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S U :\1 \1 A R Y 

A method h< tS been described for the ax1c1lysis of the curves 
obtained when plotting the distribution coefficient of metal complexes 
between the solution and thE' <>nion exchange resin as d function 
of ligand concentr ~tion in the i<qu.•ous ph:1se. 

It has been assumed thctt a number of co'Tlp.:C>xcs (neutral 
as well as anions) •nay be adsorbed on the resin. Thus, the 
experimental distribution coefficient curve could be regarded as 
a sum of severc:tl component curves, each of them corresponding 
to a ssiven specie 3 adsorbed. 

The method so developed has been applied for the analysis 
of the published c atu on the distribution of zinc and cadmium 
behveen the anior exchanger Dowex - I and various chloride 
solt~tions. 

On the bash of the results obtained a conclusion is drovvn 
that for the systems analyzed the most probable complexes adsorbed 
on the resin are :he neutral species: Zn Cl 2 f:Zn Cl 3 and 
C2 ZnCI 4 for the fi~st system and CdCI 2 and C2 Cd Cl 4 for the 
second system re 3pectively; ·vhere C denotes the hydrogen 
ion or alkali meta' ion. 



AHHOHHWA o6MeH HCITOITb3yeTCH Ha ITpOTH*eHHH MHOrHX neT rrnH 

H3y'-leHHH o6pa30B8HHH KOMITJleKCOB MeTannoB B BOJ1flhD H CMCIII.'lllflb!X paCT

BOpax. Ho nnH Toro, '-IT06I>J naHHnJe o pacrrpeneneann 1 aHHOHHOM o6Mei!G 

MO*HO 6wno npHMBHHTb !liTH pnc'-!aTa KOMITneKC006pa30BLlllllH 1 He06XO!lllMld 

o6ocHoBaHH~>Je rrpennono*eHHH o coennneHHHX 1 cop6npy•~MJ,JX cMonoA. B pHne 

6 
I 11 2 1 3/ 

pa OT npennonarneTCH 1 '-ITO Ha BHHOHHTe Cop6H[OHDH TOITbKO OJ1HH 

/4/ 
Ko'-lrineKc. B npyrnx - He ne:HleTCH KBKHX-nn6o orpnHH'IBHHii qncna 

cop5nponaHHLIX KoMnneKCHl>IX coennHeHni\. Ho rann yrrr OIIIE'HH~I o6pa6oTKH 

na HHhiX a EITOpht npen nonara JOT 1 '-ITO ecnu cop!lupyeTc ;J G :>nee onHoro Bnna 

KOMITJTeKCOB, TO HX C.YMMy MO*fiO npeL!CT.'lBHTb KllK CO<'J1HH8Hlle C OITpene-

nellHhlM, XllpDKTCpH!oiM :lJlll Hero 3DpHLIOM. 

ilnH aKcnepnMeHTanblloro orrpeneneHHH ocaoni!JdX coennaeanA, npncyT

CTBylorunx B ilHHOHHTilX 1 HCITOITb3yiOTCH 118HHiole 00 H3M.,HeHHH COneBOrO 

COCTDBLl BH8ll1Hero paCTilupa H CHC.'lE'HHH 0 38KOMITJ18KC )1\DIIHOCTH MeTanna 

/51 
B BO!lf!Olf 1pa3e 1 pe3yJlbTilTJ,I CITCKTpOMeTpHH IWCJ,JlUEI!I!hlX ME'TannOM 

/6-9/ 
BHllOHHTOB 1 CBgL)eHHR 0 BJlHHHHH KpoccareHTD HD <oa¢¢HUHeHThl pac-

/10/ Ill/ 
npeneneHHH • OnaaKo 1 KilK aTo oTMeqaeT MapKyc 1 rrpo6neMa cocTo-

RIIHR MeTBJ1JlOB 0 COp6HpOBDHHbiX fiB 8HHOHHT8X 0 eme He pellleHa OKOH'IBTenbHO. 

B HacToHmeA pa6oTe nenaeTcH norrwTKa onpeneneHHH LHcna n cocTaBa 

cop6HpOB8HHhlX HB BI!HOHHTBX C0811HHeHHA 0 HCXOJJH H3 8H8ITH38 38BHCHMOCT8A 

K03~~HUHeHTOB pacrrpeneneHHH OT KOHUBHTpBUHH JlHraHLa. 
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TeopnSI 

PacCMOTpllM r aCTBOp MeTaJIJia 1\1 m+ B ITpllCYTCTBllll OilHOBaJieHT-

noro nnranaa 1.-, oGpaayiDwerocSI rrpn anccounaunn CHJibHoro aneKTponu-

TA CL Q Bbi6paHHI >if KOHUBHTpDUIIH, ECJIII KOHUBHTpDUIISI MBTDJIJia 1\1 m+ 

Mana, Torrra o6ecrrEqHB8IDTCSI yCJIOBHSI o6pa30RAHIISI TOJibKO MOHOSiilBpHhlX 

KOMITJICKCOB l! B BO,LIIt.IX paCTBOpaX 6yrreT COil8p)K8TbCSI CCpllH COBilllHBHlli1: 1 

B03HHKaiDWHX B peaynbTaTe rrocneaonaTeJibHoi1: uerroqKH pannonecni1:, HMeiD

wei1: MCCTO B il8HHCH CUCTeMe, 06pa30B8HH8 KD)KilOro H3 8THX KOMITJIBKCOB 

x/ 
MO)KIIO OITllCDTb o6u HM ypaBHBI!llBM ( 1) 

_, ML 
<- (1) 

TepMoannaMuqecKas KOHcTaHTa paBHonecHSI aToll: peaKunu panna: 

aM L ( 1\1 L n) 
-------

(1\t)(L) n 

f M L 11 
( 2) a ~n 

U M • ! L 

rae 1\1 - MBT8JIJI-(OMITJIBKC006pa30B8TBJib C 38p5IilOM m+ L - oaHoBa-

JIBHTHbili JillraHil, - qHCJIO JIHranaon, a X 8KTHBHOCTll COBJlliHBHHif, 

( x) - KoHuer!TpaunH coennnenui1:, f x - Koalj-JcpnunenTLI aKTHBHocTn coenn-

1!81!Hii, 

ECJIII B o6pa3C BDHHH KOMITJIBKCa yqaCTByeT KDTHOH C 1 TO MO)KBT 

o6pn30B8TbCH B pa• :TBope rrocnenonaTeJibii85I cepHSI KOMITJieKCOB cp ML n + p Q • 

B KOTOpOA OTJlBJiblldB BHJlhl KOMITJIBKCOB o6pa3yiDTCSI ITO peaKUHH (3) 

"L 11 +pC+pqL :CPMLn+pq 

TepMOJlHHi.lMHqecKal KOHCT8HT8 KOTOpOif 

( 3) 

x/ 
B ypannenHH ( 1) 11 nanee JlJIST rrpocroTw MeTaJIJI H nuraHJl Harrncanw 

6e3 31!8K8 H BBJIHUHI!W 38p5IJl8, 
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a aP (ipq 
UML •Uc• L 

n 

(4) 

{3 ML (M}(C}P(L}n+pq 
n 

rae p - '-IHCJIO BTOMOB C B C08.QIIH8HIIII, 06maSI KllHU8HTp8UIISI M8T8llll8-

KOMITll8KC006pa30B8T8llSI B paCTBOpe: 

( 5) 

KoHueHTpaUHDHHaSI &aHCTBHTa peaKUHII o6pa3oBaHHSI coea11 HeHHSI C P M L n + pq 

(3), Bhlp8~8HH8SI qepe3 T8pMDaHH8MHqeCKII8 KOHCT8HThl 1 6yaeT ITOCJie 

rrpeo6p830B8HIISI (4) IIM8Tb BIIn 

{3* 
CPMLn+pq (M) (C) p (L)n+pq 

P n+pq 
fM,fC ,fL 

(3 CPMLn-tpq (3MLn--------
f 

CPMLn+pq 

( 6) 

f3 c (3M L 
n 
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rue (; c Ml - qyHKUHH K09~¢HUH9HTOB BKTHBHOCTH H 
P ~ n + pq 

{3* 
C PML n+pq -

KOHUBHTpDUHOHHBA KO!CTDHTa paBHOBBCHH, 

Hcrronb3YH ypaBIBHHH (2), (4) H (6), ypBBHBHHB (5) MOMHO 3BITH-

CDTb cneny~WHM o6p130M: 

M = ( M) I 1 + {3 M ' (; M L( L) ~ • • • +{3M L m (; M Lm ( L) m + • • • + 

+ (-3 M L 

( 7) 

·f1MLrn-+l 
• (; C M I (C) ( L) m ~q+ 1 + • • • + 

~ m+q + I 

+(-3 •(-3 .(; ML (C)"(L)n+pql. 
C' PM L n + r q M L n l' P n + P q 

Korna paCTBOp TBKOIO COCTDBB KDHTBKTHpyeT C BHHOH006MBHHHKOM,ycTa

HBBnHBBBTCR panHoBe:ne pacrrpeneneunR. Ecnn cnenaTb orpaunyeune, YTO 

38ITOnHBHIIB CMOnbt H·? ITpBBb!W89T 2% ee BMKOCTI! 1 TO KOHUBHTpBUII~ tPYHK-

UHOHBnbH~X rpyrrrr B CMOne MOMHO CYHT8Tb ITOCTORHHOR BBni!YIIHOR, 

KaK cnenyeT n: Tpe60BBHIIR 9nBKTpOHeRTpanbHOCTH, TOnbKO KOMrrneK

Cb! C 38pRLIOM n +P•I:: m MOrnH 6b! COp6npOB8TbCR CMOnOR, 

Cop6UI!OHH~R ITlOUBCC MOr 6~ 6~Tb paCCMOTpeH KBK ancop6UHOHHOB 

paBHOBecne (Korna :op6npy~TCR ueRTpanbn~e KOMrrneKc~) nnn nouoo6-

Mennoe paBHOBecne Korna B cop6unonnoM npouecce yqacTBY~T annon
/12/ 

Hb!B ~opMbl ), YTO YM•? 6binO cnenaHO fenb$epHXOM , 

PaccMoTpHM crepBa ancop6unonnoe paBHOBecne, nenaR orpaunqeune, 

YTO TOnbKO OLIHB tPOlMB COp6npyeTCR HB CMOne, npOUBCC Mor 6hl 6~Tb 

BblpBMSH cneny~WHM paBBHCTBOM; 

R +L- C ML '""·RC ML + p m+pq ~ P m+pq+l • ( 8) 
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TepMOAHHaMn:qecKaH paBHOBBCHaH KOHCTaHTa ypaBH~HHH (8) 

R 

K m+pq 

f R C PM L m+pq + 1 

P m+pq 
( R L ) f3 c M L f3 ML (M)(C) (L) r "' 

p m + pq m 

rAe HHABKC R o6oaHaqaeT ¢aay cMon~. 

p f m + PQ 

C L fRL 

Bb1paan:B oTHomeHn:e KD3<!4lllun:eHTOB aKTHBHOC rn: qepea q1yHKUH1o 

G n:a ypaBHeHHH (9) 
RCPMLm+pq+1' 

KOHUBHTpaUllll MeTanna B ¢a3e CMOn~: 

M R = ( H C PM L m + pq + 1 ) 

R m +pq 

=Km+pq{3CPMLm+pq{3MLm(M)(C)P(L) (f L) (;RCPMLm+Pq+1 

(9) 

( 10) 

Ko3q,¢n:un:eHT pacrrpeAeneHHH MeTanna MB)!(AY cMonoH: n: pacTBopoM 

orrpeAenHeTCH KaK 

~ 
M s 

( 11) 

YpaBHeHn:e ( 11) MO)!(HO aarrn:caTb B pa3BepHy roM BHAe, aaMeHHB M s 

n: M R ypaBHeHHHMH ( 7) H ( 10): 
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B ypaBHeHHH ( 12) MOf:Ho cnenaTb rrpeo6pa3oBaHHe, 3aMeHHB 3HaMeHaTenb 

C ML 
P m+pq 

B paCTBOpe 

a 
C l ML m+pq M 

( 13) 
s 

Torna, rrocne rroncTaHoBKH cooTBeTCTByiDumx Ko:::~<P<PHUHeHTDB aKTHBHDCTH 

H3 ( 6), nonyqaeM: 

R ( ) f RLf C MLm+pq DC M = K m+Jq RL _ __.:;:..::...._~~:....;...;;..::...._ 
p m +PQ 

f R C ML p m+pq+l 

a C ML 
P m+pq 

( 14) 

EcnH Tenepb CHHTh Ol'paHH'-IeHHH Ha '-IHCnO ancop6HpDB8HHbiX Heii:TpanbHbiX 

COeQHHeHHH, TO o6WHH K08tPtPHUHeHT pacrrpeneneHHH ( D 
6 

) MD>KHD pac
o m 

CMt:1TpHB8Tb K8K cyMM:' HeCKOnbKHX CnaraeMbiX, KB>KllOe H3 KOTOpb!X 38IIH

CbiBaeTCH B COOTBeTCTBHH C ypaBHeHHeM ( 12): 

+ ••• + 

1 +F MLGML(L)+ 

R P m+pq (15) 
K m+pq/3 c ML {3 ML (C) (L) (RL) G RC ML + +I 

p m+pq m P m PQ 

+ -------
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YpaBHeHIIe ( 15) BKJlloqaeT 60nbWOe qiiCnO Heii3BeCTHEIX, T8KIIX 1 K8K KOH

CT8HT8 paBHOBeCII51 0 KoacpqlHUIIeHTbl 8KTHBHOCTII B CMOl e II B BO}lHOH cpase. 

B T8KDH rpoMosnKoii cpopMe oHo rrpaKTnqecKII 6ecrronE 3HO nnH rrpHMbiX 

pacqaTo& 4To6hl yrrpoCTIITb ero,Mhl BBeneM nBa rrpe~rrono~eHIIH: 

IT pen rr on o ~ e H n e I . 3aKmoqaeTC51 B TOM, qTo BeniiqiiHa G 

BBeJJ.eHH851 BnepBhl8 B yp8BHeHIIe (10), IIMeeT ITOCT051HHyiD BeniiqiiHy IIpii 

Bcex 3HaqeHIIHX (L) . TaKoe rrpenrrono~eHIIe nenaETCH 

/2/ 
II B npyrnx 

pa6oTax, HarrpiiMep, B 

ITpenrrono~eHIIe II. 3HaMeHaTenb B ypaBHeHMI (15), KOTOpbrft 

HBmieTC51 KOHeqHbiM CTerreHHblM p51JJ.OM, MO~HO IIp1I6JUf,JHTenbHO rrpeJJ.CT8-

BIITb 6eCKOHeqHblM pH!lOM: 

( 16) 

rne Q - rrocToHHHaH, BennqHHa KOTopoii 38BMCMT OT r pHpOJJ.bi M m+ 

H b - rrocTOHHHBH, 38BIIC51ill8H oT rrpHpOJJ.bi cHnbHoro aneKTponHTa CLq, 

f1pHH51B 3TH JJ.B8 yrrpOill8IDWH X rrpenrrono~eHMH, M ,I MO~eM BBeCTII ewe 

OllHY ITOCT051HHYID BenHqHHy: 

B c p ML m+pq 
K R 

m +Pq 

-I 
f3 C PML f3 ML (RL)G RC ML Q 

m+pq m :J m+pq+l 
( 17) 

Torna Bbrpa~eHne ( 15) rrpiiMeT cnenyiDWHH BHJJ.: 

( 18) 

ilpyroe ypaBHeHHe JJ.nH Bhlp8~eHM51 D 
6 

MO~Ho rron) qHTb H3 BbrpaweHMH 
0 w. 

( 14): 
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n = A ML a ~L + ••• + A c ML a c ML ' 
06!ll, m p m+pq p m +pq 

( 19) 

rne 

AcPMLm+pq 
K R (R L). 

m +PQ 

nocTOHHHOH BenH•HHB. 

Teneph paccMoTpHM cop6UHID oTpHuaTen&Ho 3apH*eHHhlX coeJlHHeHHA, 

AHIIOH u Q'YHKUHOHa 1hHIHI rpynna B3aHMOJleiicTByiDT no cnenyiD!lleA cxeMe: 

( n - m - pq ) H + + ( 
n-m-pq 

PMI.n+pq n-m-p q t P ML n + p" ( 20) 

• EcnH nanee nnH ypaBHeHHH (20) npi!MeHHTh paccym-

}leHHH, OHanorH'lHbl'~ TeM, KOTOpi>Ie 6I>Inll HCnOnh30BBHI>l JlnH ypaBHeHHH ( 8), 

TO MOmHO npllllTH t ypaBIJeHHID1 fiOJl06HOMY ( 18): 

D =[B' (L)m+l 
o6m ML m _ I 

B' (C)p(L)"+P<l l('-hfL). 

CPMLn+pq 
( 21 ) 

BrronHe aepoHTHo, ~To cop6uHOHHwA rrpouecc KOMnneKcoB MeTanna HJleT 

KBK ITO BJlCop6UHOHHOMy, TBK H no HOH006MeHHOMY ITyTH, Coo6pa*eHHH 

0 TBKOM CMelllBHHOM MeXBHH3Me HHKBK He BnHHIDT HB 06!llHe BbiBOJlbl 1 cne-

JlY!OillHe H3 ypaBHef HH ( 18) H ( 21), 3TH ypBBHeHHH ITOKB3blBB IDT, 'lTO 

tPYHKUHIO 0 
6 

HO*HD 6binO 6bi paCCMBTpHBBTh KBK CyMMy HeCKOnhKHX o m. 
cnaraeMbiX, KB)f{JlO ~ H3 KOTOpb!X COOTBeTCTByeT 0 -tPYHKUHH HHJlHBHJlyanbHOA 

KOMITneKCHOH tiJopM ,,, BJlCOp6HpOBBHHOA HB CMOne B HeKOTOpOit o6naCTH KOH-

UeHTpBUHH nHrBHJlE, 
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npHHHMBH BO BHHMBHH€ 0 qTQ 

( L) 

q+ 
( 22) 

ypaBH€HHe ( 18) lll!H ll8HHOrO COp6HpyeMoro C0€1lHHI•HHSI 3illlHWeM !3 BI!Jle: 

B c ML 
0 C ML = P m+pq 

m+p(l+q) + (1' ) 
([ .) 0-h(L) __ ,.J* I Ill p ,q -l,rt.) 

• ' C M L ' (' ' ( 2:1) P m+pq q P p m tpq 

ilH!tl~epeHI!HpyH ypi1BII€11H€ (23), Mbl MO>K€M llOllyqHrh B€l!II'~IIHY (1,) 

ll[JH KOTOpoii 

MyM. 

·Ill (' M [, 
P m ~pq 

0TCIOW1 

llOCKOllhKy 

B* 
C'PMLm+pq 

0 --4JyHKUHH ll8HHOf'O KOMllli€KC8 (: P '~I, m 'I pq HMeeT MllKCH-

= [ mtpO +q)-b(L) [.IJ* I. 1111 plltql-t"_~,rt.l ~0. ( 24) 
CPMLmcpq 

I, max 

C P Mf,m +- pq 

-h(L) 
(' 

( 25) 

~ 0! ( 26) 

L ~a~L B ypaBHeHHe ( 2:1), Mbi rwnyqHM cne-
P m+P'l 

llYIO!Uee COOTHOl!leHHe: 

O max 

C ML 
p m+pq 

= lJ * 
C ML 

P m +P9 

( m+p0+q) 

b 
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norH'IHO rrpearron ))KHTbl 'ITO II pH ManhiX ( L ) I 6nH3KHX K 01 Ha 

8HHOHHTe Cop6HpyeTCH TOnbKO O)lHH KOMIIneKC 1 'ITO 6y)leT OIIHCb!B8TbCH 

ypaBH9HHHMH (23) 1 (JB) 1 (21) B CHny cneJlyJOl!191'0 HepaBeHCTBa: 

lim D ML >> lim D » lim D 
m ML m+l MLm+n ( 28) 

(L )-.0 (L )-.0 (L )-.0 

npH M8nh!X KOHU•!HTp8UHHX nHI'8HJl8 o6p830B8HHe HOHHh!X nap M0)1{9T 

6biTb rrpeHe6pe)KHMO wanbiMI T.e. a sTolf o6nacTH p = 0 . Toraa B ypaa-

) (L) p t-( l+q) 
HeHHH (23 qneH 6yaeT paBeH 1 H yp8BH9HHe (23) MO)KHO rrepe-

IIHC8Tb B norapH~MH'I€CKOlf ~OpMe: 

lnD n In ( L) - b ( L ) + In B . 

YpaBHeHHe (29) B JlHq~epeHuHanbHolf ~opMe rrpHHHMaeT BHJl 

d n D 

dIn ( L) 
n-b 

d ( L) 

d In ( L ) 

( 29) 

( 30) 

H0 1 IIOCKOnbKy rrpH ( L) < l n » b 
d ( L) 

----~~·To ypaaHeHHe (30) npeo6pa
d In ( L) 

ayeTCH B ~OpMyny 1 KC TOp8H XOpOWO H3B9CTH8 H 06b!'IHO HCIIOnb3yeTCH 

anH oueHKH n 

dIn D 

dIn ( L) 
"' n (n=m ,m+l, m+2 ••• ). ( 31) 

0TCJOA8 H H3 H3n0)1{9l!HOI'O BhiWe cneayeT1 'ITO D 
6 

6yneT coarraaaTb o m. 
C OT)lenbHOlf D-~YHKUl!elf TOnbKO B TOM cnyqae 1 ecnH KOMrrneKC rrpeHMYli19CT

B9HHO 8JlCOp6HpyeTCH B H9KOTOpOfi o6naCTH KOHU€HTp8UHH nHraH)lOB1 B KOTO

po.lf aacop6uHelf apyr rx ~opM MO)KHO rrpeHe6pe'Ib. 
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TaK KBK IIplf MaTeM8Tif'leCKOH o6pa6oTKe KOHUeJ !Tp8UifH- C 8TOMOB 

BHOCifT T8KOH )Ke BKnaa B 06UlHH peaynbT8T1 'ITO If ( [ ) , Mb! He MO)KeM 

onpeaenHTb, aacop6HpoBancSI nn KoMnneKc Tllna ML , nnn C P ML m + P q 

B TOM cnyqae, ecnn 

n+p0+q )< N, ( 32) 

rae N - KoopanaauHoHHoe 'IHCno MeTanna M m+ • 3onpoc MO)KHO pewnTb 

TOnbKO liCXOaSI ll3 XliMll'leCKliX C006pa)KeHliH 1 0 '!eM pe'lb 6yaeT HaTH Hlf)!{e, 

Aaan~ra rpa¢nKoB Koad!cjlnuneuToB pacnr .eneJieHRw 

YfHTepeCHO npOBepliTb1 HBCKOnbKO acpcpeKTliBHO y J8BHeH!fSI 1 IIpliBeaeHHb!e 

Bb!We, IIpHMeHifMbl K BHBnHay KplfBbiX pacnpeaeneH!fH If B K8KOH Mepe OHll 

6yayT oTpa)KaTb noaeaeHHe c~rcTeMbi MeTann-aHifOHll1-nnraaa. 
I 13,14/ 

XopHoM If ap. nccneaoaaaa cop6UHSI aHHJHifTOM UlfHKa H3 

xnopHaHbiX pacTaopoB, HaM!f Kon~rqecTaeHHO 6binlf nroaaanH3HpoaaHw ch~-

ayJOWife IIpOBepeHHbie HMII ClfCTeMbi: 

I) ZnCL 
2 - LiCI 25°C n 4 ~°C 

2) Zn CI 2 NaCi, 25°C 

3) Zn CI 
2 

NH
4
CI • 25°C 

4) ZnCI 
2 

KCI, 25°C 

5) Zn CI 
2 

CsCI , 25°C 

6) Zn CI 
2 

HCI, 25°C n 4:1°C, 

nnHeHHbie rpacpliKll 38BliCliMOCTeif Koacp¢HUlleHTCB pacrrpeaeneHliSI 

B H8CTOSIIUeif pa6oTe IIOCTpOeHbl ITO aaHHb!M, KOTOpb!<! y XopHa IIpliBeaeHb! 

B norapllli1Mll'leCKOM M8CIIITa6e, 

B KaqecTBe rrpnMepa paccMoTpliM npnMeHeane aaami3a K KpHaoif 

pacnpeaeneHHSI anSI cncTeMbi ZnCI 2 - Li CI 

13 



'ITO sTo HaH6onee en >)KHbiii H TpynHhiii nm1 o6pa6oTKH cnyqaii:. 3KcrrepH

/13,14/ 
MeHTanbHbie naHHbie rrpencTaBneHbi Ha pHc. 1 a ( OTKpbiTbie Kpy)KKH). 

llnH orrpeneneHEH 'IHCna nHraHnoB B rrepBoM cop6HpyeMoM coenHHeHHH 

Mhi Hcrronh30BanH 3Hit'IeHHe D = 53,5.:!:_4,5 rrpH ~L) = 0,25 M H D = 425.:!:_35 

rrpH(L) = 0, 75 M • no ypaBHeHHIO ( 31) rronyqaeM n = 1,89. 

npHHHM8H HHTeJ•panbHYIO BenH'IHHy D = 2, Mbl C'IHT8nH 0 'ITO !flopMoii:, 

KOTOpaH rrpeH~ymeCTI~HHO cop6HpyeTCH B STOM HHTepBane KOHUBHTpauHii: 

nHraHna, HBnHeTCH ~n Cl 2 • noncTaBnHeM 3H8'I8HHe n = 2 B ypaBHeHHe 

( 23), HcxonH H3 Tex )Ke caMbiX nByx BenH'IHH D rrpH 0,25 H 0,75 M , 

H rronyqaeM HHTBpB81 B03MO)KHhlX 3H8'IeHHii: b H B zn c 12 cooTBeTCTBeHHo: 

0 < b < 0,8 H 785 < U zn Clz < 1080. 

8 3TOM UIHpOKOM HHTepBane BBpOHTHbiX 3H8'IeHHll h Mbl IIOIIbiTanHCb 

HafiTH TaKoe 3H8'IBHHe, KOTopoe nacT HaHnyqmee rrpH6nH)KBHHe KpHBoii: D 
o6m.' 

KOTOp8H OIIHCbiB8BTCS ypaBHBHIHIMH ( 18) H ( 19), K 3KCIIBpHMeHT8nbHblM 

B H3yqaeMOll o6naCTH KOHUBHTp8UHH nHraHna. finH 3TOrO ITO ypaB-

HeHHIO (25) paCC'IHTEnH 
( max 

' X 0 T.e. KOHUeHTp8UHIO nHr8HLI8 0 npH KOTOpOii: 

COBJlHHeHHe X nonlKIID 6uno 61>1 HMBTb MaKCHManbHblil KDS~~HUHeHT pac-

rrpeneneHHH npH 38J1EHHDM 3H8'IeHHH 

B Ta6n. 1. 

h • PeaynhT8Tbl rrpencTnBneHbi 

3H8'IBHHe h = 0 II CDOTBBTCTByiOIUee 3H8'IBHlle 0 Zn c 12 cnenyeT 

OT6pOCHTb 0 IIDTOMy 'TO 3TD IIpHBDJlHT cpyHKUHIO Q !' b ( L ) K IIDCTDHHHOii 

1 'ITO J3H8'I8BT, 'ITO MeTann M m+ BD BCei\ o6naCTI! KDHUBH-

Tp8UHll nHraHna CyW•!CTByeT B <flopMe K8THDH8. 

npH b , paBHc M 0, 1-0, 2, MDlKHO rrono6paTb nonxonHmee 3HaqeHHe 

B Zn c 12 , KDTDpoe IpHBeneT pacc'Il!TaHHYIO ¢YHKUHIO D Zn c 12 B xopowee 

cornacHe C 3KCIIepH vfBHT8nbHD rrony'IeHHOii: KpHBOii: [) 
6 

• 
om. 

2 -b (CI-) 
Do6m. = D ZnCI = BznCI (CI -) e 

2 2 

14 



Ho TOrna B COOTBeTCTBllll C ypaBHeHHeM ( 19) l10l1y'-Iae"CH 1 '-ITO MBKCll

MBJibHBH MonhHBH nonH Zn CI 
2 

B pacTBope nocTHraeTc~r rrpH 10-20 M 

KOHUeHTpBUllll Li CI , '-ITO coBepweHHO HeBepoHTHo. f1 Jll b oT 0,3 no 

0,4 ( L max) COOTBeTCTByeT 6,7-5 M • B 8TOM cny'-Iae cjJyHKUllSl u 
o6w. 

non/KHB HMeTb 1 KpOMe COCTBBJIHIOWeH U zn C! 
2 

1 ll Jlp frlle COCTBBJ1Sli0Wlle 1 

'-IT06bl ynOBIJeTBOpHTellbHO COBrranaTb C 8KCIIepHM8HTBJIJ.HbiMif TO'-IKBMll 

B o6nacTH BbiCOKHX KoHueHTpauHti Li CI • Ho 8TO Heno3:v~o/KHO 6e3 

norryweHHH 1 '-ITO MBKCHManbHaH MOJibHaSJ nonSJ Hef!Tpanb wti cjJopMbi Zn CI 2 

nocTrrraeTCH rrpu KOHUeHTpaUHH Li CI 5-6,7 M • OnHaKo 8TO rrpoTHBope'-IHT 

HMeiOWllMCH naHHLJM 06 yCTOli'-IIfBOCTll KOMITJieKCHbiX rPOflM UllHKB B XllOplln

/14, 15/ 
Hoti cpene 

MbJ paccqHTBllll L max B lfHTepBane 3HaqCHllH b 0,5-0,8 He3ilBHCHMO 

oT Toro ljlaKTa, qTo 3Ha'-IeHHSJ b '> 0,6 He MornH 6biTh rrony'-IeHbi H3 8Kcrre-

pHM8HTBJ1bHhlX 3HaqeHHH 0 IIpll I Cl)= 0,25 ll 0, 75 \1 • flpll 8TllX 

3HaqeHIIHX b ( L max nnSJ U Zn c
12 

cooTBeTCTByeT 2,5-4 M Ho rrpH 

BhlCOKIIX 3HB'-IeHHHX b {0,7-0,8), KBK 8TO BHnHO ll3 Ta6n. 1, Hel1b3Sl 

rrono6paTb cpyHKUIIll U x , KOTOpbi8 1 CYMMHpySICb C 0 Zn cr
2 

, naBann 6b! 

KpHByiO 0 1 COOTBeTCTByiOWYIO 8KCrrepHMeHTBl1bHOH rrpH KOHUeHTpBUHSJX 
o6w. 

LiCI > 4M 

Bee Bb!ll!errprrBeneHHb!€ coo6pa/KeHHSJ rrpHBO/lHT K :: aKJIIO'-IeHrriO, '-ITO 

rrpHronHhle nnH ITOCTpoeHHSl KpHBOH U 
6 

=f(LiCI) 
o ur. 

3 fiB '-IeHl!H b Jie/KBT 

B y3KOM HHTepBaJie OT 0,5 no 0,6. LlnSJ 9TOrO HHT8pBBJ a 3Hil'-IeHHH h 

BHBllHTH'-IeCKOe BhlpB/KeH!fe nJISJ 0 rrpliHHMBeT Blln 
o6w. 

+ B* LiZnCi 3 

Harrny'-IwHM o6pa3oM pac'-!eTHaH KprrBaH ynoBneTBOJHeT 8KcrreprrMeH

TaJihHbiM JlBHHbiM rrpll CJienyiOWHX 3HB'-I8HHHX rrapaMeTpO 3: b = 0,58; 

B ZnC!2= 1072; B*Li ZnCI~ 78; Bti2ZnC!4= 1,4. 

f1prr MaTeMBTH'-IeCKOM BHBJ11!3e cpyHKUHif pacrrpenen !HHSl KBTHOHbl (C ] 

If aHHOHbl He p83l1H'-IBIOTCSJ. flo9TOMY IIpH KOlllf'-IGCTBeHHIIX pBC'-IeTaX Mbl 
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He MO)I{eM pa3JU!l·!W'b tPYHKUHH D Liz n Ci 3 H 0 Zn CI"42, KOTOpbie Ht:leH-

THlJHb!, 

Ho nocKOJihKy aae ApyrHe cjlopMbi, y'!acTByJOume B npouecce cop6uHH, 

nei1:TpanhHbie, To nr> ananorHH MLI npeanonaraeM, 'ITO H TpeTbH cjlopMa, CKO-

pee ncero, TOIKe net TpaJiblla~ ( Li Zn CI 3 ) , a He aHHOHHbiH KOMnneKc 

Zn CI 2
- • no8TOMY BTOpL!M lJJieHOM cpyHKUUU D ' HanucaHHOH Bb!Ille, 

4 o6Ill. 

HBJIHeTCSI lJ Li Zn C 

Ha puc. 1a - P noKa3aH ananu3 KpUBbiX pacnpeaenenuH B cucTe

o 
Me Zn f:l

2
- IJowP:. - 1 x 8 anSI pa3JIU'IHbiX 8JieKTpOJIUTOB npu 25 C. Ha 

puc. 2a u 26 npiHl•!t:leHLI KpHBbie pacnpeaeneHHH B pacTaopax Li Cl H UCI 
0 /13,14/ 

npU 49 C. ilaHI!L!e B3HTI,Je 113 pa6oT , noKa3aHLI OTKpbiTbiMU Kpy)I{Ka-

MH. CnJIOII!IIBH KpH3ilSI 1- pe3yJibTaTbl paclJeTa AJIH n 6 • KpHBble II-IV 
o ur. 

(nynKTHp) - pacnrenenenHe oTnenhHWX KOMnonenT. KpHBaHII noKa3waaer 

cop6uu10 Zn CI 2 , KpHBaH Ill cop6UHJO coennHeHHH C Zn Cl 3 , a Kpn-

naSI IV 

AllaJIH3 KpUBI·IX II naHHL!X Tn6JI. 2 TI03BOJIHeT nponeCTU ueKOTopy!O 

HHTepnpeTnUHIO BJI 1HHUSI KATHOHa :omeKTpOliHTa Ha KOM!ll!CKC006pa30BBHUe 

B BOAHOJ! q1a3e u Jia npouecc cop6unH, 

PaccMoTpHM nocnenoBaTeJihHOCTh H3MeHeHHH ne6aA-xJOKKenencKoro 

0 
paCCTOHHHSI (napa .-leTp a ) npll ycJIOBHII HalifiOJib;uero C6Jllf)I{C!IUH HOHOB 

anH meno'IHbiX Me rannoa. 0Ha II MeeT cnenyJOTJIHI1 Bnn: Li > Na ""'II 4 > 1\ "C,, 

BepoHTHOCTh o6pa3oBaHHH C Zn CI
3 

u C 2 Zn CI 4 B pacTaopax no 5 M HMeeT 

o6paTHWH nOpS!llO~. Ho npu BWCOKHX KOHUeHTpaUHSIX B peayJihTBTe nerliD

paTaUHH UOHOB BepOHTHOCTb o6pa30BaHHH UOHHWX nap TDKaSI )l{e, KaK H B 

116,17/ 
pHllY lle6aH-XJOKKeJIH BCJieDCTBHe AerH,l:lpaTaUHH KllTHOHOB , 'ITO t:le-

naeT HOH JIUTHH peiiCTBHTeJibHO CaMbiM MaJieHbKHM H HaH6onee CKJIOHHLIM 

K o6pa30BaHHIO H )Hf!b!X nap, 

8 COOTBeTC"BHH C paCCMOTpeHHOH MOt:leJibHOH CUCTeMoii, npHCYTCTBUe 

t:laHHOH cpopMW B ~a3e CMOJIW noApa3yMeBaeT ee npHCyTCTBUe H B pBCTBO-

pe, no8TOMY nonrlJeHHWe 3HalJeHHSI napaMeTpOB 
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IWH pa3nllqHblX ::meKTpOnllTOB OITIICbiB310T rrpouecc COMITneKC006pa30BIJHIIH 

B BDAHDH ¢a3e. 

BcrroMHHB, qTo 

Mbi BHAHM, qTo rrapaMeTp B z 0 c 12 rrporropunoH!JneH (1"'nci 2 n HBJHTeTCH 

OTHOCHTenbHOH Mepoii KOHU9HTpaUHll Zn Cl 2 B pacTBope. 

Yl3 L(IJHHh!X Ta6n. 2 BIIL(HD, qTo B Zn C!
2 

IIM9?T TOT /Ke C8Mb!H l!OpH

ADK BennqHJibi anH Bcero ps:~aa pacTBopoB xnopnaoB ll!enoqHhiX MeTnnnon. 

MaKCHManbHaH BennqnHa 1072 Ha6mcaaeTCH anH L Cl n nocTerreHHO CHH-

/KaeTcH ao 667 anH CsCI CneaoBaTenbHo, KDHU9H''p1HlllH ZnU2 C!lll/Ka-

eTCH 13 TllKOM /Ke !1Dp51AK9 0 KBK ll3Mei!519TC51 H nap[ MeTp Hall6Dnbi!lero 

0 
a , KDTDpbJi{ B pacTBOpax (:,.. Cl B 1,5 

pa::Ja MeHbi!le, qeM B pacTBDpax Li Cl • Cnen.")naTEnbHD, yMeHbllleHne (ZnCI 2 ) 

MD/KilO IIp1IIIHC8Tb 6onee BG[JOHTI!DMy o6pll30BI111HIO iOI!IIl·IX llll[l B paCTBO[JflX 

TH/KCnJ,JX urenoqHbiX MCTannoB, qeM B pnCTBopnx L Cl 4neH B";_,'l,nCI~ 

cornacno ypanHeHHIO ( 17) HMeeT nun 

vbMeHeHHG 3TOrO nnpaMeTpa B 3[}BHCHMOCTll OT 3neKTponllTll MO/KHO 

pncnonO/KHTb B cnenyiOIUeii nocneaoBaTenbHOCTH: 

Li < Na < N 11
4 

< K < Cs. 

LfneH ~ CZn Cl 
3

, KOTOpWH HBnHeTCH OTHOCHTenbHOI Mepoii ITpOU9CCa o6pa-

30B8HllH HOHHb!X nap, L(On/KeH 6b! B03paCTIJTb TIJK » e, KaK ll ITapaMeTp 

B * • BrronHe BepoHTHO, qTo 
CZnCI 3 

flei1CTBHTenbH0 0 TOT ¢aKT0 qTQ 

KR 
CZnCI 3 

pacTe r TaKHM /Ke o6pa3oM. 

B* = 78, a B* = 1033i 
LiZnCI a CsZnCla 

cooTBeTCTByeT o6mnM coo6pa/KeHnSIM o TOM, qTo nDHHbie rrapbi Tnrra CZnC1 3 

yqacTByiOT B rrpouecce cop6unn. AHanornqHbie pace )1/KAeHHSI cneaoBano 6bi 
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npnMeHHTh n an 51 o6'h51 :::HeHH51 H3MeHeHHfi napaMeTpa B * ami pa3nH'-I-
c2znct4 

Hb!X 8/IeKTpOIIHTOB, llOC:KOilbKY OHH CB5138Hbl C o6p830B8HHeM lfOHHbiX nap • 

.ilaHHbte B Ta6n. 2 noa fBepMaaiOT CIIpaBeanHBOCTb T8KOH 8H8110rHH. 

D SIBn51eTc ~ TpexKOMIIoHeHTHofi KpHBOfi TOilhKO B pacTBopax LiCI 
o6m. 

H NaCJ : an51 8THX faCTBOpOB IIpH OIIHCaHHH COp6UHH UHHKa aHHOHHTOM 

Heo6xoaHMO BBoaHTb B ypaBHeHHe cpyHKUHH D H D Li 2 zn CI 4 Na 2 Zn Ci 4 

B apyrnx pacTBopax X lOPHLIOB menO'-IHbiX MeTannoB BKnaa D c 2 z n c I 4 

B o6my10 KpHBYIO cop6I:HH He3H8'-IHTeneH. 3TOT d,JaKT MOMHO HHTeprrpeTHpO-

B8Tb, ecnH p8CCMaTpH!>aTh cpyHKUHIO Q • eb (L) ( ypaBHeHHe 16), KOTOpaSI 

OTpaMaeT pacnpeaeneHie KOMlllleKCHhlX d,JopM B paCTBOpe. nocKOilhKy o6pa-

30BaHHe HOHHbiX nap 3lBHCHT OT K8THOH8 8/IeKTpOIIHTa, O'-!eBHAH0 0 '-ITO 

9TO 6yAeT BIIH51Tb H Ht pacrrpeaeneHHe KOMIIIleKCHblX rjlopM B paCTBOpe. 

no8TOMy KOHCT8HT8 b aOIIMH8 B03paCT8Tb B IIOpSiaKe, o6paTHOM pOCTY 

paanycoB rnapaTnpoBa!HhlX HOHOB meno'-!HhlX MeTannoB: 

Li < Na < N H 
4 

< K < Cs 

B B* ZnCt 2 ' CZnCI 3 
Bt ZnCl H COOTBeTCTByJ0-

2 4 

an51 pa311H'-1Hb!X 9/IeKTpOIIHTOB, MOMHO BHaeTb, '-ITO an51 

CsCI KpHBbie 0 , CO!:TaBI151JOIUHe o6my10 KpHByJO, COCT051T H3 KpyTO BOC-

XOaSIIUHX H TaK Me pe:OKO naaaJOIUHX '-!aCTefi H HMeJOT MaKCHMyMbl IIpH 6onee 

HH3KHX 3H8'-!eHH51X KOH!leHTpaUHH llHraHJ::ta, '-!eM KpHBbie COp6UHH UHHK8 H3 

pacTBopoB apyrnx coJ"efi. CocTaBn51JOIUHe KpHBbie ami paCTBopoB Li CI 

MeHbWe 3aBHC51T OT cp)HKUHH Q • eb(L >,H HX BOCXOa51IUHe H HHCXOa51WHe 

qacTH 6onee nonorne. TaKHM o6pa3oM, B Tofi o6nacTH KoHueHTpaunfi conefi, 

rae Mornn 6hl 6hlTb KfHBhle pacnpeaeneHH51 D D (NH4 )2 ZnCt
4

o K
2

ZnCi
4 

H D Cs2 ZnCi 4 
, COOTHeTCTByJOIUee 3Ha'-!eHHe 1JyHKUHH Q • eb(L) aOCTHraeT 

TaKOH 60ilbWOH BellM'-! <IHbi, 'ITO K08cpcpHUHeHT pacnpeaeneHHH npaKTH'IeCKH 

paBeH HYII!Oo H3 ypaBH3HH51 (27) MOMHO BhlBeCTH d,JopMynw an51 MaKCHMallb

HbiX K08cpcpHUHeHTOB pa :rrpeaenP.HH51 OTaenbHbiX coeanaemrii UHHKa B pacT-

Bopax aaHHOfi conn: 
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max 

D 
Zn CI 

2 

max 
0

cznCI 
3 

0,54 

=4,93 

B ZnCI2 ------b2 

B* 
CZnCI 3 

b 4 

b , TeM pes~e rraaaer a6conroTHoe 

D max. npnBeAeHHbie ljlopMynbi HarmiAHO ITO!< 83b!B8IDT, rro~eMy 

KpHBbie D coeanHeHnii: £.2 Zn CI 4 He BHAHbi rrpn aHannse KpHBbiX [) 6 
0 II! 

KCI CsCI H rro~eMy KpHBb!e D aocTnraroT ang 
o6m. 

paCTBopoB LiCI H NaCI BbiCOKHX a6conroTHbiX 3Ha"!eHH;i. 

CpaBHeHne KpHBbiX. rrpHBE:AeHHbiX Ha pnc. la H 2a,rrm:a3biBaeT, ~To aKcrre-

o 0 
pHMeHTanhHbie 3Ha"!eHng D rrpn 25 C Bb!ll!8 1 ~eM rrpn 4 9 C. KaK MOMHO 

BHAeTb H3 pac~eTHOH KpHBOH [) 
06

II!. H COOTBeTCTBYIDII!HJ KpHBbiX OTAenhHb!X 

Cop6HpyeMb!X ljlopM [) ZnCI
2 

H3MeHgeTcg Mano H OCHCBHag ITpH~HH8 pa3-

HHUbl B 0 
6 

B03HHKaeT.H3-38 pa3HOrO BKnaaa KpHBb X [) LIZnCI
3 

H 
0 II!. 

0 0 
rrpH 25 C H 49 C. 3To cornacyeTcg c oemHMH coo6paMe-

HHHMH 0 TOM, "'TO o6p830B8HHID HOHHbiX rrap CITOC06CTBY!'T ITOHHMeHHe TeM

rrepaTypbi. AHanorH"!HbiH aljlljleKT Ha6nroaaeTcg H rrpn cpm.HeHHH KpHBbiX 1 e 

• KoHe"!H0 1 Mbl OTAaeM ce6e OT~eT, ~TO rrpH H3l\ elleHHH TeMrrepa-

Typw B CHCTeMe ITOHBnHeTCg MHOrO pa3nH~HhlX ljlaKTOpOB BnHRIDII!HX H8 [) 1 

HD o6pa30B8HHe HOHHhlX rrap T8KMe cneayeT HMeTb B BHJy. Mw C~HTaeM, 

"'TO npOHBneHHe ITOU06HOA B38HMOCBg3H ITDATBepMA8eT ITp3BHnhHOCTh Bhl60pa 

MOAenhHOA CHCTeMbi. 

CneayeT OTMeTHTh1 "'TO BOAOPOAHb!H HOH o6HapyMHE aeT HeKOTOpb!e 
0 

oco6eHHDCTH. B cooTBeTc;BnH c rrapaMeTpoM lle6ag-XroK {eng, a 3Ha~eHHg 
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h )I B IJ.JIH BOIJ.!•pOJJ.HOf'O HOHa IJ.OJI)!(Hbl Jle)K8Tb Me)KJJ.y COOTBeTCTByiO-

UIIIMH 3Ha'!eHH51MH JJ.J 5I Li H Na Ho namu pe3ynhTaTbi noKa3biBaiOT, 

'!TO IIOH BOJJ.Op01J.8 ~MeeT rrapaMeTp b T8KOf'O )Ke Il0p511J.K8 BeJIH'!HHbl t 

KilK Kanuil H ue3HI1. 13 pacTBOpax H CI B ZnCI
2 

6nH30K K Li H Na 

a B* Bbiwe, '!I'M JJ.n51 paCTBopoB CsCI rrpu 25°. 3To KOHe'!Ho, CB51-
HZnCI3 

3ilHO C T8M 1 '!TO BOJJ.~pOJJ.HhlH HOH He 51BJI51eTC51 8H8Ji0f'OM HOHOB WeliO'!HhlX 

MGT<JJIJIOfl. 

B pncTnopax I CI Ha6JIIOJJ.!leTC51 M8KCHMyM H!l KpHBOH 0 z nC 1 
2 

Ilpll 1,:, M , '!TO COOTBGTCTByeT KOHUeHTpaUim, npH KOTOpOH 

uMeeTCII M!lKCHM<Jnhll<l51 MOllhlHHI non51 ZnCI 2 B paCTBope, pacc'!nTaHHa51 

118MII IICXOJJ.H ll3 Kpl!B)ii II 
6 

, n 3TO connanaeT c nono)KeHneM MaKcu-
o w. /14/ 

ZnCI 2 B IICI , pacc'!HTaHHLIM XopHOM Ha 

OC!IOBilllllll 113f\eCTHI>IX KOHCTilHT o6p1130B8HH51 XliOpHJJ.HblX COeJJ.HHGHHH UHHKa. 

3TO COf'JiilClle HBJIHeT<:H IJ.OK8311TeJibCTBOM TOf'O, '!TO Htllllll MOJ].eJibll851 Cl!C-

T8Mil 118 llllXOIJ.l!TCH B Il[lOTIIfiOp8'!1111 C IJ.Illllii>IMH 0 CBOiiCTBtlX 3TOH Cl!CTeMblo 

CucTeMa Cd Cl 2 - Aay3KC 1x 10 - Li Cl unu II CI H3Y'!Dnacb 

1181 
MllpKycoM • ABe \) - KpHBi>IX, rroJiy'!eHfll,JX anTopoM, 6I>IJIII rrpoaHnnH3H-

pOBllHhi HilMH TaK, Ka~ 3To cnennl!o BJ,JIIIe. Pe3yJihT!lTI>I rrpHBeJJ.eHhi !W 

pucyHKax 3a II 3 6. All 1Jill3 rrponeneH 110 ( L) ~ 4-5 !V\.. npu 6onee BI>ICOKIIX 

KOHU8HTp8UHHX 3KCITep.!MeHTilllh'II>Ie TO'!Kif IIMeiOT OTHOCHTeJibHO 60JiblllyiO 

OW1!6Ky 1 KOTOp851 He Iltl3BOJI51eT IlpOBeCTH KOJIU'!eCTBGHHhiH llllilliH3. Kp11Bll51 

(} 
06

w.' o6p830B8HH8f JJ.ByMH KOMITOHeHTHblMH Kpl!Bb!MH o IJ<'dCI
2

H IJ Li
2

CdC!
4

, 

nony'!eHa lf3 ypaBHeHHI (18), B KOTOpOM UCITOJih30B8JIHCh CJI8JJ.YIOWUe 

napaMeTpbi! b ~ 1,4; B ~ 4900 H B * ~ 240. Kpusa51 
CdCI 2 Li 2CdCI 4 

Ha puc. 3 6- TO)Ke JJ.B) XKOMITOHeHTH851. 0Ha OTIHCb!BaeTCH ¢opMyliOH ( 18) 0 

HMeiOweil CJleJJ.yiOIUHe n<tpaMeTpbl! b ~ 2,14; 

= 547. KaK BHJJ.Ho, pac1eTHa51 KpHBa51 xopowo coBnanaeT c 3KcrrepuMeHTanh-

Hb!MH TO'!K8Mllo 

Paspa6oTaHHbiH M?TO,Q MaTeMaTH'!eCKoro aaanusa 6biJI rrpHMeHeH 

Co
2+ -CNS--CI-" Fn 3 + -CNS- -CI-. T8K)Ke H K H3y'leHHbiM i8MH CHCTeMaM n , 

PesynhTBTbi 6yayT ony 5nHKOBBHbi B cnenyiOweH: pa6oTe 3ToH: cepuH. 
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06cy:>Knemre 

MMeeTCH orrpeneneHHBH HeHCHOCTh B rrpencTaBne~HHX o MexaHH3Me 

ancop6UHH KOMITneKCOB MeTBllllOB HB 8HHOH006MeHHOH CMone! npoCTO 

llll 8TO HOH006MeHHbiH npouecc llllll OH BKlliD~aeT B3[llMOAeHCTBHe C He-

HBCbiUieHHbiMH 11 -8neKTpOH8MH apOMBTH~eCKHX HAep, o6pa3y!Oli!HX MilT pH-

Uy CMOllbi. MHorHe aBTOpbl C~HT8IDT1 'ITO HeKOTOpbie 3HHOHHuie KOMITneKCLI 

I 14,18-211 
cop6npy!OTCH CMOllOH • Jlpyrne YK83biB810T Hl CXO/lCTBO Me/KilY 

1221 
)l(ll/lKOCTHOH 8KCTpaKUHeH H BHHOHHbiM o6MeHOM ~ OMnneKCOB MeTannon. 

BhiCKa3biBBIOTCH TBK)I(e rrpenrrono)l(eHnH, 'ITO B rrpouec :e aHHOHHoro o6MeHa 

yqacTBy!OT HeHTpanbHWe KOMITlleKChl
1231 

Jlanee, 3H8'IHTenbHLie 311TpynHeHIHl B flOHHMBIIHH M0XflHH3M8 B03l!HKil

l: 4 I 
lOT H3-3a TaK Ha3bmaeMoro 8¢¢eKTa xnopnna nHTHH • OH 3flKl1Kl'IneTcH 

B TOM, 'ITO XllOpHJlllhie KOMITlleKCLI MeTilllllOB npH npo·mx pllBHbiX yCl10fii1HX 

nyqwe cop6npy!OTCH i111HOHHTllMH H3 pBCTROpOB flU . Pa3-

llll'IHe npHITHCidBanOCb p113110n aKTHBHOCTH B CMOne H B paCTBOpe B 8THX 

CIICTeMrlXo Ho IT03}lHee aRTOphl nepeCMOTpenl! CBOH B~ rnH}llol H 06bHCHIInH 

131 
~noT 81j1r!:eKT o6pn3oBaHneM xnopoKI!cnoT • MnpKyc ::>6nHCHJ·m 8TOT aq)(jleKT 

KOnH'IeCTRCIIH0 1 BBOITH fl ypaBHCHHe K081jKjJIIUIICl!Til pilCllpeneneHHH KOppe-

rFa , KOTOpiHI CBH3i11Ja C K08<Hl IUllCI!TilMH aKTHBHOCTll 

B rpa3e CMOnJ,J II 8l1CKTpOl1HTil H HMCeT pn3HI,IC 3H8'Ie IHH JlnH pa3HbiX 8neKT-

141 
poni!TOB • TeM ue MeHee oH yKa3an, 'ITO o6bHCHeHJie c TO~KH 3peHHH 

ITOIIIITHH Xl10[JOKIICl10THOrO fl381lMOJleiiCTBHH MO)I(eT 61, Tb JlOITyCTHMO BO 

MHornx cny'IaHx. XopH coo6mnn, 'ITO 8TO HBnenne xnJaKTepao ae Ton&KO 

/13/ 
nnH n.1p1>1 Li U -IICI , HO HBnHeTCH 6onee o6UIHM • OH ua6n10JlBn ero 

Jll1H HCCKOllbKilX XnOpHJlHhiX CMeceii, B 'ItlCTHOCTil }lnH IUenO'IHblX MeTannOB, 

ll Hi13B8l1 ero w BTOpH'IHbiH KBTHOHHLiii aqKj•eKT" • 

MeTOJl auanH3a KpHBi>IX II 1 0 KOTOflOM C00611JilnOCb B 8TOJ1 CT8The, 

HMeeT npeHMYII!eCTBI1 C TO'IK!l 3pCIIIIH nony'I01lllH lllllj>llpMrlllllll 0 MeXIlHII3Me 

ancop6UHOI!l!Or'O 11pOUCCCa KOMflllCKCOfl MPTtJnnOR llil rl lllOHHTBX If 0 .,BTO

flll'lllOM KilT!lOllllOM :~<jl<jlCKTCw: 
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... 
1) OH ITOKa3b!Ba€T1 'iTO llpll paCCMaTpHBaeMbiX aacop6UHOHHbiX llpO

UeCCaX Ha CMone MOM'JT COp6HpOB8TbCH HeCKOnbKO COellHHeHHlli 

2) OH aaeT B03M))KHOCTb orrpeaenHTb COCT8B cop6HpOB8HHbiX Ha 

CMone ¢opM ll llX OTHCCHTenhHbie KOtlll'ieCTBa llpll ll8HH0ll KOHUeHTpauHH 

nnrauaa; 

3) OH l103BOtiHeT 06'hHCHHTb 
11 

BTOpll'iHblll KaTHOHHblll 3(jl¢eKT" o6pa30-

BI1HHeM HOHHbiX nap, y IaCTBY!O!UllX B aacop6UHOHHOM rrpouecce, 

ABTOp~ C'illTB!OT CBOHM llpHHTH~M llOtirOM B~pa3HTb 6naroaapHOCTb 

a-py H, H. M oTopnHoil : 1a rrone3HyiO ancKyccniO n ueHHbie 3aMeqannH. 
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Mce 

Puc. 1. Ancop6uHH Mil KpoKonwqecTB UHHKa aHHOHHTcM ilay3KC 1x8 npn 

25°C H3 pacTBopoB a) LiCI, 6) NaCI, B) NH 4 Cl, r) KCI, n) CsCI 1 
-e) H Cl . 3Kcrrepi MeHTanhHbie pe3ynhTBTbi 1 o6o3Ha'!eHHbie 

Kpy)KO'IKBMH, B3HTbi n:: pa6oTb/ 13/. Kpl!BbiMll I , II , Ill n IV rroKa3aHbi 

pe3ynhT8Tbi pacq~Ta H3MeHeH!iii 1- D 
6 

, 11-Dz ct, 111-Dcz c 1 H IV-Dc z c 1 0 ru. n 2 "n 3 2 n 4 

COOTBeTCTBeHHO B 38BICHMDCTH OT KOHUeHTp8UHH XnOpHllOB, 

PHCYHKH 6), B), r), a), e) CM, H8 cnenyJOIUHX CTp8HHU8X, 

26 



2500 

0 

2000 

1500 

0 

D 
JJ.1 

woo 

/---
/ ...... , 

/ 
I IV/ 

I 
I 

/ 

- . --1-- / 
I ......... / 

500 I 
I 

'/ 
/ ' 1!. 

/ 
/ / .......... 

/ 
/ 

....... 

/ / 
/ 

_......., 
I 2 3 II 

Mcq, 
5 

PHCo 16) 

27 



( J I •oHd (8 I •oHd 

row row , r z f s , I 
/ 

/ 
-/ 

--
........... 

.......... I 
iT'· 

/ 
JJ. ......... I I 

-' .......... I 
' 

I 

' 
I I OO'Z 

' 
I.,/ 00~ 

' 
I 

. 7 ·. 
' 

I 

' 
. I I 

' 
!'·- I 

' 
, II/ I 

I ,-I 
\ I 00'7 

' 
/ 

I ' 
/ 

a 
.......... __ a / 0 

..... / 009 
---

009 

008 
0 

008 0001 



800 

600 

D 
J,()() 

200 

T 

-- ~ / -/ ....... ... 0 
I . --' 

I ~! ' 
I \ 

I 
I 

,-.L 
. I . -....... 

'/ I 

/ 

I 
I 

{ 

I 

Pwc. 1 r) 

29 

JJ ..... ..... --
1'7 ce 

J 
( 

I 



Of: 

(t11 "::llfd 

0 

oor 

DD'r 



e 
1500 

1200 

900 

D 

300 

' '-.ii 
.......... 

.......... --· I 2 J 4 

Puc, 1 e) 

31 

0 

5 6 7 

Mce 

0 

8 

j 
Fj 

'i 
A 



2500 
a.. 

2000 

1500 

v 
1000 

'I 
;"-~ 

500 
I 

'\ I 
/ 

I 

/ 1.Y ---
~--

0 2 3 5 8 7 8 

MOJ 
Puc, 2. Ancop6uuH MHKpOKOJIH'IeCTB UHHKa aHHOHllTOM LlayaKc lx8 rrpu 

49°C u3 pacTBO:JO[ a) Li Cl 1 G) H CI. KpyMKaMH o6o3Ha•IeHhi 

8KcnepuMeHT!JJlbJII,H· 3Hil'JeHUH, B:.1HTbte ll3 prlcDThi/ 14/, KpHBbiMll I , II , 
JJI u IV noKa3aJIJ,J pe3yJibTaTJ,J pac•JeTa ll3MeHenuti I- IJ 6 , 11-0 ZnCI , 

0 Ulo 2 

111-IJ CZnCI
3

u IV- lc~ZnCiyDOTBCTCTBCHHO B 3!ll3llCllMOCTll OT KOHUCHTpa

UHH 8JieKTpOJillTOB, 

PucyHOK 26 CM, Ha cneJ:~ywmeii CTfJaHHUe, 
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Pnc. 3, Aacop6UHH K9DMHH Ha aHHOHHTe ilaysxc lxlO H3 pacTBopoB 

a) Li Cl. 6) H CI Kpy)!{KBMH o6o3HaqeHbi sxcrrepl!MBHTanbHbiB 3Ha-

qeHHH, B351TbiB H3 patioTbi/ 18/. Kpl!BbiMH I , II H Ill rroxa:JaHbi pe3ynb

TBTbi pacqeTa H3MBHE HHH I- D 
6 

, 11-Dcdc 1 H 111-D c CdcfDDTBeTcTseHHo 
o m. 2 2 4 

B 38BHCHMOCTH OT KOfUBHTpaUHH snBKTponHTOB, 

Pncyaox 36 eM, Ha c nenyJOmei1 crpaHHue. 
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