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() 

Sae.aeHKe 

f.'J MeTo.g aKcTp8KUKK aHyTpKKOMnneKcHbJX coe.gKKeHKll a H8CTOliiUee apeMll npKoopeTaeT 

I.") 

ace OOnbWee 3H8qeH~e B pa.QKOXKMKqeCKHX KCCne.gOB8HKliX llpK K3yqeKHK npo.gyKTOB li.Qep

HbiX pe8KUHII. 3KCTp8KUKll .gaeT B03M0)KH0CTb 3H8qHTenbHO COKp8THTb BpeMsi Bbl.geneHHll HC

cnellYBMbiX upollyKTOB B oq~CTKB HX oT 6onbworo KOnHqecTaa MewaJOIUKx aneMeH'POB. Kpo- . 

Me :oro, 9KCTp8KUHOHHblj MBTO.Q ll03BOnlleT K3yqaTb XKMKqeCKKe CBOIICTB8 .KH.QKK8TOpHb1X 

KOnHqeCTB 3neMei{TOBo 

S H8CTOliiUell paooTe KOnHqecTaeHHO H3yqan8Cb 3KCTp8KilKll KJOpHll H ¢epMHll paCTBOpOM 

TeaoanTpa~opaneToaa (~A) a Tonyone B3 aneTaTHbiX pacTaopoa K pacTaopoa a -rBilPOOKCB~ 

H30M8CnliHOll ICHCnOTbl, npH p83nKqHbJX 3HaqeHHliX pH C uenbJO onpe.geneHBll KOHCTaHT 
! 

31CCTp8KUHH II KOHCT8HT yCTOl!qKBOCTH B03HKK8101UHX KOMilneKCOB. 113 aHanoraqHbJX BCCllE!-

/i/ 
.QOB8HHII H3BeCTH8 TOnbKO paOOT8 , B KOTOpOll onpe.genllnCll K03qKpHUHeHT pacnpe.geneHHll 

sTHX 3neMeHTOB npK SKCTpaKnHH pacTaopoM TT A H3 MOHoxnopyKcycHoll KKCnoTbJ npH o.g

HOM 3HaqeHHH pH • C.aenaHHble H8 OCHOB8HHH 9TIIX .Q8HHbiX pacqeTb/
21 

HOCliT oueHO'lHblll 

xapaKTep. 

TeopKB 

3KcTpaKUKB MeTanna pacTaopoM TT A Mol'KeT obiTb npe.acTaaneHa a aH.ge .gayx¢a3-

+• + 
M + Z(HT) • (MT.) +.ZH 

opr opr 

HOI! peaKJlHH: 

+ll r.ge M - KOHU£l!Tpauall HOHOB MeTanna, (HT)opr - KOHUeHTpauHB TTA a opraHH·qecKoll 

¢a3e. 

npH ManbiX KOHUeHTpauHBX MeTanna B cpaaHeHHH c KOHUeHTpauHell TTA KOHCT8HTY 

SKCTpaKUHH MO)KHO HallHC8Tb B BH.Qe: 

K 

+'. [H ], qo 

[HT]"opr ( 1) -

[MT I 
r.ge q

0
- __ ._opr- K03¢tpauaeHT pacnpe.aeneHHll MeTanna Me)K.gy opraHHqeCKOll K BO.QHOII 

[M.-*] 
<tJa38MH. 113 ypaBHBHKll ( 1) Bblpa)KeHHe 3aBHCHMOCTH' MO)KHO nonyqHTb norapK<tJMaqecKoe 

+ 
OT- KOHUeHTpaUHH BO.QOpO.QHbiX KOHOB (H ) , KOTOpOe HMeeT BH.Q: 

I& qo I&K + zi&[HTiopr+ zpH• (I') 

npoK3BO.QHall Bblp8)KeHHll (I') npH pH HMeeT BH.Q: 

3 
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TaKBM o6pa3oM, aena'IHHa 3apaaa M&Tanna onpeaenaeTca HaltnOHOM JtpHBOI lg Clo •·f(pH.)
1

•( 

3TOT MeT<:>a aanaeTCa HaH6onee llpOCTbiM anB onpeaeneHRa aenB'IHR&I aapsfaa BOBS MeTan• 
I 

na, 

Jlayxcpa3H8a KOBC~aHTa YCTOI'IHBOCTR KOMnneltCS M&Tanna MO>KGT 6b1Tb p8GC'I&t8Ba c H3 Bblp8>K9BHlll: 

[MT.I • -
rae tl • [M'""Il'fl" 

lctl. Q ••. lg K +.zig q
8

T+ ZP ~~T, 

KOBCTSHTS ycTOI'IHBOCTH KOMnneKca MT, 

t2> 
, Q ,;.. [MT1 ) opr 

• £In, I. 
- KoacpcpauaeHT pacnpeaene••a KoMnne~~:ca MT Me>Kay opraBB'I&CKol a aoaaoa cpaaa.ca, 

pK
8

T - oTpi!U&Teni.Hbll norapllcpM KOKCTaBTbl aaccouaaUIIR TTA. 

181 
Bb!pa:lKeBae ( 2) nony'laeTCa TaKJKe npeoC5paaoeaBBeM ypaeaens (I) , 

B npHCYTCTBRII KOMnnekcoo6pa30BaTens (HB) KoacpcpllllB9HT pacnpeaell&BIIll (qk) 

6yaeT OTnH'ISTbCa 0~ K09cpcpBUR9BT8 pacnpeaeneHB$1 (q 0 ) nonY"'9HBOrO C5ea KOMM9KC~OI5p43o
B8Tena, no YM91lbW9BHIO ltoacpcpau119BT8 pacnpeaeneBIIa MO>KBO pacC'IBTSTb KOBCTSBTY 

' /8 4/ 
ycToi'IHBOCTH B~SIKCTparllpyeMoro KOMnne~~:ca MB8 M&ToaoM, npeano:lKeBHbiM a pa6oTax ' 1 

nonb3yBCb ypaBB9BR9M 
~ -· 1r • I tl. [ B- I~ , 

[MB.I 
rae l'l. • [r.r-•1' s-1 ~ 

qk •• , -
(3) 

·KoHCTaBTa ycTOI'IBBOCTII KoMnne~~:ca MB • , [B "'1 - ~~:ouneuTpaullll 

SBHOBa KOJI:inn&KCOOC5p830B8Tena, S - KOnii'I&CTBO aaeBaOB1 llpHCOeaiiB&BHbiX K IIOBY 

MeT anna. 

i::lblpa>K&HHe (3) MO)I(HO npeacTSBHTb B BRae: 

illg(q0 -1) 
qk 

illc[B-1· 
•· .. 

(4) 

CneaoaaTenbHO, KOnll'leCTBO aaeHaoa (s) , npacoeaaueHHbiX K HOHY M&Tanna, MO>K&T 

6b1Tb onpeaeneHO no HSKnoHy KpHBOI 

PacnpeaeneHHe 
U2 

Ha H3oTonax Cm 

lg(~ -·1) ··fOc[B-)). 
qk 

MeToai!Ka paC5oTbi 

cpepMIIB H KIOpBR' Me>Kay opraHR'I&CKOI Jl. BOaHOI cp838MII B3Y'IMOCb 
2U 

a Fm , l13oTon 4Jep114HR-252 nony'lanca Ha uaxnoTpoae !14Horo3a-

pRaHblX HOHOB 

BhlaeneHae H 

2a ·20 112 
na6opaTopHH RaepHbiX peaKnlll OYIHYI no peaKQBII u (Ne 'a2D )Fm • 

O'IRCTKS cpepMI!a npOH3BOaanacb no M9TOaHK91 onacaBHOII B pa6oTe/
5
/, 

4 

-.··~,:- .... · .. ~ .... " "i·:~- ~_,~-~~~ ·~~::.7 .. -·~·~~~~,; .. , .. :>7~;.t··, ~"~T?f,:i ·0::,;~ 

I •,•;, 

3xcnepaMeBTbi npoaoaanacb c HHaaxaTopBbiMH xonH'IecTaaMH KIOPHK a cpepMIIIll. Kona-
4 . . 

'18CTBP cpepMKa B 0Ub1T9 COCTSBnRno 10 STOMOB, KIOpHI H cpepMHI oaBOBp9M9HHO sJI!cTpa-

rnpoaanHCb ·H3 0, IM pacTeopa au eTa THoro 6ycpepa npa pa3nH'IHbl~ 3HS'I&HIIRX ~pH , 3KcTpB:K" 

uHR npoH3Boaanacb 0,2M pacTaopoM TTA e Tonyone npa cooTHoweHHH cpa3 1: 1. nocnEt 

npoeea&HHll 9KCTp8KUHH qJ83bl pa3aenHnHCb B BbiCYWRBMHCb Ha 30nOTbiX noanomKiif anll 

H3M9p9HHll a -aKTHBHOCTH, 

J13MEip9Hil9 a -aKTHBHOCTH npOH3BOaHnOCb HS HOH1131nlHOHHOI KSMepe C C9TKOI.' 

Pa3peweHae aaaHoro a -cneKTpOM9Tpa BHaHO H3 puc, 1 Ha npHMepe 113M9p9HRII opra-

-HII'19CKOI cpa3b1 0 nony'I&HHOI npH 9KCTp8KUHH 113 paCTBOpa C pH •· 3, 1, 

1::1 apyrol cep!fH onbiTOB KIOpHI SKCTparupoaancH 0,2M pacTaopoM TTA H3 O,lJ\1\. a 

0,4M paCTBOpOB a -raapOOKCHH30MSCniiHOit KHCnOTbl, !13MepeHH9 a -aKTHBHOCTH B ,STOM 

cny'!ae npOH3BOaHnOCb Ha CUHHTHllnliUHOHHOM C'I9T'IHK9, 

Pe3ynbTSTbl a o6cy~aeHBe 

3aeHCHMOCTb KOSqJqJBUH&HTOB pacnpeaeneHHll (q0 ) KIO"PHII H cpepMHII OT pH DOK83&-

Hbl HS pHC, 2 ( KpHBSll 11 2), KaK BHaHO H3 pncyHK8 0 3apaa HOHOB KIOpHII H cpepMHa B 

paCTBOpe paaeH TpeM, 3Ha'leHH9 pH npH -~ • 1 , Kor.q.a nonoanHa MeTanna nepeJtoaaT 

B opraHH'I&CKYIO cpa3y, anll KIOpHll COCT&BnaeT • :3,6 0 ana !pepMBa - • 3,3, <PaKTOp pa3-
Fm 

aeneuna KIOpHH H cpepMHH ( F •· ..'!.o.._ ) e HccneayeMol o6nacTn pH paaeH • 10, 
qg"' 

Jlllll onpeaeneHHll KOHCTSHTbl (f<) ~eo6xoaHMO 3H8Tb BenH'IHHY paBHOB9CHOll KOHil&H-

TpSUHH TTA a Tony one [ HT) • 3Ta eenn'IHHa MO)K&T 6biTb onpeaeneaa no !popMyne: 
_opr 

LHTiopr• 
qHT t.HTJ HCX 

1+ qHT 

rae q
11

T - KoacpcpBuHeHT pacnpeaeneHHH TTA Me)Kay TonyonoM a aoaHoll cpa3ol, 

LHT] - HcxoaHaa KOHil&HTpauna TTA B Tonyone. 

Koscp!pHUH&HT pacnpeaeneHHH ( ~,) an11 0,2M pacTaopa TT A B Tonyone 6bm onpe-

aeneH sKcnepHMeH"DanbHO THTpoaaHneM TTA B aoaHOll tpa3e, B .aHana3oHe pH oT 2 .ao 6 

q
8

T nony'I&H paeHhiM 40. CneaoeaTenLHO, [HT) •0,195 M. 
opr. 

8 Ta6nHue I npHBeaeHbl KOHCTSHTbl 9K0Tp8KUHH ana KIOpHll H cpepMHII 1 p8CC'IHT8HHbJe 

ITO ypaBH9HHIO ( 1 ) IrpH p83nH'IHbiX 3H8'19HHliX pH 

CpeaHaa eenH'IHHa KOHCTaHTbi SKCTpaKUHH 
-9 -8 

Kom • (2,2;!:.0,3) ·10 ,KF.,=(2,4;!:.0,7)·10 • 

B SToll me Ta6nnue npHB&.lleHbl 3Ha'I&HHII aayxcpa3HOll KOHCTaHThi ycToi'IHBOCTH KOMnnex

coe KIOpHH H cpepMHII c TTA, paCC'IHTSHH~Je no !popMylle (2). npH pac'!eTSX ~cnonb30Ba
/6/ 

nHCb 3H8'19HHa -lgK HT =6,38 , 

5 
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3asaeHMOeTb KOS<j:lcj:lHUHBHT,, p&CDpB.IlBU&HHII KIOpRSI ~T pH paeTBOpOB a -rHJl'poOKeH-

HSOM8eniiHOit KHeno~bl OOK838H8 H8 pRe, 2 ( KpHB&H ~ •• 4), K&K BRJlHO H3 paeyaKa, B ttpaeyt 
\ "' ' 

eTBHR T&Koro KOMDUBKeoo6p&30B8TBnH KBK a -raJJ.pOOKCKH3oM&enHH8H KRCnoTB KoHU&BTp,a;", 

uaell Jlo 0,4M see >Ke B03Mo:lKRB nonRaH SKeTp&KURII KilpRH pacTsopoM TTA. UJJ.R&Ko 

KpHBblB 3KeTp&KURH CJlBHHYTb! B o6naeTb 6onee B!>ieOKHX 3H&'IBHHit. pH , 0TKUOH9HHB OT ,;. 
nHRBliHOll 3&BHeHMOeTR CBII38HO C H3MeHBRReM llRCCOUR8URH 

KHCnOTbl OT pH 

a -rHJipOoKCHH30M&~HOll, 

\ 

Jlnll OUpB.IlBUBHHSI KOHeT8KT yeTOli'IRBOCTH KOMnneKCOB KIOpHSI C a -r!l.llpOOKCHHSO-

MBC~KOll KRCnOTOll no ypaBKBKHIO (!) BMBCTO KOKUBKTp8UHR 8~HOH8 KOMUnBKeoo6p&30B8TBUi 

aeo6XOL!HMO 6p8Tb ero 8KTHBROeTb '(a
8

..) , 3&BHCHMOCTb lg(~ - 1) OT lg 8 8 - np9.1ICT8B-
, ~ 

neaa K8 pHC, 8, AKTIIBHOCTb 8HKOH8 a ,-raJipOOKeHH30M8CnSIKOll KKCnoTbl onp&L!BIIIIn&C!> 

no q:>opMyne: 

a' •· 
B 

[HB!d 

i+ 1 
KHB Y 

r JIB (liB ]o - . KoHUBKTp8IIII51 a -raJJ.pOOKCRR30M&CnSIHOlt KHCnOTbl, y - Cp&llHRlt KOS(j:l-- . -
q:lHUHBKT &KTHBKOCTH O.IIHOBanBRTHOro ROK& (npR HOHHOll cane 0,1 H ~.4 p&BeH 0,78 R 0,64, 

COOTBBTCTBBKHO) t Ka8 - KOKCT8HT& llHCCOIIHBII!fR a -rR.IlpOOKCHH30M8CniiK08 KKCUOTI>l, 

-4 171 
p&BH8!1 1,5'10 ' , 

113 pHC, 8 BHJlH,01 'ITO KOUH'IeC'TBO I!JlBHllOB (s) 1 UpHC08.1IHH9HHbiX It HOHY KIOpHll, 

p&BHO llBYMo 8HJlHMO MO>KHO C'IHT8Tb1 'ITO KJOpHlt Jl89T B 3TRX ycnOBRSIX C a -rHJipo

OKCHH30M8CnSIH08 X.CnOTOlt KOMnn&KC BHJI8 CmB! , ~enR'IHHB KOHCT&RTbl yCTOlt'IRBOeTH 

+ 
KOMnneKeoB CmB 1 1 p8CC'IHT8HH&H no q:>opMyne (;,h npHBB.IIBH8 B T&6URUB fi o 113 

T86UHUbl ;HllK01 'ITO npR 113MBHBHHR 3H&'IBHHSI pH OT " 4 .IIO ., 5,5 R KOIIIIBHTp&IIHII 

a -raJipOOKCRH30M&CURHOII KRCnoTbl OT Q,l JlO 0,4M BBUR'IHHB KOHCT8HTbl yCT08'1HBOCTK 

KoMnnBKC8 ({jl) C a -raJJ.pOoKCRH30M8CniiHOlt KHCUOTOII OCT8BTCSI B npBJIBUBX OWH6KK 

-6 
OllblT8 UOCTOIIHH08 R COCTBBU!IBT (2,8 :t_Q,3) '10 , 

Heo6XOllRMo OTMBTHTb, 'ITO Bbi'IHCUBHHR, npoBOllHMbiB no STOMY MBTO.IIYt cnp8BBllnRBbl• 

KOrJia q
0 

BCTb KQ&qxpRUIIBKT 3KCTp8KIIRH B OTCYTCTBHH KoMnneKC006p830B8TBUR, ~ B&WBM 

cny'lae, K&K 61>1no IJK831lRo Bhlwe, xoacj:lcj:lanaeaT pecnpeJieneHHII q
0

. onpeJJ.enanca npw 

sKcTpaxnaa KJOPKR H3 O,lM aueTaTaoro 6ycj:lepe. OJJ.aaKo ycToli'IRBOCT& aneT&TRhlx ItoM-

/8/ 
nnexeos KJOPRII JJ.on>KR& 6b1Tb,no aaanoraa 'c pB.IIK03eMen&HhiMR sneMeHTaMR , aacTonbKo 

Mana, 'ITO DpRCYTCTBB&M 8UBTaTHOrO 6ycj:lapa MO:lKHO npel!le(ipe'l'b, 

BhiBO.llhl 

l, nony'IBHhl ~OSq:lq:>RllRBHTbl pacnp9Jl9U9HRR KIOpRR B q:>epMHR npa SKCTpaltiiBB R3 

0,1M .aueT&THhiX paCTBOpOB, JlUR KIOPBR 83 0,1M B 0,4M p8CTBOpoB a -rap;pOOKCRB3o

M&enaHo8 xacnoThl 0,2M pacTBopow TTA B Tonyona. 
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2. Pacc'h!T&Hhl KOHCTaHTbi SKCTpaxuaR ( K) . a JJ.~~oyxq:>a3aaa 
,, .· '' ~ <P .. 9a> KOMM9KCOB KIOpHst B q:>epMHII c TTA. Kom a(2,2:t,0,3)•10 • 

. ({J. o,.>_ • <2,1 :t,0,3l·to
15

, <tJ. Q.>-. <a.s :t.t.o >·10
16

• 

3, i1cXOllSI H3 TOro, 'ITO B HCCneJJ.yBMoll o6naCTR pH II KOHU9HTpaiiBB a 
+ 

asoMacn$HOll xaenoTbl KOMnnexc KIOPRII, BBJJ.KMO , .aMeeT q:>opMy Cm Ba 
. -6 

HaR KOHCT8RT8 YCTOA'IBBOCTH STOrO KoMUnexca, paBH8SI (2,3!9,6)'10 0 

8 SIUUIIO'I9HR9 aBTOPhl Bhlpa>KaJOT rn y60li;YIO 6naroJJ.ap!IOCTb i1,CTaphl 38 UBRKhle 

38MB'\BIIR11 npa o6cy>KJJ.9HBB pes_ynbTaTOB pa60Thl, E.,ll.,lloany II r. KyMoq:>y (:!a moll·3~0 

np~P:C.T8BU911Bblll a -cn&KTpOM9Tp,, 

n B T 8 p 8 T V p a 

1. L.~IJapa.-,ILI;..~der... J.~ ~-$leo~, 62n7(1954). 

2. A..._~oaklllzc, s.-.~oremoa,Ir.l;l!aor• "acl. ~-~ 323(196j). 

8.L~. Coli. Crechoslov. Chen. P!mlllllllo ~ 2630 (1960). 

4.L!jtary. -Au!. Ch-. ;Acta 1!, 132(1963). 

5. 11.Bp8R.aUIT'e,.p B AP· PaJJ.BOXBMHSI, 5, (6), 894 ·( 1963). 

6. F.lf.eoak. R.lo'fa!t. L~ ~-lioco~. 6103(19,52). 

7, H.~stva. F.Verbeea. Jlalletia des Sodetes Cbimiqaes Belges.Zb 9-10 , 612(1963). 

8. A.l!oa--. ;Acta aa-. $cancl. E: 1937( 1958 ). 
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Ta6nHual 
·1 

KoHcTaHTa aKCTpaKuHH H .osyxq>a3HBSI KOHCTaHTa aKCTpBKUHH q>epMltll H KIOPHll TTA fJ 

pH 

3,1 

3,1 

J,3 

3,5 

3,5 

3,6 

3,9 

IPepMHII 

K·10
9 fJ.Q. 10-15 

:.1,6 2,3 

2,3 2,0 

:.!,6 2,6' 

2,0 2,7 

2,2 1,9 

1,6 1,4 

2,2 1,9 

cp. 2,2:!;.0,3 cp. 2,1+0,3 

Taf5nHuall 

K!OpHSI 

K"I0
8 fJ. Q. 10;:-.16 

) 

2,6 2,5 

2,8 2,2 

2~9 2,6 

1,8 1,5 

1,9 1, 7 

3,8 3,3, 

cp.2,6:!:.1,1 cp,2,3!),0 

KoHcTaHTa ycToii'IHBOCTH KOMnneKca K!OpHll c a -rH.opooKcHH3oMacnl!Hpll KHcnoToll 

KoHu. 
a -rK.OpOOKCH
H30M8CITSIHOII 
KKCIT.O:I'bl 

0,4 M 

0,1M 

pH 

4,14 

4,42 

4,66 

4,74 

4,95 

5,05 

5,29 

5,32 

5,42 

4,42 

4,52 

4,70 

4,.95 

5,05 

5,20 

5,32 

{J 210 
6 

3,2 

3,3 

lo8 

1,4 

2,3 

2,0 

1,4 

1,6 

2,2 

---
4,0 

3,6 

2,0 

2,0 

2,4 

1,8 

1, 7 

cp. 2,3 :!:. 0,6 
8 

,.''~ 

:-

Noi 

fOO 

so 

20 30 

~ Cm21j'" 

£.1..•6,1/~ 

40 50 

NN! ICOHC;JJ70 

60 

Sat 
~16 

7.2. 

6,8 

6,4 

Fm252 
J &i-•7,05HfC f 6,0 \ 

·70 

5,6 .,. 

~2 

281 . 
Pac. 1. a - cneKTp opr.<tHH'leCKOII !p83bl npH pH a·3,1 

lliTSI K8rrH.6pOBKH), 
Pu .oo6asne11 

9 

~ ... ;. .. ~. ~.- '.. :._:;._'-'_' 

"';:, 

t 

~·"·~~~~ 
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~cr 
2. 

1· 

" 1.) 

0 . 
.3 

:..i 

-2 

PRe. 2. 3aBHCHMOCTb lgq OT pH BO.IlHOrO paCTBopa npH SKCTp8K.IIHH Fm H On 0,2M 
pacTsopoM TTA s Tonyone. I - SKCTpaKURA Fm H3 O,IM aueTaT!Ioro pacTBopa; 
2 - SKCTp8KUHH Cm H3 0, IM aueTSTHOro paCTBopa, 8 - 9KCTp8XURSI em H3 

O,IM a -rHnpooKCHR30Macn1111oll xucnoT&JI 4 - aKcTp8KUBA On B3 0 4M a 
rHnpooxcRH3oMacnHHoll xRcnoTbll X- .aaHHbJe Q3ATbl H3 nuT&paTypbl/ II'. 
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