeHTHOCTH KaTHOHa H aHHOHAa, COOTBETCTBEHHO.

Tak Kak kosddulreHT aKTHBHOCTH OTAENbHOTO HOHA He MOXKeT
6bITb OMpeaeneH, TO NPHMEHSIOT cpeaHuil Ko3pHUHEHT, O6BIYHO
nony4yaemblii 3KCNepHMEHTanbHO. [IAsi caMoro MpocToro cayyas —
onnopajieutHoro (uam 1-1) 3nekrponnrta, npousseineHHe z* U 27
paBHO eJMHHLe. DTO ynpoulaerT ypaBHeHue (3.7), KOTOpOe npHMe-
HHMO [0 3HAyeHHs HOHHOH cuabl /, pasuoit 0,1 (1. e. ans 0,1 M
pacTeROpa, KOTOPBIH MOJHOCTHIO HOHH3WPOBaH). _

[B pactBopax, pasGasiennbix Gonee yem 0,01M, onnoBanenTHbH
HOH MOXET pacCMaTpHBATLCA KaK ToyeyHbldi 3apsa (1. e. a=0),

TaK 4TO
—1g f =0,505 VT (3.8)

COOTHOLLEHHE, H3BECTHOE B JIMTEPAType Kak npeneibublii 3akon [le-

6as — XioKkkensy).
+ Tak KaK uaMepsieMble 3Ha4yeHHs -pPH OOBIYHO HaXOARATCA B HH-

tepBane 2—12, 10

pH = —Ig (/%' [H®]) + 0,02" .. @9
H TepMO.l].HHaMH‘i‘eCKaH-KOHCTaHTa MO}KG:I‘ OBITE nonydeHa H3 ypas-~
HEHHSA; ® o
- KI=%‘}‘J £u (3.10, a)
CJrenoBaTenbHO _
KT = pH - 1g 1AL o 05057 (3.10,6)

[AS] ~ 14+16V7T
[Mocnenuuii YieH ypapHEHHs NOJIOHHTENEH AJs KHCJAOT W OTPH-

HaTeseH AJs OCHOBAHMIL. : " :
U3 ypaenennii (3.10) cremyet, 4TO KOHCTAHTB HOHH3ALMH CMe-

wannoro tuna (K3'), paccMoTpeHHbie B raaBe 2, MOryT OhiTb mpe-
BpALUeHEl B TEPMOAHHAMHYECKHE KOHCTAHTH HOHH3aLMM Clenylo-
M .o6pasom:
_0505VT_ @.11)
14+ 16V7 .

12 Brit, Sland.; Ne 1647; Gold, pH Measurements, London — Methuen,
1956, cTp, 38, ) .

- pKi=pK:' %
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Tak kKak HOHHasi CHMna pacTBOPa BO3PacTaeT C yBeJHUYEHHEM
HelTpPaNu3aNuK, TO CelyeT OXHAATh OTKIOHEHHS B 3Hauenusx pKa.
(cM. TabGauubl raaebl 2). Hanpumep, MOHOOCHOBHas KHCIOTa, KO-
TOpasi THTpyercsi npu konuentpauwu 0,01 M, TpeGyer nonpaexwu,
npuGaensiemoit K Benuuune pKa , paemoit 0,015, ecnu [A® cocras-
nsier 0,001 M u nonpaeku 0,041, ecan [A®] pasua 0,009 M. [Mpume-
POM TakKOro THTPOBaHHAl MOXeT ObITb THTPOBaHHe Gen3oiinoit Kucno-
Thl (Ta6s. 2.2). OZHAKO 3THM OTKJIOHEHHEM MOXXHO npeHebpeyb, €CIH
uamepenuss pK nposoasaT npu nomowu pH-merpa, KanuGpoeaHHOro
na 0,02 eaunuupb pH. INostoMmy B ryiaBe 2 yTBepIKAaercs, 4To THTPo-
BaHHsi MOryT ObiTb NpoBeleHbl Ge3 BBEJEHHS MONPABOK Ha aKTHB-
HOCTb MpPH YCJOBHH, YTO KOHLeHTpauHs He npesbiuaer 0,01 M. Oxn-
HaKO €CJIH pellleHO BHeCTH TePMOAHHAMHYeCKYIO NMONpaBKy B 3TH Be-
JHYHHBI, TO JAOCTAaTOYHO OGJH3KOe NPHONHKEHHE MOXKHO NONYYHTH
¢ nomolubio ypasHenuss (3.12), koropoe siBasiercst ynoGHoi ¢opmoil
BbipaxKeHHs (3.11) ans Takux HU3KHX 3HAaYeHUH KOHLEHTPALHH:
ISl KHCJOT -

pKT = pK' 40,5 VT, (3.12)
JJ1sl OCHOBaHHH}
pKi=pKi' ~— 0,5 VT,

rae Iy —uoHHasa cuna B CpelHeil TOYKE THTPOBaHMsA (T. €. NpH
turpoBanuu 0,01' M pacreopa I; = 0,005).

Ilpn oGpaTHbIX THTPOBaHHSX HOHHAsi CHJa MOXET COOTBETCTBO-
BaTh KOHLEHTpPAlLMH. COJNH HCCAeayeMOH KHCJAOTHI HJH OCHOBaHHs
I =M). . > L v

B kakux xe ¢nyuasx HeOGXONHMO NPHMEHSITb MONPABKH HA aK-
THBHOCTb HOHOB NPH pacyerax pe3y/bTaToB, NOJYYEHHBIX MOTEHLHO-
METPHYECKHM THTPOBaHHEM?

OTH MONpaBKH MOTYT GBITh MCNOJB3OBaHBI B ABYX C/Nyyasx:

1. Ecsin 3nauennsi pH onpepnenensl npuGoOpoM, KaauGpoBaHHBIM
na 0,01 enunnuer pH (unu Gonee) u a) KoHueHTpauus pacTBOpa
naxoaurcss mexay 0,01 u 0,1 M* nnu 6) KOHUEHTpaLHA HOHOB BO-
noposa MAH THAPOKCHJA CpaBHHMa IO CBOEH BEJIHYHHE CO CTEXHO-

. METPHYECKOil KOHLeHTpauueii HOHMM3HpOBaHHBIX ¢opm ** (cTp. 57),
HaH B) Gosiee c/1ab6asi KHCJOTHasi rpynna JBYOCHOBHOH KHCJOTBI MAH
Gosee cnabas OCHOBHasi rpynna [ABYKHCJIOTHOTO OCHOBAHMSI THT-
pyercsi mpu KoHueuTpauuu, Gonbiued, uer 0,0025 M (cM. Huxke),
Wiy r) pobaensieTcss ApPyras cosib [Jsi AOCTHXKEHHsl «IIOCTOSIHHOMN
HOHHOW CHJIBI». ’ 3 :

* Konuentpauus 0,1 M paccmatphBaeTcs kak Hauboabwas, Ans KoTopoh
mo0as faHHas NONpaBKa Ha aKTHBHOCTb UMEET Cuiy. .
I[axce € HCNOJBL30BAHHEM nNONpPaBOK Ha AaKTHBHOCTH, NOoTeHUHOMETpHYE-
CKHi MeTop NpHroZeH JHIbL AAg onpeleneHus 3xadeunfi pKe B uHTEpBanE
1,3—11,0 (cTeknsunbii 3a€KTPOL).

36

———t

2. Ecnu 3nayenne pH uamepserca npuGopom, KanuGpoBaHHbLIM
#ta 0,005 eguuuust pH uau Menbule.

Jlaunele, npuBeflenHble B cTos6ue 3 Ta6a. 3.3, GblM NOJyYeHB!
npu nomouwly pH-merpa Vibron Electrometer, kanu6posansoro B

M
0,002 exuunubt pH. 3Tu nauuele nokaseiBawoT, yto 3HaueHus pKa
ans B-nadrtona ywmenbliawoTes or 9,583 mo 9,511 c yBeanuenuem

. T
noHnoii cunsl ot 0,011 no 0,096. 3navenuss pKiy. npusenenunie B
cTonOue 4, ObiM MONyueHBl SKCTpPanoasuueil MPsiMOil JNHIHM, Bbl-

M
axkaiolei 3aBHCHMOCTL ———== OT pPKai. Tlono6Hele Ta6GiHLB
P - 1+yr OF PRa

/i YKCYCHO#H KHC/NOTH MoryTt ObiTh HaiileHbl B nuTepaTtype 13,

Tabauya 3.3

CpaBHeHue SKCNEPHMEHTANbHO NONy4YeHHBIX KOHCTAHT HOHH3ALHH
(pK2') u Tepmopnnamuveckux KomcTaHT (oK} ) nnst g-nadprona npu 20° C

Km:ue:;;pauun, Hom;?:‘ cHaa px{:" " p}(i' .
1 2 3 4 5
0,02214 0.01107 9,583 9,632 0,049
10,04164 0,02082 9,566 9,631 0,065
0,06100 0,03050 9,555 9,632 0,077
0,08022 0,04011 9,545 9,631 0,086
0,09928 0,04964 9,539 9,633 0,094
0,14628 0,07314 9,521 9,631 0,110
0,19240 0,09620 9,511 9,631 0,120

Pesyavrar: pKJ = 9,632 = 0,001.

“ M T
Hnsi nepepona onyGaukopaHubix 3uauenuit pKa B pKa u, Ha-
0GOpOT, C LEIbl0 CpaBHeHHsi NpHBOAHM Bennunnbl [ u 0,5 VI:

! 05V
0,0050 0,03 .
0,0025 0,02
0,0010 0,02
0,0005 0,01

Monpaska HA aKTHBHOCTbL B KHCJBX pacTeopax
Cayuai 16, npusesenHblii Ha cTp. 56, HyXnaercs B Gosee nof-
poGHOM H3noxeHuH. B KavecTBe npumepa, paccMoTpuM caaGoe Mo-
HOKHCJIOTHOE OCHOBaHHe, y KOTOPOro [He’}cpasnuma 0 CBOEH BeNlu«
ynne ¢ [BH®)oresmon. OnHaKo Takoe xe AONYyIUeHHEe MOXHO CAeNAaTh
MO OTHOLUEHHIO K THTPOBAHHAM MOHOOCHOBHBIX KHCJAOT H OHO HMEeT
CH/y NpH BBeleHHH NMONpPAaBOK KaK AJisi HOHA BOAOPOAa, TaK H s

¥ Hanpumep, Harned, Ehlers, J, Am. Chem, Soc., 54, 1350 (1932).
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uoHa ruApokcuaa -(crp. 35). Haw cnoco6 o6paGoTKy 3akaioyaercs,
)

10 CyIUeCTBY, B npeBpalienun bipaxennil {H”} uan {OH®}, koTopsie

HCINONIL3YIOTCS! B yPaBHEHUSIX MOMPaBOK B peasibHble KOHUEHTPaLHH.

Heo6XoAMMBIE /15l NONYyyeHHs1 GoJlee TOUHBIX 3HaYEHHH [A®) u [BH®),
npeBpaLIEHHbIX 3aTeM B BbIpayKeHHs aKTHBHOCTEH.

OcHOBHOE ypaBHEHHe MOXer GBHITb Nnepenucano [c yueroM ypas-
nenufi (1.6) u (2.4,d)] caenyrownm o6pasom .

M__ [HCI} — [H®] 3
PKe =pH+Ig o —ien 1o (©-13)

roe Y -— Haua/ibHasi CyMMapHas KOHLEHTPAUMsl HCCNEAyeMOro oc~
HOBaHHs, NePBOHaYalbHO HMEIOLIerocss B pacTBope.

M3 ypasuennit (3.13) u (3.14), koTOpble ABJASIOTCA APYroi ¢op-

Moii ypaBHenusi (3.2), MpHMEHHTeJIbHO K OCHOBaHHAM, & HMEHHO:

H®} (B
KI:F[W?}I%’TL (3.14)
H ypaBHeHus,, onpejessiollero 3navexne pH (3.9), nonyuaem:
’ : (e — (e} 74
pKI =pH + Ig [(Y] TSR {H@})/f; ! (3.15)
Oqennnnol HOHHAasi chna B JIO60H MOMEHT TUTPOBaHHs .mpel-
crasaser -co6oi [BH@]pem.,n, HHaye:
' [HCl — {H®)/F3 .
Tpexie ueM NPUNHCATH TO, MJH HHOE 3HAYEHHE BBIDAXKEHHIO
'[BHe]. HeoGX0AuMO MOAYYHThL Beauuuny f . Anda npeBpallenus H3-

MepsieMOi#i BeJIHUHHBI {He} B [H63 |. dns 3Toro Halo 3HaTb HOHHYIO
cuny. OnpesensioT ee METOAOM MOC/]e10BaTeNbHbIX NPHOAHXKEeHHH,
KaK yKa3aHO HHXE. .

INepsoe npuO/IHIKEHHE 3aK/IOYaEeTCsi B C/EAYIOLEM:

1,=[HC1 —{H®} (8.16)

3ateM ypapueHue (3.7) nepemnHchiBAIOT CEAYIOLIKM o0pa3om:
. 1-1 __ 0,505 V‘Tr 3.17
—/ s =1 ey ©17)

H TOrza
[H®), = {H®)/r} (3.18)
Anasornunsize o6pasom I = [HCI) —[H®), u, npumenss e xe
pacyerhi, MOXHO MOJyYHTb 3HAuEHHE [H®), a, cnenosatensho, cle-
nath TpeThe NPHOMIDKeHHe AJsi HOHHOH CHJIBI I5. Tlocnenusisi npu-
HHMAaeTCsl PaBHON 3HAYEHHIO [BHQI ¥ HCNoNb3yeTcsl JJIS BhIUHC/IeHUS
KOHeyHOM BeJ1HuMHb J ': AN TOTO, YTOGE! PEIUHTL YpaBHEHHE (3.15).

8

T

e

TR

Bce 3TH BoluHC/IEHHS BecbMa Npoao/xuTenbHbl. OJHAKO HMeeTcs
SMIHPHYECKH BbIBEJ@HHOEe ypaBHeHHe, yNOOHOe IAs HCMONb30BaHHSA
pe3ynbTaToB, NOJy4YeHHbIX NpH nomoltd pH-merpa, kanuGpopannore
na 0,02 enuuuust pH

@ 11 @
KT.__ H [ [BH ]crexnoufx _{H }
pKa =pH--Ig o

[Blerexnon + {H¥)

1-1
rie f, MOXeT GHITb nonyyeso M3 ypasueHus (3.17).

ChnenoBarenbHO, HeOGXOAHMO CjleNlaTh JIHIUL HEGOAbLIOE KOJHYe-
CTBO BbIYHCNEHHIl B HOMOJIHEHHE K BBIYHCJIEHHSIM, HCIOJIb30BaHHLIM
B Tabn. 2.6 (TuTpoBaHue n-xnopanunuua). K umeromumcs B aba. 2.6

(3.19)

'CTO.’]G]J.&M HYXHO ﬂOGaBHTb €lie aBa.: B nNepBoOM — NPHBOAOHTCH KOH-

LHeHTPalUHa OCHOBaHHA, YUYHTHIBaIOLlaAa H3MeHeHHe ob6beMa 3a cuyer
-1
npHGaBJieHHs THTPaHTa, H BO -BTOPOM — 3HaueHusi [BH*lcrexuon S L .

T
[NpuBonHMble HH)KE yMcla MO3BOJAIOT CPaBHHTh 3HaueHus pKa
BbIYHC/IEHHble NpH NoMolud ypaBHenuil (3.15) u (3.19), mpu aByx

pa3nuYyHbIX KOHUEHTpauHsaX (KaXKAblii pe3ynbTaT NpeicTaBJsieT CO--

6oii cpenHee 3HayeHHe W3 [EBSTH Pe3yJbTaTOB):

Kmme!lrpau‘un. M pKI H3 YpasHeHHR pKI H3 ypaBHEeHHd
(3.15) : (3.19)
. 0,05 2,43+0,01 2,44+0,02
0,02 244+0,03 2,44+0,02

Paccmotpum eme Gonee cnaGoe OZHOKHC/AOTHOE OCHOBaHHE, pKI
kotoporo pasHo 1,30, uaMepenHoe npH Konuentpauuu 0,05 M. Pas-
Huua B 3Hayednn PKa» Boiuncnendom u3 ypasuenus (3.19), no cpas-
HEHHIO cO 3HauyeHHeM pK,, BEIUHCNeHHBIM M3 ypaBHeHHs (3.15), co-
craensier 0,03. 3ta ownbOka He Gonblue TOH, KOTOpas MoAyyaercs
n3-3a norpewnocty pH-merpa, kanuGposanuoro B 0,01 eguunus pH.

HMmesn Gonbiuoii onbiT no npuMeHeHuio ypapHeHus (3.19), mMox-
HO PEeKOMEHJAOBATh €ro Ajisl HCMOJb30BaHHSI B TeX CJAyuasX, KOraa
aHauenus pH u3Mepenbl npu noMowH npuGopa, KaJiHOGPOBAHHOTO C
Gosbueit Tounocteio, yem 0,005 epmuuubn pH.

Beepenne TIONPABOK NMPH THTPOBAHHH ABYXBAJEHTHBIX KHCAOT H OCHOBaHHM

- Huxecnenyouiee siBnsieTcs noApOOHBIM OOGbsCHEHHEM Cayyasi

I8, npuBegerHHoro Ha cTp. 56. Benuyuna pKE Gonee cnaGo#t rpyn-
nbl JBYKHCJOTHOIO OCHOBaHHSI (HJIH JBYOCHOBHOH KHC/IOTBI) MOXET
ObITb BBIYHC/EHA H3 CJEAYIOLHX YpaBHEHHH: -
[Jig OcHOBaHH# ' .
: 00
T BHj 11
pKa“—=pH+Ig-W]-J-3Igft (3.20, a)
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IJIA KHCJIOT

[=]
PKI=pH-+Ig iacl+3Ig /L - (3.20,0)

M
Hcnonb3ya onpenenenne cMellaHHBIX KOHCTaHT (K2), NIpUBeIeH-
T_ M+ 3 ] 11
Hoe Ha cTp. 54, noayuyaeMm, uto pKa =pKa £31g f+ (nonoxurenn-
Hblii 3HaK NI KHCJOT, OTPHUaTe/bHbii — Ans ocHoBaHuit). Kosd-
11

(HUUMEHT AaKTHBHOCTH (fi) BBIUMCIAKOT W3 YypaBHenusa (3.17), a

HOHHYIO CHJY H3 ypaBHeHHA (3.0); mJiA oCHOBaHMH, Hanpumep, 3TO
ypaBHEeHHe HMeeT ClelyKLIHH BHI:

1= 3[BH®®]4-[BH?] (3.21)

PesysbraThl, nonyuenHble nNpH THTpoBauuu Godiee ciiaboit OCHOB-
HO# ‘TPYINbl 3THJEHAHAaMHHA, NpuBeleHbl B TaGy. 3.4 u OHM Ha-
FJISHO MOKa3blBaloT LleHHOCTh ypasHenus (3.20, a). ’

C noMolibi0 MeTOfa HAHMeHbIIHX KBampaToB (cTp. 157) Gbun

- -‘/I"" I3
- IOITBEPIKAEHEI 3HAUEHHS T L6VT
KPHBOH, CpellHee 3HaueHHWe TaHIeHca yrJa Kotoporo pasuo 1,49
(oxupaemoe 3HaueHHe, BblUMCJIEHHOe TeopeTnueckH, 1,51) u BEI-
upcliennble 3Havenus pKa  0Kaszaluch MAEHTHUHBIMH C ToJIyU€eHHbI~
MH pauee.
.B tabn. 3.4 A npexncraBnsier. coGoli pasHHLY MeXAy KaXKJbIM
anavennem pKi' u CPeIHHM 3HauenHeM pKa. '

.

M .
pKa, nasume HakioH

Tabauya 3.4

CpaBHeHHE cMEMIaHHLIX H TEPMOAHHaAMHYECKHX KOHCTAHT HOHH3aLHH
AJA cly4Yasi THTPOBaHHA BTOpOH rpynnst ABYKHCJIOTHOTO OcCHOBAHHSA
*  [Hanpumep, sTHneHaHaMHH (upH 20° C)|

Bupamenne M’:il (%uuucnenun
Mo CpeaHero koaguunenta
g'}n :s HOHHOR 2};}55“0‘:“{ ng‘l pl(;;r A
1+1,6 VT

0,00500 0,0635 7,136 7,042 0,096

0,01486 0,1020 7:192 7,040 0,152

0,02450 0,1252 7,222 7,036 0,182

0,04326 0,1561 7,212 7,040 0,232.
- 0,06132 |, 0,1774 7,304 7,040 0264 -
= 0,07870 | 0,1936 7,328 7,040 0,288

0,09546 0,2067 7,348 7,041 0,308

Peayasmam: pK? = 7,040+0,004 npu 20° C,

11 Vi
. =151 —.
$ig/x REEY 2

Ecan sennunua {H*} otHocutenbHo Gosblias ¥ o6lias KOHIEH-
Tpauus uccneyeMoro ochopauus He npesbiaer 0,03 M, 1o yns B

T
YHCJIeHHA pKn HeoGXGNHMO NPHMEHHTD GoJlee CNOXKHOe BHIpaxKeHnie

T [HCI}, — {H®} /1! 1
pKa =pH+1g Y — [HCIl, + (HO)//7E] 3lgfs (322
rie [HCI]; — koHueHTpauus CONSHON KHCAOTH, NOMOJHHTENbHAA K
NepBoMY 3KBHBa/€HTY, HCMOJb30BaHHOMY s nonyuenus pK, Gosee
OCHOBHOI rpynmnsl U Y ~— HauajlBHas KOHLEHTpauHs BeLlecTBa, OT-
KOppeKTHpOBaHHasi C yueToM Bcex H3MeHeHHil oObeMa, BCJeLCTBHe
npufaBjleHHa THTpaHTa.

KoppektupoBaHHOE 3HaueHHe HOHHOH CHJIBI MOXeT GbiTb MOJay-
YE€HO NpH NMOMOLUY MeTOAa MNoC/e[oBaTe/bHbIX NMPpUGNHKeHHH NMoAoG-
HO TOMY, Kak 9To cneslaHo Ha crp. 58. [lepBbiM npubnuxenueM sB-

nsietcs Bepaxcenue [ = 2([HCI]— {H®}) + Y.

Hesopauble pacTBopHTens

Kak Opu1o nokasaHo, NOpsiloK OTHOCHTENILHOH CHJBI Psifia OCHO-
BaHuii B G€3BOAHOI YKCYCHOH KHCJIOTE COOTBETCTBYET WX MOPSAKY
B BoJle 4. 310 nobynuno Xosa U3MEPHTL B YKCYCHOii kuchote pKa
psina oYeHb CAalbblX OCHOBAHHIi, COJIH KOTOPHIX CJHUIKOM OGBICTPO
THAPOJIM3YIOTCS W HE MOI'YT OLITh OTTHTPOBaHBI MOTEHLHOMeTpHue-
cku B Boae. K Bennunnam pKa Gbuio npuGasseno 2,0 eguunust pKa,
AIBJIAIOLIHeCA cpellHell pa3HHLlell ONA OCHOBaHHii, ClOCOGHBIX THT-
poBaTbLCA KaK B YKCYCHOH KHCJIOTE, Tak H B Boje. PesyubTaThl He
coBceM TOuHbl (Tak, pPKa, HanpuMep Ana o-HUTpoaHusuHa npu 25°C
nosyuaerca pasubiM 0,06 BMecto —0,17); ogHako 3TH CBeleHHA
naioT npeacrablenns O 3uaveHuax pK, B o6sactu masomoctynuoi
IJIsl HCCJIe[loBaHHsl, TaK KakK YJbTpa(uo/leTOBble CreKTpbl cllabhix
OCHOBaHHi1 B 3TOM HHTepBasié pH Tpynuo usmepurb (Hanpumep ans
MoueBuHbl, pK,; Kotopoii paBHo +0,10).

[Tpu onpenenennn pKa noOpoGHBEIX OCHOBaHMiI pacTBOpHTENEM
CJIYXKHT JlefiaHasi YKCYCHAA KHCJIOTa, @ TUTPOBaHHE NMPOBOAMTCS (1pH
MOMOLUH XJOPHOH KHCJIOTBI € HMCMOJB30BaHHEM <XJOpaHHJIBLHOIO
3JieKTpoAay (TBepablii TerpaxnopbensoxuHruiapon). Ilns stux onpe-
nenienuil TpeGyercs npubop ¢ nokasanusamu 1o pH = ~—3 uau coor-
BETCTBYIOLUHMH NOKa3aHHsiMu B BosbTax, paBHbIMH —0,28. Hexo-
TOpble BeLleCcTBa, TAKHE KaK THOMOYEBHHA, B3aHMONEHCTBYIOT MNpH
5TOM C XJIOPAaHMJIOM H, CJle/loBaTesIbHO, 3THM Cnoco0OM OHH He Mon-
L3I0TCsl OlpefieNeHHIo,

Cmemannble pacrsophTein

Eciu BeluecTso nnoXo pacteopsiercsi B BoJle, HO OYeHb XOPOLIO
B JleTyYyeM pacTBOpHTEJie, TO Xopollo 6buwio OBl paccMOTperh BO3-
MOXXHOCTB onpeneyicHHss KOHCTAaHTH: HOHH3aUHH B CMeCH JJ.B}'X pa-
ctBoputesell, Hanpumep B 50%-HoM 3TaHosie. 1o BO3MOMXHOCTH

4 Hall, J. Am. Chem. Soc,, 62, 5115 (1930).

*
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cnenyer H3GeraTh pPHMEHEHUsi CMeUIaHHHIX PacTBOPHTeNEH no MpH-
yMHaM, KOTOPHE BKpaTiie GyLyT HHXKe PacCMOTDEHbL.

OnbiT paGoThl B 370it 00aacTh usnoxed M. Muuyranu 15 B cepHH
cTaTelt no «Iuccoumanuu caabbiX - 3AEKTPOJUTOB B pa3baBJEHHBIX
cnupTax», Bbllo HaiieHo, Kak W CJe[0BaJo OXHIaTb, UTO CIHUPTHI
. ocnabasiioT KHCJIOThi- H OCHOBaHusi, HanpuMep, pKa Kakoi-ruOy b
KHMCJIOTHI NoBbiliaercss npumepio Ha 1,0, a pKa ocHoBaHus CHM-
waercsa na 0,5 (MakcumaneHo Ha 0,89, mMHHHMa/ibHO Ha 0,30) B
609%-HOM MeTaHoJe. : : -

Xona u CnpuHk 16 noctpousu rpa@uk 3aBUCHMOCTH BEJWYHHBI
pKa oT KoHuenTpauuu 3Tanosa (0T 97 .m0 10%) nas 18 anudatu-
YeCKHX H _apOMAaTHYECKHX aMHHOB. Paainunele aMHHH HMeEJH

pa3sHble HaKJIOHbl KPHMBBIX, HO B HEKOTOPbIX C/IyuyasdX Obljla BO3MOX- .

HOCTE'YII,OBJIBTBOPHT&JIBHO sxcrpano.nnpoaa'rb K aMHHaM, He€ CoOep-
alluM CNUpT. YCTaHOBHJIH, UTO B CPeJHEM BEIHUHHA pKa cHu-
JKaeTcsi, BCJAeACTBHe INpHOABIEHHs CNHpTa HA 0,54 (MakcuMalbHO

-0.88. munuMmansHo 0,26). dKcTpanoJsiuusg 3THX KpHBbIX, .HAlOMH- .

HaloulHX 1o cBoell GopMe XOKKeiHyl0 KJIOUIKY, OKasbelBaercs 10-
BOJILHO TPYIHO# 3ajayedl, OCOGEHHO €CJIH HCCJedyeMblii aMHH OUEHb
[10X0 pacTBopsiercsi H He Moxer jnarb 10 u 209, -Hble 3TaHOMbHbIE
pacTBOpbl, OT 3HaHHS BenuunH PK KOTOpbIX BO MHOrOM 3aBHCHT
yenelunas skerpanojsuus. TuTpoBaHHe B- 50%-HoM auLeToHe [aaer
eule GoJlee BLICOKHE 3HaueHHs jenpeccuu peduuuH pKa (ot 1,5 1o
2,5 enunun) V7, X018, Kak ObUIO Haf[€HO, B ONHOM Clyuyae KpHUBblE
THTPOBaHHUs psiia KucjoT Opwid Oosiee napajvieslbHbl B aLETOHE H
ux GblJIO Jierye SKCTPanoJHPOBATh, Y4e€M B pPas0aBJIeHHbIX CIHPTaX 18,
IHenpeccust Beanunubl pKa, nonyuaemoii 8 50%-nom anokcaue, oKa-
3pIBanach Beeraa GoJibliel, yeM fenpeccHs, nosyuaemas s 50%-nom
alleToHe. '

YacTo roBOpAT, YTO CPaBHeHHe CHJLI pANA BelleCcTB B CMeLUaH-
HbIX PaCTBOPHTENAX MOXeT ObITb NPOH3BEAEHO JIHUIL B TOM Cayuae,
ecsid 5TH BELIeCTBA XMMHUECKH POACTBEHHBL JTO CIPABEJIHBO JIHIb
Lo Tex nop, noxa He TpeGyercsi Pe3yJbTATOB BBICOKOH TOYHOCTH.
Tak, us taba. 3.5 BHAHO, YTO B BOJHLIX PAaCTBOPUTENSX C yBeJHue-
HHEM COLepXKaHHA CHHPTa aHHNUE H ero N-MerusbHble IPOH3BOM-
Hble CTaHOBSTCS Gosee cnabuiMu ocHoBanMsMu. Onnako BiHMsiHMe
CIHPTA sIBJISIETCS HAHMEHBbUIHM B CJlyyae HEMEeTHJIHPOBaHHOrO OCHO-
BaHH#, NPHYEM HaOJI0faeTcss TakOH NapajoKcallbHbli Cly4yaHd, Ko-
raa METHJHPOBaHHe OCHOBaHHs IOBHILIdeT OCHOBHOCTb C YBeJHue-
uueMm copepxanus, cnupra or. 0 1o 35%, a B Gonee KOHUEHTPHUPO-
BAHHBIX CIIHPTOBBIX PacTBOPaX OHO yMeHbIlaer ee.’ :

Pas6apyieHnbli auMeTHI(OPMaMUl, METWILENJIO030JbB K Apyrie
NPOH3BONHBIE TMIMKOAs 06/1ajlal0T aHAJIOTHUHBIMH CBOFICTBaMH.

15 Mizutani, Z phys. Chem,, 118, 318, 327 (1925).

8 Hall, Sprinkle, J. Am. Chem. Soc., 54, 3469 (1932).

7 Pring, Trans. Farad. Soc., 19, 705 (1924).

8 Cavill, Gibson, Nyholm, J. Chem. Soc., 1948, 246G,

rwe

Tabruya 3.5

3Hayenus pK; HEKOTOPHIX XMMHYECKH POLCTBEHHBLIX aAMHMHOB
B pa3GaBJleHHOM 3aTaHone npu 25°C'?

Srtanoa, Bec. %
Bewectso
) 0 20 35 50 60
AHHAHE . . « & o 4 4 o« 4,64 ~ 4,42 4,16 3,92 3,80
Mernnanmaun . . . . . . . 4,84 4,62 4,28 3,90 3,64
JuMetuaanuau . . . . . . 5,01 4,75 4,30 3,81 3,50

G, Cutbezahl, Orunwald, J. Am. Chem. Soc., 76, 559 (1953).

IMonoGHble cayuaH 4YacTO BCTPEUAIOTCS, €cu [ABa XUMHUECKH
POJCTBEHHBIX BeleCTBA OTJIHUYAKOTCA M0 CBOEH JIMIIOHIHOH pacTBOpH-
MOCTH, DT0 BHITeKaer u3 3aBucHMOCTH ApKa (pasHHua Mexnay 3ha-
yeHHaMu pKa BellecTBa B BOAE H B BOOHOM pacTBOpHTeNe) OT pac-

npeneNuTeNbHbIX KO3(QOHUMEHTOB PasJIHYHbIX YaCTHL, YYaCTBYIOLHX
B paBhoBecHH 20

ApK,=1g Dy 1g Dy —I1g Do (3.23)

rae D — pacnpenenutensublii K03(pOHUHEHT YacTuUbl MEXAY ABYMs
pacrBoputesiaMn  (ueM JunongoduiibHee YacTuua, TeM
Boillle ee KO3(P(HLHEHT).

CnepnoBarenbHo, Gosee NMuNOMAOGMHIbHBIE YACTHLBl MOryT ObITh
OKDY2KEHbI 000JI0UKOM, COCTOSILIEHl U3 MOJIEKYJl PACTBOPHTENS C HHU3-
KOii [M3JIEKTPHUYECKOH MOCTOAHHOH, B TO BpeMsl Kak HOH OKpYXeH
B OCHOBHOM MoJieKynamu Bozibl. Eciu B sBisercs nunouaopuibHoil
vactuueii, a BH® per, 1o crefyeT oxuaarth OGO/bUIOr0 3HAYEHHS
ApKa. D10 3HaueHHe JOJIKHO NMpoHTH yepe3 MAKCHMYM C yBeJuye-
HHEeM JIHNouAOQHUILHOK NpHPOAE, TaK KaK HOH XyXe pacTtBopsiercs
B BOJE, yeM B pacreopurede. [lonoGubiii MakcuMym Habniofaercs B
psAny anatioroB.GeH3oJia: NHPHAHHA, akpHAHHA H 8, 9-0ensakpuiuua,
roe ApKa coorserctBenno pasno 0,73, 1,49 u 0,54 (Boma — 50%-~
HbIH 3Tanon) 2. KucioTel BeflyT cebsi anajoruuHo. Tak, OeH3oiiHas
KHCJI0T2 B BojJ€e B 4 pasa cullbHee YKCYcHOIi, Ho B 20%-HoM 3T
ToNbKO B 2,0 pasa cuiibHee, a B D0Y-HOM 3TaHOJE ONMHAKOBBH MO
cHie 2, )

Ulupokas pocrynHocts yJibTpadHoseToBbIX cnekTpodoTOoMeTpOB
JesaeT BO3MOXHEIM onpenesieHHe PKa GOJILIUHHCTBA TPYAHO pacTBO-
PHMBIX BellecTB CneKTpo(oTOCKONHYECKHM METONOM, B pe3yJbTare
Yero npHMeHeHHe CMelllaHHbIX PaCTBOpHTeNell CTalo NOBOJBHO pefi-
KHM sIBJIEHHEM.

2 Kolthoff, Lingane, Larson, J. Am, Chem. Soc., 60, 2512 (1938
2t Albert, The Acridinem, London — Edward Arnold, 1981, (155).

2 Grunwald, Berkowitz, J, Am. Chem. Soc.,, 73, 4939 (1951).
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TCrasa 4

ONPENEJEHHE KOHCTAHT HOHHU3ALUH
CIHEKTPO®OTOMETPHYECKHUM METOJ0M

Onpenenenne KOHCTAHT HOHH3AUMH NpPH MOMOLIM cnekTpodoTo-
MeTpHYeCKOr0 MeTOla B y/NbTpacdHOJETOBOH HJIH BHAMMOH 00JacTH
cnekTpa -3aHnMaer OoJibllieé BpeMeHH, 4YeM OMpeneleHHe KOHCTaHT
MCHU3AaUHH TOTeHuHOMeTpHYecKuM MeronoM. Oanako cnekrpo¢oTto-
MeTpus siBJsieTCsl MIEaslbHbIM MeTofoM npu onpefesnenusx pKa
TPYAHOPAaCTBOPHMBIX BELIECTB, JJIS KOTOPbIX NOTEHLHOMETpHYECKHH
MeTOL He NMPUMEHHM, 4 TaK¥e B C/lyyae O4YeHb HH3KHMX HJIH BBICOKHX
3nauennii pKa (Menee 1,5 u Gonee 11).

CnekTpooTOMETpHUECKHII METON COCTOMT M3 CJEAYILWHX Cra-
Imii: ) T

a) npuroToBJleHHe OCHOBHOrO pacTsopa M pasbabiienue ero co-
oTBeTcTBYIOLHME OydepHbMH pacTBOpamH;

0) CHSITHe CNEKTPOB IOTNJIOLEHHS [IBYX PacTBOPOB, KaX[blH H3
KOTOPBIX COAEPIKHT TOJLKO OAMH BHJ YacTHL (HOHOB HJIH MOJIEKYJ),
HaxXoLfAILIHXCA B pPaBHOBECHH;

B) BbiOOp nJHHBI BOJHbI, Haubolsiee ynoOHbIH MJA MNpPOBelAEHHA
H3MepeHUi (aHaluTHYeCKas [JHHA BOJIHbI);

r) npuGnmxenHoe omnpepeienHe BeluuHHbl pKa;

1) TOUHOe omnpenesenHe BeJduuHHB PKa.

Annaparypa

Ias onpenedientin pKa nosnb3yiorcss QOTONEKTPHUECKHM Cllek-
'rpOl.’pOT'omeprM, NnpeaBapHTENIbHO OTKaAHOPOBAHHBIM (no pnune
BOJIHbI H_ONTHYECKOH MJIOTHOCTH) H 3aUlHILEHHHIM OT cBeTa C [JIH+
Hoii BonHbl GoJsiblie 220 MmK; 1- ¥ 4-X CAHTHMETPOBBIX MapHBIX KO-
BeT (KBapuUeBLIX C KPHILIKAMH); MEDHBIMH KOJIGaMH M MHNETKaMH.
Heob6xonuMmo umers npubop mJis NOTEHUMOMETPUUYECKOro onpepelie-
uus pH.

Ons takux pabor ocobeHHo ynoOHbl cnekTpo¢oroMeTphl C pyy-
HbIM ynpaBieHueM (Mbl Hcloab3osanu npubop ¢upmbl Hilger’s
«Uvispek» instrument). Boaemmncteo aBromaruueckux npubopos

64
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11e BOCMPOH3BOAST MOKa3aHHI ONTHUECKOI MJOTHOCTH ¢ TOYHOCTHIO,
Ilocrarounoii Aast onpenedienus pK, olHaKo OHM MOTYT GLITHL MOJ€3HBI
IJ1si COKpalleHisl BpeMeliH HaXOXKAeHHS aHAJIMTHYECKOM AJIHHBI BOJIHBI.

Bythepinie pacTeopn /

3uayenns pH, oGbiuHO npuMensieMbix Gy epHbIX pacq'Bopoa, npH-
BefieHH B T1a0u. 4.1. Bydepubie pacTBOpbl XOpoLIO COXpaHsIOTCH B
suge 0,1 M pacTtBopoB B nucTHMIMpoBaHHoil Bofe. llna ynorpeG-
nenusa ux pasGasasiotr no 0,01 M u ycranasnupaior TpeGyeMoe 3Ha-
yeune pH 1u. pacrtsopom KOH wunum consnoit kucaorbl. OO6biUHO
ONs1 KaXjaoro crnekTpo()OTOCKOMHYECKOro onpenenennsi Tpebyercs
okosio 100 cx® 0,01 M Gydepuoro pacrteopa. Ilpu Hcnosnb3oBaHHH
OydepHHIX pacTBOpOB, HE yKa3aHHHX B Taba. 4.1, caenyer npensa-
puTeNblio HX NPOBepHTb, YTOObI yOeAMTBbCS B TOM, YTO OHH MAaJo
NOrJIOWaT CBET B M3yyaeMoi 06aactH. :

Tatruya 4.1
Bydeptbie pacTBophl, npHmMeHsieMble B CleKTPOdoTOMETPHH
Bydepuas eMkocTs
Bewectso (HcOOAb3yeMulll HHTepBan
suavenunst pH)
Ocuosunoit pan
MypaBbhilas KMCAOTA . « « o « 4 o o 4 & & 32—4,4
YKCycHasm KMCAOTA . . . . . v v v v 4 o . 4,254
Onxosameutennnii docdar kakua . . . . . 6,5—7,7
AMMHEK . . . L v v i e e e e e e e e 8,6—9,8
Bopnaa k#enora . . . . . . .. ... ., 8,6—9,8
OTHIAMHH + « 4 v 4 4 o o o o o o o ¢ & » 10,1—11,3
HJononuuteabuwit pan
N-stuamopdomuu? . , . . . . . . . ... 7,0—8,2
drunemguamun® . . L L L L. L. L., 3’63__:‘{685
«Tpuc» (aMuHoTpnokcHMeTHnMETaH)® . . . 7,587

MpuMmewannsn a) TemnepaTypa kuneHns beltectsa 138=-139° C. Hpo-

MUIUZEHHER NPONYKT MOXET comepdaTb OeH30M, KOTOpH HeOOXOLHMO YAaAHTb
neperoHKon.

0) Mouoruapat eTHaenpmamuua C T. kun. 118° C #BAMETCA MPOMBIULACHHBIM
NpORYKTOM.

8} UnucToe TDEpAOE BELIECTBO ABARETCA AOCTYMHLIM NPOAYKTOM.

‘bydepubie pacTBOpbl HH B KOEM Cjiy4Yae HeJIb3si XpPaHHUTh B MOJNH-
STHJIEHOBOI MNocCyjle, KOTopas OOLIYHO BblAelifeT ONTHYECKH aAKTHB-
HEI nJacTudukarop. -

Ecau nns pabornl neo6xonum 6ydeprblii pacTsop, snauende pH
KoTopero nomnajaer Mexny sHavenusiMd pH aByx OydepHbix pa-
CTBOPOB, TO ero clelyeT npHrOTOBHTh CMelleHHeM OOOHX pac-
TBOpOB ¢ Kouuleurpauueii 0,01 M. Tak, cMeCb YKCYCHOIl KHCJIOTH I

5 3ak, 269 65
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onnosaMelllenHoro Gocharta Kajusa (C KOHUeHTPALHEH IS KaX10ro
KkoMnouenTa, pasmoii 0,01 M) "oGpasyer xopolluil Gydepnbii pac-
TBOp A/ HHTEpBala 3HAYEHWiH pH = 5,4—6,5. Takum nyrem
MOXHO TpHroToBHTb OydepHbie pacTBopbl B untepsane pH, pas-

- HoM 1,5 eaunuubL

/

. CuenyeT NOMHHTB, YTO ONTHYECKHM IONJIOLLEHHEM STHX pacTBO-
pOB, XOTS OHO M MaJlo, He BCerga MoOXHO MNpenebperaTh, Tak KaK
unxke 300 mMmx norjoluenue csera OOJBUIMHCTBOM pPacTBOpOB CTa-
HOBHTCH JOCTAaTOYHO CHJIbHbIM. Ilo3TOMy OY€HB Ba*KHO MpHAEPHKH-
BaThCH TOYHOro COOTHOLUeHHsI Mexnay Oy(pepHbLIMH pacTBOpaMH H
JNpYrdMd BOAHBIMH pacTBOpamu B OGeMX ONTHUECKHX KIOBeTaX. Ha-
npuMep, eciH B Nepeoil -KioBete cofepxarca 98 uacreii GydepHoro
pacTBOpPa M 2 yaCTu BOAHOrO HCXOIHOFO pacTBopa, TO BO BTOPOH —
KIOBET€ CpaBHEHHSl — JIOJDKEH HaXOOUThCHA O6ydepHbiii  pacTeop,
aHAJOTHYHBIM 06pa3oM pa3GaBJieHHbIN BOJOH, B coOTHOUIeHHA 98 : 2.

BaxHo TakXe OTMETHTb, UTO MNOrJOLleHHEe CBE€Ta pacTBOpaMH,
npuBefeHHbIMM B Ta6/. 4.1, MeHsieTcss ¢ M3MEHEHHEM 3HayeHHil pH.
Bcnencreie 3toro, 3Hauende pH copepxuMoro o0eux ONTHYECKHX
KIOBeT- JIOJDKHO GBbITh OIMHAKOBBIM, ¢ TouHocThbio A0 0,03 eauuul, H
PeKOMEHAYeTCs 1ocJie M3MEPEHHS ONTHYECKOH nJOTHOCTH CLUE pa3s
nposepHTh 3nauenue pH comepxHMoOro Kioper. -

Jlns npurorosnenus . 6ydepHbx pacTBOpoB co suauenusimia pH,
He npHBeeHHBbIX B TaOu. 4.1, NPHMEHAIOTCA COJISIHAA KHCJOTA, ¢~
Kue HaTp M Kauu (cM. ctosiOen konuentpattuii B [Tpunoxenun I).
Oty Gy(epubie pacTBopbl 00BIYHO HA3BIBAIOTCS «pacTBOpaMi C W3-

BeCTHOH KOHILIEHTpauueil HOHOB BOJOpOJa p[H@]». TAK Kak OHH He
obnanaior Gydeproii emkoctbio. Pacrsopet ¢ pH = 13 He pekOMeH-
AyeTcsi OCTaBAATb B KBapPUEBbIX KiOBeTaX Gonee, uem Ha 05 4; a
IJisi pacTBOpos ¢ GoJiee BHICOKMM 3HaUEHHEM pH Moryr GuiTh HC-
NOJIb30BAHbl CTeKJsiHHble KIOBETHl NPH TaKHX MJIHHAX BOJIH, KOTO-
pble NpomycKaloT CTeKJo L.

KucaorHas ¢ynkums

OtkpriTHe 'aMMeTOM KHCJIOTHOH (PyHKLHMH (Hp) moasousujio fnpo-
HHKHYTb B 00J1acTh QYeHb BbICOKOH kuchotHocTH 2. [lpuBeseHHbIE B
ta6y. 4.2 pacTBOpbl CEPHOH KHCJOTBI CJIYXKaT B KaueCTBe 3TajloHOB
pacTBOpoB ¢ u3BecTHoil BenuunHoil pH aus oGJtacTeil BBICOKOiT KH-

cinotHocTh. Jlis onpenesieHHss KOHCTAHT HOHH3aUMH OY€Hb cnabuix -

He3apsMKeHHLIX OCHOBaHHi NMPHMEHSIOT PaCTBOPbI C H3BECTHBIM- 3Ha-

o ®
wenuen® Ho BMecTo pacTBopoB ¢ u3BecTHbiM sHauenuem p[H® ], yno-

| PacTBOpPH € H3BECTHOR <LLENOYHOR ¢dyukuueii» BNIOTH A0 SHaueHus pH,
oxBuBaJeHTHOro 19, Moryt OHTL NPHIOTOBJIEHH H3 €IKOro KaJjd [Schwarzen-
bach, Sulzberger, Helv. chim. acta, 27, 348 (1944)].

2 Hammett, Physical Organic Chemistry, New York, McGraw — Hill,

© 1940.

-3 Bascombe, Bell, J, Chem, Soc, 1958, 109,
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MAHYTBIX Bblure. BoaMOX1O, yto B Gosi€e KHCABIX pacTBOpax 3TH aBE

dyukuun (Ho u p[H®]) 6ynyr pasnuusbiMu, onnako, 310 o6cTosi-
TEJILCTBO 10 CHX MOp elle He MMPHBOAHIO K KaKHM-JAHOO CEPbe3HbiM
TEOPETHYECKHM WJH 3KCrepUMEeHTaJbHBIM 3aTpy/lHennsM.
Brnepeble mkana kucnothon ¢yHkuun (o) Obuia nocrpoena ¢
NOMOLIBIO n-nmpoanungna (pKa KoToporo n3pecTHO) NyTeM H3Mme-
peHHsi OTHOLUEHHs !_EE%J B CEPHH PACTBOPOB C YBeHYHBaIOLLeiCs

@
KHCJIOTHOCTBIO. Iorna _[__1,3_!__{_1 CTaHOBHTCA BBICOKHM, BMECTO

N-HUTPOAHW/IHHA NPHMEHAIOT MeHee OCHOBHOH MHAMKaTOP. Bennunny
pKa 37T0ro MHAMKAaTOpa BHIYMC/ISAIOT W3MEPEHHEeM OTHOUIEHHS [BHE]
B pacTBopax, KucjorHas ¢yukuusa (F,) xoropux Oblna onpejenena
¢ noMolubio n-gHTpoaHunuHa. [lonoGHble H3Mepenus, NPOBefeHILIe
IJ5i MHOTHX HHAHKaTopoB, 3HaueHHA PKa KoTopuiX GnH3KH, B pa-
CTBOPaX BCe BO3PAaCTaIOL(EH KHCJOTHOCTH [a/H, HaKOHeL, BO3MOXK-
HOCTE OTKANHOpOBaTh LWIKaJly KHCJAOTHOH (YHKUHH 10 BenHMMHBI
Ho“= —I13. 3t1a wkana ocobenHo ynoGHa s onpefeneHua 3Haye-
Huii pK Apyrux HesapsiXKeHHBIX OCHOBaHHil Y.QHA He NMPULOAHA s
onpefieiennsi BTOporo 3uauenusi pK Kakoro-1n6o HOHH3HPOBAHHOTO

~ocHoBauus.-Kucnoruan ¢yukuus (H.), neobxomnMas ans onpeae-

Jiennss pK CHJIBHBIX KHCJIOT, MOXeT OBITh MOJNyYeHA B KHCABIX pa-
CTBOPaX, CllelHallbHO CTaHAAPTH3HPOBAHHBLIX AJA 3Toil LelH 4,

Tabruya 4.2
PacTBOpbl B3BecTHOH KucaoTHOR dyHxunn (Hp)>°
Kon ueué’]:,a::m, Ho |Kon II:IL:SH 6[:‘31'::-111 N _ H
0,001 3,03 8,58 —2,03
0,01 2,08 9,22 —2,92
0,13 1,06 10,18 —2,45
1,08 0,09 114. - —27
1,80 —0,23 12,7~ —3,1
2,36 —0,42 ~14,1 — ~3,6
. 3,08 —0,64 15,3 —4,2
4,08 0,90 70* —5,5
5,22 —1,20 80 * —6,8-
. 6,04 —1,42 85 * —76
7,10 —1,68 95 * —8,7

* Konuentpauns H;SO, suipascena s Bec. %.

¢ Phillips, Austr. J. Chem., 14, 183 (1961).
S Paul, Long, Chem. Rev., 57, 1 (1957).
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YpaBHetine AAA onpenejeHHs pl(a-

Jas peleHusi ypasHenus (4.1) HeoGXoAuMO onpefenutb Ko3d-
¢uunentsl SKCTHHKUKH. YUTOObl MOJNYYHTH HaleXXHbie pe3yJbTaThl,
PEKOMEHYeTCs peLIUTb 3TO YpaBHeHue, no kpaiineii Mepe, s ce-
MH PpasjIHYHBIX CTeneHell HEHTpaJM3aLHH

pK=pHtlgt— - (4.1)

rue e — kKos(P(PUUHEHT SKCTHHKUHH HOHA;

€y — KO3 (PULHEHT 3KCTHHKLHH HEHTPAJBLHOH MOJIEKYJILI;
€ — KO3(p(HLUHEHT IKCTHHKLUHH CMECH HOHa H HeHTpanbHOH Mo-
JIEKyJIbl NPH OHOM M TO# XK€ JUTHHE BOJIHBI (@HAJIHTHYECKO).
Kosbduuuent SKCTUHKUHU (€) MeHsercss ¢ uaMenenueMm pH pa-
cTBOpA, nosromy U1 DelleHHsl YPaBHEHHS HCNOJL3YIOT 3uayeHHs
d pH psila pacTBOpOB C pa3jiuy<
0 HO# CTeleHbI0 HOHH3auuyu. Bme-

|

CT0 KO3(Q}lUHEHTA 3KCTHHKLHH
() mMoxHo B ypaBnenun (4.1)
HCIIOJIB30BATH ONTHYECKYIO MJOT-
HoCTb (d), npu YCJIOBHH mpuMe-
HEHHS pacTBOPOB OAHHAKOBHIX
KOHUEHTPaUHH W TOJILLHHBI CJIOS
B KIOBeTax. Takas 3aMeHa Ipu=
BOIMT K ypaBHeHuio (4.2), Ko«
TOpOe, B 3aBHCHMOCTH OT MpPHMe~
HAEMBIX YCJIOBHH, MOXHO Hanu«
caTb B DpasJHyHbIX (opMax.
Ecin  onpenensiemass GyHkumo«
HaJlbHas rpynna KucJaas, TO npH-
MeHs10T ypasHenue (4.2, a), Kor-
na dy > dy v ypaBhenue (4.2, 0),
korna Habuiopaercss oOpaTHbIH

. 1 1 1 1
310 - A0 350 370

ciayyan:
. A"‘”“’“ yq d d
Puc. 4.1. Ilpumep onpepenennsa pK Ka_—_.pH_|_1g_d_|__d__. 4.2, a)
. cneKTpodOTOMETPHYECKHM  METOIOM —
(B KauecTBe AHAJMTHYECKOH [IHHBI By
BOJHH BHOGpaHa A ==358 mumk): pKa, -—pH+Ig i l (4_2’ 6)

I—kpupas moracwenns anuona (pH==8);
2~ kpnn}a{s( 2n)or:;mme:mn HeATpanbHOR uo;::- E
KyAn ; KpHBad NOrHOUIEHHR AHHOAA K-

Y H(pﬂelh'ph)lhl!oﬁ I:dOJleK)mH (pH=5,5)% C/H  onpeneffemMas quH
- l.lHOBaJ'IbHaH rpymnmna oOCHOBHas,

TO npuMensioT ypasHenie (4.3,a), Korna di > dy, W ypasHenue

(4.3,0), Kory,a uMeeT MecTo oﬁpambm caydaii:

pKe=pH-+1g 7—4' dl — (43, 2)
—d
PKe=pH-+1g 25 v (4.3,6)

Takum oGpasoM, 5ToT MeTol onpeneienus pK, CocToHT B H3Me-
PEHHH OTHOILUEHHS KOHLEHTpaUHH HOHAa K HeHTpaJbHOH MOJeKyJe
HCCJIelyeMOro CO€IWHEHHS, PACTBOPEHHOro B CEpHH pPacTBOPOB C
TOYHO H3BECTHHIM 3HaueHHeM pH. 310 onpepenenne npoBoAHMTCS
NpH alaJHTHYECKOi [JIMHE BOJIHBI, HA KOTOpo#t HabJioflaeTcAa HaH-
Gosbllldast Pa3HOCTb B 3HAUEHHSX OMNTHYECKOH MJIOTHOCTH MeEXIy
HOHOM M HelTpaJIbHOH MoOJIeKyJoH (HanpuMmep, aHaJHTHYECKas [JiH-
Ha Bosnbl 3b8 mmk Ha puc. 4.1).

Ha puc. 4.1 npusepensl pesynbTathl onpepenendss pK s kue-
sotbl. Ha aHanuTHuecKoii NJMHe BOJIHBI pPacTBOP AaHHOHA HMeeT
ONTHYECKYIO IUIOTHOCTh, paBnyio 0,700, pactsBop HeliTpalibHOH MoO-
JIEKyJIbl MMeeT ONTHYECKYyl MIoTHOCTh, pasnyio 0,105, u pacteop
cmecn npu pH=5,0 uMeer onthueckywo njaorHoctb, pashylo 0,395.
CanepobBarenbHo, ypaBhenne (4,2) MoxeT ObiThb peuwieHo Aas
pH=5,5.

]
npﬂrnmnneuﬂe HCXOAHOro pacTreopa HCCAEAYeMOro BellecTBa

YpoOnoit  KoHUeHTpauueil MCXOLHOTO  paCTBOpPa  ABJAETCA
5X10-* M, echn pacTBOPHMOCTb BELLECTBA 3TO MO3BOJSET, H €CIH
KO3} (HUHEHT 3KCTHHKIHMY He cauiikoM Mana. (B ciyyae ucnosibzo-
BaHHsl PacTBOpPOB TPYAHO pPacTBOPHMEIX BellecTB, 00JafialoliHX BH-
COKHM KO3((PHUHEHTOM 3SKCTHHKLHH, MOXHO [IOAYYHTb 3HaUEHHS
pKs ¢ Toynocteio 0,02, npuMeHasi pacTBOPH [Aaxe ¢ TaKOH HU3KOI
KOHIleHTpauuei, Kak 2 X 107% M.) Ona yayulieHus pacTBOpPHMOCTH
BellleCTBO KHCJIOro xapakTtepa MoxeT ObiTh pactBopeno B 0,005 u.
pactBope KOH (ecau uMeercs npe 3TOM yBEpPEHHOCTb, YTO 3Haye-
nue pK, nexut Huxe 10) ¥, HaoO0OPOT, BELIECTBO OCHOBHOTO Xapak-
Tepa MoxeT ObiTh pacTBopeno B 0,005 u. pactBope consiHON KuCno-
TH (ecau NpH 3TOM HMeeTcsl YBePeHHOCThb, YyTo 3Hauenue pK, nexur
Buille 4). s nosnyyeHHs HCXOAHOro. KOHLEHTPHPOBAHHOIO pac-
TBOpa HHOrJla MOXHO BOCNOJIBE30BATHCA XOPOWHMH PacTBOPSIOUIHMH
CBOWCTBaMIl CNHPTA, O[AHAKO COJiepXXaHHe CNHPTa B KOHEUHOM pac-
TBOpe lie [oJ:Kno npesBbillaTh 19%.

CHATHe CNEKTPOB MOIJOUIeHHA PacTBOPOB HefiTpanbHof MoJeKyln H HOHA

Ecnn uccnenyemoe BelilecTBo npeacrabiser coboit KMCIOTY, TO
HeoGXOJMMO CHSITb M[Ba CNEKTPA: CNEKTP aHHOHA H CIEeKTp Heil-
TpaJbHOil MOJIeKYJH. [l 3TOro HCXOAHbIH pacTBOp pa30aBAsiOT
po xonuentpauuu 10°%* M 0,01 H. pacTBOPOM CONSHOH KHCIOTH H
0,01 u. pacteopom KOH (1. e. npubausurensro no pH=2 u 12, co-
OTBETCTBEHHO). 3aTeM H3MepSAIOT ONTHYECKYIO NJOTHOCTb Ha NpOTs-
JeHHH Bcero crnekTpa. Crnekrtp, mofiyyeHHbif B KHCJiOTe, NPEACTaB-
nsieT coboii crnexTp HeATpPalbHOK MOJIEKYJBl; CHEKTP, MOoJydYeHHbI#H
B lleJIOYHOM pacTBOpe,— CIHEKTP aHHOHA,
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JInsi NpOBEPKH YHCTOTHI HCCNEOBAHHBIX PacTBOpoB (T. €. cozep-
KHTCH JM B OMHOM pAacTBOpPe MPHMeCh APYroil 4YacTHUbI) CHOBA
CHHMAIOT CreKTPbl M3yyaeMblx yacTHu, Ho B 0,1 u. pacTBope cohs-
Hoit kucyorbl v 0,1 H. pacteope KOH (7. e. npu 3nauenusx pH =1
u 13). Eciiu npu 3TOM H3MEpeHHH OTKJIOHEHHE B MOKa3aHHAX ONTH-
YECKOH MJIOTHOCTH He npesbilliaeT 1%, To MoXHO cuuMTaTh, 4To 00a
pacTBopa cojepykaT YacTHIbl ofroro copra. Eciin e umeer MecTto
OTKJIOHEHHE B IOKa3aHHUAX ONTHYECKo#l njoTHoctH Oojblile, YeM B
1%,-To cnenyer eie pas CHSTb CNEKTPbl PacTBOPOB HCCJeAyeMbIX
Jactul, IpH pH, 3Ha4YeHHEe KOTOPOro HaXOOHTCs nanblie OT TOUKH
HefiTpanbHoCTH "Ha exnuruuy. IIpH cuaTuu cnexkTpoB o0eMX uacTuy
(HeliTpanbHOIl MOJIEKYJIbI M MOHA) CleAyeT NOMHHTb O CJefyHLLHX
BO3MOXHbIX OTKJIOHEHHSIX. : .

a) O6e yacTuubl, XOTsl 3TO BCTpeYaeTCs O4YeHb PEAko, MOryT
HMEi‘b OJHH U TOT € CIEKTP IOrJIOLeHIisA.

6) BeulecTBO MOXET pasjiaraThCs NOJ AEHCTBHCM KHCJOTHE HJIH
" LIeJIOYH; €CNH pasJioKeHHe HMeeT MecTo, TO ONTHYeCKas IJIOTHOCTh
CO BpeMeHeM J[OJIXKHa MerATbCcsA. Ecii Takoe n3Meunenue nabaio-
aaeTcd, To AOoJIXxHa Gbl'l‘b cpejiaHa MnonbiTKa CHATh CNEKTp pa3Ja-
raiouleiica vacTHubl BOJIM3H TOYKH HEHTPAJNIBHOCTH. WIH XKe A
OHPGJIEJICHHH ONTHYECKOH MJIOTHOCTH 3TOH yacTHubl MOXHO NPHME-
HHTb ypaBHeuHe, nopoOnoe ypaBrenuio (4.3,c), npHBeJeHHOE HA
cTp. 79. . . .

B) BeulectBo MOxeT uMeThb GoJiblile, 4eM OAHY I'pynny, CnocoG-
HYI0 K HOHM3al{M, H Toriga pactBopbl ofeux yYacTul, MOFYT OTJIH-
'yaThCs APYr OT APyra He eQuHHIlell 3apsina, a HeckoJbKHMH. Eciu
HMeeT MeCTo 5TOT CJyvaii, To ero noutH ncerna Ge3oUIHGOYHO MOXK-
HO BBISIBHTB NPH HAaXO0XAEHHH AHAJIUTHUYECKOH IJIMHBI BOJIHBI (CM.
HHKe). " ' .

Tounocte onpenenendsi pK na 3Tol CTaguu TakoBa, 4TO IpH
BHIGpPaHHOM JUJIsi CEKTPaJibHOro aHanHaa 3nauedun pH B pacrtsope
OllHOH YaCTHIL HCCIeflyeMoro BellleCTBa MOXET COAepXKaThkCs He
Gonee 1Y% npumecn apyroi. Cobmofiene 3THX YCIOBHH MOXHO
npoBepuTh MOCJ]E TOro, Kak HakneHo npubimxenHoe sHauenne pK,
NpH NOMOUIM MAHHBIX, NpuBeleHHbX B Ilpunoxennn IV. Ecin xe
HafIeHo, YTO 3TH YCJOBHS HELOCTATOYHO coﬁmonanqc&., TO BCE H3-
MepeHHsl CeAyeT NOBTOPHTE, - )

. TakuM ob6pasom, npH.onpenesennn pK Kakod-HHOYIb KHCIOTHI,

CrieKTp ee aHuoHa no/Ken ObiTh CHAT B pacrsope, pH kortoporo.

He MeHee ueM Ha 2 eaWHHLBI Bbille 3Hauenusi PK, a cnexktp nei-
TpanbHOW MoJieKyJbl B pactBope, pH koToporo ne MeHee ueM Ha
2 enunuupl Huxe "ero pK. R

" Ecan ucchenyemMoe BelIeCTBO — OCHOBaHUE, TO METOLAWKA CHSITHSA

eKTPoB aHaJOTHYHA TpPHBENEHHOH sl KucaoTel. CnexkTp, noay-

yeHHBIl B KHCJIOTE, COOTBETCTBYET CNEKTPY KaTHOHA, a CIHEKTp, Mno-
JIyyeHHEIl B I€JIOYHOM PacTBOPE, COOTBETCTBYET CIEKTPY HEHTpPallb-
HOH MOJIEKYJIH, : _ \

10

#

Broifop aHanuTHYecKOfi AJHHEI BOJIHBI

PaccmarpuBas kpuBble puc. 4.1, MOXHO naiiTH TakKyio LJTHHY
BOJIHbI, H& KOTOPO# ONTHYECKasi MJOTHOCTh 00eHX YacTHI BO3MOXHO
Oonblue omixuyaercss APYr or Apyra. MakcMMaJbHas pa3HuLa B
ONITHYECKOIl TMJIOTHOCTH oOOHapy)eHa NPH [JIHHE BOJIHB, PaBHOl
358 mamk.

[Tlocne Ttoro, kak BeiGpana «aHAJIMTHYECKAs [JHHA DBOJHBIY,
ycranaBausaior Oapaban uiau~ wKally CHeKTPo(OTOMETPa Ha 3Ty
AnuHy Bosinbl. Ouenb Ba)XHO He cOMThH yCTaHOBKY OapaGana cnek-
TpodoTOMETPa N0 TEeX Nop, MoKa He 3aKOHUYeHb! Bce HeobXomuMbie
u3Mepenusi npu pasnuunbix 3navyenusx pH. Ecnu ycranoeka Gapa-
Gana Oblna cayuvaitHo c6uta, To GapaGan He MoXeT ObITb BHOBB
yCTalOoBJICH TOYHO 11a TY e CaMylo BCJHYMHY, @ He3HauyHTeJbliast
pasiiiilla Npi yCTailOBKe B XOJie NpOBEJEeHHS CEepHH U3MepeHIHi Mo-
eT NMPHBCCTH K BEINAaJIEHHIO LEJIOro psina pe3yJbTaToB 3a JOMy-
CKaeMblii npenes NnorpenHoCTH.

HpeansHoii ananuTHyecKol OJIMHOH BOJHBI fIBJSETCS TakKas IJH-
Ha BOJIHBI, HA KOTOPOH OJHA YaCTHLA CHJbLHO MOIJIOLLAeT CBET, ApY-
ras — cna6o. Tak Kak Takue yCJIOBHsI BCTPEUAlOTCH OUEHL pEMKO,
170 OOBLIYHO aHAJMTHYECKYIO MJIMHY BOJHbl cienyer BuOpaThk Tam,
r1e¢ HMeeTCsl, BO-NePBHIX, HaHGoMNbLIas Pa3HOCTh B ONTHYECKOI MJ10T-
HOCTH Mex1y OOOMMHM pacCTBOPAaMH, M, BO-BTOPLIX, Tlie ONTHYecKasl
MJI0THOCTL 00OMX PaCTBOPOB JIMIIb HE3HAYHTENbHO MEHSIETCH ¢ 13-
MeHeHHeM [JIHHbl BOJHHI 6,

IIpaxkTuueckn anaJUTHUECKYIO MJIHHY BOJIHBI ClleflyeT BuGnpath
(B yMenblialolleiica CTENeHH NpPeanoyTeHHsI) TaM, rae:

a) MaxkcHMyM KpPHBO#l nOrJOLleHHs OZHOM YacTHuL HaXONHTCHA
Hall MHHMMyYMOM KphBO# morsiolllenlisi Apyroi yacTuubl;

6) MakCHMyM KPHBOii NOMIOL(EHMS] OMHOM YaCTHUbl HAXOAMTCSH
HaJl MAaKCHMyMOM KPHMBOH ApYrod yacTHIbl NpPH YCJIOBHH, YTO NpH
3TOM pasHHLa B NOKa3aHHAX ONTHYECKOH IJIOTHOCTH obenx uvacruy
He Mmenee, ey 0,2;

B) MaKCHMyM KDHBOI MNOIJIOLIEHHsI OJHOH YacCTHLbI HAaXOAHTCS
HaJ CKaTOM MJIII MJIeYOM KPHBOIl NOIJIOLLEHHs] APYroii YaCTHIb;

I) MHHHMYM KpHBOIl MOIJIOLEHHS] ONHOM * YAaCTHILI HAaXOAHTCA
HaJi, MHHHMYMOM KDHBOH [OIJIOWERHS APYroil 4YacTHIbL.

Ha 3toft ctapuu onpenenenns snavenHs pK cjaenyer cHosa npi-
rOTOBHTb CB€XHe pacTBOpbl M3 HCXOJHOrO H CHOBA M3MEPUTHL OMTII-
YeLKyI0 MJIOTHOCTb OOEHX YacTHI[ NPH aHAJHTHYECKOH AJIMHe BOJIHHIL.
B peaysbTaTe npoBeeHHs 3THX M3MepeHHl MOJyyaloT BeNHUHHY d,
H du, KOTOpHE B JlallbHelluleM HCNoJb3yloTcs B pacuerax pK. dra
cragua onpepejenus pK, sBasercs cranHeit, Ha Koropoii yGem=
J3I0TCsA, YTO KOHLEHTPauMsi pacTBopa, paBHasi 10~% M, neiicrBus

§ Hiskey, Analyt, Chem., 21, 1440 (1949),
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TeJIbHO HauOoJlee MOAXOAAULASi~CTA[Ns, HA KOTOPOil ONpeneNsioTcs
BeJIMuHHbl d; W dy ¢ HauGoJblLeH TOUHOCTBIO, npucyule gaHHOMY
H3MepuTeNbHOMY npubopy. '

. Onpepenenxe npuGaHXeHHOro — pK,

Hcexonnblii pactBop pa3baBisiioT, Kak GblIO YKa3aHo Bbllle, Of-
Hako TakuM OydepHblM pacTBOPOM, B KOTOPOM HCCJelNyeMoe Belle-
cTBO Obi10 Gbl JMIUb YaCTHUYHO HOHWU3HPOBaHO. CllcLyeT OTMETHT,
UTO CTEeNeHb HOHW3ALMH BEL(ECTBA MOXKHO IPHMEPHO OLEHHTb, 3HAA
KOHCTAaHTBI HOHH3auHu HaubGoJsiee yacTo BCTpeuaoluxcss (QYHKUuO-
HaNbHbIX TPYNI M BJUSHHE APYrMX 3aMeCTHTeNleli B MOJIeKylie Be-
LlecTBAa Ha 3TH KOHCTAHTH. OTH CBeleHHsi MOT'YyT OHTB NOJYyYeHb
u3 riapbl 8. H3aMepsloT ONTHUECKYIO NJIOTHOCTb MOJIYYEHHOrOo pac-
TBOpPa M BBIUHCJIAIOT 3HaueHne pK M3 COOTBETCTBYIOLLEro ypapHeHus
(4.2 wan 4.3). )

Tounoe onpenenense Beauunnn pK,

Hcnone3syss nonyuennoe Bbillle npuGnnxeHHoe 3uauenue pK,

- IpuroToBlisiioT cemb Oydepubix pactBopoB, 3nauenuss pH Kotopeix

uncnenHo pasubl: pK+-0; 0,2; 0,4; 0,6; —0,2; —0,4; —0,6, cooTBet-~

ctBenHO. [ToCne CHATHA CNEKTPOB NOrJIOLLEHHA ITHX PaCTBOPOB IO~

Jy4yaloT pfAJ, COCTOAL(HKH K3 ceMH 3HaueHuil pK. Bce 3Tu 3Hauenus
pK ycpenusior, Kak nokaszano Ha crp. 19. Ownbka onpenenenus

JIOJXKHA HaxomuThCsi B npenenax +0,06 ennnuu. Ecnn ke norper«
HOCTb onpejeienus Oosblle, TO CleayeT NOBTOPHTh BCE H3MepPEHHsI
\ (Gonee wmpokuit npegen norpeuHocTH, HanpuMep =+0,1, pony-

tickaetca npu pabore co 3nauenHsMH DK HuXe RHyns).

‘ Bcio cepuio onucasHbIX Bbillle H3MEpPEHHI NPAaKTHUECKH MOXIO
‘BBINOJIHUTL B TeueHue OfHoro paGouero ausi. OpHako 3TO0 Bpems
Moxer ObiTh COKpalleHo, eClH AJIsi NPefABAaPHUTENIbHbIX H3MepPeHHil
NpUMEHseTCs CaMo3anuchiBaloluii cnekrpodoTomerp.

PaGouse npumeph

B kauecTBe npuMepa OCHOBaHHSI MOXHO IIPMBECTH aKDHMHH, Be-
auynna pKa Kotoporo Gblia yjauHo onpezesieHa npu NOMOLUH CriekK-
TpopoToMeTpHyecKoro MeTtona. PacTBoOpHMOCTE akpujuna npH
20°C pasna 0,0003 M. PactBop ¢ Takoi KOHLeHTPauuei sBjsercs
CIHIIKOM pas6aslienublM M5 onpenenenuss pKa noreruHoMeTpHye-
CKHM MerozoM O0e3 npuMeHeHHS KaKuX-1H00 chneuualbHbIX Mep

. (cTp- 44 u 56).

Hcxonublii pactBop akpHaHHa Obli NPHrOTOBJEH, KaK 3TO YyKa-
'3an0 B Tabs. 4.3. JlNfa HAXOXAEGHHA aHAJHTHYECKOH NJIMHBI BOJHBI
5,0 cm3 ucxopgHoro pacTBopa Obl10 no6Gasiedo K 5,0 ¢m3 0,1 n. pac-
TBOpPa COJISIHOM KMCJOTHI H-pa36abieHo Bofoit Mo 50 cmd. Kouuen-
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Tpauua akpuauHa B pactBope 0,01 H. coasanoit kuchorel (pH = 2)
pasra 0,0002 M. OntHueckas NJOTHOECTL 3TOro pacTsopa Obljla
H3MepeHa (B ONHOCAHTHMETPOBOH KIOBETE€) Ha MNPOTSXKEHHH psila
JJIHH BOJIH C MCIIONb30BaHHEM B KloBere cpaBHeHusi pactsopa 0,01 u.
CONAHONH KHCJOTH. DEIIO HalileHo, YTO MaKCHMYM MONJIOLIEHHS
pactBopa (d=0,608) naxonurcs npH 403 mMx. Takoil xe pesyJbrar
6o nonyued u B 0,1 H. pacTBope codsiHoii KHcloThl (pH=1), no-

' 3TOMY MOXHO Oul10 cjienath BRIBOJ, YTO 3TOT MakKCHMYM COOTBET-

CTBYeT MakCHMYMY KpHBO# nolJollenua KaTHoHa. Okasallock, 4TO
pacTBOp HEHTPaJbHON MOJEKYJIBl Ha 3TOi AJIMHE BOJHbBI MOIJOLLaeT
3nayutesnio Menolile (d = 0,025) kak npu pH = 9,1, Takx u npu
pH = 13, u 4T0 MakCHMYM MOIJIOLEHH 3TOr0 pacTBOPa CMellleH
B KOPOTKOBOJIHOBYIO o6JsiacTh cnexktpa. Takum oOpasoM, B Ka-
YyeCTBEe AHAJMTHUYECKOH JJIMHBI BOJIRBI Obla BrIOpaHa [JiMHA BOJ~
Hbl 403 MMk '

Ta0ruya 4.3

Onpe,z(enelme HKOHCTaHThl HOHH3aUHH OAHOKHCJOTHOro OCHOBaHHSA

Beujecrso: axpuuuni, CisHgN. Moa. B. 179,21, Temneparypa: 20° C. Konyen-
rpayun: 00002 M (2 X 10 M; M/5000). IlepekpHCTannH30BaHHEL] akpHIUH
¢ 1. naapi. 110—111°C 6bin Bbicylilen B TeueHHe HOYH B BaKyyM-KCHKaTope
(CaCly, 20 mm pr. cr., 20°C). HaBecka axkpumuua 0,0896 2 Gmuna pacrtsopena
B 10 ¢x® 0,1 H. pacrBopa coafiHOil KHCAOTHl H pa30bapieHa no 250 cm® AHCTHAAM-
poBanHoil Booit. dToT HMCcXoumblii pacTBop (c KOHueHTpaudeil axkpunnna 0,002 M
it 0,004 M consHoil Kucrotbl) Obl pas6gened B 10 pas, kak yKkasano B TEKCTC.
Anasuruneckan Oauna soanoi: 403 mmi. Kroseror: opHocaHTHMetpoBeie. Ontuue-
cKasg nAoTHOCTL MeiTpanbHoil Mosekyam dw = 0,025. Ontuueckas nnoTHOCTh Ka-
THona d) = 0,608.

d_dM pl(a (eyMma cooT-
dy— d—d ——
pH 4 = S R N i e
1 2 3 4 . 5 6

6,30 0,125 0,483 0,100 —0,68 5,62
6,10 0,170 0,438 0,145 —0,48 5,62
5,89 0,235 0,373 0,210 —0,25 5,64
. 5,68 0,299 0,309 0,274 —0,05 5,63
5,47 0,367 0,241 0,342 0,15 5,62
5,27 0,429 0,179 0,404 -+0,36 5,63
5,08 0,474 . 0,134 0,449 ,03 " 5,61
4,85 0,523 0,085 0,498 A7 5,62

Peaynerar: pKa = 5,62 = 0,02 npu 20°C u / = 0,01 (¢ ucnons3oBanuen BCex
BOCBMH 3Hauenwii).

* 3areM H3MepsJaCh ONTHYECKAs MJIOTHOCTL pacTBOpa, MOJYYEH-
noro pasGasyenneM 5 cm® ncxonnoro pacrBopa no 50 cmd® ¢ocdar-
no-aueratHbiM Oydepueim pactBopoM (pH=5,5). 3nauenne pH
sToro pacrsopa 95,47, a ontuueckasi mjortHocte 0,367 (npu pimne
Bosiiel 403 mmk). ChnepoBarenbno, 3HaueHHe pK, akpuaHua paeno
5,62 (n3 dopmynbl, npuBenenHoir B cronbue 6 taba. 4.3). Ucxons
U3 noJyueHHoro npubnmxenHoro 3uaueHus pK,, 6b10 nposegeno
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OMnpejesieHHe TOYHOTO ero 3HAYeHWsi TpH NMOMOLLM Psina pacTBOPOB,
KOTOpbI€ MO3BOJIHJIH MOJYYHTL elle CeMb 3HayeHuil pK,. Beun npu-
TOTOBJIEHHl BOCEMb DaCTBOPOB, Bce C KOHIEHTpauueil akpHAHHA
0,0002 M, necaTHKpaTHbIM pa30aBjieHHEM HCXONHOro pacTBOpa
6ydepHpiMH pacTBOpaMu. DTH pacTBOpbl 00pasoBaju CepHIO CO
3nauenusMy pH, paBHOMepHo pacnpefelieHHBIMM B HHTepBaJe
1,4 epqunnn pH, a uMenno, ua 0,7 exuunn Boime u 0,7 eqUHHL HIDKE
3Havenusi pH, uucieHHo paBuoro npubanxkenuomy sxavemito pKa.
3ateM OblM H3MepeHb! 3HaueHuss pH u onTHyeCcKue MIOTHOCTH 3THX
PacTBOpOB; noJiyueHHble pe3yJbTaThl npusenenbl B Tabha. 4.3.

- JTH 3HaueHus1 ObUIM 3aTeM ycpefneHbl (cTp. 19) u noayuenbl
HCKOMbl€ OKOHYaTe/bHhie BEeJHUYHHBL

B Tabs. 4.3,a npuBeleHbl pe3ysibTaThl ONpPENeJeHHs KOHCTaHThI
MOHHM3ALHH CHEKTPO(POTOMETPHUECKHM METOLOM APYroro OCHOBAHMSI.
OT0 BEIECTBO — N-HUTPOAHHWJIMH — MMEET CJAHLIKOM HII3KOe 3iaiue-
uue pK, H OHO He MOXeT ObiTh onpejiesieHo MOTeHLIIOMETPIYeCKIM
MeTonoM (BesqnuyuHa pK, = 1,01); mns storo cayyas Becbma yio-
6eH cnekTpooToMEeTPHUECKH METOL,

Ta6ruya 4.3,a

OnpeneneHne KOHCTAHTHI HOHH3ALHM cna6oro OXHOKHCIOTHOrO
OCHOBAHHA

Beuwecrso: n-untpoanunmn, CgHgNy;Op. Mon, B, 138,12, Temneparypa: 20° C,
Konyentpayusa: 0,0001 M. TlepekpucTanausoBauHoe -BeLIECTBO GHJIO BbICYWEHO
B teuende nouun (CaClz, 20 mm pr. cz., 20°C) u HaBecka, pasuas 0,0691 e,
pactsopera B 500 cm® pHCTHIAHpoBaHHOI Bonbl. IIpH STOM 6blA HOJyyeH Hcxom-
HbIi pacTBop ¢ KoHueHtpauued . 108 M, koropuiit 3arem .pasbasnen B 10 pa3s
pacTBopamMu COJMSIHON KHC/AOTH, KOHUEHTpauMs KOTOPbIX npuBemeia B cronbue 1.
Anasutuveckan Oauna soanst: 270 mmk. Kroserol: ommocantuMeTpoBbie. OntiHue-
CKas MJOTHOCTH PacTBopa HeiitpasbHoii Modekyast dy = 0,138 (pH = 4,7). Onru-

yecKas -IIIOTHOCTh pacTBopa KaTHoHa d; == 0,693 (pH = —1,68).
KonuenTtpa- . d—d, lg uncea cgc*:%ofcj;’:mfo-
I.mﬂul.i L] pH d dy—d, d—d, di—d 43 cToabua st qucenyus
ctoabuoe I 1 5)
1 1a 2 3 4 4a -5 ' 6

0,0235 | 1,67 | 0,233 | 0,460 0,095 95/460 | —0,68 0,99

0,0373 1,47 | 0,276 0417 0,138 138/417 | —048 0,99

0,0607 1,26 | 0,335 0,358 0,197 197/358 | 0,26 1,00

_ 0,0969 1,06 | 0,400 0,203 0,262 | 262/293 { —0,05 1,01

0,1485 087 | 0462 0,231 0,324 324/231 +0,15 1,02

0,234 0,67 | 0,522 0171 |. 0,384 | 384/171 ,35 1,02

0,373 0,47 | 0,570 0,123 0,432 4327123 0,56 1,02

Peayabrar: pKa (repMonuHamuueckoe) = 1,01 + 0,02 npu 20°C (c ucnonw3o-
BaHHEM BCeX CEMH 3HaueHHi).

¥ BruHcaeHO, HCXOAA M3 ROMYUleHHS, YTO KTHBHOCTL NpOTOHOB cocTasaser 902 OT KoHUeHT-
paunH CONRHOA KHCMOTH. .

B

B tabsn. 4.4 npuBemeHbl pe3yJbTaThi ONpefeJieHHs KOHCTaHTHI
MOHH3allHH KHCJOTH CNeKTpooToMeTpuyYecKuM MetomoM. B kaue-
CTBe MnpuMepa B3AT 8-OKCHXHHOJHH — BellecTBo, obnajaiouiee a0-
CTATOYHOM pacTBOPUMOCTBIO H IpeacTaBlsiolllee CobOi NOBOALHO
cuNIbHYIO Kucyoty. CllefoBaTellbHO, €r0 KOHCTaHTa HOHH3allMKH MOor-
Ja Obl OLITh onpenesieHa NOTEHUHOMCTPHUECKHM METOLOM CO 3HAUH<
TeJIbHbIM BBIHIpHIlleM Bo BpeMend. ONHAKO MpeJCTaBlIAeT HHTEpeC
CpaBHITb Pe3yJbTaThl, MOJyYeHHble ABYMs MeTomaMH (CM. pe3y.ib-
tathl Taba. 4.4).

-

Tabruya 4.4
OnpeaeseHHe KOHCTAHTH HOHM3ALUHH OAHOOCHOBHONH KHCJIOTbHI

Bewecreo: 8-okenxunoaun, CoH;NO. Moa. B. 145,15. Temneparypa: 20°C.
Konyentpayus: 0,00005 M. IlepexpucrannusoBanHoe BeweCTBo ObIIO BEICYLIEHO
B teuenne noun (CaCly, 20 mm pr. c¢r., 20°C) u HaBecka BeleCcTBa, paBHas
726 M2, Gena pactoopena B 500 cu® puctuanupoBauHoii BoAmt., Iloayuembiii
HCXOMublit pactBop mMes xonuentpaumio 0,0001 M. On 6pun pasGabnen B 2 pasa
pasnnunbiMi GydepHbiMH pacTBopamu. AnaasuTuteckan Oauta B0AHbL 355 MMK
(neiirpanbHas MoneKyna uMeeT Amaxe -= 300 ammk). Krosers!: yeTblpexcaHTHMETPO-
Bble. OnTHYECKas MAOTHOCTH PAcTdopa HeliTpanbuoii MoneKyabl dy = 0,045
(pH = 7.5). Ontuteckas MJIOTHOCTH pacTsopa aHHona d; = 0,558 (pH = 13).

.| pK, (cymya coot-

- d,—d
— - - a q HHcen
et ? h=da 4= Bd—d, | Coatuon 11 )
1 2 - 3 4 5 6

9,12 0,123 435 78 40,75 9,87
9,32 0,167 391 122 -+0,51 9,83
9,52 0,216 342 171 +0,30 9,82
65 0.243 315 198 -+0,20 9,85
9,89 0,310 248 265 —0,03 9,86
10,12 0,370 188 325 —0,24 9,88
10,28 0,415 143 370 —0,41 9,87
10,53 0,465 93 420 —0,65 9,88

Peayavrar: pKa = 9,86 0,04 npu 20°C u /=001 (c wucnons3oBanieM
Bcex BochM 3nauenuil) (cp. pKe = 9,89 % 0,03, onpepenennoe noreHuHOMeTpHYE-
CKMM MeTofIOM TIpH Komientpaimu seilectsa 0,005 M7).

7 Albert, Blochem. J., 64, 646 (1953).

8-OkCuxuHOMuH npejcTasiseT co6oil amdorepHoe BelleCTBO C
- pKa= 5,13. O6a 3uauenus pKs ynauso pacnojaraworcs (crp. 144)
(H He/MeIIaloT ONpPEeJeIeHHI0 KaXX10ro U3 HHX JIIOOBM METOIOM.
e

~\ - R | r (1
ot it 51 ‘
p}," " Tourocts 'cnekTpodoTOMETPHUECKOTO METOAA W MYTH ee MOBLIEHHS
y!

TuwatenbHO BLIMOMHEHHOE CNeKTPO(oTOMeTPHUECKOE H3MepeHHe
naer OOHYHO pe3yJibTaThl BbiCOKOH TouHOCTH. Ecnu cpeammii pe-
3ynbTaT CepHH M3 cemH 3Hauenuh pKa B- untepsase pH, paBHoM
1,5 epumHuaM, npesbilllaeT MNpeAen NOrPeLIHOCTH +0,06, To 3Ta
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cepHsi M3MepeHui noJnkHa ObiTh orOpollena. Kak nokasano, Ha
NPAaKTHKE 3TOT npeaes MorpeiiHOCTH MOXKET ObiTh yMmenblilen *. [1pu
onpegenendd pK crnekrpopoToMeTPHUECKHM METOMOM HE PEKOMEH-
JlyeTcsl paCUiHpATh CepHI0 UBMEpPEeHHR A0 AEBATH 3HAUEHWil B MHTEp-
Base pH, pasHom 1,9 eaunvuaM, Kak s3to OblWIO CrenaHo npu pac-
CMOTPEHHH INOTEHUHOMETPHUYECKOro MeTOAa, TaK Kak 00a KOHEYHbIX
3HaveHusi OYIyT B 3HAUMTENBHOM CTENeHH 3aBHCETh OT HEGOMBIIMX
norpeuinocreii npuGopa.

Tounocte onpenenenns pK Moxer OHTh 3HAYMTENBHO NOBLILIEHA
NyTeM 3aMeHbl KIOBET, 3aKpblBaeMHX KpblliKaMu, GoJiee LOpOraMu
KIOBETAMH C 3aBHHYMBAIOILMMHCH KpbiuiKaMu. Mcenosb3ys Takue
KIOBeThbl, MOXXHO CBECTH K MHHHMYMY HCMNapeHHe, a TaKiKe A0CTyH
yrilekucaoro rasa.- Eule Oodsibliledl TOYHOCTH oOnpejiesieHHsi MOXKHO
noGHTbCHA, €clu TeM “HJIH HHbIM CHOcOGOM TepMOCTAaTHPOBATL KIO-
BeTbl. DTy Mepy NpPefoOCTOPOKHOCTH HAyaJd LWHPOKO IPHMEHSIThb
JIMLIbL B caMoe nocJiefHee BpeMs, NMO3TOMY TOYHOCTb OnyOJiHKOBaH-
HbIX-" [IaHHBIX, TMNOJYYEHHbIX CNeKTPO(OTOMETPHUECKHM METONOM,
- 0OBIYHO MeHblIlle, YeM MOKHO Oblno Gbl oXKHpaTh. MaMeHeHHe BesH-
yuebl pK ¢ HeGo/MbLIMMH H3MEHEHHSIMH TEMnepaTyphl ABJSAETCS Xa-
pakTepHBIM [JIS OCHOBaHHii, (DEHOJIOB, HOHA THAPOKCHJIA M MHOTHX
OyQepHbIX pacTBOPOB TakKHX, KakK, nanpuMmep, Gopatbl (cTp., 163).

B Bbluncnennsx pK,, onpenenennbix cHekTpodoTOMETPHYECKHM
METOJIOM, HE BBOAMTCS HMKAKHX NOMPAaBOK Ha KOHLEHTPALHH HOHOB
BOLOpPOJA WM THAPOKCHJIA, MOTOMY uTO Npu onpeneienun pKg
CnekTpooTOMeTpHUECKHM MeToaoM H30eraiorT CTeXHOMETPHYECKHX
KOHUEHTPaLMil NyTeM HEeNOCPEeACTBEHHOrO ONTHYECKOro H3MepeHHs
pealibHBX KOHUEHTpauHuii.

Tak xax onpepenenus pK, HccienyeMoro BellectBa NpoOBOAATCH
npu GosbiioM pa3GaBlieHMH, TO MOXHO Gbuio Obl NpPEeANONONKHTS,
UTO MnoJiyueHHble cnekrpooroMeTpuueckuM MeTonoM 3navenus pKa
ABJISIOTCHA TepMoguHaMuuecKHMH. Onuako, BCJleCTBHE NPHCYTCTBHA

cosieit 6ydepHbiX pacTBopoB, 3To He Tak. CyejloBaTesbHO, noayyae-

Mbleé 3THM METOJOM pe3yJbTaThl NnpencraBisior coboii no onpene-
JIEHWIO, JaHHOMY Ha CTp. 53, «cMewanuele 3naueHuss pKa» n KOH-
LIeHTpallus, KoTopasa HCIOJb3YyEeTCs] B BBIYHCJIEHHAX HOHP&BOK Ha
AKTHBHOCTD, paBHa KOHU,EHTpaH,HH ﬂpHM&HHEMHX I'lpH H3MepPEeHHH
coneit 6ydeprrix pactBopoB (o6eiuno 0,01 M).

[Tepexon ot nonyuaeMblx 3navennit pKa K TepMonHHaMHUYeCKHM
MOKeT OBITb OCYLUECTBJIEH, €CIH MNPHHATh BO BHHMaHHE MOHHYIO
CH/Y KaX0ro pacTsopa, Kak 3TO OnucaHo Ha cTp. 55. Ecan npume-
HsieMble BeulecTBa JJIs NPUroToBJienHsi OyQepHEIX pacTBOpoB fB-
JISIOTCS OJHOOCHOBHbIMH (HanmpuMep, aLeTaT HaTPHA) H MX KOHIEH-
tpauus He npesbiaer 0,01 M, 1o Mexny o6oHMH BuaaMH KOHCTaHT
HOHH3aUMH ecTh JHUIb He3HauuTeNbHas pasuuua. Oxnako npu He-

* TouwoCTs ompedenenns B npeAenax = 0,1 pomyctuma pas eeluects, pK
KOTOpHX Huike 0, -
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NoJb30BAHHH J[J5 NPHroroB/ieHHs OydepHblX pPacTBOPOB IOAHBA+
JIEHTHBIX HOHOB, 3Ta pa3HMUa HecKOJbKO Oosibwie (crp. 59), npu
5TOM MQJ NOJiIBAJEeHTHOCTBIO HE CJelyeT NOHHMAaTh NPOTHBOMNOJOXK-
Hble 3apsifibl, Kak, HanpuMep, B rnuyuHe (crp. 113).

Ecan ans onpepenennsi pKa MOHOKHCIOTHOTO OCHOBAHHSI INPH-
MEHSIOTCS pacTBOpH KucsoTHoH ¢yukuun (fo), To nonydaemole
3Havenusi pK, ABAAIOTCA TepMOJAHHAMHUYECKHUMH. DTO HMEET MeCTO
TaKxe, i ais onpepesneHusi pKa NpuMeHsIioT pacTBOPLl M3BeCT-
HBIX KOHYeHTpayui HoHos Bogopona (HAnpuMep, MpH MPUMeHEHHH
0,02 1. pacTtBopa COJISIHOH KHCJOTHI NOJY4aeTcsi pacTBOP, KOHLEH<
Tpauns nouo pogopona p|H®]koroporo pasua 1,70, Ges ucronn-
30Banusi MoTeHHoMeTpudeckoro metona, cMm. [Ipunoxenne I). Oc«
HOBaHHeM [Jis 3TOro siBJsiercsl ypaBHeHHe:

[H®][B] f e [
[BH®] f

T_
2=

BH®

ITockonbky fg npunsito 3a 1 u fHEB, PaBHHM fBH@ (cm. Koapdu-

. . T C
LHENTH CpefiHeil HOHHOH aKTHBHOCTH, CTP. 55), To Ka=Kai. Oa-
HAaKO STO HENPHMEHHMO K KHCJIOTaM, Ie COOTHOLIEHHE MEXAY
fye ¥ fﬁe Gonee CI0XKHO.

Hcrounuky ownbox

HauGonee uacto BeTpeualoweica olwHOKOH sABASIETCA rpHMeHe-
HHE CneKTpod)OTOMETPHYECKOrO MEeTola B Cllyyae, KOrjla BIOJHE
JOCTaTOuYHO NpHMeHeHHsi Gojee OBICTPOro MOTEHLUHOMETPHYECKOro
mMeTofa (orpaHHuyeHHs MPHMEHHMOCTH MOTEHUMOMETPHUYECKOrO Me-
TOA THTPOBANHA CO CTEKJSUINLIM 3JEKTPOAOM YKa3sauhl na ctp. 29).
[Tonyuennyio oliGKy B cepuy pe3yabTaTOB MOXKHO OOBIYHO OTHECTH
3a CYeT OJHOil M3 CAEeLYIOLIMX MPHUYHH:

a) GydepHble pacTBOpnl NMPHMEHAJNHCH B cnekTpodoToMeTpe mpH
TeMepaType, OTJIHYHOH OT TO#l TeMnepatypbl, NMpH KOTOpPO# Obiin
onpejenensl UX 3naueHuss pH;

6) pacTtBopHTel]b B KIOBET€ CpaBHEHHA (KOMIIEHCALHOHHOM KO-
ReTe) Iie MMeJ TaKOro XXe cOCTaBa, 4TO M PaCTBOPHUTE/ib, HCHOJb-
30BaHHBI [JIA MPUrOTOBJIEHHs pPacTBOPA HCCJELYeMOro BellecTBa
(cTp. 66); ‘

B) ycraHoBka Gapabara HNJHMH BOJH cnekTpooroMerpa Oblia
£Outa B xone uaMepenusi (crp. 71); :

r) ofe cneKTpoOTOMETPHYECKHE KIOBEThl He SABJAJIHCD Iap+
HBIMH.

YcosepuencTBoBanie cnekKrpothOTOMETPHYECKOro MeToja

Ilnsi HeKoTOpbIX TPYAHBIX CJAYYaeB CreKTPo(OTOMETPHYECKHil
‘MeToL MOxeT OnThb YycOBeplUeHCTBOBaH. Tak, omnpegnenenune pl
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1

cnabbiX KHeqoT, T. €. KucsoT ¢ pK > 11, o6blunbIM nyTeM He faer

YCTOHUHBEIX pe3ysbTaToB, MOTOMY YTO SHaueHHs pH 6ydepubix
'PAcTBOpPOB OblnM H3MepeHbl B 00GJIACTH, ILe CTeKJSHHBIH 3JIEKTpoA
He HapemeH. Huxe nRyBeieH rpaduueckuit cnoco6 o6paGotku pe-
3YJILTATOB, KOTOPbIi KOMNEHCHPYeT OwnOKH, nonyyaeMble fp4 3TOM
METO/E, H NO3BOJIAECT NPHMEHHUTDL C JIOCTATOYHOH HaAEXHOCTBIO CreK-
TPOQOTOMETPHYECKHH METON B CHJbHOLLENOYHOH o6aactu. [laaee
cienyer cnocoG onpeneseHds NABYX BeJMHYyHH pK AJA BelLecToa,
QYHKUMOHAJIBHBIE FPYMNbl KOTOPOro CNOCOGHB! NOYTH OLHOBPEMENIIO

HOHH3MPOBATLCSA, uTO 3aTpydusieT onpenenenue ux pK. Hakowen;

TpeAsaraeTcs HHAMKATOpHbIE Meron. Ero uapenxa uCnosmesyior B
CNeKTPOGOTOCKONHH AJiA OnpefesieHdss pK BellecTs, 3JeKTPOHmbiil
CNEKTP MOMJIOILEHHS KOTOPBIX TPYAHO H3MEPHTEH. :

a) Onpenenenune pK, ouenp cnabbix KucaOT (rpadmueckuit cno-
€06). Muorga cnektpbl uacTuu, oCOGEHHO HOHHBIX, HE MoOryTt ObIThb
CHATBl BCJICACTBHE HX HEYCTOWUMBOCTH (pa3JIOXKEHMs) WJIM BCJei-
CTBHME TOFO, YTO PACTBOP ABJIAETCS CJHIIKOM LIENOYHBIM IJIsi HpOBe-

- A€HHSI TOYHOro M3MepeHusi. B Takux chayyasx -(noclienuee 4arye
BCEro BcTpeuaercs npH paborte ¢ kucioramy, HMeowmnmu pKy > 11)
ypaBreuus (4.2,a) ¥ (4.2,6) unm ypasHenus (4.3,2) u (4.3, 6)
MoryT GbiTh npeo6pasoBanbl TakHM 00pa3oM, uToGH OHH BHIpaxaJu
NpsIMYI0 3aBHCHMOCTb, KOTOPasi NPMBOAHT K HCKOMOMY 3HAUEHHIO
PKa. B.kauectBe npumepa (7a6u.. 4.5) npusomutcs onpepeJsene
PKa ¢deroneHoii rpynnsl B CaiuuMJIOBOH KHCJOTE (PKa = 13,82).

- Tabruya 4.5

lIpumep rpadudeckoro cnocoba o6paGoTku CNeKTpod oTOMEeTPHYLCHHX
AaHHBIX JJIf HaXOXAEHHS KOHCTaHThI HOHH3aUWH OYeHb claGol KHCJIOTHI

Bewjecreo: canuuunopas kuciora (deuonbHas rpynna). Temneparypa: 20°C.
Konyentpayua: 0001 M. TlepexkpcTannu3oBaHHOE BeLeCTBO BbICYWUHBAJIOCH
B TeueiHe Houn (CaCl,, 20 mm pr. cr., 20°C) M HCXONMBIi BOIMbI pacTeop
¢ KoHueHtpauueii 0,006 M Gun pasGasnen B 5 pas B NPHCYTCTBHH e[KOro naTpa
H xhopuna watpus (cTp. 79). Anasutuxeckas Oauna soawnti; 330 mmx. OnTiye-
ckas nnoTHocTh MoHoauuoHa 0,123 nmpu 330 mmx (pH = 9,2). Krosere:; opmo-

. CauTHMeTpOBble. ’

[NaOH] :
il | el [ | d-gge |HOIC-Ye) 4 | C
HHH), H. ’

1 2 \ 3 4 . 5 6 7

1,226 8,333)(10““ 14,26 1,013 | 5622X 10715 1,136 13,85

0,681 | 099 1400 | 0857 | 8561 0980 | 1381
0,347 | 1,965 1371 | 0633 112438 . " 0756 | 1380
0,135 | 5059 1330 | 0337 [17,049 - 0,460 | 1380
0068 110012 . | 1300 | 0176 [17.62] 0,299 | 1385

Mpumeuanne. Orpesok opammats Ang cayuas, korza [H®] (d—d ,0) =%
paBen 1,535==¢IA68_ : :

Pesyasrar: pK E = 13,82 % 0,03 npu [ = 1,226,
B’ '

Bennunua pKa kapGokcunbhoit rpynnel paBua 3,0. CnekTp MOHO-
aunnona 6b1 cuat npu pH = 9,2, Ocranbhbie CrieKTpbl CHHMaJHCh
B 0,681 H. pacteope NaOH u B 1,226 1. pactsope NaOH.

Bce TpH CrnekTpa OKasaluch Pa3jMYHBIMH, @ HCO/Ib30BaHue Go-
Jlee KOHLEHTPHPOBAHHO# €104l GbIIO HelenecooOpa3HLM MO HEKO- .
TOpPLIM NMPHYHHAM, OCHOBHO# -H3 KOTOPbIX ABJAETCS CHJbHOE MOIMIO-".
[eyue cBeTa MOHOM rujapokcuya. CuenoBaTelbHO, CTANO0 OYEBHI~
HBIM, YTO TIOJYUHTb CNEKTP YHCTOro NHAHHOHA, HEOOXOAMMOro AJs
NocAeAyIOUMX BbHIYHCIEHHH, }eBo3MOXHO. [lTostomy Obl1 BbIOpaH
rpacduueckuit cnocol o6paboTku CI‘IEKTPO(;]OTOCKOIIH:ICCKHX [aHHBIX.
AnajuTHuecKas [UMHa BOJHBI (330 mMmK) Oblia Haiiilena oGblYHBIM
nyrem (ctp. 71). Bpuin npurotosiieHbl pacTBOPH CaJIHLHI0BOH KH-
cnoTel ¢ kKonuentpauned 0,001 B pacTBopax € MOJIAPHOCTLIO €A
koro Hatpa (cBobGomnoro or kapbGonara), NpHBELEHHON B cronbue 1
1abn. 4.5. Vounas cmJa 3THX pacTBOpoB YypasHeHa jo0asie-
HHEM XJIOPHAA HATPHsA K YeTBIPEM pacTBopam TakK, ytobel [ = 1,226.
3payeHHsl ONTHYECKOH IJIOTHOCTH 3THX pacTBOPOB MpHBENEHH B
crosibue 6. Tak Kak HEBO3MOXKHO HENOCPEACTBEHHO ONpeneluTh

ONTHYECKYIO IUIOTHOCTB IHAHMOHA (d 2©96). To ypasuenue (4.2, a)
GBUIO BHOOH3MEHEHO CJENYIOUHM o6pa3oM:

d—d

OTKyHOa
[H®] (d - dAe)

= 4.3, ¢)

d=d,ee—

KonueHTPAlHsi HOHOB BOJAOPOAA BbIUHC/IEHA H3 BbIpaXels
Kw/[NaOH). [lns onpenenenus 3naventii d u [H®)(d — d,8) Obn
‘npnmeﬁéu MeTOJ HauMenblInX kBajpatoB (ctp. 1567). B pesysbrate
npOBENCHNSA STOM ONepaluH NOoJyueHa BEJIHYMHA ONTHUECKOMH [10T-
HocTH Amanuona, pasnas 1,535. Mcnoab3ysi 3TO cpeldiee 3nauennc
oTpe3ka Ha OCH OpPJMHAT, GbIIO MOJNYYEHO 3HAUeHHE «KOHUEHTpa-
uuonnoro pKa» mns I = 1,226.

6) Onpenenenne GIM3KHX NO 3HAYEHHMIO pKa.. Ecan BeuwectBO
HMeeT ABE rpYNMsl, CrOCOOHEIE K HOHM3AUNH, BEJIHUHHDI pK xoropbix
nexat B MHTEpBaJie 3 e[uuHIL, TO onpenenene pK oObiiHO 3aTpya-

*neno. Ha cTp. 49 ykasblBaJoCh, KaKye MpH 3TOM BO3HMKAIOT TPYA-
HOCTH M KakuM o0pa3oM HX MOXHO MPEOLOJeThb, HCMONL3Ys MOTEH-

- IHOMETPHYECKHI MeToA THTpOBaHus. I1pH MpHUMEHEHHH CHEKTPOQo-
. TOMETPHYECKOr0 MEeTOfa BCTPEYaeTcss MEHblIe TPYAHOCTEH, ecJH
.’ ‘ypaercsi HalTH aHAJMTHYECKYIO HAJIHHY BOJIHDBI, HA KOTOPOM He3aps-

JKenHass uyacTulla M ABY3apsAHBIH HOH 001ajal0T OAMHAKOBBEIM
HorJIOLleHHEM CBeTa, OTMYAIOWMMCH OT TOMIOUIEHHs CBETa
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ofHo3apsaHoro uoHa %9 OnHaKo B HEKOTOPHIX cAy4YasxX TaKylo aHa-
JUTHYECKYIO JJIMHY BOJIHBI HE YHaeTcs HaHTH. IJTO ualle BCero
BCTpeuaeTcs NpH onpenejenud pK BewlecTs, MOJEKYJbl KOTOPBIX
obnanatoT BHICOKOf1 cTenensio cuMmeTpuu. Ha npuMepe Oensujuna
CmleNz (MOJI. B. 184,23)

e e
MOXHO II0Ka3aTh, KaK MPEOooJieHa 3Ta TPyAHOCTh onpepnenenus pK,
XOTsl TYT Ke CaellyeT OTMEeTHTh, 4TO KaXJ0oe BCLIeCTBO MOKeT
HMETh CBOH OCOGEHHOCTH, CBSI3aHHBIE C MPUPOMAOI CMEKTpa.

- CneKTp pacTBopa HeUTpasibHOH MOJeEeKyJbl TnoJydyed Tpu
pH = 9, npuuem HafileHo, yTO XOA KPHBOH CNEeKTPa NOIJIOLIEHHSI
MOJIHOCTLIO NOBTOPAETCSs 6e3 KaKux-
n1i60 H3MeHenHii B 3HAYEHHAX OMN-
THyecKod nJaotnoctd npu pH =7,
AnanoruunbiM o6pa3oM Gbll CHAT
CNeKTP pacCTBOpa JHKaTHona TNpH
pH=1, u npu pH =0 npu stom

TaGruya 4.6

HameHenHe onTHYECKOMN
NAOTHOCTH OeH3HAHHA
¢ uameHeHHeMm pH

Konyermpayus: 5 1075M.
Temnepamypa: 20° C.

Kiosembi: ONHOCAHTHMETPOBHE. d3MeHEHHH B CnekTpe me HabJaiona-
' JIOCh.

OnTHyeckas MAOTHOCTS Belno wnaiimeno, uto B HiTEpBa-

pH ne pH = §,5— 2,7 anauenus ontu-

dy npu 300 scsxc|ds mpu 245 um  YeCKOH TNJNOTHOCTH HECKOJLKO OT-
NHUalTcsa OT 3iauenHil  oNTHYe-

7,10 0,822 0,262 CKOil MJOTHOCTH MAaKCHMyMOB MO-
5,40 0,766 0,260 rAoluleHdsi pacTBoOpoB HellTpaJbHOR
g'?g' g’%’g 3% MOJIEKYJbl H jMKaTHOHa, CJeno-
492 |- 0685 0,963 BaTe/lbHO, KOHCTAHTHI.00€HX OCHOB-
479 0,637 0.278 HBIX TPYNMN [OJIXKHBI HaXOMHTHCH
4,56 0,597 - B 5TOM wuutepsate. [lanee, Ouiiu
4.32 0,531 - CHATH YeTHpe NOJHBIX CNeKTpa B
éé? 8:358(5) 0.485 HHTepBaJje JJHH BOoAH 215—
374 0.321 0,559 350 MMk nNpH chenylOWHX 3Haye-
3,54 0,255 0,628 uusax pH: 54; 4,7; 4,1 u 3,4.

3,30 0,181 0,726 M3 nonyuenublXx CneKTpasbHHX
‘ 3’(1)(2) R g:}?g’ | g:gg KPHBBIX MOKHO MPHOJUBHTENLHO BhI-

288 | 0,088 0,835 6path auaJIMTHYECKHE JIJITUHBI BOJIH,
1,00 0,000 0,910 a umenno: 300 u 235—245 mmk.
’ . . Haa BeiGopa 3THX AJHH BOJH HMe-
R JIUCE CJleyioijie OCHOBaHUAA,
a) Ha gnuue BonHbl 300 MamKk ueliTpanbHas MOJEKyJa CHIBHO
MOTJIOWIAeT CBET, B TO BPeMs KaK MOIJIOILEHHE CBETa AUKATHOHOM
PaBHO HYJIIO; '

8Kok-Peng Ang, J. Phys. Chem., 62, 1109 (1958).
®Thamer, Voigt, J. Phys. Chem., 56, 225 (1952).
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6) B untepsaJje MauH BoMH 235—245 mmk npu nepexose oT pH
7 K 4,7 3uayeHHe ONTHUECKOH TNJOTHOCTH TMOUTH HE MEHAETCH, UTO
YKa3bpBaeT Ha TO, YTO MOHOKATHOH W HeHTpa/bHaf MoOJeKyJia, Be-
POATHO, MMEIOT OJHHAKOBOE CBETOMOIJIOUIEHHE HA KaKOH-TO IJIHHE
BOJIHBl BHYTPHM YK43aHHOro BBILLEe WHTepBasa. Bojbulie TOro, B 5TOM
uHTepBaje NJUH BOJH HaONONaeTcsi MakKCHMYM B CMeKTpe IHKa-
THOHA.

Bun npurotosiiens nsraanuats 0,01 M Gydeprrx pacTBopos
co auavenusimu pH = 5,429 (1aba. 4.6). OnTHUECKYIO MJIOTHOCTD
3THX PacTBOPOB (B KIOBETax CpaBHEHUs MPHUMEHsHCh Oydepubie pac-
TBOpbl C OMHHAKOBHIMM 3Hauendsamu pH) usmepsnn Ha aanHax
goau: 300 u 235—245 smmk. OnrtHyecKas IJIOTHOCTH HAa JJIHHE BOJI-
HH 245 mmx ue uaMeusaace B uHTepsane pH ot 7 no 4,92, u no-
5TOMy 3Ta JUIHHA BOJIHBI Oblna peifpana B KayecTBe BTOpOii aHas-
TUYeCKoii AJHNbLI ROJIIbL.

V3 nosyueHnbix faHHbIX MOXKHO BBIUHCAUTL 3nauenne pKa AByx
OCHOBHBIX rpynn OeH3uaHHa NPH NOMOLIK MeTo/la NOCJeNoBaTE b
HBIX NPHOIUIKEHHil.

a) Ilpexcpe Bcero, MOMKHO ObiTE YTOYHEHO 3HAUEHHE ONTHYE-
ckoit naotHoctH (0,260), MpeAnosOKHTENbHO OTHECEHHOE K MOHO-
KaTHONY MpU [AJHHE BOJHBI 245 MMK, NOTOMY 4TO MOJYYEHHOE
Mexxny BesquuuHamu pH 5,40 u 4,92 nocroanHoe 3naueHHe ONTHYE-
CKOil MJOTIIOCTH MOKeT ObiTh Take oO0ycnoBaeno foraulelnemM
nByx pasuux 3¢gdexkros. Hanpumep, onTuueckas mioTHOCTs MOHO-
KaTHOHA MOXET ilOHHKaTbcsd C yMmenbluenHeM pH, HO 3T0 yMeHs-
LIeHHe MOKeT TOMHO KOMMEHCHPOBATLCA YBeJHYeHHEeM ONTHYECKOIl
NJAOTHOCTH BeaejcTBue OOpa3OBaHMs JIMKATHOHa B 3TOM HHTEpBa-
ae pH. Ypasuenue, orpenessioulee HOHH3aLUHIO Gonee cyaboir oc-
HOBHOI rPYyNIB, HMEET CJelylOlHii BHA:

BH$® — BH® - HY
OTKyAa
w. . Inel[e1e]
27 [BHPY]
[Mpu A = 245 muk
dl—a
K= (1] (—2) (4.4
dy —dy

" rne df — onTuuecKas IWIOTHOCTb YHCTOrO AMKAaTHOHA, PaBHas 0,940;

d, — uabaronaemas ontyuecKas MJOTHOCTh NPH JAHHOM 3Haue-

nuu [HO];
di — onpenensemasi ONTHYECKas IJIOTHOCTb YHCTOTO MOHOKa-
THOHA.
Vpapuesue (4.4) npeo0pasyior cjeRyOLUM obpaszomM:
H®
dy= [T-l—(dé‘ —do)+da (4.5)
a2
6 3ak. 269 81



3asucumocty dp ot [H®] (d2' —d:) npencraenser coGoit npse
MYIO JIMHHIO, HMEIOILYIO HaK/AOH, paBublit 1/Kaz, W OTCEKalOUHiT OT«
pe3ok ds. Benuuwna orcekaeMoro orpeska pasHa 0,260, uTo cooT-
BETCTBYET 3HAUEHHUIO ONTHYECKOH MJIOTHOCTH NPEANOJIOXKHTENbHO OT-
HECEHHOH K MOHOKATHOHY MPH JJIHHE BOJMHBEI 245 mmk. Hcnoapsys
[OJIYYEHHYIO BEJIMYHHY ONTHYECKOIl MJIOTHOCTH, MOXKHO BBIYHCINTD
pKaz 05 Kaxkaoro U3 cemu 3Hauenuit pH B kuTepnane 2,88—3,91 ¢
MOMOIILBIO YPaBHEHHS: '

- dy—0
PKy=pH+1g (ﬁﬁ):s,m +0,02

6) [Monyuus 3uavenue pKaz MOMHO BBHIUHCIHTbL ONTHYECKYIO

[IOTHOCTL MOHOKaTWOHA Ha paune soamsl 300 mmr (dl), onrako
JULIb B BuAe npuGIHKEHHOTO 3HaueHus, TaK Kak naGjalopaemas on-
THYeCKas mJoTHocTe B uutepBane pH = 3,00 — 3,91 (npu 300 matk)
o6yc/I0BNeHa NPHCYTCTBUEM BCEX TPex yacTHiL. ClesoBaTensHo,

_ (A= @
Ka=(G =g ) 1] (4.6)

CymmupoBanue ypasueunii (4.4) v (4.6), Hcrnosp3oBanue Tex
e caMblX 3HaueHuil pH u mpeoGpa3soBanue naer

di=dr+(dr —di) (fi:fi) . (4.7)

il —a
. rae d, — na6nioflaemasi ONTHYECKAs TWIOTHOCTH MpH 300 mux;

dy — onTHYeckas IUIOTHOCTH JAMKaTHOHa mipu 300 mmk
(0,000);
dz, d‘z H d:l;[— HMEIOT T€ K€ 3HayeHusi, KOTOphle OblIH HCHONb30-
BaHbl B YpaBHEHHHU (4.4) H BCE ObLIH H3Mepenbl NpH
IJIHHE BOJIHBI 245 MMK.

- Ucnoabays wWecTb peayabTaToB dy M dy HA KaXAOil AJHHE BOJ-
HEl (H3MEpeHHs NPOBOAWJHCH MPU ORMHAKOBHIX 3HaveHusx pH B
uutepsaje mexay 3,00 u 3,91), noayuaior npuGauIKEHHOe 3uaue-
HHE ONTHYECKOH [JIOTHOCTH MQHOKAaTHOHA 1NPH JJIHHE BOJHBI
300 mmx (di=0,566 = 0,011).

- B) B HabniofaeMoe 3HayeHHe ONTHYECKOH MIOTHOCTH (d;) B MH-

tepBane pH = 4,10 — 5,40 (rme umeer MmecTO Houusauusi Gonee -

na, suas di= 0,566, pKas = 3,62 u HCNONb3Ysi BhIpaXeHHe

Koo A

Liw K; +d! .8)
T | '
rae dr — KOPPEKTHPOBaHHasi ONTHYECKas INOTHOCT.

OCHOBHO# r;i)ynnm) MOXKHo BHECTH TNOMPaBKY Ha BJHSIHUE IUKATHO-

df‘. = d;!aﬁuwﬂ. _—
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Bripaxkeune
!
Kaody * 11

—_—d
[H$1 + 1
Ka?

T

BHIBOJIUTCS HENOCPENCTBEHHO U3 ypaBHeHus (4.6) u npeacTaenaser
co060ii BeNUYHHY ONTHYECKOH NJOTHOCTH, BHIYHCIEHHYIO MPU COOTRET-
CTBYIOILMX 3HayeHusx PH npu yc/JOBHH, UTO panbHeHllas HOHH3a-
LK5. MOHOKaTHOH@ He 3aBHCUT OT BJIUAHHA, O0YCJOBJEHHOrO HOHU3a-
Lueil HellTpanbHoOil Monekyan. CJefoBaTenbHO, pasHHIla MeXAY
BHYHCJIEHHBIM 1l Ha0J10naeMBpM 3HAYEHHSIMH ONTHYECKOH MJIOTHOCTH
(dy) npu onHHAKOBLIX 3HAauyeHUsix PH NPOHCXOMUT H3-32 MPHCYT-
CTBHA HefiTPaJBHOK MONEKYJbl. DTU pasHHilbl, Oyayud npubabieH-
HbIMH K HPHUOJMXKEHHOMY 3HAueHHIO TJIOTHOCTH MOHOKATHOHA MpH
300 MMk (di), [a10T 3HAUEeHHs ONTHYECKOH NMJAOTHOCTH, KOTOPLIE CO-
OTBETCTBYIOT HOHH3alliH CBOGOIHOro OCHOBaHusi 0e3 yyera BJAHSHHS
pagpHeilliell HOHM3alUuH MOHOKaTHOHA. Mcnonways cemb 3naueunil
ONTHYECKOIl IJOTHOCTH, OTKOPPEKTHPOBAHHLIX YKa3aHHLIM BbILIE

cnoco6om, H 3HayeHue di, MOKHO NMOJYUYUTb NPUOIHKEHHYIO BesH-
unny pK; nas pasunoBecnoro ypasuenus BH® =B H®

0,822 —df
1 1

rae pKy = 4,81. o

r) Hanee, nonyuennoe npubauxeHHoe syauenue K| HCMOJAL3YIOT
VI YTOYHEeHHs1 HaGJaIoflaeMblX 3HAYEHHiHE ONTHYECKOH MJOTHOCTH
npn ananne poanbl 300 mmx u pH 3,00—3,91 ¢ uensio usyuenus
BJAHAHHS cBOOOAHOIO OCHOBAHHSA HA HOHH3alHIO JHKaTHOHa

mep ]
__‘_d!la SO (4.10)

Ky
T

d? =di—|

roe d{“ ~— ONTHYECKad [WIOTHOCTb CBOOOJHOrO OCHOBAHMS TMpPH
300 mmk, pasuas 0,822. . - _ '
. 1) B ypaBuenuu (4.7) 3HaueHuss d; 3aMEHSIIOT MOJMYYEHHBIMH

'aHaueHusiMU di° W BCIO METOAMKY pacyeTta, BKJIOYasi YpaBHEHWs

(4.8), (4.9) u (4.10), moBropsitOT A0 Tex MoOp, MOKA He MOJYYalOT
IMOCTOAHHLIX Ppe3yJbTaTOB. nOJ’I}“-IeHHhIE 3HAUEHUA TNPUBOAATCHA B
Tala. 4.7 ¥ OKOHYaTeJbHEIE pe3yabTaThl Jas pK; u pK,, BHyuénen<
e mpy 300 mmx, pasubl 4,70 £ 0,03 u 3,63 & 0,03, coorser-
CTBEHHO. ' '
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KoncTaHThl HOHH3ALMHH

Beauuunnt ucnoab308aHHNX 3HAYEHUI OnmuyecKOld nAomHOCMIL
a'l = 0,822 (300 mmx); dl == 0,000 (300 snr); d2-= 0,260 (245 Mntic)s

all =.0,940 (245 mmr). Temnepamypa: 20° C.

GeH3uauHA

Ta6ruya 4.7

pH 300 | 312 | 330 [354 [374 |39l 410 | 432 [456 | 472 |49 | 514 | 530 | 540 [SPeANCE | r1oueianve
Hcenoas3o- :
paHHoe ypaB-| HaGaiopennoe d, ‘
Henie (300 mmMr) .-. . .| 0110 [ 0,136 | 0,181 | 0,255 | 0,321 | 0,380 0,455 | 0,531| 0,597 | 0,637 | 0,685| 0,726| 0,755]| 0,766 —
Ha6aioneunoe d,. ’
(245 mmr) o . . .| 0,808 | 0,774 | 0,726 { 0,628 | 0,559 | 0,485 -— — — — — — — — —
; . [NepBas cepus.
4.7) dy (300 mmk) . . . .. 0567 | 0557 | 0,575 | 0,556 | 0,573 | 0,568 §. — — — — — — -— —_ 0,566 Bbégncnemdi;
(4.8) dY (xoppextHposano) | — — - | - — | = — ]0625] 0,655} 0679 0,712 0,742 0,767} 0,775 Bdém Henoae-
9 |pKy v = | = | = =1-=1= — | 484 | 483 | 482 480 | 480 | 474 [ 475 | 480 | udunu (47
(4.10) df‘z (koppektHposano) | 0,106 | 0,131 | 0,173 | 0,242 | 0,300 | 0,351 —_ — — — — — —_ —_ — noJNyueHus BTO~
poii cepuu
1 N : Bropas cepus
4.7 dy (300 mmE) . 0,546 | 0,637 | 0,550 | 0,627 | 0,535 | 0.526 — - —_ — —_ — 0537 | oiiasen et 1o-
(4.8) dc (MBRXAN KOppeK- Bblé’.'z 3HAYEHHS
. THPOBAHO) . . . . — — - _ —_— — — | 0,620} 0,652} 0,677 0,711 0,741 | 0,766| 0,775 dy” ucnons-
“4.9) pK. c ¢ s-s u s of — —_— _— — — - — [ 471 (473 {474 | 472 | 474 | 469 | 470 {4,73+0,04( 3yrTCA (2 %paﬁ-
HeHun (4.7) aas
(4.10) €2 (npannmt Koppek- noayuenks
mponaﬂo) . ..« | 0105 0,129 | 0,170 ! 0,238 | 0,295 | 0,343 — — — — — —_ — — TpeThell cepuu
@n dl 300 mmx) . . . .| 0541 | 0528 | 0,540 | 0,519 | 0,526 | 0,513 — | - = =1 =1—=1—=1 — 1 0528 | Tpersa cepus
(4.8) d$ (nanvueiimas xop- BRIHCACHHH
PEeKTHPOBKE) + « | — —_ - — — — 0,586 | 0,619] 0,651 | 0,676| 0,710| 0,741 | 0,766 | 0,775
(4.9) PKy . ... ... T — —_ — -_ -_ 470 | 4,67 | 4,70 | 4,72 | 4,71 | 4,72 | 4,67 | 4,68 14,70+0,03]
(4.10) dfg (nanbueiinran Kop-
PeKTHPOBKA) 0,105 {0,129 {0,169 | 0,236 | 0,293 | 0,339 0,396 | 0,444| — — - — — —
pKe, HCIOAb3Ys 3Ha- E.
wenns d$° . .. .| 361 | 361 | 363 |363 |365 (366 | K .|362 [361 | — | — | — | — | — | — [363+008

Pesyﬂsmam: pK; = 4,70+0,03; pK, = 3,63+0,03 npu 20°C.

Cnen’rpod:ommerpnqecxoe onpefenedne pK, BelllecTs, 8JeKTPOHHLIE CNEKTPH
MOrJIOLEeHHsT KOTOPLX Helb3s H3MEPHTL

Hns cnémpo:pommerpuqecxom onpenenerus pK, pactsop usy-
. 4yAeMOro BeilecTBa IOTOBAT B ONTHUECKH MPO3payHux OydepHuIX
. pacTBOpax B COOTBETCTBHH C NPHHIMIOM, W3JOXEHHHIM Bbllle B
stoit ryase, M30biToK Oydepa mossoJsier NOAAEPKHBATH MOCTOSTHHOE

84

iecTea.

3HaueHne pH pacrBopa ¥ TakuM NyTeM (HKCHPOBaTh paBHOBE-
CHE MeXKAy KHCJOTHO-OCHOBHbBIMH (OPMaMH HCCAENYyeMOro - Be-

. MOXHO npuMeHHTb H OOpaTHbIH MeTOA — N00aBUTb B H3yyae-
MYIO CHCTEMY OKpalUEHHBIH HHOMKATOP C WU3BECTHBIM
pKa B TakoM KoJiHuecTBe, YTOORl OH HE OKa3aJ 3aMEeTHOTO BJIMSHHA
Ha KMCJOTHO-OCHOBHOE paBHOBecHe. HlaMepennble crektpodoromer-

3HayeHHeM
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PHYECKH OTHOCHTEJbHHE KOHIEHTPALWH MOHAa H MOJEKYJh HHOHKa-
- TOPa XapakTepuaylorT BeJW4YUHY pH cucteMpl. 3TO MO3BOJSET NpPO=
H3BOIAUThL cneKTpopoTOMeTpHuecKoe onpenejienue pK, Bellecte nas
TE€X CJyyaeB, KOrjla HEBO3MOXXHO H3MEpPUTh 3JIEKTPOHHHE CINEKTPbI
NOTJIOLEHUsI WX PacTBOPOB. YKa3auHhIil MeTOs 0COOeHHO [MoJe3eH
Ans uamepenus 3HaueHuii pKy > 11, a Takxke ans uccaenopBaHus
neiTepupoBaHHbIX BellecTB. B GOJBIIMHCTBE OCTajbHBIX CJy4YaeB
GoJlee YAOOHBIM H TOYHBIM OKa3hiBaeTcsy NOTEHLHOMETPUYECKOE TH-
TPOBaHUE CO CTEKJSHHBEIM 3JIEKTPOIOM.

FotoBsiT nmeBsTH PacTBOPOB HM3Y4yaeMoil KHCJOTHI, COHEpXKallei

Takue cTexnoMerpuueckue konuyectBa [HA] u [A®], kakue npuse-
menbl B taba. 2.1. 3aTeM moaGHPAIOT MHOUKATOP TaKuM oGpa3om,
yTO0Gb MPHOJH3UTENBHO B TIOJIOBHHE 3THX PaCTBOPOB OH HMEN OMMIl
IBeT, a B MNOJAOBHHe — ApYyroki. B kamawlii pacTBOp noGaBnsieTcs
CTOJIBKO MHIOMKATOpa, uTOGhl KOHLEHTpallif ero cocrasjana
0,00005 M pas 0,01 . pacTBOpa H3yyaeMOro BelecTBa. 3aTeMm na
IJIUHAX BOJIH, COOTBETCTBYIOIHX Amaxc ABYX (OPM HHAMKATOPA, H3-
MepsIoT OnTHYECKHe [JIOTHOCTH PacTBOPOB; HanpuMep, Aas Bpom-
(eHONOBOrO rony6oro 3TH Amaxe coctapasioT 440 u 600 mmk.

OrTHOmIeHHe BENHYMH H3MEPEHHBIX ONTHYECKHX MJOTHOCTEH (a)
M03BOJIfIeT paccyuTath BeJHUHHY pK, W3 ypaBHEHHS

Ka= pKu,+1g [HA] —1g [A®] —Iga (4.11)

rae pKysg = pKa unaukatopa, manpumep, 4,22 pass Bpomdenono-

BOro roayGorot?,

Beanunuti [HA] u [A®] nyxunaiorcs B nonpaskax kax ans [H),
TaK M AJIS CABHIa PaBHOBECHs, BBI3BAHHLIX H3MeHenueM GydepHoro
OTHOLUEHHS TOJ BAHAHHEM NMPUOABJEHHOrO WHAUKaTopa. B TOM ciy-
yae, ecan pH unpukatopa O0ausko k pH uccaenyemoro seulectsa,
3TH MONPaBKH MOTYT OBITH MPAKTHYECKH HHUYTOMKHHL -

10 Kilpatrick J. Am. Chen. Soc.,’ 56, 2048 (1934). Benuumunsl pKa npy--

THX MHAMKATOpPOB MoryT ObiThb HaHJJ,eHH B STOM e craThe.

Trasa 5

ONPENEJIEHUE KOHCTAHT HOHHU3ALUHH
KOHAYKTOMETPHYECKHM METOAOM

Bckope nocne toro, kKak AppeHHyC OTKpbL fIBJIEHHE HWOHH3aLHH,
OcTBasip[l NOJAYYHJ NepBble KOHCTaNThl, KOJUYECTBEHHO ONUCHIBAIO-
urie 3TOT mpouecc. OctBanpy MPHMEHW] K HOHHM3alku KapGo-
HOBBIX KHCJIOT B PacTBOpax pasjMUHON KOHLEHTPALHH 3aKOH Jeii-

‘CTBHA Macc

K==2E ®.1)

l—a

rae K, —KOHCTAHTA KHCJOTHOH HOHHU3aLUM;
°  a—cCTeneHp HOHH3aLHH.
Jas toro utoObl HaWTH BeNWYHHBI CTeNEHH MOHCCOLMAIlHH «,
OcTBaJIbl, BOCIIOJNB30BAJICSI €€ ONpefesyeHHEM, NpenyoKeHabiMm Ap-
pPEeHHyCOM

a=2% " (5.2)

rae A, — 5KBHBAJEHTHAR 3JIEKTPONPOBOJHOCTD;
Ag— npepenbHas 3JeKTPONPOBOJHOCTD, -

.DKBUBaJIeHTHAaaA  3JEKTPOMPOBOAHOCTb A, — 3JEKTPOIpOBO/l-
HOCTh pacTBopa, coliepaulero 1 2-3Ke pacTBOPEHHOro BELeCTBa B
1 2 wau 1 cu® pacTBopHTeNsl (MCIONB3YIOTCs o0a cTawjgapra), mno-
MeIleHHOTO MEXAY 3JEeKTPOAaMu MIowajpio B | CM2, OTCTOALMMYU

' Ipyr OT Apyra Ha pacCTOSIHuH, paBHOM 1 ca *,

Jl1st OHOOCHOBHBIX KHCJIOT BEJIHYHMHA Ac OIHOBPEMEHHO ABMSIET-
csi MOJIEKYJsIPHOIl 37eKTponpoBopHOcThIO. IIpu pasGaBnenun pac-
TBOpa 3KBUBAJIEHTHAsI 3JEKTPONMPOBOJHOCTh €r0 BO3pPAacCTaer, mpeje-
JIOM 3TOrO yBeJHueHus -GyAeT MpeiesbHas 3JEeKTPONPOBOLHOCTEL Ay,

* [21o onpeneneHue SKBHBAJIEHTHO}! SNEKTPONPOBOJHOCTH ABJASETCH Hempa-
BHJBHBIM. DKBHBAJIGHTHAsl 3MEKTPONPOBOAHOCTL A — SJEKTPONPOBOAHOCTL pac-
TBOpa, ColepiKallero 1 2-3xe pacTBopenHOTo BELLECTBAa H MOMEILEHHOTD Mexny
napaasieJibHbIMH  3JEKTPOLAMH, OTCTOAIUMMH- APYr OT Jpyra Ha pacCTOSHHH
1 cn— Ipunm, pedaxropa]
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KOTODYIO TaKX¢ Ha3blBalOT «3JEKTPONPOBOAHOCTBIO MpH GeckoHey-
HOM pa3sGapneHuu» *,

BrICOKHE 3HaueHHs SKBHBAJNEHTHBIX 3JIEKTPONPOBOAHOCTEH HOHOB
BOAOpOAA W THAPOKCHJA, COCTABASIOLIHE COOTBETCTBEHHO 325 U 179
(npu 20°C), cBs3aHbl ¢ TeM, YTO NPH JIBHXKEHHH OHH HE NMEPEHOCHAT
ruppaTHble 060/10uKH. DKBHUBAJEHTHBIE 3JEKTPONPOBOAHOCTH GOJMb-
LIHHCTBA JPYrHX WOHOB COCTABJIAIIOT MeHbIIHE BeauyuHbl 40—70

(mpu 20°C).

I'paHKubB MpHMeHeHHA Merona

Bnnote no 1932 r. KOHAYKTOMETPHIO HaHOOJIee IHPOKO MPHME-
HAJIW LISl onpejeneHrsi KOHCTauT HoHu3alud., B 1932 r. B papme pa-
GoT! OBLIO NOKAa3aHo, YTO NOTEHUHOMETpUS MOKeT maBaTh CTONb
XK€ TOUYHBIE pe3yabTaThi® D10 GbLIO MOKA3AHO Ha NMPUMEPE YKCYC-
HOH KHCJOTBI; pedynbTaThl COOTBETCTBEHHO cocTasasiiu 1,754 X 10-5
(PKa = 4,756) u 1,753 X 10-% (pKa = 4,756) npu 25°C. Tlocae
3TOro MNOTEeHIHOMETPUYECKHIt MEeTOJ CTaJu MNpHMeHsiTb HanboJjee
IUMPOKO, TaK KaK OH OKa3ajCs MHororpaHsee, 6pictpee u TpeGopan
MEHbIUHX BHIYHCJEHHH, yeM KoHpyktoMmeTrpusi. ITosTomy, Korma B
1939 r. 6una onyGnuKOBaHa KPUTHYECKAst CBOAKA JOCTOBEPHBIX
KOHCTaHT HOHU3aluH 3, TO B Hell MPUBOAMJM HailfleHHbIe KOHLYKTO-
MeTpHYEeCKHM MEeTOHOM KOHCTAaHTHl TOJIBKO TAKHX KHCJIOT, BEMHUMNLI
- pKa KoTOpBIX Jiexasiu B y3KoM untepBane 1,89—5,15. B atux npe-

Aenax KOHAYKTOMETPHYECKHH €nocob JMOJro OCTaBaJjCs HenpesB3oil-
JEHHBIM.

B HacTosiillee BpeMs KOHLYKTOMETPHS B OCHOBHOM NpHMeENSieTcs
ANsl onpeneyeHusi KOHCTAHT HOHH3ALHH O4YeHb CJabbiX KHCJIOT ¢
pKa = 11—14 (ctp. 89). Onuako pas onpeneneHus KOHCTAHT HOHM-
~ 3allld OCHOBAHHWiI C TaKOH XKe BeJH4YHMHOH pK,; KOHIYKTOMeTrpuye-
CKHH MeTox . Menee YnoOex, 4YeM CHEeKTPOPOTOMETPUYECKHT H TO-
TeHLmoMeTpHueckuit (cTp. 77 u 46), OAMHAKOBO NpPHMEHHMBblE Kak
" IS KUCJIOT, TAK W [ OCHOBAaHUM,

OcoGeHHOCTBIO KOHAYKTOMETPUUECKOro omnpepenenus pK,, orau-
yajpouel ero 0T cOOTBETCTBYIOLLEro NOTEHLUHOMETPHYECKOrO onpese-
neHus, ABASETCs TO OGCTOATENBCTBO, YTO CEpPHsi IKCMEPUMEHTAJb-
HbIX N@HHBIX B OINBITE MOJYYAETCH NMpuU NPOCTOM pasGaBleHuH, a He
¢ [MOMOLIBI0 THTPOBAHHA PACTBOPOM KHCJIOTHI WM ILEJIOYH MOCTOSH-
HOH KoHuenTpanuH. [103TOMY KOHAYKTOMETPUYECKHH METOH 4YacTo
HYXIaeTcs B NONPaBKax, CBA3AHHBIX C aKTHBHOCTBIO. DTC [enaer
BeCbMa TPyNnoeMKHMH W 0e3 TOro rpoMO3fiKHe pacueThl. KpoMme Toro,
KOHIYKTOMETpHYecKoe ompenesenue tpebyer, mo KpaiiHeii Mepe,
- BAiBOe GOJIbIIEr0 KOJNUYECTBA BPEMEHU, YeM IOTEHIHOMETpPuYECKoe,
Tak Kak no nepeomy crnocoCy mas pacueta pK, neoGxomumo noay-

“* [TMocnepnioly yacto o603HayawT cuMBooM A O~ ITpum, pedaxtopa.)
' Harned, Ehlers, J. Am. Chem. Soc., 54, 1350 (1932).
2MacInnes, Schedlovsky, J. Am. Chem. Soc, 54, 1429 (1932).
3.Dippy, Chem. Rev, 25, 151 (1939). )
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YyaTh 3Ha4YeHWs Ao, MPOBOMSA ONBLITH C COJBIO, & 3HAYEHHe A, — Tpo-
BOSA ONBLITEI €O CBOOGOLHOH KUCJOTOH HJH OCHOBAHHEM.

OO6biyHo  ynotpebJasiiolteecsi B KOHAYKTOMETPHUECKOM MeTO1e€
nocjaeposaTtejbHoe paszfaBjieHHe pacTBOpa H3Y4YaeMoro BELUECTBa HE
LaeT BO3MOMCHOCTH MONYUHTH TOYHBIX PE3YAbTAaTOB MJs1 N100O0H KHC-
notel, pK, xoropoit Goabute, uem 6,5. Ilpuuunoil 3TOro sBARETCH
Hen3GerHOe MPHCYTCTBHE YIVIEKHCJOrO rasa B BOJE, HCMOJAb3yeMoil
I npurotoBjenus pactsopos. Ecnu Gojlee CHABHAsA, YeMm YyroJib-
nas (pKa = 6,5), kucsaora MOXET TMOAABUTE JAHCCOLNALHIO f1epBoH,
To GoJsiee cya6asi, 4yeM yroJbHasn, KHCJAOTa HeH30EeXKHO YyMeHb-
LiaeT CBOIO WOHH3aLMIO NOJ BAUsiHHEM nocnenner. Fonusaius oueHb
cnabbix KHCAOT CJHLIKOM MaJa, uToOkBl B Pe3y/bTaTe ee [OJYUHJIuCh
HONbI BOZOPOAA B KOHLUEHTPAaUHAX, AOCTATOYHBIX MJIA HX TOYHOIO
uaMepeniisi na Qoue 371eKTPONPOBOAHOCTH BOAbL. Tak, B ciyuae xHc-
notbl ¢ pKs = 8, jis npoBeneHust AOCTOBEPHBIX H3MEPEHHIi HY»KCH
0,01 M pacrBop, a nas Kucjaotel ¢ pKa =9 npuxomutcs Gparb
0,1 M pactBop uccaenyemoro seuectsa. ECAH 3TH KOHLeEHTpaly
pavanbible, TO NOCAeNOBaTeNbHEIM pa3baBleHHeM HEBO3MOXHO MO-
JAYYHTb GONBLIOYO YHC/@ PacTBOPOB, H3MEPEHHA B KOTOPLIX OCTaBa-
JHCh OBl IOCTOBEPHLIMH.

Bonee ymaunblM MeTOROM u3Yyuyeuus cjabbix KHCIOT sIBASIETCS
p3Mepeinie 3JEKTPONPOBOANOCTH HE MPOCTO BOIHBIX PacTBOPOB INO-
CAENHHX, @ pPaCTBOPOB HX B BOQHOM pacTeopé eikoro Hatpa. Ilpu

_5TOM U3MepsieTCsi YMeHbLIeHHE 3JIEKTPONPOBOAHOCTH HOHOB THAPO-

KCUJIA 111€JIOYH, BbI3BAHHOE HX B3aHMOJEHCTBHEM C WOHAMH BOLOPO-
fa uccaenyemoit kucaorsl, Tak 6bl1a, HanpuMep, yCneuHo Hainexa
peauunna pK, 60pHOIl KHCJIOTH, OKasapuiascs paBHoil 9,25. B 3toil
paGore NPOBOLMIACH KOHAYKTOMETPHSl pPacTBOPOB, COAEPIKaIUMX
pas/uuHble OTHOLIEHHS aMMHaKa W GOPHOH KHCJOTHI 4 '
Jlas Gonee TPYRHOrO cayuasi, KOriia MOHANAOOHJIOCE ONpelenHTh
KOHCTaHTy MOHH3ALUH TPUPTOP3TaHOJNA, BEIXOM OBLI HaijleH NyTeM
¥3MepeHHsl 3JEKTPONPOBOAHOCTH PacTBOPOB, COAEPKAalUHX Pa3/IHy-
Hble OTHOLLIEHWS 3TOrO BELECTBa M €[KOro Hatpa’d. . :

- [To cymecTBY KOHAYKTOMETPHS PAacCTBOPOB, COINEPXKAlHX pas-
Nuunbpe KoauyectBa cylabofl KHCAOTHI W HOHOB THJIPOKCHJA, mpef-
cTapnsier co6oii He uTO HHOE, KaK KOHLYKTOMETPHUYECKOe THTPOBA-
nue. [Mocsiennee xapakTepuayeTcss ABYMS HelOCTaTKaMH: a) HeGonb-
[Ioe KOJHYeCTBO CHJBHO KHCJIOH MPHMeCH B H3yuaeMOH Kucjiore
BHOCHT GOMBLIYIO OLIHOKY 1 6) XOTSi 3/1E€KTPONPOBOAHOCTh, 00sA3ai-
Hasi HOHaM THAPOKCHJA, B peayabTaTe B3aWMOAEHCTBHS C H3yyae-
Moil KHCJOTOil yMeHbILIaeTcs, JEKTPOIPOBOMHOCTb, 00yC/OBIeHHAS
WOHAMHM HATPHH, COCTaBJsieT He MeHee 25% OT 3JEKTPONPOBONHOCTH
MOHOB THIPOKCHJIZ W OCTaeTCsi MOCTOSHHOH BO BpEMS KOHAYKTO-
METpPHYECKOro THTpOBanus (1abu. 5.2).

4 Lundén, J. Chem. phys., 5, 574 (1907).
s Ballinger, Long, J. Am. Chem. Soc., 81, 1050 (1959),
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. Onpeneneﬂue HOHCTAHTBl HOHH3AUHH

Beuwjecmso: yxcycnana kucaora, CH;COOH.  Moa. . 60,0512, Ag=390,7.
Bes monpasoxk
Konuenr, auns, A A /A pKE [u3 ypaemenui
MOBJOM ¢ c/”o (5.1) n (5.2)]
1 2 3 . 4
0,05230 7,20 0,01843 4,743
0.02000 11,56 0,02961 4,743
0,009842 16,37 0,04189 4,744
0,005912 20,96 0,05364 4,745
0,002414 32,21 0,08247 - 4,747
0,001028 48,13 0,1232 4,750
0,0002184 96,47 0,2470 4,752
0,0001114 127,71 0,3270 4,753
0,00002801 210,32 0,5384 4,754
Pesyssmam. Koruenrpaumouusiii  pK, - 4,75+001 npu 50°C 1n npH

IT=9X10"%—2> 1075 i kouuentpanusx 5> 10~2—3> 10™5 M.

-~

3 CM. CCHKY 2 Ha cTp. 88.

- HemocTaTKn H JOCTOMHCTBA KOHAYKTOMETPHYECKONO METOAA

Hens6exHuEIH KOHTAKT M3yyaeMOro BeliecTBa C YIVIEKHC/IHIM ra-
30M MOMELIaJ LHPOKOMY _HCIIOJb30BAHHIO KOHAYKTOMETPHH IJs
OMNpesesIeHHs] KOHCTAHT HOHH3aLMH' OCHOBaHHiH. MaJso TPHromHOi
OKa3zajlachb TaKiKe KOHLYKTOMETpHS JJsi ONpenesNeHHsi BTOPOH KOH-
. .CTaHTHl HOHH3alHu BElIEecTBa, CONEPKALIEr0 KBE WOHH3HPYIOLMXCS

rpynnel. [i3-3a BHICOKOH 3JIEKTPONPOBOJZHOCTH COJIeil KOHAYKTOMET-
PHIO HEJb3sl MPUMEHATb JJIA ONMpEe/eHHs KOHCTAHT HOHH3AaLWH MpH
NnocTosiHHOH HOHHOM cuse. (ITocnenxee ompeneneHne, Kak H3BeCT-
HO, B)bIHOJIHHETCH B pacTsOpax, cOAep:Kailux GOJbLIOE KOJHYECTBO
COJIH). _

JIOCTOHHCTBOM KOHAYKTOMETPHYECKOrO METOHa fIBJSAETCH TO, YTO
Ji1s1 BELLECTB C JI0CTAaTOYHO MaJOi BeNHYHHOH pK, MOMKHO NONYYUTHL
YeTKHe PE3yNbTaThl, MCIIOJb3Ysl PACTBOPHI, COLEPIKAILHE MAJLIE KOs
Jin4ecTBa 3THX BeulecTs. Tak, B Tabi. 5.1 MOKasaHO, 4TO AAs YKCyc=
yoi KucJOTH (pKa = 4,76) TOyHasi BeJIMYHHA KOHCTAHTEl MOHM3a-
LMK MoXeT GbiTh NoNyYena MyTeM W3MEPEHUs: 3/€KTPOIpPOBOAHOCTel
pacTteopa Koulentpauud 2,8 X 10-5M. TIpoBenenue noreHuuomMer~
pHYECKHX H3MEPEeHHH C TakWM pas3baBieHHBHIM pacTBOPOM morpebo-
BajO OH - CmelHa/JbHHX .MPHOOPOB H Me€p MPEeAOCTOPOIKHOCTH
(cTp. 45 u 57), :
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KHCJAOTH KOHAYKTOMETPpHUECKHM MeTOLO0M .

TaGauya 5.1

Teumnepamy pa: 25° C.

C nonpaBkaMHu

o pKy D“I
A [e¢ monpaBkofi ua nox-{ [u3 koaouku 6 no [13 KoAonkH 7 ¢ mo-
(nosTOpenHe KoAOHKH 2)| BHMHOCTL MO ypabe- YPaBHEHHIO npaBsKoil Ha AKTHBHOCTE
tuto (5.9) - no ypasuennio (5.13)]
5 6 7 8
7,20 0,01865 4,732 4,764
11,56 0,02987 4,735 4,760
16,37 0,04222 4,737 4,758
- 20,96 0,05401 4,739 4,757
32,21 0,08290 4,743 4,757
48,13 0,1238 4,745 4,757
T 96,47 0,2477 4,749 4,757
127,71 0,3277 4,750 4,756
Lo 210,32 0,5393 4,753 4,756
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_MEeHsieTcsi OT SAYeHKH K

Peszyaymamp: pK, ¢ nonpaekoii nHa nopsusxHocts = 4,74+0,01. Tepmozuna-

- Mudeckuit pKy = 4,76%0.

MpuGoput

Bennuuna 3/1€KTPONPOBOAHOCTH — BeJHuuHA, obpaTHas Conpo-
tTuBJenuio. [103TOMY, npexie Bcero, HEOGXOOHMO H3MEPUTh YHenb-
HOE COMPOTUBJIEHHE PACTBOpA, T. €. conpoTHBJenue ] cud. YmoGHoe
pacnofnoxeHne IJATHHOBHIX 3JIEKTPOLOB U306pakeHO Ha pHc. 5.1
BosmoOxHBl H ApYrue BHAH 3THX 3JEKTPOAOB, HO BO BCEX CJayuaax
OHH JIOMKHB! ObITH MOKPBITEI TOHKHM CJIOEM MeJKOmMcriepcHoii nJa-

" THHBI CEPOBATOro liBeTa. DTO NMOKPHLITHE CJEAYeT BPeMs OT BPeMeHU

(no-BHouMOMY, Kaxblii mMecsil) OGHOBAATD S. :
Tak Kak 00beM pacTBOpa, HAXOASLUErocs MEXAY 3JEKTPOAaMH,
Ayeilke, rnpexje Bcero HeoOXonuMO
H3MEPHTh . y/ieIbHOe CONPOTHBJEHHE .CTAHIAPTHOrO pacTBopa xJo-
puma KaJjus, [NOMEIeHHOTO0 B JaHHYI0 siueiiky’, ITH H3MepeHHs
[NAIOT BO3MOMHOCTB PAacCCUHTATh KOHCTAHTY KOHAYKTOMETPHYECKOro
cocyna H s IOJNyYyeHHss BENHYHH YAEJNBHOrO CONPOTHBJEHHS JI0-
OLIX pacTBOPOB CJeiyeT YMHOXHTh Ha Hee HaHJleHHHE BeJUYUHBI
OMHYeCcKoro conpotusjenusi. Ec/iu KOHAYKTOMeTpHuecKas syeika .
BHIIOJHEHA B BHAE JOCTATOYHO MKECTKOH KOHCTPYKUHH, TO MocJse
MepenaTHHHPOBAHHS BeJHYHHA KOHCTAHTH COCya > MeHsiercs.

¢ Reilly, Rae, Physico-chemical Methods, 5 th ed., 1. 2, London, Me-
thuen, 1954, ctp. 588—636.
7Jones, Prendergast, J. Am. Chem. Soc., 59, 731 (1937).
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JJs KOHLYKTOMETPHH 'rpeﬁye'pc;{ XOpOlUHH TepMOCTaT, TaK Kak
NpH NOBBILUIGHHH TeMnepaTypel Ha 1 epad 3neKTPONpPOBOMHOCTD
o6bIyHO yBenuuuBaercs Ha 29%. TouHas paGora TpeGyeT THUPATPOH-
HOpEeryJupyeMoro TepMocTata, o0ecneyHBaloLlero NoCTOSHCTBO TEM-
nepatypbi ¢ TouHocTeio no =+ 0,005 epad. B kauecTBe TenyoHOCH-
TeNfl B. TEPMOCTaTe CJEeNyeT HCNOJAb30BaTb HE BOJY, a MAacio, Tak

" KaK [epBasi B3aUMOJIEHCTBYET C nepeMeHHbBIM TOKOM.

Ons MPUrOTOBJIEHHs: PacTBOPOB HeoOXOJMMO HMeTp A0CTaTouHoe
KOJHYEeCTBO BOAbl. TaKyl0 BOAY NOJYHAKOT IMCTUJSI-
LHeH JMCTHJJHPOBaHHON BOMBI, COmeprKaliell nepmMan-
raHaT KaJus, B atmocdepe, cBoOOAHOI OT YINIEKIICAOrO
raza. Eule mpoue monyuuth ee Ha HOHOOOMEHHOI!
Konouke. Bona, ynenbHasi 3J€KTPONPOBOAHOCTL KOTO-
poit cocrasasier 1,10 X 10°7 om~1. cest1, npurojua s
paGotbl ¢ Kuciaoramu, umeromumu pK, < 6,5.

Mamepenne OCyLUECTBJASIOT C MOMOLUbLI MocTa Be-
CTOHA, 002 KOHIIa KOTOPOro MpUCOEAHMHEHB K KOHAYK-
TOMeTpuueckol sfueiike. [l Gosee TOUHEIX H3Mepe-
HHH, C LeJbI0 NPeJoTBPallleHusi Mepenayd Temaa, 3To
CoelMHEHHE OCYILECTBJAsieTCs uepes Temsosoit Gydep.
Onno mneyo 'MoCTa MOMXKHO COENHHHTb CO CTaHmapT-

Puc. 5.1. JdaekTpoau aas Kmmyl{m_ma'rpuuecxuﬁ AYeHKIn:

I—nnnmmaun SNeKTPOR; 2 — 3aMMTHHNA uexod u3 Gopo-CHAMKATHOrQ CTekna
HAM KBApYA; 3 — coeAMHHTENbHHII. MpOBOL.

HBIM COIMpPOTHBJEHHEM, COCTOALUHM, KakK MPaBHJO, U3 ILeCTHOEKal-
Horo Marasuda B 111,111 os. Ilepemenuniii Tok wactotoir 1000 ey
BBOIHMTCH C MOMOLLBIO 3JIEKTPOHHOrO TreHepaTopa; paBHOBeCHE
MOCTa OIpeneJIsieTCss WAH ¢ [OMOIUbIO TesnedoHa, WIH, YTO ropasjio
npejnouYTuTesibHee, ¢ MOMOLIbI0 MHHHATIOPHOI KaTOLHOI 3JeKTPOH-
HoayuyeBoit TPpyGKu. Becbma cylllecTBeHHBIM 178t paGoThl siBJsieTCS
TLaTeJbHOE 3a3eMJjeHue mMocTa. Jlas o6oCcTpeHHs] HAaCTPOMHKH B LieMb
BBOJIAT HeOGOJBLLUOM KOHJIEHCATOP MepeMeHHoH eMKoctH. CyulecTByer
psaf NonpOGHBIX OMUCAHHi Pa3NHUHBIX BapPHAHTOB MOCTOBOH CXe-
MEI 8, OpHHM u3 caMBIX pPaclpOCTPaHEHHBIX SBJAETCA BapPHAHT
,[[}Kouca H ,U.Hfoae(bca*’ B aTofi cxeme yjnauHo MpuUMeHeH KacKaj-
HEIA 2J1IEKTPOHHBI ycuaurtelsb 'O,

Paznuusble KOMMAaKTHEIE MPOMHIIEHHEIE MPUGOPH COCTOAT H3
n3MepuTeabHOro Mocta BecToHa, 3JeKTPOHHOroO reHepaTopa, yCHJu-
Tens, ,ueua,uHOro MarasuHa COMPOTHB/AEHHS H 3JEKTPOHHO-JIYYEBOro

8 Cm. ccwmys .
$Jones,Josephs, J. Am. Chem Soc., 50, 1049 (1928).

10 Jones, Bollinger, J. Am. Chem, Soc., 51, 2407 (1929); Dippy, .

Hughes, J, Chem, Soc., 50, 1049 (1928),
92 .

aupukatopa. Ilpumepom nomo6uoro mpuGopa sasercs PR 9500—
H3MepUTeNbHbIl KOHAYKTOMeTpuyecKui Moct ¢pupmbl Phillips. Benu-
YHHA U3MepPSEeMOro COMPOTUBAEHHS MOMXKeT OBITb CHHTaHA Hemocpe-

' CTBEHHO ¢ JHMGa npubopa; Aas NONYuYeHHs YOeNbHOr0 COMpOTHBJIE-

HUSl 3TY BEJHUHHY CJAeJlyeT YMHOXHTb Ha KOHCTAHTY cocyna. Ilpu
paGote na npubope PR 9500 ner HEOGXOAMMOCTH peiiaTh ypashe-
HHe Mocta Bectona (5.3)

X

R p-pa — R.a.en. Mar 00 — X (5-3)

X .
rne W—_—}(—-—OTHOIHBHHE IOJUH OTPEe3KOB, Ha KOTOPbi€ CKOJbL3sA-

LUUH KOHTAKT NEJHT PEeOXOpA NpH PaBHOBECHH. 3HA4€HUS 3TOIl Be-
JIMUMHEL MOXKHO  HailTH B OOABUIMHCTBE CNPaBOYHUKOB (TaOJHilbI
OGaxa) ¥ npakTHYECKHX PYKOBOACTB MO (PU3HYECKOH XHUMUH.

‘Mewnu H3MepeHHSA

KolipyKToMeTpHYeCKOe ONpe/iesieHHe KOHCTAHT HOHH3AUMU npak-
TUKYETCHl JIaBHO H nOApOCGHOe ONUCaHWE €ro MOXKHO HailTH B 00.b-
LWIHHCTBE PaloT MO MPaKTHYECKOH (PU3HYECKOH XHMHMH M 3JIEKTPOXH-
muu !, [Tocne TOro, Kak NoJsyuyeHO 3HAUYEHHE BENHYHHBI KOHCTAHThI
cocyna (ctp. 92), HeoGxonumMoO pewuTh, OynyT Ju HajbHelillie pac-
yeThl NPOBONUTHECH B CHCTEME MOJAPHOCTH (e-3x8/0M3) uau B CH-
cTeMeé MOAsIbHOCTH (e-3k8/ke). Caenyer oTMmeTuth, YyTo 0be cucte-
Mbl OOMHAKOBO paclpocTpaHeHBl B Jjurtepatype. JlOCTOHHCTBOM
nochefHeil CHCTEMHI AIBAsIETC HE3aBHCHMOCTb pe3yJibTaTOB B3BEIlIH-
BaHHA OT TeMIepaTypel, MO3TOMY HET HEOOGXOJHMOCTH TE€PMOCTATH-
posanus GOJABIIOrO KoJuuecTBa pacTBopa, HeoOxomumoro mJs
H3MepPEHHs 3JeKTPONnpPOBOAHOCTH.

Jnsi paGoThl MOXHO HCNOABL3OBATh N1000€ KOJHUYECTBO pacTBopa
MpU YCJAOBHH, YTO SJEKTPOABI NOrPyXeHbl B Hero Ha raYyGHHY HE
Menbllylo, yeM 1 ¢m. Ecau ectp 10CTaTOYHOE KOJIUYECTBO U3YYaeMOil
KHCJIOTHl, TO Kaxpoe pa3bapjleHHe MOXHO aellaTh He3aBUCHMO, B
pedyJsbTaTe OTAENBHOro B3BeluMBaHUA. MOXHO MNOCTYMUTH MO-ApY-
rOMy: [pPHTOTOBHTH KOHLEHTPUPOBAHHBIY PAcTBOp W YKPEnJsiTb UM

HCXONHBI pas3baBJlleHHblli pacTBOp, MAefdas [MOCAeAHHH Bce GO--
"nee u -Oosee KOHIleHTpHpoBaHHBIM. Ilocnemuuit Meron chaepyet

NpUMeHsITh TOJBKO B TOM CJyyae, €CJH -U3BeCTHO, 4TO 3JIEKTPOMbI
TOJIBKO cJlerka MAaTUHUPOBAaHK (amcopGuuoHHEIE CHJIB OOHJBHO
l'IJIaTHI{HPOBaHHhIX 3JIEKTPOLOB MOrYT CHJBHO YMEHBLIUTH KOHILIEH-
Tpauuio pasbasBieHHoro pactBopa). Hakowel, MOXHO HayaTh pa-
60Ty ¢ KOHLIEHTPHPOBAHHOIO pacTBOpa, OnpefleleHHOE KOJIHYECTBO
KOTOpPOrO MOcJe Kax[I0ro uaMepeHus ylalseTcsl U 3aMeHseTcsl paB-
HEIM KOJIHYeCTBOM BOALL. Ecin npoBoAuTb Takoe noc/eloBaTeNbHOE

I Cwm,, uanpumep, Findlay, Practical Phys:cal Chemistry, 8 th ed., Lon-
don, Longmaus, 1964,
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pasbapsienue MHOTOKPATHO,TO STO BEET K HAKOMJenito norperio-
creit. OGbem pacTBOpa, 3a6HpaeMoro B NUNeTKy, OTay4aeTcs ot 00%-
eMa BOJIbl, BBUIHBAEMONl U3 Hee B KOHAYKTOMETPHUCCKYIO fuciiKy. 10
06CTOATeNBCTBO TPEGYET JONOHUTENbHON KalnOpOBKH MUMETKIL.
IMocne MPpUroOTOBJEHHS PACTBOPOB H3Y4aeMOr0 BeleCcTBa nocaen-
HHE [IOMELAloTC B -KOHIYKTOMETpHUECKylo siueiiKy (ctp. 92),3atem
H3MepsIOT BeJUYHHY YHAEJbHOro COMPOTHBJIEHHH (ctp. 91). IDra Be-
NUUHHA U3MepseTcs B oM - ca. BenuuuHa, oOpaTHas yAeabHOMY CO-
MPOTHBJIEHHIO, — YeJNbHAs 3JEKTPONPOBOAHOCTD L (oGeluHO mpHMe-
useMas rpedeckas GyKBa x B J@HHOM clyuae HEYHAOOHA H3-32 BHEL-
Hero cxoncTsa ¢ 6yKBoi K, 0G03Haualouieli KOHCTAHTY HOHH3aLKi),
KoTopas uaMmepsiercs B ou ~!- cyu~!. Mlamepenve NOBTOPAIOT AJS KaX-
JOro ‘pacTBopa W KaKAylo W3 TMOJYYEHHBIX BeJHYHH YACJBHOH
3JEKTPONPOBOHOCTH MEPeCYUTHIBAIOT B 3KBHBAJEHTHYIO 3JEKTPO-
NPOBOAHOCTh (Ac) Tak:

o A, =1000L/C (5.4)

rie C — KOHUEHTPALUs BELLECTBA, MOAbL/OM® WIH MOAb[Ke.

- Jlas nanpHEHILMX pacieToB HEOOXOAUMO NOJYYHTH 3HAUEHHE
MpEeNeNbHOI 3J1eKTPONPOBOAKHOCTH Ag. B 3TOM Ciyuae NpHXOAHTCH
NPOBOAMTH CIHELHANbHbE OMBITEl C CONBI0 HCCAENYEMOH KHCIOTHI
(onbITE € caMOfl KHCJOTOH He JO3BOJISIIOT NOJYYUTb 2KejlaeMyko Be-
JIHYHHY € JOCTAaTOYHOH CTEeleHbIo ToydocTH). OHH 3KBHBAJIEHT HC-
caenyemoil KucioThl pactBopsior B 0,98 3sksuBanenta 0,01 H.
pactBopa NaOH, csoGonuoro or KapGonara. [Ilonyualouwmiics B
‘pe3ysibtaTe HEGOJDbLIOH W3OHITOK KHCJIOTBI MAjlO BJHSAET Ha 3JeCK-
TPOIPOBOAHOCTb, B TO BPeMsi KaK HECONBLIOH HIGHTOK HOHOB ri-

JpOKCHJa, BO3HUKAIOUWI MPU THAPOJH3E, PE3KO CKA3plBAETCH Ha.

uaMepsiemoii Beauunne (taba. 5.2). Bo BceM MHTepBaje pasbasie-
HHil H3MepsIoT YAEJbHOE COMPOTHBJEHHWE PAacTBOPa U TOJBKO UTO
omucaHHbIM CNocoGoM (¢dopmyna 5.4) mMepecUHTHIBAIOT BEIHYHHY,
o6paTuyl0 H3MepeHHO#H, B A. 3aTeM KaXylo U3 MOJYyYEHHHX BeslH-

ynH 1/A rpaduuecku H306paxaioT Kak (PYHKIHIO OT VC u axcrpa-
MOJIMPOBAHHEM K HYJIIO TMOJy4YaioT 1/A¢%. 13 BEAHYMHBl Ao COIH
BBIYMTAIOT MPENEIbHYIO 3JIEKTPOMPOBOJHOCTh MOHA HATPUA H, NpH-
“6aBUB K I[IOJIyYeHHO# BeJHYHHE MPENEJbHYIO 3JIEKTPONPOBOAHOCTD
HOHa BOLOPOJA, HAaXOMAT Ao H3yyaeMOH kucaoTH. [lpenenpubie
571eKTPONPOBONHOCTH OTACJBHEIX HOHOB cOGpanbl B Tabi. 5.2.
Jlanee BO3BpALLAIOTCSl K BEIUYHHAM A, MOJNYYEHHBIM MPH KOH-
AYKTOMETPHH PAacTBOPOB KHCJOTH, H DacCYMTHIBAIOT. OTHOUIEHHE
Ac/Aq (Ta6a. 5.1). Hanomunm, uto oTHOWeHHE Ac/Ao HIEHTHUHO CTe-
mesu HOHM3alHMH g (ypaBueHue 5.2), W TMOACTaBHB €ro 3HAueHHe
"B ypaBHenue(5.1), HaiineM BeJHYHHY KOHCTAHTH . HOHH3ALUH Ka.
JIAs1 MONYYEHHsI OKOHYaTENbHOro pesyJbTaTa 3HaueHUs Ka, Doay-
YeHHBIE B OTAEGAbHEIX ONHTAaX, CleAyeT ycpeAHuts. HyHO™ HMETH

2 Schedlovsky, J. Franklin Institute, 225, 739 (1938).
e :

B BHLY, YTO NMOJYHY€HHAsi KOHCTAHTA SIBJACTCHA «KOHLEHTPalHOHHOI»
HJIIH «K1acCHYeCKOji». (Bonpocel, cBfi3aHHble C NONPaBKaAMU Ha noj-
BHXXHOCTb HOHOB M MX aKTWBHOCTb, GYIYT paccMOTpeHHl B CJEMyiO-
neM paspnene).

Tabruya 52

MpenenbHas SKBHBaJeHTHAas SJAEKTPONPOBOAHOCTL (Ay) HOHOB
B BOAE NpPH PA3JHYHbIX TeMnepatypax (B om—!.cm?) *

Hou - °C 18° C - 25° C 35° C - 100° C
H® 225 315 350 397 630
OH® 105 171 199 — 450
Na® 27 43 50 62 145
K® 41 64 74 88 195
Li® — — 39 — —_
NH 40 64 74 T — 180
NEt@ 16 28 33 —_ —
c1® 41 66 76 92 212
NO§ 40 62 71 — —
ciof 37 59 67 — 185
CH;C00° 20 35 41 — _

* 3TH BeAUYNHB B3ATH H3 PasJHYHWX AHTEPATYPHHX HCTOYHHKOB, HO BCE OHIl COTNAcYKICA
C ZaiHEMH #Af K@, l\‘a@, LI¥, H@, c® u NOse, noayyedssMH npH 25° C Mak-Munecoy,
Ienaopckim n Jlonrceoprom [J. Am. Chem. Soc., 54, 2758 (1932)],

ﬂpn KOHAYKTOMETPHUYECKOM OlpeaeeHHH KOHCTaHThl HOHH3aLHH
OOBlYHO MmosnyuyalT 9—12 ee 3HayeHuil. CoOTBEeTCTBYIOLEE KOJHUYE-
CTBO pac-mopon B [OAaHHBIX HCCAeNOBAHHAX rOTOBAT nyTem 6onp-
IOrd KoaHyecTBa ABOHHBEIX pasGasienuil. MOXHO Takxe paboTath
TOJILKO C YeTBIpbMA pa30aBJIeHUsIMHU, ABaXJbl [TOBTOPSA U3MEpPeHus
CO .CBEXENpUroToBJeHHbIMH pacTBopamu. PasbasasiTe pacTsoph,
OYEBHAIIO, MOXKIIO B JIIOOOE KOJHYECTBO pas.

CopeplueHcTBOBaHHE PACYETOB

B cTonGue 4 Ta6i. 5.1 npuBelleH psif BeNHUMH KOHCTAHT (pKa

_YKCYCHOH KMCJ/IOTBL), XOpPOLIO COrIaCYOUXCA MEXAy coGoi. Stu

KGHCTAHTHl GBIJIH TONYYEHH MPH MaKCHMAaJbHOH HOHHOH cuJje, pas-
Hoit 0,0009 *, psnsi OueHb pa3GaBJEHHHIX PacTBOPOB YKCYCHOIl Ku-
CJIOTHL. YBeluyeHue KOHLEHTPAIUM YKCYCHON KUCJOTH MaJjio BJUSET
Ha wOHHYI0O cuay; nas 0,23 M pactBopa mnocaenusis cocra-

Basier ToJbKO 0,002, D710 o6bsicHAETCs TeM, uTO ¢ YBEJNHYEHHEM

* Onpepieniedne HOHHOI Cuibl CM, Ha cIp. 54,



KOHIEHTPAal[u¥ YKCYCHOH KMCJIOTBl YMEHbILAEeTCs CTENeHb €e HONH3a-
uud. [Tocnenuss nns 0,23 M pacrBopa cocrasnsier scero 0,9%.

3 cka3aHHOrO OUEeBHUIHO, YTO Te€ KOHIEHTPAlUHH KHCJIOTH, KO-
TOpbie Nal0T BBICOKYIO HOHHYIO CHNY TpU NOTEeHLIHOMETPHYCCKOM
TUTPOBAHUH, XapPaKTEPU3YIOTCS BECbMa MaJoil WOHHOH CUJIOH MpH
KOHAYKTOMETPHH (€C/IH H3yuaeMasi KHCJIOTa He SIBJAeTCSs CHJbHOM).
Takum o00pa3oMm, KOHLYKTOMETPHUYECKOe OnpefesieHHe KOHCTaHT
HOHU3ALMU caabblX KHCJOT mno3poaser o0ofiTHChL 06€e3 nonpaBokK,
CBSI3aHHBIX C+ aKTHBHOCTBIO. HccnenoBatenu, 3aHHMaloulHecs - KOH«
IYKTOMETpPHeil, pacnpoCTPaHsilOT 3TOT MeTON ¥ Ha CHJBHBlE KHC-
notel. B Takux cayuasx npuxomutces paGoTaTe B cpefax ¢ BhICO-
KOHl UOHHOH CHJIOH W BJHUSHHEM ee Ha [OJyueHHble BEeJUUYHHBI
Hesb3si npexebperaTe. Kpome TOro, BausHue HOHHOM CHWJIBI Ha KOH-
JYKTOMeTpUYecKHe U3MepeHUsl BeChbMa CYIUECTBEHHO [Jf OLEHKH
pPesyAbTaTOB KOHAYKTOMETPHUECKOro THTpoBaHusl. C TeopeTHYeCKoMH
TOYKH 3PEHMS, BHIIBJIEHHE CBS3H MEXAY pe3ynbTaTaMH KOHLYKTO-

METpPUUYECKUX W3MePeHHH W HOHHOH CHUJIOH MOryT OKasaThCfl MOJes-.

HBIMU [J18 OOBACHEHHS TPUPOABI MEXHOHHBIX CHJI.
IleGait u XiOKKesab!'t, OCHOBHIBAACH Ha TeOPeTHUECKUX Npenro-
CblJIKaX, BblBeJIH YPaBHEHHE!

Ig K3 =Ig K& —2AVaC (5.5)

A}
roe K'.f-—repmo,unﬂammecxéﬂ KOHCTAaHTa WOHH3allHH, HEe MeHsIo-
Wancs ¢ KOHMeHTpalluei;
KS —xkoncTanTta, 3aBHCHllas OT KOHIEHTpallu (ypaBHenue
5.1);
A--Kogé-ran'ra LISl IAHHOFO PaCTBOPUTEJNSl NPH LAHHOH TeM-«
nepatype;
o — CTeleHp HOHHU3AlHH;
C — KOHLeHTpalHA.
D710 ypaBHeHHe yXKe IPHMeHAIoch paree (cTp. 93—06). Ilas soak
mpu 25°C A =0,509; takum 00pasoM, A5 OLHO-OLHOBAJIEHT-
HOrO 3JeKTpoNuTa, rae [ = C:

lg Kp=1g K§ — 1,018 YaC ] (5.6)
g g

Sta monpaBKa LIMPOKO HCIOAb30BANAach M 06paGOTKH pe3y.ib
TaTOB, MOJYYEHHbIX JUJIfi PacTBOPOB ¢ HECOMBIIOH WOHHOH CHJIONH
(I = 0,01). i :

Heckonbko nosxe QOuaarep 'S ciesan npyroii war B 3TOM Ha-

npapJieHuH, MOCTYJHPOBAB HaJH4YHE TOJbKO OBYX HCTOUYHHKOB MEXK-.

WOHHOFO MPHTSDKEHUS, MPHPOINOH KOTOPHIX ABJSETCA BHYTPEHHEE
Tpenue. [10 MHeHuIo aBTOpa, MepBbiii BHJ BHYTPEHHETO TPEHHA BBI<
3bIBAETCS NMPUJIOXKEHHOH 3. I C., NepeMelaoleii OTPHLATENbHO 3a«
PSIKEHHYIO HOHHYIO aTMOcdepy B HanpaBJI€HHH, POTHBOMOJOXHOM

4 Debye, Hiickel, Phys. Z., 24, 185, 305, 334 (1923). -
15 Onsager, Phys. Z, 27, 388 (1926); 28, 277 (1927).

9% . .

r

~ LBHXEHHIO BCEX NOJNOXKHTeJBHBIX HOHOB, [0 3TOH NpPHUYHHE B KOii-

LHeHTPUPOBAHHBIX pacTBOpax cyllecTByer Hebosbluag TeHOeHLHa K
3axsaTy MOHa BOAOpOAa 3ITOH HOHHOII aTmocdep@l/ii ero. nepeme-
uenyo B obpatHoM Hanpaeaenud. BTopoit Bl BHYTpeHHero Tpe-
HHs cnabee nepBOro W CO31aeTCA 3a CueT 3JeKTPOCTATHYECKOTO
NPUTSXKEHUA MEKIY NMPOTHBONOJOXKHO 3apSXKEHHBIMH HOHAaMHU. DTO
NpHTsIXKEHHe 3aMeJJIfieT ABHXKEHHe HOHAa BONOPOLE, KOTOpoe IMo-
ClefHUH coBepllaeT NOJ BJHAHHEM NPHNOKEHHOH 5...C. YpasHe-
Jiue Onzarepa BBIMISIAHT CAEANIOWHM 06pasom;

A= Ag—(A+BA) VT (6.7)
B Bone npu 25°C ypasuenue (5.7) mnpeBpauiaercs B
A, = A, — (60,240,229, VC (5.8)

(Cnenyetr umeth B BuLY, uto A Ou3arepa otiuuaetrcs ot A [lebasn
u XI0KKeas1.) ’ .
JlanbHefiline ycnexn B 3TOM uanpaBjeHHd OBUIH chenannl Mak-

Hinneccom u Ulepmnonpckum 16, [Tocaennie OPUMEHSNU JUIA OLIEHKH

M3MeHeHHil MOJBUXHOCTH HOHOB IHHAMHYeCKYl0 nonpaeKy Onsza-
repa, a Jifl OlleHKH OCTATOUHBLIX MEXHWOHHBIX 3(P(PEeKTOB — CTATHCTH=
yeckyio .monpaeky [leGas u XIiOKKens.

Max-Wnuec u [llennosckuit Beeay A, BMecto Ag. Hoshlii cum-
BOJN A, 00Q3HayaeT KBHBAJEHTHYIO HOHHYIO 3JIEKTPONPOBOAHOCTS,
T. €. 3KBHBAJEHTHYIO SJEeKTPONPOBOAHOCTE NOJHOCTBIO HOHU3HPO-
BaHHOIl KHCJOTH, HQ He npu GecKOHeyHOM pa30aBneHHH, a Npu Ta-
KOl KOHILIeHTpalluH, NMPH KOTOPOH NPOBOASITCH HU3MEPEHUs PacTBO-
POB 4aCTHYHO HOHH3HPOBaHHOH KHCJOTHL. FKcnonp3oBaHue Meuso-
wieicsi ¢ KOHIleHTpankell SKBUBAJIEHTHOH WOHHOI 3JIEKTPONpPOBOAHO-
ctH A, BMeCTO He 3aBHCsfLUEH OT MmocjeiHeil JUMUTHPYIOWE 3JeK-
TPONPOBOAHOCTH A¢ ObIJIO CRENAaHO - TOTO, UTOOBl KOMIEHCHPO-
BaTh HeH30exxXHOe YMeHblleHHEe NMOABHXHOCTH HOHOB, NPOUCXOMsAlLee
C yBesquueHHeM KOHLeHTpalud. ¥YpasHenue (5.2) mpespaiaercs B

A,
o= = .
_ i 6.9)
3HayeHHe BeJHUYHHH Ae MO¥eT OBbITb NOJNY4YEHO H3 CJIENYIOLIETrO
BhIpaXeHHA: . N
A'K—tu = A‘:‘HCI _AcNaCI_’_Acconn HeTH (5'10)
OTKyna: '

-A, = 390,59 — 148,61 VaC +165,5¢C (10,2274 aC) (5.11)
Tocnenee MonyueHo 3 CEPUH TAaKHX ypaBHEHHH, Kak

Aoy o= 126,42 + 88,53 Y C +89,5C (1 —0,2274 Y C)" (5.12)

18 Cm. cCBUIKY 2 Ha cTp. 88.
7 S_hecllovsky, J. Am, Chem, Soc., 54, 1411 (1932).
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Has toro yro0bl naiitd A,, Aenaot pald -ynapoilenuii. Tak, 3ua-
yeHue Ag KHCIOTBI, JHMHTHpYollee A,, TNOACTaBJAAIOT B YpaBHe-
Hue (5.2). Beauuuny o, nonyuensuyio o pe3yJibTaTe. 3TOr0, BBOAST
B ypasuenue (5.11) w Haxomar 3Hayenue A,. 3aTeM 3TO 3HaueHHE
A, noactaBasior B ypaBueHue (5.9) M HaXOLAT HOBOe 3HayeHHe a,
KOTOpOe CHOBa BBOASAT B ypaBHenue (5.11). IloanyuensHoe B.pe3yJb-
TaTe nocaenHeil NOACTaHOBKH HOBOe 3HaueHHe A, [aeT BO3MOXK-
HOCTh paccudreiBath no ¢opmyse (5.9) HoBoe 3navenue q. OrincaH-
HYIO TIpOLlelyPy NOBTOPHIOT A0 TEX MNOP, NOKa He MOoJyyaioT Io-
CTOSIHHOTO 3HayeHHA g. JIJf 3TOro OGbIMHO ObIBaeT AOCTATOYHO INpo-
BECTH TPH TAKHX LHKJA NOCAENOBATENBHOIO NPUGJIHIKEHHS.
3uaueHusi @, NOAyYeHHBIE TAKHM crnocoGoM, coGpaHbl B €T0/6-
ue 6 Taba. 5.1. B sToit xe Tabaulle npuBedeHsl Benuuuusl pK,, Haii-
JleHHbIe o ypasHeHuto (5.1). ' :
3 ananusa panHeix 1a6a. 5.1 BUAHO, YTO 3HauyeHusn pK,, nosay-
yenHble 6e3 NOMPaBOK HA MEXHOHHOe B3aHMOJeiicTBHe (CcTonbeu4),
MeHbIlle OTJIMYAlOTCH OAHO OT Apyroro, yem 3HaueHnus pK,, paccuu-
TaHHble B COOTBETCTBHM ¢ ypaBHenusiMmp Mak-Wuneca u Ilennos-
ckoro. TeM He MeHee, aBTOpbl CYHTAIOT NOcOedHHE NaHHble Gonee
TOYHBIMH H TIPHMHCBIBAKT XOPOLUYI0 CXOAHWMOCTEL HaHHBIX, coOpaH-
HEIX B cronfue 4, TOMY OOCTOATENBCTBY, YTO ABE MPOTHBOMOJON-

HBIX OLUIHOKH KOMIIEHCHPOBAanH OfH& ApYrylo.

IMonyyuB cBoH KOHCTaHThl HOHH3auWu, Mak-HuHec u Illenyon-
CKHii BBeJH B HUX nonpaBky Tuna nonpaeku Jlebas = Xiokkens:

IlgK; =1g K5 — 1,013y aC (5.13)

B 3TOM ypaBHeHuH, B OTiHYHe OT ypaBHeHHs (D.6), B 3Haue-
HHH g Y2Ke CcleJiaHa MolipaBKa Ha MOABHZKHOCTD. OxoHyaTeapHoO no-

. T
nyueHHble B pe3ysbTaTe 3TUX pacyeToB Beinyunbl K, H coGpaibie
B cTonbue 8 taba. 5.1, Kak BUAHO, XOPOILO COLJIACYIOTCS MEXNy co-

~6oit u naT AJs YKCYCHOI KHCnOThl 3Hauenue pKay = 4,76 = 0.

OnucauHelit ApyxcTamuiiubiii Metofi, Maxk-Huneca u llensos-
CKOTO Haules LIMPOKOe MpHMeHeHue. OH CYHTAeTCs OyeHb TOMIILIM
IS MOHHEIX cud, nocturatomux 0,02. dyoce u Kpayc ! mpénno-
WKHAM OJs 3THX Ke Leneil Golee cnoxuyio GoOpMyay, OCHOBAHHYIO
Ha NPHHLHWIAX, aHAJOrHYHBIX NMpHHUKnam Mak-HuHueca u Ilennos-

ckoro. Dta Qopmysa TpeGyeT MHOMO TOCJeNOBATeNbHBIX ympoie-"# 7

. —uuit ¥ nossoaster o6pabaThiBaTh NAHHBIE /151 KOHIEHTPAaUHH, JO-

ul

_¢popmyany,

cruraougx 0,1 iM, u monyuats Ass KHCAOT TAKHE HH3KHE 3HAYEHHs
pKa kak —I1. Kpome Ttoro, ®yocc u Kpayc'® onyGaukosann
SIBASIIOLLYIOCH  YIPOLIEHHbIM BapuaHToM I[IepBOHA-
qJaJIbHOM. |

18 Fuoss, Kraus, J. Am. Chem, Soc., 55, 476 (1933).
18 Cy. centary. 12 Ha crp. 94,

98

T TR Ry

Ilpu pasGope pawubix Ta6a. 5.1 cranosuTtes fICHBIM, 4TO #JH
LNOCTHIKEHHA CTENEHH TOUHOCTH BeJHYHHBbI pK,, pasnoii, HanpuMep
+0,06, HeT HEOOXOMMMOCTH BBOLAUTH MOMPABKH HAa AaKTHBHOCTD. ITH
NONpaBKH sBAAIOTCA CYIIECTBEHHbIMH B IIBYX CAyuafix: a) A KHCe
JI0T cnabee YKCYCHOIl, KOTOpbIE NOMMHBI W3yyaThC WAH B OUEHb
KOHUEHTPHPOBAHHBIX PACTBOPaX H/AH B NPHUCYTCTBHH GOJBIIOTO KO-
JINYECTBa enKoro Hatpa (ctp. 89) u 6) Ans CHABHBIX KHCIOT W OC-
HOBAHHH, pacTBOPLI KOTOPBIX 00JanaioT Go/bIuOH HOHHON CHJIOLN.

T



. Tagsa 6
CBAI3b MEXXIY PA_CTBOPHMOCTb\lO H HOHU3ALLUEH

3uaueHHe KOHCTAHT HOHH3AUMH B npenapatHaHoi paGote

3HaHHe BeJTHYHHb! KOHCTAHTbl HOHH3aLHH BeLIeCTBa MOXKET OKa-
3aTbCA HOJ’IEBHin\-I AJis1 TIpenapaTHBHOro BbIJIEJNEHHSA €ro ¢ MaKCH-
MaJpHBIM BbixofoM. Eciu cpenoil, B KOTopoil noJiyyalot BellecTBa,
sIBJIfileTCs] BOja, a BblJelisieMoe BELLeCTBO HAXOAHMTCS B pacTBope B
"BHIEe COJIH, TO MaKCHMaJbHOro BblXola MOXHO HE)GHTI;CH, co314aB
cpeily ¢ peanunnofi pH, Goaeweit Ha 2 emuunusl, yem pKy noay-
yaeMoro BeliecTBa. Tak 3HauyeHHe pH pactBopa, Hanpumep, n-TO-
JYHOIHHA B KaKDfl-J]Hﬁb KHCJIOTE MOXeT COCTaBHTb BeJH4YHHY, paBb-
HYIO, CKa)eM, l; OJHaKO MOCTO/NbKY TNOCKoAeKY PKa n-tosnyuanna
cocrapasieT 5,1, /s KOJIHYECTBEHHOIO BbIJEJEHHS] BELULECTBA CJelyeT
H3MeHHTL cpeny, noBexsi ee pH no snauenus, passoro 7,1. Ecau
Bble/IsieMOe .BellecTBO HEpaCTBOPHMO B BOZE, TO TOJNBKO 4TO cdop-
MyJHpOBaHHOe MpPaBHJO XapaKTepH3yeT TaKoe Gm:maﬁme(i 3Haye-
uue pH, npu KotopoM MoxeT OHTH NONYYEH MaKCHMAJIbHbIH BbIXOA
oCajlKa. ECJ]II.}KE BoIpENnsAeMoe BelleCTBO paCTBOPRETCH B Boae, TO
3TO NMpaBHJIO NO3BOJsET HaliTH TAKoe Omxaiiluee 3nayenne pH, npu
KOTOpPOM He CMeLUHBAIOLIHiCA ¢ Boloii pacTBopuTelb Gyaer HauGo-
nee .3 ¢EKTHBHO IKCTPArHpoBaTh NOJy4YeHHOE BELLECTEO.

B ocHoBe ONMHCAHHBIX NnpHeMoB BbIAEJIEHHA BellecTBa JEeXHT I'IpO'-
CToe NpeanofioKeHHe, 3aKKYaiouleecs B TOM, YTO HeHTPalbHas
MOJIeKyJla BEILLeCTBa XyX€ PacTBOpsiercsi B BOAE, YeM COOTBETCTBYIO-
LK1 HOH, H TIO9TOMY, Xefas BbilleJIHTh 3TO BELLeCTBO, CelyeT npe-
BpaTHTL €ro B HeMTpajbHylo (opmy. Ecau e BeulecTBo, Haxols-
lleecsi B HeATpaJbHOH (hopMe, XOpOLIO pacTBOpPsSieTCs B BOJE M To-
3TOMY He BblAENsIeTCA B BHAE 0CajKa, TO H B 3TOM CJyuae npespa-
LeHHe B HeiiTpaibHylo (OpMy BHOAHE Lenecoo0pasHo, TaK KaK ee
o6blyHO Jerde BbileJHTh H3 pacTBopa, YeM COOTBETCTBYIOLUHH HOH.

Tpoctbie pacuets (cM. [lpunoxenne 1V) nokaseiBaior, uto np -

pH = pK. BellecTBO HOHH3HPOBAHO Ha 50%, ecnu penuuuna pH
_npesbimaeT BeaHunHy pKa Ha eamHully, TO B HOHH3HPOBAHHOM CO-.
ctosHuy Haxogutcs 109% Bellectna; €CaH 9Ta PasHHUa COCTaB/sAeT
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ABe eAuHHUbl, TO TOJbKO 1Y BellecTBa CylUeCTBYeT B BHAE
HOHOB. . :

Boijenenne BewlecTBa Jyylie BCEro NMPOM3BOAHTH C TOMOLIBIO
Takoro peareHrta, BesnyliHa pK, Kotoporo 6su3ka K co3jaBaeMoil
Bennunne pH. TlpuuuHoli 3Toro sBasieTcst To, YTO PacPEOpHLl BCeX
KHCJIOT H OCHOBaHHil HMEIOT MaKCHMasbnyio 6yhepHyIo eMKOCTh pH
pH = pK,. Cepnas, ykcycHas H ocdopHas KHCIOTH (C BEJHYH-
HaMH pKa, paBHbIMH COOTBETCTBEHHO 2, 5 M 7) LIMPOKO HCMOJb-

'3YIOTCA V15l BbIIEJEHHS BELLEeCTB B KHC/OH o6nacTth. JIuMOHHas Kuc-

Jota — Haugyyuiasi OygepHasi €MKOCTb, TaK KaK OHa :XapaKTep-
ayercss TpeMs OJAM3KMMH JApyr K Ipyry-BennunHamu pKa Tpexcra-
JHitHOl Honu3auuu — 3,1, 4,7 u 6,4, BellecTBa, npuMEHsieMble HJA
BbleJlenHss B LuenoyHoil obnactH, ykasanel B Taba. 4.1, Ecau Ha-
yaTb BHiZEJEHHE ¢ TIOMOLUBIO TakuXx peareHToB (pKa HX Jexat B
npegenax 4—10), 7o Gonee 3KOHOMHYHO 3aBEPLIHTL €0 COJSHOM
KHCJIOTOH HAH €IKHM HaTpoM. D70 uesecoo6pa3Ho HelaTs NMOTOMY,
YTO nocye npHGaB/ieHUs K CHCTEME HEKOTOPOro KOJHYECTBa YNOMS-

HYTBIX BBILI€ DeareHToB, oHa npHobGpetaer Gonbluyio GydepHyio em- -

KOCTh M nocJejyioliee npubaslleHHe peareHTa Majlo MEHsIeT BeJH-
uHy pH. Ilo 370l e NpuunHe MOXKHO HCNOAb30BaTh S Bhijele-
HHSA HE KHCJOTY HJH OCHOBaHHe, a HX COJb, K KOTOpOil 3aTtem n06aB-
JIFETCS COJIsTHAsi KHCJ0Ta WJIM eAKHil HaTp.

Tlpu cuHTe3e HOBOro BellecTBa HMEET CMbICH, He ofpallasi BHH-
MaAHHS Ha 3aTPaTy BPEMEHH, CHJl H HCXOIHBIX BELIECTB, NOJYYHTH
HeOo/bIIOe KOJHYECTBO €ro B YHCTOM BHJE, ONPENEIHTh BEJHYHHY
pKa H, npumeHHB ee, NOOHTECA OO/BLUHX BbIXOAOB 3TOro BELLECTBA
B MoOCJEeAyIOLIHX ONbiTax.

Hcrnonb3ys onucanHylo Bollile CBf3b MEXIY KOHCTAHTAMH HOHH-
3allUH M YCJIOBHSIMH ONTHMAJIbHOrO BbIIEJEHHS BELIeCTB, CJEeLyeT,
O[HAaKO, HMeTb B BHAY, YTO GOJbIUHHCTBO CHHTE30B NPOBOJASAT B KOH-
UEHTPHPOBAHHBIX pacTBOpax, rie 3aMeTHO TPOSIBJIAETCS BJHSHHE
H3MeHeHHA KO3((HUHEHTOB AKTHBHOCTH HA BEJHYHHbl KOHCTAHT
HOHHM3AUHK, 4 Tak}e BAMsHHe KpHCTaJJIHyeCKolf pelleTKH. TeM He
Menee, o0cyXKaeMblii METOJ| Bbll€JIeHHSI HACTOJBKO XOpOLl, YTO €ro
ClIe[lyeT NHITaThCS NPHMEHHTb B KaXKAOM BCTPEYAIOLUEMCH cllyyae
(npumMepn! CM. B CchblKe!), _

Jlpyroe nonesHoe npuMeHeHHe 3TOT METOJ MOXET HaliTH B TOM
cayyae, ecid HeoOXOZMMO OUMCTHTH OCHOBaHHe, Colepiallee He-
GoJsiblloe KoJIHYecTBO Jpyroro GoJiee canaboro ocuoBaHus. Iloanexa:
1l{e€ OUHCTKE BELIECTBO PaCTBOPSIIOT B KHCJIOTE H CO3/aloT B CHCTEME
TaRyl0 HaHMeHbLIYI0 BeanudHy pH, npu kotopoii ocHoBauue, fB-
Jsiiolleecsi NPUMeChio, €lle He HWOHH3HpOBaHO (TPHMEPbl PacyeToB
cM. B Ilpunoxenun IV), 3atem npumech OTQHIBTPOBLIBAIOT HJHM
SKCTParupyrmT pacTBopHTeneM. Takum nepeocaKeHHEM MOXHO To-
JYYHTH MHOTHE OCHOBaHHS C ropasjio MEHbUIHMH NOTEPsIMH, YeM npH

P Albert, J. Chem. Soc., 1966, 2690,
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HX MepeKpHCTAaNIH3aLHH. DTO OTHOCHTCA H K KHCIOTAM (meoqza
(eHobl), KOTOPblE MOXHO OYHCTHTH STHM K€ cioco6oM M3 LieoY-

HbIX pacTBOPOB,

Hcnonb3opanue BEAHYHH KOHCTAHT HOHH3AUMM LA PACYETOB PACTBOPHMOCTH

PacTBOPHMOCTb KHC/IOTH B PacTBOPE LIEJOYH 3aBHCHT OT ﬂu);}f
(aKTOpPOB — HOHH3aLLHOHHOTO PaBHOBECHS, Kommecmemm;'mli;opu-
JKEHHEM KOTOpOro sBJISI€TCA KOHCTaHTa HOHH3alHH, H pmlcﬂgm
MOCTH HeitTpadibHoli -opMbi Bewectsa. Tak, ?éiagﬂ;oaanm cora
Jerko pacrtBopsiercss B OydepHoM pacTBope C p ;B , Bxucno[T)a——
KaK Ipyroii 4jeH roMoJoruueckoro psiia — CTeaput Eg.q e
NpaKTHYECKH HEpacTBOpHMa B TaKOM pacTBOPE, XOT# acmo’:
3THX KHCJOT OfHHAKoBbl. IlpHunHa 3TOrO— KpanHe Malas p
PHMOCTE HE/HCCOLHHPOBAHHOH CTEapHHOBOH KHCJOTHL. T

DKCIIEpHMEHTAJIBHO  ONpejelsieMas  pacTBOPHMOCT &
(So) npH DaHHOM 3HayeHHH an cKJaabiBaeTcs H3 ,uBnyBen:Cq;E:);)—
pPacTBOPHMOCTH HEHTPaJIbHOW MOJIEKYJIbI (uacumeﬂuzxmmp)
¥ pacTBOPHMOCTH aHHOH@ (pacTBOp Aajlek OT HaChilll N

Takum oOpasom

So==[HA]+[A®] (6.1)
Ho u3 ypaBhenus (1.3) (6] K. (HA]
<47 [n9]

' e: ) .
Moncrapue B ypahenue (6.1) Beamunny [A™], moayunm: J

So=[HA]+ K;,L‘;T‘ — [HA][1 +antilg (pH —pKJ)]  (62)

‘THe SE npu pH pactopa, paBHOM, HalpuMep, 4,32, caenyer ob6o3Ha-

32 ,
T acTBOpPHMOCTH
THA] — xapakrepHcTHyYeCKasi p " )
: [Ho.n] nocaelleil MOHHMAKT MOJIAPHYIO KOHUEHTPaUHIO Hagmu;g:;‘
HOro pacTBopa HeHTpaJbHOH (POPMBEI, B KOTOPOM onpelesieTca Kou-
cTaHTa MOHH3AUHMH. DTa XapaKTepHCTHYECKasi pacTBOPHMOCTE 00O
sHayaercsi Si. 6.9
TNepenuwem Tenepb ypabhehue (6.2):

So=_S[1-+antilg(pH—pKJ)] (69

XapakTepHCTHUECKYIO paCTBOPHMOCTD Si KHCJIOTH OﬁbéqHO ompe-
nensior B cpene 0,01 n. pacTBopa COJISHON KHCJIOTH, Oy ocuosg-
uus — B cpele 0,01 H. pacTBOpa NaOH. OueHp 4acTO BeJHYHHBI Oj

r
MaJi0 OTJHYAIOTCA OT BEJHYHH

So, onpeneneHHBIX IJis BOAbL TaK

i 6.3) mas cnabbix
unen [1 + antilg(pH—pKa)] B ypasherun ( ] -
Eﬂlé.m U [ocuosaﬂnﬁ, KoTopbie 06/1a/1aloT yMEPEHHOi pacTBOPH
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MOCTLIO, BecbMa maJn) 3uavenne ypaeHenHs (6.3) misi KHCJIOT BO3-
pactaer B Gosnee wie/lOYHBIX cpenax (MpHMepHl Naubl B Taba. 6.1).

Tabruya 6.1
PacTBOpHMOCTE KHCNOT npw PASAMYHLIX 3HAYEHHSX pH (npr 20° C)
Pactaopmwocte, | CoYD0 Monra b | SO Mencatiho | EGEmAL Ko
MOAb[OMP (PK; =4,95) (Piy=14,90) (PKg=4,12)

S; 8,53 1076 2,2 1072 2,3% 1072

s3 8,5 1076 2,2% 1072 2,5% 1072

S¢ 9,1 1076 2,43 1072 4,03 1072

S5 2,0 1078 513 1072 2,0 1071

S5 L1 1074 311071 1,8

So L1 1073 17 (18,3)

* St—-xapaurepucnmeckan pacTeopuMOcTt HefTpanbhoft GopMul peulectBa;

SS—SI{CIICPHMellTaﬂhHU H3MEepCHHAA PAacTBOPHMOCTL BELUECTBa npH pH =3 U T. O

Hs tabn. 6.1 Buano, yTo, XOTH IBa roMoJora YKCYCHOH KHCJIO0-
Thl — JlaypHHOBaa H 3HAHTOBAaf KllCJIOTbI—XapaKTepHISYIOTCH on-
HHMH H TEMH e BeJuyHHaMH pKa, HX XapaKTepHCTHUECKHE PacTBO<
PUMOCTH CHJILHO OT/IIHYAIOTCsi OAHA ot apyro#i. Ecau yseawunts pH
pacTeopa o BeJIHYHHBI, YHCIeHHO paBHoH pK,, TO pacTBOpHMOCTb
So yBe/MuuBaeTcs Beero B 2 pasa (cM. sHauenne Sp). OnHaKo, ecin
yeeauunts pH na 2 enmunub (S)), 1o _PacTBOPHMOCTb 3HAaHTOBOH
KHCJIOTH! CTAHOBHTCA 3HayuTeasHOH (1,7 M uau 1 vacts Ha 5 yacreil
pacTBopa), B TO BpeMsi KaK PaCTBOPHMOCTDb J1aYPHHOBON KHCJIOTbI OC~
taercs Huskoii (0,001 M nau 1 wacte B 5000 wacteit pactBOpa).

Bensoiinas kuciora obnanaer npuGAH3HTENBHO TaKOH IKe Xa-
PAKTEpPHCTIYECKOI pacTBOPHMOCTEIO, YTO H SHaHTOBasi. ONHAKO 3TH
BELleCcTBA OTJHYAIOTCS BEJHYHHAMH KOHCTAHT HOHHM3auMu. KOH-
CTaluTa HOHH3AaLUHH GEH30HHON KHCJIOTH Gosblle, yeM y 3HAHTOBOI,
NOSTOMY, KaK H CJIe[lOBAJIO OXKHIaTh, HKCNEPHMEHTANBHQ ONpeje-
JICHHbIE BEJIHYHHBI PAaCTBOPHMOCTH TIEpBOro BelletTBa GoJblie, yem
y BTOpOro. XapaKTepHCTHYeCKasi PacTBOPHMOCTE S; J1aypHHOBOII
KHQJIOTH OYeHb MaJa; no3tomy, xots npH pH > pKa Ha 2 enunuier
HOHH3HPOBaHO 99% pacTBOpeHHOM 4YacTH Beulectsa, pacTBOp, OG-
liasi KOHIEeHTpalUus BewecTBa B KortopoMm coctasasier 0,001 M, siB-
JISIeTCH HACBILIEHHBIM,

[lpumensisi ypapHerue (6.3), cnemyer uMerb B Buay, uTo: MoJy-

"yEHHLIE C ero NOMOLLbIO BeAHYHHE So B TOM cllyuae, eC/IH OHH TIpe-
BHILIAIOT 0,1 M, ne MoryT cuuTaThes nocroBepHbiMH. Ilpuuynna

~
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5Toro — BAHSHHE U3MeHeHHs] Ko3((HIHEHTOB aKTHBHOCTH Ha BeJH-
unny pKa. Kpome Toro, Heo6XomHMO MOMHHTb, YTO PacTBOPHMOCTD
COJlH — BIIOJIHE ONpejle/ieHHasi KOHeyHasi BeJHYHHA, 3apHcsllas oT
SHeprHM KPHCTAJJIHYECKON PElIeTKH B TBEPAOM COCTOSHHH.

Huorna Heo6XooWMO y3HaTh, ¢ KaKoii XapaKTepHCTHYECKOl pac-
TBOPHMOCTBIO CJIEAyeT B3siThb PeLleCTBO, 4TOOB KOHLEHTPauHsi ero
B pacTBOpe, Hanpumep B | H. pacTBOpE NaOH, coctaBasja xejae-
‘Myio Besmuuny. Jlas stoil nenw npeoGpasyeM ypaBHeHue (6.3):

, 14
SU

,SJ = T antilg (14 — pKy) (6.4)

- - 14 .
Ecau enaeMmasi konuentpauust So = 0,1 M, To nmeem:

5... S§=10""M
8... S=100"M
... §=10""'M

Jaa kucaoT ¢ pKa
» » pKa
» » pKa

o

Ecau Teneps BHOBL 00paTHMCH K taba. 6.1, To aerko ybenHtbea
B TOM, 4TO MOXKHO mpurotosuth 0,1 M pacTsop Aaxe TakoH IJIOXO
- pacTBOPHMON B BONE KHCJOTHI, Kak JaypHnHoBas. B COOTBETCTBHH
¢ ypasnennen - (6.3), pacTBOp TaKofi KOHUEHTPAUHH MOXHO NpHro-
TOBHTH, co3nab peanunty pH = 9(S0==0,09 M). _
Ilnsi ocHoBaHHii ypaBHeHHe, 3KBHBAJIeHTHOE YpPABHEHHIO (6.3),
NpUHHUMAET CAEAYIOWHH BHI: :

. So=S5, |1+ antilg (pKa — pH)] (6.5)

Onpenenenne KoHCTaHT MOHH3aUMH C MOMOUBIO PACTBOPHMOCTH

K stomy TpymoeMKomMy MeTony NpPHXOLHTCS npuberate B TEX
DELKHX CAyyasX, KOrAa: a) Majnas pacTBOPHMOCTb BelllecTba B BOAE
He No3BoJseT NPHMEHHTD OTEHLHOMETPHIO MK 6) CNeKTpbl norJo-
lileHHs1 MOJIEKYJl M HOHOB JHOO Majo OTJIHYAIOTCS MeMIy coboil,

_hnbo Jiexar 3a fpegenaMy HagexHoro KOJHUECTBEHHOrO H3Mepe-.

HHS, uTO fie (103BO/ISAET MPHMEHHTD.CNEKTPOPOTOMETPHUECKHI METOL.

) VI AeHTUYHOCTh CNEKTPOB NMOIVIOLIEHHS pacTBOPOB HEHTPaJbHOH H
MOHH3HPOBaHHON (opM BeulecTBa. He fBJAAQTCH NPENATCTBHEM IS
HCIIO/B30BaHHs . CIEKTPOQOTOMETPHH € LEJbIo H3MEPEHHS KOHLEH-

" TpauHH pacTBOPEHHOrO BELEeCTBA 0(5};) H (S;] HAXoAsLIerocst B pas-
HOBECHH -CO CBoeil TBepHoil (asoil. ITH JKe KOHUEHTPalHH MOXHO
M3MEePKTh APYrHMH ‘M€TO/laMH — rpaBHMETPHEH (nocne ocamﬁﬂ.emm

- . COOTBETCTBYIOLIHM pearentoM) H KOJIOPHMETpHeH (qocne nobasie-
HHS MHAMKATOPa, OKPALIMBAIOLIEroCs NpH B3aHMOLEHCTBHH C HcCie

-JlyeMBbIM BeLleCTBOM), .

L

04 ok .

- IJIT OCHOBaHHi

) ) ,
: (puyecku, naobpaxKasi 3aBHCHMOCTb Sp OT

Onpenesienne KOHCTAHT HOHH3AUMH METOLOM PACTBOPHMOCTH 2
BLITIOIHAETCS ClefylollnM obpa3oM. Chauana H3MEPSIOT BeJHUHHY
PacTBOPHMOCTH HeHTpasbHON (opmbl BeulecTBa S;. DT0 H3MepenHe
NPOBOAWTCA NPH TakoM 3HaueHWH pH cpenn, KoTopoe o6ecieuni-
BaeT NPaKTHYECKH NONHOE NPEBPalleHHE BELLeCTBA B HENHTPasbHYIO
¢opmy. Jlanee noBTOpAIOT nocledHee onpenenenue B cpepax. pH
KOTOPHIX Gosiblue ¥ MeHbuie Npenpiayuero Ha 0,5 eaunuunt. Mony-
YHB BeJHUIIHBL Si, paBHHe nNpeabiayluel, y6exnaoTcs B TOM, YTO
OHAa JIeHCTBHTENHHO BHIPAXaeq. XapaKTePHCTHYECKYI0 pacTBOPH-
MOCTb. Bce TpH mnodayyennble 3Ha4Y€HHsi S; MOTYT OT/IHYATLCS OfHA
OT APYroii Ha BEJHYHHbI, Jexaluue B npenesax olHGKH, CBOHCTBEH-
I1OH l"lpllMCHilEMOMy ElIIElJIHTH‘IECKOMy METOAY.

Hanee cosnaior B pactBope cpeny ¢ Beauuunoil pH, 6auskoit k
TOMY 3HaUeniio, NpH KOTOPOM HamepeBaloTcsi onpenensite pKa, u
CHOBA H3MEPSIIOT BEJHYHHY PacTBOPHMOCTH. DTO AA€T BO3MOMKHOCTL
paccuntatk Io ypaBHeuusim. (6.6) u (6.7), BuiBeneHHBIM COOTBET-
creenno u3 ypasuenuit (6.3) u'(6.5), npubankennyio penuunny pKa:
IJIS KHCJIOT :

A}

pKn=pH——lg(§{3-— 1) | (6.6)

pKa=pH+1g (52— 1) 67)

3aTeM roToBiT CEMb PAacTBOPOB CO 3HauyeHusmMH pH, nexauumu
B npeaenax pKa = =1, u cuosa onpenensior pKa. Cpennee u3 sTux
CeMil 3uavyelHid XapaKTepH3yeT HCTHHHYIO BedHyuuy pK, (ctp. 19).
Tak kak Ha BeNHuHHY PAacTBOPHMOCTH OKA3biBAeT CyLECTBEHHOE
BJHSIHHE NPHCYTCTBHE NMOCTOPOHHHX HOHOB, TO BCe ONpele/eHus He-
06X0NHMO BHINOJHATL NPH NOCTOSHHON HOHHOH cuae (ctp. 54). Ilas

-3Havenuit pH ot 3 1o 11 npuronks 6ydepHbie pacTBOPbI, NPHBEJEH-

Hoie B Taba. 4.1. MouHas cuna 3THX pPacTBOPOB KOHIIEHTpallMeil
0,005 M cospaerca 0,1 M pactBopom NaCl.

[TpakTHueckn mnocrynatoT ciaenyiownm o6pa3oM: HW3GLITOK Hc-
clenyeMoro pellecTsa pasmewHsaloT B OydepHoM pacTBope Moj aft-
Mocdepoit HHepTHOro rasa B TepMocrate. PaameminBanue nponon-

-XawT L0 Tex Nop, NoKa ¢ NoMOoOllbIo NOoAXOoAsILIero aHaJlHTHYECKOro
* MeTopa He ﬁynET KOHCTaTHpPOBaHa MoOCTosiHHaA KOHLEHNTpalHAa Be-

1eCTBa B pacTBope. 3aTéM HepaCTBOPHBLIYIOCS 4aCTb BELIECTBA OT-

~-NeJISIIOT OT PAacTBOPa LEHTPH(YrH POBAHHEM H Cpa3y 3Ke ONpenensior
¢. peinunHy pH pacteopa. Ilns cayuas, onucanhoro B taba. 6.2, oka-
" 3aJ10CH HOCTATOYHBLIM 3-4acOBOre pasMelIHBaHHA. '

Hns amdorepHbIX BellecTs.BelHuHHY S; y106HO HAXOAHTbL rpa-

—{T_l'é}— H S‘KCTpa‘IIOJ'If‘Ip v

MoJy4eHHylo NpsaMyro 00 3Ha4YE€HHS apryMeHTa, paBHoro HyJlio."

2 Krebs, Speakman, J. Chem. Soc.,, 1945, 593.
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Tab6ruya 6.2

OnpeneneHte HOHCTAHTHI KHCJOTHOH HOHH3AaLHH METONOM

=  pacTBOPHMOCTH 3
Beujecreo: cynwponnasun, CioHioN4Oz. Mon, B, 250,3. Temneparypa: 25°C.
S; = 6,16 Mz na 100 cx® npu pH = 4,3.
© Kouyentpayusa: 2,464 X 107% M.

s, ¢ . pl, (pasnocTu yncen
it Juzflﬂi? cM? (SU/SJ)_ ! HHCen ltalﬁmnﬁua 3 u: cronuon 1 1 4)
1 2 3 ) 4 5
6,01 8,5 0,38 —0,42 6,43
6,35 11,1 0,80 —0,10 6,45
6,82 19,4 2,15 0,33 6,49
7,23 43,5 6,06 0,78 6,45
7,56 86,0 13,00 1,11 6,45

Pesyavrar: pKa =645+ 004 npu /=01 npu 20°C c Hcnoab3oBaHICM
BCEX NATH ailaqeuuﬁ. NOAYYEHHLIX B OMNLITE.

3 Ilpumepnl B3nuTH M3 paGOTH KpeGea n ChMKMEHA (CM. CCHAKY ?).

Me*ron onpenejieHHA KOHCTAHT HOHH3alHH € NOMOLUBIO PacTBO-
pHMOCTH HE Tpeﬁye'r BBE€OEHHHA nonpaBox Ha aKTHBHOCTbL HOHOB BO-
. 110[)_011& H HIPOKCH/Ia, TaK, KaK 31eCb HE HCIIOJb3YITCA CTEXHOMET-
pHYECKHE KoHlleHTpauuH. Bce onpepeneHHs BHINOTHAIOTC MPH Bbl-
COKO# HOHHOH CHJle, NMO3TOMY MOJyYeHHble BeJHYHHbL 3HAYHTEJbHO
OTJIHYaKTCA OT BEJHYHH TEPMOAHHAMHYECKHX KOHCTaHT. B CHJBLHO
LIEJIOYHBbIX pacTBOpax, rae uaMepeHue 3HaueHHs pH Tpyano, ompe-
jeJieHHe KOHCTaHT oﬁcy}l{ﬂaemmm MeToaoM SBJAETCA BeCckMa He-
TOYHbIM.

Poncreennble MeTonb!

Ilns naxoxnenus Besinynd pKa HCHoOAB3ylOTCs elle IBa MeTola:
pacnpenejeHHe BeLleCTBA MeXJy HABYMsI HECMELIHBAIOLIMMUCS pac-
TBOPUTENSMH ¢ i copOuusi B HOHOOGMeHHBIX Kosonkax. Onucan npe-
napaTHBHBI MeTON pasjpesieHdsl ABYX CJalblX KHCIOT ¢ ONHHAKO-
BbIMH 3HaueHHsIMH PKq € NOMOILBIO TPOTHBOTOYHOTO PaCHpeNeseHHs]
MeX/Jy OpraHHYeCKHM pacTBOpHTeNeM H BoAHON (asoil, colepia-
weit coan 3THX KHeaot S, Ilnis npoBeleHHs1 3KCIEPHMEHTa HCNOJib-
syerca 20-TpyGounmit npuGop Kpeiira, Bulon3MeHeHHbIH Takum 006-
pa3oM, 4ToOBl pacTBOPHTENb Mor Teub B Ji06oM Hanpasjienud. Hns
pasjie/ieHHsi O- M N-TOJNYMJIOBBLIX KHCJOT, BeJauuuHbl PK, "KoTOpLIX
OT/1HYaloTCs1 ToNbKO Ha 0.47, Obln HCNOJB30BaHbl 15 BOHHLIX nepe-
" TOKOB. - )

* Farmer, Warth, J. Chem. Soc,, 85, 1713 (1904). )

8 Barker, Beecham, Austral. J. Chem,, -13, 1 (1960).

.

Trasa 7

LUBUTTEPUOHBI (BMMOJISIPHBIE HMOHBY)

Tepmun «usutTepron» Been B 1897 r. Kioctep, 4To6bl BHISICHHTE
IpHpoNy psila MHAMKATOPOB, PearHpylOIHX TaKHM oGpa3om, Oyato
Kaxjnasi ux moJieKysna o6MajaeT nofHOCTBIO HOHH3HPOBAHHON KHC-
JIOTHOH H "OCHOBHOH rpynnamu. K TakHM HHIHKaTOpaM MOXKHO OT-
HECTH METHJIOBLIH OpamxeBblid. [N NOMYYAIOWHXCS TaKUM TyTeM
BHYTPHUMOJIEKYNAPHEIX coneii Obii NpeAJoeHbl eLle JBa TepMHHA:
«aM(QHOHL» U «OHNOJNSIPHBLIE HOHLIY.

HeoGxonuMo umers 5 Buay, uto cywectsyer Gosplioe Koauye-
CTBO aM(OTEpHbIX BELLeCTB, He ABJSIOLIHXCSl LBHTTEPHOHaMH. Tak,
BELLECTRO MOXKET HMeTh KaK KHCJOTHYIO, TaK H OCHOBHYIO TpYNIbI,
HO OHH MOTYT H He NaBaTb BHYTPHMOJEKYJ/SPHOH COJMH N0 TeX mop,
N0OKa HX OJHOBPEMEHHO He HOHH3HpPOBaTh. BO3MOXKHOCTL TaKoil
HOHH3ALHH 3aBHCHT OT BeJH4HH pKy 3THX (YHKUHOHANbHBIX rpynm.

CpaBHCHHe UBHTTEPHOHOB M OGBIYHLIX aMQOTEpHBIX BeuiecTB

Ilpumepom TunHuHOro amdQonuta (amdorepnoro Bewectsa) ss-
JIIETC M-aMHHO(EHOJ -

- OH
i N\
H,N/
T
NpUMEpOM UBHTTEPHOHA — IVIMLHH (aMHHOYKcycHas KHcaora) (II1)
) - H® o n® .
HyN—CH;—COOH *= HyN—CH,—C00® *= H,N—CH,—CO0®
{n (1n vy

CyutectByror nBe Benuunub pK, nns sm-amusodenona: 4,2 u 9.9,
OTH BeNHUMHBLI GJM3KH K 3HAYEHHSM pKa IBYX poacTBeHHBIX Besm«
UnH — anuivba (pKa = 4,6) u denona (pKa = 10,0), Ecain no stum
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NaHHbIM TIPOBECTH pacyeTsl B cooTBeTcTBHM ¢ [lpuaoxendem 1V
(ctp. 164), TO MOXHO TNOJNYYHTH NPEACTABJEHHE O BCEX CTANHAX
HoHu3auHH M-amHHodenosa. [lpy pH = 2,2 u wumxe aMmunorpynna
NOJIHOCTBIO HOHH3HPOBAaHA, a OKCHIpPYNNa He HOHH3HpOBaHa; IIPH
pH = 4,2 aMuHOrpynna HOHH3HPOBaHA HANOJOBHHY. B mpoMexyTke
mexkny pH = 9,9 u 7,9 o6e ¢dyHKuHOHAJNBHBIE TPYIIbl HE HOHH3HPO-
Baubl; npyd pH =9,9 okcurpynna nonusupoBara uHanoJjosuny. [lpu
-pH > 11,9 okcurpynna no/JHocTel0 HOHH3HpOBaHa, a aMHHOrpymnna
He - HOHH3HpOBaHa. l3yueHne KHCJOTHO-OCHOBHBIX CBOMCTB TaKHX
aM(pOoNHTOB, KaK M-aMHHO(peHoJ, He cocTapaseT OoJbLIHX TPYAlIo-
cTeil, H 3Hauendsi ux pKa Moryt OblTh JIerko onpejelienb (CTp. 52)
H NPHNHCAHBI COOTBETCTBYIOIUHM HOHH3HPYIOUIHMCS rpyniaM.

CBoeo6pasHbiii BHJ MOHH3aUHH NpHCYL! UBHTTEpHOHAM. B cip-
HO KHCJIBIX pacTBopax OHH CYLIECTBYIOT UEJHKOM B BHIE KaTHO-
nwoe (II); B cuavno. ulenounbix — B BHIe aHuonoB (IV). Ha stom
KOHYaeTcs CXOACTBO LBHTTEPHOHOB ¢ OOLIYHBIMH aM(OJHTaMH H BO3-

. HHKaeT pasJjiHuMe, 3aKJ/Ioyalolleecs B TOM, YTO B HHTepBaJie Cpen
. ¢ NpoMeXyTouHbiMH 3HaueHusiMu pH o6e ¢yHKuHOHaNbHbIE rPYNNLI
'y OOJIBLUHHCTBA MOJIEKYJl LBHTTEPHOHA MOJHOCTbIO HOHHM3MPOBAaHDI,
Ceoeobpa3Has 3JeKTpHYECKass NpHpoda LBHTTEPHOHA, HECYLIEro
* IBA IPOTHBONO/IOXKHBIX 3apsifia, He YK/IaAblBaeTcsi B o6bluHbe TIpes-
~ craBienHa o0 aHHOHE, KaK O NPOAVKTe B3aHMONEHCTBHSI BeLleCTBa
CO LIe/IoYbIO, H KaTHOHE, KaK O NPOLYKTE peaKuHH ¢ KHCJIOTOH. Yc-
JoBuMcsi HasbiBaTh- npouecc nepexoaa ot (III) ko (II) kak «npu-
coesuHenHe npotoha» W nepexon ot (III) k (IV) —kak «norepio
.NpoTOHa». ) )

JlioGoe BUECTRO, BeapunHa pKa KHCJIOTHOH HOHH3ALMH KOTO-
- poro [o—abcoAIoTHOH—BENHYHHEY we, yem pKy OCHOBHOIH HOHH-
3anud, OyleT UBHTTEPHOHOM. YKa3aHHOE OTHOLIEHHE MOKa3aTeJeil
KOHCTAHT HOHH3allHH CBHIETEJbCTBYET O TOM, YTO KHCJOTHasi H OcC-
' HOBHasi rpyNIbl BELIECTB JOCTATOYHO CHJIbHBI IJISi TOro, YTOObI HEl-
TpanH3oBaTh Apyr apyral'. - .

B otanyne ot oOcyxnaBllerocss Bbille M-aMHHO(eHoNa, Besu-
yuHb pKa UBHTTEPHOHOB 4acTO OTMIHYAIOTCS OT BeAHYHH PKa npoc-
TeilllX aHAJIOrOB COCTABHBIX 4acTell MojekyJsb. 3To fIBJEHHC Ha-
Ganropaercss B TEX Cayyasix, KOraa KHCJOTHasi H OCHOBHasl rpynnbl

pacnonoxenbl GJM3KO APYr OT ApYra WJM pPas/efieHbl LeNOYKo#H

KOHBIOTHPOBaHHBIX - NBOfHbLIX cBA3ed. HMoHH3auHsA OCHOBHOM rpynnbl
NPUBOANT K MOSIBJIEHHIO MOJOMHTENBHOrO 33apA/a, KOTOpbIH NPUTH-
- 'THBAaeT 3JEKTPOHbl M  INO3TOMY YCHJHBAET COCEAHIOI KHC/IOTHYIO
rpynny, cooTBercTBeHHO yMenbluas ee pK,. HMonusauwus xe kncnor-
HO¥l rpyNnbl NMPHBOIMT K MOSIBJIEHHIO OTPHUATEJNbHOrO 3apsija, KoTo-
pbili, YBEHYHBAA 3JEKTPOHHYIO NJIOTHOCTH OCHOBHOH TpYINNEL, “yCH<
JHBAeT ee OCHOBHOCTb, COOTBETCTBEHHO NoBbillag pKa OCHOBHOH
vonusauuu. - Caeflyer, OAHAKO, OTMETHTb, YTO 3JEKTPOHOLOHOpHOE

-

I N. Bjerrum, Z. phys. Chem., 104, 147 (1923).
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B/HsiHHe HOHH3HPOBaHHONK KHCJOTHOH rpynnbl 4YacTHyHO ocaa6-
JISIETCSl SJIEKTPOHOAKUENTOPHbIM (0C/a6MSIOLHM OCHOBHOCTE) BJIIf-
HHEM J11060ro [BOECBSI3aHHOTO aToOMa KHCIOPOAA, HAXOASIErocst B
Heil. B oOmunbiX amonuTax B3auMHOE BAHSIHHME (DYHKUHOHAJIBHDLIX
rpynn BblpaykeHo ropasjio ciabee, 4eM Yy UBHTTEPHOHOB. DTO 00bsic+
HSIETCS1 TeM, YTO B aM(oyuTaX (YHKUHOHANLHLIE TPYNIH HE HOHH-
BHPYIOTCH OILHOBPEMEHHO. '

Onpenenenne Benuuun pKa amdorepHBXx BeulecTB Jierye BCero
BHIIOJIHATE € MOMOLUBIO NOTEHUHOMETPHH. XOPOLIHE pe3yasTaTsl
JaeT TaKxKe CnekTpopOTOMETPHYECKHii MeTox, XOTsi OH Tpelyet
Gonblinx 3atpaTt Bpemend. Benuuyuun pKa; naiizennble nas ampo-

JINTOB, NPpHHATO O0O3HayaTh CleAylolHM oGpasom: pK;, pl{%: ng
H Tak ZLaJjee B nopsake yseauuenus pKa. 970 ycnosue HeoGxonumo,
TaK KaK NPHNHCHBaHHE T€X HJH HHbIX 3HauyeHuii pKgy To# wan uuoit
¢yHKUHOHANbHOI rpynne BelleCTBa — He BCeraa npocras 3ajava.
Yacto nas 37Ol UeNH .NPOBOAAT JIONOJHHTENBHOE HCC/AELOBAHME.
Ecln pesysbTaThl TeCTOB CBHAETENBCTBYIOT O TOM, YTO AAHHOE Be-
LeCTBO — oObiunblii amMponuT (He LBHTTEPHOH) THNA M-aMHHOGDe-
HOJa, TO JIOTOJHUTE/NbHBIX HCCJENOBaHuii He BeayT. Benuuuny pK,,
HallIeHHYIO NDH THTPOBAHHH KHCJOTOM, OTHOCAT K OCHOBHO# rpymme,
a penHyuny pKa, HalineHnyro NpH THTPOBAHHMH LIENOYLIO, K KHCJOT-
noit rpynne. Ecau e BeulecTBo npenctasisier coGoii LBHTTEpPHOH,
TO NPOTOH MNPHCOEAHHSETCH K KapOOKCHILHOMY aHHOHY MOJEKYJsl
.[em. nepexon ot (II1) ko (1I)], a He K ocHOBHON rpynne oGLINHOrO
aMdoauta. Takum obGpa3oM, XOTsi NPH THTPOBAHHH KHCJIOTOIt OOLIU-
"Horo aMQoJHTa H LBHTTEPHOHA INOJYYAIOTCS AHAJOrHYHHE aMMO-
HHEBbi€ KaTHOHbI, 3HayeHHsn PKa n0MXKHBLI ObTh OTHeceHbl K pa3-
JIHYHBIM (PYHKIHOHAJbLHEM FpYNIaM — B MEPBOM C/yyae K amHHO-
rpynne, BO BTOPOM — K KapOOKCHJIbHOH.

- Ilpn odopmyeHHH pe3yJNbTaTOB 3KCNCPHMEHTA BelHuuHb pK, Ho-
BbiX NPHPOIHBIX BELIECTB Jlyylle BCEro MNpencTaB/snTh B CJeAyio-
wenm Bupe: pKy = 3,3 (nmpucoenntnedne nporona) u pKy =74 u 9,3
(notepst mpotoHa). B Takom BHIe 3TH naHHsle GynyT ocraBaThCs
JO TeX mop, noka He MpejCTaBHTCSl BO3MOMKHOCTL OTHECTH KaXKIYIo
M3 HHX K onpeneneHHoii (yHKLUHOHaJBHOI -rpynne. Tak, B Tom cay-
ae ‘ecqH BellecTBO — OOblyHBIH aM@OoaHT, NpHBeleHHas BHILIE Be-
~nuynHa pKy = 3,3 (nosyyeHHast NpH THTPOBAHHWH KHCJOTOI1) Xapak-

7 -Tepusyer caaboe ochoBahue., OAHAKO, €CJAM- HCCIENyeMOe Beule-

" CTBO — LIBHTTEPHOH, 3TOT K€ IOKa3aTeJlb XapPaKTEpPH3YET CHJIbHYIO

- KHCJIOTY.

TecTsl Ha WBHTTEPHOHBI .

- YacTo NpeanofaraioT, YTO BELIECTBO SBJSETCS LBHTTEPHOHOM

“ Ha TOM OCHOB@HHH, YTO OHO JYullle PACTBOpSETCS B BOJe,. XyXe —

~"B OpraHHYeCKHX pacTBopHTesnnX H HMeeT OoJjiee BBICOKYIO TeMmepa-

Typy nJaaBneHHs, 4YeM pOACTBEHHBIE COeJHHEHHs, CcOoAepKaullue
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TOJILKO OHY HOHH3WpYIOULyiocsi rpynny. DTH CBOFCTBa Xapakrepil-
3YIOT BE€UWeCTBO KaK C0Jlb, OJHAKO 3TOr0 HENOCTaTO4YHO OJist noKa-
34aTeNIbCTBA U.BHTTQPHOHHOﬁ NpHpoOALl BewecTBa, Tak KaK HMH XKe
Oﬁﬂa}laIOT MHOIHE HE3JEKTPOJHTE C OYHeéHb BBICOKHM 3HadYeHHeM
BeJIHYHHE AunoJbHoro momenrta (Hanpumep, 6 ennnnu [ebas). bo-
Jee CTPOrHit MeToA onpeneneHHs — H3MEPEHHEe [H3JIEKTPHYECKOH
ﬂOCTOﬂHHOf’I. I.II-ISJ'!EKTPHHGCKGH NnocTosillHasi paCcTBopa OIHCbIBAETCH
CNeAyIUHM YypaBHEHHEM:

D =D,+3C (7.1)
rae D,— nusneKkTpHuecKasi NOCTOsIHHAs PacTBOpHTENS;
' 8 — JH9NIEKTPHYECKHI HHKPEMEHT;
C — KOHUEHTpauHs.

JlusnekTpuueckuil HHKpeMEHT IJsi pacTBopa IBHTTEPHOHAa CO-
cTaBisieT GOJIBLIYIO TOJIOMKHTE/IbHYIO BEJIHYHHY, YTO CBHAETENb-
CTBYET O HaJHyHH GOJLLIOrO IHMNOJBHOTO MOMEHTA KaXKOil MoJe-
Kyabl BemectBa. JHNOAbLHEI MOMEHT LBHTTEPHOHA COCTaBJsIET
OGLIYHO BEJIHYHHY, HE MeHbLUylo, yeMm 15 enunuu JleGasi. Ilasi cpas-
HEHHA [pHBEJEM 3HAYEHHE AHMNOJBLHOrO MOMEHTa N-HHTPOAHMIHHA,
MOJIeKYyJla KOTOPOro CHJBHO NOJsipHa, HO He HOHH3MpOBaHa. JTa
BeaHuKMHa coctaBaser 6.5 enunun IeGas.
~ HamepeHue nH3NEKTPHUECKOH NOCTOSIHHON KaK TECT HAa LBHTTe-
‘DHOHBbI NOKA HE HALJIO UIHPOKOrO NPHMEHEHHsi H3-33 HENOCTaTKa
annapaTypbl. BmecTo sTOro, Kasasnocb, MOXHO Obl10 Obl H3MEpSTh
-06pYHEIE AKMNOJLHbIE MOMEHTHl, OAHAKO H 3TO OKa3bIBAETCSl Malo
NPHTONHBIM H3-3a HH3KO{l pPacTBOPHMOCTH UBHTTEPHOHHO MOCTPOEH-
HbIX BELIECTB B PAacTBOPHTENAX C HH3KHM 3HAYEHHEM NHSJIEKTpH'e-
CKOM KOHCTaHTHL .

JlpyruM uyBCTBHTENBHBIM TECTOM HA LUBHTTEPHOHB SBJISIETCS H3-
MEpEHHE SJEeKTPOCTPHKLHH Kaxyllerocsi MoasnbHoro obbema. On-
HAaKO H 3TOT METOJ He/b3si HCNoJb30BaTb H3-3a HEAOCTaTKa anna-
paTypsl ' ~

[lepeiineM, HakoHew, K Jerko HAOCTYIHBIM TeCTaM Ha UBHTTe-
pHoHbl. HauGonee HaleXHBIM H3 HHX OKasajHCh CleLyIOLLHe.

a) Ecau xora Obl onua u3 Besnunk pK, BElECTBa 3HAYHTENBHO
oT/iHuacTcs oT BeaHunhbl pK, onHo3apsinHoro aHajora JaHHOro Co-
eIMHEeHHs, TaKoro KakK 3(up WIH 0-3QHpP, TO BELIECTBO fABIAETCH
uputTepuoHom (ctp. 111).

6) Ecau Benuunna pK, Beuiectsa, onpeneieHHas nyTeM THTpO-
BaHHs KHCJOTOH B BOJHOH cpene, HE. MEHSeTCsl HIH yBeJIHUHBaercs
npu THTpoBaHHH B cpene 50—70%-HOro sTaHOMa, TO BELIECTBO siB-
nsiercst upurrepuonom 2 (crp. 112). o

‘TeM He MeHee, a)ke B TOM cayuae, ecid tectsl (a) u (6) oTpus
LaTeNbHB, BelecTBO MoxkeT ObiThb IBHUTTEPHOHOM.

2 Jukes, Schmidt, J. Biol, Chem, 105,9359 (1934).
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B) Ecan Bemectso norsiowaer yasTpaduoseToBse JYYH 1i O/1ia
13 (YyHKUMOHANBLHBIX TPYNN €ro sIBASETCS KapOOKCHJbHOI (cnektp
TakOH rpynnul Majo MEHSIeTCs NPH HOHH3ALMK), a4 Ipyrasi — aMHHO-
Tpynnoii, CBSI3aHHOH C apPOMAaTHYECKHM SIJIpOM, TO 3HAYHTEAbHOE
THIICOXPOMHOE CMelleHHe [JIHHHOBOJIHOBOH O6JacTil NOrIOLEHHS,
npoucxonsiiee npu n06aBJeHHH LUENOYH, CBHAETENLCTBYET O TOM,
UTO AaHUOC -COeAHHEHIIE — UBHTTEPHOIl. DTO NPaBHJO B C/l€rkKa H3-
Mcueduon “pilge OblJIo HCNOAL30BaHO [AJS JOKAa3aTeJbCTBa LBHTTC-
PHOIIHOrO XapaxkTepa NHPHAHURKAPOOHOBBIX KHCJOT 3.

Tect (6) ochoBaH Ha TOM, YTO CIHMPT, yMeHbLIas HOHH3ALMIO
KHCJIOT H OCHOBaHHH, noBbuiliaeT pKy nepeBuix H nouHxkaer pK, no-
CNeHHX. )

Opnuako, Kak MoKa3blBaeT THTPOBaHHE Psija UBHTTEPHOHHLIX Be-
LIeCTD LWesoublo, pKy oTLlenenns NpoToHa NpH Iepexojie OT BOAbI
K CIHPTY 11c MeHseTcs. DTOT (aKkT NPOTHBOPEYHT TOMBKO HTO Cjie-
JIalIoi CCHUIKE 11a TO, MTO B CNHPTE HOHM3AlHsI KHCIOT H OCHOBa-

Huil  ymenbluaercs. Ou  oObsicusiercs: crneuM¢HKON paBHOBeCHs:

HZ®®~~H®4-Z°.Bce xomnonenTsl 3TOro paBHOBecHs 3apsKEHsl,
NpHYEM YIICJO 3apsijloB OCTAETCS NMOCTOSIHHLIM. TeM He MeHee, aMH-
HOIPOU3BO/IHbIE CYJb(OKKHCIOT NPH Nepexojie OT BomHoH cpeaul K
CUPTOBOH OOHAPYMHBAIOT TONBKO YTO OGCYKAABILYIOCS AENPECCHIO
HOHH3ALHH. , :

Ilpu TuTpoBannn B BOAHONH cpene rauuuna (III) noayuarorcs
nee sBennuunnl pKay: omma cocraBaser 2,2 (npucoenuuenue mpo-
ToHa), propasi— 9,9 (oTwensenne nporoua) (Bce H3MEpEHHs Mpo-
Beflednt npu -20°C). Bennunua pKa cootBercTByMolllero MeTHJI0OBOro
aupa cocrapaset 7,7 (MOHH3aLHs aMEHOrpynnsl). JIerko 3aMeTHTD,
yto pK, aupa ropaspno GaHKe no BeJHUYHHE K MOKa3aTesio BTOpOH
KoHcTauTul riHuuHa (9.9). DT0 maeT ocHoBaHHEe OTHECTH HNochen-

HIOIO KOHCTAHTY K HOHH3GIUHH aMHHOrpynnbl rJavllHHa. O,[lHaKO l'lplll

stom obpamaer Ha ce0si BHHMaHHWe cJenylolee OGCTOsTENbCTBO:
pKa =99 6ba nosyueH 0OpH THTPOBAHHH TIJIHLHHA LIeJOYLIO, a
pKa = 7,7 Gein nonyuex npu THTPOBAHHH METHJOBOro 3(QHpa riH-
IHHa KueaoToil, C TOYKH 3pelHs CTpOroro KpHTHKA, 3T0 06CTOsN-
TEJILCTBO Ji@/1aeT TOJIBKO YTO NPOBEIEHHOE CpaBHEHHE KOHCTAHT He-
JIOCTaTOYHO mpaBomepHbIM. [TosTomMy nns Gosbluel CTpOrocTH 1OKa-
3aTesbcTBa OBIIO IpOBEAEHO THTPOBAHHWE COJISHOKHMCJIOH COJIM METH-
JIOBOro 3(pHpa IJIHUKHA LUEJOYbIO H NMPH 3TOM OB MOJYYEH TOT Ke
pesyJssTaT, 4TO H MNpH THTPOBAHHM CBOGOJHOrO METHJOBOTO 3(pHpa
Kycaotolh, " OtHecenne Beanuynnbl " pKa =99 Kk paBHOBecuio
(I1I) == (IV) nonrteBepnaeTcs TakKe JAHHBLIMH, NMONYYEHHLIMH IpH
tuTpoBauin B cpene 50%-noro sravona. OGa 3uauenusi pKa npu
nepexojie OT BOAB K 3TaHOJY YyBeJHYHBAIOTCs, COCTABJsAsI COOTBeT-

cTtBeHuo 2,7 u 10,0, B cooTBeTCTBHH ¢ JaHHBLIMH, NpHBEAEHHLIMH
- Ha ctp 110, 370 CBHAETE/ILCTBYET O UBHTTEPHOHHOM CTPOEHHH Il

?Green, Tong, J. Am, Chem. Soc, 78, 4896 (1956).
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‘UMHA. A 3TO, B CBOIO Ouepellb, NMO3BOJSET NPHIHCATH GOJEe BLICO-

Koe 3HaueHHe pK, WoHH3aLuM OCHOBHOi rpynmbi. -

Benuunna pK, yKcycHo# KHCA0TH coctaBaser 4,8, oqHaKo HOHH-
3HpOBaHHAas aMHHOrpynna B LBHTTEPHOHE TJIHIHHA SIBJIAETCA akK-
LENTCPOM 3JIEKTPOHOB H TEM CaMbIM YCHJIHBaeT HOHHM3aLHIO Kapbo-
KCHAbHOH  rpynnbl.  KoJHYeCTBEHHO  NOCJAEAHIOI0  ONHCbIBaer
pKa-= 2,2. MertuaoBeiii 3hup rauuuua Giarogapsi HHAYKTHBHOMY
(—!) sdpderry rpynnet — COOCH; kak ocxoBanue, B 1000 pas cna-
Gee, yuem metuaaMul (pKa 3dupa cocrasaser 7,7, pKa MeTunamuna
10,7). HuayktuBHblii 3¢¢QeKkT B MoJeKyle 3pHpa H0JKeH OHTb
TaKiM e, KaK ¥ B HellTpaJbHoii Mosekyhe raunuHa (V). Hesua-
YHTEJBHOE KOJIMYECTBO INOCJEIHEro BeLlecTBa CYLIeCTByeT B pas-
HoBecHH ¢ uBHTTepHOoHoM rauuuba (III) (stor BOmpoc Oyner
Qbcyxnatbes nosxe). To, 4To MHAYKTHBHble 3¢dektol B (V) u B
MeTHJ0BOM 3(upe ONHHAKOBLI, CJENYET H3 paBeHCTBa AMIOJNbHLIX
MCMEHTOB 3THX BELIECTB. YBeJHYEHHE IOKa3aTelst KOHCTAHThl 1OHH-

" 3aUMH NpH Tiepexofie OT MeTuJoBoro 3GHpa rauUMna K camomy
rauuuby (9,9 Bmecto 7,7) CBHIETENBCTBYET O BAHSHHH HOHH3HPO-
BaHHOI KapOGOKCHJIBLHON rpynibl Ha OCHOBHOCTH aMHHOrPYNNbl M sB-

_JiseTcsl eule OOHHM JOKAa3aTeNbCTBOM LBHTTEPHOHHOTO CTPOEHHSA
rauuMHa. ‘Beanunna 9,9 — konuuyecTBeHHoe Bblpa)KeHHe IBYX Mpo-
THBONOJIOKHBIX TeHAeHLH#: a) ocaabasIoLero oCHOBHblE CBOHCTBa

. MHIYKTHBHOrO BJIMsiHHSI KapOOKCHJIBHON rpynnel B 6) yCHJAHBalO-
LIEro OCHOBHLIE CBOWCTBA 3JEKTPOHOINOHOPHOrO BJHSIHHSI aHHOHA
KapGOKCcHJ/Ia, HaXOASLIErOCs OT aMHHOrPYNNbl HOCTATOYHO OJH3KO,
yToGbl YBEJHYHBATH €€ 3JEKTPOHHYIO IIOTHOCTb. B peayJabrare, -
LHH OKa3biBaeTcsi Bcero B 6 pas mMenee ocHoBubiM (Ha 0,8 pK), uem
MeTHJaMHH )

: ® A0

H,N—CH,—COOH H;N—CH,—CH,—CH,—CH,—C00® Ik )

(V) - vn N

. (Vi)

Ha npumepe $-amuuoBanepuanoBoii kucaote (VI) BHAHO, Kak
B3ayMHOE YIajleHHe ABYX 3apsiKeHHbIX TPYNI BAWAET HA BEJHYHHDI
ux pKa. Ilasi sroit kuchorel BennuuHs pKa cocrapasiior 4,3 u 10,8
"M TaKHM 00pa3oM OKa3biBAIOTCA BecbMa OMH3KHMH K Beanuunam pKy
yKcycHol kucqotsl (4,8) w metunamuHa (10,7). Beauunna pK, me-

" THnoBOro 3dHpa d-aMHHOBaNepHaHOBOH KHCIOTH cocTaBaser 10,15,

.

Pacyers *

~ Jlas Toro yToObl BHISACHUTB, B KaKOH (OpME CYLIECTBYET aMdo-
JIUT, HallpHME€p NJIHUHH, NpH TOM JHIH HHOM 3Ha4YEHHH pH, O4yeHb

* o MHEHHIO HEROTOPHIX MccneaoBartenedl, pasnen «PacueTiy» CoOfepHKuT pﬂh
omu6oK, 3HAUHTENLHO CHHXKAIOWKX ero UenHocTh, —cM. A. A. Byraescknii,
P. A Teiiy, I0. ®. Pui6kun, XXOX, 38, 815 (1964). — fpum. pedaxTopal.
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MOJIe3HBIMH OKa3bIBAIOTCSl pacyeThl, OCHOBAHHLIE HA 311AHHI NMOKa3a-
Tesell ero. KOHCTauT uonuusaunu (2,2 u 9,9). Jas o6aeruenus pac-
detoB uesecoo0pasHo ucnoib3oBaTh [Ipuaomenne 1V. Tak, npn
pH = 1,2 nouusupoBano toabko 109 KHCAOTHHIX rpymm i Bce oC-
HOBHEIe rpynnbl. ClenoBartesibHO, YIpH 3ToMm 3Havenuwn pH 109% Be-
LieCTBa cyulecTByer B Bule UBHTTepHoHa H 90% B Buie KaTHOHa.
IlonoGHele pacueTsl MOXHO TNpOAeNaTh AJdst APYrHX 3HaueHuit pH.
B pesynbrate nonyuaercs, uro B mutepsase pH = 3,3—89 (. .
oT 3HaveHusi pKq Ha enunuuy Goaslero, yeM mensunii pKa, ¥ 10
3HayeHus pH, Ha enwnnuy mensuiero, yem Goasiwmii pKa) rauuwms
NOYTH LEJHKOM CyLlecTByeT B BHAe uBHTTepHoHa. [Ipu pH > 10,9
TIHUHH CYLIECTBYET NMPEHMYLIECTBEHHO B BHJIE aHHOHA.
Ananoruynble pacuetsl Gbliu NpoBefeHbl W A1 OOLYHEX aMdo-
JIHTOB, HanpHMep Iis #-amMHHOOeH30iiHOH KucloThl (pKa ocHOBHOI
rpynnst 2,7, pKa Kucnotuoft rpynns! 4,8). B pesyabtate Gb10 BHsiC-
HeHo, yto npH PH = 1,7 nonuauposano 90Y% ocuoBHBIX rpynm, a

KHCJIOTHbI€ IPYINbI COBEpIIEHHO He HOHH3KPoBaHb. Takum o6pasom, -

npy 3toM 3HaueHuH pH 909% BewecTBa cyuiectByer B BHae Ka-
.tona. [pu pH = 3,8 pacTBopbl n-aMHHOGeH30MHOM KHCJIOTHI copep-
®aT npubauautensHo 91Y% HelTpanbubix Monekyn, 7,4% uBHTTe-
puoHa u 1,6% aHuonnoit ¢popmel BewectBa *. CoaepaHnue KaTHOH-
HOH ¢(opMBl paccunTaTs He YHAeTCs.

HDI‘I[J'ﬂBl(H, CBA3@HHblE ¢ AKTHBHOCTLIO

IIpu pacuete noOnpaBoK, CBS3aHHBLIX € AKTHBHOCTBIO, NPHHH-
MaloT, YTO HOHHAas CHJa PacTROPA LBHTTCPHOHA paBha HYJ0. Oj-
HAKO B Npouecce THTPOBaHHS LBHTTEPHOH NpeBpallaercd B OObIY-
HbIH KaTHOH HJIH aHHOH, [JIsi KOTOPBIX CNEAYeT NPHMEHSITh COOTBET-
cTByloulye ypaBHenus. Ecau pactBop uBuiTEpHOHa HCnONB3yeTCs
B KayectBe OydepHOro, To NPHHHMAETCsi, YTO €ro HOHHasi CHJa
paBHa HOHHOH CHJle pacTBOpa OJHO-OAHOBAJEHTHOINO 3JEKTPOJHTA.

¢

Tayromepusie oTHoLienna

Jlio6oii UBHTTEPHOH HAaXOAMTCS B TAyTOMEPHOM paBHOBECHH C
* COOTBETCTBYIOLIEH HeHTpaseHON MoJaekynoi: Hanpumep, (III) Ha-
XOHTCA B PaBHOBECHH C HE3HAYHTEJbHBIM KOJHuecTBOM (V). D6epr *
[I0KazaJj, Y7o OTHOIUEHHe =  [usntrepuon]
e [nefitpanbHas monexyaa)
TaTh, €CJIH MPHHATH, 4TO pK, OCHOBHON rpymmnbi B HeHTpaJbHOI MO-
JIeKyJie TaKoe e, KaK H B MOJIEKyJieé COOTBETCTBYHOLLero 3¢Hpa

=R MOxHO paccyu-

*27—388=—I11 (74% «xarhona); 48—38=+10 (9,0% anuona),
. 9,0—74 = 1,6% us6uitounore anuona + 7,4% usurrepuona.
{Ebert, Z. phys. Chem, 121, 385 (1926); Edsall, Blanchard,
J. Am, Chem. Soc,, 55, 2337 (1933).
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(npuuunbl 3T0r0 Oo6cyMpnanucs, Bbiwie). Takum oOpa3oM, Ansi pas-
HoBecHsi (V) ~ (II) pKa npunuMaercs paBHuiM 7,7. M3Bectno Tak-
e, yto ansi paBHoBecHsi (III)«=(II) pKs = 2,2. YuuthiBan stu
naHuble, D0epT BoiBen B ofuleM BHAE ypaBHEHHe, MO3BoJsioLlee
paccunrath Ri *

R = antilg (pKome — pKu) — 1 (7.2)

rne pKome —pKa meTHnOBOrO 3(Hpa;
o pK, — meusluee 3unavenue pK, usurrepnosa.

TlopcTtaBuB B HEro TOJBKO 4TO ynoMshyThie 3navennus pKa, 206ept
Halues, uToO Vs IJHUHHA BesuuuHa R cocrasiasier 224 000, Benu-
yyHa R e 3aBHCHT OT BesquuuHbl pH pacrtBopa. ¥noOHoO Bhipaxatb
BennyHHy R B ee jorapudmax. BeauunHw sTHX' Jlorapupmos cocra-
BJSIIOT 451 TIHUMHA 5,4, a [as 3-aMHHOBAaJepHAHOBOH KHCJOTHI
(VI) 59. .

Jasi HHKOTHHOBOII KHCNOTH (MHPHAHH-3-KapOOHOBO#), KOTOPYIO
yao6Ho usobpaxatb Qopmynoit (VII), nonyuenn caelywouiue Besu-
unhbl pKa: 2,07 (npucoeniihenne npotosa); 4,81 (orwensaenune npo-
ToHa) u 3,13 (npucoeaHHeHHe NPOTOHA K MeTHJaoBOMY 3¢HpY). [1pu-
menenue ¢opmynbl (7.2) no3BossieT paccyuTaTbh BeJHuHHY R:

R =antilg (3,13 —2,07) — 1 =11,48 — 1 = 10,48

Takum ob6pasom, na kKaxasle 10 MONEKYJ] UBHTTEpPHOHA HHKO-
'THHOBOI1 KHCJIOTH MPHXOAHWTCH OAHA HeilTpanvnast mojekyna (VII),

W uBuMTTEpHOH, M HeiiTpajibHasi MOJIEKYyJa HAXOAATCA B paBHO-
BEeCHH C KaTHOHHO# ¢opmoi. KoHCTaHThi 3THX paBHOBECHH pas-
JHYHH, W NpHBeAeHHas Bbille BeanyHHa pKy = 2,07 ans HHKOTHHO-
BOil KHCJIOTH $BJSIETCS, MO CYLIECTBY, CNOXHOH KoHcraHToil. Kap-
THHa cTaHoBuTCs GoJjiee SICHOM, eCc/iH pacCMQTPETh TAK HasbiBaeMble
«OAH3KHEe» KOHCTAHTHL.

@BIH3KHE» KOHCTAHTH

Eciu WOHH3ALHs KHCJOTHOH M OCHOBHOII Fpynm BellecTBa Ta-
KOBa, 4YTO BE€JIHYHHBI pKa OoTnUYyYaloTCa OfHa oOT ﬂpymﬁ MeéHee, 4YeMm
Ha 2,5 eIHHHIb], TO 3TH 3HadeHHn l'I[JHXOIlHTCﬂ pasjle.’m'rb C_ o~

MOLLbI0 CrelHalbHbIX MeTofoB (c1p. 48), Ho naxe B TOM cayvae,

eC/IH H TAaKHM Crnoco0OM NOJYY€Hbl [B€ TOYHblE KOHCTAHTHI, BO3HH-
KaeT HoBoe ocjioXHeHune. Jleslo B TOM, 4TO KaXIYyi0O H3 3THX .KOH-
CTAHT MOMKHO npunHcarb JIOOOH H3 ABYX Trpynm UBHTTEpPHOHaA.
B 3TOoM cOCTOHT cBoeoOpa3ue HBHTTEPHOHOB C OJIH3KHMH 3Haye-
HHAMH - KOHCTAHT.

'~ PaccMOTPHM eLle OIHY aMHHOKHCJOTY — THPO3UH. Ilas uee mo-
. A1y4eHbl TPH 3HAYEHHS pKa, npuyen, 1Ba OOJBIINX 3HAYeHHs] OJIH3KH
(pKa=9,11 u pKa=10,13). ITH KOHCTaHTbl MOXHO MPHNHCATH
¢enonsroii rpynne (9,11) u amuuorpyune (10,13). Opnako Her
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HHKaKOii YBEPEHHOCTH B TOM, YTO Ka)[asd H3 3THX KOHCTAHT OTHO-
CHTCSl HMEHHO K TOf rpyIne, psilioM ¢ KOTOpoil oHa HanucaHa. lc-
C/lel0BaHHEe MOKa3LBAET, YTO 006 KOHCTAHTH CMOXKHL (HX HHOrza
Ha3bLIBAIOT «MAKPOCKONHYECKUMH» KOHCTAHTaMH®) H _sBISIOTCH pe-
3y/bTaTOM H3MEpPEHHS1 KOHCTAHT YeThIpeX paBHOBEcHii (mociienHue
KOHCT@HTbl Ha3BIBAIOT «MHKPOCKONHYECKHMH»). Kak UBHTTEpHOH,
TaK M HeilTpalbHas MOJeKyJa, HalOT NPH HOHH3ALWH ONHH M TOT
e KaTHOH H O[MH H TOT K€ aHHOH. TaK KaK 3TH KaTHOHbI H aHHOHbI
NOJyyaloTcsl H3 pas3jiuyHbiX BELLECTB, TO H KOHCTAHTHl paBHOBECHIl,
KOTOpbl€ MPHBOLAT K NOJYYEHHIO YNOMSIHyTbiX KaTHOHa W aHIOHa,
pasiHunLL

B pesyaptate TLIaTENBHOrO CHEKTPOGOTOMETPHYECKOro HecJe-
JoBaHHsi THPO3HHA OBIIO MOKAa3aHO, YTO KOHCTAHTBHI 3THX 4YeThipex
PaBHOBECHiT clellyiollHe:

9,70

00 ~—- 0O

H N® NH,

p

9,63 r .l 10,05
i

HO OH
H,N® —~ NH,

KluTepecHo oTMeTHTh, YTO BEMHUHHBI NMOKa3aTeJeil KOHCTAHT ye-
ThIpeX peaJsibHbiX paBHOBecHH, M300pajKeHHBIX Ha CXeme, pacrnona-
raiTCsl MeXOy ABYMf 3HAYEHHAMH NOKasaTeJieil CJI0XHBIX KOHCTAHT,
NpuBEeJIeHHLIMH Bbllle, L

Lluctenn © u 3-OKCHNUPHIHH TAKKE sIBJSIIOTCS NPUMEpaMH UBHT-
TEPHOHOB ¢ OJIM3KUMH 3HayeHHsMH KoHcTauT. B .pactBopax 3Tux
BELGCTB, TAK Xe KaK H B PacTBOPaX HUKOTHHOBOI KHCJOTHI Il THPO-
3HHa, OJHOBPEMEHHO OCYIUECTBJAIOTCH HYETHpPe HOHH3ALHOIHBIX
npouecca.

6§ Edsall, Martin, Hollingsworth, Proc. Nat. Acad. Sci, 44,
50551958}. : .
Grafius, Neilands, J. Am. Chem.  Soc., 77, 3389 (1955).
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UHOMETpItA B COYeTaHHH C MeTOAOM cTpyk; J| — Aenpeccus Temnepatyps!
3actbiBandf; Kar — karanutuyeckuit Meron: Ily — noTeHumoMerpHs B cpene
YKCYCHOii KHCJOTH C mNepecyeToM Ha BOAYy:; P -— MeToa pacnpenenens;
[Ton — meton, noasporpaguti; Cn — cnekrporpaduueckuii MeTon,

A. PABIREJ OPFAHHYECKHX COEOHMHEHHH

I. OnHOOCHOBHBIE KHCJOPOACOAEPIKALIHE KHCJOTHI

- .
AnndarHieckHe KapGoHoBBle KHCAOTH

LD Tl £ EASTTI IR TN L AT TSR ‘—

.'-'-"—" : -
,. _*\ Sy . - Taasa 8, - ) Ilpy H3yueHHH KOHCTAHT HOHH3auHH anudaTHYeCKHX KapGOHO-
i - BbIX KHCJIOT MOXKHO NOJYYHTb O4€Hb HMHTEpEeCHble AaHHble 00 HHIYK-
KOHCTAHTbl HOHHW3ALHWH ' THBHOM BJIHAHHH 3aMmecTHTesdeH. JIBa 3aMecTHTeNs1 — METHJbHas

400 THNHYHDBIX KHCJIOT U OCHOBAHHH rpynna u aHHoOH KapGokchia — HMeIOT NOJIOMHTEBHbIN HHIYKLMOH-
' : ) bt addexkr (+/) ¥ No3TOMy yMeHbILAIOT KHCJOTHHE CBOHCTBA
BeulectBa. Bee apyrue o6uiendsectuble 3aMectuteaw o6sanaioT oT-
pHUATENBHBIM HHAYKTHBHBIM 3(dektoMm (—I) H COOTBETCTBEHHO
YBEJHYHBAIOT KHCJOTHbIE CBOHCTBA BeLLECTBa.

Ocnabaense KHCAOTHOH (YHKUHMH TIpH BBENEHHH B BELIECTBO
METHJIBHOH Ipynnbl XOpoOLIO BHAHO NPH CPaBHEHHH KOHCTAHT HOHH-

3alHMH YKCYyCHOH W MypaBepHHOH KuHcaor (taba. 8.1). Jlaneseitee

o
'

ri

o 3 HayueHue BAHAHHS XHMHYECKOrO. CTPOEHHs BELIECTB HA MX HOHH-
‘3auMio 1e/ecoo0pasHo 1O MHOrHM NpHYHHAM. 3Has KOHCTAHTHI
HOHHSa_I{HH HEOIIHCaHHOro BellecTBa, MOXHO CAeJaTh LOCTOBepHOEe
npennojioXXeHHe O ero CTpoeHHH. B npenapaTuBHOil paGote npen-
CKd3aHne BeJIHYHHbI KOHCTaHThI HOHH3aUHH nomoraeTt Bblﬁpa’l'b oI~
THMaJIbHOE 3HaueHHe *pH AJ151 3KCTpaKUHH HWJIH OcCax/eHHA Belrje-

[y

TP
-

ke 8 e R S 1

=

-cTBa. B npouecce cHHTE3a HOBBIX GHOJIOTHYECKH AKTHBHBIX BELIECTB
NpPOrHO3HPOBAHHE KOHCTAHTH NHCCOLMALKH OYEHb IIOJIE3HO, €CJH
H3BECTHO, YTO XejlaeMoe GHOJIOTMYECKOEe [ieficTBHE OrpaHHYeHO Be-
LIeCTBaMH, BeJHuyHHbl pKa KOTOpBIX JleXaT B OnpeneneHHeiX Ipe-
nenax. . .

IlpuBozumble B 9TOf raaBe TaGMHLE 'H NOSCHSIIOUIMI HX TeKCT
NpH3BaHbl CAYXHTb G6oJiee WM MeHee YJOBJETBOPHTENbHbIM BBe-
JeHHeM B H3yueHue Npoliecca KOPpeJsilliH MeXIy KOHCTAaHTaMH
HOHH3aUHH BELIECTB H HX XHMHYECKHM CTpoeHHeM. Mbl npuHsJaH
CEYIOUIMA MOPAAOK H3JIOXKEHHsI MaTepHasa: OpraHHYecKHe KHC-
JIOThl, OPTAHHYECKHe OCHOBaHHs, HeOpraHuyeckue coelMnenns. Ilpu
paccMOTpeHHH J0O6oH cepud MOHO(GYHKUHOHANbLHBIX BELIECTB CHa-
yaJia H3jaraloTcs JaHHbple of asaHdaTHUECKHX CoelHHEHHAX, 3a-
Tem — 06 apomatnyeckKHX. CpeleHHsi O reTepOLHKJIHYECKHX Belue-
CTBax NoMelleHbl B KOHLEe cooTBercTByroulell tabauubl anudarthye-
CKHX MJH apoMaTHYEeCKHX COeIHHeHHil, B 3aBHCHMOCTH OT TOro,
HMEIOT JIH BelllecTBa rereponapadHHOBOE HJH reTepoapoMaTHYecKoe
" CTpOeHHe. - e ; :

yaoauunenne yraepondod uenoukd Brniots Ao Cg (taba. 8.1) u naxe
Bnaots: 40 Ci;z! oka3uiBaeT MaJsioe BJausiHne Ha Beauuuny pKa.
Jlaxe B Tex cJyyasix, KOra METH/bHbIE IPYnnbl BBOAATCS B MOJe-
KYJy YKCYCHOil KHCJ0THl (nponHoHOBasi, AHMETHJYKCYCHAs H TpH-
METHJIYKCYCHas), cnocoOHOCTE K KHCJAOTHOH HOHM3AlUHH YMEHBbLUAET-
csi He3HayHTeabHO. Bausinwe 3ameulleHHsi B aHHOHe KapOoKcH/aa
Ha HoHu3auuio Oyner obcyxnartecsi Bo Il pasnesie (mByxocHOBHHE
KHCJIOTH) H Taba. 8.6.

YcuieHHe KHCJAOTHOH HOHH3aLMH, NPOHCXOAsLlee MO BJHSIHHEM
3/IeKTPOHOAKUENTOPHKX 3aMecTuTenei, ynobHO H3y4yaTh Ha COOT-
BETCTBYIOLUHX MPOH3BONHBIX YKCycHOll KuciaoTh (Taba. 8.1). Kpyr

” 4HaJOrHYHHIX TNPOH3BOAHBIX MYpPaBbHHOH KHCJIOTHI OrPaHHYEH.

Pa3bepeM -aHHHE, TMOJYY€HHble [Jis1 COEAMHEHH#, comepKa-
wux -—/ 3aMecTHTEeNH, W pasjeluM nociesnue Ha rpynne. [Jlas
KaXJOW rpynnbl xapakTepHo noHuxeHHe pK, Ha TO MAM HHOe Ko-
JIHYeCTBO €AMHHu—4, 3, 2 u 1*.

3amecTHTENH, nNOHWKawowHe pK, npubausurensHo Ha 4 .epu- |

_uuupt; —CF;, —CClg; na 3 emunuup: —CHCly, —NOz, —C=C—;

d " pa 2 emunmubt: —SO,CHs, —CN, —SCN, —F, —CL)—Br, —NH{’;
Ha | emunuuny: —J, —COOC;Hs, —CONH,;, —COCHs;, —~SCH;,
—0OCHj;, —OH. . g

* [Ananornutiple NaHHMe Afs Gofee LIMPOKOro KpPYra 3saMecTHTENedl ¢ ro-
pa3flo Golblueit CTEMeHbIO TOYHOCTH MO3BOJIAET MONYYHTh KOppesflHOHHOe ypaB-
nenue Tadra (Taft, J. Am. Chem. Soc., 74, 3120 (1952); B. A. [Tasabn, Yen.
xuM., 8, 33, 1069 (1961). — IIpum. pedaxropa.] - :

! Jukes, Schmidt, J. Biol, Chem., 110, 9 (1935).

[Mpumeuanue Bo Bcex TaGauuax sTofi rAaBH NpHMEHAIOTCH che-
OyIolllHe Yc/OBHEle OGO3HaYeHHs METONOB OnpedefeHHs KOHCTAHT HOHH3a-
uup: Il — NOTEHUHOMETPHA ¢ BOAOPOIHBIM HJH CTEKJAHHBIM SJeKTPOaOM;
I1x — noTeHUHOMETPHA ¢ XMHIHAPOHHEIM 3qekTpomom; FI%® - (w 1. n) —
NOTeHUHOMETpHs pacTBopa BellecTBa KoHuenTpauuu 0,01 M; T — tepmonu-
naMHueckHil mMeton pacuyera; K — konayxktomerpuueckHii metoll; M — unau-
Katophnlit MeToll; KHH — KHHeTHYecKHe H3MepeHHS npolecCa pa3ioxeHHs
HECTOHKOIo BeULecTBa; C—mex’rPoq:oroue'rpmecmiﬁ meron; 1l¢ — noren-
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Tabruya 8l Ilpodonscenue maba. 8.1
A.nm])a-m-ieclme H alHUHKIHYECKUe KapGoHOBLIE KHCIOTHI
(onHoocHOBHLIE, B BOnE) Kucnora R pK, 'L;e;:)-;e 2] Merox * .ﬂ:f;;ga-
Kucnora PKa Teuneo%arypa, Meton * JluTepatypa Apernn- (aueToykcycHas KH-
caota)™ ... .. .- . .| —COCH, 3,58 18 Iy 17
Meruatito-. . .+ . .. . . .| —SCHj4 3,72 25 K 18
Fomoaoru u usoneps Ovene (nkoneran wresordys® | ZOH * | 383 | 2 | N1 | 20
Kel- (rauKoseBas KHCIOTa —_ ' '
MypaBbunan . . JEICIEIL A A :43-;% ) gg g:$ g Peuna-** . ... .. .. ). .| —CgHs 4,31 25 K,T | .21
yKC_YCHaH “ 8 s s e s wce { I4:75ﬁ£ 25 K: T 4
IT e e e e e 4,874 20 In, T
BEJ?E;I?;?(?::R (o7 IR 4,860 ‘95 K T g Kucnora PKg Temneopéu ypa, Meton * Jluteparypa
KanmpuaoBas . . . « « o+ o & 4,894 25 KT 6
HOumernaykeycuas o« « « « o-o 4860 25 K, T 6 '
TPHMETHAYKCYCHAS « o « « » - 5,050 25 K T 6 Henacbulenneue
- - KHCAOTH
(m panc-ropMbl 32 HCKMOUYEnHeM
Kneaota R K, gﬁega Meroz * n;;;;f;a. clelanLHO OrOBOPEHHLIX)
AKpHAOBAR . . . . .. . . 4,26 25 K, T 22
[MeHTeH-2-0Baf + v o « o .o & 4,69 25 K T 23
3amMemenube YKCyCHOI [TeHTEH-3-0BafA . « o« » + & & » 4,51 25 K, T 23
111 KHHHCJIO.E’H y Kopuuniass . . « v o s o « 4 4,44 25 KT 29
(R—CH,COOH) - Kopnunan (gue) . . . . . . 3,88 25 K, T 29
2 IlpounnonoBan (CH-——C-—COOH} 0,01
. P 1,84 25 11 24
Tpudtop- « « -+ + =+ . . - —Fs 0,23 25 K, T 7 Bytin-2-opan (TeTponoBas K-
:{l‘lpnxnop- s —Sis ?:gg ?% E | - g CAOTA) + v v v« v . .. -l 9260 25 [19:01 o4
HXJIOP- & 4 o &« « & « e e o , !
Hutpo- . . ... ... ... .|— (0, 1,68 | 18 Kun 10 AdHunkaunyeckhue
Metuacyapdouna- . . . . . . —SO,CH;, 2,36 25 K 11 KHCJAOTEH '
uaw- . . . . - . . . . ... —CN 2,47 25 K, T 12
Pomam- . .« v o e . .| —scN 9,58 25 K 13 LuknonponankapGonosas ., . . 4,83 95 Iy 25
DPIOP- + + v v e e e e . .| —F 9,57 20 K T 14 Iluknonentankap6onosas . . . 4,99 25 I, 25
; ‘ 285 20 ' Liuknorekcankapbonopas . . { 4,91 25 Iy 25
XA0P o « v v e e e .| —Cl { 55 | 98 } KT| 14 p o0 2 KT 2
Bpow-« o vonnon. =B {201 B kT e - . '
MO« v v e v e e e e | —d 36| 20 [ KT| M e e o8 Gty e TP 116
310!(0?[}(3[)601]“11- . . « .« | —COOEt 3,35 25 K 15 % Cp. c okcHNponnoHoBoil (MonouHoft) (pl(n— 3.86).
Kap6amual- . « . « « « « « o & —CONH, 3,64 25 K 16 4 Cp. ¢ demnnmypasbunoli (Gensofinoit) (pK, = 4,20).
D . " pPedersen, J. Phys. Chem., 38, 993 (1934).
®lLarsson, Ber., 63, 1347 (1930)
! ;: ]l';’lala 1 umJa 1}\ Anghﬁﬁﬂds Scl. E:]—"elég?. (Ml, .I;‘n 2 (1911); Zbl., 2, 596 (1912).
m s, m er oc.,
* Vcnopuble 0G03HaveHHA Meromoe CM. Ha crp. 116. :; B:gg?‘:” }Te!\lvlllsa T sbhemChETc s%@? 1?30?):‘3 tot.
?Harned Embree, J. Am. Chem. Soc., 56, 1042 (1934). Blves I:Irlstend RileyJChem Soc., 1933, 561,
sHarned, Ehlers, J. Am. Chem. Soc., 5. 1350 (1932). U Man field Whltlng J. Chem. Soc 1956, 4761.
4 Maclnnes, Shedlovsky, J. Am. Chem. Soc., 54, 1429 (1932). ¢ BKI atrick Morse, J. Am, Chem. Soc., 75, 1854 (1953).
sHarned, Ehlers, J. Am, Chem. Soc 85, 2379 (1933) ! “E[ ];J Hughes Laxto .JCCIICI';i Soc. 19'54 HD:g )
) 0 ] i h PPY. " n, J. . Cas " .
tDIippy, J. Chem. Soc- 1938, 1222, .
~TH , Fox, J. Am. Ch S 73, 2323 (1951). —_
RS A N T e & mig “9«) . Ecan samecturenu, obnapawoume —I/ s3pheKkTom, oTaesens oT
‘:Randall, FAallehy Chem. dRev ;7291 {192 aHWoHa BCE Bo3pacCTalOUlHM 4YHCJIOM METHJEHOBBIX rpynm, KOTOpLie
i el 6 n e, Svensk Kerm. Tidekr., 46, 9, ( (1934) IC. A, 28, 5408 (1934). - SIBJISIOTCS IUIOXHMH NPOBO/IHHKAMH 3JIEKTPOHHLIX BJIHSIHHI, TO yBe-
::ngeésl.dl vzesh.;sclarlnemstxa I!};.f.(zl(ﬂ%&g] JIHyeHie KHCJOTHOCTH NPH BBENEHHMH ITHX 3aMeCTHTEJEH ocTaercs,
Mlves, P ior, .Chsem. Soc., ;gss,szgzm XOTs i BO Bce . ymenbluamwllleiica crenedd. Hanpumep, pK,
io }V;r[r’:g?. J'\rglﬂgi, fc?:h;h.ESoc(.f 19%'4. 1101, @-TPHQTOPYKCYCHOM,  B-Tpu(TOpPNpONHOHOBOH M {-TpH(TOPMAC-
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NsaHOH Kuchotr coctaBasior coorBerctBedno 0,23, 3,02 u 4,16. Ecau
HHLYKUHOHHBbIH 3((eKT He3HAuuTeNeH, TO YAaJieHHe BHISHIBAIOLIErO
ero 3aMeCcTHTe/lsl BusieT Majlo; TaKk Besiuuudbl pK, a-, B- u y-xnop-
MacnfHBIX KHCJO0T COOTBeTCTBeHHO paBHHl 2,84, 4,06 u 4,52.
dtunenoBas ¥ (eHuAbHasi TPynnbl OGHAPYKHUBAKT HeGOMBILON
—I 3¢deKt, HO BBISBIBAIOT HEKOTOPOe ocablleHne KHCJIOTHOH HOMH-
33aLHH 33 CYeT NONOXKHTeNbHOro TayroMmepHoro sddexra (+7) *.
[Mocneanuit cOCTONT B KOHBLIOTHPOBAHHM ABOMHBIX CBasell ¢ Kap6o-
HUJIbHOH rpymnnofi. Tak, ¢peHnnykcycHas KHCOTa HeCKOJIBKO CHJIbHee
YKCYcHOH, HO (eHHAMypaBbuHada Kucjaora (OeH30HHAs) HEMHOro
ciabee MypaBbHHOMH, @ KOPHYHAs KHCJIOTa HeMHOro chiabee akpuJio-
Boi. Bésbluas cnoco6HOCT K HOHM3aLMu YUC-H30Mepa KOPHUHOM
KHCJIOTHI, YeM TpaHc-udomepa, 0ObsACHSAETCs TE€M, 4TO MeHbllee pac-

CTOsIHHE MeXAY (eHW/bHOH M KapOOKCHALHOW rpynnamMd B MoJe-- -

KyJle [epBOro BellecTBa M03BONsieT — / BJIHAHHIO OCYLIECTBAATLCA
yepes OKpy:kaiowlylo cpeay. ' : ’

Jlwbas rpynna, obnajaiouast CKpeITOH CHOCOGHOCTBLIO K COMpsi-
x)euuto (7) (cywecrByer He6oabLLOE YHC/IO rpymm, He obsanaomux
3TOH CNOCOGHOCTBIO), OCYLIECTBJSET TEHAEGHLHIO K CONPSINKEHHIO ¢
KapGOKCHNbHOH rpynnoii yepe3 ABOHHYIO CBA3b WJIH uepe3 Lenouky
KOHDBIOTHPOBAHHbIX CBfA3eil. Tak, B MOJIEKyJ/le TeTPOJIOBOH KHCJIOThI
+7T conpsaxeHwe C MeTHJbHOH rpynnoii ocynabnser KHCIOTY
(raba. 8.1).. ror apdekt Gyner 6osee noapobHO OGCYKAATHCH B
ClefyiolWeM pasaele. . i

“UTo Kacaercs aNHUHKIHYeCKHX KapOOHOBBIX KHCJIOT, TO OHH, He-
3aBHCHMO OT pasMepoB KoJblia, OJIH3KH 110 CBOeil cnoCOoOHOCTH K
HOHH3ALHH K anuaTHYecKUM. '

_CBoiiCTBa KaTHOHHBIX 3aMectutedieit (nanpumep, —NHF)- Gynyr
ob6eyxnarbes B IX paspene u B taba. 8.13.

ApoMatHyeckue KapOoHOBBe KHCIOTH

Besu4uHbl nokKasaTesell KOHCTAHT HOHHM3aLHH apOMaTHUYeCKHX
KapGOHOBBLIX KHCJIOT npuBeneHbl B tabus. 8.2. JaHHble, kacatoluecs
HEKOTOPBIX MX npeAcTaBuTeNell, NOKa He YAAaJOoCh MOJNYYHTb BCJeA-
CTBHe MJIOXOM . pacTBOPHMOCTH STHX COeAHHEHHH B Boje. DTOT Npo-
6en co BpemeHeM MOXKHO OyaeT BOCMNONHHTD.

Kaxnoe.us Tpex noJioxeHud 3aMectutesss B 0€H30JbHOM KOJIblie
OTJIHYAETCS CBOEH HMHAMBHAYaJIbHOCTLIO. Jlerue Bcero uayuarhb BJHS-
HHe 3aMeCTHTeJisi, HaxoAsillerocsi B M-niosoxenuu. [lasi Takoro 3a-
mectuTeNs xapakrepeH [ uwau —/ 3¢dekr B UHCTOM BHJe, TAK XKe,
Kak M ANf HacHIWEHHBIX anaudartuyeckuX KuciaorT. OAHAKO HHAYK-
. {HOHHBIT 9 PeKT B apoMaTuueckoM -psily, COXpaHsisi TOT 3HAK, 4TO

M A amdaTHUECKHX COeAHMHEHHH, HMeeT ropasfao MeHblyio Be-

- JiMuHHy. OT0 OOBACHAETCH, BO-NEPBHIX, YBEJIHYEHHEM PAaCCTOAHHA

. * [B coBeTcKoii Hayunoﬁ. nmebarype aToT S¢eKT HA3LIBALTCH TaKkme 3¢-
(deKkToM conpamenus. — Ilpum. pedaxkropa.)
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- Rev.,, 53, 191 (1953). — llpus. pedaxropa.]

.

H, BO-BTOpPLIX, T€M, UTO MHOrHe fIpDKO BBIpaXKeHHBI€ pas3JiHYyM#, Ha-

" GaionaeMble B anudarHyeckoM psAAy, NPOsiBJASIOTCS B apoMaTHYe-

CKOM psily B ropasfno MeHbllei creneHd. [-agpdext 3amecTuresis,
HaXOAsILerocs B N-NOJIOXKEHHH, AOJKEeH ObiThb MeHbliue M3-3a yBeJiH-
YyuBLIErocs, 10 CPaBHEHHIO C M-TOJOXKeHHeM, pacctoaHusa. OaHako
3aMeCcTHTeNIb B n-noJjiokenuu o006JiafiaeT cnocoOOHOCTHIO K conpsxe-
Huio (T sdpdexr) *. Ecan 3naku [ u T 3¢pdekToB OAMHAKOBBI, TO
BIHAIHME NaHHOrO 3amecTHTedAs YyBesHuupaercs. Tak, MeTWibHas
rpynna nposieiiser -/ u +T 3¢dekTs, N03TOMY NpPH BBEJEHHH B
n-noJioxenHe MOJIeKyJibl OeH30MHOH KHCJOTHI METHJbLHOH TrpyMibl
CHJIa KMCJIOTEI YMEHbILAeTCs, NpHYeM, BBEJEHHEe 3TOr0 e 3aMeCTH- -
TeJsl B M-TIOJIOKeHHe OKa3blBaeT MeHbluee Bausinne. HuTpo-, uuas-
v aueTuibHas rpynnbl obnanaior —I u —7T spdextamu u, cooTBeT-
CTBeHHO, OyAyuH BBeJeHB! B n-TIOJOXKeHHe, YBeJHYHBAIOT CHNy OeH-
30iHOH KHCJIOTH GoJibllle, 4€M B M-nosoxeHuu. B 6Gosee clomHBIX
Cllyuasx, KOrAa 3aMecTuTe]b 00NajaeT Pa3HOMMEHHbIMH, HampH-
Mep: —I u +7T sdpdexkraMu, 3J1eKTPOHOAKLENTOPHBIE CBOHCTBA 3a-
MECTHTENs,, HaXOAsLlerocsi B n-noJjioXKeHHH, MeHblle, YeM Yy 3aMec-
THTEJI5l, HaXOAALLErocsi B M-NOJOMEHHH. DTO ObIO KOHCTATHPOBAHO
IJ151 OKCH-, METOKCH-, METHJI- H rajioreH3aMelleHHbIX. [l OKcH- M
Mmetokcu-rpynn +7 3(ddexT okasbiBaercs Gosiee CHIAbHBIM, ueM —/
sddexT, u B pesdylibTate 3TH IPYNNbl, 3aHHMasa n-NoJ0KeHHe, ocsab-
JIAIOT KHC/IOTHble cBOficTBa KapGokcuibHO# rpynnbl (AanHbie 0 pKa
okcuOeH30HHbLIX npuBegeHbl B Tabi. 8.6). :

Bausinue HECKOJIbKUX 3aMecTHTeNeH, HaXOAflWHXcA B M- H
N-NOJIOKEHHAX, KOJIHYECTBEHHO aJJHTHBHO *¥*, .

Hau6onee cyioxHBI A1 H3YUeHHs! 3aMeCTHTeJIH, HaXoAsiuecs
B o-mosioxkeHuH. [louts BO Bcex rpynnax H3omep € O-3aMecTHTe-
JleM — caMasi CHJIbHAs KHCJIOTA JlaXKe B TOM CJlyyae, Korja 3aMecTH-
tens obnapaer +/ uw +T 3pdexramu (HanpHMep, MeTuJbuas
rpynna). DT1oT (akKT He NPOTHBOPEYHT HMEIOWMMCS NpeacTaBlie-
HHUAM O CBA3H MEeX[y XapaKTepoM 3JIeKTPOHHOrO BJHAHHS H CHJIOH
KuclloThl. Tak, Mbi BipaBe OxHAaTh, 4TO HauboJiee CHJIbHOH KHCJIO-
TOIl GyaeT M-3aMelneHHoe, rae otcyrcTByer +7 spdexr. Haubonee
cnaboii KHMCJIOTOH, Kaszasoch Obl, noJixeH ObiTh 0-H30Mep, B KOTO-
POM 13-32 MHHHMaJIbHOTO paccTosHusi +/ 3pPeKT A0/MKEH nposB-
naTeCst Haubonee cuiibHO. COBepLIEHHO HENOHATHO TaKXe W TO, uTO
O-TO/IyH/IOBasi KMCJIOT@ CHJIbHee 6eH30iHO.

#

* [No-BHANMOMY, E€LHHCTBEHHLIMH 3aMeCTHTE]AMH, e objafaolliMH crocoG-
HOCTBI0O K 3(@eKTy CONpAMEHHA, HABAAIOTCH 3aMECTHTeNH-HOHE, HanpHMep,

—SO$ u —NHP.
** ITounan KoiuuecTBeHHan olleHKa BausHHA GoJbIUHHCTBA 3aMecTHTENER Ha

" KOHCTaHTy HOHH3allMKH apoMaTHueckoll KucaoThl MoXKeT OwiTh cAesana OpH HCNOJb:
_ 80BAHHH KOppeNsiHOHHOro |3,'pamuenw;| Xammerra (Hammett, Physical Orga-
ill,

nic Chemistry, McGraw-Hill, N. Y.—L., 1940, ctp.  186—207, Jaffe, Chem.
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TaGauya 8.2 Bee 3t wemoymenns paspewaiotcs B ToM ciyuae, ecan npH-

ApoMaTHYECKHE KapGOHOBbHIE KHCJOThI (OLHOOCHOBHbLIE, B BOJE) _ HATL BO BHHMaHHWe TpeTHH 3((eKT — NpOoCTPaHCTBEHHOE BJHSHHE
: 3aMECTHTC/IS1 B O-TI0N0XKEHHH HA KapO6OKCHABHYIO rpynny Gen30iHOMN
Kucnora Ky I;;;"*eg Merox * -”';;,;ga' Kucnotol. B pesyantate kap6okcuibhas rpynna BHIXOAMT M3 TOC-
KOCTH GEH30JBHOrO Kosblla M, + 7T BAMSHHE MOCAELHEro, 0CJ1abJlsio-
) iee KHC/IOTHBIE CBOHCTBA, yMeHbluaercsi. Takum o6pasoM BesnnuuHa
BensoliHas KHCAOTA . . . { i’{g % : lr{l,"TT % PKa Gensoitnoi xiiciots ¢ 3aMeCTiTe/IeM B O-MOJIOXKEHUH CTaHO-
6-TOMHHTOO- . 0,65 25 KT |2 BITCs conocTaBuMOii ¢ Bestnungoit pK, MypasbuHOl Kica0TH ¢ yue-
2,4,6-Tpuuutpo- . . TOM HHAYKTHBHOTO BJIMSHHS O-3aMecTHTeJisl. AHOMAJINIO, NpoOABAse-
o - - MYI0 B 3TOM OTHOWEHHH O-alUeTHAGEH30HHOH KHCJAOTOH, MOXKHO
O0BACHHTL TEM, 4YTO 31€Chb HMeeT MecTo o6paTHOe sBJeHIe: Kap6o-
METHA= « v v « o o v« o . 391 | 427 | 437 25 K, T |30, 31 KCH/IbHAA TPYNNa BbIBOAMT U3 MJIOCKOCTH KOJIbLA ALETHABbHYIO rpyn-
HHTPO- = « + .« . . . . . .| 217| 349 | 343 | 25 K, T 1303l my n TakuM O6Pa3oM yCTpaHsieTcsi BAHMSHHe MOCJenHei: *.
Cyabpamun-(—SO,NH,) . .| — | 3.54 | 347 25 hnT 32
Upan- . . ... .. ... — | 360 355 20 My, T |33
DTOP- « o v v v v .0 . | 327 | 3,87 | 4,14 25 K, T [30,34 Anndatnveckne rHAPOKCHAbHLIE KHCAOTDI
XAODP- « « o« o o« .. .| 294 383| 398) 25 K, T |34 ’
BpoM- . . ... ... .| 285) 381 397 25 E; 333 Besnunna pKa BoAwl, HOHH3HpYyIOUleiicsi Kak KHCJOTA, COCTAB-
Wor- .« « oo oo .. 286) 385 393 25 CT |35 aset 15,74 (npu 25°C). Pacuer: 14 + Ig 55,5 (rae 14 — nonnoe npo-
AueTii- . ... . ... .| 4131383} 370 25 KT (3% ° HaBellenne, a 55,5 = 00 — MOJIApHOCTS BOAbY). TuiaTelbHO TpoO-
PenokcH- . , . . . . .. ,| 353| 395| 452 25 K, T [31 B -
Aunetokcu- (—OCOCH3) . .| 348 | 400 | 438 | 25 K 37 : Be/lenliple  HCC/IEAOBAHHS, BBINOJIHEHHbIE B NOC/efHEe BPeMs, MOKA-
MeToKCH- . . . . . . . .| 409 409 | 447 25 IE T 30,3138 3aJ4, 4TO METaHOJ — HECKOJIbKO Goslee CHJbHAS KHCJOTA, 4€M BOJA,
Auetamino(—~NH-CO-CHj) g'gg o -4’_2,8 %g ;( T |31 a 3Tanod, no-suAnMomy, cinabee. O6biuHble — | 3aMecTHTe N faIOT
e — ’ : CEPHIO KHCJIBIX CNHPTOB € BesHUHHaMH pKa, noxonsiummu no 12,2
N Temnepa- + JyTepas TabJ. 8?3).
i P Typa, °C | Meron TYpa ( B Bonsom pacTBope asbnerunbi cywectsyior B Bume 1,1-ruu-
- | o _ KOJieil, SiBJSIOUIHXCA ONHOOCHOBHBIMH KHMCJIOTAMH, Hanpumep ¢opm-
_ : : anvneruf — B syae CHp(OH),. dopmasbierun u xJopads mnod-
Hadrofinbe KHCAOTH . « 4+ « 5 .| 370 | 4,16 25 KT 39 HOCTBIO THAPATHPOBAaHBI B PacTBOPe, OAHAKO AaJibIeruibl C +1
: 3aMCCTHTENSIMH, HANPHMEP aueTaNblerujl, FHAPATHPOBAHB TOJbKO
2. 3 yacTHyHO. [103TOMY KOHCTAHTA KHCJIOTHOMN HOHM3ALMY AJI5 ALETANb-
I'eTepOUHKAHYECKHE KHCAOTLIE: AerHjia OTHOCHTCH K CJEAYIOUleMy paBHOBECHIO:
<¢ypankap6oHOBas . . . . . .| 3,16 | 3,95 25 I, T; 1| 40, 41 [CH;—CH (OH) 0] [H?]
Tnopenkapbornosas . . , . .| 353 410 | 30 I, T, K | 40,42 R—CHOT - [R—CH (OF
[THpPOAKApOOHOBAR .+ o o+ o .| 445 | — 25 |.n [R— 1+ [R—CH (OH),]
AueToH He NMpOSIBJISIET 3aMETHBIX KHCIOTHBIX CBOJICTB, HO 31I0JH-
o Yenoniuie oboanavent meroxoe cu. k8 ctp. 116 Ipus, pedaxtopa) - 3HPYIOLLHECs! KeTOHB! 06J1a1a10T BLICOKON KHCIOTHOCTBbIO. s aue-
TR Tt B s i)Y ek o 6: oot oty ; THJIAUeTOHA H GEH30MJIALETOHA, MOHUZHPYIOUIMXCS ME/ICHHO, Be-
S L LIS o smunnbl pKy cootetcTBenHo paBHb! 8,94 1 8,70. DTH BeAHUHHL Ko-
yDippy. Lewls, ). Chem. Soc. 1896, 644 JIMMECTBEHHO ONHCLIBAIOT PaBHOBECHE
ool linger WIttwer Helv. chim. acla, 39, 347 (1956), .
#Briegleb, Bieber, Z. Eilckt?c%ﬁg‘;‘l 5&‘:25019(;‘:595!34);3. , : [anoaar®} [HP]
oy g;%li’g's‘;’:].l ’.«\'32 o B e S - ) Ixetopopma] 4 [sHonbras dopma]
®Bray, Dippy, Hughes, J. Chem Soc. 1857, 265. _ ) .
ot gf;‘g . Al Shf“ahifm?ﬁgsgﬁa%&,' 1888. - * [Obbrchenne wenoctatouno crporoe: maxe Gynyun BBeReHHON 13 Mio-
®Dippy, Hughes, Lakton, J. Chem. Soc., 1954, I470. . CKOCTH KOJIBUA, aueThibHas rpynna npossaser — [ sddext (cp. pKa YKCYCHOTt
::E;‘ﬂ'f‘ne' If,;%‘“;&fé“?éﬂ "3“‘%‘.«,33’:57 6‘5’9&9}%) H aUETOYKCYCHOH KHCAoT B Ttaba. 8.1) H NO3TOMY [OMMHA YBENHYHBATL KHCJOT-
% Voerman, Rec. trav. chim., 26, 203 (1907). Hylo Honuzaumo, — Hpun. pedaxropa.] -

122 : - 123



i -

Tabruya 8.3

Anmpamqécuue FHAPOKCHIbHbIE KHCIOTH (0OJHOOCHOBHLIE, B BOJE)

- . Jlutepa-
Kueaota 3aumecTHTenD PRy E;gfgf: Meron * i.:y;%l
3aMeumeHHb €
MeTaHOJ A
‘ — 15,5
MeTaHOM + « « + + o o o H
AnnunaoBbit coMpT . . . SSQ:CCHH—- }g,?
Fnekonb « « o & v+ 4 —CHy— y
MJ::;nnol:mﬁ agup rankogal CHsOCHy— 14.2 25 K T 43
IMponaprunoBLil CRHPT . o : }3:37
Tpudropstaron . . . . C(:&s“ A
) e sl I I I - 18 | mt | 44
K Temnepa- M . JlsTepa-
KacnoTa Phg Typa, °C Meron Typa
AZbaeruabl H COENHMHEHHUS,
conepaukKe aibAErHRHYIO -
rp }" nny
‘13,7 18 K 45
"POPMANBIETHA + + « + + = o = « « { 13.9 1 I 46
Anetanpieris . . . . . . e e e | 148 18,1 K, I 47
Xu anb e e e e e eeae | 1L3 18 K 47
oy 1243 18 mn, T 44
Fnoko3a . . . . . . . . - { 122 23 K T 48
Caxap03a . . « . « « « « . 0. ...| 127 23 b K, T ig
TIHpHARH-4-aNbIETHA . - « « « o « o] 1220 20
IayTakOHOBLIH  [OHANbAErHI; aHHOH: %
. © 0CH=CH—CH=CH—CHO . . 5,75 25 nT
DHOAM3MpYIOUHECH KETOHHM . _
: e 51
BTHJ‘laue‘l'DaueTaT IR lg:gg ) 22? lr11‘ o i
ApeTHNAHETOH . + - + % 4 v o o & {8.16 25 no,m 51
DEHIOHAAUETOH » + +» + v v v o o o & 8,23 gg }']ID'T g(l)
Iurunpope3opusd . . . . . cee e 5,26 2 L £
TpHAUETHAMETAH « + « o & o o « + 5,81 = l'I’ e 2
HAUETHAAUETOH .+ « « & o o « + & 742 '
v .' 5 . 116, .
ATl sen Tong T o%hm. Chem Soc.. 8, 795 (1960).
“ Thamsen, Acta chem. scand., 6, 270 (1952). . i
¥ Auerbach, Ber. 38 2833 (1905).
: Euler, Eéer., 8% 2545:‘! ((;99&?)). .
Euler, Ber, " » -
., 35 2226 (1931).
:rﬁgiaarn? b{'o?hgf a 9:?1 1.'83 Am.(Chem. Soc., 81, 5&57.(1%1).1940’
Wschwarzenbach, L utz, Helv. chim. acta, 23, 1147, ( .
S Eidinoff, J, Am,” Chem, Soc., 67, 2072, 2073 (1945). )

"
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ITH pauHble 6bL1M 3aTeM NEpecUuTaHbl Ha SHOJIbHYIO (hOpMY, cO-
A€piKaHue KOTOPOH NaXOAHJIOCH THTPOBAHHEM ¥,

denonn

Bosee Bhicokyio kienotHoCTH ¢enona, no cpasnennio ¢ annpa-
THUECKHMH CIIHPTaMH, 0GbLIYHO OGBSICHSIOT 3JIEKTPOHOAKLENTOPHbIM
HHAYKUHOHHLIM BaHsiHneM (—/) 6eH30/1bHOrO KOJIbLLA M TayTomep-
HbiM spQextom (—T) anuoHa; u3o6parkaeMbIM dopmynamu A:

0e (o]

Il

-0

I l<—] |

7
—_—c
A

Tak xak o6a spdexta neitcTByioT COrJ1acoBaHHO, TO yBeJiHYeHHE
KHC/IOTHOCTH, N0 CPaBHEHHIO C METaHOJIOM, 3HAUHTEJLHO (Taba.8.4).
B psapy apomaTnueckux ruspoKCHAbHBIX KHCJIOT, TakK e Kak u
B psily KapOGOHOBBLIX KHCJIOT, 3aMecTHTe/b, CTOSILHI B M-[l0JI03Ke-
HiH, NpOABJIAET HHAYKUHOHHOE BJMsIHHE B YHCTOM BHie. Kak BHHO
‘H3 JlaHHbIX TabJsi. 8.4, MeTHJbHAs rpynna npoasasetr +I adoexr,
OCTalibHble 3amecTutesnn —I- apdekt. 3amecTutens, HaxosuiHiics
B n-TIOJIOMKEHHH, NPOSIBJISET KakK 3(MEKT CONpsKEeHHs, TaK H Hu-
AYKUMOHHbIH, Kak u AJia apoMaTuyeckux KapOOHOBBIX KHCJIOT, eciiy
3HaKH 060ux 3((DeKTOB COBNANAIOT, 3aMeCTHTENL B N-TIOJIOXEHU U
OKa3bIBAET HA KHCJIOTHOCTL GoJibluee BJAHSIHHE, yeM TOT e 3aMecTH-
TeJIb, HAXONSLUMHCA B M-noN0XKeHHH., DEHOMBI ¢ TAKHMH CHJIbHLIMMU

.3/1eKTPOHOAKLENTOPHEIMH 3aMecTuTensiMH (—/ 1 —T IpdekTn **),

KaKk —NO;, —CN u —SO0,CH,, XapaKkTepH3YIOTCsI HCKJIOYHTEIbHO
HH3KHMH 3HaueHHsiMH PKa. MHTepecno otmeruts, uTo yBeJIHUeHHe
KHC/IOTHOH HOHA3aluH (EHOMA TOA BIAHSHHEM 5TuX 3aMecTHTesel
NPOHUCXOAHT B ropa3no 6oJiblleii cTeneHu, dem NpH BBEAEHHH ITHX
e 3aMecTHTeslell B n-moJoKellHe MOJIeKyJibl OeH30HHOH KHCAOTLL
D10 MOXKHO OGBSICHHTL TEM, YTO CHOCOGHOCTL- (eHONSAT-aHHOHA K
CONPS?KeHHIO ropasfo Gosblue, yem y 6eH30aT-aHHOHaA, H-[03TOMY
SJIEKTPOHHAsl MOJIAPH3ALHS B MEPBOM CJyyaE MPOTEKACT HCKJIOWUH-
TesIbHO 3(dekTuBHO. B Tex cayuasx, korna [ u T 3¢ deKkTH HMeloT
TPOTHDOINO/IONHbIE 3HAKH (3TO XapaKTePHO AJlsi rajioreHa H MeTo-
KCHJIbHOH CpyINibl), OTHOCHTEJIbHYIO CHAY 3THX 3((eKTOB MOKHO
OLCHHTD, H3MEepsisi KOHCTAHTY HOHM3ALMH. B pe3ynbraTe BbISICHSAETCS,

. * [detanvhbiii aanus Takux CHCTEM Obii Buifloninen M. M. Ka6aunnkonm
(M. U. Ka6aunnk, IOAH CCCP, 83, 407 (1952); M. M. KaGaynug,
C.T.Hodde, JAH CCCP, 91, 833 (1953) = ITpus. pedakropa.]

** [Cnoco6HocTh — SO,CH; K TayToMEpPHOMY BJIHAHHIO NPEACTABMAAETCA COM-
Hurensuoil. — Ilpun. pedaxropa.)
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TaGruya 84

~

deHonbl (mmoocnonnme. B Bole)

PK, = Jlute
Kuncaora ﬁ;ﬂ:.e E?G Merton ® ':{}'Pga
o- M- n-
) o
PeHon . . .. ... . 998 25 rCIDTn gé,sl
Metua-(kpeson) . . . . . .|10,28 [10,08 |{10,14 25. , T)
o 25,20 | I g;i
e e b eTe e e e .| 723840 | T15 25 KT
Hutpo C, T;C,T| 55, 56
Huwan- . . . ... ....|] — |86l 7,95 25 C T, I, T| 57, 58
M?E"ﬁfié’;?f’)“" o = s 783 -5 | o 51
Popmua-(okcHGenszannnerun) | 837 | 902 | 7,62 25 CE] 0'1; ?
Aueta-(okcnauetropeton) .| — .| 9,19 | 805 25 m
MeTOKcHKAp6oHHA
(CH006—) » v oo = | = |8a7] 25 |cT | 60
PTOP- . . .. .. s. . .) 8817(928 | 995 25 nrT 61
Xnop- . ... ... ...".| 848902 | 938 25 C 62
BPOM' ® B ® 4 = = 2 8 B s 8;44 9.03 9|36 25 Cl T 63
Mos- . .. ........ 851|906 |931| 25 [CT 6:13
Memuatno-(CH;S—) . . . .| — |953 | 953| 25 |[F™ 25
MeToken- . . . . . .. . .| 998|965 |1021 25 CT o
Derun- . . .. - .. . < .1 997|963 | 955 23 c
TpuuuTpo-(nuKpHHOBas KHC-
p-uo'ra) e o aia et . 30T 25 K.s;f gg
1-Hapron . . . . . . .985 20 H ¢ .
2-Hadpton . . ... . .963 20 IL

* Ychosuele 0603HaueHHA MeTonos cM. Ha cTp. 116. .

** TleppoHaya/ibHo OnyGAHKOBAHHAA BeJHYHHa, COCOTaBAABWAasn 933, Obl1a 3&TEM HC
npagieHa apTopamu. i

* Ilns genona sTHM xe MeronoM Gbulo noayueno pK, = 9.95.

6l B dwell, Co er, J. Am. Chem. Soc., 74, 1058 (1952).
&g E;cn gel ing, I?Sw I's, J. Am. Chem. Soc.. 75_. 5709 (1953).

8 Cm. ctp. 57
. “Dh;ppgr, Hughes, Laxton, J. Chem. Soc., 1956, 2995,
B Blges, TransB l:arad, §roc 52.F35 (dl%sﬁl — “955-}
o : s, Trans. Farad. Soc., 6I, i
"]}"Sfcklinlsnog? Flgsgherr, Mann, Packer, Vaughan, J. Am. Chem. Soc.,
ot 42'2%?{;:9‘291}3 nd, Brown el.l. Mayo, J. SAO? gzhcraril’?s(?g‘%li’o, 2492 (1948). )
= . Trans. Farad . B2, "
Wg:gleri',s OS"lé ll)(olg;]egy_‘ Cnnrr, Acree, J. Res. Nat. Bur- Stand., 385, 52I
(1945). 821
! nnett, Brooks, Glasstone J Chem. Soc., 1935, 182]. ]
’ “%Edgnn, Killpatrick, J. Am. Chem Soc.. 71, 3110 (1949). .
#Blggs. Roblnson, J Chem. Soc. 196f. 389 i
¢ Kieffer, Rumpf. Compl. rend.,. 238, 360 (1954). .
&% Lauer, Ber.,, 70, 1127 (1937). L. o .- .
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uT0 —F 1 ocobenno —OMe o6nanaior odeHb cuabHbM + T spdex-
TOM, yMeHbllawWHM —/ 3 deKT. /

- 3aMecTHTe/IH, CTOfLINe B O-MIOJOXEHHH K OKCHrpyIe, OKa3bl«
BAIOT TOPA3N0 ‘MeHbliee cTepuyeckoe BAHsiHHE, 4eM TO, KOTOPOe
HMEJIO MeCTO /ISl 0-3aMelleHHbIX OeH30HHOI KHCIOTDI.

Penon, HadTOMB W 1- H 2-aHTPOJBI O6J1ANAOT GJAHIKUMI KliC-
JIOTHOCTSIMH. _ .

Iannvie 0 audenunax, (perHoNKapOOHOBLIX KHC/IOTaxX M (heHos-
cynbpoKnenoTax cobpaubl B Tabn. 8.6 (ctp.- 129). Beanuunwr pK,
HOHH3AUHHE AMHHO(EHOJIOB H OKCHIIPOM3BOAHBIX [eTePOLHKIHUECKHX
OCHOBallHH cobpatbl B Taba. 8.13 (cTp. 143).

Hpyrie Kucaopoacomepiallne KHCIOTH

B pesysbrare uccienoBanuii, nocBsiiueHHbIX H3YUEHHIO pa3JiMy-
HbIX HHIHMKATOpOB, ObIIO HalAEHO, YTO OAHA W3 NOBOJILHO IPOCTBIX
KHCJOPONCOAEPKALMX  KHCJAOT — MEeTaHCYJb(MOKUCIIOTA  SIBJIsieTCs
cHAbHOIl. Besnunna ee pK, = 0. 370 npubamkaer ee Kk Takum KHC-
JI0TaM, Kak a30THas . Apuicyab(pOKHCIOTH O6LIYHO HMEIOT pKa
okosio 0,6%. 3T naHHble npencTaBAAIOTCS BHG/IHE MIOHATHLIMH, Of1-
HaKo HyMKNaloTCsi B noaTBepxneHHH. [lanHble nJs apuicy.bduHO-
BbIX KHCJIOT M MPOH3BOAHBLIX GOPHOH KHCJAOTHI MOMKHO HAlTH B
Tabs. 8.5, naHHBlE IR NPOH3BOMHBLIX (ocopHOil  KHCSIOTLI B
Taba. 8.6. Cysbdokucnorsl, conepxauue BTOPYIO HOHH3HPYIOLLYIOCS
rpynny (manpumep, OH u COOH), OXapakTepH3oBaHb! B Tab.. 8.6;
AaHHble 06 aMHHOCY/IL(OKHCIOTax cO6panb B Tabh. 8.13.

Mounexyser OCTaNbHbIX KHCIOT, OTHOCALIHXCH K STOMY pasnesy,
COAEpKAT aTtoM asoTa, cjeflyeT NMPearoJOKHTb, YTO HOCHTENeM OT-

- PHLATEJILHOTO 3apsina B MX HOHE SIBAAETCS KMCJAOPOA. AMuabl Kic-

JIOT — O4eHb csabble KHCJIOTH, a4 MOUYEBHHA BOOOUle He obnanaer
CBOIICTBAMH KuCJ0TH ®. Ecsiy BBecTH B MOJIEKYJly aleTaMHAa 3aMeé-
CTHT®/b C CHJIbHBIM —I 3(deKToM, TO KHCIOTHAS MOHH3ALHS pe-
LIECTBA 3aMeTHO yBeJiHYHBaeTCst (cp. aueTamun 1 N-unmaHaneramun
B 1abJa. 8.5). Haunve o HEKOTOPbIX HAPOKCAMOBBIX KHCJIOTAX H OK-
CHMAaX TakKie BKJIIUYEeHB! B TabJ. 8.5.

. HTo kacaetcsi HuTpomapaduHOB, TO O06HIYHO H3yuyaeMmas HX Kuc-
JIOTHOETL 006f3aHa HHTpodopMme: '

[CH;—CH=NOg| [H?]
[CH;—CH,—NO;,]

Mousekyna HuTpodbopmbr MeaseHHO HOHH3HDYETCs], IPH 3TOM IIPOTOH
OTIIETIIACTCA OT aTOMa yryiepoAa ¥ MOJy4aloLHics OTpHLATE bHBbLL

% Bascombe, Bell, J. Chem. Soc., 1959, 1096.

+ % Hanpumep, 0,74 (25°C) nan l-cynbokucnore: Hadranuna [Fierz, Weis-
senbauch, Helv. chim. acta, 3, 305 (1920) ]

% Bell, Gillespie, Taylor, Trans, Farad, Soc., 39, 137 (1943).
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nepemelliaeTcsi K aToMy Kucsopoaa aHuoHa. Beictpoe o6pat-
HOe THTpOBaHHe OGHApyKHBaeT HOBOE paBHOBECHe, OCYLLECTBJISIIO-

ueecs ¢ auuopMoi HUTpOnapaguHa:
0 [CH;—CH=NOP][H®]
[CHs—CH=NO,H] i}

HH'rpoq:opma-—-—OTHocu"reﬂbHo cnabas  KHcs0Ta (pK% CM. B
taba. 8.5). Auudopma okasbiBaercsi OTHOCHTE/ILHO CHJBHOH KHCJIO-

TOHM, Tak AJs HuTposTaHa pKa aumpo[amm cocrapJisier 44.

Tabruya 8.5
HekoTopsle KHCIOPOACOAEpPHALLIHE KHCAOTH
_ (8 Bone)
: - JluTepa-
Knenora PK, 1'!;;;?“?(% Meton * Typa
;belt'uncynbtl)ltﬂcaaﬂ KHCJIOTA o+ , « . L5 22 E gg
n-TonuncyabQHHOBaS KHCAOTA . . . . 1,7 %5 5 o
PEeHHNGOPHAS KHCAOTA « o o o « o 8,86 = ﬁ -
f-PeHnnaTuAGOpHAT .+ 4 4 . .+ . o] 10,0 l( n
ALETAMHLL - . - & 4 & v o v 4 = o 15,1 25 i,
BeHsaMHA . « « « v v v 4 4 0 . . .| 13=14 2?5 l'f) e
N-LlnanauetaMH . . « « o« & « o 362 p n =
CYKUMHHMHA « + .0 « 4 ¢« o o 4 o s 1:43 o 1 7
‘Cnyrapumun . . . . . . .. - PR 1
ALeTrHapoOKCcaMoBasi KHCIOTA o1
l(lCH,C%—NH—OH) R ggg % rnl"um zg
deHHATHApOKCaMOBasg KHCJIOTAa . . . s ' 8
Aue‘roucnfq [(CH3);C=N—OH] . . .| 12,42 gg gﬂT. T ;7
HutpoMeran (CM. B TE€KCTE) + + . . . lg.ﬁ o o L
Hutposta . . . « 70 o o o« v o o & 3.7 28 Kot 78
UpaHuCTas KHCOTA o o o &+ « o & :

-

~* VenosHble 0603HaueHHs MeTOHOB cM. Ha cTp, 116.
- . J. Chem. Soec., 1940, 442.
zggg:?ifiiﬁbrsaonnc h, Bet tméhn, J SAm. %19:1&808??9,235)6, 1850 (1934).
) ! . Am. em. Soc., 60, .
:; E;ugorh;rlé'n%lpfczl:r%:élfn BpaHua H Kanpeuna «The Theory of Organic Chl.:mlstryp.
- ice-Hall, 1941,
D ;ﬁ“{\l;‘;, ﬁ?#.ces ch'ift, J. Am. Chem. Soc., -74, 4995 (195&6)2. 1940)
B MSchwarzenbach, Lutz, Helv. chim. acta, 23, 1i ( .
Brandt, J. Am, Chem. Soc., 77, 1058 1&355).
®Kin Marlon, J. Am. Chem, Soc., 66, 977 ( 2”3
nd, Farr, J. Am. Chem. Soc., 65, 1433 (I 15713 R
Turnbull, Maron, J. Am. Chem. Soc,, 65, 212 (1943).
" Lister,Canad. J. Chem., 33, 4_26 (1955).

: ' \

1211 lByXocHOBHEIE KHCJI0PO/ICOAEpIKaLLHe KHCIOTHI

~ . Tlpu.HelTpa/u3alHH BelLeCTBa, CHMMETPHYHas MOJIEKyJ1a uorlt{)(-).\
' POro CONEPXKHT B HAEHTHYHBIX HOHM3HDYIOIIUXCS TPYNMbi, MOXK

BLISIBHTL [ABE YETKO OTJIHYAOLIMXCS OAHA OT .APYrod mno _BE.HH‘{PI-HG

"~ .

128

Tatauya 8.6
MHOrooCcHOBHLIE KHCIOPOLCONEPIKALIHE KHCAOTHE
(B BOsE)
Kucnora Pa | TypacRE| Merons | MlTeps-
ILBYyXoCHOBHBE KHCAOTH
UlapeneBas . . . ... ., ... {_ ;ggé gg ﬁ' % gg
: . 2,86 25 K, T 8l
Manonosaa . .. .. ... .. { 5.70 95 n.T 89
Slwtapwas . . . . ... ... .. . | 4,21; 564 25 mn T 83
Fayraposasn .. . . . ..., ....|434527 |25 10007 84
Amumvmosas . . . . . . .. ... .|441:528 |95 119007 84
lLlaBenesoykcycnass . . . . . .. .| 256 4,37 |2 In, T 85
ManessoBan . . . . ... .. ... 1,92, 6,23 25 M, T 86
Dymapopan . . .. ..., ... .. 3,02; 4,38 25 Mg, T 86
Bupmas . .. ... ..., .. .. 3,03 437 |25 I T 87
o-PTaneBas KMCAOTA . . . . . , { gg& 25 IL T 88
M-Visomep (u3odranesas) , . . . : . 3,62; 4,60 25+ 1 C, T 89
n-Visomep (tepedranenas) . . . . . .| 3,54; 4,46 2+1| CT 89
o-JlnokcuGeHaon (nupokatexun) . . .| 945;(12,8)*| 25 I, T, 90
#-W3somep (pesopunn) . . .. .. .| 944 18 K 91
n-HUaomep (cuppoxmmon) , ., . . . . 9,96 18 K 91
o-KapGoxcudenon (0-oKcHGen3ofinas { 3,00 25 K, T 92
KHCIOT2; CaNHUHNOBas Kuciota) 13,82 20 clL3 93
M-Haomep o« ... . . .. .. ..] .. 4,08 25 K, T 92
n-HMaomep . . ., ., ... ..., 4,57; 9,46 25 nrT 94
M-Cynbdo6ensoitHas Kichora
(HOsSC(H,COOH) . . . . . . .. (0,31)**; 3,78| 25 10004 95
nVisomep . . ... ..... .« . |(037)* 372 25 %004 95
M-Cyasgodenon . . . . . ., .. . [(0,39*907 25 %00 95
n-Msomep ... L. L L, L ](058)*: 870 25 | oo 95
Mertuagocpar [CH;OP (OH),0] . . .| 1,54; 6,31 | 25 [10:004 96
(Aumeruagocdar nas cpasrenus) . . | (1,20)* 25 ro.o0 96
Penunpochonosas [CsHsP (OH),0) | 1,83; 7,07 | 25 not 97

* YenoBuee oGoanayenus MeTonos ¢cm. Ha cTp. Ii6.
** OTH BeJHUHNB GBLIH NOJyueHel NpH paGoTe ¢ pacTROPaMM Takofi manoi KOHIleHTpa-
UHH, YTO Ot MOTYT GbiTh €MHHMbIMHs», (Cm. cTp. 40).
*Darken, J. Am. Chem. Soc., 63, 1007 (1941).
nching, Bates, J. Res. Nat. Bur. Stand., 40, 405 (1948).
frey, ogel, J, Chem. Soc., 1935, 21.
mer, Burton, Acree, J. Res. Nat, Bur. Stand., 24, 269 (1940).
nching, Bates, J. Res. Nat Bur, Stand., 45, 322, 344 (1950).
Ingold, J. Chem. Soc., 1928, 1594.
rsen, Acta chem. scand., 8, 243 (1952).
en, Jeffrey, Vogel, Phil Mag., 22, 790 (1936).
s, Canham, J. Res. Nat. Bur. Stand., 47, 343 (1951).
r,Plnching Acree, J. Res. Nat. Bur Stand., 35, 381, 539 (1945).
er, Volgt, J. Phys, Chem., 56, 225 (1952).
rlake, J. Chem. Soc. 1957, 4087,
Bolin, Z. phys. Chem., 66, 71 (1909). -
Dﬂl]ppy. Hughes, Laxton. J. Chem. Soc., 1857, 2405.
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. Schooley, Carr, Acree, J. Res. Nat. Bur. Stand . 85, 521 (1945).
Nnger, Blchler, Wittwer, Helv. chim,. acta, 36, 1711 (1953).
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Eiler, J. Am. Chem. Soc., 65, 2355 (1943).
edman, Doak, J. Am. Chem, Soc., 75, 2209 (1953).
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ITpodonxcenue maba. 86

T - Jiurepa
PRy cMmEE Meton * Typa

Kuenora Typa,

KuciaoTsl ¢ OCHOBHOCTBIO
6onbuie ABYX

TJIHMOHHAT « - « » o « o = o = « « | 3128 47611 25 nT 08

6,396
1,40; 2,19, -
I'ekcakapGokcnGenson (mennntoBas | | 331, 478; 25 ng 99
KHCJIOTA) « o o = = o + o o o =« =« 5.89: 6.96

GosHaueHHs MeTomoe ¢M. Ha cTp. 116,
;&éc:c;n:l:e % i ncahin g, J. Am. Chem. Soc., 71, 1274 (1949).
wMaxwell Partington, Trans. Farad. Soc., 33, 670 (1937).

KOHCTAHTBI HOHH3aUHH:
HOOC—(CHj,);—COOH ;== HOOC—(CH;)—CO0°+4H® )

HOOC—(CH,),—CO0® — 80c—(cu,).—coo9+ﬁ"£ (1

B nepBoil cTaauH HOHM3ALHH (I) oTwenJsente npoToHa MOXeT
NPOHCXOAHTL M3 [BYX MeCT MOJIEKYJbl, @ MPHCOEAHIIEHHE MOXET
OCYILECTBAATLCS TOJIBKO B OIHO nosoxenue. Bo Bropoit ctanin nei-
tpanusauun (pasrosecue II) neno OGETOHT Kak pa3 HaoloporT.

Takum 06pa3OM, cO CTATHCTHYECKOH TOUKH 3DEHHS, PaBlOBECHE
(I) B 4 pasa GoJsiee BEpOATHO, YeM paBHOBeCHe (IT).

BcaencTsue KyJOHOBCKOTrO 3(@deKTa ABe KOHCTAUThl HONH3ALHH
CHMMETPHYHOH KHCJIOTbl HJIH OCHOBaHHSl OT/IMYAIOTCS OAUA OT ApY-
roii GoJablue, yvem B 4 pasa. OTpHuUaTeNbHbI 3apsii OAHO3apPAAHOrO
aHuOHa, yuactByioulero B papHopecuu (I), nomxken oTTaJjKuBaTL
ONHOMMEHHO 3apsiKeHHble HOHBI rHApOKcHJa. [Io3TOMy mJiA ocylies
crjienusi paBHoBecHst (II) Hy:HO ropasno GoJiblie YBeJNHYHTL KOH<
LeHTpaLHIO HOHOB THApokchda (7. e. yseanuuts pH), uem pas ocy-
ulecTsjaenus paBHoBecus (I). . \

U3 pauubix Tabna. 8.6 suaHo, 4to pasHocte Mexay pKa u-pKa
Mmoxetr cocraBasith ot 0,8 eaunuusl g0 10 u paxe Boiwe. B 370M
OTHOLLEHHH Ba)HO YCTaHOBHTb HACKOJbKO OJIM3KO MJIH Jalieko ApYr
OT Opyra pacliojoXKeHbl OAHOHWMEHHble 3apsib! B MoJekyJle, H
umeeTcs JIH JleK CBsi3b, 3aTPYAHAKOLIAS HOHH-
33 CylllecTBEHHbIM SIBJIsIETCSl TaK¥e H TO, pacl aHAETCA
N1 KyJOHOBCKHil adeKT uepes BOAY (ecan MoJeKyna HMeeT yaJu-
HEHHYIO (OpMY) HJM 4epe3 MOJeKyJay KHCHOTH (ec/au MOC/enHss
ykopouena). JluanexTpuueckue MOCTOsIHHbIE B NEPBOM M BTOPOM
Cilyuae pas3nuuHbl — OHHM cocTaBasioT coorercTseno 80 u 2. OGpa:

1 2
niaoilee Ha ce6s BHUMaHHe OOJIbLIOE OTJHYHE BeJH4YHH pK: # pKﬁ,l
[Jis CANHLHMJ0OBOH KHCJIOTHI 00BACHAETCA HaJlH4YHeM BOLOPOAHOH
CBfI3H B OHO3aPALHOM aHHOHE,

130

II1. MepkanTaHoBble KHCJIOTHI

Bricokas kucnotnoctb ceposopopona (pKa = 7,02), no cpashe-
HHIO C BOJOH, 3aCTaBJIsieT OXKHIATh, UYTO MePKanTaHbl 6ynyt GoJiee
CHJIbHBIMH KHCJIOTAMH, Y€M COOTBETCTBYIOLIHE CIHPTH (Cp. AalHbie
Ta6a. 8.3 u Tabs. 8.7).

[TonoGuoe ke siBjienne HMeer MecTo NpH CPABHEHHH KHMCJIOTHOCTH
(perona (Tabs. 8.4) u THodenona (tabn. 8.7).

Tabruya 87
MepranTaHoBble KHCNOTHI (B BOxe)
Kucnora PKy E;g:fg%' Meron * ﬂ';;?;a‘

STuAMepKanTaH (égHsSH) e e e o] 10,50 20 oot 100
B-OkcuaTuaMepranTal . . » o & .« 9,43 25 I, T '} 101
Denauamepkantas . . . . . . .. . 9,43 25 C 101
$enunamepkantan (THodenon) . . . . 16.26"* 25 C 101
0, 20 C 100
Tuoraukonesas kucaota . . . . { 3,68 2% K 102

Metunonuifi  sdup  THOrmMKOJeBOH :
KHCHOTBL . & v v v s v 0 4 o « o = 7,68 20 oot 100

0,01

2-MepKanTonponHoOHOBas KHCAOTA . { 12"?!? gg E {820
2-Mepkanroastancy andokucaora . . . 9,5 20 oot 100

* Venosusie 0603HAYCHHS METOnOB CM. Ha cTp. 16,

** Pe3yAbTaTel HALHX SKCNEPHMEHTOB CBHOETEALCTBYIOT O TOM, YTO STA BelHHYHHA sB-
nneTca Gonee AOCTOBepHOM, yeM BennunHa pK, = 7,78, nonyuennasn Hanexu H Hosnem ',

‘“Danehy, Noel, J. Am. Chem. Soc., 82, 2511 (1960).

“'Kreevoy, Harper, Duvall, Wilgus, Ditsch,J. Am. Chem. Soc., 82,
4899%;9(0].
W Larsson, Z. anorg, Chem,, 172, 375 (1928).

IV. NH-kuciomei

KucsioTHas npupoaa aMMHaKa XOpolWO H3BeCTHa M3 (akTa cy-
WeCTBOBAHIISl aMHAA HATPHs, HMEIOILEro LIKPOKOE MPOMBILLIEHHOE
npumenenue. Benuuuna pK, ammmaka Oblna paccuutana Teoperi«
4eCKH M OKa3aJslachb paBHOH NpHOAu3HTEJIbHO 3519, BpenenHe sJek-
TPOHOAKUENTOPHLIX FPyNN MOXET 3HAYHTENbHO YBEJIHYHTh KHCJIOT~
HocTh (T1a6ii. 8.8). Tak, snauenune pKy HuTpoammma, npuBenennoe
B 1a0a. 8.14 (ctp. 145), paBHo 6,59. - =

V. CH-kHclothl

Xots yuacTie Kap6aHHOHOB 4acTO MPEANoaraeTcs B HEKOTOPBIX
HEOPraHHYeCKHX PeaKUHsX, OHH He BCEeraa XapaKTepH3yloTCs B BHAE
He3aBMCHMbIX yactull, OnHaKo BBellenHe B MeTaH IBYX uiu Oolee
CHJ/IbHBIX 3JIEKTPOHOAKLENTOPHBIX 3aMeCTHTeJel NMPHBOAHT K 06pa-
30BaHHD yCTOHUHBBLIX KHCJIOT, NpHYeM HEKOTOPbIE H3 HHX TaKue e
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Tabruya 88
NH-Kucnorbl (B BORE)
= JI .
Kucnota PKg I;’;?::EE MeTton *® .1:;;1&33
' ] 104
AHHIMH . . . . . . . » R - o7 *e 25 H
Dupapamupg CNNH, . . . . . . . . . 10,27 25 E {gg
Hunuanamuan (CN).NH . . . c'pe'm;n- ~1 —
OnH -
Aupmwpuran (roxcamnmporndeii | sa2 | 25 n 107

* Ycnoplbie oﬁoaual;elmn MeTOnOB cM. Ha cTp. 116,
A pecbMa NPHOAHMeHHbIM.
:‘%Tg; ]:aa:et“ewﬂﬁn:f:cn clll, 1. Almpt Ch;m. Ssnc.. 5:0 I12;I2 ( l(gzgi&}z}
: Am. Electrochem. Soc., 40. . *
'::l I!l(ra a!r:lec%.a rE:'l'!\.rrfﬁf'Threr: Theory of Organic Chemistry, New York, Prentice Hall,

L pan L In J. Chin. Chem. Soc., 1855, 11,2, 1 [C. A.. 49, 14534 (1955)].

CuAbHBlE, KaK W MuHepaJsbhble (Ta6ua. 8.9). (IanHble aas HHTPOMe-
‘Tana npuseneHbl B Taba. 8.5). Psn yr/1€BOAOPOAOE, npuﬁnm«euncz
NOCTPOEHHbIH 10 WX KHC/JIOTHOCTH, HaHIeHHOH HHRHK&TDP}?:IMJIM&;L?-
JIOM, pacnosiaraercsi cjeayiomum o6pasom. BenuynHa 3[}3 E)nnnana~
- pena 21, ans ¢ayopexa 25 u ajs TpHpeHuJIMeTaHa 33. IT 3na-
yenusa !9 pK; — OTHOCHTEJIbHbIE BeJIHYHMHbI, OMHAKO MpHMeYaT i
70T (parT, YTO apoMaTHYeCKHe LUECTHUYJICHHbIE ymeaonoponbs_mﬁ)
Hee KucJble, 4eM TpHpeHHIMeTaH. (Pnyopa.uen (HHﬂ.&HO[I)JE%JeBe-
umeer pK, = 11, a 3HauuT ype3BbiYaHHO CH/IbHAR KHCJOTA .
lecTB, COCTOALUHX HCKJIIOYHTEJBLHO TOJBKO H3 aTOMOB yrjepoiaa H

BojopoAa 1%, - ]

Ta6auya 8.9
\ CH-Kucanotni (B BOLE)
. - Jitepa-
. Kucpota Py 1‘;’;2? g::: Mezon * :}'Pa
' - CH, ' . 10
ﬂuSTHJ]MaJIOHaT CHQ&CO:Cxﬂs)z . - l?.?g 2?5 . ;‘1 }11
Manouutpun CH; (CN); . . . . o o] 1 v £ C ]
HuanopopM CH(CN)s . . SRR < g i
ot e v s <] 2 | MKar | 113

N +

* Yc/oBHble 0G03HAYEHHA METONOB €M. Ha cTp. 116, w0,
MIills, J. Am. Chem. Soc., 72, 1692 =
Pmpearsol Dillon, d. Am. Chem, Soc., 75, 2439 (1953).

ttner, Ber.. 62, 153 (1929).
‘- ?, Lrn]:‘ c t?,bAnrlf.'hi'(er!l;Il “Mineral. Geol, 24B. Ne 6 (I947) [C. A., 42, 6313 (1949)].

Sh B - S * . -.. . - 35)
Yo . Monoc3son, Acta Physio-chim., 1, 725 (19
108 E;I:::]:;EBWh eland, J. Am. Chem. Soc., 54, I28102 %?32)1.1958] |
19 Rapoport, Smolinsky, JL Qm. Chem. Soc., 80, .

I
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VI. AMHHOOCHOBaHMsi (OLHOKHMCJOTHbIE)
Anundariueckue ocHoBanHsa

Ecan B ammuak (pKa conpsixKeHHO# KHCJIOTH paBHO 9,25) BBecTH
OLHY aJKHJIbHYIO rpynny, To pKa nosbicutess no 10,6, npuuem, 3to
3HaueHHe ocTaeTcsi NPHOJH3HTENbHO MOCTOSHHBIM, KAK 6bl HU Obu1a
BesHKa ajikuiibHas rpynna (ta6a. 8.10). Ecin Beectn BTOpYIO an-
KHJIBHYIO TPYNIy, TO TNPOHCXOAHT HE3HAYHTENBHOE YBeJIHUEeHHE Oc-
HOBHOCTH. TpeTbsi a/iKMJIbHAM CPyNNa_nOHHMKAeT 3HAaYeHue pKa Ro
SHAYEHHs, NPOMEXYTOYHOrO MeX1y 3HayeHHeM pPK, BTopHuHOrO
aMHHA M aMMHaKa. YBe/iHueHHe OCHOBHOCTH, KOTopoe Habaiopaercs
[IpH BBEJleHHH B aMMHAaK MePBBIX ABYX aJKHJOB, OGBSICHSETCH HH-
AYKTHBHBIM 3¢ dektom (+/) ankuibHOM rpynnbl. YMeHblueHHe OC-
HOBHOCTH NDH BBEACHHH TPETbEro ajkuia (Kak B TPHMETHJaMIHe),
1O-BHANMOMY, BbI3LIBAETCA COCTOSIHHEM «HANPSIKEHHSI», B KOTOPOM
MOET OKa3aThCsl MOJIEKYJa MOC/e NPHCOeAHHEHHS TPex aJikusoB 114,
Onuaxo uallle Bcero 0GBACHSIOT 3TO YMEHbIIEHHEM KOJHUECTBA aTO-
MOB BOAOPO/la B COMPSIKEHHOM KATHOHE, CNOCOGHLIX 06pa3oBLIBATH
YCTOHUHBble BOAOPOAHLIE CBSI3H ¢ BOAOI !15,

Tetpaankuauposanue, uayuee ¢ obpasoBannem YE€TBEPTHYHOrO
OCHOBAHMsl, BbLI3bIBAET CHJIbHOE yBeJIHYEHHe OCHOBHOCTH. B o6ulem,
TeTpaaJIKHJIHPOBAHHblIE OCHOBAHHA — OCHOBAHHSA, MOJMHOCTLIO HOHH-
SHPOBAHHBIE BO BCEX [0 CHX MOP H3MEpeHHbIX KOHUEHTPAUMSX, H,
CJIEAOBATE/IbHO, HH ONHO 3HayeHHe pK, He MOXKeT GbITb MM TMPHIIH-
caHo. Ecan aTom a3ota, Kak BOOGLiE MPHHATO CYHTATH, ABJASETCS
HECnocoOHbIM K 06pa30BaHHIO HATH KOBAJIEHTHBIX cBsized, To obpa-
30BaHHe KaKOH-JHGO HeHTpaJsIbHOH MOJIeKyJb, COOTBETCTBYIOLLIEH
TE€TPaaJIknilaMMOHHEBOMY OCHOBAaHHIO, HeMbicJiumo. Huskas ocHos-
HOCTb aMMHaKa H €ro ajJKWJbHLIX [POM3BOAHBLIX, N0 CPABHEHHIO ¢
YETBEPTHYHBLIMH OCHOBAHHAMHM, BbI3Bajia BO3MOMCHOCTBLIO NpPHCOENH-
HEHHs1 BOABI K HENOAEJIEHHOH mnape 3J/IeKTPOHOB aToMa a30Ta Heli-
TPaJibHOH MOJIEKysibl nyTeM 06pa3oBaHHA BOMOPOMHON CBASH H TeM
CaMbiM yMEHbIUEHHS TEHIEHLUHH K NPHCOEAHHEHHIO NpoToHa 16, B 70
3K€ BpeMsl, pHCOe/HHEeHHe BOAbI K THAPOKCHJY YETBEepTHYHOrO aM-
MOHHEBOrO OCHOBAHHs He TOHHIKAeT, KAK W3BECTHO, CHOCOBHOCTH
K SHEPrHYHOMY B3aHMOJEHCTBHIO C NPOTOHOM. TeTpaasiKHIaMMOHKe«
Bbie MOHBI He 00JIafal0T TaKoi CBOGOMHOI Mapoil 3JeKTpOHOB.

3asucumoctb pKa o7 3amectureseit @-yrJIepOLHOro aToMa Me-.

. TH/IaMBHa H B-YIJIepOHOro atoMa 3THJaMuHA IoKa3aHa B Ta6J. 8.10.
A1 3hdeKTh ABAAIOTCS NMOJIHOCTLIO HHAYKTHBHBEIMK H 3aMecTHTe H
BenyT ceGsi Tak e, KaK M NpH BBEACHUH HX B YKCYCHYIO KHCIOTY
(ta6a. 8.1). CrnenyeT 3aMetuth, 4TO BAHMsHHE 3aMeCTHTEJCHl HA Be<
uuHy pKa KHCIOT 6bIO M3y4eHO wwHpe, YeM [Jis OCHOBAHMIL

- ,( M Brown, Bartholomay, Taylor, J. Am. Chem. Soc., 66, 435
. (1944). . :

15 Bell, The Proton in Chemistry, London, Methuen, 1960.

he Sidgwick, The Organic Chemistry of Nitrogen, Oxford, 1937,



3HaueHHe pKp ananuiaMHHa NOAHHMAaeT BONPOC O BO3MOXKHOCTH
CMelleHHs1 [ABOHHOIl CBsi3H B HamnpabJieHMH atoMma asota. XoTi oc-
HOBHOCTb IIPOCTBIX HelpeAeJibHbIX anu(paTHYeCKHX COeAHHEHHH He
Gbuiia onpejesieda, BJAHSHHe [ABOMHOH CBAI3H HA OCHOBHOCTbH aMIIHO-
rpynmnbl MOXeT ObITb HCC/€AOBaHA B TeTPATHAPONMHPHAMHAX M IH-
ruaponupposax 7.,

AMunHMHB M TyaHuauHBI, OJilaroAapsi AONOJHHTE/LHOMY pe3o-
HaHCY B KaTHOHaX,-— 60Jlee CHJIbHblE OCHOBaHHs, 4eM MPOCTbIe aJiH-
¢daTtuueckye amMHHBl, TOrAa Kak aMHAb HMeIOT cjabble OCHOBHLIE
ceBoiictBa. Tak kKak onpejeseHHe OCHOBHOCTH @MHAOB CBA3aHO C OI-
pese/ieHHbIMH TPYAHOCTsIMH, B Tabsuue, kpome 3HayeHuii pK,, npu-
BefleHbl TakKkiKe HCIOJIb30BaHHbIe MEeTOAbI.

Pan 3navenuii pK, rerepoanucpaTHyeckuX OCHOBaHuii naH B
Ta6s. 8.10. MeTh/bHBIE NMPOH3BOAHBLIE THAPOKCHJIAaMHHA TNpHBEnEHb!
B tabs. 8.15 (ctp. 147). KoHcTaHThl MOHH3ALIIN COOTBETCTBYIOLLHX
aJKaJonaoB cM. B pabore Koswtrogda 18,

ApoMaTHyYeCcKHe OCHOBaHHA

Aunsun (pKa = 4,6) kak ocHoBaHHe 3HayHTesbLHO caabee, yem
€ro HachlllleHHbIH -aHajor (UHKJOreKCHJIaMHH) WIH anudaTHyecKue
ocHOBaHHfl. [lOHHIKeHHble OCHOBHbie CBOHCTBa aHHJHHA O00BsIC-

HSIOTC PEe30HAHCOM .
R
7
i (]

NH, @ NH,
(o awn

A

HEATPaJIbHOH MOJIEKYJIbl, KOTOPbI# HEBO3MOXKEH B HOHE. 3TOT peso-
HaHC He SIBJsieTCs IPOCTHIM paclpefeseHHeM [POTHBOMOJOKHBIX
3apAnoB B HeHTPaNbHOH MOJleKyJie;, H3MEHSIOLHM CTOJIb 3HAUHTE/h-
HO KHCJIOTHYIO W/IH OCHOBHYIO CHJ/Iy; B CaMOM JieJie, AHNOJIbHBLIH MO-
MEHT aHMJIHHa paBeH Bcero auws 1,60. BbiH npuBeneHs! HekoTo-
peie A0KasaTte/bcTBa ''® TOro, 410 OKOJIO MOJNOBHHLL 3(hdeKrTa ocnab-
JieHHsi OCHOBHOCTH aMHHa NPOUCXOAMT OT HHAYKTHBHOro sdggexra
6ensonbHOrO Kosbua (—I), KOTOpbiii HMEeT TaKoii xe 3HaK, Kak ¥
pesoHaHcHblil 3¢ ekt (—T). HaoGopor, B 6eH30iHO# KHCJOTe yKa-
3aHHble 3(G(EKTH HMEIOT NPOTHBOMNOJIOXKHbIE 3HAKH.

CyuiHOCTE pe30HaHCHOro Oc/ia6JieHHsi OCHOBHOCTH B aHHJIHHE
BuAHa Ha npuMmepe N-anakuabHbIX 3aMectuTesein (taba. 8.11).
N-DTunbHble 3aMecTHTeNH yBeJHYHBAIOT OCHOBHOCTbL Ha BEJHUHHY,
KOTOpas okasahiacb 60Jibllie, Y4eM 3TO MOXKHO OBLIO OXHAAThb OT HX

" Adams, Mahan, J. Am. Chem. Soc., 64, 2588 (1942).
s Kolthoff, Biochem. Z., 162, 283 (1925).
"9 Wepster, Rec, Trav, Chim., 1159, 1171 (1952),
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41 s(dekrta, uTo OGBSICHSETCS!, OYEBHAHO, 06beMOM TPy, BHBOASA-
LIHX aMHIOTPYNNy u3 MJOCKOCTH GEeH30JbHOrO Kosbla. ITo 06CTON-
TEJLCTBO MPEensITCTByeT Pe30HaHCHOMY Oc/abJ/ieHill0 OCHOBHOCTH.
Takass uuTepnpeTauls. fBAsETCH I[PaBHJILHOH M MOIATBEpIKJiaercs
yBesmiuenHoit ocHoBHOCTbI0 N-7Tper-6ytunannnuna (pKa =7,1). Aa-
KHJIbHBIE 32aMEeCTHTEJNH, PACNOJIOH(eHHbIE B O-[OJIOXEHHH K aMHHO-
rpyine, NOHHXKAIOT OCHOBHOCTb, Melias NPHOJMKEHHIO HOHA TIi-
pokcoinsi. (Cp. pKa = 3,8 2-rper-6yrunamuna'? ¢ pK, anunnua.)

Kak upaBnso, 3amecTHTe/IH B aHHJIHHE, PAClOJOKeHHbIE B M-10-
Jioxenu, 0621ana10T O6bIYHBIM HHAYKTHBHbBIM 3((]eKTOM, KOTOPhiil
yxe ofcymparicsi mpu pacCMOTPEHHH apoMaTHUYeCKHX KapOOHOBHIX
Kucsot (ctp. 120). [Ipu 3TOM 3aMeCTHTeJH B M-MOJIOMNEHHH B CJYy-
yae aHnJIMHA BJHsiIOT Ha Beauukny pK, B Gonbuieii cTemneHH, yem
B csyuae (enona (tabha. 8.4). Jas 3aMmecturesieii, HAXOAsiUIUXCSl B
J1-110JI0KEHHH, HHAYKTHBHbIA 3(dekT ycuauBaeTcsi TayTOMEPHHIM
3(¢peKTOM, KOTOPHIiI XapaKTepeH AJisi NAaHHOTO 3aMeCTHTEJNs, KaKk
370 oObaciiaioch na ctp. 120. Fanorenel H MeTOKCHrpynna o6.aa-
naiotr —/ n +T spdexrdamir.

B Ttaba. 8.11 npuBenenn Takxe 3HaueHusi pKa aus audenus-
aMlillia, aueTaHuJupa, HaQpTUIaMHHOB W HeOoJbuloro psaa rete-
poapoMaTHUECKHX OCHOBAHHH (AJf APYrHX reTepPOUHKANYCCKIIX
coennnetnil cM. «[IpumeHenne puantiecKHX METOAOB B XHMHH reTepo-
HHKJHUEeCKHX coenuHeHnii», Academic Press, 1962, Editor: Katritz-
ky). Brlio 3ameueno, uTO BTOPOH aTOM a30Ta, CTOsILUHII P KOJble
TETEepOLMKJIHIYECKOro COoeHHEeHH s, YMeHbllaeT OCHOBHOCTL M[OC/e/l-
"ero (BcnencrBue — /7 s(peKTa) 3a HCKJIOUEHHEM HECKOJDLKHX Cay-
yaep, rjle MMEETCs1 OCHOBHOCTb, BbLI3BAHHAs pe30HAHCOM, KOTOpasi
TIpOTHBOCTOHT 3TOMYy 3(pdekty (Hampumep, NHpasos, HMHIA30.1).
B Ta6sn. 8.11 yKasaHbl TakiKe HEKOTOpble NPOH3BOAHLIE MHPHIHHA,
Hyxu1o 3amerutsb, uto, Kak npasuso, 3pdekt 3amecTuTesIsi B aiu-
Juile 1 B NHpUAHHe oaunakoB. OQHAKO, TAK Kak KaTHOHOOGpasyio-
ulasicsi rpynna nHpuAHHa He BbICTYNAaeT 3a Npepesib! KoJbua, B I10-
caennem nmouTH OtcyTcTByeT opto-3ddekt. Umenno nmo stoit npuun-
He, 15 TOro, UTo6bl OGBLSICHHTL BJMSIHHe 3aMecTuTeJeH, pacnoJio-
HKeIbIX B O-TIOJI0XKelNH, B poH3BOANBIX Oensvsa Guliin nogpolbHO
yi3yueHbl O-3aMellleHHBIe NPOH3BOJAHBIE MHPHAHHA.

IOnst 2- 1 4-aMHHOTIHPHAMHOB H TakKHX e 3aMewweHHbIX XHHOJH-
HOB H aKpHAHHOB BO3MOXEH pPe30HAHC B KaTHOHe

. NH, @NH,

It ;
| G-
i o

V) {Vh

120 2, 4,6-Tpurper-6yTnaanuiun umeer pK. <2 (Bartlett, Roha, Sti-
les, J. Am. Chem. Soc.,, 76, 2349 (1954).
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Tad.duua 8.10 I podonwcenue mada. 8.10

AnH(paTuqecune aAMHHO- H KHCJOpoOJICONepXauHe OCHOBaHHA
(OJHOKHCJIOTHbIE) (B BOME) Octopansc pK, 1‘;;1;1'& % | Meron® .Fhrr;;;;a-
- K Temnepa- . Jlurepa- . -
. PP ‘-‘rP“’g Meton ® TYPa Aueramugan . . . . . e e e e .. 12,40 25 I, T 132
BendaMuIMH . + « « « + + v & » o 11,6 20 ot 133
Cyaumpue ** . . . . . . . .. ... 13,6 25 n° 124
FOMOZOrE K HOMEDH ) i SN 128 2| C | 1
MetunamMun . . . . . S 10,62 2 [} 121 N-AHETHAPYAHHAMH . . . « « o « = 8,33 20 I 133
Jumetnramun . . . ... ... 10,77 25 n 121 N-MeTynryausid . - . . - . - . . 134 25 nto 133
TPHMETHAAMHH . . . . . . . « « & & 9,80 25 n 121 : Lo
DTUAAMHH « » o o v v oo o o e v w s 10,63 25 nT 122 NN-Iusmernaryauuaus . . . . . . . 134 25 n* 133
IDHITHAAMHH « « v « o o « o o & . - 1093 25 mT 122 NN’-[uMeTHATYaHHAHH .+ « + . « . .« 13,6 25 nto 133
TpHaTUAAMHE . . . . . . . . . . . 10,87 25 KT 123 .
n-Tlponuaamue . RIsNer: o« o 10,53 25 nT 1%2 AMuns
Maoupommaamnn [(CH3), CNHy) . 10,63 25 nT 124
H- Byil')houammi e U] 10,60 25 nT 122 Ametamupa . . . . .. ... L. { j% 22'2 {-{[a' }g‘g
m pem-ByTHNaMHH [(CH;)_, CNH;] . 10,45 25 nT 124 0’18 KY 135
OKTHIAMHH . + . -« « « = « + + o » 10,65 . 25 K 125 ' 25 g"s
VHOEUHAAMHH . & « + o o« « o & A 10,63 25 K 125 MOUEBHHA + v + « v o v o s o » 0,31 21 | ™ 137
JomeusAaMuE . . . v« 4 4 e 4 . - 10,63 26 K 125 0,10 25 I, 136
lekcaneuunaMust . . . . . . . . . . 10,61 25 K 125 S-MeTHAH30THOMOYEBHHA . . .*. . . 9,83 20 v 133
JOKOBHAAMHH . . « 2 « o « « « o = 10,60 25 K 125 O0-MeTHIH30OMOUEBHHA . . . . . . . . 9,72 24 I 127
: THOMOYEBHHA . . . . . . « . . . . —096_] . ,_25 .. Kar 133
BameueHHbE METHAAMUHN “Muanamun (NCNHp) . . . .. [ ~711 n 129
(RCH;NH,) Auctrinpasin (CHsCONHNH,) . . .| 324 24 no! 138
: R AnudaTHueckHe OCHOBAHHS,
MeTtokcukapGonua- . . . | CH;0,C— 7.66 25 I 126 COn€pixatine rerepoatom
Kap6amun- . . . . | NH,0C— 7,93 24 n 127 TTHOEPHAHH  + « + ¢« 4 & ¢ & = & & & 11,22
¢enm-{6&uaunauuﬁ) i CBH — 9,34 25 Imn T 124 N-Metnn . . . ... ....... 10,08
Buuun-(annunamun) . . . | HC=CH—| 9,60 , 25 K- .| 128 Mupponumue . . . . . . . « . . . . 11,27 25 mT 139
Huwan- . . . . .. ... NC— 534 | I 129 N-Merun- . . . . . .. e e e e 10,46 ’
. AzeTHoHH . .+ . . . . v o .. . . 11,29
3amMeluleHHue STHAAMHHH ABUDHOHE . + v ¢ ¢« ¢ v v o v v o 8,04
(RCH,CHSN Hy) x 2-Merun-A2-TeTparunponHpHisE . . . 9,57 24 no.e 140
LHaH-"» « « v oo e e NC— 7.7 29 n 129 Mopdomm .. . . .. . .. eov s |~ 870 25 n 131
IToKcHkap6ouna- . . . . | CaHsOC— 9,13 25 I 126 U '
Oxkcu-(3tanonamun) . . . | HO— 9,50 25 nT 130 —

;\P&emm ........ (C:?_[Hg- g.gg gg 2' T {g‘li LIHKNOrEKCAHOHUMHH « « « + o « + . 9,15 ? Mon 141
ETOKCH=- . . &+ .« . . . — ) HpeHHKETHMHH . . . . . . . . . i 20 In 14
TpuaTaHONAMHH . . . . . . A 7.82 22 IL T 124 o=t “ i 2

LHKnOreKcHAAMHH . .+ « « « « « + o| 10,64 25 L T 124
- T * YcaoBuee 0GO3HAYeHHR MeTONOB CM. Ha cTp. 116.
©_** Bropoe 3navenne PK ryaHHaHHa npu6iaHsurcanHo pasHo Il (Williams, Hardy.
* Yeaoenue ofio3HaueHHA MeTOHOB cM. Ha cTp. l16. J. Chem. Soc., 1953, ).
" Eyerett. Wynne-Jones, Proc, Ray.Soc..Al?T.'IQQ (1941). . ‘”Schwarzenbach Lutgz, Helv. chim. acta, 23, 1162 (1940).
2 Evans, Hammann, Trans, Farad. 47, 34 (1951). . M Angyal, Warburton, J. Chem. Soc., 1951, 2402,
1w Apblard, McKin ney.Warner.J Am " Chem. Soc., 62, 2181 (1940). ¥4 Gage, J. Chem. Soc., 1949, 221
meHall, Sprinkle, J. Chem.' Soc., 64, 3469 (1932). _ W [ unden, Z phys. Chem., 58, 532 (1906).
w Hoerr, McCorkle, Palston 3. Am. Chem. Soc., 85, 328 (1943). % Hall, J. Am. Chem. Soc., 52 5115 (1930).
1 Edsal, Blanchnrd, 1. "Am. Chem. Soc., 55.233?(!933} ’”Be[I.Gilleapie.Taylor Trans. Farad. Sec., 137 (1943):
w Z7jeff, Edsall, J. Am. Chem. Soc., 68, 2245 (1937). - ' indergen, Niemann, J. Am. Chem. Soc., n 1504 (1949). ’
1 Bredilg,-Z. phys. Chem., 13, 289 (1894). '”Searles.Tamres, Block, Qvartcrman J. Am. Chem. Socc., ‘78, 4017
1 Stevenson, Williamson, J. Am. Chem. Soc., 80, 5943 (i938); CoaoBefl, {1956). A
T Jindwuu, JKOX, 23 613 (1958). W Adams, Mahan, J. Am. Chem. Soc., 64, 2588 (1942).
W Bates, Pinching, J. Res. Nal. Bur. Sland., 46, 349 (1951). W Brezina. Zuman, Chem. Listy, 47, 975 (1953); C. A., 48, 5674 (1954),
" Bruehlman, Verhoek, 3. Am. Chem. Soc., 70, 1401 (1948). ‘ -~ W Culbertson, J. Am. Chem. Soc., 73, 4818 (1951).
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ITpodonncente maba. 8.10

OcHobatie PK, ‘ 3;;:?%’6 Meron * ”’;ﬁ,’;‘"
Kucaoponconepxaumue
OCHOBAHUuA
Juatunosuii adsp . . . . . . . . .| —359 |Komuarthan| P 143
JIHOKCAH + o & + o « « o o o = = « & —2,92 » P 143
2, 6-IuMeTHA-4-AHPOU + + w + + - & . 0,4 25 My 136
AUEBTOH + « « v o o o o o« a = o o -172 25 C 144
LiuknorekcaHoH . . . . . . « ... —68 25 C 144

* Venopnble 0603HaYeHKsT METOHOB cM. ma cTp. 11G.

wArnetf, Wu, J, Am, Chem. Soc., 82, 4999 (1960).

WM Campbell, Edward, Canad. J. Chem., 38, 2109 (19G0).

KOTOpLIil OTCYTCTBYeT B HeHTpasibHOH Mosiekyne V5. Bnaropapa na-
JIHYHIO pe30HaHca, OCHOBHOCTb YCHJIMBAeTcCst; 0CcOGEnHo CHAbIO 370
nabJsiofaeTca B clyyae n-3amelleHHs.

OcHOBHOCTb TPH(EHHJIMETAHOBbLIX KpacHTedeil, TAKHX KaK KpH-
crannuueckuil ¢puoneroBuit VII, xoTst n-ocnoxuena obpasopaniem
Kap6HHOM1a, Bce e o6bscHuma 6% AnanoruyHo 3THM Kpacure-
JIIM MOCYT paccMaTpHBaTbCsl HEKOTOpble KBaTepHH30Bauiible N-re-

TepOLHKJIbis
/ ) NN&BQ
MeoN—("N (N

NN\
C

I
S
. IK | '
i
NEBMe,
(ViD

VII. AMutoocHoBanus (ABYKHCJIOTHbIE)

OtHolrenne Mexxay 3HadeHusmu pKa ABYX OCHOBHBIX rpymm,
HaXOAALIHXCA B OAHOHN H TOH Xe MoJeKyJle, olipefesisieTcss TEMH Ke
<¢akTopaMH, OT KOTOPbIX 3aBHCHT OTHOLIEHHE MeXAY ABYyMs KHC-
JIOTHBIMH TpynnamMu B Takoil xke mojekyne (ctp. 128). Heckonsko
NpHMepOB [ABYKHC/IOTHbIX OCHOBaHuii Aanbt B Tabua. 8.12. Ilpn pac-
CMOTpeHHH aJiH(paTHYeCKHX OCHOBAaHHH, NpHBeJeHHBIX B 3TON Tab-

us Albert, Goldacre, Phillips, J. Chem. Soc., 1948, 2240,

Hé Goldacre, Phillips, J. Chem, Soc., 1949, 1724.

*[0.¢®. Fuua6ypr, [1. M. 3asanu, XKOKX, 30, 1479 (1960); XKOKX, 31,
75 (1961); XOX, 32, 35659 (1962); O. &. I'nuabypr, H. I Beaouepros-
ckKasn, JXOX, 83, 160 (1963) u 1. 0.— flpum. pedarrtopa.]
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Tabruya 8.11
ApoMaTHYEeCKHEe H reTepoapoMaTHYECKHE AB0TCOAEpPKALlHEe OCHOBAHMSA

(OAHOKHCNOTHEIR)
(B BONE)
Ocuosanue PK, 3';]1;{;::9&- Meron * ﬂl_:_';g;:ia-

Avnamn . . o . .. . . . = 4,58 25 I 147
N-Metua- . . . . .. .. 4,85 25 Il 147
N-Iumetun- . . . ... 5,06 25 I, T 147
N-9tua- . . ... ...« 5,11 . 25 o I 147
N-Ouatia- . . o o . o . . 6.56 25 I 147
N-Mzonponun- . . . . . . 5,60 25 I 148
N-mpem-Bytha- . . . . . 7.10 19 oo 149

[d M= n
Metna-(toayununn) . . . .|, 439 4,69 | 512 25 nT 147
Hutpo- . . . . . . ... .|—029 250 1,02 25 H T 150
nan- . . . .« v v oo o — | 2761 1,74 25 C, T 151
Prop- ... . 0w ez oo 3,200.359 | 4,65 25 C T 152
Xaop- . . o v v v v . o] 264 334 398 25 H H 153

CT 153, 154

Bpom- .+ . . .. . ... | 2600 351 3,91 25 P 155

O~ + + + « = « =+« « «| 260 361} 378 25 C,T 152
Merokcukapbouun-

(CH;0,C—) ... .. .| 223 364/ 238 25 Kat 156
MeTtuncynsdanni-

(CH3O,5—). . . ... .| — | 268 148 25 | 157
Meruntno-(CHS—) . . . .| — | 405 | 440 25 I 157
MetokeH- "0 & o o o o . .| 449 4,20 | 529 25 T 147
ITOKCH- « o o o s o « = «|_ 447 417 | 525 25 nT 147
Tpudropmerstan- . . . . . .| — | 35 | 26 25 3 158
DEHHA" « & o o o o o 0 o » 3,78 4,18 | 4,27 25 I 147, 159

147
2,6-IIHMETHNAHHAHH . . . . 3,89 25 n 160
2-mpem-ByTunaunang . . . 3.78 25 I 160
N-IluMeTus-o-Tonyunun . . 5,86 25 nTrT 147
N-Ouatun-o-ronynmem . . % 718 25 4 147
Hudennnamun . . .+ . . . 09 25 I, 161

* Ycnoeunle 0603HAYEHHA METOLOB CM. Ha cTp. 116.

W Hall, Sprinkle, J. Am, Chem. Soc., 54, 3169 gl&'ﬂ)_
“Baddeley, Chadwick, Taylor; J. Chem. Soc., 1954, 2405.
" Vexlearschi, Rumpf, Compt. rend., 229, 1152 (1949).

" Bascombe, Bell J Chem. Soc., 1959, 1096.

+» W Fickling, Fischer, Mann, Packer, Vau han, J. . . Sot.,
81, 4226 (1959 € RSt
% Biggs, Robinson, J. Chem. Soc., 1981, 389,
W RKilpatrick, Arenberg, J. Am. Chem. Soc., 76, 3812 (1953).
M Bates, Schwarzenbach, Helv. chim. acta, 37, 1069 (1954).
® Flilrschelm, J. Chem. Soc., 97, 9 (1910).
 Johnston, Cummling, Z. phys. Chem., 57, 557, 574 (1907).
" Bordwell, Cooper, J. Am. Chem. Soc., 74, 1058 (1952).
 Roberts, Webb, McELhill, J. Am. Chem. Soc., 72, 408 (1950).
@ Kieffer, Rumpi, Compt. rend.. 230, 1874 (1950).
% Wepster, Rec. tray. chim., 78, 857 (1957).
®Hall, J. Am. Chem. Soc,, 52, 5115 (1930).
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ITpodoaxcenue maba. 8.11

OcHoBaHne PK, Temn E’pca Ph 1 Meton* na'r?;g "
AUCTAHHAHL . « « - = « -« 04 25 My 161
cum-JHdpeHuIryaHuauy . - 10,12 25 n 147
1-Ha$mnaunu bl = = = 3,92 25 nTt 147
2-HagrtunaMun . . . . . . 4,11 25 nT 147
PeHHNIHA30HHEBBIH HOH

(CaHsNz OHe ".*_*._ "

."__"C,Hjl;l,OH) “ e e 11,08 ** 0 K- 162
FeTepouuknuueckue

ocHoBaHuA (poacT-

BEHHHE COEJAHHEHHA)

Mupuaun . . . . . . . .. . 523 20 noor? 163
XHHOMHH o + o v v 2 o . . 4,94 20 § 163
AKDHAHE . v v v v o o o & 5,60 20 con 163
THpHAasHE . « o 2 o o o . 2,33 20 no! 163
TIHDHMHAHH « « &+ « & & « &« 1,30 20 noo7 163
Mupasud . .. . . . . . .. 0,6 20 not 163
PranasHH . . . . . . . . . 347 20 M 163
XHHOKCANHH o v o « « « & 0,72 20 nT 164
DEHAZHH + v v o v v o o - 1,2 20 Con 163
Muppon . . .. ... .- —0,27 25 C 147, 147
MNupasoni. . . . . . ... 2,53 25. Kar 165
HUmupason . . . . . .. . 7.03 25 » 166
Tuason .- . . . . ... .. 2,53 20 no! 163
BeH3HMHAaZ0A . . . . . . . 5,53 20 oo 163
.BeuatpHaszon . . . ... .| 16 <20 nos 163

NMupuauum

2-MeTOKCH--. . . , + + o - 3,28 20 oot 166
3-METOKCH- « o v 2 o v« 4,88 20 coot 166
T 4-MeTOKCH- . . . .. . . . 6,62 20 o2 166
2-PTOp- . . . ... . N. —0,44 25 o 167
2-XA0P- T. . h e e e e e s -+0,72 * 25 CT 167
2-bpoM- . . .. .. ... 0,90 v 25 ¢ CT 167
2-Hop- . . . . . PR P 1,82° 25 CT 167
3-Xnop- . ... i a .. 2,84 "~ 25 C, T 167
2-MeTian- . . . . . . P 597 25 C, T 168
3Metva- . . . .4 ... .| ° 568 25 C T 168
4-Metuz- . . . .. .. . 6.02 25 CGT 168

* YcaosHbie 0003HayeHHA MeTOnOB CM. Ha cTp. 116, B
** [3HayeHHe STOR HOHCTAHTH HEPEpPHO, TAK K&K NPM YCTAHOBAEHHH PaBHOBECHA MEeX1y
- HOHaMH THADOKCHJIA H (deHHNAHASOHHEBLIM HKaTHOHOM nocsnelHHfl -npeTeprnepaeT TepMHYECKOE
pasaomene —cM. B. A, NMopafi-Kowun, 3: . Bprocke, Tpyaw Jlennnrpanckore
TeXHONOTHYECKOTO HHCTHTYTa WM. JlencopeTa, Bmn, 60, 1960, ctp. 123 — fTpum, pedaxropa.]

¥iDavidson, Hantzsch, Ber.,, 31, 1612 (1898). -

1 Albert, Goldacre, Phillips, J. Chem. Soc., 1848, 2240.

 Alberl, Brown, Wood, J. Chem. Soc., 1854, 3832.

1 Dedichen, Ber., 39, 1831 (1906).

w Alberi, Philtlips, J. Chem. Soc., 1856, 1204 °

W Brown, McDaniel, J. Am. Chem. Soc., 77, 3752 (1955).
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Ocuosanue PK, TeMneo%a Typa, Meron * ﬂ;;;f a-
2-mpem-Bytun- . . . . . . 5,76 25 C, T 168
3-ALUETHI- .+ « 2 o o' & » & 3,18 25 neT 147
J-LHat- .« « o o o o o « & 1,45 24 noot 169
2-AMHIO~ « » o o « « = o « 6,86 20 oo 163
B-AMHHO- « « v o o « o o » 598 20 neov 163
4-AMHIO- « « v « o o o » & 9,17 20 o 163
Mupugnu-N-okies < .« o .| 0,79 24 C- 169

* Ycnoeubie o603Ha4YeHHA MeTOOOB cM. Ha cTp. 116,
* prown, Mihm, J. Am_Chem. Soc., 77, 1723 (1955).
¥ Jaffe, Doak J. Am. Chem. Soc., 77, 4441 (1955).

JIMUC, BHAHO, YTO HOHM3HPOBAHHAS AMHHOTpYMNMNa JeACTByeT CHJb-
Hee, YeM HEHMOHW3HpPOBaHHAasi Ha OCHOBHOCTb BTOpOH aMMHOrPYIIBL.
It addexTsl yMEHbILAIOTCS, KOTAA [Be aMMHOTPYNNLI pa3jeneHbl
LENoYKoil YIVIEPOAHBIX aToMOB, H TeM OoJblle, ueM AJHHHEE Ie-
nouxka. D¢dext HOHH3UPOBAHHOH TpPYNMbl COXPaHsETCs 3JeCb B
Gonbuieit crenenu. I1o37oMy B roMOJIOrH4YeCKOM psiny HanbosblLine
pasanuns B 3nauennsnx pK, nabnopaiorcs Bo BTOpPoH HOHM3AUMOH-
HOIl CTYIeHH.

Kaprna apoMaTHYeCKHX JIHAMHHOB HECKOJNbKO yCJIOXHeHa
TeM, 4YTO MOsIBJAAETCs yCHAeHWe OCHOBHOCTH BeneactsHe (+7) sd-
¢eKra, nepenaBaeMoro OT HEHOHH3MPOBAHHOH AMHHOTDYNNLL B O-
i n-nonoxeuusi. B o-nonoxenun 310t 3¢PEKT yMeHbIIAETCH CTEPH-
yeckuM 3¢dextom (cTp. 135), Kortopelii ocyiabJisier OCHOBHOCTL.
[IpumepoM JBYKHCJIOTHBIX OCHOBAHMH MOTYT CJIYIKHMTb HEKOTOpLIe
AMHUHONHPHAUHK, nNpusefeHnble B Taba, 8.11. (luapasun oM. B
taba. 8.15).

VIIL. OcuoBaHua ¢ APYrHMH rpynnamu

Kpome asora OCHOBHLIMH CBOMCTBAMH MOTYT 00sanaTb Apyriie
atomel. pKa xucnopona B 3dpupe pasen —3,6, B anusone —6,5.
Hekortopbie kucnopopconepiaiiune rerépoiukasi — 6onee ocHoB-
Hbl H3-32 BO3MOXHOCTH pe30HaHCa B KaTHOHe, HaNpuMep, IUIs
v-nupona pK, = +0,3, a aaa autoumanuauua -+4. Pap kuciopopn-
coziep}allliXx oCHoBaHuii npusesneH B tabna. 8.10.

- KapGoHueBble HOHBI O4YEHb YACTO HWrPaIOT POJab MPOMEIKYTOUHBIX
COEIHHEeHUH B XMMHYeCKHX peakuufx. FI3BeCcTHH HEKOTOpbie YCTOM-
ydBble KapGoHHEBble WOHBI, Hampumep 2, 4, 2/, 4/,-2”, 4”-rekcamer-
okcurpudernakapbunon 79, umeromnit pKa = + 3,2. I'mapar oxucu

* dernnprytn '7! umeer pKa = 4,00 (npu 25°C).

170 Kolthoff, J. Am. Chem. Soc., 49, 1218 (1927).
" Waugh, Walton, Laswick, J. Phys. Chem.,, 59, 395 (1955).
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Tabruya 8.12
AMHHOOCHOBaHHA (ABYKHCJIOTHblE, B BOJE)
K,
Ocnosanue E;g:,e E?E Meron * Jl;l;;lala-
2H® H®

AnvdaTnyecknue
1,2-3taupguamun . . ., , . 7,00 10,09 20 nT 17
1,3-TlponangvaMuy . . . . . 8,64 10,62 20 mnT l?%
1,4-Bytaupuamun . ., ., . . 9,35 10,80 - 20 nT 172
1,8-OktaupguamMuen , . . . . (10,10) 11,00 20 n 173
yuc-1,2-Huknorekcanauamun 6,43 9,93 20 nrt .17
mpanc-1,2-Luknorexcangna- -

2 6,47 9,94 20 I, T 172
1,3-Inamun-2-nponanoa . . 7,93 9,69 20 In, 7 172
Munepasun . . . . ... .| (568 9,82 20 n 174

ApoMaTHueckHue .

3,63 4,70 20 co [ 175
Bewsuwamun . . . ., . . {

H (34) 4,7) ? n%%® | 176
o-PenunenpuaMut . . . . . <2 47 20 In 177
M-Penunengnamun . . . . . (2,65) 4,88 20 n 177
n-Qenunengnamun . , ., . (3.29) 6,08 20 n 177
N, N’-Terpamerun-n-gpenn-

JeUfHaMHEH . . . . . . .| 290 6,35 nT |178

v

* Ycnophoie 0603HaYeHHA METOZOB cM. Ha cTp. 116.

" Bertsch, Fernelius, Block, J. Phys. Chem., 62, 444 (1958).

" Schwarzenbach, Helv. chim. acta, 16, 522 (i933).
[19'211“ Schwarzenbach, Malssen, Ackermann, Helv. chim, acta, 85 2333

52).

7 Cp, cTp. 84.

76 Rumpf. Compt. rend., 198, 268 (1934).

" Kuhn Zumsteln. Ber.,, 69, 488 (1926); Ku hn, Wassermann, Helv. chim.
acla, 11, 3 (1928). ~

8 Willy, Helv. chim. acla, 40, 2019 (1957).

MHorue, TaK HasbiBaeMble «OHHEBLIE» OCHOBAHHS, B H3MepPEeHHsIX
N0 3JIeKTPONpPOBOAHOCTH BeayT cebsi nopobHo NaOH u, cnenosa-
TEJIbHO, SIBJIAIOTCS BBICOKOHOHH3HPOBAHHBIMH BO BCEM H3YYEHHOM
HHTepBaJle KOHUEHTPauuil’®, DTa rpynmna cocTOHT H3 KaTHOHOB

tuna: ®R(CH,), (aMMonuii, docdounii, apcoHHit u cTHOoumui);

& - o o

R(CHy); (cynbdonnit, tennypounit); ®R(CH,), (uoponuii, Tan-
JioHHiT). AHaJlorH, B KOTOPBIX OJIOBO HWJIM CBHHEL 3aMeLlaloT cepy,
sapasoTca Gonee ciabblMH OCHOBAHMSIMH,

1% Ostwald, J. prakt. Chem., 33, 352 (1886); Bredig, Z. phys. Chem.,
13, 289 (1894). R : -
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AmMdoTepHbIE cOeHHEHHSA

Tabauya 8.13

(B BONE)
K,
Coenunciue Temnepa- Meron * Jlatepa-
npucoenH- | orwenne- | Typa, °C eTon TYypa
HCHHE HHE
ITPO'I'OHS' npoToHa

Anndartuueckune
2-AMIIOYKCYCHasd KHCAOTa

(rm:unﬁ) Y e e e e e . ] 222 9,86 20 o0 180
2- AMHIIOHPOTINOHOBAA KM~

caora (anamuu) . . . . . 2,22 9,97 20 no.o 180
3- AMBIOTIDOMIOHOBAs  KH=-

cnora (jp-ananmu) . . . .| 3,60 10,36 20 oot 180
5-AMHNOBaJCpHAHOBAsA  KN-

CAOT2 . . . .« - . . | 4,27 10,77 25 n 181
2-Mepxantosthaamiy . . .| 8,27 10,53 25 n 182
AMunoMeTancyaLpokucaoTa

(NH,CH,SOzH) . . . . . ? 5,75 ? n 183
Amunostan-f-cyaspokucno-

Ta (Taypuh) . - . . . . .| 1,5%** 9,08 20 n 180, 183

ApoMaTuyeCckne
2-AmmiopeHon . . . . . .| 472 9,71 21 n 184
3-Amunodenon . . . . . .| 4,17 9,87 21 n 184
4-Amunodenon . . . . . .| 550 10,30 21 n 184
2-Amunobensoiinan kucaoTa

(anTpannaoBas kucaora) .| 2,11 4,95 25 n 185
3-AmHHOGen3oiinas kucaora | 3,12 4,74 25 n 185
4-AmMunobensoiinan kucaora | 241 4,85 25 n 185
Anunun-3-cyapokucaora .| 0,39 #* 3,65 25 no! 186
Awmnai-4-cy nabdokncnora

(cybgannnosad Kucaora) | 0,58 ** 3,12 25 not 186
FeTcpouHkAHUYECKHE
IMupuain-2-kap6oHOBasa  ku-

caota (MUKOMHOBAA KH-

CnoTa) « + -+ - o« o o] 1,06 5,37 25 nT 185
[Mupuaun-3-xkapbonosas ku-

ciaota (HuKOTHHOBas KH-

CAOTA) « o« « + « « « o o] 207 4,73 2 nT 185

* Ycnoeuele 06G03HaYeHHs MeTOROB CM. Ha crp. 116
** 3TH SHaveHHsu MoryT OblTh OowHGOuHBIMH (cTp. 40).

10 Alberi, Biochem. J., 47, 531 (1950).

"M Neuberger, Proc. Roy. Soc., A I68, 68, (1937)
! Felder, Rescigno, Ra dice, Gazz. chim.

8 Rumpf, Bull. Soc. chim. France, 5. 871 (1935

W Kuhn Wassermann, Heiv. chim. ac

15 [ umme, Suomen Kem., 30 B, 173 (1957).
¥ Zollinger, Biichler, Wittwer, Helv, chim acta, 36, 1711 (1953).

"Ial., 85, 453 (1955). .
ta, u.".v, (1928).
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ITpodoancenue maba. 8.13

. PRy
- Jlutepa-
Coennnenne npHco- oTwen- 1;32:3 g?: Meron * l;-ypa
enHHeHHe JeHHe
npoToOHa HPUTOHﬂ
MMupuaun-4-xkapbonoBas KkH-
HHOBas
) RPN P R R
2-OkcHxuHOMHH . . . . . .| —0,31 11,74 Ctl}'ogs "
3-OKCHXHHOMHH . . . . . . 4,30 8,06 ﬂo’m
4-OKCHXHHOAMII . . . . . . 2,27 11,25 no'(m r
5-OKCHXHHOMKH . . . . . . 520 8,54 20 20'005 187
6-OKCHXHHONMH . . . . . . 5,17 8,88 0'003 .
T-OKCHXMHOMMH . . . . . . 5,48 8,85 no'ms
8-OKCHXHHOMHMH . . . . . . 513 9,89 I
2-MepKanTOXHHOAHH . . . .| —1,44 10,21
&Megxanroxﬂuonuu ... .- 233 6,13 20 Cq .| 188
4-MepKanTOXHHOMHH . . . . 0,77 8,83

"« YcnoeHue oGosnauents MeTOAOB CM. HE cTp. 6.
w Albert, Phillips, J. Chem. Soc., 1956, 1294,
® Ajbert, Bardiln, J. Ch__em. Soc., 1958, 2384.

IX. Amdoreprble coennHeHHS

B rnaee 7 (ctp. 107) obcyxpaercs psill THIHYHBIX aM(lJDTEprl)f
coepunenuil (taba. 8.13). BoablIHHCTBO H3 HHX — aMHHOKHCJIOTHI;
OHH fIBJIIIOTCA COCTABHOH YacTbi0 NPOTEHHOB, MX HH)XHEE 3HaueHHe
pKa okono 2,0, a Bepxnee 3nauenue B npenene 8—10 (nekotopbie
umeroT o0a 3HaueHus pKa=8—10). I'mcTuamn HECKONbKO OT/NH=
yaeTcsl OT JPYrHX COENHHEHHH, HMesi 3HaueHHsI pKa=l,81;896,1 u 92
3unauenus pK, tpunaguaty HadrunamuHocynbdokucnori®® (npuse-
JeHbl TOJILKO KOHCTaHThI :HOHHS@U,HH C OTLIENJE€HHEM HIJOTOHEI) -_—
1leHHble flonoJiHeHHs K 3HauenusiMm pK, aHHauHcyabokucaor

(Taba. 8.13). \ ;

b. PASJAEJN HEOPTAHHYECKHX COEJHHEHHHA
S I. Heoprannyeckue KHCAOTbI

B tabn. 8.14 npusenex psji HEOPraHHYECKHX KHC/IOT C COOTBET-
crByowHMu 3uaueHussMu pK,. Bee 3th 3nauenns Owuiu ompepe-
JieHbl AJIfi BOAHBIX PaCTBOPOB 3KCIIEPHMEHTAJbHbIM. NMyTEM, HO AJIS
sekotopbix coeaunennn “(Hanpumep, NHs u HCIl) paunble Gbuin
NoJyueubl TOJBKO B pe3yJibTaTe TEOPETHUECKHX pPacyeToB, TOraa

'© Bryson, Trans. Farad. Soc., 47, 522 (1951).
144 -
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KaK ONbITHBIE Pe3yAbTaThi HE COrJMAcylOTCs jla)Ke C MOPSAKOM Teo-
PETH4YECKH PacCUNTAaHHOH BennuuHbl. B Kaxpaoil rpynne nepuoamye-
CKOil TabJHUbI CiJla KMCIIOT BO3PACTAT C YBeJHYEHHEM ATOMHOMO
Yncaa, no Kpaiueii mepe, aas npoctulx ruapunos (HeO, H,S, H,Se
1t H.Te; cnosa HF, HCI, HBr, HJ). Oznako cnocoGHOCTb KUCNOT
OLITH CHILHBIMH HAH CAaGbiMi OGBSCHSIETCS HE TOJbKO 3JIEKTPOOT-
piillaTeNbIOCThIO.

Ta6auga 8.14

-
- Heopranuueckne KHcaOTHI

(B BOZE)
Kucsnora . PRy Kucnora | PK,
AMMiHaK . . . . 4. . 33 MpuupakoBas - . . . . . 2.3
Bopa ... ...... II?,; Pocdopucras . . . . . 1.8; 86,2
I'uapookncy, amoMunus . ' 1,8;
HOﬂ?lDBﬂT}ICIaﬁ e 10 Cepuucran . .. . . '_{ 7,2
MuwbsikoBucran . . . . 9,6 Momhan . ., .. ... 1,55
Bopman . . . . .. .. 9,2 ®ocopHoBaTHCTaA . . 1,1
Cuumnbuasn . . . , . . . 9,1 IMupodbochopuan . . . .| 1, 2 7: 9
Bpomuoepatucran . . . . 87 | Wonuosatas s n = lefes 0,77
Tennyposan . . . ... 7,64 XnophoBatags . . . . . —1
XnopHoBaTiCTas . . . . 7,3 XpomoBast . . . .. ..| —I; 465
Ceposonopon oo 70,140 § AsorHag . . . . .. . . —1,64 ~
VronbHaa . . . . . . . 65; 104 | Maprauyosas ., . . . —2,3
Hurpoamun (NO;NHg) .| -~ 76,59 CenenoBaft . . . . . . .| —3 42
Cencnosopopog . . . . 4 Cephag . . .. ... .| =3 4+20¢
PTopucrosonopoauas , . 3,18 Consimast . o o . . . .. -7
Teanypucrosopopontasn . 3 Xnopuas . . ... . . .. —8
A3OTHCTa® . . . « . . . 3.4 BpomucroBogopoaras . . -9 .
Xnopuerast o » o« o o .| . 2 | HomucroBonopommas . .| —II
2,1; 7,2 .
dochopuas . . . . . { 11.9

Culla KHCNOPOACO/EPKALMX KHCJIOT BO3PACTAET C yBeJIHyeHHeM
UHC/Ia KHCJIOPOAHBIX AaTOMOB, HE CBA3AHHBIX C BOAOPOAOM (B MOHO-
annone). Korna nmeercsi TonbKo OaMH Takoil aToM, 3HaueHue pKa
Jexknt Mmexay 7 n Il. Ilpw nanuuum aByx Takux aTomop pKa
MpHHUMACT 3uavenue or 1 10 3,5; TakuM ke ob6pa3oM TpH Kucso-
poanbx aroMma naiotT,3HaueHue pKa Mexay —3 w —1. Hanpumep,
X/NI0OpHAs KHCAOTA — oyeHb cHiibHasfg. OHa uMeeT ueTHipe aToMa KH-
cnopozna. Opuo3apsigublii aHHOH GochOPHOH KMCIOTHI ¢ JIBYyMsi _Ta-
KUMH, KHcnopoaubiME atoMaMu HoPOP umeer pKa=2,1. Takum ke
00pa3oM MOXXHO CPaBHHBATH CHJIY ABYX3aPSAAHbIX aHHOHOB pasHbix
KHCJIOT. 3HaueHust 3Toll 1Kaibl Gosiee BBICOKHE BCAELCTBHE KyJio-
HOBCKOro 3()()eKTa OIHOr0 OTPHLATENBHOrO 3apsina, KOTOphblii mpe-
NATCTBYeT MNPHONXKENHI0 HOHOB THAPOKCHAA M, CJIeOBATeIbHO,
AeJIaeT BTOPYIO HOHH3aLMIO TPyilllee, -

Hexoropele u3s xoucraut ra6a. 8.14 OTPa¥aloT He TONbKO HOHH-

" 3aLHI0 MOJIEKYJ, HO H ferngparaliiio, HOS‘TOM}’ HCTHHHble KOHCTaH-
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Thi OyAyT HMCTb 3HAUHTENbIO Gonpluiie BeanuMuut  (mamnpumep, Tabauqa 8.15

HCO$ = H,CO3 == COy), rae ucruunoe pK,=3.8, 7. e. B 400 pa3

Heoprannueckune ocHoBanns

OnHAKO JHIIL OYeHb HeMHorHe 3Hayenhsi Ka, onncamnHbie Bante-
patype, CleayloT 3TOMY ypasHeHHIO. Tsixkesbie MeTalibl 4acTo o6pa-
3yIOT NOJHsAAEPHbIE KOMIIEKCH, KOTOPHIE BKJIOYAIOT HOBbIE HOUHbLIE
YaCTHLBI H TE€M CaMblM YCN0XKHAIOT paBHoBecHe. Tak, 3Havenne pKa
I/ HOHA NBYXBAJEHTHOM Melut paBHO coorBeTctBeHHo 6,5 u 7.9.
TulatespHoe H3yueHHEe MOKa3aJlo, YTO OCHOBHBLIMH KHCJOpOJCOAEp-
MKallHMH YacTHUAMH fIBASIIOTCS NOJMAlepHble KOMIJIEKCH W [/12B-

Q o i
oM obpasom HOCu—CuOH™. Opuako HOH ABYXBajeHTIOM

% Werner, Ber., 40, 272 (1907); Pfeiffer, Ber, 40, 4036 (1907).
" Pedersen, Kgl. Danske Videnskab, Selskab, 20, 7 (1943); Perrin,
J. Chem. Soc., 1960, 3189,
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* KOnAYKTOMETpHYCCKHE H3Mepenus.
** Knuernuyeckie HaMepenus.
3* [{aMepeNHs pACTBODHMOCTH.
* ToTeHLHOMeTpHUCCKHE HaMepenHs.

%3
(1]
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“Chaberek Courtney, Martell, J. Am. Chem. Soc., T, 5057 (1952).

Blssot, Parrty, Com
Schwarzenbach, Helv. chim. acta, 19,
Hinman, J. Org. Chem., 23, 1587 (1958).

178 (i936).

"' Hedsirdm, Arkiv. Kemi, 5, 457 (1953); 6, 1 (1953).

1]
w9
200

Marcus, Acta chem. scand., 11, 690 (1957).

Forsllng Hietanen, SIlien, Acta chem. scand., 6, 901 (1952).

W Hielanen, Sillemn, Acta chem, scand., 6, 747 (1852).
beil, J. Am. Chem. Soc., 78, 796 (i957).

Hietanen, Sillen, Acta chem. scand., 6, 747 (i952).
XDarken, Melrs, J. Am. Chem. Soc., 64, 621 (i942).

M Bell, Prue, J. Chem. Soc., 1949, 362.

™ Davies, Hoyle, J. Chem. Soc., 1951, 233

™ Davies, J. Chem. Soc., 1939, 340.

™ Stock, Davies, Trans. Farad. Soc,, 44, 856 (1948),
10*

Gonbiue pKa, onpenesieHHOro MpocTuiM THTpoBaHueM. Moanas u 1en- (® Boxe)
- Jypobasi KHCJIOTH KaxyTcs Takxke Goniee caaGuiMil. To xe camoe
MOXHO cKasaTh 0 (pocopucroil n runodpocopucroii KHcnoTax, lia Oeonan oK Tesmeparypa,
KOTOpbie «KHCJIOPOAHOE MPaBujio» PacnpoCcTpausiercsi TOALKO B TOM a b Mitreparypa
cjlyuae, eCiM CUMTAThb, YTO OHM COZEPXKAT MsTHBascHTHLIL (ocdop.
T JIOBOJILIO TOUNOC -
Hexkoropbie H3 NpuBeAeHHLIX KOHCTaHT HMCIOT A0 . AmMunoocuoBanun*
3naueHHe, ocobenHo B TeX Chayudasix, KOrga 4acTuuuo ueiiTpannso-
BaHHaf KHcaora obnapnaer Gydepuuimn csoiictBamu. Ho Goabimn- AMMEAK © 4 v o o e e L 9,27 o5 193
CTBO KOHCTaHT MMeeT JOBOJIbHO NpubaixenHoe 3nauenue. Temmne- Hmpaaun ,,,,,,,,, D ‘____(_)_,5_3_?-{8;;_“ 20 194
1 r oT ra ETHN- . . . . . 4 e e e . . . . . 5 30 195
patypHeie KO3((QHIHEHTH 3HAUNTENBHO OT/INYAIOTCH APY APy Terpamernn. | s (L % 1%
¥ 0ObIYHO 10BONIbHO Gonbline. appoxcusassny - o o o o s 507 > e
N-Humersa- . . . . . . .. ... . 5,20 o5 193
II. Heoprannyeckne OcHOBaHHA o-Memn . T oo 60 % 193
B tabn. 8.15 npepcraBnen psin sHaueHunit pKa HeKOTOpHIX ueop- Tpumerna- . . . . . .. ... ... 3,65 95 193
raHHYeCKHX OCHOB2HHWil, NPOM3BOAHBLIX ammuaka. OxasbiBaercsi, 4TO TAKENME METaAND
N-MeTH/iHPOBaHKHE NPHUBOAMT K MOSIBJEHHIO CTEPHYECKOro TMpensT-
CTBHSI NMPH NPOTOHH3ALMH, KaK 3TO HAOJIONANOCh B O-TONYHAKNE Me®® L 106 30 196
(ctp. 135). Ilo earssinam Bephepal!?, ocHoBauusi Heopraunyecknx Fe®® . . ... ... ... 9.5 o5 197
coefHHeHHN MOryT ObiTb TaKikKe OXapaKrepH30BaHbl KOHCTAHTAMH ca®e . ... .. .. 9.0 Y 19
KHCNOTHOCTH, €CJH CuUMTaTh, 4TO TrHAPATHDPOBAalllble BOAOIl MNONLI Co®® . . ... .. ... .. ' 89 20 196
MeTasna MOrYT BHIAEsATHL NMPOTOHBI; TOrAd MOXHO OXapakTepH3o- [Hg1®®. . ... ... ... 50 o5 199
. Batb nouusanuio KOH cnexylolluM ypasHeHHEM: . ng?e% . L 370 25 200
& Tees . e e e e L1 <
K, — [H®] [KOH] (8.1) o0 v 14 25 201
a _[K@. H,OI_] Fe' —=FeOH¥® _ _ . . 3,05 25 197
. FeOH®@ T==Fe (OH)? .. ... . 3,26
rie Ka — «KOHCTaHTa ruapon3a». (OH), ; 25 197
Yaiie noib3ylTCs BLIPAXKEHHAMH, ONpEenesIoOHMH  Konuen- Ll enowmue i 1eno nose.
TPAUMIO HOHOB THAPOKCHAA, Hexenn Bojopoja. Tem ie wmelnee, "~ MenbHLE MEeTanm
yypasrenne (8.1) npuMenuMo Kak AJsi OpraiuecKux OCHOBauHii, Mumwii . . o vwe e 141t o5 201
Tak H B oblleM BHpe AJ1s1 HEOPraHHUeCKHX OCHOBAHHIL: Kampwwit . . . . ... ... ... 127 5%, 5% 25 202, 203
) (1) Bapuii . . . ... ... ... ... 13,4 ** 4% 25 202, 204
— [HQI[MOH[;’(‘]] I (8.2) Marmmii . . . .. ... .. ... 11,44+* - 25 205
a—— @ .
[ M5
T—-—-——
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. PTYTH® Beniet ceba uHaue: obGpasyer HOHg H (HO);Hg u coscem
He obpasyer noausizepusix kommaexcon'®2. Hon TPeXBaJeHTHOro
KeE€Jle3a 3aHHMaeT NMPOMEXYTOUHOE MOJIOKEHHE.,

HyXHO noauepkHyTs, 4TO MCC/lefoBaHMe COCTABA 1IOHILIX ya-
CTHLL TIPH LIEJIOYHOM THAPOJIH3e HOMKHO OLITh NMPOBezeHo ¢ yua-
CTHEM HEKOMIIEKCOOGPA3YIOLIero aHHOHa, H3 KOTOPbIX HOH nepxJo-
Para Haumnyunui. Bo MHOrMX ciyuasx nosyuennbie 3Hauens pKa
COMHHMTEJILHEIL, IOCKOJIbKY, BO-TIePBHIX, OHIl OLIIN ONpepenenb o He-
Gonbliom nuanasone KOHUeHTpaumi, M, BO-BTOPLIX, TeM, YTO K3Y-
4aTh THAPOKOMM/EKChl KAaTHOHOB, HMEIOLIHX BHICOKYIO creneiln rnu-
ponH3a, TPyAHO.

B 1abn. 8.15 naubl 3nauenuss pK, nepsbix xomerant rHApPOJH3a
AJlil TEX HECKONIbKMX HOHOB Das/MUHHX MeTald0B, /51 KOTOPHIX
HUMEETCS LOCTATOUHO JIOKA3aTeNIbCTB TOMY, YTO B HCClleNyeMbIX pac«
TBOPaX NPHCYTCTBOBA/JH TOJNLKO MOHOSAEPHBIE YACTHILLL

Trasa 9

KOHCTAHTbl YCTOHYUBOCTH
METAJNINIHYMECKHX KOMIIJIEKCOB

B Teuenne nocnegHUx ABAALATH JieT Ob1o HANJEHO MHOIO HHTEs
PECHOro MPH HAYyY€HUH KOHCTAHT AMCCOLMALMH HE TOJLKO /s HOHA
BOLOPOAia, HO H sl APYrHX KAaTHOHOB. BO Becex 9THX CayyasX 3aKoH
nefictBust macc npumenuM. Ho pesynbtaTh, KacalollHecsi paBHOBe<
cuil ¢ KATHOHAMH, KPOMe 1HOHA BOJOPOa, OOLIUHO BEIPAXKAIOTCH KaAK
KOHCTaHTbl YCTOMYHBOCTH, @ KOHCTAHThl HOHH3AaUHH — KaK KOHCTaH-
Tbl HEYCTOIYMBOCTH. YZOOHO BLIPAXaTb KOHCTAHTHl YCTOHYMBOCTH
(KOTOpBle ABASIOTCS BeJHYHHAME, OGPaTHBIMH KOHCTAHTAM HEYCTOi+
uusoctn) B BHAe lg K (n, cnenoBatesnbHo, 370 He paBHo3HauHo pK).

Npupona Xenaroobpasosauus

Jlio6oe BelecTBO, KOTOPOE MOXKET CBfA3LIBATH MPOTOH, CMOCOGHO
NPICOeJHHATL KAaTHOH nl06oro meranna. B 3aBHCHMOCTH OT KOH-
LeHTpaUMH MOXeT HATH mpilcoeauHeHHe Au6GO MPOTOHA, JIHGO Ka-
tHoHa. Haubonee GnaronpuaTHbHIMKH YCAOBHAMH CBfI3BIBAHHST KaTHO-
a sBJseTcs HAJAM4YMe B MOJIEKyJae JABYX TpyInn, NOCPEeACTBOM KOTO-
PHIX NPOHCXOAMT NMPHCOEAMHEHHE KaTHOHa W oOpa3oBaHHE WLMKJA.
Onicanioe Bhillle CBs3biBAHHE KaTHOHAa MONEKYJOi Ha3blBaeTcs
xeqnatoobpa3osaHneM. XesnatooOpasoBaHHe NPHAAET YCTOHYMBOCTb
koMmsiexcy. Ecau Bennunsa pH nocratouno BeicOKa, TO CBOGOLHEIE
KaTioubl N1060ro MeTansa MOTYT OCaxKnaTbCsi B BHie THAPOOKHCEH °

" WIH B BuJE MCTHHHBIX KommnsekcoB (ctp. 160). Bewectso, cBs3H-

pamolllee MetaaJ, HasbiBaeTes JuraHpoM. Ilo caocoby oGpa3oBaHHs
XeJaTHbIX CBf3el JIHrauabl JeJATCsi Ha TPW rpynnbl. Jlurauan nep-
BOro THna (Hanpumep, 3STHJIEHOHAMHH) HUMEIT ABe 3/IeKTPOHOAOHOP-
Hble rpynnbl, NPH STOM 3apsAl KaTHOHA ocTaercd (opmabHO Heus-

. MeHnbiM. Ko BTOPOMY THIy OTHOCHTCH JINraHabl, KOTOPBRIE HMEIOT

OAHY 3NEeKTPOHOLOHOPHYIO TPYNMNy H OJHY aHHOHHYIO rpynny (Ha-
npumMep, rauuuH). 3apsa kaTHoHa Jslo6Goro meranyia ¢opmaldbHO
YMeHbLUAeTCs Ha eJIMHULy nocje xenaToobpasoBaHHsi ¢ OLHOH MO-
ﬂeKYﬂoﬁ JUraHjga HAH Ha JBe €JHHHUL ¢ ABYMA MOJIEKyJdaMl
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JHraivaa. J]ill"aHﬂ,bl TpETbel‘O THIIa HMEIT [AB€ aHHOHIIbIX rpynnm
(nanmpumMep, LlaBenepas KHCAOTA), H 3apsia HOHA MeTanja YMeHb-
11aeTCs Ha IBe edMHHUbl NMoche XenarooOpa3oBaHHsS C OAHON MoJie-
Kyno# Jsuranpa. OnucadHble Bbille OCHOBHBIE THNBI XesiaToo0paso-
BaHHs NOKa3aHbl HA CXEME: '

: |
H,NCH,CH,NH, H,NCH,CO0®° ©00cCcoo0®
(9THIeH HAMHH) (raugunz) (maaenesan KHCJIOTa)
Hy Hyg
N AN OC/ \
H, N Hy N
2 /"
\N/ \0/ '
H;

C'rpe.rum B HHKJIaX O3HauawT, 4TO HenojeJieHHadd 3.ﬂeKTp0HHaﬂ
napa nepepaercs, Hanpumep, OT KHCJOpPOAa, a3oTa WIH Cepbl K
MeTaJay.

B ofuiem, xeslaroobpasoBaHHe NOCPEACTBOM aTOMOB KHCJOpoaa
WJIH a30Ta OCYLUECTBJSIETCSl TOJNBKO TOrAa, KOrAa BO3MOXHO 00pa«
30BaHHE MNATH- MJH [IECTHYNEHHBIX IHKAOB, MNpuYeM naubonee
YCTOMUMBbLIM FIBJIA€TCA NATHYJAEHHBbIA HHKJI. B npucyrcreun usGoirs
Ka Jurauaa moryt obpasoeaTbest 2: l-komnaekcol. Kak npasuio,
B 3THX CJyyasix, ABYXBaJIeHTHas Me[b SIBJAfETCS YeThiPeXCBA3MOofi
(4eTbIpeXKOBAJIEHTHOM), T. €. OHA HACLILAETCS MPH COEAMHEHHH
C NBYMS MoJieKyJaMH Juraunoe (nu6o ooHHaKoBHIX, JHGO pasiny-
HbIX) TaK, 4YToObl OKa3aJHChb HCIOJL30BAHHBIMH BCE YETHIpE BO3-
MOXHble CBA3H. Mapraueln H IllenoyHo3eMeJIbHBE METanJibl BEeAYyT
ceba ananornuHo. OpHakKo ABYXBaneHTHOE XKee30, KobalbT 1 LHHK
AIBNAIIOTCA [LIECTHKOBAJNEHTHbBIMH IO OTHOLUEHHI0O K JIHFAHAAM THOA
3THJIEHAHAaMHHA, 3@ TpeXBaJleHTHble HOHbl 1UECTHBA/NEHTHHIMH MO OT+
HOLLUEHHIO K JIMFaHAaM THIA rJyHlHHa.

OcHoBHasi Uenb onpeneseHHsi KOHCTAHT YCTOHUHBOCTH MeTaJiH-
UECKHX KOM[[J]CKCOB“HE!XOH(JIGHHG cpop.craa Me}KJJ.y paBJ’llllJHblMH
JHraHAaMH H METajlJlaMH, BeJIHYMHA KOTOPOro MEHSIETCS B LIMPOKHX
npenesax. Tak, ana |:1-koMnnekca rHUKMHA H HOHA [ABYXBaJeHTs
Hoii. menu K; (mepBas KOHCTaHTa YCTOHUYMBOCTH) ONpeaenseTcs
ypasHenuem (9.1)

(H,NCH,COOCu®]

K= {cu®@[FNCH,cog]

@)
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H anqa 2:1-koMmnnekca:

{H,NCH,COOCUOOCH,CNH,]

Ka= [H,NCH,COOCu®| [H,NCH,COg]

9.2)

Ouenb yacto Tpebyercsa 3HaTh OOGLIYI0 KOHCTAHTY YCTOHYHBO-
CTH B Tau, Ang ravinviaa 1 HOHa ﬂ.By’XBaJIeHTHOﬁ MeIoH MMeKTCs IBe
koncrautel K; n Ke u ofmas KOHctaHTa YCTOMuYHBOCTH [Pe, paBHasi
npoussenennio KKz O603HaydB KOHIlEHTpPAlLlMIO JIHFraHAa B ero Xe-

natoobpasyiouleit Gopme yepe3 [L®], moxuo ypaerenue (9.1) samu-
carb B Bule (9.3); nocnelHee NPHMEHHMO K [JHLUHHY H APYTHM JiH-
raunaM II rpynnbl. TTonoGublie BupousmeHenusi Moryr ObiTh npojes
NaHbl 0 B ApPYruX ypasHeHHsX nnsi Juranpos I w III rpynm:

_ _ [Mtn——lJ@L]
KI_IM"QHLGI

Jo cux nop mbi 06Cy¥OanH TOJLKO ABYKJEIIHEBHAHLIEe AHTAaH/IbL,
T. €. JHraHAbl, KOTOpbie 06PasyioT TOJBKO [Be CBA3H C MeTaJlJIoM.
Opnnako M3BECTHBl TaKiKe TPeX-, UThIPeX-, MATH- M IIECTHKJelIHe-
euaHbe aAuranabl. JlauHble, Kacalolluecss 3THX coenHHeHHH, Oynyt
npueenensl Hike (crp. 160).

(9.3)

Mertoan onpeneneHHs

CyliecTByioT pasnuyuHble METOZb! ONMpejeneHHs KOHCTAHT YCTO#-
YHBOCTH, HO caMbiM yZOOHBIM M pPacnpoCTPaHEHHBIM SBJSETCH Me-
TOJ MOTEHIHOMeTpHYecKoro THTpoBaHus. Ilo 3ToMy Metonmy Belue-
CTBO THTpYETCsl LIesOUbIo ABAXK/Jbl: BHAyaje B OTCYTCTBHe, a 3aTeM
B NPUCYTCTBHH MeTajna. Tak Kak npH THTPOBAHHMU BelleCTBA B MPH-
CYTCTBHM MeTalljla, KaTHOH MeTajja 3aMeHsieT KaTHOH BONOPOja,
TO KpHBas THTPOBaHHA Oyner JieaTh HHKE KDHBOH THTPOBaHHS,

‘TIOJYYEHHOM B OTCYTCTBHE MeTanana. DTO PasjiHuHe B IOJOKEHHH

KPHBBIX IOTEHLHOMETPHYECKOrO THTPOBAHHS MO3BOJsIET C NMOMOLLBIO
psina pacyeToB ompelenAaTh KOHCTaHThl ycrofumBocTh. [IpakTuue-
CKH THTPOBaHHE aHAaJIOrMYHO THTPOBAHHIO, ONHCAaHHOMY B rJjaBe 2

WAH rnaee 3, NJs OueHb pa3baBneHHbBIX pacTBOpPoB. Mbl orpaHu-

yuMcsi 0ObsicHEHHEM, HOAaHHBIM B [JlaBé O NOTEHLHOMETPHUYECKOM
MeToAe, HO YNOMsiIHEM TaK»Xe O HEKOTOpbIX APYyrux meropax. Hau-
NY4LIHI H3 HHX — METOA OOMEHHLIX peakUwii, CYIHOCTb KOTOPOro
COCTOHT B TOM, YTO B PacTBOpPE€ MPHCYTCTBYET OAHH MeTaJJl H IBa
auraiaa v Haobopor. Ecam ke ofiMH M3 KOMNOHEHTOB — pPajio-
H30TOIl, H3MepeHHs JIerKo NPOBOAATCA AaxKe B OYeHb pa3baBJieHHbIX
pactBopax!. KpoMe onHCauHbIX Bbillle, HCIIONB3YIOTCA TaKkKe Takue

I‘Schubert, Lindenbaum, J. Am. Chem., Soc, 74, 3529 (1952);
Banks, Bystroff, J. Am.' Chem. Soc., 81, 6153 (1959).
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MeTonbl, KaK CINeKTPOCKOMHYECKHH 2, HIIHKATOPHLI 3, 3KCTPaKUIOH-
HLiT4 u nonaporpaduuecknii 5. Ina memn Moryr OunTb ycCHELIHO
HCIIOJIb30BaHbl MepHble 31eKTponbi b,

Annaparypa H pacTBOpb NOTeHLIHOMETpHYeCKoro mMerona

Pacteopul Jurasfia GoJjiee KOHUeHTpHpoBaHHble, yeM 0,01 M,
HE HCMNOJB3YIOTCS H3-32 OrpPaHHYeHHil, HaKJIaAblBa€MbIX MEXHOH~
HbiM B3auMojpelicTBHeM. Jlns paborkl B 0BJMACTH KOHLEHTPAIMi

103 —10-2 M o6bluHO NpUMEHsETCA annapaTtypa, ONHCaHHas B rna«

Be 2, HccaepoBarteny, xenawuye paborate ¢ HeGONBLLHMK KOJHYE«
‘CTBAMH, MOrYT BOCIOJIb30BaTbC NOAyMHKpoMmeronoM (cTp. 41).
Ins pacteopos ¢ KOHuUeHTpauuen Jjuranaa 9.1074—1.10 M
HeoOxoAuM MHKpOMeTOZ. XOTAAi 3TOT Meroz onucaH Ha ctp. 41,
MOXXHO BOCIOJ/IL30BAThCA OPHrHHANABLHON AuTepaTypoii’.

JlyuwuuM pactBopuTte/eM nJifi onpefeneHHsi KOHCTAHT YCTOHUH«
BOCTH siBisieTcs Bona. C npHMeHeHHeM CMeIUaHHBIX pacTBopHTeJed,
HanpuMep AHOKCaH— BONA, MOXKHO O3HAaKOMHTbCA Ha crp. 61.

B 3aBHCHMOCTH OT TOro, KAKOr0 COCTaBa KeNaloT NOJyYHTb KOM-
IVIeKC, H3MEeHSIOT [IPH THTPOBAHHH COOTHOLUEHHE JIHTaRjAa H MeTall-
na. Tak, pis 2: 1-koMNnsiekca GepeTcsi OTHOLUEHHE JIMFaHLa K MeTas-
ay, pasuoe 2:1. Ina 3:1-kommjekca — oTHollenne 3:1 M T. 1.
Opnnako, korga obpasoBaHHe HepacTBOPHMOrO KOMIJIEKca AesnaeT
HEBO3MOXHbIM IpOBEJleHHE ONblTa, TO HEOOXONMMHIN H36BITOK ANH-
raLfga MoxeT OHTbL MONY4YeHS INyTeM MOHHMKEHHSI KOHLEHTPAIUH

“MeraJsuia no 1075 M, torza Kak KOHLEHTPalus JHraHaa MoxeT OHTb
paeHa 10-¢ M. _

Benuuuny pK, Jinranaga onpenedsiiot oObluHbIM ciiocoGoM nyTeM
noeropHoro npubasyiennsa 1 axe wenouu K 10 ke pacTRopa u peru-
ctpaunn pH nocae kaxporo nobaelieHus. 3aTeéM K HOBOMY PacTBO-
py Juraupa no6aBnsiioT pacTBop nepxaopaTa AaHHOrO MeTanna,
nocse yero BBOAAT | 3K6 1lesoun B BajllaTb 3KBHBAJIEHTHBIX MOP-
uuii pacteopa (pactBopa B3saTO B 2 pasa 6onblle Qs onpenesieHHs
IBYX KoHcTaHT). IlepxsiopaTHble pacTBOPH JierKO MONY4YaIOTCsl W3
OPYrux conei mnpH MnpolyckaHuH HX (B BHAE BOAHOrO pacTBopa)
yepe3 KOJIOHKY HOHOOOMEHHBIX cMou?,

C MHoOrHMM MeTa/JlaMH, TakHMH KaK JABYXBajJleHTHOE JKeJe3o,
MapraHel, a HHoraa H KobajbT. Heo6XoaMMo paboTaTh B-TOKE a30-
Ta. OKHCJIHTENbHO-BOCCTAHOBHTE/bHBIN TMOTEHIHAN METajJloB, BCTY<

2 Yanssen, Rec. Trav. Chim., 75, 1397 (1956). a

8 Klotz, Loh Ming, J. Am. Chem. Soc., 75, 4159 (1953), i

4 Calvin, Experientia, 6, 135 (1950); Duncan, Thomas, J. Chem.
! goc., 1960ff21814; Irving, Pierce, J. Chem. Soc., 1959, 2565; Cm. Banks,

ystroffl

§Li,White, Doody, J. Am. Chem. Soc., 76, 6219 (1954).

¢ Dobbie, Kermack, Blochem. J., 69, 246 51955 .

" Albert, Sergeant, Biochem. J., 76, 621 (1960).

.8 CM. ccbiky ™.

‘® Sergeant, Neature, 186, 963 (1960). . .
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NuBLIKHX B Xe€JaTHYI0 CBfidb, H3MeHAETCA, IPHYEM 3TO H3MeEHeHHe
yacTo ilanpaB/ieHO B CTOPOHY Gonee JIerkoro OKHCJeHHsI BO3JYXOM.
Henonbssosauue CBE)KEI'IPOKHIIY['-IQHHO& HAYx JAyulle AeMHHepaJii30-
BAaHHOH BOAOBI yBeNMHUYHBAET TOYHOCTL THTPOBAHHA BO BCeX CjyuasX
H 0006EHHO, Korpa BellectBa MOTYT OKHCJIATBHCA,

Ypamlelmﬁ AAA pacyeroB No NoTeHUHOMeTpHYECKOMY Merony

IToTeHLHOMETPHYECKHE METOx TpebyeT pacueta IOBYX (PyHKuUMH,
[L] u 7. 3nech [L] — KoHueHTpauHus cBOOOAHBIX, CMOCOOHLIX K Xelia~
ToOOPA30BAHHIO YACTHL, @ ii—-CpPelHee YHCJIO MONEKYN Aurasna,
CBA3aHHLIX € OAHHM aTtoMoM Mertanna. Tak, NpH THTPOBAHHH
2:1-koMn/neKca 7 MOxer NpHHHMaTh 3HaueHHe Goabuwe 0 U MeHb-.
we 2. Jns nuranpos tHna sTuaeHanaMuHa'? yactuua L aBasercs
nesapsikennoit. Jlurauaer 11 u II1 tunoe npexacraeasior coboit 3a-
psentbie yactuinsl L u L°€ cootBercTBenHO. BhiBeseM ypasneHue

nasi |[L®] awranpos Il tena, kak naunbonee pacnpocTpaHEHHLIX
(HanpuMep, FAHLUHH H OKCHH).
Ilns rauunyga L® osnavaer HoNCH,COO ©

1g[L®] =1g([L] — [KOH] — [H®]+-[OH®]) —1g P (9.4)

roe &Lol—muugmpaunﬂ nepBoHauanbHO n00aBJIEHHOIO JIMTaHAa;
|[KOH| —koHuenTpaums LieJiodd B THTPOBAHHOM pacTBOpe NpH
YCJOBHH, YTO B THTPOBAJILHOM COCYJl€ HAXOAMNACh TOJb-

KO BOja.
3Hauenue P onpeliensiercs ciaenyioiium o6pasoM:
2
p=1171 4 2117 (9-5)
KR KaKa

rae K u Ks— KOHCTaHTH HOHM3aUMH JHranza, npuvem K, oTHO-
cutesi K Gonee BbicokoMy pKa M yuuThiBaet Henpo-
TOHH3HPOBHHHbIE qacTHILbI,

Ecan uMmelorcsi TPH KOHCTaHTH, TO ypasHeHue (9.5) cocrouT
M3 Tpex uieHoB. BecneacTBHe BHICOKOro CPOACTBA HEKOTOPHIX HOHOB
(uanpumep, Fe®®® Hg®® Cu®®) k sceroamorxubM nuraunam turpo-
BaHHE 11eJ0YbI0 C LEJbIO NMOJyYeHHs BCeX KPHBHIX THTPOBAHHS OKa-
3niBaeTcsl HHOTAA HEBO3MOMXHLIM. B 3ToM cayuae NMpHroTOBJIeHHBIN
pacTBOp, cozepxalinfi AUranf u Merala, THTPYeTcs KUCJIOTOM, NpH-
yeM ypaeuenue (9.4) npeoGpasyercs TakuM o0Opa3oM, 4TO BMECTO
[KOH] sBomutcs [HCIO4). '

B ypaeuennsx (9.4) u (9.5) unen [H®] npu pH>4 obmumno
CTAHOBHTCS HHYTOXKHO MaJoii BEJIHYHHOH 1O CPABHEHHIO C INPYrHMH
BEeJIHUHHAMH; TO K€ CaMO€ MOXHO CKasaTb O BeJHYHHE ujeHa

1 Albert, Blechem. J., 50, 690 (1962).

-
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[OHe] npu pH<10. Koraa 3KcnepuMeHTankHble pacueThl NOKa3bi-
BAIOT, YTO 3TO TaK, MOXET ObITh HCNOJAL30BaHO YNPOLUEHHOEe ypaB-
Hense (9.6) npm Becex Tex 3HaueHHsx pH, koroprle Gosblue Ha ORHY
eaunnly 3Hauenuss pKa. Onpako ynpouiexHoe ypasHenue (9.6) He
MoOXKeT NpuMeHaThcs Ge3 NpenBapHTELHOrO CPaBHEHUsI C peaylb-
TaTaMu, NONYUYEHHLIMH NIPH PELUCHHH yPaBHEHHSA (9.4) nam (9.5)

Ig [Le]—(pﬁ — pKa) =+ 1g ([Lo] — [KOH]) (9.6)

Dt pacCy»aeHHs OTHOCHTeNbHO NMPHMeHEHHA ypasueHus (9.6)
pacnpocTpauHsiloTCs Ha TOT cAyyal, Korza JIMraHa HWMeer TONbLKO
IBe HOHH3UPYIOWHX rpynnbl. IIpH 3TOM KOHUEHTPauHd cBOOOAHBIX
¥ CBSI3aHHBIX MOHOB Bojopoga HE Moxer 6blTh BbIpaXKeHa ABYMS
cnocobamu:

[H®]=[H®]4-[L°H®]4-2 [L®H®H®] —[OH®]  (9.7)
[HP] == [Lo}+ [HCIO,} — ]KOH] . (9.8)

Kosdppuument 2 B ypasuennn (9. 7) BHayaJjle KaiKeTcs HEMOHAT-
auiMm. Yactnua L€H®H® (manpumep, kathon mumma) COLLEPIKHT

ZBa MpPOTOHA, H, caenoBaTeabHo, ais moncyera [H®] weo6xommmo
B3ATb YABOEHHOE YHCJIO TaKMX 4YactHi. ITpakTuuecku wieubl ypas-

‘nenus (9.7) [H®] u [OH®] sipnsioTcss B3aHMOMCKMIONAIOMMMI TAK
ke, kKak u wiensl [KOH] u [HCIO,] ypasuenns (9.7). Conocranne-
Hue ypaeuenus (9.7) ¢ ypaenennem (9.8) naer:

2 [LOH®H®]4-[LOH®] = [Lo]+ [HCIO,] — [KOH] — [H®] + [OH®]
. (9.9)

HannweM o6byHble ypaBHEHHsl QEHCTBHSI Macc, ONMHCHIBAJOLIHE
HOHHM3aLHIO JHraHna

__ [Hel[Le
[L®H®H®] = 7.,7,—_1

ITocne BBenenus uneHoB ypasHerus (9.9) B ypaerenuwe (9.10)
U COOTBETCTBYIOILEro npeobpas3oBaHus MNOJAY4YHM CJeayiollee Bhipa-
¥eHue:

[LeH®] = l‘-*f}(U-“—e—] 9.10)

[15] = LLol-+HCIO.) — [KOH) — [HP14[OHE] g {yy
rae 3iiat;eune P onpenensierca ypasueuHem (9.5).

, Takum obpasoMm, ypaBHenue (9.11) ~—nonHas ¢opMa ypasHe«
~musi (9.4), T. e. OHO BKJIOYAeT aJbTEPHATHBHO Kak [HCqu] TakK
'8 [KOH] (ctp. 35). Mns pacuera 7 no3ylores caepylouteii ¢op-
MYJIOH: :

. — =]
=&91_m%|il (912

isd

»

rae [Mo]— ofuias KouHleHTpauusi Metanja, cBOOOJHOrO HAH CBs+
3aHHoro. 3Hauenne Q onpepensietcsi CAEAYIOLHM ypaBHEHHEM:

I U I L |
Q K] K K -+ 1 (9.13)

3uauenns Ko v Ka nausl npu onucanun ypasuenus (9.5).

B tex cayuasx, korza pH Gonbiue na 1,4 exnuuus pKa, moxer
NpuMeHsiTbCsl ynpolleHnasi ¢dpma ypasHenust (9.14). Opnuako
npexje, UeM NPUMEHsITh YIIpoLleHHOe YpaBHeHHe, He0OXOAHUMO NpPo-
BECTH SKCMePHMEHTAaJIbHBl pacyeT, nonb3yschb obOMMH ypaBHEeHHsI-
MH B obnactu KpaiiHux 3HaueHuih pH, BHyTpH kKOTOpOH NPHHATO
3TO JoNyileHHe:

=152

MOXHO BHIBECTH TakKxe ynpouleHHoe ypasHeuue (9.15) mas
pacuera iz B Tex cayudasx, Korpa pH, no kpaiineit Mepe, Ha 1,4 enu-
HH1bl Bhile DK;H Ha 1,4 exnnuunl Hike pKa. 3T0 ypaBHeHHe mpH-
MEHHMO JJis1 TOro cliyyasl, Korja OTHOLUEHHE JIMFaH/ : MeTala paBHO
2:1, ¥ moab3oBaTLCS MM HaNO € TEMH XX€ HPenoCTOPOKHOCTSIMH,
0 KOTOPHIX FOBOPHJIOCH Bbillle

—  2[KOH}"
=0

Ypasuenne ke (9.12), npuBeleHHOe BhIllle, MOXHO BBIBECTH
caenywouum obpasom. B npoctom, HO ofllem cayyae, KOria JIMraHa
MMeeT TONBKO [Be HOHH3HPYIOLHX Fpynmel, obllasdg KOHUEeHTPauus
auranna [Lo] paBHa cymMe nsiTH KOHLEHTpaLHil:

[Lo] =[L®]4[L®H®]+ [LOH®H®] 4 [LM] 42 [L,M] (9.16)

rge LM — | : I-Kommuiekc;
L,M — 2: 1-komnJaekc (Bce Apyrue ujeHbl ypaBHEHHsl, BKJIIOYast
ko3 puunent 2. ONHCHBAJHCL paHblle).
Tak Kak no onpejieJieHHIo 72— cpeiHee YHCJIO MOJEKYJ JMranaa,

(9.14)

9.15)

CBA3aHHbLIX ¢ OJHHM aToOMOM MeTaJsja, TO:

=~ __ ILM]4-2]L,M]
n= 1Mol (9.17)
CobmectHoe pewenune ypasuenuit (9.16) u (9.17) naer:
[Lol = [LO]+ [LOH®| - [LOHOH® - n (M (9.18)

Ilpeobpasoeae ypasuenua (9.18) u (9.10), nonyuum

e =19 LS P g o
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ofxyna
7= 1L —Q[LE]
(Mol

370 u ecth ypaeueuue (9.12).

Heob6xomuMbie KoHCTauthl ycrtoiiyusoctH (Ky u Kp) mas 1:1-
U 1nst 2: 1-KOMIJIEKcOB, COOTBETCTBEHHO, HAXOAATCA MyTEM HCIO/b-
30Bauus cymMMapuoro ypasueHusi $I. Boepyma, Koropoe cBsi3niBaert

7 u L°] c koHCTaHTaMM yCTOHUMBOCTH CJIELYIOLIHM O6Pas’oM:
n=N
Y (n—n)B,[L%] =0 (9.20)
n=

re n — pasjidyHble Lenble YHCa;

N — MakcuMalibHOe 3HaueHHe fi;

B, — npoussenenre Bcex KoncraHT or K; go Ka.

HonycTus, utro BO BpeMsi THTpoeaHHsi 2: l-kommnexkc e oOpa-
3yercs 10 TeX IOp, MOKa MNOJHOCTBIO He NpoH3oiizer obpasosaniHe
1: 1-komnnekca, W, yuuteiBasi ypasuexne (9.20), MoxHO BbiBeCTH!'!
CllefyIoliHe BbIPaXeHHs1 KOHCTAHT YCTOHYHBOCTH:

n
K= 109 (9.21, 2)
-1
Kﬂ‘“—‘““_’(z_nme] (9.21, 6)

b .

OTH ypaBHeHHS LIHPOKO HCNONb30BaJHCh, HO OblJlo Hafl[eHO,
YTO OHHM JaIOT Maljocoriacyioiiuecs pesyiabratsel. Ecan K, ue Oyner
npeBocxonuTh No ceoeit BennuuHe Kz Goabuie, uem B 270 pas, 10O
noBceMecTHO B 3HAUHTEJNIbHOH 4YacTH TUTPOBauusi, Hapsialy C

1 : 1-komniiekcom Oyner obpasosbiBathea 2: l-KoMnJeKkc, MO3TOMY

MoJlyyeHHble 3HAueHHsi KOHCTAHT OKaxyTtc HetouHbiMu, Onnako
ONBITHl MOKAa3aJiH, YTo Takoe GOJbLIOe pasfinuke B BesHuHHE KOH-
ctaHT HepeanbHo. IlopoOHble TPYAHOCTH ONpejeneHHsl KOHCTANT
y)Ke BCTpeuajuch NpPH H3YUeHHH NBYXOCHOBHbIX KapOOHOBHIX KHCs
Jot (cT1p. 48). Ilaxe oTkJoHeHHe BenuyuH g Ky u Ig K2 no otho-
IIeHHIO K HeHcnpasieHHoMy 3HaueHHio pKa B pasobpannom Npumes
pe ¢ sintapHoil kKuchaotoit (ctp. 50) omunakoeo. Iloatomy Jayutue
nonbL30BaTLCsl cyMMapubiM  ypaBHerHeM (9.20). Taxk, mnna aAByx-
KJelllHeBHAHOro KOMIIEKCa M ABYXBaJeHTHoro Mmerauial?, rpe
n=0,1 u 2, nonyuuM cnenyiouiee ypasHeHHe:

. n
(n—-nlLe] T (a—D

1 Flood, Lorae;; Tidsskr. Kjemi, Berg. og Metal,, 5, 83 (1945).
2]rving, Rossotti, J. Chem, Soc., 1953, 3397,
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—e-nll, g 9.22)

3unauenre Ig K, nonysaercs nytem Bbluutanusa 1g K, u3 1gBs.

Ypaeuenne (9.22) — ypaBHeHHe TNPsAMOi JIMHHMH, HAKJOH KOTO-
poil paBeH By (T. e. KiKz), a oTpe3oK, oTcekaeMulit Ha KOOpAHHAT-
Holl ocH, paseH K;. OnHako oueHb YacTo, MOCTPOEHHE TAaKOro rpa-
duka 3atpyaxeno, koraa [L®] usmensercs s ILHPOKOM Mpezese,
IloaToMy Jayyllle HaXOAHTb KOHCTaHTHl anrebpaHyeckHd, MeTOAOM
HaWMEHBIINX KBaJPaToB; TNpHYEM, B 3TOM CJiyuae HCIOAb3YIOTCS
BCe ONbITHbIE [JAHHbie, 33 MCKJIOUEHHeM NaHHBIX, JIeXaluuX MexKIy
=095 n n=1,05, kotopele monkubl ObITb OTOGpOLIEHBI, TAK Kak
Ha HHX BAUSIOT Jna)e He6osbliHe 3KCMEePUMEHTalbHLie OWKOKH.

Pacuer no wMeTooy HaWMeHbIUHX KBaJpaTOB MNPOU3BOLHT~
¢ caenyiowum obpa3oMm. Brauane paccuMTbiBaeTcsi 3HaueHHe
nl(n —1)|L®] nns kaxnoro suauennsi pH, monyuensoro NpH THUT-
poBanun AaHHoro pactBopa. OGo3HauHB KaXK/j0€e NMoJAy4YeHHoe 3Haue-
HHe 4epe3 y W NMPOCYMMHpOBaB HX, moayunm Xy. [B neiictBurens-
HOCTH 3taueHus y nNpeAcrapasior cobolt He 4YTO HHoe Kak mnpubJH-
xeHHwe 3Hauenun K; [cM. ypaBuenue (9.21,2)] w Oblng npuHATH
HeCKOJILKO JieT Hasapn. Tak, ucnosis3ya JnaHHele tabn. 9.1 ans
n=0,513, nerko paccuuraem 3uauenue lg K=846, uto oyenp Gu13-
KO K mpaBuwibHOMY pe3yabtaty. OfHAKO HCCJeNoBalHe BeJIHYHH U
cronbua 8 taba. 9.1 noxkaswmBaer, YTO OTKJIOHEHHsS] MOryT OHIThb
60oMIbLIHM, ]

3arem ANsi KaXKAOro 3HaueHwsi pH, nosiyueHHOro npu THTpoBa«

HUH, paccunTmBalor Beauunry (2 — n)|LE}/(n —1). OGosnauns ee
yepe3 X H NMpocyMMHpPOBaB, NosyuiM X X. (3HaueHHE X NpencTas-
nsier coboit npubnmxenHoe .3uHauenune 1/K;. Hcnonwsys pauuble
tabn. 9.1, vanpumep r=1,493, paccuntaem lg K;=7,00). ;

3aTeM pacCUHTHIBAIOTCSI BEJHYMHBI X2 M XYy NS KaXKJIOro 3Ha-
yeHHsi pH u omnpenensiiorcs cymMmmbl X x2 W X Xy COOTBETCTBEHHO.
3uavenns BeAHUHH I3THX CYMM HCHOJbL3YIOTCSl JJisi peiueHust obbly-
HbIX ypaBHeHHH MeTONa HaHMeHbIUHX KBajpaToB, T. €.

Ly =na-}bXx
Lxy =alx-+ bLx? }

rae n— 4icno HaOJoneHHH.

B nanHoM cnydae koadduument a ectb K;, a kKoapduuu-
eHT b —By. Takum obpasom, peluenne ypaeHeHusi (9.23) nossonsier
HailTh cpepnue 3Havenus 1g K; u IgPe. PasHocTh 3THX BeJIHUHH paB-
Ha lg Ko. Jlna pacuera OTKAOHEHHH WJIH TOTPEIIHOCTH H3MepPeHHBIX
BeJIHYHH HeoOXOAHMOQ NMOACTaBHTL 3HauyeHHe K; B ypasuenHe (9.22)
M MOJYYHTH PsiJl 4aCTHBIX 3HAYEHMH P, COOTBETCTBYIOLUMX KaXXIOMY
3HAQUEHHIO X M Y. 3ateM 5T0 CpejiHee 3HAYEHHE MOJACTABMSETCH B
ypasuerue. (9.22), uto gaer cepuio uyactHblX 3Hauenuisr K,. Jlora-
PHOMBL 3THX YaCTHbIX 3HaueHud K; u B, mpusenexsl B cronbuax 12
u 13 1abn. 9.1. Ecau npu moTeHunomeTpHuecKoM onpenesnennd K
u K, B omicaHHbIX Bblle CJayyasx HabJonaeTcs NOCTOSIHCTBO
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cpBou creluduueckne cpoiicTBa. TexHHueckue OWHOKH, 32 PELKUM
HCKJIIOUeHHEM, SIBASIIOTCS TaKMMH e, Kak H B Jpyrux ¢opmax no-
tenuuomeTpuu (ctp. 38). Ciona, HanpHMep, OTHOCATCA: HELOCTa-
TOYHas TOYHOCTb cTaHiaptu3auuu pH-meTpa, HcxoaHbIM MaTepHaN
MOMKeT ObITh HENOCTATOYHO CYXHM HJIH XK€ MOXEeT CoAepxKaTbh pas-
AuYHble- TpUMecH W T. M. Ecau ke HauuHaeTcs BNajJieHHe ocaika
(vacto Ha6iiofiaeTcsi NOHMXKeHHE 3HAYEHHH pH), To TUTpOBaHHe
LOMIKHO GBITH MPEKpallleHo, TaK KaK MOoJyYyeHHble OMNbITHbIE [alinble
ne 6ynyT Bocrnpouspoxutbes. Camoii pacnpocTpaneitiol TPYAHOCTLIO
sipsiercsi GAM30CTH 3HAueHMil KoHcTauT ycroiyuBoctH. Tak, ccin
Ig Ky — 1g K, meuswe 0,5, To Takue Bellecrsa ¢ €aMoro iiaiaja
THTpOBaHHA BeflyT ce0si Tak, Kak ecan Obl o6pa3oBajicsi TOJNBLKO
2: l-xommaekc. B TakMx ciayyasiX MOKHO pacCuHTaTbh TOJBKO KOH-
CTaHTy Bz, KOTOpasl Jierk0 HaXONMTCSl H3 ypaBHEeHHH (9.25) %
lgp,=lgn —Ilg@—n)— 21g[L®] (9.25)
3uauentie § Moxer OblTh TaKKe PacCyHTaHO MO METOAY HaH-
MeHbIUMX KBalpaTtoB (cM. ypaBHenue 9.23).

Jlpyrasi TPyOHOCTb COCTOMT B TOM, YTO KaXJas MOJeKy/1a Be-
1lecTBa B TeYEHHE THTPOBAHHA MOMKET AHCCOUMHPOBATH, OTLUETIAS
[Ba MpOTOHa, Torfja Kak Obl10 MpPHHATO, UTO Kaxjasi MoJexyJa
BhIJIe/IsIeT TOJABKO OfMH NPOToH. Jisi Toro uToOH yGeMnThes, Cylie-
CTByeT /M ONHCaHHOe Bhille sBJeHHe, HEOGXONHMO MpOAETaTL cie-
Jyioliee.

[NoTeHLHOMETPHYECKOE THTPOBaHHWe MpolomKaTth o Tex mop,
noka ue Gyner no6asiaeno 1,1 3ke wenoun. Ilpu sTom snaueunuc pH
B KOHEYHOH TOUKE THTPOBAHUS HEe NOJKHO NpeBuuats pH, noayucn-
poro npu gpoGaBaenuu 1,1 sxke wenoyd, B orlyrcTBHe Merasna
Goablue, yem Ha 0,4. Ecau e Takoil TOYKH He GyaeT, TO THTpOBaiue
NpOMO/XKAIOT, CKa)KeM, JI0 TeX Nop, TNOoKa He 6yner ,uoﬁamleu?
2,1 axke wenoun. B cnyyae BuiZleeHMs IBYX NMPOTOHOB H3 KaXK1OH
MoOJIeKyJbl JiMranjla Heo6XoNHMO 3aMeHHTh B ypaBHEHHH (9.4) [}0]
na 2 [Lo). (971a samena ucnpabaser, B CBOIO Ouepellb, 3HAUEHHE n.)

Ecap Jurang uMeeT TpH HOHU3UPYIOIIHX TPYNMbl, TO YHCJIO UJe-
HoB B ypaBHenusx (9.5) u (9.13) A0m¥HO, ObITL YBEJHUEIO. [pu
stom PK, Beerfia cOOTBETCTB (7 gﬁﬁgno—ﬁmee BBICOKOMy 3Haue-

MK 2 — caenyowem eﬁ‘{.r\?e’gf abfuemy suauenio, a Ka —ca-

HHIOV A a ny y

MoMy Pluaxomy (unorna K % HMeeT OYeHb Majoe YMCIeHHOe 3Haue-
Hue). B Bulle mpuMepa MOXHO NpHBeCTH THTpOBaHHE 1, 3-nuamMuHo-
Mac/siHON KUCJIOTHI'S, -

" . Korga 3uauenne pK, rpynnbl, Koropas, Kak MpeinoJaraercs,
yuacTByer B XeaaTooOpasoBaHHH, JIEXHT MEXIy 3HAUEHHTIMH pKa
ABYX FpyNIN, 3aBEJOMO y4aCTBYIOUIMX B HEM, TO HEBO3MOXHO yCTa-
HOBHTb .C TOMOLUBIO NOTEeHUHOMETPHH, AaeT JH H3YyuaeéMmas rpyniia
XeNlaTHYIO CBsi3b.

4 Albert, Biochem, J., 54, 646 (1953).
15 Albert, Biochem. J., 50, 690 (1952).
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Jns pewenus 310it npo6aembl Heo6X0AMMO 3HATL YCTOMUHBOCTL
KoJiblla, OOpa3oBaHHOro € YyyacTHEM H3yyaeMoOil Ipynmel, OyTem
CPaBHeNHs BEJHYHH B C BEJHYHHOH B aHAJIOTMYHOrO JIMraHnaa, B Ko-
TOpPOM IpeanosiaraeMas rpynna au6o 6GJoKHpoBaHa, JHOO OTCYT-
creyer. IlpuMepoM MOTyT CAYXHTb TaKHe aMHHOKHCJOTH, Kak
FHCTHAMH, TMyTaMHH W acnapryHoBasi KMCJI0Ta, KoTopoie obcyxia-
JIHCh B CBsi3H € 3THM Bonpocom'®, OnucaHHble Bbillle MeTONbl NpUMe-
HHMBl TAKXXe JUIsi pacyeTta "KOHCTAHT YCTOHYMBOCTH YeThIpex- i lie-
CTUKJIELIIeBHAHBIX KOMIIJIEKCOB 16,

MTPHJIO)KEHHE 1

PACYHET KOHUEHTPALIUH U AKTHBHOCTH HUOHA
BOOPOOA U TMAPOKCHUJIA

Ilpu ucnosb3obaniH NOTEHUHOMETPHYECKOTO METOola YacTo Tpe-
Oyercsi u3 BennuuHbl pH paccunTath 3HaueHHe aKTHBHOCTH HOHA

sonopona [H®]. Henaercs sto caenyioumm o6pa3om:
. {H®) = antilg (0—pH)

Ipumep. Paccuntats {H‘B}, KoTopasi coorsercTsyer pH = 3,25:
{H®} = antilg (0—3,25) = antilg 4,75 = 0,0005623

B npyrux cayuasax (nanpumep, Tabs. 2.4) u3 3snauennsi pH
TpeGyeTcsi ONpefe/quTh aKTUBHOCTH MoHa ruapokcuaa {OH®). Hs
ypaBHeHHs

pOH® = pKs — pH
Haxounm
{OH®) = antilg (pH — pK,)

(3navenns: pKy npm pasauunoil temnepatype Agannl B [Ipumoxe-
Hi 11.)

" Mpumep. Paccuntate {OH®), cootsercrBylomyio pH = 10,71 npu 20°C.
{OH®} = antilg (10,71 — 14,17) = antilg 4,54 = 0,00035

Hanusie Tabn. [ npennasnauens! s HaXOXKJeHHsI aKTHBHOCTeIl

{H®} u {OH®}, a Takxe nas NPOBEPKH MOJNOXKEHHs 3ansiToi B Jie-
. CATHYHOH Apobu.

Ilpu cnexkrpooToMeTpHUECKHX HCCIIEIOBAHUAX YacTo TpebyloTcs
pacTBoOpbl C BHCOKOH KOHLEHTpauueii HoHa Bojiopona. PacTBopst 3Th
JIErKo MoJIy4aloTcs NyTeM COOTBETCTBYIOLIEro pa30aBJieHHs COJsTHOH

. KHGJIOTH BOAOH 10 HEOO6XOAMMOH KOHUEHTpalUHH, TaK Kak NpH 3TOM
MOMKeT OblTh CHesaHo JoNyLleHHe O NOJHOH HOHH3aLMH COJIsTHOM

kucioTel. B ta6a. 11 nmpusenenst 3Ha'-!e'HHﬂ'p[H$], nosyyeHHsIe

18 Cm, ctp. 160. .

¥ Schwarzenbach, AcKermann, Helv. chim. acta, 30, 1798 (1947);
AcKermann, Schwarzenbach, Helv. chim. acta, 32, 1543 (1949);
Schwarzenbach, Freitag, Helv. chim. acta, 34, 1503 (1951); Mar-

tell, Calvin, Chemistry of the Metal Chelate Compounds, New York,
Prentice Hall, 1952, ctp, 88—94.
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Ta6auya 1

pH {n®} pH {0t©} (npu 20° ) | {OHE} (mpu 25° C)
4,0 0,0001000 10,0 0,000058 0,00010
3,9 0,0001259 10,1 0,000085 0,00013
3.8 0,0001585 102 0,00011 0,00016
3,7 0,0001995 103 0,000135 0,00020

., 3,6 0,0002512 10,4 0,00017 0,00025
35 0,0003162 10,6 0,00021 0,00032
34 0,0003981 10,6 0,00027 0,00040
3.3 0,0005012 10,7 0,00034 0,00050
3,2 0,0006310 10,8 0,00043 0,00063
31 0,0007943 10,9 0,00054 0,00079
3.0 0,001000 11,0 0,00068 0,0010
2,3 0,005012 11,7 0,0034 0,0050
2,0 0,01000 12,0 0,0068 - 0,010
1,3 0,05012 12,7 0,034 . 0,050
1,0 0,1000 13,0 0,068 0.10

onucaHHbIM Bhille crocoGom. Psagom ¢ Kaxpaweim suauenuem p[H®] -

NpHBeJeHa COOTBETCTBYIOIlaA aKTHBHOCTb HOHa BOZOpPOAa (mnocneq-
Hfisl U3MepsiNach NMOTEHLHOMETPHYECKHM NyTeM H OGbIuHO 0Go3Ha-

‘yaeTcsi npocto Kak pH).

Tabauya I7
HCI, B, [H®), M p [HD] p {H®} =pH
0,001 0,001 3,00 3,02
0,01 0,01 2,00 2,05
0,02 0,02 1,70 1,77
0,05 0,05 1,30 1,41

Jauubie taGa. II COOTBETCTBYIOT TeMMepaType 20°C. TIlomnpa-
BOYHBII TeMmepaTypHBIH Kosub(buuuem Ha 1 epad oyeHb Mas H pa<
sex -+0,0003.

PacrBopbl ¢ HH3KOil KOHLEHTpalueii HOHOB BOAOPOAa, TaKikKe
HeOoOXONUMLIE B CNEKTPOQOTOMETPHH, MOJyyaloTcsi OOLIYHO MyTeM
pasGasnenns NaOH. B ta6usi. 11l npusenennl snaueunus p[H®], no-
.nyquHbIe TakuM cnocoGoM. Jlns cpaBHeHus NMpUBEJeHA aKTHBHOCTD
p {H®), paccunrannas us fi (uOHHBI KO3 (GHUMEHT aKTHBHOCTH).

Haunpe! ta6n. III coorserctBytor Temnepatype 25°C. Temme-
paTypuasi nonpaBka. Ha 1 2pad uMmeeT HAOBOJMbHO GoJbLIOE 3HaUYE-
Hue, a uMeHHo — 0,0355.°

Tak, seanuuna pH 0,01 H. pacrBopa NaOH pasua:

an ODCDII.I..I.C.' 12184
20°C. v 0 s st v e 12,13
» 38°C-Q.Qn_.-anlol 11.50

' Harned, Hecker, J. Am, Chem. Soc., 65, 4838 (1933).
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Tabauya IIT

mopnntc)| [OHOF | vfone] | o @) | ie/O | p (HO}—pH cyuns
1 | 2 3 4 s | M
0,01 0,01 2,00 12,00 1,95 11,95
- 0,02 0,02 1,70, | 1230 1,93 12,23
0,05 HT. A 1,30° 12,70 1,01 12,61
0,10 1,00 - 13,00 1,88 12,88
0,20 0,70 13,30 1,86 13,16
0,50 0,30 13,70 1,83 13,53
1,00 0,00 14,00 1,82 13,82
2,00 —0,30 14,30 1,84 14,14 .

) [TPHJIOJ)KEHHE I
OTpHuaTenLHell norapudM HOHHOrO npoHspeleHHs Boawl (pKg)?

Teun%pg'rypa, pK Yz pK, (coorsercrsyer HeATpanukofi Touxe
c 8 Opy faHEOR TEMnepaType)
0 14,944 7,472

10 14,535 7.268
15 14,346 7,173
20 14,167 7,084
25 13,997 6,998
30 13,833 6,917
35 13,680 6,840
40 13,535 6,768
50 13,262 6,631
60 13,017 6,509

Reinhold, 1950.

tHarned Owen, The Physlcal Chemistry oi Electrolytic Solutions,

New York,

TTPHJIO)KEHHE I
Bansnue temnepatypnl Ha pH cTanmapTHuwx GydepHuiX pacTBOpOB

INpuMeyarde Tpernil necATHYHBIA 3HAK ABNAETCE NPHOMMMEHHEIM,
* Brit. Stand., Ne 1647 (1950).

Tewnepatypa, pH 0,05 M Gndranata pH 0,05 M Tetpatopata

°C KaJang 3 Hatpus (Oypa)
0 4,011 9,398

10 4,001 % 9,313

15 - 4,000 9,270

20 4,001 9,228

25 4,005 9,185

30 4,011 9,143

35 4,020 9,100

40 4,031 9,058

50 4,061 8,973

60 4,101 8,887
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ITPHJIOJKEHHE IV
PacyeTh! NPOLEHTA HOHH3aNLMH, HcXOas H3 sHaYeHHA pKy, w pH
(cTp. 16)
pK,—pH Aunon Kawon | . PKa—PH Anmon Kathor
—6,0 99,99990 0,0000999 0,1 44,27 55,73 -
—5,0 99,99900 0,0009999 0,2 38,68 61,32
- —4,0. 99,9900 0,0099990 0.2 gg.g‘? ??ﬁé
] W *
=33 %00 o030e 0.5 24,03 7597 JAOTOJTHEHHE
—3,3 - 99,950 0,0501 0,6 20,07 79,93 METOAblI CTATHCTHYECKOH OBPABOTKH PE3VYJ/ILTATOB
—3,2 99,937 0,0630 7 1663 | 8337 H3MEPEHHHA
—3,1. 99,921 0,0794 8 13,70 86,30
—30 99,90 0,00991 l'g 11,19 88,81 Ins yyeta M ycTpaHEHHS CHCTEMAaTHYECKHX OWHGOK B KaxXKIOM
—2,9 - 99,87 0,1257 —_— 9.09 90,91 OTZeJIbHOM cJyuae HeoOXOAMMO H3YUYMThb HX MPHPOAY, OLEHHTbL Be-
—2,8 99,84 0,1582 L1 736 92,64 JIMYMHY H BBECTH COOTBETCTBYIOLUYIO UHC/IEHHYIO NMOMNPABKYy HJH XKe
2,7 99,80 0,1991 ) 1,2 9,93 94,07 y v y y P Y
% 9975 092505 13 177 9523 3aMeHMTb annapaTypy Apyroi, HCKJIOYaiolieidl BO3MOXXHOCTb IOsIB-
2’5 99:68 03152 ' 1.4 383 9617 JleHHsi 3THX OLHOOK. )
Y 99.60 0.3966 1,5 3,07 96,93 Kpome ciicreMaTHyeckHX, B pe3ysabTaThl H3MEPEHHH BXOLAT MHO-
—23 99,50 0,4987 1,6 2,450 97,55 FrOYHCJICHHBIE cayyaiiHbie OMWHOKH — (ayKTyauHH !, pasnuyHele 1O
—2.2 99,37 0,6270 1,7 1,956 98,04 BeJIHYHHE H 3HAKy 0 OOCYyCJIOBJIEHHbIE fABJEHHSIMH CJyyaiHoro xa-
—2,1 89,21 0,7879 1,8 1,560 98,44 paxTtepa, He NOAJAIOLHMHCA cTPoromy yuety. Ilaisi oTiesbHO B3f-
—20 99,01 0,990 é-g 6-533 %(7)? TOrO pe3ysbTaTa H3Mepenusi yCTPaHUTb BIMAHHE CAYYailHBIX OLUH-
—{,g 98,76 1,243 ’ ' 60K NpHHUMNHAJNBLHO 11eBO3MOXKHO. OJIHAKO cayyaiiHble OMHOKH
5 gg'ﬁ }vggg %% gfig;g gg-%% NOIYHICHBl BePOATIOCTILIM 3aKONaM, H3yYeHHeM H HCIOIbL30Ba-
-—1:6 97:55 2450 ‘ 2.3 0,4987 99:50 HMEM KOTOpHX 3aHMMaercsi TeopHs owu6Gok. Ha ocHoBauuum 3THX
_1s 96,93 3:07 24 0,3966 99,60 3aKOHOB pa3paloTaHbi METOMbl, MO3BOJMAIOLIHE N0 HEKOTOpOil cepuH
14 96,17 383 2,5 0,3152 99,68 (BeiGOpKe) pe3yJbTaTOB H3MepeHHii HaliTH Kak HauBeposTHeiillee
—1,3 95,23 477 26 0,2505 99,75 _ 3HaueHNe HEM3BECTHOH OnpejesisieMOil BeJMYHHBI, TAK H IPAHHIbI
\ —1,2 94,07 593 27 0,1991 99,80 HHTepBaJia, HA KOTOPOM ¢ onpeliesieHHOM, 3apaHee BhIOpaHHOH Be-
-_\',_1'1 . 9264 7,36 g’g g}gg% %g‘?’ ) poATHOCTbIO (HAaAEXKHOCTHIO), HAXOJMUTCA onpelenseMasi BEJHYHHA.
—10 - | 9091 - 909 430 | 009991 99,90 B nocnennee Bpemsi paGOThl MO CTAaTHCTHYECKOil 00paGoTKe
:g»g gg-g{l) }1;(9) X 0’0794 99,991 pe3yJbTaToB H3MepeHHii KOHCTaHT TNOSBJIAIOTCS BCE yauie U yaule 23,
Y 8397 1263 39 0,0630 99.937 XOTsl JlaxKe B JIyYllUX COBPEMEHHbIX 0630pax naeTcsi JNHUWBL Kaue-
—06 79,93 20,07 '3 0,0501 09,950 CTBeHnasi ollelika HaJleXXHOCTH NPHBOJIMMBIX IaHHBIX %,
A4 0,0398 99,960 PaccMoTpuM npHMeHeHHE CTaTHCTHKH ManablX BHIOOPOK nJst mpo-
—0,5 75,97 4, . .
—04 7?',53 38{4};' & 0,0316 99,968 c'rhlg cllyyaeB OHO- H nByC'ryneuqa'rlglro paBHOBecHil.
—03 66,61 33,39 4,0 0,0099990| 99,9900 AHOCTYNEHYyaTbie paBHOBeCHA. IlycTh BepOATHOCTb NOABJEHHs
) —0.% _61.32 38,68 12,0 0,0009999|  99,99900 - OIIHOKH — OTKJOHEHH OT HCTHHHOINO 3HaYeHHSf, — 3aKJIOYEHHOIl
—0, 2273 44,27 0 00000999 99,99990 MeXAY X K X -+ dx, onpenensiercss GopMysoH
0 00 50,00 ’
» ¥ 1
: P (x, x—l—dx)=_ Vo e-*l dx (1)

* Cocraenn A. A. Byraesckufi, P. A, Feﬁu n IO, & PrGkuH
fem. Taike PKOX, 38, 815 {1954)] ABTOpHI «Jlononuexnus» NpHHOCAT TAYGOKYIO
NpH3HATEAbHOCTD npo:p H. I1. Komapio 3a iiedible 3aMeyanis Npy oOCYMIEHHH
OTENIbHBIX Pa3flefioB ero,
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dbopmyne

B atom Cllyyae roBopsT, 4TO OIHOKH TNOJAYHHAIOTCH 33aKOHY HOp=«
MaJibHOTO pacnpenienenus (["aycca) wnu pacnpenenedsl HOPMaJbHO
€O CTaHAapTHLIM OTKJOHEHHeM (cTanaaptoM) o. COrlacHO MNosoe-
HHAM MaTeMaTHYecKOH CTaTHCTHKHl, HBHBEPOHTHEHHIHM 3HayeHHeM
onpeflensieMOii BeJHYHHB, sIBIsIETCS cpejHee apHPMeTHUYECKoe mno-
JI}"I&HHBIX pe3yiabTaToB HSMEPEHHH Xi

X = Oy Xy e ,,)—~2x; @

rie n—4Yucjio H3MepeHHil.
HauBeposiTHeiilleii OoueHKoii § cTaHAapTa, eC/iH UCTHHHOE 3Ha-
YeHHEe H3MepsAeMOil BeJHUYHHBI HEH3BECTHO, fBJSETCS

CB(X;—X)?
S=V/(‘k ) 3)

rie B ciyyae M3MepeHHsi OJHOH BeJHYHHBI (OAHOH KOHCTaHTH) YHC-
JIO CTATHCTHUYECKHX cTelleHeil cBOOOAR! !

k=n—1 (@)

I'panHubl HHTepBaJia, Ha KOTOPOM C 3aJaHHON HaLEXHOCTbIO
(BepoATHOCTbIO) @ HAXOMMTCS HCTHHHOe 3HauyeHHe M3MepsieMoil Be-
JIHYHHB, ONpeNensioTcsi npu mnomoiu Kpurtepus CrblogeHra f, no

X=X*xts/Vn ®)

cBelleHbl B chelianbHble Tabaulbi. OHU 3aBHCAT

3Hauenust i,
HaleXXHOCTH @ H uHcna creneHeil cpoGonwl k

oT BbIOpaHHOIl
(taba. .1).
[1pu noreHUHMOMeTpHYECKOM THTpOBaHMH oluu6ku pH pacnpene-

. JIeHpl HOPMaJIbHO. B_3TOM_CJiyuae gpumnoc'ra‘roquo pasyMHbIX Ipef-

NOJIOMKEHHAX OIIHOKH PacCyMTaHHbIX 3navenuii_pK rakxe pacnpene-

JieHbl HOPMaJlbHO C MPAKTHYeCKH OJMHAKOBbIM CTaHAApPTOM, eciH
OTTHTpOBaHO OT 15 o 85% cnaboil kuciaOThl (ocHoBanHsi). 3a
“npelenaMu 5TOr0 HHTEppajia, Ws-3a cieli(puyeckoro xapaxrtepa
- IPYTHX 4JIeHOB pacueTHOro ypaBuenusi nnisi pK, BO3HHKalOT OTKJO-
HeHHs OT TaKoro.pacnpefeseHusi, TaKk YT0 ecau OTTHUTpoBaHo 10
‘win 909% BewecTBa, Goablune OWMOKH MOTYT BO3HHKaTh Yalle, a
IpH ellle MeHbLIEM (unu eme GosbllieM) pacxoe THTPaHTa HSMCpe-
"HHSI CTAHOBSITCS .HEHalEXKHBIMH,

Ilnsi TakuX H3MepeHuil cienyer oﬁpaGaTbIBaTb paccuHTaHHbIE
U3 cpenHeil yacTH KPHBOil THTposaHPQ[ sHavenua pK no ¢opmy-

. nam_(2)—(5).

[Ilpusenem npumep cramc-mqecxou ospaﬁonm pesyJIbTaToB TH-
TpOBaHHsl, Ha KOTOPOM. MOKa)keMm TMpuHeMbl cyera, 3HAUMTEJbHO
- obneryaiolye, 0co6eHHO B Cuyyae OOJibIIOrO YHCAa ONLITOB, BBI-
_UHCJIeHHE Heoﬁxonumlx BEJIMYHH,

166 - : -

s et S,

TaGanya 1
3HayeHHs KputepHs Crteionenta £,

a
\ 0.9 0,95 0,98 0,99 0,999
1 6,314 12,706 31,821 63,657 636,610
2 2,920 4,303 6,965 9,925 31,599
3 2,353 3,182 4,541 9,841 12,924
4 2,132 2,776 3, JA7 4,604 8,610
5 2,015 2,571 3 365 4,032 6,869
6 1,943 2,447 3,143 3,707 5,959
7 1,895 2,365 2.998 3,499 5, 408
8 1,860 2,306 2,896 3,355 9, 042
9 1,833 2,262 2,821 3,250 4,781
10 1812 2,228 2,764 3,169 4.587
11 - 1,796 2,201 2, 718 3,106 4,437
12 1,782 2,179 2 681 3,065 4318
13 1,771 2,160 2650 3,012 4,221
14 1,761 2 145 - 2,624 2977 4,141
15 1,753 2,131 2,602 2,947 4,073
16 1,746 2,120 2,583 2,921 4,015
- 17 1,740 2,1 10 2 567 2,898 3,965
18 1,734 2,101 2,652 2,878 3,922
19 1,729 2,093 2,539 2,861 3,883
20 1,725 2,086 2,523 2,845 3,850
0 1,645 1.960 2,326 2,576 3,291
Ta6auna 2
i pK! Vi 107 yf-l(}'
1 9,29 4 16
2 9,28 3 9
3 9,26 1 1
4 9,25 0 0
5 9,26 1 1
6 9,25 0 0
7 9,25 0 0
8 9,24 —1 1
9 9,23 —2 4 ’
Cymma | 6-.1077 32.107* g

Hns panHelx Ta6a. 2.1, ecau HCnpaBHTb NOCJENHIOK BeJMYMHY,
KaK peKoMeHNYIOT aBTOpbl, HMeeM [eBATb 3HaueHu# pK; (ta6a. 2),

* rpe i—mHomep TouKH. BniGupaem aas _pacyera pK BEﬂHw_c,m

_OnH3KYlo K _3HAUCHUAM “nsmepennbix _pK;, _Hanpumep C = 9,2

"B TpeTbeil KoJOHKe ‘12611, 2 TIOMEIIAeM BHUYHCASEMBIE pa3HoOCTH
yi=C—pK, (6)
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mas ynoGerBa ymuoxenuwsie na 102 IloncuuThiBaeM HX CymMMy g 3a-
TeM BelyucasieM pK no ¢opmysne (c yuerom suakos):

PK=C+—Yy,. @
i=1

B nannom cayvae pK = 9,25 + ; +6-10"%2 = 9,257. Hns pac-

-uera cTaHgapTa no ¢opmyse (3) BblUHC/AseM 3HaYyeHHS y? (uerBep-
Thifl cTonben Taba. 2), ux cymmy, H 3aTeM

¥ (K, —PK) = Nyt — = (E y;) . (72)
i=1

=1 =1

B paccmatpuBaeMom npumepe
9
Y, (PK, —PR)*=(32 — ¢ - 36) 107 = 2,8 - 10
=1

,[Iua.nbme HaxonuM OLeHKY craHuapra § = 1,87-1072 (4yucio cre-
neHel cBoGonbl k=9 —1 =28), u sarem unreppan 3uavenuii pK
Anst HalexHocTH ¢ = 0,95 no ¢opmynam (3) u (5):

pK=9,257+£2,306 - 1,87 - 10~%/}/ 9 = 9,257 £0,014

3uauenne f, = 2,306 B3aTo u3 tabn. 1 (a = 0,95, k£ = 8). Asro-
pamu kuuru naercsi pK = 9,26 = 0,03 Ges ykasanus HameX1ocTu,
C MpHMEpHO BABOe Gojiee LIMPOKHM HHTEPBAJOM.

Ilpu ob6paGoTke HaHHHX Tabs. 2.4 caeayeT HCKIIOMMTH JIHLIb
9-10 TOuKy (BKJAIOYalomylo rpy6yio norpewHocTs) Bmecto 1- u 9-ii,
Kak 3TO jes1aloT aBTopel, Torna mns n-kpesona pK = 10,146+0,013
(=17, a=095), BMecTO npuBoaumMoro astopamu 10,14 =+ 0,03,
6e3 yKasaHusi HalleXXHOCTH. McknloueHHoe 3HaueHHe JEXKUT BHe
Haiinendoro WurepBafia pK. Ilonobubie pacuersl NpurofHel U AAs
crieKTpoOTOMETPHYECKHX H3MEepeHHil.

JAByctynenyatpie paBHoBecusi. B cilyyae THTPOBaHHs [BYOCHOB-
Hoii Kucnorel HpA nns mo6ofi ToukH KpUBOil THTPOBaHuS cripaBei-
JIUBO paBEHCTBO

' C=[H,A]+[HA®]4-[A®°]
'H BblpaXKeHHe 3JIeKTPOHEHTPAaJIbHOCTH pacTBopa
[HA®]+- 2[A®®]4-[OH®] =B +-[ HO]

rne C— navanbHasi KOHLEHTpauMs Kucjorthl, B = [Ke]_memq”
KOH. ' .

Ecaiu BO BTOPOM M3 ypaBHeHuil nepeHecTH [OH®] B npasyio

YyacTb, NEPeMHOKHTb ypaBHenus, moncrauth [HA®] u [A®®] us
Bhipaxkennil 3akowa geiicteusi Mace, [HAS|/[HA]=K, {H® u
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[A®C]/[HA] =K, K,/{H®}? u ynpoctnTs, noayunm
— XK+ YK Ky = Z, 8

rze X, = {H® (B —C—+[H®] — [OH®] );
Y,=2C — (B +[H®] —[OH®]);
Z,= |H®)* (BA-[H®] — [0H®] )

ABJIAIOTCH [l)}’llKU,HﬂMH TOYKH i Ha KPHBOH THTPOBAHHSA. (DOPMY.T!H
(3.1), B KOTOpPBLIX, BONPEKH YTBEPHXICHHIO dBTOpOB, IpPH BbICOKHX
pH cnenyet yuuteiBaTh fOHG]. ABJISIOTCA pelleHHsSIMH CHCTeMBl AByX
ypasHenuil (8) mis nsyx komnaexros X, Y, Z.

H3amepennsle X;, Y; U Z; BKAIOYAIOT cayyafiHble OWWOKH, M IJs
pacueta KOHCTAHT CTaTHCTHKa TpeOyeT NMpHMeEHeHHsi cnocofa Hau-
MeHbLIMX KBanpaToB!. M3asoxenHble HHXXe npHeMbl oOpaGOTKH IO
crnoco6y HaMMeHbLWIHX KBaApaToB NPHMEHHMbl K YpaBHEHHMAM, JH-
HEfHbIM OTHOCHTEJLHO ONpEeNeNseMbIX BeJHYHH a u b

vya+4Bb=r1,

roe ai, Bi U 7i — BeJHYHHBI, ONpefeisieMble H3 OlbITA.

OTH BeJHYMHBI, B YACTHOCTH, MPHMEHHMB! H HeOCPEICTBEHHO K
vpasuienuio (8), ecnt Ky = a u K- K; = b. Takne ypabuenus u 06-
paGaThiBalor 06BIYHO MO cnoco6y HaHMeHBUWHX KBaJpaToB, MpHueM
Hurne Ne JlelaeTcsi palHOHAJbHBIX YKa3aHHH OTHOCHTENLHO TOrO,
Kak Hano ux npeo6pa3oBaTb, YTOOb BHIOOp CaMHX MepeMeHHHX 1
K03(GHLHEHTOB OblA HaHUAYYLIHUM 235,

O6sacTe B Hayaie KpHBO# THTpPoBaHHA obecneynBaer Hanbonce
Tounble nannsle naa noayuenus Ki, o6aacTb B KOHLE KPHBOi — sl
nonyuenun K W JHlIb cpenunss obaacTh KpUBOil XOpPOWO onpeje-
asietr Ky+ K;. B ¢Bsidau ¢ 5THM TO, YTO B MCXOJIHble YPABHEHHS KOH-
CTaHTHl BXOASIT HEPAaBHONPABHO, NMPHBOAHT K HePaBHONPABHOI PoOJH
ypapHenui, OTBeYaloWMX pasJHYHBIM YYacTKaM KpHBOH, B mocje-
JAylolMX NoacYeTax mo cnocoly HauMeHbWHX KBanpartob. Ilpume-
pOM 3TOMY MOTYT CIYXHTb JaHHble Taba. 9.1 mns pacuera Kou-
CTaHT KOMMJeKcoo6Gpa3oBaHus, TI€ BJAMsSHHE CpellHell YacTH KpuBoii
THTPOBAHUS Ha nosyyeHHble Ko3(PPuUHEHTb ypaBHEeHHWil IJs pacye-
ToB Mo Ccnocofy HauMeHbUINX KBajpaTOB HEONpaBIaHHO BEJIKO,
TOrja Kak OcTajibHble yacTH KpuBoi (pakTHueCKu oTOpachBalOTCs.
[lpr naneHeMIIMX pacueTaXx CHJIBHO BO3PacTaiOT BBIUHCIHTENbLHbIE
TPYLHOCTH 3, ¥ NpHMeHeHHe MALIMHHOTO cyeTa (C MJaBalolei 3a-
nsaTol), OOLIYHO peKoMeHLyeMoro sl pacueToB no crnocoly Hau-
MeHBLIHX KBanpaToB axe NPOCTHIX CHCTeM S, MOXeT NPHBOLHTL
npH HeOJaronpuUATHLEIX OOCTOATENBLCTBAX K IMOJHOH IIOTepe TOYHO-
CTH, YCKO/b3aloWeil OT HEeONBITHOrO BhIUHCJAHTEs S,

IIpoananusaupoBaB MpHBelleHHbEe Bhille OCOOEHHOCTH HaXoxle-
HHAl KOHCTAHT, Mbl HAalJH, YTO AJSA ABYCTYNneHYaThlX paBHOBeCHil
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NpH pacyeTax no cnocofy HaHMEHbLWHX KBaapaToB TPYAHOCTH

. :
YCTpausIOTCs, eC/IM HCXOAMTb M3 ypaBHEHWil BHIa « - TBREZTIRRIZTEBBAIT IR E
) : o S = — S = W =S oW
1 | F]F7ITITIT SE| 8
oK'+ B K=1, 9) o .
Ki w K ' ” - !
Kyna 1 H 2 BXOISAT pasjelibHO. = [=s) el B B =N = R O — @ oW o [=]
B criyuae KHCJIOTHO-OCHOBHbIX DaBHOBECH)i Le/lecooGpasHo Bbl- 2 2888 & = D o SE2E8EY -
6paTb - = FSNED S I R U O A A &
— (@11 — @) -1 @) -1 oF
ai—!H }i Zy B:—'_'lH ]i Y, n Tt=—[H X,
! -
e =)
MOTOMY YTO HMMEHHO Toria OWHGKH CBOGOAHBIX . YNEHOB 7; = : | oo -
1] o oy - — @ o oI~ L~ .
= B— C +[H® —[OH®] pacnpenenentt npuGausutensio nop- S| % ESSE3E8E2E2RERERE 8
ManbHO C OJMHAKOBBIM cTannaptom. [lpaBunbuee Gbuio 6Bl ellle s | SeefeESeeeermaAanY =
YMHOXHTb ypaBHeHHe (9) (T. e. ai, Bi M 7;) Ha o6beM pacTBopa B 3
COOTBETCTBYIOLIEH TOYKE KPHBOIl THTPOBAHHS, HO B YHCJEHHOM . %
npuMepe (NpHBELEHHOM HHXKe) ITOro Hecnenano.B ciayuae onpene- = T
. ’ =
JIEHHS] KOHCTAaHT JHCCOLMALMH KOMIJIEKCoB (riiaBa 9), no anasoruy- g 82885 C-aE8EE2888 -
HblM cooOpaxcennsM, Bmecto (9.23) Jsyyuie UCnosb30BaTH ypaBHe- 2 [ =2 P e e T S = S R U &
Hue (9) co 3HaueHMSIMH sl = | TTTTTTTTTTTT799°9 a3
: = -
— [ © 71 e1-1 - w [
“1"‘—"_(2""”')[1‘ ]' B,——n[L ] » Ti=l1l—n >
@ o
z 1
ecny Ky u Kz, kak u B cayuae KHCJIOTh — KOHCTAHTH AHCCOUHALIH, I N o TSR3 ISLI_ES S S
Ilpu pacuere KHC/IOTHO-OCHOBHBHIX paBHOBecuil OTGpachiBaeM Ha- ~ | = CgBuRE ST~ =SSO = s
4aJio ¥ KOHeL, KpHBO# THTpoBanuf, a aaa pKs — pKy > 1,8 takke u 2 © ' &
Touky B = C, xak He ofecneuuBalouliie HaJeXHbIX pe3yabTaToB. = of
Hanee noctynaeM Tak, kak noka3awo a npuMepe (1a6J, 3 — nepe- =
cyer AaHHbIX Tabn. 3.1; 3HayeHus g;, B; U 7; PACCUHTAHBl HAMH 3a- £ 22 -IBRLYITLINLVLE3 Y
HOBO W3 HCXOAHBIX NaHHBIX, 6€3 npumenennst X, ¥ u Z us taba. 3.2: gl= RRE3e828888833888
Touka V =05 cm® MCK/IOYEHA JIMUIb JUIS CONOCTABJEHHS pe3yJbTa- g | = | eRee TSN TYTYITTT
TOB pacyeTa C HaHHBIMM aBTOPOB, TaKke €e HE YYHTHIBABLIHX). - = g
[No naiileHHBIM CyMMaM COCTaBJisieM CHCTeMY ypaBHeHHit ) z
- &)
. . . . o . W@ D = I~ = 0 o=~ Y @
. b hid I~ [ = e B T R - o e [ e d — 0 < 2 c
B2+ Ba,B,K, = Ta, 1, &L | E2822858585 288858
' . ; ’ - =) o e o O
-1 2pr (10) =
. BB, K;'+ SPK, = 28,1, 9 S| TTTTITTTTTTT7717
- i] ] N - . =
. PelleHHeM KOTopoil sBsioTes o gz aseas8EEES
- = R R R A e - R
1 =1 2 - . . . o ~ ~ W0 FOH NN~ oo @
Ki'=0"" (B 28— 2B D) (1)
: -1 2 '
Ka=A"(Re: 2 iyt — D Zou) : I |'anwonaoncnungmnanang
; 2 ’ R e R R Y- Y= R V= N S S - =t
2vn2 :
rae A = Zaikf;— (Zaifi)2
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,H,JIH paccMaTpHBaeMoro npumepa

A=3,693-10
Ki'=1,250-10% pK,=4,087
K»=3,801-10"% pKy=25,420

310 ¥ ecTh HauBeposiTHeHUIHe 3HaYeHUsl HCKOMBIX KOHCTaHT.
Jina pacyeTa’rpaHHil HHTEPBAJIOB C 3allaHHOH HEHAaJleXXHOCThIO CJe-
AyeT NOJCTAaBUThL 3TH 3HAYEHHMA B JeBble yacTH ypaBuenuit (9) H
HaHTH OTKJOHeHHS] BBIUMCJEHHBIX JIeBBIX 4YacTeil OT H3MepelnbX
npapbiX. CyMMy KBaJpaTOB 3THX OTKJOHEHMil nouacrapjsicM B ¢op-
myny (3), rae, B caydae onpefeieHHsl He ONHOH, a JBYX KONCTaHT

HCTOJb3YEM
k=n—2 (4a)

Ecau HaﬁHEHHbIe OTKJIOHEHHS HE€ CJHULIKOM BeJHKH, HaXO0JlHM
craugaptel aas  pK;, u pK: no ¢opmynam, yuuTHBalOLIMM, YTO
pK—.norapanMbl Hail/leHHbIX BEJHYHH

v S, =2,3026 Ky VZBI/'Q‘
k, = 2:3026 K3's V 3 o?/a

rue A, Ky u Kz onpenensiiores no ypasHennsm (11). 3atem, kak u B
cjlyyae ONpeleneHHsi OJHON KOHCTAHTEl, HAXOIMM rpaHHlBl HuTep-
BaJla npu nomowu kpurepusi CThlojeHTa IJs1 YuCaa crerneHeil CBO-
Goubl k=n—2 [no ypaeuenuto (4a)], monssysce ¢opmyuoit (5).
' : Ta6auna 4
Pacuer aucnepcHH M HHTepBana 3Havenwd pK jnns Aauubix taén. 3

(12)

V. et 1,250 91'103 3,801 ﬁt'ms ‘\"'.ma}nuu (Youu— 1) 10* (Vawy _Ti),wa
1,0 g,812. —0,256 9,556 0,056 0,31
1,5 8,786 —0,372 * 8,414 0,264 6,97
2,0 7,455 —0,526 6,949 0,078 0 ﬁ]
25 6,285 —0,707 5,078 —0,066 0,44
30 5 250 —0,884 4,366 —0,092 0,85
3,6 4 276 : —1,198 3,078 —0,228 5,20
4,0 . 3,572 —1,477 2,095 —0,089 0,79
45 2,748 —1,939 0,809 —0,278 . 7,73
55 1,720 —2,966 —1,246 —0,217 4,71
6,0 1,379 —3,513 —2,134 —0,082 0,67
6,5 1,047 —4,299 —3,252 0,197 | 3,88
7,0 0,808 —5,040 —4,232 - —=0,197 3,88
75 ~ 0,621 —5,736 -5,115 |° —0,118 1,39
8,0 0,463 —6,424 —>5,961 X 0,05
8,5 0,338 —6,891 —56,5563 0,308 9,49
9,0 0,209 —7,724 —7,515 0,251 6,30

i Cymma |—0,669-107%| 5327-1077
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Hcxons u3 pauubix tabi. 4, HaxoaHM:

S_‘/5327 10-7 V385 107

-3 __ C10-4
LA 0~* =1,951 - 10

-2, _ -2,
Sk, =248-107% 5 =2,88-10
pK,==4,087 £ 0,013; pK,= 5,420 * 0,015

Kak Bunno u3 taba. 4, nais~paccMaTpuBaeMoro npumepa pacnpeje-
Jenne olIHOOK ellBa JIH ABJAETCHA CJAy4aililHBIM M, BEPOfITHO, cOep-
MHT CHCTeMaTHuecKHe OMMHOGKH, IlelicTBHTENbHO, NONOXKHTEeNbHbie H
OTpHLATENbHBIE OTKJIOHEHHS CJAeAYIOT KOMNakTHbIMH rpynnamu. Ot-
yacTH 370 oObsACHSIeTCH OTCYTCTBHEM yueTa KO3((HIHEHTOB aKTHB-
HOCTH, MEHSIOLLHXCS BAOJb KPHBOH THTpOBaHHMs. MX MOXHO yuecTb,
BBells1 B KO3dduuuenTsl ypaBHenusa (9) nompaBku Ha Kod(pgpuuu-
eHTH aKTHBHOCTM, NepeBOAsIiLiHE «CMellaHHble» KOHCTAHThI B TepMo-
IHHAMHYecKHe 7 W NMOBTOPHB pacueThl 3aHoBo. OOHAKO MBI BCe XKe
paccuuTeiBaiy HHTepBajibHble 3Havenusa pK njsa a=0,95 u 2= 14
Tak, Kak ecaum Obl pacnpenenesie (Ysea—7i) ObUIO HOPMAJIBHBIM.
Ilonyuennsle 3HaueHHs CHOBA OTBevaloT npHMephHo BlBoe Gosee y3-
KOMY HMHTepBajy, YeM [PHBOAMMLIN aBTOpaMH KHHIH (e3 yKaaamiH
HajexnocTd s HabopoB no BoceMsb 3navenndt pK. .

CiienlyeT TIOHYEPKHYTh, YTO OWHOKH B MPHIOTOBJEHHH HCXONHBIX
pPacTBOpOB BeleCTB, KOHCTAHTBHI KOTOPBLIX ONpENessiioTcsl, CTaHOBSIT-
Cca CHCTEMaTHUYECKHMH [Jisi BCell cepHH TOYeK OJHOIO THTPOBAHMSA,

i M HeoOXOIHMO THTPOBAaHHE HOBHIX, HE3aBHCHMBLIX HaBeCOK, UYTOOHI

ILJIsI COBOKYIHOCTH CepHil THTPOBaHMil X MOXHO Gblio Obl paccmar-

'ﬂﬂwgﬁllhle.u_w--.—m._.m-———-—_——-~-—----—-~-~-— e

TOrPELIHOCTH NPH CNEKTPO®OTOMETPHYECKHX H3MEPEHHAX
H METOObI HX YMEHBLIEHH S

[TockonbKy OTHOCHTENbHAsi MOTPEILHOCTE A B ONpejlesleHHH on-
THYecKoll myiotHocTH D 3aBucHT OT camoil Beauuunsl D u craHo-
BUTCA MHHMManbhOl npu D = 0,48, nauny KioBeThl BuIGHpAIOT O0bIY-
HO TakHM 006pa3oM, yTo6bl H3MEpPeHHs MPOH3BOIMJINCHL HA YYyacTKe
wKanel Npu6opa BO6aU3K 37O ke Touku 810, [Tpu 3ToM cuutaior !,
YTO OMNpe/lesieHHe BEeJUUMHBl C MOrpeliHOCThIO, HE MNpeBhIllaloleit
2ANuu, BO3MOXKHO Ha MHTepBafe onTHYeCKHX niaortHocteid 0,10—1,2,
a MHOrla '? peKOMEHIyIOT B KauecTBe ONTHMavlbHBIX eille Gojee y3-
KHe rpaHHlEl, Hanpumep 0,2—0,7.

H. I'l. Komape u B. Il. CamoitioB nokasanu '3, yto pas npu6o-
pos tHna C®-4 uHTepBas NONycTHMHIX 3Hauenuit D, B npenesnax
Kotoporo ofLiasi OTHOCHTeJIbHAsi MOrpewHocTs (GoTOMETpHPOBaHHS
HEe mnpeBbIIaeT YABOEHHOH MHHMMAaJbHOH OLIHOKH, 3Hatm're.nbuo
lMpe, YyeM CYMTAJOCh IO cHX mop (Cp. C naHHBIMH paborw !1),
IPOCTHPAETCs BIVIOTh [0 HCC/ENOBaHHBIX 3Hauennit D = 1,7— 18

Cnenyer NOMHWTB, YTO NpPH CKOJAbKO-HHOYAbL TOYHOM paﬁo*re co-
BepPUIEHHO HEOOXOAUMBIM ABJISETCHA BbIICHEHHE BONPOCa O B3aHMO-
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3aMeHsIeMOCTH KIOBeT 4, a Takxe yyeT 3aBHCHMOCTH KOs(QQuuuen=
TOB MOJISIPHOrO TOTJIOLLEHHS OT MnoOKa3aTeJssi MPEJIOMJEHHS] pacTBO<
pa'5; ykasaHHasi 3aBHCHMOCTb He Jl0/12kHa OLITb OYeHb CHJBHOI, Tak
KaK MHaue naHHble H3MepPEHHil He MOryT OBbIThb MOJIOXKEeHbl B OCHOBY
pacueta KoncraHT. Heo6xoaumo Takxe o6paTHTh BHUMaHHe Ha BO3-
MOKHble OWHOKH 33 cueT paccesiHusi CBeTa NPH HCMOJb30BAHHM
KIOBET C OTKPBITON, MOBEPXHOCTLIO !5, a Takke Ha HeOOXOAHMOCTb
TepMOCTAaTHPOBaHHsi PacTBOPOB B CaMOM Mpoliecce H3Mepeluit 7.

ANNAPATYPA IJiff TOYHOIro H3IMEPEHHSA pH CO
g & CTEKJISHHBIM 3JEKTPOAOM

BLICOKOE BHyTpeHHee CONPOTHBJEHHE raJbBaHHUECKHX lieneil co
CTEKJISTHHBIM 3JIEKTPOAOM HE MO3BOJSET MOBBICHTb TOYHOCTH H3Me-
pennit pH npn ucnons3oBaHuK 06bYHBIX pH-MeTpoB, cO6paHHBIX Ha:
NPHUHIMINE YCHJAUTENsl MOCTOSHHOIO TOKa. DTO 3aTpylNHEHHE MOXHO
o6ofiTH, ucnoab3oBaB npHGop ¢ Gosee BBICOKHM (4eM y OOBIYHDBIX
pH-MeTpoB) BXOIHBIM COTPOTHBJEHHEM M NOCTATOYHOMH - UyBCTBH-
tenvhocTelo (nopsiaka 0,1—0,05 mg). HauGonee npocTeiMH U JIO-
CTYNMHbIMH NpHGOpPaMH, YIOBJETBOPAIOUIKMHE 3TUM TpeOOBaHHSAM, fB-
JSIIOTCS. 9JIeKTPOMETPhl C JMHAMHUYECKHM KOHIeHcaTopoMm '8-21,

" B nocaenuee speMsi npHOopbl Ha OCHOBE 3JIeKTPOMETpa C JIHHa-
MHMYECKHUM KOHIEHCATOPOM NOSIBWIMCH B Ipofaxe. UHTaTeNto Mox-
HO pekoMenznoBaTh JaGopatopusiii pH-merp PHK-1 uexocnosau-
koro npousBofctBa . (Mikrotechna narodni podnik) Hau saextpo-
merp FAU-A-U-56 npoussonctsa ['JIP (Vakutronik VEB).

"Jlna u3MepeHusi 3. [.C. Leneid ¢ O4yeHb BBICOKHM BHYTPEHHHM
CONpPOTHBJIEHHEM MPENJONKeHbl U yCrnelllHo paboTaloT CPaBHHUTEJbHO
HECJIOXKHble ycTaHoBKH 22, CxemMa O[HOHM M3 HMX IpelCTaB/ieHa Ha
pucynke. Ha Bxoje uenn NMHaMHYECKOrO KOHAeHCAaTOpa BKJIOYEH
NIOTEHLMOMETP NOCTOsSIHHOro Toka. (Hanpumep, P-300) nmns komnew-
callii H3MepsieMoil 3. A.cC. H BO3MOxKHoro npeida Hyasa. CHBoeH-
Hblit nepekloyatens K, CaAyXHT IS NPoBepPKH HYJEBOil YyCTaHOBKH
npuGopa. Curuan nocTosIHOrO TOKA Yepe3 CONpOTHBJeHHE R; mo-
[aeTcsl Ha MJacCTHHbl KOHAeHcaTopa Ci, €eMKOCTb KOTOPOro MepHOAH~
yeckH MeHsiercsi. Eciy npu 3TOM HanpsikeHue Ha OOKsnaJKax KOH«
JeHCaTopa OCTAETCS -MOCTOSHHBIM, B €r0 Lenud BO3HHKAaeT nepeMeH«
HBIii 3JEKTPHUECKHI TOK, ¥ CHIHAJ NOCTOSIHHOro TOKa npeoGpas<

3yeTcss B CHIHa/l INEPEMEHHOrOo. C Bnixona -illenu IIHHEI‘MH({ECKOI'O.

Kouzencatopa C; cHrHai MOCTYnaeT Ha 3JIeKTPOMEeTPHYECKHil Kacs
Kaj ycujenusi, co6pahiubiii Ha saMmne 19111, [lanee curwan nomaer«

Cfl Ha YCHJIMTENIb BePTHKAJAbLHOrO OTK/OHEHHS ocLu/Iorpaduyeckoro -

uuaukaropa uyns MHO-3M: OnHoBpeMeHHO HA FOPH3OHTAJBHO OT«
" KNOHSIOLLKe TJacTHHE 3/eKTpOHHOMyueBoit Tpy6kn HMHO-3M no-
CTynaer CHTHaJ OT CeTH, OT KOTOpOii MHTaeTCs TaKiKe 3JeKTpoMar-
HUT, NPHBOASALLMI B ABHXeHHe BHOPHMPYIOLLYIO NIACTHHY AHHAMH=

14

'UECKOrO KOHJeHcaTopa. B pesysnbTate ciiomennsi STHX IByX CHr-
HaJIOB 3JIEKTPOHHBIN JIyd HAauYepPTHT Ha SKpaHe TpyOkH sjsunc. [1pu
KOMIIeHCALMH H3MepsieMOH 3. . ¢. HJIH CHIrHaJa, BO3HHKAIOWEero 3a -
cuet apeida Hyna npubopa, sAsHNC NpeBpaLlaeTcss B NPSMYIO JH-
HHIO.

Onucannasi ycTaHOBKa MO3BOJISIET U3MePHTH 3. 1.C. Leneil ¢
NPAKTHYECKH JIOGHIM BHYTPEHHHM CONMpPOTHBJeHHeM. UyBCTBHUTEJNb-
HocTh 1o Hanpsikenuio cocraBagetr 0,060—0,1 me. Yertanoska ouenn

r—————-—-—--—-—-—-u-l-——--u. ————————————
t
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CxeMa yCTaHOBKH 15 H3MEPEHUA 9. JI. C. Lenel ¢ BEICOKHM BHyT-

PeHHHM conpoTuBaenHeM: K, = 1000 Mos; R; = 100—400 Moux;

Ra=>50xM R, =62 KoM, R;=>51 Kou, Ry — 18 Kom; eMkocts

KoHzencaropos C) u C, ery.rmi)yercsa apu HacTpoiike npuGopa;
3==0,1 Mrd.

yno6xa npH paGoTe CO CTEKAAHHBIM 3JeKTpoioM. Buinocuol Gaok
¢ JIMHAMHYECKHM KOHJIEHCaTOPOM MOXKHO pPa3MECTUTh MpPSMO Haj
TepmocTaToM (HJH B BO3AYLIHOM TepMOCTaTe), rje NOMeLlaeTcs
fiyeilka CO CTeKJSHHBIM 3JIeKTPOJOM. DTO MCKJIOYAET BJIHANHE JeK-
TPOCTAaTHYECKHX noJied npu usmepeHun. Ocuunnorpaduyeckuil orcuer
nossossieT ObicTpo cllenaTh NOC/ENOBaTeNbHble H3MEpPeHUs 3. [. C.
M HyJeBOHl yCTaHOBKH npHOOPa, YTO HCKJIOYaeT MOTPeliHOCTH 3a

" cyer apeiipa Hyns (KOTOPhIf, KCTaTH, He npeshiuaer 1 me/cyrku).

Takas ycranoska oGecneynBaer TOYHOCTb H3Mepenusi pH B 0,005—
0,01 enuHULBL '
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3AMEYEHHDbIE ONEYATKH

CrpaHuua CTpoKa Hanenarano Honxno GuTh
72 1 ceepxy MOAXO;IAIAA CTamMA TIOAXOASINAS, — CTAiA
75 7 cHuay pK, == 5,13. pKa ocHoBauns, pae-
) HBIM 5,13.
97 3 cBepxy atmocdepsl atMocdepok
98 1 csepxy ynpouenni npHGAmKeHHil
8 cuuzy yrnpoueHsi NpHOGJIHKEHH
103 I cBepxy " Mad, MaJl0 OTAHYAZETCH OF
OT eQHHHLH.
108 19 cunay no aGCoOMOTHOH BeMH- | YHC/AEHHO
: YyHHE
132 18 cuay nas H3 -
138 15 cunay N-rereponukas: N-retepormKJis.
160 | 12 cumnsy pK. BcerRa cooTBeTCcT- | K, BCCrA2 COOTBETCT-
ByeT GoJiee BHCOKOMY BYCT CaMoMy BHICO-
r
anauenuio, K, — cie- xoMmy 3HaueHmo pKy,
NywieMy euie Gonb- Ka—"'CJIERYlOlllCM}'
ueMy 3HaueH4io, HH3ILEMY 3HayeHuio,
3aw. 2689



