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PacTBOPHMOCTH B CHCTeMe XJI0PH] Mapraniua — KapbamMui -
XJI0pPOBOJOPOAHASE KHCIO0TA — BOAA npu 25°C

Merto0M pacTBOPHMOCTH NPH 25 °C p3yueHsl TCTEPOTEHAbIC PABHOBECHS B YETHIPEXKOMIOHEHTHOM CHETE-
Me: XJOPHI Maprania — KapOoaMius — X/IDpOBOIOPOAHAA KHCI0TZ — BOlA. HailneHs! 3aKOHOMEPHOCTH B3aHM-
HOTO BAMSEHS KOMIIOHEHTOB IpYT HA IpYTa, KOHUEHTPAUMOHHBIE TPaHHLEl O0Pa3sOBaHH coenmHeHMIL, cymie-
CTBOBAHHE KOTOPBIX ObLIO pafce yCTAHOBASHO MPH W3yHeHUH PACTBOPHMOCTH COCTABIRIOLIXN TPEXKOMIIO-
HEHTHBIX CHCTEM, @ TAKOKE IBYX HOBBIX KOODAMHALHOHHBIX CoeIHEHIH, COJIEPKALIAX B CBOGM COCTARE OI-
HOBPEMEHEO XJIOpHI Maprasia, KapbaMill i XJIOPOBOAOPOAHYHO KHEAOTY.

Knouegsie croea: MeTol PacTBOpHMOCTH, YEeTBIPEXKOMIIOHEHTHAS CHCTEMA, kapBamHIL. XJI0POBONOPOIHAR
KHCTIOTA, AMHAKACTOTA, KOOPIHHAIMOHHEBIE COCIHCHIA MapraHta.

B 1poao/IKeHHE MCCeI0BanMs MPOLUECcoB H MPO/IYKTOB B3aHMOJCHCTBHA B 4eTHIPEXKOMIOHCHTHBIX
cHcTeMax cosb OHOMeTanna — aMul — KHC/oTa — goaa [1, 2] m3yueHa pacTBOPUMOCTE B cHcTeMe XJIOpHA
Mapraiia — kapoamui — XJ10pOBOAOPOHAK KHCIOTA — BOJA.

Metoa H3yueHHs PACTBOPUMOCTH B CHCTEME 3aKTIOUANICA B HACHILIIEHHH IBTOHHYECKHX PacTBOPOB CHC-
TeM XJ10pHA MapraHia — kapbamua — BOA H kapGamuz — XJIOpOBOAOPOAHAS KMCIOTA = BOJia BO3PACTAIOILH-
M KOTHHYECTBAMM 4ETBEPTOTO KOMMOHEHTA. [TpoGkt TBEPAOTH H JKHIKOH (a3 aHATU3HPOBATH XHMHYCCKHMH
aHAM3aMH H4 COASPIKAaHHE XIOpH/A MapraHua (KOMTITIEKCOHOMETPHYECKOE THTPOBAHNE TpwioHoM b), Kap-
famuaa (1o KOIMYECTBY a30Ta METOIOM Kbenbaans), X0pOBOAOPOAHOH KHCIOTEI (turposanue 0,1 H. pac-
TBOPOM THAPOKCHIA HaTpus), Tepaas (asa KOHTPO/IHPOBANIACh TAKKE KPHCTA/LTOONTHYECKHM H PEHTTEHO-
hasoBBIM METONAMH aHATH3A [3-5].

Pe3y/IbTaThI 110 PACTBOPHMOCTH B CHCTEME npuseseHbl B TadaHue (Mac. %) n rpaduuecky u300paxKeHsbl
Ha pUCYHKE B BHIE [IeHTPAILHON MPOSKIMH NPOCTPAHCTBEHHOH H3OTEPMBL.

®urypariBHbIE TO4KH HA TIPOCKINH AMarpaMMbl BbIPayKatOT COCTaB Ge3Bo/HOMN 9acTH CHCTEMBI (coneBOH
coctap). JLa yuéra comepikaHus BO/bl B CHCTEMC paccHHTaHsl 3HAYEHNUS BOAHOTO HHCId. KOTOpOE PaBHO KO-
M4ecTBY MOTEH BO/IbI, HEOOXOAMMOTO 1T pacTBOpeHus | MO CyMMBI coneii, HAXOIMIIIHXCA B pacTBOPE.

BeTsp H30TEpMBI, BKIHOHAKOMIAA TOYKH 1—5, oTBeuaeT KPHCTALTH3ALHH IBTOHHHECKOTO cocTaBa CHCTE-
Mbl XJIOpHI Maprasig — kap6amua — soma CO(NH,), +MnCl, - 4CO(NH,), . C pocTOM KOHUEHTPALHH
XJOPOBOAIOPOIHOM KHCIIOTHI B 3BTOHMYECKOM pactsope ot 0 1o 6,80 % MPOMCXONUT KPHCTAIH3AINS STHX
COeIMHEHWH W3 PacTBOPOB COACPIKALIMX xapbamun ot 63,19 10 59,01 % W XJIOpHA MapraHua ot 15,94 no
19,18 %. [Tpu 31oM HaGnroNAETCA MOHIWKEHHUE suauenns BoaHoro uncia ot 0.98 10 0,63, 4TO YKa3bIBaET Ha
scanMBaloniee AelCTBHE XJI0POBOIOPOAHON KHCIOTHI Ha pacTBOPHMOCTE IBTOHHHECKOH cMecH. B pesyisTa-
Te MPOTEKAIOIIEro B3AHMOAEHCTBHA B TOUKE 5 waGMOAAcTCA KPHCTAUIM3AIIAS HOBOTO XHMHYECKOTO coeau-
genus — MnCl, - 2CO(NH,), -HCI.
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PucyHoxk. LlenTpanbHas NpoeKiHs H30TEPMB! PACTBOPHMOCTH B CHCTEME
XJIOPHII MapraHlia — KapOaMHz — XJI0POBOOPO/IHAA KucioTa — soaa npu 25 °C

Bersb u30TepMsl (TOuKH 5, 23-27) COOTBETCTBYET BhIIETEHHIO B TBEPAYIO a3y oOpasoBaBierocs Ho-
BOTO COE/IMHEHHS, COJEpIKalliero 0/IHOBPEMEHHO TPH MCXOJHBIX KOMIOHEHTA. YBEIHICHHE KOHUCHTPALMH
xJopoBoaopoasol kucnots: or 6,80 10 13,25 % NpHUBOAMT K CHIWKEHHIO KOHIICHTPALWK XJIOPHIA MapraHua
ot 19.18 10 13,08 %. KOHILEHTpanMs Kapbamua HaXO[MTCsS B Mpe/ienaX KoHueHTpainii 57.49 1o 60,72 %.
3HaueHue BOJHOTD YHC/IA B 3TUX pacTBOpax moHmwkaercs ot 0,63 1o 0,49, 410 yka3pBaeT Ha BCATHBAIOLIEE
AelCTBHE XJIOPOBOAOPOIHOH KHCIOTH HA PACTBOPUMOCTD TPONHOIO COCANHEHUA.

Npubarienye B 3BTOHHYECKHI PACTROP CHCTEMbI KapbamuI — XI0POBOAOPO/HAA KHC.I0TA — BOAA X10-
puaa mapranua 10 13.08 % (touxs m3oTepmbl 18-23) MpHBOIMT K yBEJIHUCHHIO B PACTBOPE COACP/KAHHMA
kapbaMmuaa M XJI0POBOAOPOAHOH KucnoTsl oT 58,40 o 60,72 % u ot 11,56 mo 13.25 % COOTBETCTBEHHO.
B tBepayio dasy npu 3Tom BhLaeaseTCA IBTOHMYEcKas cmecs CO(NH,), +2CO(NH, ), - HCI, B Touke co-

crasa 23 nabmonaercs obpasosanue HoBoro Tpoiinoro coemunenus — MnCl, -2CO(NH, ), - HC1. Boauoe

4HCIIO B 3THX pacTeopax ymersmaetcs ot 1,29 no 0,49, T.e. 06pa3oBaHHe HOBOTO COSAMHEHUS MPOHCXOUT
3a CHET BCAJIMBAIONIErO ASHCTBHS XJI0PH/1a MapraHla Ha IBTOHHUECKYIO CMECh.

BeTsb M30TEPMBI, COOTBETCTBYIOIIAd TOUkaM 5-11, oTBeUaeT KpHCTA/IM3ANHMH M3 HACHILICHHBIX pac-
TBOPOB ABO#HOIO coeaunenns MnCl, -4CO(NH,), .

POCT KOHICHTPAlLMH XJIOPOBOAOPOAHON KHCI0TEL OT 6,80 no 12,88 % npuBOAHT K YMEHBIIEHHIO CO-
nepskanua kapbamuaa B pacteope o1 59,01 10 44,78 %, npH 3TOM KOHUEHTpPALH X/10pHIa MapraHila moBbi-
waetcs ot 19.18 10 28,36 %. 3HaueHrHe BOAHOTO YMCIa H3MEHAETCH BEChbMa HE3HAUWTENbHO OT 0,63 no 0,68
(Touk# 5-7). 3aTem OHO MoHWKaeTes A0 0,59.

BeTBb HM30TepMBI, COOTBETCTBYIOIIAs Todkam 23, 28-34, oTReuaeT BBINENEHHMIO M3 HACKINIEHHBIX pac-
tBopos coemuHenns 2CO(NH,), -HCl. Veenuuenue KoHUeHTpaimu Xjiopuaa maprauua ot 13,08 a0
15.90 % npHBOAKT K CHIWKEHHIO KOHLeHTpauuu kapbamuaa ot 60,72 mo 45,98 % u yBeTHUSHHIO KOHUEH-
TPALMH XJOPOBOAOPOAHON KucaoThl 0T 13,25 10 26,36 %. Y MEHBIIEHHE NIPH 3TOM 3HA4YEHWUA BOAHOTO 4HCna
o1 0,49 10 0.40 ykaspiBaeT Ha HeGOIBbLIOE BCANMBAIOLICE BIWAHHE XIOPOBOJAOPOIHOH KHC/IOTEI HA PacTBO-
PUMOCTH TAHHOTO COETUHEHHA.

BeTBb H3IOTEPMBI PACTBOPHUMOCTH, COOTBETCTBYIOIIAR Toukav 17-11, OTBeYaeT KPHCTAVIM3ALMH U3 Ha-
CHILIIEHHBIX PaCTBOPOB CMECH /IBOWHBIX coeauHennit MnCl, -4CO(NH, ), + MnCl, -2CO(NH,), .

POCT KOHLIEHTPALIMK XJI0POBOIOPOAHOM KHCAOTH! OT 0 10 12,88 % NpHMBOAMT K yMEHBIIEHHIO BOAHOTO
miena ot 3,31 10 0,59, uTo ykasniBaeT Ha CHILHOE BeajuBalollee RIHSHUE e€ Ha PACTBOPUMOCTD S3BTOHHYE-
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ckoit cMecH. mpuBOAsueli K KPHCTaM3allMd B TOYKE COCTaBa 11 HOBOro TpOHHOTO COCIMHEHHI —
MnCl, -CO(NH,), -HCI. Tlpu 31oM B pacTBope yBEIHM{HBACTCA conepkanue kapGamuaa ot 30,5 10
44,78 % w xa0puaa Mapranua ot 26,61 10 28.36 %.

BeTBb H30TEPMbI, COOTBETCTBYIOWIAs TOYKaM 35-40, 34, oTBedaeT KPHCTALTH3ALHHE W3 HACHILIEHHBIX
pPacTBOPOB CMECH ABYX aMHIKHCIOT: 2CO(NH, ), -HC1+2CO(NH,), - HCI.

Poct koHLeHTpamuy Xyopuaa Mapranua o1 0 zo 15,90 % NPHUBOINT K CHIDKEHHIO CONEpikaHHs KapOa-
miza B pactBope oT 46.98 10 45,98 % (uepe3 nosbilterne 48,72 % B TOuke 38) ¥ yBeIHHEHHIO KHCIIOTBI OT
22.91 102636 %.

TMoHHKeHHe 3HaucHus Boasoro uucia ot 1,18 no 0,40 ykaspiBaeT HA CUIIBHOE BCATHBAIOLICE BIIAAHHE
XIOpHAA MAPTAHNA HA PACTBOPHMOCTH AMHIKHMCIIOT, NPUBOAAMICE K KPHCTALIH3ALAH B TOuke cocTaga 34
1oBOro TpoitHoro coeauterns — MnCl, - CO(NH, ), -HCl.

BeTsb H30TEpPMbI, cozeprkaiiad ToukH 11, 34, 4852, orBeuaeT KpPHCTATIM3aLHH 00pa3oBaBLICIocs Ho-
oro coexuredns MnCl, -CO(NH, ), - HCl. KonuenTpauus kapbammaa HaCLILIEHHBIX PACTBOPAX 3TOM BeT-
81 H30TEPMbl H3MEHseTca B MHTeppanax ot 43,07 10 45.98 %, xnopuaa Mapraaua — ot 28.36 10 15.9 %
fpH POCTE KOHLIEHTPAIHH XJI0POBOAOPOAHOH KicoThl oT 12,88 10 26,36 %. C pocTOM KOHLEHTPALHH KH-
C7I0ThI HAB/IONAETCA TIOHIKEHME 3HAYEHHS! BOJHOTO YHC/A, YTO CBHACTENLCTBYET O €€ BCATMBAIOLIEM aeii-
CTBHMM HA PACTBOPHMOCTb HOBOTO TPOHHOIO COCANHCHHA.

BeTBb M30TCPMbI, COOTBETCTBYIOMIAs TOUKaM 34, 4147, oTBedaeT KPHCTAUIH3ALHH M3 HACBHILICHHBIX
pactopos CO(NH,), -HCI.

Ha 3ToM yuyacTKe H30TEPMbI NIPH KOHLEHTPALUAX KUCIIOTEI B NPEAeIax OT 26.36 no 33.62 % nabmona-
eTCS POCT 3HA4YEHHs BOIHOIO 4HC/A OT 0,40 10 1,19. D10 yKa3blBaeT HA BbICATHBAIONICE BANAHHE XJI0pOBO-
[IOPOHOH KHCJIOTb! HA PaCTBOPHMOCTE laHHOM AMHIKUC/IOTEI, MPH ITOM Cojiepkanue kapbamuaa yMeHbLIa-
etcs or 45,98 10 21,79 %, a conepkaHue XJI0pHa MapraHLa YBEIWHBACTCA OT 15,90 o 18,38 % u 3arem
ymenbinaetcs 10 14,54 %.

BeTeb H30TEpMBI PACTBOPHMOCTH, COOTBETCTBYIONIAA TOHKAM 11. 53-39, orBeyaeT KPHCTAINHU3ALHH K3
HACHIEHHLIX PACTBOPOB ABOHHOIO COCAMHCHNS X/I0pH/IA MaprakLia ¢ kap6amuaom — MnCl, - 2CO(NH, ), .

KpucTa/uin3auma 3Toro CoeAHHEHHs COMpPOBOXKAAETCS YMEHBIIGHHEM KOIWHeCTBA KapOaMula B KHI-
xoii paze ot 44,78 10 22.53 % U yBenHUCHHEM KOHUCHTPALIMH XJI0pHa MapraHua B pacTsope OT 28.36 mo
34,03 %, npH YBeJIHYEHHH COAEPKAHHA XJIOPOBOJOPOIHOM KMCIOThI OT 12,88 mo 23.49 %.

BoaHoe YHC/I0 B PACTBOPAX AAHHOH BETBA M30TEPMbl BO3IPACTAET OT 0,59 no 0.86, uto yxa3eiBaeT Ha
BEICAIMBAtOLIEe AeHcTBHE XIOpHIa MapraHiia Ha pacTBOPUMOCTb JAHHOTO COEeHHEHMA.

Ha BeTBM M30TEPMBI PACTBOPHMOCTH, COOTBETCTBYIOLICH TOUKaM 6068, 39, naGnronaeTcs KpHCTaLIn-
3aiMs W3 HACHILICHHBIX PACTBOPOB CMECH, COCTOALIEH U3 IHApaTa uexoaHo# conu MnCl, -4H,0 u coean-
HeHMs XJIOPH/Ia MapraHia ¢ KapdamuiaoM MnCl, -2CO(NH, ), .

PoCT KOHLEHTPAUWH XJOPOBOIOPOAHOH KMCIIOTbI B pacTBOpe OT 0 no 23,49 % npHBOAHT K VBenHue-
HMIO COOCpAKaHHMs B PacTBOPe kapbamuaa or 12,79 no 22.53 % | MOHIKEHHIO CONEP/KaHua XJI0pHaa Map-
ranma ot 48,79 no 34.03 %.

BoHoe YMCI0 HA 3TOM YHacTKe W30TepMbl MOHHKAETCA OT 3.55 no 0,86, 9TO yKa3biBaeT Ha BCald-
parolee AeHCTBHE KHMCIOTH Ha 00pasyiommecd COCANHCHHA, OAHAKO 3TO HE TIPHBOIMT K OGPA30BAHHIO HO-
BOro COCIHHEHHA.

BeTsb W30TEPMBbI, COOTBETCTBYIOMIAs TOUKaM 59, 69-76. OTBe4aeT KPHCTA/LTH3ALMH M3 HaChILLCHHBIX
PacTBOPOB FM/PATA HCXOIHOH COMH MnCl, -4H,0 . C pocToM KOHUEHTPALHH XJIOPOBOJAOPOAHOH KHC/IOTEL B
pactBope ot 23,49 110 35,52 % NpOMCXOIMT CHIKEHUE COACPHKAHNA xapGamuaa ot 22,53 no 1,49 % u xso-
puaa maprasua ot 34,03 no 22,99 %, MPOXO/A Uepes MakcuMyMm B Touke 69 (34.56 %). BoaHoe 4ucio yBe-
auuusaercs o 0.86 10 1,88, 4TO CBUIETENLCTBYET O BbICATMBAIOLIEM BIHAHHH XJIOPOBOIOPOAHOI KHCIOThI
Ha pacTBOPUMOCTB COJH.

Takum o6pa3om, 00pa3osaHne HOBOTO TPOHHOTO COCAMHEHMA MnCl, - 2CO(NH, ), - HCI ormeueno B
CHCTEME MPH CONEPXKaHWM HCXO/HBIX KOMIIOHCHTOB B Hell, B TOUKaX, 0003HAUESHHBIX HOMepaMy 3, 23-27,
coenmtenna MnCl, - CO(NH,), - HCl — 8 TodKax 11, 34,48-52.

KHC/I0THO-OCHOBHOE B3aMMOZICHCTBHE B M3Y4YEHHOM 4eTHIPEXKOMTIOHEHTHOH CHCTEME, MPHBOAALICS
K 00pa30BaHHIO TPOHHBIX COeIMHEHHIT, BO3MOKHO B pe3y/ibTare NPOTEKaHHs CIeAYOMIHX peaxLimii:
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a) COeMHEHNE COMM METaIa C AMUIKUCIOTOH. [TpOMCXONMT MPH NPHOABJICHHM COTH META/LIA K IBTO-
HMYECKOMY PACTBOPY CHCTeMbI KapOGaMu /i — XJI0pOBOACPOAHAA KHC/IOTA — BOAR, Tpu 3TOM oOpasyercs HOBOE
KOOPJIHHE.IIHOHHOE COeIHUHEeHME!:

2CO(NH, ), - HCl + MnCl, = MnCl, - 2CO(NH, ), -HClI
CO(NH,), -HCl + MnCl, = MnCl, - CO(NH, ), -HCI

0) coenHeHME OHHAPHOTO COSHHEHHA C KHC0TOM. [TPOHCXORMT MpH NPUOaBICHHH KHCIOTBL K IBTO-
HMYECKOMY PAcTBOPY CHCTeMbl Kap0aMMA — XJIOpPH/l MapraHiia — BOJa, mpH STOM obpasyloTes HOBbIE KOOP-
AMHALHOHHBIE COSIMHEHHS, a TAKKe BRUIenseTes KapbaMul:

MnCl, -2CO(NH,), + HCl =MnCl, - CO(NH,), -HCI + CO(NH,),
MnCl, -4CO(NH,), + HCl=MnCl, - 2CO(NH, ), -HCIl+2CO(NH,),

B) HOBOE KOOPIHHALHOHHOE COSJMHEHNE 00pasyeTCs U NpH B3aHMOJICHCTBAN aMHIKMCIOT C IBOHHbI-

MU COeIMHeHHIMH XJI0PH/IA MapraHiia ¢ Kapdamniom:
2CO(NH, ), -HCl +MnCl, -4CO(NH,), = MnCl, .2CO(NH, ), -HC1+40(NH.),
CO(NH,), -HCl+MnCl, - 2CO(NH, ), = MnCl, - CO(NH,), +HCl+20(NH, ),

Takum 00pa3oM, M3Yy4YE€HHE PACTBOPUMOCTH B UeTHIPEXKOMITOHEHTHOH CHCTEME XJOpHA MapraHua —
KapbaMHI — XI0POBOOPOAHAR KHC/IOTA — BOJA MPH TeMNeparype 25°C no3BONKIO YCTaHOBUTE 00pa3oBa-
yWe M KOHLUEHTPAUHOHHbIE MNpeJenbl KpUCTALIM3AUMA  ABYX  HOBBIX TPOHHBIX ~ COSAMHEHWH

MnCl, - 2CO(NH,), - HCI, MnCl, -CO(NH,), \HC! u u3BeCTHBIX paHee COoelMHEHHHl kapbamuia ¢ Heop-
ranmdeckaMu comamu: MnCl, -4CO(NH,),. MnCl,-2CO(NH,), # amHIKMCIOT: 2CO(NH,), -HCI.
CO(NH,), -HC1 [6, 7].
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25 °C ke3ingeri Maprasell XJ0pHii — KapoaMuJ — XJ0PCYTeK KbIIIKbLIBI —
cy KyiieciHiH epirimriri

EpirimTi aaiciMes 25 °C Ke3iHAEri TOPT KYpaybIlUThl sy Hemeri reTeporenaik Tere-TeAIIKTEP IePTTEITeH:
Maprasell XJI10pHii — kapbaMui — XJI0PCYTeK KblIIKALIBI — CY. Kypaysiurapasi Gip-6ipise e3apa acepiHiH
JAHABUTBIKTAPL], KOCBUTHICTAP TY3L1YiHIH KOHLICHTPAUMANLIK WEKApAChl, YUIKYpaYBIITaH TYPaThiH KyHeRIH
epirimTirit 3epTTereH Ke3ne afRIHFaH KOCKUTRICTAPIEH GoNaTEHb! AHLIKTANIEL, COHBIMEH KaTap 0ip Me3riiae
KyPaMbiHIa MApraser] X1OpHi, KaphaMil iKIHE XI0PCYTEK KEIIKELTHI BGonaThid €Ki K2HA KOOPIHHAUHSABIK
KOCBITIBIC abiHIBI.
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