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IlpaBHnb!lhiii Bbi6op TexHonoruqecKHx napaMeTpoB MeTO.QOB H3Bneqe

!IHSI TpaacnnyTOHHeBbiX sneMeHTOB ( TI13) H3 BO.QHhiX pacTBopoB 3aBHCHT 

OT .QOCTOBepHOCTH !18lliHX 3H8HHH 0 $opMax HX cyrneCTBOBaHHSI B paCTBopax. 

EonbrnHHCTBo MeToaos Bhi.QeneHHH TI13 ocaosaao aa H3BneqeaHH ux H3 

pacTBopos c pH 2 1 1 I- 41
• 1.fHcno pa6oT, nocBHllieHHhiX H3yqeHHJO cocToH

HHSI Tf13 B 8TOH o6naCTH 3HaqeHHH pH , KpaiiHe Mano. 0HH orpaHHqHBa

IOTCSI nH60 KaqecTBeHHbiMH npe.QCTaBneHHSIMH 06 HO!IHOH H KOnnOH.QHOH $op-

M8X cymecTBoBaHHSI Am H Cm B pacTBopax I 5I, nH6o BhiqHcneHHeM 

nepBOH H BTOpOii KOHCT8HTbi rH.QpOnH38 H3 .Q8HHb!X ITO 8KCTpaKUHH
0 

HOHHO

My 06MeHy H sneKTpOMHrpaUHH 16-101. 

Ha orpaaHqeaaoCTb npHMeHeHHSI yKa3aHHhix MeTo.QoB anH nonyqeHHH 

.QOCTOBepHbiX .Q8!1Hb!X 0 COCTOSIHHH HOHOB B paCTBOpax yKa3biB8nOCb B 

pa6oTax 
1 ll,l

2
/. IT osToMy npH H3yqeHHH ruaponn3a TpexsaneHTHhiX TI13 

B KaqecTBe ocaosaoro MeTo.Qa 6bma Bbi6paaa xpoMaTorpa$HH c o6pameH

HhiMH $a3aMH. OcaoBHbie npHHUHIThi npHMeHeHHH pacnpeaenHTenbHoii xpoMa

Torpa$HH .QnH H3yqeHHR rH.QponH3a H3no*e!lbi paaee B pa6oTe ll21. B pa-

6oTe ITpHMeHHnHCb TaK*e MeTO.Qbl sneKTpOMHrpaUHH, HOHHOro 06MeHa 

H :3KCTp8KUHH. 
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3KcnepHMeHTaneaag qacTe 

B KaqecTBe aenoJlBH)KHOfi cpa3bi npHMeagncg 0.1M pacTBop TeTpa-

6yTHnrHnoljlocljlopaolt KHCDOTbi ( TEf<PK). H oCHTeneM cny)I(Hna OTMbiTag 

xpoMaTorpaljJHqecKag 6yMara BBTMaH-1 H F'N -3 ( I x 50 CM). 3TH 6yMa--

I'H 8HBDOI'HqHbl no CBOtiCTB8M 0 HO CKOpOCTb 9D!OHpOB8HHg HB FN -3 B 

JlBB C nODOBHHOfi pa38 MeHbliie, qeM HB BBTMBH-I. 3D!OHpOB8HHe npOBO-

JlHDOCh pacTBopaMH HNO 3 H HCIO 4 c 3BJlaHHbiMH 3HaqeHHgMH pH 

BOCXOJlS!IUHM MeTOJlOM npH 18-20°C, flOJli'OTOBKB 6yMBI'H, paCTBOpOB H 

ycnoBHH npoBeJleHHH onwTOB nonpo6ao onHcaaw B pa6oTe /I3/, H3MepeHHe 

pH paCTBOpOB JlO H nocne onWTOB npOBOJlHDOCh B anHKBOTBX H3 o6mero 

o6'beMa Ha pH -MeTpe THna "EeKMaH- R " c ToqHoCTRJO :!:. 0.002. HHT

paTbi H nepexnopaTbl DHTHg, HBTpHg H KBDHH M8pKH "Xt{' oqHUIBDHCh ny

TeM nepeKpHCTannH3aUHH H BbiCymHBanHce nepeJl pa6oTolt npH I50°C. 

PacTBOpbi roToBHnHcR no HaBecKaM conH. 

TaK KaK npHCyTCTBHe KpeMHHg B pacTBopax Jlenano aeB03MO)I(HbiM 

npoBeneaHe OnhlTOB 0 paCTBOphl oqHUIBDHCb OT KpeMHHg MHOI'OKpBTHOti 

aKcTpaKuHelt Am (Ill) TeHOHDTpHcpTopaueTOHOM ( TT A). YcTaHoBneao, 

qTo npH pH = 3-5 BMecTe c Am aKCTparHpyeTCH 0.1% KpeMHHg, B pa-

6oTe Hcnone3oBanace TODhKO TeljlnoHoBag H nonHaTHneaoBag nocyJla. KHc

noTbi oqHUianHCh H30TepMHqeCKOti JlHCTHnnguHelt B TecpnoHOBOti annapaType. 

KoaljlljJHuHeHTbi pacnpeJleneHHH H3MepHnHCh CTaTHqecKHM cnoco6oM. 
I 

3neKTpoMHrpauHg npoBonHnace npH Hanpg)KeHHH 30-40 BlcM aa 6yMarax 

BaTMAH-I H FN -3 6e3 TEf<PK. 

PaJlHOXHMHqecKaH qHCTOTa H30TonoB 
243 

Am H 241 Am npoBepgnach 

H3MepeHHeM a -cneKTpoB Ha Si - Au -neTeKTope c pa3pemeHHeM 30KaB 

H Y -cneKTpoB Ha Ge -Li -neTeKTope c pa3pemeHHeM - 3 KaB. 

AMepHUHlt nepeJl pa6oToti nepeBOJlHDCH B HHTp8THyJO HDH rrepxnopaT -

Hy!O cpopMy H paCTBOpHIICg B COOTBeTCTBYJOUIHX 9DJOeHT8X, Jlng K8)1(Jl0I'O 

OnbiTB 6panOCh 10-2 - 10-I MKI' aMepHUHg B 06'beMe 0.02 MlJ, 

4 

l 
1; 

Pe3yneTaTbi H o6cy?KJleHHe 

flepBag cepHH OnbiTOB npOBOJlHD8Ch B paCT 

C nocTOgHHOll HOHHOH CHDOH 0 paBHOfi 0,1 H I, KO 

nepxnopaToM nHTHH. TaK KaK pacTBOpbi HN03 c 

nHch pa36aBneHHeM 0.1M HN03 c nocneJlyJOUIHM 

TO B 9THX OnbiTAX KOHUeHTpaUHg NOJ -HOHOB C j 

( pHC, 2a,6; 3a,6) • flHKH Ha nonyqeHHbiX XpOMBTI 

11: pOB8DHCh no MeTony, OnHC8HHOMy B pa6oTe 

KOTOpbiX ne)KaT H8 OJlHOti npHMOfi, OTHOCHTCSI K 

ljlopMe (eM, pH c. 2). ToqHoCTh onpeJleneHHS! R 1 

omH6oK, yKa3aHHbiX aa pHCYHKe. Danee cocTaBm 

CHMOCTh OTHOCHTeiihHOfi nnOUI8JlH nHKOB (B %), 0 

ljlopMe oT pH paCTBopa ( pHc. 3). PaBHOBeCHSI 

O.I no UNO 3 ) noKa3aHbi Ha pHc, 5a H 6a. Qqe 

Am(lll) B yKa3aHHbiX ycnoBHgx npoTeKaeT no cxeM 

3apHn ljlopMbi 1 onpeJlengncSI aneKTpoMHrpauHeti 
u. -v- z 0 ( 1). I'Jle zi H U; -3apSin H no, 

0 

HoHa, a Z0 H U0 -H3BeCTHoro Hoaa I 14/. Jln 

ypaHHn-HoH, 3apgn KOToporo B HNO 3 H HCIO 4 

+2, flpH "pH 2: 2.5 UO~+ HaqHHaeT I'HJlpODH30Ba' 

cpaBHeHHH. Pe3ynhTaTbi onbiTOB npencTaBneHbi B 

Z= +2 B HNO 3 H +3 B HCIO 4 • 

KaK H3BeCTHo/15/, 38BHCHMOCTh THna lA R 

no3BongeT cynHTb 0 3apSine HOHa, noCKODhKY 

a tg Kp 

a tg [A- 1 
zk 
Za 

-n 
v 

Za 
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3KciTepnMeHTanbHaH qacTb 

ecTBe HeiToABH)KHOfi ljJaabi ITpnMeHHnCH 0.1M pacTBop TeTpa

cljJopHofi KncnoTbi ( TEf4>K). H ocnTeneM cny)Kuna oTMbiTaH 

nqeCKBH 6yMara BBTMaH-1 ll F'N -3 ( 1 X 50 CM), 3TH 6yMa-· 

Hbl ITO CBOHCTB8M 1 HO CKOpOCTb 9niOllpOB8HllH Ha FN -3 B 

HHOH paaa M9Hbiiie, qeM Ha BBTMBH-1, 3mollpOB8Hlle ITpOBO-

BOpaMH HNO 3 n HCIO 4 c aaaaHHbiMH aHaqeHHHMH pH 

MeTO}:IOM rrpH 18-20°C, floarOTOBKa 6yMarn1 paCTBOpOB H 

B9£19HHH OIThlTOB ITO}:Ip06HO OITHC8Hhl B pa6oTe /13/, H3MepeHHe 

pOB }:10 H ITOCne OITb!TOB ITpOBO}:IllnOCb B BnllKBOTBX H3 o6wero 

pH -MeTpe TniTa "EeKMaH- R " c ToqaocTbJO :!:.. 0.002. HnT

xnopaTbi nHTHH, HBTpllH ll KBnHH MBpKH "'XI.{' QqHmanHCb ITy

CTannH38UHH H BbiCyiiiHBBnHCb ITepe£1 pa60TOti: ITpll J5QDC, 

OTOBHnHCb ITO H8B9CK8M conn, 

K ITpHCyTCTBHe KpeMHHH B paCTBOpBX aenano HeB03MO)KHbiM 

paCTBOphl oqnmanHCb OT KpeMHUH MHOroKpBTHOM 

Am (Ill) TeHOHnTpnljJTopaueTOHOM ( TT A). Y cTaHoBne Ho, 

= 3-5 BMecTe c Am 9KCTparnpyeTCH 0.1% KpeMHHH. B pa-

aoBanacb TOnbKO TeljJnoaoBaR n ITonnaTnneHoBaR ITocyaa. Knc

UCb U30T9pMHqecKofi JlUCTUnnguuefi B TeljJnOHOBOH BITITapaType, 

UH9HTbl paCITpeaeneHUH H3MepHnUCb CTBTUqecKUM CITOC060M, 

ITposoaunacb ITpu HBITpH)KeHuu 30-40 alcM Ha 6y~arax 
FN -3 6ea TEf4>K, 

UMuqecKBH qucToTa naoToiToB 243 Am 241 
H Am ITposepHnacb 

a -ciTeKTpoB Ha Si - Au -neTeKTope c paapeweaueM 30KaB 

TpOB Ha Ge -Li -aeTeKTope c paapeweaueM - 3 K9B, 

uufi ITepen pa6oTofi ITepesonuncH B HUTpaTHyJO unn rrepxnopaT -

pacTBopmiCH B cooTBeTCTByJOmux anJOeHTax. DnH KB)Knoro 

Cb w-2 - 10-l MKr BMepUUUH B o6'beMe Q,Q2 Mn, 

4 

I: 

PeaynhTBTbi n o6cy?KJJeHue 

flepBaH cepuH OITbiTOB ITposoaunacb B pacTBopax HNO 3 .H HCIO 4 

C ITOCTOHHHOi! UOHHOH C.Hnofi, paBHOH 0,1 U 1, KOTOpBH ITOJl£19p)K.HBanacb 

ITepxnopaToM nnTuH, TaK KBK pacTBOpbi HNO 3 c aanaHHbiM pH roToBu

nncb paa6asneHueM 0.1M HN03 c ITocnenyJOlllHM no6asneH.HeM NH
4
0H, 

To B aTHx OITbiTax KoHueHTpauuH NO'J -uoaoB c pocToM pH yMeHbwaeTCH 

(puc. 2a,6; 3a,6). fluKu Ha ITonyqeHHbiX xpoMaTorpaMMax (puc, l) rpyrrrm

posanncb ITO MeTony, OITHCBHHOMy B pa6oTe 1121 - IT.HKU
1

3HaqeHUH Rt 

KOTOphlX ne)KBT HB OJlHOfi ITpHMOfi, OTHOCRTCH K OJlHOM KOMITneKCHOfi 

ljJopMe ( cM. puc. 2). ToqaocTb oiTpeneneaug R f B ITpeJlena;,r 

OIIIU60K 1 YKB38HHbiX HB pUCyHKe, Danee COCTBBnRnBCb rpaljJuqecKBH 38Bll

CUMOCTb OTHOCUTenbHOM ITnOlllBJl.H ITUKOB ( B %) , OTHOCSIW.HXCSI K OJlHOfi .HOHHOfi 

cpopMe OT pH pacTBopa (puc. 3). PaBHOBecusr ITpu [ N03 ] = const ( 11 = 

0,1 ITO LiNO 3 ITOK838Hbl HB puc, 5a ll 6a, QqeB.HJlHO, qTo r.nnponU3 

Am(l/1) B yKaaaHHbiX ycnoBnsrx ITpoTeKaeT ITO cxeMe: I ~ II ~ Ill ~ IV ot V • 

3apgn cpopMbi 1 oiTpenensrncsr aneKTpoMnrpau.neM: .na cooTaoweausr Z
1 v. T Z 0 ( 1), rne Z 1 n V1 -aapsrn u ITOilBU)KHOCTb uccnenyeMoro 

0 

.noaa, a Z0 u Vo -U3B9CTHOrO UOHB /J4/, Dnsr Cp8BH9HUSI 6bin Bbi6paH 

ypaaun-uoa, aapsrn KOToporo B HNO 3 u HCIO 4 ITpn pH = 1-2 paBeH 

+2, flpu pH 2: 2.5 VQ~+ HaqUH89T runponHi30BBTbCH U HeiTpuroneH JJ.nSI 

cpaBHeHUSI, PeaynbT8Tbl OITbiTOB ITpencTaBneHbl B Ta6n. 1. no pH = 2 

Z= +2 B HNO 3 u +3 B HCIO 4 • 

KaK naBeCTHo/15/, aaBncuMoCTb TUITa tg K 
p 

IT03BOnSieT CyJlUTb 0 38psrne UOH8 1 ITOCKOnbKY 

a tg Kp 

a tg [A- l 
zk 
Za 

-n 
v 

Za 
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K P -Kos<!><!>HuHeHT pacnpeaeneHHS11 [ A-] -KoHueHTpauHSI aHHOHa, Z k 

aapS!J:I KaTHOHa, Z 8 -aHHOHa, n -cpeaHee KOOpJlHHaUHOHHOe 'IHCno
1 

V -

aapS!Jl KOMilneKCa. D09TOMy JlnSI onpeJleneHHSI aapS!Jla KOMilneKCa Mbl 

- /12/ HcnonbaoaanH aaBHCHMOCTb Rm= f Ig [N03 ] 1 T.K. Rm,.. KP (pHc.4). 

3apS!Jl <jlopMbl 1, onpeJleneHHbitl: 9THM MeTOJlOM 0 OKaaanCSI paBeH + ), 7 IlpH 

p. = 0.1 H +2 npH p. = 1 (pH c. 4, npSIMbie 2 H 3). KoHueHTpaUHSI nHTHSI 

npH sToM IlOJlJlep>KHBanacb nocTOSIHHoji c noMOIIIbiO LiCIO 4 • OnpeJlene

HHe Kos<f>«PHuHeHTOB pacnpeJleneHHSI Am(III) Me>KJly pacTaopaMH HCI04 

H DaysKc-50 x 8 ( p. = 0.1, LiCIO 4 ) noKaaano, 'ITO aap.RJl Am a HC/04 

npH pH = 1 paBeH +3. KpoMe Toro, Jlo6aaneHHe a pacTaop HCIO 4 npH 

pH = 1 HOHOB N03- Bbi3biBaeT IlO.RBneHHe Ha XpOMaTorpaMMaX BTOporo 

nHKa c R 1 1 ·::ooTBeTcTBYIOIIIHM aHa'leHHIO R 1 aMepHUH.R a HNO 3 • 

TaKHM o6paaoM, <f>opMa 1 B pacTBopax HNO 3 .RBn.ReTcSI MOHOHHTpa

TOM - Am (NO ) 2+ , 'ITO cooTaeTcTayeT nHTepaTypHbiM JlSHHbiM /20/. B 
3 

pacTaopax HC/04 <!>opMa 1 .RBnSieTCSI HOHOM Am 3+ • 

4>opMa II B HNO 3 HMeeT Z = 0.86 ( npSIMSSI 1, pH c. 4). YMeHb-

rneHHe aapS!JlS C yaenH'IeHHeM pH MO>KeT IlpOHCXOJlHTb TOnbKO 38 C'leT 

rHJlponHaa npH coxpaHeHHH B <!>opMe II HOHa NOi 1 T.K. npSIMa.R 

tg a ,;, 0 (pH c. 4). Do6aaneHHe HOHOB NOi B HCI 0 4 npH pH 

HMeeT 

6 Bbl-

3hlBaeT IlOSIBneHHe HS XpOMSTOrpaMMSX H IlpH sneKTpOMHrpaUHH IlHKOB
0 

cooTBeTCTBYIOIIIHX <f>opMaM 1 H II B HNO 3 • 3To aHa'IHT, 'ITO <jlopMa 

II B HN03 HMeeT cocTaB [ Am\ (NO 3 )( OH ) ] + ,. a a HCIO 4 - Am (OH) 2+ , 

'ITO COOTBeTCTByeT HX IlOJlBH>KHOCTH IlpH sneKTpOMHrpauHHo 

TaK KaK npH sneKTpOMHI'pauHH B HCIO 4 <f>opMa Ill HMeeT nono

>KHTenbHbitl: aapSIJl ( - B JlBa paaa' MeHbrne aapSIJla <jlopMbJ II a HCIO 4 

H ee R 1 = 0 , a B HNO 3 sTa cflopMa HeATpanbHa H ee R 1 = 0, To 

cflopMa ll/ B HNO 
3
HMeeT cocTaB [Am (OH)2 NO 3 ] 0 

1 a B HCI04 

Am (OH/+ ( Rf = 0 HMeiOT HOHbi c JlBYMSI on- -rpynnaMH 1121). 

6 

l 
,\") 

t 

I 

~ 

,!)1 

)'I 

ll 

~ 
j 

4>opMa IV B HN03 HMeeT R1 ·> 0.8 H He c 

BO BHyTpeHHetl: KOOpJlHHaUHOHHOft c<jlepe (IlpS!MSSI 

R1 = f [pH) COOTBeTCTByeT IlpHCyTCTBHIO OH- -rp 

= - x Ig [ OITJ± a 
1 

121
). DpH sneKTpOMHrpauHH sTa 1 

IlHKa He npoSIBn.ReTcSI. Ha pa6oTbi 1121 cneJlyeT, 

MH o6naJlaeT JlHMepHaSI <!>opMa, T.e. [Am (OH h 1 ~+ 

4>opMa V a HN03 H <jlopMa IV B HCIO 4 

MHrpHpyiOT B sneKTpH'I:eCKOM none,H,T.K.IlPH pH) 

)leHHe paCTBOpHMOCTH rHJlpOOKHCH 8MepHUHS1
0 

TO I 

>KHTb, 'ITO 9TH <jlOpMbl COOTBeTCTByiOT IlOJlHMepHol 

CyMMHpy.R ace BbillieHano>KeHHoe, MO>KHo ITJ 

HHSM rHJlponHaa Am(/11) Bbipa>KaeTcSI cneJlyiOIIIHM 

He y'IHTbiBaeTcSI JlnSI npocToTbi aanHcH): a HN0
3 

' 

H LiN03) 

2+ + 
Am(N03) -.[Am(N03 )(0H)]-+ 

I ~ II · ~ 
[Am (OH)2 NO 3 

lll 
[ ] 2+ 0 

-+ Al1Jp0H)2 2 i! Am ~H) 3 HnH [Am(OH)~ 

B HC/04 npH p. = 0.1 ( LiCIO 4 

Am
3

+... Am (OH) 2+ i! Am (OH) 2+ ~ 
I ~II /II 

[ AJl (OH)2 ] t". 

0 Am(OH) 3 
IV 

H 

DpH paccMoTpeHHH paBHoaecHA 4,5 ( pHc. 3 1 6a) of 

KOHUeHTpSUHH ¢JOHOBOI'O sneKTponHTa ( LiC/04 H 

rHJlpOnHaa. BnHSIHHe sneKTponHTa B HaCTOSIIIIee Bp 

/1 H3MeHeHHeM SKTHBHOCTH HOHOB< Do CaMotl:noBy 

TH pacnpeJlenSieMbiX HOHOB o6ycnoaneHo HaMeHeHHI 

sneKTpOnHTOBo nHTepaTypHbie JlaHHbie 0 BnHSIHHH 

THoRa sneKTponHTa Ha npouecc rHJlponHaa oTcyTc, 

IlOCTSBneHbl Ollb!Tbl IlO H3y'leHHIO rHJlpOnH38 B IlpHi 

7 



08<jl<j!HuHeHT pacnpeaeneHHH1 [A-] -KoaueHTpaUHH aHHoHal Z k 

K8THOH81 Z
8 

-aHHOHB, n -cpeaaee KOOpllHH8UHOHHOe 'iHCIJ01 1/ -

KOMlllleKC8o TI08TOMY llllH onpeaeneHHH 38pHil8 KOMnneKC8 Mbl 

- 1121 
baoeanH aaBHCHMOCTb Rm = f Ig [N03 l 1 T.K. Rm,.. KP (pHc.4). 

<jlopMbl 1, onpeaeneHHblfi 8THM MeTOilOM1 OK8381JCH paBeH + ), 7 npH 

0.1 11 +2 npH p. = 1 (pHc. 4, npHMbie 2 H 3). KoaueaTpaUHH nHTHH 

TOM noaaeplKHBanacb nocTOHHHOj!: c noMOIIlbiO LiCI04 • Onpeaene

oa<jl<jlHuHeHTOB pacnpeaeneHHH Am(lli) MelKay pacTBopaMH HCI04 

aKc-50 x 8 ( p. = 0.11 LiCIO 4 ) noKaaano1 'iTO aapHil Am B HCI04 

H = 1 paeea +3. KpoMe Toro, ao6aaneaHe B pacTeop HCIO 4 npH 

HOHOB NOi Bbl3biB8eT noHBIJeHHe Ha XpOM8TOI'p8MM8X BTOpOI'O 

c R 1 1 ·::ooTBeTcTBY!OlllHM aaa'ieHHIO R 1 aMepHUHH B HNO 3 • 

TaKHM o6paaoM, l)JopMa 1 B pacTBopax HNO 3 HBnHeTcH MOHOHHTpa

Am(NO ) 2+, 'iTO cooTBeTcTeyeT nHTepaTypHbiM aaHHhiM 1201. B 
3 

opax HCI04 l)JopMa 1 HBnHeTCH HOHOM Am 3+ • 

<t>opMa II B HNO 3 HMeeT Z = 0.86 ( npsMaH 11 pH c. 4). YMeHb-

3apHila C yeenH'ieHHeM pH MOlKeT npOHCXOilHTb TOIJbKO Sa C'i9T 

nHaa npH coxpaHeHHH B ljlopMe II Hoaa NOj 1 T.K. npsMaH 

.;, 0 (pH C. 4). no6aeneHHe HOHOB NOi B HCI 0 4 npH pH 

HMeeT 

6 Bbl-

T llOHBIJeHHe Ha XpOMaTOI'paMMaX H npH 81J9KTpOMHI'paUHH nHKOB1 

eTCTBYIOIIlHx ljlopMaM 1 H ll B HNO 3 • 3To aaa'iHT 1 'iTO ljlopMa 

HN03 HMeeT cocTaB [Am (N0 3 ) (OH) ] + 
1

_ a B HCIO., - Am(OH) 2+ 
1 

OOTBeTCTByeT HX llOilBHlKHOCTH npH aneKTpOMHI'pauHH. 

TaK KaK npn aneKTpoMHI'pauHH B HCIO 4 l)JopMa Ill HMeeT nono

bHhifi a a pHil ( - B aea paaa MeHbiiie aapsaa cflopMbJ ll B HCIO 4 

R 1 = 0 , a B HNO 3 aT a ljlopMa HefiTpanbHa H ee R 1 = 0, TO 

lll B HNO HMeeT cocTaB [Am (OH)2 NO 3 ] 0 
1 a B HCI04 

3 . 
')2+ ( R 0 . OH- I 121) f = HM910T HOHbl C llBYMH -rpynnaMH o 

6 

l: 

.( 

I 

I 
tJ', 

l tJ 

.I 

·~/I 
'j 

I 

I 
I 

1 

<t>opMa IV B HN03 HMeeT R1 ·> 0.8 H He coaeplKHT NOi -rpynnbi 

BO BHyTpeHHefi KOOpllHHaUHOHHOfi c<jlepe (npHMaH 4 1 pHCo 4). 3aBHCHMOCTb 

R1 = f [pH] cooTBeTCTByeT npHcyTCTBHIO 011 -rpynn ( T.K. Rm 

= _ x Ig [Oil"]± a 1121
). DpH aneKTpoMHrpauHH aT a l)JopMa B BHile oTaen~>aoro 

nHKa ae npoHBnHeTcH. Ma pa6oTbi 
1121 cneayeT1 'iTo noao6HbiMH ceoficTBa

MH o6naaaeT llHMepaaH <jlopMa 1 T.e. [Am (OH h 1 ~+ 

<f>opMa V B HN03 H <j>opMa IV B HCIO 4 HMeiOT R 1 = 0 H ae 

MHI'pHpyiOT B 81l9KTpH'ieCKOM none 1 H,T.K
0
llpH pH> 8 llOCTHI'aeTcH npOH3Be

lleHHe paCTBOpHMOCTH I'HilpOOKHCH aMepHUHH1 TO ecTeCTBeHHO npeanono

lKHTb1 'iTO 8TH <j>opMbl COOTBeTCTByiOT nOIJHMepHOft I'HilpOOKHCH aMepHUHHo 

CyMMHpys ace BbiiiieHanolKeHaoe1 MOlKHO npeanonolKHTb, 'iTo Mexa

HH3M rHaponHaa Am (Ill) BbipaJKaeTCH cneay!Ol!lHM o6paaoM ( rHapaTaUHH 

ae y'iHThiBaeTcH llllH npocTOTbi aanHcH): B HN03 ( p. = 0.1 - 1 no LiCio
4 

H LiN03) 

2+ + 0 
Am(N03) -+[Am(N03 )(0H)] -+ [Am(OH)

2
N0

3
] <! 

I +- ll · +- lll 
[ ] 2+ 0 [ ] +x 

-+ ADJ~OH)2 2 <! Am ~H) 3 HIIH Am (OH) 2 x ; 

B HCI04 npH p. = 0.1 ( LiCIO 4 

Am3+-+ Am (OH) 2+ +! Am (OH) j <! 
I ... II lll 

[Am (OH)2 ] :X. 

Am(OH )~ 
IV 

HIJH 

(4) 

( 5) 

DpH paccMoTpeHHH paeaoeecHA 4 1 5 ( pHc. 316a) o6aapylKHBaeTcH BllHHHHe 

KoaueaTpauHH <j>oaoeoro aneKTponHTa ( LiCI04 H LiNO 3 ) aa npouecc 

rHaponHaa. BnHHHHe aneKTponHTa B aacToHmee epeMH CBH3biBaeTCH c 

I 161 
H3MeHeHHeM aKTHBHOCTH HOHOB< Do CaMofinoBy H3MeHeHHe 8KTHBHOC-

TH pacnpeaenHeMb!X HOHOB o6yCIJOBIJeHO H3MeHeHHeM I'HilpaTaUHH KaTHOHOB 

81JeKTpOIIHTOBo nHTepaTypHbie ll8HHbie 0 BIJHHHHH 3H8K8 I'Hilp8T8UHH Ka-

THOH8 81JeKTpOIIHT8 Ha npouecc I'HilpOIIH38 OTCyTCTBYIOT1 ll08TOMy 6biiJH 

nocTaeneHbi onbiTbi no H3y'ieHHIO rHaponHaa B npHcyTCTBHH KaTHOHOB Na+ 
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H K+ ,KaTHOH K8JIHH o6naaaeT BhlCOKOA OTpnuaTenbHOA rnapaTauneA \T,e, 

aTO OBOAHH!OUIHA KSTHOH), a Na + o6naaaeT cnaooA ITOJIO)I(HTBJlbHOA rnapa-

TauneA, oJIH3KoA K aymo. Pe3yJI&TaTbi rroKa3aHbi Ha pnc. 5-8. KaK n B 

rrpBAbiAyll{HX Ollb!TaX, p83ABJ18HHB llpOBOAHJIOCb KSK Ha oyMare BSTMaH-), 

·TaK .11: Ha oyMare FN -3. Ha OyMare BSTMaH-l ITHKH Ha xpoMaTorpaMMax 

fiOJIY'IBJIHCb pa3Mb!Tb!MH C Bb!COKHM cfJOHOM BAOJlb XpOMaTorpaMM ( pnc,5f5, 

B 1 66, B) o <flopMy llf Ha HHX OoHapy)I(HTb He yaaJIOCb, 3TO Ob!JlO OO'bHCHe-

HO TBM 1 'ITO B ripHCyTCTBHH K8THOHa JlHTHH, OOJ18A8IOll{ero Bb!COKOA 

rrono)I(HTen&HoA rHapaTau.~~:eA ( o6e3BO)I(HBaiOmHi1 KaTHOH), cflopMa III 

HM810ll{8H JIBe rHApOKCHJlbHbiB rpyriiTbl, B381fMOABACTByeT C HBITOABH)I(HOH 

+ + tPa3olf ropaaao ObiCTpee, 'IBM B rrpHCyTCTBHH HOHOB K If Na , Hy)I(HO 

yqecT&, 'ITo HOHhi N03 To)l(e o6naaa10T oTpHuaTen&HoA rHapaTauHeA. OrrbiThi, 

ITOCTaBneHHblB Ha oyMare FN -3 C ropa3ao MBHbUIBH CKOpOCTbiO aJIIOUHH, 

aanH CJIO)I(HYIO KapTHHy, rroKaaaHHyiO Ha pHc, 7,8, PacUIHtPpoBKa aToro 

CITeKTpa ripOBOAHJl8Cb OfiHC8HHb!M Bb!UIB ~feTOAOM, <flopMa l HBJIHBTCS! 

MOHOHHTpaTOM - Am ( N03 ) 
2
+ • <flopMa II HMeeT 3apHa + 1 rrpH NO];:: 0.03M 

( pHc, 4, rrpSIMaSJ 6), a aapSia tPopMbi Ill rrpH pH= 3,9 paBeH +2 ( rrpH 

N03> 0.06 M) • TaKoe rroBbiUieHHe 3apSiaa c yeenH<JeHHeM pH MO)I(HO 

oo'bSICHHTb aHMepHaauHeii, <flopMa IV 
HMeeT R f = 0, HO llpH aneKTpOMHr-

pauHH OHa He oopaayeT OTABJlbHOH 30Hb1 0 rrpeBpamaSJCb, 0'18BifAH0
1 

B 

tPopMy Ill • 3apHa tPopMbi IV \6nHaoK K eaHHHue ( pHc, 4, rrpSIMaH 7). 

3TH aaHHbie rro3BOJIHIOT C'IHTaTb tPopMy IV o6pa3yiOmeiicH Ha tPopMbi III 

ripHCDBAifHBHifeM OH- -rpyriiTbi, KOTOpaSJ He BXOAHT BO BHyTpBHHIOIO KOop-

aHHauHOHHyiO ctPepy, <flopMbi Y H VI COOTBeTCTByiOT ITO CBOACTB8M ITO-

aooHhiM tPopMaM B rrpHcyTcTBHH Ld NO 3 , 0TpHuaTenbHO aapSJ)I(BHHbie 

KOMITJieKCbi C O'!eHb Hlf3KOi1: ITOJIBH)I(HQCTbiO (- 5,10-8 CMfB-)CeK-J) oopa

ayiOTCS! rrpH pH 2 9,5, TaKHM o6pa3oM, rHaponHa B O.IM pacTBopax 

KN~ H NaNO 3 MO)I(HO rrpeacTaBHTb cneay10meii cxeMoA: 

8 

Am(N03 /+;! [Am(OH) (N03 ) ] +: [Am(OH) (N 
I ll III 

[Am (OH) (NO 3 ) ] 2 (OH) + : [Am (OH) 
2

] ~+ t [; 
IV V 

OTpHUaTenbHblB KOJIJIOHAblo 

OpoueCCbl ( 5) .11: ( 6) COOTBeTCTBYIOT H3Be' 

rHaponHTH<JBCKSH fiOJIHMepH38UHH HOHOB MeTanr 

ueHTpaUHHX- w-6M. B llpHCyTCTBHH HOHOB iva+ 
an11 JIHMepH3aUHH peaKo yny<JUiaiOTCH, T,K, yMea 

HOCTH CBH3H 0-H B CBH38HHOA Boae OOYCJIOBJIHI 

TeKaHHe peaKUHA THITa 

Me (H 2 0 J!+ + H 20 ~ Me(H:j 0 )x-t (OH) 2++ H. 

H, COOTBeTCTBeHH01 DOnee paHHee Ha<Jano rHJipOJII 

'fHApOJIH3 TaKoro THITa BeaeT K of5pa30B8H 

COB, MexaHH3M rrpoueccoB ( 4) H ( 6) B oomeM 

rHnponHTHqecKoA rronHMepHaauHH CHnneaa - 'SitlJ 

Hano OTMeTHTb, 'ITO KOHCTaHTbi ycToA<JHBO< 

HbiX tPopM, Bbi'IHcneHHbie anSI pacTBopa B 0, IM L 

COBITaaaiOT C JIHTepaTypHb!MH Jl8HHb!MH H paBHb! : 
/9/ 

CTBeHHO ,, 
YpaBHeHHSJ (4) H (6) MoryT B HeKoTopoA c 

THHHoro rrpouecca B peaynbTaTe H3oHpaTenbHoA ' 

npouecce ( 4) H «PopMbi 

HMymeCTBeHHO ITO CXeMe 

IV B rrpouecce ( 6), KO' 

I ~ll~III .t~V .... ,. 
VI 

B pacTBopax HHTpaToB rHapooKHCb H rrpeaUieCTBy 

O<JeBHJIHOo HMeiOT B CBOeM COCTaBe NOj -rpyrrrib 

rpyriiTbl B KOMITJieKcax 38TpyaHHTenbHO H3Y'I8Tb M 
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,KaTHOH KBnHH o6naaaeT BbiCOKO~ OTpHUaTenbHO~ rHAp8T8UH8M (T,e, 

BOAHHIOIUHM KaTHOH), a Na + o6naaaeT cna6ou rrono)lmTenbHoil rHapa-

11, 6nH3KOM K nyn10. Pe3ynbTaTbi IIOK838Hbi na pHc. 5-8. KaK 11 B 

IAyiUHX OIIb!T8X1 p83AeneHH8 IIpOBOAHnOCb KBK Ha 6yMare B8TM8H-1, 

Ha 6yMare FN -3. Ha oyMare B8TMaH-l IIHKH Ha xpoMaTorpaMMax 

anHCb pa3Mb!Tb!MH C BbiCOKHM $OHOM BAOnb XpOM8TOrpaMM ( pnc,56, 

, B). <t>opMy /// na HHX o5napy)l(lfTb ne yaanocb, 3To 5brno o5Mrcne

B IIpHCyTCTBiflf K8TifOH8 nlfTHH, o5naQ810lQero BbiCOKOH 

HTenbHOH rl!Ap8T8UH8H ( 0683BO)I(IfB810IUifll K8THOH), <jlopM8 1// 

IU8H QB8 rHApOKCl!nbHhie rpyiiiihi, B38HMOA8HCTByeT C H8l!OllBH)I(H0H 

+ + 
ropa3no 6biCTpee, '!eM B rrpHcyTCTBHH HOHOB K H Na • Hy)I<Ho 

b, 'ITO HOHbi NO"J T0)1(8 o6nana10T OTpHuaTenhHOH rHnpaTaulfeil,OIIh!Thi, 

Bnennhre na 6yMare FN -3 c ropaano Menbmeft cKopoCThiO an!OUHH, 

cnO)I(HYIO KapTHny, IIOK838HHYIO H8 pHC, 7,8, PaCWHQlpOBK8 8TOro 

pa rrpOBOllHnaCb OIIHC8HHbiM Bh!We ~1eTOllOM, <t>opMa 1 HBnHeTCH 

HTpaTOM - Am ( N03 ) 
2+ • Cl>opMa 11 HMeeT aapHn + 1 rrpH NOi ~ 0.03M 

4, rrpHMaH 6}, a aapHn QJopMhi /1/ npH pH = 3,9 paBen +2 ( rrp11 

0.06 M) • Taxoe rroBhrweHHe aapHna c ysenH<IenHeM pH MO)I(HO 

HHTb nHMepH3auHeH:. <l>opMa IV HMeeT R f = 0, no npn snexTpoMnr-

ona ne o6pa3yeT oTnenbnoil aonhr, rrpeBpamaHcb, oqesnnHo, B 

Ill • 3apHA QJopMhi IV 6nnaoK K ennHnue (puc. 4\, rrpHMaH 7). 

aHHhre rroaBomriOT C'IHTaTb !jlopMy IV o6pa3yiOmeilcH 113 QJopMbi Ill 

ennHenneM OH- -rpyiiiihi, KOTOpaH He BXOQHT BO BHyTpeHHIOIO KOOp-

HonnyiO c¢epy. <l>opMhi Y H VI COOTBeTCTByiOT ITO CBOftCTBaM ITO-

IM QJOpMaM B rrpncyTCTBl!H Li NO 3 , OTpnuaTenbHO aapH)I(eHHhre 

eKCb! C O'leHb Hl!3KOH IIOQBH)I(HOCTb!O (- 5,10-8 CMIB-1CeK-1) o6pa

H rrpn pH ~ 9,5, TaKHM o6paaoM, rnaponHa B 0,1M pacTsopax 

H NaNO 3 MO)I(HO rrpeacTaBHTb cneayiOmelt cxeMolt: 

8 

Am(N03 /+:_ [Am(OH) (N03 )] +t [Am(OH) (N0
3
)] ~+: 

I II Ill 

[Am (OH) (NO 3 ) ] 
2 

(OH) + -:_ [Am (OH) 
2

] ~+ -:. [Am (OH) 
2 

] :+ : 
IV V VI 

OTpHU8TenhHbie KOnnOHAbl, 

OpoueCChl (5) H (6) COOTBeTCTBy!OT H3BeCTHOMY ~aKTy 0 TOM
1 

'ITO 

rHAponHTH'IeCK8H IIOnHMepH38UHH HOHOB MeTannoB H8'1HHaeTCH IIpH KOH

ueHTp8UHHX- 10-6M. B IIpHCyTCTBHH HOHOB Na+. K+ H N03 ycnoBHH 

AnH AHMepH38UHif pe3KO yny'llli810TCH, T,K, yMeHhllieHHe aneKTpOHHOft rrnoT

HOCTH CBH3H 0-H B CBH38HHOft BOQe o6ycnoBnHB8eT 6onee nerKoe rrpo

TeKaHHe peaKUHft THrra 

Me(H 2 0)!++ H 20 ~ Me(H:j0)x-t(OH) 2++ H
3

0 + ( 7) 

H,cooTBeTcTBeHHo, 6onee paHHee Ha'lano rHaponHaa, 

"fHApOnH3 TaKoro THII8 BeneT K o6pa30B8HHIO ITOnHHnepHhiX KOMrrneK

COB, MeX8HH3M rrpoueCCOB (4) H (6) B o6weM COOTBeTCTByeT TeOpHH 

rHaponHTHqecxoft nonHMepHaauHH CHnneHa - wHapo-aBeHbH• /17/, 

Haao OTMeTHTb, 'ITO KOHCT8HTbl yCTOft'IHBOCTH 1-ft H 2-ft rHapcinH3-

HhiX !jlopM, Bhi'IHcneHHhre anH pacTBopa B 0, 1M LINO 3 ( pH = 3-4), 

COBIT8A810T C nnTepaTypHhiMH ll8HHh!MH .II p8BHhi 2, 10 11 .11 -1021 COOTBeT
/9/ 

CTBeHHO 

YpaBHeHHH (4) .II (6) MOryT B HeKOTOpoft CTerreHH He 0Tp8)1(8Th HC

THHHOrO rrpouecca B peaynbT8Te H36HpaTenhHOJi C0p6UHH QlOpMhl 1// B 

rrpouecce ( 4) H ~opMhi IV B rrpouecce ( 6), KOTophrli Mo)l(eT HATH rrpe-

HMymecTBeHHO no cxeMe 1 !"u!"m !"~v •" ~ VI 
( 8). 

B pacTBopax HHTpaToB rnapooKHCh H npeawecTBYIOmHe eli KOMrrneKchr, 

O'leBHQH01 HMe!OT B CBOeM COCTaBe NOj -rpyrrrrhr, Ho BHeWHeCQJepHhie 

rpyrrrrhl B KOMrrneKC8X 38TpyaHHTenhHO H3Y'I8Tb MeTOQ8MH
1 

llpHMeHHeMhlMH 
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B .0.8HHOfi pa6oTe, To *e OTHOCHTCH H K COCTaBy rH.O.pOOKHCH, YqaCTHe 

NO 3 -uoHa B rrpouecce rn:aponn:sa aMepuun:H ( III ) rrpn: oann:qn:u n:oHOB 

Na + n: K+ rrpoHBnHeTCH 3Haqn:TenbHO 6onbllle, qeM B rrpn:cyTCTBHH HOHOB 

Li+ , 3TO HBJleHHe aHanorn:qHo OTMeqeHHOMY B pa6oTe /18/ BJ1HHHH~ 

ao6aBoK n:oHoB K + 1 Ba 2+ n: NH; B paCTBOp XJ10pH.0.8 pO.O.HH 1 KOTOpoe 

CMeruaeT paBHOBeCHe B CTOpOHy o6pa30BtlHHH KOMIIJ1eKCOB C 60J1b!IJHM 

qn:cnoM HOHOB Cl B 1-fi Koopan:oauuoHHofi c<jlepe. Haao oTMeTHTb, qTo 

rrpn: ManhiX KOHueHTpaun:Six aneKTponn:Ta ( NaN03 H KNO 3 ) Ha6n~aa-

eTcH oBOilHSI~mee aeficTBHel He TOnbKO KaTHoHoBI Ho n: aHlwHa 1 N03- • Coc-

TOSIHHe aMepn:uuH ( Ill ) B qn:cTbiX pacTBopax HNO 3 aon*HO 6biTb 

6nH3KHM K COCTOHHH~ B paCTBOpax C NaNO 3 1 T,K, HOH Na+ o6na-

nag aHeprn:eA rn:npaTauHH 1 6nn:sKofi K oyn~ 1 rroqTn: He paspylllaeT CTpyKTy

py BO.O.hi, Li+ n: K+ 1 oao6opoT1 CHJlbHO paspyllla~T. cTpyKTypy BO.O.bi1 

qTo BhiShiBaeT n:sMeHeHn:e cKopocTu peaKuufi o6MeHa 1 191, 

/4-10 20/ 
TaKHM o6pasoM 1 B oTnn:qn:e oT o6merrpHHHThiX BsrnHilOB ' , 

ruaponus aMepn:un:H ( Ill ) Haqn:oaeTCH npn: HH3KHX 3Haqeon:gx pH ( 1,0-2) 

H HBJlHeTCH CJlO*HhiM rrpoueCCOM, QqeBH.O.HO, qTQ IIpH T8KHX HH3KHX 3H8-

qeHHHX pH rn:nponH3 MO*eT 6b!Tb o6ycnoBneH TOJlbKO rrpoueccaMH 0 KOTO

pb!e COOTBeTCTBy~T ypaBHeHH~ ( 7), 

ABTOp 6naroaapeH C.A. nnelllyKOBOfi sa IIOMOllib B npoBeneHHH 

8KCrrepn:MeHTOB, 

BbJBOilbl 

1, J1syqeH rn:aponH3 HOHOB aMepHUHH (Ill ) (10-8M) B pacTBopax 

HN0
3 

H HC104 C IIOCTOSIHHOfi HOHHOfi CHnofi B HHTepBane pH = 1-11, 

2, DoKa3aHo pasnn:qooe BnHHHHe Ha npouecc rn:nponn:sa n:oooB c 

IIOJ10*HT9JlbOOfi H OTpHUaTeJlbHOfi 8HeprHefi rn:apaTaUHH, 

3. DoKa3aHo, qTo c noMOIIIb~ pacnpenenn:TenbHOfi xpoMaTorpa<jln:n: 

Ha 6yMare MO*HO nonyqn:Tb nocToBepHbie aaHHbie o npoueccax rn:aponn:sa, 

10 
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pa6oTe, To Me OTHOCHTCH H K COCTaBy rrrapOOKHCH, YqaCTHe 

a B rrpouecce rrraponH3a aMepHUHH ( Ill ) rrpH Hanrrqrrrr HOHOB 

rrpOHBnHeTCH 3HaqHTenbHO 6onbrue, qeM B IIpHCyTCTBHH HOHOB 

0 HBneHHe 8HanorHqHo OTMeqeHHOMY B pa6oTe /18/ BnHHHHID 

OHOB K + Ba 2+ H NH + • 4 B paCTBOp Xnoprraa p0AHH 1 KOTOpoe 

paBHOBeCHe B CTOpOHy o6pa30B8HHH KOMIIneKCOB C 6onblliHM 

HOB C/- B 1-H: KoopaHHauHOHHotl c<jlepe. Haao oTMeTRTh, qTo 

X KOHUeHTpaURHX aneKTponHTa ( NaN03 H KNO 3 Ha6nroaa-

HHroruee aelfcTBHe, He TOnhKo KaTRoHoe, Ho R aHlioHa, No
3
- • Coc-

epHUHH ( Ill ) B qrrcThiX pacTBopax HNO 3 aomKHo 6hiTh 

COCTOHHHID B paCTBOpax C NaNO 3 , T,K, HOH Na+ o6na-

rHapaTaURH, 6nH3KOfi K Hynro 1 ITOqTR He pa3pyruaeT CTpyKTy

Li+ H K+ 1 Hao6opoT, CHnhHO pa3pyruaroT. CTpyKTypy BOAhi
1 

aeT H3MeHeHHe CKOpOCTH peaKuRlf 06MeHa /19/, 

14-10 201 M o6pa30M 1 B OTnlfqHe OT 06IUeiipHHHThiX B3rnHAOB 1 

aMepHilHH ( Ill ) Ha"'HHaeTcH rrpR HR3KRX 3Ha"!eHRHX pH ( 1,0-2) 

H CnOMHhiM IIpoueCCOM, 0"!eBHAH0 1 'ITO IIpH T8K.HX HH3KHX 3H8-

H rRaponH3 MOMeT 6biTb o6ycnoBneH TOnbKO rrpoueCC8MH
1 

KOTO

eTCTByroT ypaBHeHHID ( 7), 

p 6naroaapeH C.A. rrnernyKOBOtl 38 IlOMOIUb B rrpoBeaeHHH 

HTOB, 

BbJBOAhl 

3y"'eH rRaponH3 HOHOB aMepHUHH ( Ill ) (10-6M) B pacTBopax 

HC/04 C IlOCTOHHHOti HOHHOif CRnolf B HHTepBane pH = 1-11. 

OKa3aHo pa3nH"'Hoe BnHHHHe Ha rrpouecc rrraponrraa ROHOB c 

biiOti H OTpHU8TenhHOll 9HeprRefi rRAp8T8UHH. 

OK838HO, 'ITO C IIOMOIUbiD pacrrpeaenrrTenhHOll XpOM8TOrpaQJHH 

MOMHo rrony"!HTh aocToBepHhie aaHHhie o rrpoueccax rrraponR3a, 
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