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AHHOTaUHSI 

B pa5oTe ITOKa3aHa B03MOmHOCTb rrpeaaapHTenbHhlX pacqeTOB anSI Bhl50pa KOMrrneKcO

o5pa30BaTeneA H ycnoaHA paaaeneHHB XHMH_qecKH noxomax aneMeHTOB MeToaoM aneKTpoc~Jo

peaa Ha 5yMar-e, B cpeae HHTpHnOTpHyKCYCHOA - KHCnOT hi. 

CoaaaH r-paclJHqecKHA MeToa anSI orrpeaeneHHH paBHoBeCHhlX KOHCTaHT H orrpeaeneHHH 

THDOB peaKUHft 05pa30B8HHH KOMrrneKCHhlX coeaHHeHHft. 

V.Knoblokh, Rhen Te-llou 

ELECTROPHORESIS OF COMPLEX COMPOUNDS ID 

SEPARATION OF SOME RARE-Earth 
ELEMENTS BY ELECTROPHORESIS 

ON PAPER IN THE MEDIUM OF NTA 

Abstract 

A possibility is sh_own of preliminary calculations of the electrophoresis processes in ~T A. These calculations 

may be used for choosing complex forming material and for determining the separation conditions of chemically similar 
d~~~. ' 

A graphical method is given for the determination of equilibrium constants and of types of reactions in which 

complex compounds are formed. 
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B B e .u e H H e 

B rrocne.uHHe ro.Ubi MeTo.uaM paa.ueneHHR pe.uxoaeMenbHbiX sneMeHTOB sneKTpo¢opeaoM 

6bm !IOCBSIWeH pSI.Ll pa60T. Yf3 STHX pa60T cne.LlyeT , '<{TO HMe_HHO cpe.Llbl, CO.Llep)f{awHe 

KOMrrneKC006pa30BaTenH 6MHHOIIOnHKap60HOBb!X KHCnOTJ !IpHrO.LlHbl .LlnSI pa3.LleneHHSI pe.LlKOae-

11 2 31 
MenbHb!X sneMeHTOB ' ' • 

0.UHHM H3 TaKHX KOMrrneKC006pa30BaTenei!: SIBnSieTCSI HHTpHnOTpHyKCYCHaSI KHCnOTa, HC!IOnb-

30B6HHaH HecxonbKO paHbwe WyMaxepoM .LlnSI pa3.LleneHHSI pe.LlK03eMenbHbiX sneMeHTOB MeTo-

141 
.LlOM "¢0KYCOB6HHOrO HOHHOrO 06MeHa" • 

151 B pa6oTe 6bma rroxaaaHa B03MO)f{HOCTb pacqeTOB o6nacTei!: xopowero paa.ueneHHSI 

aneMeHTOB B aaBHCHMOCTH OT pH H KOH!IeHTpaUHH KOM!IneKC006pa30BaTenSI H3 H3BeCTHb!X 

paBHOBeCHb!X KOHCT8HT. B STOH pa6oTe Mbl CTpeMil:nHCb !IOK636Tb, KaK MO)f{HO rrpe.LlBapHTenb

HO OUeHHTb s¢¢eKTHBHOCTb p63.Ll.eneHHH XHMH'I::[eCKH !IOXO)f{HX aneMeHTOB, C03.Ll8Tb rpa¢Hqec

KHH MeTO.ll orrpe.LleneHHH TH!Ia !IpOTeKaJOweft peaKUHH H paBHOBeCHb!X KOHCT6HT .Llnlil pe.LlK03e

MenbHbiX aneMeHTOB B cpe.Lle HHTpHnOTpHyKCYCHOH KHCnOTbi. 

K ax rroxaaanH rrpe .Ll BapHTenbHbie pacqeTbl, nyqme acero .LlnSI pa3.LleneHHH nerK:Hx pe.LlKo

aeMeJlbHbiX aneMeHTOB !IpHMeHHTb o6naCTb o6pa30B8HHSI Bb!Clllero KOMrrnexca, COCTaB KOTOpo-

18 I 
ro orrHcaH B pa6oTe • 

1. TeopeTHqecKaSI qacTb 

PacqeT o6nacTei!: pa3.LleneHHSI 

151 
B pa6oTe 6binO rroxaaaHo, qTo .LlnSI paa.LleneHHSI .LlBYX XHMHqecKH rroxo)f{HX aneJWeH-

TOB B cpe.Lle KOMrrneKcoo6paaoaaTenst, r.Lle rrpoTeKaeT peaKUHSI: 
+m •n m •an•eb 

Me +aHbx "'M. x +- abHJ 

.LlOn)f{HO 6b!Tb .Llei!:CTBHTenbHO ypaBHeHHe: 

Ill 
log~~·-- log[(' + alog c - abpH, 

u - u 
M " 

r.Lle: e 

[(' -KOHCT8HT8 paBHOBeCHSI peaKUHH; C -aKTHBHOCTb HOHOB KOMrrneKC006pa30B8TenSI~ 

~. -rrO.LlBH)f{HOCTb HOHOB MeTanna; uM.,;rrO.LlBH)KHOCTb HOHOB MQTannHqecKOrO KOM!IneKca; 

U - liO Ll BH)f{HOCTb paBHOBeCHOH CMeCH pa3Hb!X ¢opM aneMeHTa; .Ll6nbwe 0603HaqaeM K8K 

"IIO.LlBH)f{HOCTb sneMeHTOB.,. 7 npH yCnOB~H, '<{TO peaKUH.s! !Ip OTeKaeT O'l::[eHb 6biCTpOI. 

B paa6aBneHHb!X paCTBOpax IIpH pacqeTaX MO)f{HO HCIIOnb30B8Tb KOHU8HTp8UHIO 

THBHOCTH. 

Mo*HO rroxaaaTb, '<{TO cepe.LlHHa "aonHbi. I 

TOpOR .Ll8HCTBHT8nbHO ypaBH8HHe 

u , pH I HaXO.LlHTCSI B o6nacTH, .LlnSI xo-



PH L logK'- ]_loge ' 
ab b 

b > e / 2/ 

C 1 KOHUeHTp8UHSI HOH8 K OMII11eKC006 pa30BaTen SI , 

npH He6011blllHX pa3BHU8X Me>K.Qy IIOLlBH>KHOCTblO X H MH'ieCKH IIOXO >K HX MeTa11 110B H 

KOMII11eKCHb!X HOHOB C O .QHH8KOBbiM 38pSILlOM U M ~ U Me , a TaK)i{e U M ;;;; UM ) 
"J 2 el x e 2 x 

o6nacTb HaHny'i.riJero sneKTpoci:>opeTH'iecKoro paa .u en e HHSI MO>KHO onpe.uenHTb KaK o 6nacTb, 

rue pa3HOCTb XO.Qa KpHBbiX (pll - U) HMeeT M8KCHMYM, 9THM CIIOC 0 60M MO>K HO nerKO 

Ll0K838Tb, 'ITO paa.ueneHHe 6y.ueT HaHny'iWHM IIp H 

p ., 
H 

1 
2ab 

log K' -
1 

1 
2ab 

log K 1 - _!_ log c 1 

2 a 

H pa3HHU8 Me>K.uy IIO.QBH>KHOCTblO sneMeHTa H STOA TO'iKH Ll 011 >K Ha 6 b!T b 

/).u 
K' -K' ~- ( u - u ) 1 2 • 

Me Mex r. l VI , . / 1711.2 

/ 3/ 

/ 4/ 

.[lnSI nerKHX pe.QK03eMe11bHb!X sneMeHTOB B cpe.ue HHTpH110TpHyKCyCHOA KHC110T bl MO>KHO rrpe.u 

/6/ 
sapaTenbHO pacc'iHTaTb ycnosHe .unSI xopowero paa.ueneHHSI aa .uaHHhlX AH.uepera /o6pa-

aosaHHe KOMrrneKca 1 : 2/, Paa.u eneHHe .a on>K HO rrpOHCXO LIHTb s o 6 nacTH pH~3-5. PaaHHua 

IIOLIBH>KHOcTeA, HarrpHMep, .anSI Ce H Pr rrpH pH 4,3 LI011>KHa COCT8B11SITb 10% paa-

HOCTH UOLIBH>KHOCTH CB060 LI H0f'O HOHa H KOMIIneKCHOf'O HOHa , .[lnSI rrpe.aBap HTenbfiOf' O pac

'ieTa speMeHH, He06XO.LIHMOf'O Ll11SI paa.a e n e HHSI, MO>KHO rrpe .a cTaBHTb MeXa HH3M sneKTpOci:>O

p e TH'ieCKOf'O npouecca /eM. rp. 1/, Paa.aeneHae .aon>KHO 6biTb xopowHM, K or.aa : 

g - g l > 2r 
2 

gl - IIYTb MeT anna M 
1 

g 2 - rryTb MeTanna M:~ 

c - HCXOLIHaSI TO'iK8 

r - pa.aayc Karrna. 

171 
KaK rroKaaana KyHKenb a Tacenayc , MO >K HO paCC'iHTaTb 

u g e 
tv 

r e, 2 
yl 

u no ct>opM yne: 

Tor.Lia, O'ieBHLIHO, 'iTO MHHHManbHoe speMSI paa.ueneHHSI aa /5/,/4/ , /6/ 

tmln 
1 (~ + J ff1)2 ___ 1 _ _ _ _ 2_ 

(K' - f(') 
,2 I 

v 

e, 2 
( - ) 2 r . 

e u - u 
Me Mex 

.[l nH rrpe.a sa p HT e nbH bi X pacqe Tos M bi 6paJUI, e u 
Mex 

4 . 10-
4 

' 
~ 1 ~I 2 "' 3 ' lo g K c .. = 7,98 Iog K = 8,18 u ;J - = ' 

( -- . ) = ' Mex
2 v 300 r Pt 

2 r ~ 1 c·n , a = 1 , b = 1 

/5 / 

/ 6 / 

171 

/6 I 

H 06Hap y )K H11H, 'IT O, HanpaM e p , M HH HM811 b HOe B p eM Sl Ll. 11H p aa.aene HHSI CM 8 CH Ce- Pr , tmln"' 3 MHH , 
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a Pm - E u, t "' 1,5 M H H. BenHqHHbi K H /( nonyqe H bi HHTepnonSIUHeii nHT epaTyp -
;ei 'n / 5 I P m Eu 

Hhrx .aaHH biX B · paooTe ObiJlO rroxaaaHo , qT o MO)!{ HO rpactJHqecKH onpe .a enHTb a enHqH-

Hbi " a " H " b" / e M, y p aBHeHHe /1 // . B 9 T H X CJiy qaSI X Mbl p a OOT anH rrp H nOCTOSIHH OH H OHHOii 

cane /.L ~ 0,1. BnH SIHJiJe CO p OUHH B a T Oii CH CT e M e H e O OJlbWOe , qT o oy.aeT 110Ka3aHO HH)!{e, 

2. 3KcnepHMeHT a1IbHa SI q aCTb 

DnSI rrocTpoe HH SI K pHB biX aaBHCHMOCTH n o.aBH *HOCTH o T Pfl H KOHUeHT paUH.H Mbl HC-

n 0 1Ib30 &8.Jlll pa.aHO aKTHB HbJe H30T Onbi pe.aK H X 3 eM e 1Ib 
,., 14 4 Pr 143 
..... e c .aoq e pHHM P 147 m , 

E 15 2+ 154 
u • 

9 1 
y PeaKTHBb~ HHTp H1IOT p Hy K cy cHaSI KHCJ!OTa /Xen~TOH }/, yxcycHaSI KHc-

noTa H [( CI xq • B e e pacTBO pbi rrpH r oT o a ne H bi Ha OHLl H CTHJI1IaTe. rmoxoaa npoSIBneaa c no

MOWbiO 8.HHJ!HHOcPTaJIH8.El0f'O p e&.KTHBa . CTaH.aapTOM n O LlBH)!{ HOCTH H OHOB Obl11 HCnOJib30BaH 

K] , K OT Op hiii noc n e onbrTa npoSIBJISIJICSI e noMOIUb !O c MeCH K.JO, , xpaxMana H paat5aa

n e HHOH yxcyCHOH KHC JIOTbi. 0nhl';l'bl n p OBO LlHJlHCb Ha ycTaHOBKe M8)!{LIY CT8KJiaM H, H3 KOT0-

0 
phrx o .a Ho oxna* .aanoc b ao.aoiL TeM ne p aTypa onhrTa - 20 C. nonocxa 5yM arH / aaTMaH 4 / , 

a ¢cj:l eKTH BHOH .[lJ!HHOit 34 CM H lllHpHHOii: 2 CM, coe.aHHSIJlllCb qepe3 uenn octJaHOBbie MeMopa

Hbl H MOCTHK H3 o y Maf'H /aaTM aH 3 M M/ C 9 Jl8 KT p 0 Ll HblMH BaHHOqKaMH , B KaqecTBe HCTOq

HHKa T OKa OblJl HCnOJib30BaH B bllipSIMHT8Jlb "Opex". na.aE_3HHe noTaHUHaJia COCTaB1ISIJ10 59 a/eM. 

Hyne aaSI no.aBH )!{H OC T b ycTaHaBJIHBana cb c nOMOIUbiO rnJOK03hi, a no.aBH)!{HOCTb pe.axoae

M enb HbiX a n eMeHTOB pacc'IHTaH a no no .a BH )!{ HOCTH ]' jHnH ]0 ~ j , KOTOpbre ObiJ!H Hcnonb

aoaaH hi KaK cTaH.aapT , PaBHOMepHOCTb no.aBH*HOCTH B pa3HbiX MeeT-aX 5yMarH obrna ycTa

HOBJieHa c noMOIUbiO aecJC011bKHX Toqex ctJeHonoaoro xpacHoro. Onb!Tbl no obiCTpoMy paa.ae

neHHJO c .aenaH bl Ha YCT8HOBK8 , OnHCaHHOii B p a o OTe/
3 / 

D nSI no.aTBep*.aeHHSI B JI HSIH H SI copt5UHH Ha 5yMare ohm a npoae.aeHa xpoMaTorpa ctJHS!, Orrhr

TaMH y cTaHOBJ18HO, qTo Ha oyM a r e , rrpe.aaap HT8JlbHO OopaooTaHHOii paCTBOpOM, CO.aep)!{aiUHM 

KOMllJ18KCOOOpa30BaTeJib , COpOUHSI H 8 00JlblllaSI H paccqHTaHHble B8JIHqHHbl R f 

.a e nax 0 ,86 - 0,94. 

3, 0 5 c y)!{.[l8HH8 p e ayJibT a TOB 

ne *aT B rrpe-

Ha rpactJHxe 2 rroxaaaHa aaaHCHMOCTb rro.a BH*HOCTH Hccne.ayeMbiX pe.axoaeMenbHhiX 

9J18M8HTOB B 3aB HCHMOCT H OT p !l , BH L! HO, qTo llOCne "BOJ!Hbl", KOTOpaSI COOTBaTCTByeT 

Oopa30BaHHIO HOpMaJibHOf'O K OMI1Jl8K Ca, 110SIBJ!SI 8 TCSI .a pyraSI BOJ!Ha, KOTOpyJO nyqllle BHL!HO B 

cnyqa e Ce H Pr • n e p e XOLl rre pBOi\ B OJ!Hbl B O BTOpy!O llOqTH He3aMeTeH y Eu 

Ollp e.aen a HHSI THila Oopa3y!OIU8T'OCSI KOMI1Jl8KCa M bl Y CT8HOBHJ!H H3M8H8HHSI fiO.LlBH)!{HOCTH 

p e.a K 0 3 8M8 JlbHblX 9J18M8HTOB C H 3 M 8H 8 HH8M KOHU8 HTp a UHH npH O.LlHHaKOBOM pH , K8.K 110K&.-

38HO a Tao nHue 1. 



Ta6nHua 1 

3aBHCHMOCTb llO.OBH>KHOCTH OT KOH!leHTp81lHH KOM nneKC006pa30BaTenH 

K OHUeHTpauHH no.aBH>KHOCTb 10
4 

,. U x 
C-Mon Ce Pr Pm Eu 

0,0005 0,24 0,48 0,80 1,44 

0,001 0,40 0,67 1,20 2,00 

0,002 0,42 _0,78 1.85 2,75 

0,004 0,82 1.25 2,40 3,0 

0,008 1,08 1,84 2,90 3,40 

0,012 1,64 2,35 3,15 3,60 

Ha rpa¢axe 3 noxaaaHa aaBHCHMOCTb log U - U Me" OT log C 1 • QqeBH.QHO aT a 38BH-

CHMOCTb npHM8H. Bee npHM bie HMeiOT H8K1IOH, 
u1181l- u 
Tattr~Hc xoToporo paBeH .,. 1. EcnH npe .a no-

110>KHTb, 'ITO nepBaH B011H8 OTBeqaeT 06p830B8HHIO HOpM811bHOrO KOMn11eKC8 COCT8B8 }:}, TO 

BTOpaH OTBe'l.aeT 06pa30B8HHIO KOMnnexca COCT8Ba 1:2, K8K H YCT8HOBH11 AH.aeper . Mo>K HO 

38K1110'1HTb, 'ITO BTOpaH B011H8 Ha KpHBOl!: l , BepOSITHO, COOTBeTCTByeT pea K UHH 

,_ + 
Me X + H)( -+ Me X;- + H • rpa¢HK 3 n03B011HeT rpa ¢ H'IeCKH onpe .a enHTb K OH CTaH-

Ty pa ~HOBeCHSI .anH p. = 0,1 I Ha TO'IKH nepece'!eHHSI npsrMbiX c OCbiO X I . 

l-13 STOll: KOHCT8HTbl paBHOBeCHSI C llOMOll.lbiO H3BeCTHb!X KOHCT8HT .Q HCCDllH8 UH H HHT pH -

110TpHyKCYCHOl!: KHC110Tbl MO>KHO onpe.aenHTb KOHCT8HTY KOMnnexcoo6p830B8HHH. BenH'IHHbl, 

o npe.aeneHHbie 9THM npOCTbiM rp8cPH'IeCKHM MeTO.QOM, COBll8.0810T C 11HTepaTypHbiM H .O &HHbi-

16 I . 
MH , nony'leHHbiMH AH.aeperoM, 'ITO BH.OHO H3 Ta6nHUbi 2. 

Ta6nHua 2 

3Ha'!eHHSI loS K 2 HeKOTOpb!X p .3.3. B cpe.ae HHTpH110TpHYKCYCHOl!: KHC110T b l 

3neMeHT 

La 

Ce 

Pr 

Nd 

Pm 

Sm 

Eu 

Gd 

nHTep. 

.aaHHbie 

--
7,37 

7,98 

8,18 

8,43 

9,20 

9 ,35 

nHTep. 

.aaHHbie 

8 ,45 

9,10 

9, 37 

no rpa ¢ • 

pac'l e TaM 

7,87 

8,30 

8,70 

9,27 

.[lanee nonyqeHH bie peayn bTBT bi 6 bi11H Hcrr o nb30B8 H bi .a nH Bbi6opa ycnoBHH pa3.aeneHHH He x o-

T O p b!X p e.axoae M enbHblX sneMe HT O B. r p a ¢ HK 5 liOK83 bi B8 e T pa3 .aeneH K e Ce Pr ,& 

3 8 BpeM H 5 M HHYT npH ll8Li eHHH li OTeHUH8!18 310 B l cM. Ko !!ue HT p a u HH K OM rr nexco o6paaosa-

T en H 0,00 2 :v~, pH : 2 ,59 B !I p HC Y TCTBHH C11e .'J, OB 118 HT8 H 8 • 

6 
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1. B pa6oTe nbKa3aHa B03MO*HOCTb npHMeHeHHSI pacqeTOB ans:~ onpeaeneHHSI onTH

ManbHhlX ycnoBHI ans:~ pa3aeneHHSI peaKo3eMenbHhlX aneMeHTOB. 

2. noKa3aHa B03MO*HOCTb pacqeTa a¢¢eKTHBHOCTH pa3aeneHHSI B IIpHCyTCTBHH KOMn

neKC006pa30BaTenel, y KOTOpb!X H3BeCTHbl KOHCTaHTbl KOMnneKC006pa30BaHHS'I, 

3, npoaepeH COCTaB KOMOIIeKCa peaK03eMenbHhlX aneMeHTOB C HHTpHnOTpHyKCYCHOI 

KHCnOTOI H HalaeHO CO OTBeTCTBHe C nHTepaTypHblMH aaHHb!MH / coOTHOWeHHe } : 2/. 

4, l-13 aneKTpo¢ope TH'IeCKHX aaHHbiX rpa¢H'IeCKHM MeTOaOM npOBepeHbl KOHCTaHTbl KOM-

nneKcoo6pa30BaHHSI Ce 1 Pr C HHTpHnOTpHyKCYCHOI KHCnOTOA anR KOMIIneKca 1 : 2 H orrpe-

aeneHbi KOHcTaHTbi ans:~ Pm 1 Eu 

5. noKa3aHa B03MO>KHOCTb HCnOnb30BaHHSI HHTpHIIOTpHyKCYCHOI KHCnOTbl ang 6biCTpb!X 

pa3aeneHHI nerKHX pea Ko3eMenbHhlX aneMeHTOB. 
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A 
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0 

X 

Ce 

Pr 
Pm 
Eu 

I I I I I I I 

6 pH 

PHc. 2. 3aBHCHMOCTb n o nBH>KHOCTH HeKOTOp biX penKo3eMenbH biX aneMeHTOB 

OT pH B cpene HHTpHnoTpHyKCYCHOA KHCnOTbi 0,002 M f.l. ~ 0,1. 
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0 

X 

Pr 
P m 
Eu 



1 

0 

0 

A 

- 3 

PHc. 3. u - u 3aBHCHMOCTb BenHqHHbl log _U __ __M_U'!_X 
MeJfT 

penKoaeMenbHhlX sneMeHTOB a c~ene 

KHCnOTbi. 

+ 
0 

X 

Ce 

Pr 

Pm 
Eu 

9 

D,!J3 

Q98 

- 2 to, c 

OT log c' 

HHTpHnOTpHyKCyCHOA 



UMn 
MUH 

3600 

24 

1goo 

Ce ?r 

HTA 0,002 

Eu 

"Pm 

CJ,t, 
OL_----~--~--~----L_ __ J_ __ ~--~----~--~--_E==~----

1 
PHc. 4. Pa3.aeneHHe HeKOTOphiX pe.aKo3eMenbHhiX aneMeHTOB 3a BpeMR 

300 ceK B cpe.a e HHTpHnOTpHyKCYCHO~ KHCnOThl. 0,002 M 
pH = 2,59. 


