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BBE.lIEHHE 

XapaHTepH~M CBOHCTBOM aCTaTa. OTnH4a~HM 3neMeHT OT APyrHx 
lilJlOrCHOB. ~Bn~TC~ 06pa30BaHHe OAH03ap~AHoro KaTHOHa. YCTOH­
YHBoro B KHcn~~ paCTBopax B npHCYTCTBHH OKHcnHTenR - weCTHBa­
neHTHoro xpo~~/1-3/. COCTaB KaTHOHa aCTaTa CTporo He yCTaHoB-

I + 
neH 101 n03TO~y ero npHH~TO 0603Ha4aTb At(e) B03MO*HOCTb cy­0 

~eCTBOBaH~~ nonO*HTenbH~X HOHOB ranoreHOB B BQAH~X paCTBopax 

TeopeTH~1giH H 3KcnepHMeHTanbHO HaH60nee nOAP06HO H3Y4anaCb 
B pa60Te ,6~no nOKa3aHO. 4TO OAH03ap~AH~e KaTHOHW ranoreHOB 

~on*H~ cTa6HnH3HpOBaTbC~ MoneKynoH BOA~. Y4acTBy~eH B AOCTPOH­
He 3neKTpOHHWX 060n04eK HOHOB. H3 npOBeAeHHoro aBTopaMH aHanH­
3a cneAOBano. 4TO TonbKO (H~O)nl+ lacTaT B/41 He paCCMaTpHBan­
c~1 AOCTaT04HO YCTOH4HB An~ Toro. 4T06~ B paCTBope Morna 6~Tb 

nony4eHa 3Ha4HTenbHa~ Aon~ ranoreHa B $opMe rHApaTHpoBaHHoro 
KaTHOHa HnH npoToHHpoBaHHoH rHnoHoAHoH KHcnOT~o Ha OCHOBaHHH 
pe3ynbTaToB nOTeH~HoMeTpH4ecKHx H3MepeHHH 6~n cAenaH BWBOA 
o TOM. 4TO npH HCXOAHOH KOH~eHTpa~HH I~ nopRAKa 10-~ Monb on- 1 

TepMOAHHaMH4eCKaR YCTOH4HBOCTb HOA-coAep*a~ero KaTHOHa 3aSHce­
nat no cy~eCTfiY. OT KOHCTaHT paBHOBeCHR cneAym~Hx peaK~HH: 

12 + nH2 0 ~ (H2 0 )n l+ + K1 '"' 1.2 010- 1 1 
Monbon- 1 III 

I" () .. -2-1( ) ~ HOI H2 0 0-2 .. H30 K = 3-10 Monb'n 121H2 0 nl 2 

HCCMOTPH Ha PAA Aony~eHHH H 3KcTPanon~UHH. npaBHn,HocTb 
KOTOPblX CT<lBHnilCb nOA cOMHeHHe/ 5 , 6/ , B~BOAbi pa60Tw/ 4 , nO-B\o1­

IlHMOMy, AOCTOBCpllbl, nc>CKO/~~r 7HH xoc aeuao nOATsep*SI<lIOTCA pe> 
JynblaTaMH APYTI1X .loropoo (). 

B rpvnnc r anor l'1I01l, (jl1iHoAdpn lIilPilC r .JHI1IO MCTanTlH4C(. HHl( 
CDO~C r n :11l{'Me~1 rOB c poe rOM iHOMHoro HOMcpa, ac T.H AOIUMCH HMer b 
MHHHMdnblttol~ nepDlol~ no re~IIlI1<HI HOHH3i1I\HH aTOMa H, cnenoaa rensuo , 
MOlMlIO npcnnonar e t u , 4rn IICPOATHOCTb 06pa30BolIIHA rHAP.lTHpOBmiHo­
r o KjHHOItoI ac r a r o (IYl1l'r IIIolWl', a KOIIClaHra peax ......... AcnpOTO~IHPO­
0(11111" (tI~O)nAt' riYI\PI cy~t·(:r.fHtHo M"llbWC, 4CM AnA all.HIOI H'''IO­
ro COt'AI1IICIIHJl HOJ\'I. 

110 ItdlllHM IIIWIlC r.1I1IWIII1 ..M, HM4'IHIO H etlOPMt' (HAO)nAt' Al (Il) I 
("'o1('jHIIH.tHpY(HCII 'l<.r,ll U KHUIWl( (5HxpOM.II(OI~(,p*.I~HX p.lCr.O~MX. 

BepORTHO. H3-3a np04HO cBR3aHHoH BOA~. 6e3 oT~enneHHA KOTOPQH 
KaTHOH Y4acTByeT BO MHorHX peaK~HRx. At(e)+ no cyMMe H3BeCTHWX 
caoHcTB Mano noxo~ Ha KaTHOHW oAHoBaneHTH~x MeTannOB. HanpH­
Mep. B oTnH4He OT TI~ aAcop6~HR At(e)+ ¢oC~opHo.onb~paMaToM 
~e3HR npoHcxoAHT C K03~~H~HeHTaMH pacnpeAeneHHA 8wwe 103 Tonb­
KO H3 pacTBopOB C TeMnepaTYPOH OKono OOC. cOAep*a~Hx H36~TOK 

Cs+. npH 3TOM H3MeHeHHe KOH~eHTpa~HH ~e3HR 60nee 4eM Ha ABa 
nopRAKa cna60 CKa3WBaeTCR Ha npo~ecce aAcoP6~HH/11.12/. OTnH­
4aeTCR noeeAeHHe TI+ OT At(e)+ H npH COp6~HH 3neMeHToB Ha rHA­
paTHpOBaHHOH OKHCH THTaHa: B HHTepBane pH 1.5-J.O COp6~HR aCTa­
Ta 6~na MaKcHManbHoH H Aanee naAana. TorAa KaK A.~ TannHA OHa 
HMena 4eTKO B~pa*eHH~H HOHo06MeHH~H xapaKTep - 6wJ.~ npRMO npo­
nop~HOHanbHa pH/3.13/. MO*HO npHBeCTH H APyrHe npH~epw, B 4a­
CTHOCTH. aAcop6~HO At(e)+Cynb~OKaTHOHHTaMH H MeTannH~~CK07 
nnaTHHoH/2.14/. 06pa30BaHHe At(O)+ KOMnneKCH~X coeAHHeH~~ 151. 

EcnH HCXOAHTb H3 npeACTaBneHHR 06 At(O)+ KaK 0 npOTOHHPO­
BaHHOH rHnoaCTaTHOH KHcnOTe, TO cneAOBano 6w o*HAaTb, 4TO CKO­
POCTb MHrpa~HH 3Toro KaTHOHa B BOAH~X paCTBopax B 3neKTpH4ec­
KOM none, B npHH~Hne. Aon*Ha naAaTb C POCTOM pH B pe3ynbTaTe 
peaK~HH AHcco~Ha~HH. aHanorH4HoH peaK~HH 12/. neHcT8HTenbHo. 
npeAnono*eHHe nOATBepAHnOCb npH 3KcnepHMeHTanbHoH npOBepKe: 
nOABHlMHOCTb aCTaTa YMeHbWHnaCb C 2,67· 10-~ cM~B-1C-1 

AO 1,17·10-~ cM~B-1C-1 npH H3MeHeHHH pH OT 0,6 AO 1.7 B paCT­

Bopax H(Na)CIO~-K~Cr~07 C HOHHOH CHnoH ~ • 0,4. 25°C/16/. Pac­
C4HTaHHaR KOHCTaHTa peaK~HH AenpOTOHHpOBaHHA }H,O)nAt+ OKa3a­
naCb npaKTH~eCKH TaKOH lMe, KaK 101 AnA (H~O)nl+ 4 : Kd ­
• 3,2(5)010-~ Monb on- 1. Ho HaHAeHHylO BenH4HHY CneAye~ paccMaT­
pHoaTb TonbKO KaK npH6nHlMeHHYo o~eHKY. nOToMy 410 B 3THX onw­
Tax He 6wno HCKnlO4eHO nonaAaHHe npOAYKTO. 3neKTponH38 B 3neKT­
pOMHrpa~HOHHYO Tpy6KY, 4TO npHBOAHno K H3MCHeHHO pH, OKHcnH­
TenhHoro nOTeH~Hana 101 rpaAHcHTa HanpAlMCHHR. TaKHe *e MeToAH­
4CCKHe HCAocTaTKH, ocnO*HCHHWC HecTa~HnbHocTblO TeMnep8TYPW 
paCTBopoe 3neKrponHTo., ~wnH 101 • 3KcnepHMcHTax, B KOTOPWX oft­
uapYlMCHd pa3nH4~'ilA 110A.HlMHOC Th ac Tar a, OKHcneHHOrO KaC r~07 

101 Na.;lS.;lO. It UCIO~ 0,02 Monh·n- 1: 1,(Hn')O-~ cM~8-1c-1 
101 3,3(2)-10-~ cM:lR-1C-1 COOT.eTCT.t'ItItO I . lhoftw Onh"CHHTb 

:HH pe3ynhTarw, t'iwnll BW('K4uaHa rHnOT(~3;l o~ OKHcneHHH BCTaTa 
"l.

,,('!pcynhetlaTnM AU rpex.lJIINUHOro <OCTO"ItHA 101 0 cTa(5HnH:ta~HH At 

• $opMC OKCH~lJTHOtllJ ac r a r oaana - AtO 
t 
.3nf'KTPo~oP.TH~eCKfJll nOA-

ItHlMHOCTh AtO ,1l0-IIHAHMoMY,AOnlMtll'l f'lhllb .WW«1,4tlM (HaO)nAt ,TaK 
HAK AIIHlMtlllHe noc nenuer o M()lMf!T rOpMOJI1Th KOOPAHHHpOBaHHft" BOAa, 
of'lpItJYIOU\I1A .IlAOPOI\HWfI C."3H C MoncKynoMH .onw paeTBopHr.nJll. 
OKHl nellHC 11("" r e r s AO Tpt')(B.neHTHnro (OC TC,HtUI1" t'lwno nUA1.Bp*ABHCl 
pll:lynh Til Tl'IMH .1,Jn()nllellH()~ n03AHflfl Pllt'ioTwf I HI ," I(flTOPO~ :JlCcTpa­
rHpyrMoL rh :)/I"MOIITft 1013 .IlA"Wl( pile '.OIHl. II~O:a HnH Na:AS:AO. AH-

li;~·o2 

I at: J, I 

II F~ .... ..; I." 



6YT~nOB~M 3~~POM 0AH03Ha4HO ~HTepnpeT~pOBanaCb KaK ~3Bne4eH~e 
3+

B OpraH~4eCKY~ ¢a3Y 3~~paTa At • 

HaCTo~~ee ~ccneAOBaH~e nOCB~~eHO npOBepKe parlee onpeAeneHHo~ 

Ben~4~H~ KOHCTaHT~ AenpOTOH~POBaH~~ (H20)nAt+ ~ r~nOTe3~ 0 cy­
~eCTBOBaH~~ B BOAH~X paCTBopax KpoMe At(S)+ APyroro KaT~OHa 
aCTaTa, npeAnonom~TenbHO AtO+. B03MomHocTb nOCTaHOBK~ ~ccneAO­

BaH~A nOAB~naCb nocne pa3pa60TK~ ~ ~3rOTOBneH~~ HaM~ HOBO~ 

K()HeTp.rK4~~ ~4e~K~ AnA rop~30HTanbHoro 30HHoro 3neKTp~ope3a 

~OHOBI 9/. B HrH ~CKn~4aeTC~ nonaAaH~e npoAYKTOB 3neKTpon~3a 
B 3neKTPoM~rp~4~oHHY~ Tpy5KY ~ OTCYTCTBY~T r~~pOA~HaM~4eCK~e 

nOToK~, pa3"".lIBa~~~e aKTI1BHY~ 30HY, 4TO n03BonReT nonyvers BOC­
np0I13BOAI1M~e pe3ynbTaTbi np~M~X ~3MepeH~~ CKopocTe~ M~rpa4~~ 

110HOB1 20- L2I. 

3KcnEP~MEHTAnbHAH4ACTb 

ACTaT, CMeCb paA~OHYKn~AoB 211At 11 210At c~HTe3~poBan~ 

B ~AepH~X peaK4~~X B~CMYTa C a-4acT~~aM~, YCKopeHH~M~ AO 
36 M3B Ha ~30XPOHHOM 4~KnOTpOHe y-200 na50paToP~~ ~AepH~X peaK­
4~~ O~'~. npenapaT~ aCTaTa rOTOB~n~ no paHee pa3pa6oTaHHo~ Me­
TOA~Ke 23/, Ha KOHe4HOM 3Tane KOTOPO~ nap~ 3neMeHTa norno~a­
n~Cb B 30-50 MKn BOAH~X paCTBopOB, C 3aAaHH~MI1 KOH4eHTpa4~AM~ 

BOAOPOAH~X ~OHOB, cone~ ~ OK~cn~Tene~. KOH4eHTpa~~11 K2Cr207 ~ 
2

Na2S~OO B npenapaTax 6~n~ ~ 1.10- Monb·n- 1, Ben~4~H~ pH ~3Me­
HRn~Cb OT 0,7 AO 4 B 3aB~C~MOCT~ OT 3aAa4~, It '" 0 ,25. OK~cne­

H~C aCT<lTa 6~xpoMaToM npOBOA~n~ OKono nony4aca np~ 100°C, 
~ ncpcynb$aTOM - np~ 50-60°C B Te4eH~e 15-20 MHH. o~no 3ilMC4e­
HO, 4TO npcnapa r a ac r a r a co BpeMcHCM "c r apcor " H AanbHe~wcc HX 
Hcnonb30BilHHC np~BoAHT K HeBocnpO~3BOA~MbIM peayns TaT aM. 1l0:JTO­
My 4CPC3 KilmA~c 8-10 4 r o r oaarurcu HOBbie npenapa 1bl. 

AnA WIMcpeHHA nOAB~mHOCTW ac r a r a B 3ncKTpOMHrp<l4wc>lIl1ylO 
'Py6KY, :hlfl()I1HCHHY~ ¢OHOBbIM anex r pona r oa , MHI<POWI1P~4"M BBOI-\H­
nH OT I 110 ') MKn npcnapa r a , B 3aB~CHMOCT~ Of cro Yl-\t~llbHOH 

uf)bl'MIIO~ dK U1IlHOCTH. $()HOBbIM~ 3IleKTpOnHTaM~ CllYlK~"H P,IL' OOPbl 
If(Na)CIO,. 0,25 Monb·n- 1 - 5.10- 3 Monb.n- 1 K2C'207 HJI~ Nd.lS.lOn, 
I pH Of 0,1 flO 10,/1. PdCIDOPbl rOTOB~nH HenOepCI-\CTUI'1I110 11l'1H'1\ 
:.JKcncpWMPllrOM H:l IH'dl(THOOR KAanH<fJHKa4~~ "X~MWH'I K~ q~1 11,11"1 

H t;~AH( I HlIIIHP(JfI.'ItIl()~ 1I01\1.1. 
H::JMI'I)('HHIt 110I\HHtI(ll(HT~ .ic r a ra npouol\~l1~ I1PH JI'J,O( I )oC H I pd­

JI~('llT (. lI<1npHI+(PIIHI1 /\1 I () .0 ( I) B' CM- I. MI'(~' OIlOIlOtl(l'IIHI' I 0/11'PlHd ­
,I 

~('H itL'il' :IOltl~ OIII)I'I\('I1I111H 110 Mdl«(~MYMY PI' dKl~1l1l0( IH. /\KI~lI 

IUH. I b H:JM('IHHlill It I 1(,1I1Y1IlYMlIIl~M (1IHIITHJIII"IIHOI"t1~M 1\1'1 I'/( IOIlOM 
I KpWI lilllllllM Ni.1 (I I), IIPHI(J"'ll~II"IIIIl,IM I( MIIUIIlII,tll,UlbIHJMy ,IMIIlIW-

TYAHOMy aHanl13aToPY, pa60Ta~~eMY B MynbTHCKeHnepHo~ pe*~Me, 
4TO n03BonRno 0AHoBpeMeHHo ~KcHpoBaTb paccTo~HHe MaKCI1My~a 

aKT~BHoH 30H~ OT MeCTa BBoAa H BPeM~, npoweAwee nocne Ha4ana 
3KcnepHMeHTa/24,25/. B Te4eHI1e oAHoro 3KCnepl1~eHTa, npoAon*aB­
werOCR 1,5-2 4, MeCTonono*eHl1e aKTI1BHOH 30H~ onpeAen~nOCb 
15-20 pa3, H no 3THM AaHH~M paCC411TWBanaCb CKOpOCTb MI1rpa41111 
aCTaTa Iv = cM·c- 11 H ero cpeAH~~ nOABI1*HOCTb 
n = v.6E- 1 cM2B-1 C-1. 

CI1CTeMaTH4ecKa~ OTHOC~TenbHaR norpeWHOCTb OAHOKpaTHoro on­
peAeneHHR nOABH*HOCTH aCTaTa BO Bcex BwnonHeHH~X cepl1~x H3Mepe­
HI1~ npl1H~Ta paBHoH 10%. npl1 3aAaHH~x BenH4HHax rH KaTHOHHa~ 
nOAB~*HOCTb aCTaTa B nepxnopaTHwx pacTBopax onpe~~n~nacb, KaK 
npaBl1nO, He MeHee AByX pa3. Ha rpa~HKax 11 B Ta6n114~X npl1BeAeH~ 

cpeAHeapH~MeTH4eCKl1e BenH4I1H~ nOABI1*HOCTeH, co CTaT~ICTH4ecK~MH 
norpeWHoCTRMH OTAenbHoro 113MepeH~~. 

PE3YflbTAT~ H 06CYIAEHHE 

CpeAHHe BenH4HH~ nOABI1*HOCTe~ aCTaTa B paCTBopax ~OHOB~X 
3neKTpOnl1TOB B 3aBHC~MOCTI1 OT pH 11 npHpOA~ oKHcnHTeneH npHBe­
AeHW Ha pHcyHKe ~ B Ta6nH~e.OHI1 nOKa3w8a~T, 4TO annOTb AO pH = 
m 1,7 CKOpOCTb Ml1rpa4H~ aCTaTa, OKI1CneHHoro KaK K2 Cr 2 0 7 , TaK 
H Na2S20a, 113MeH~eTC~ C08epweHHO OAHHaKOBO. 3TI1 AaHHwe He Aa­
~T HHK8KI1X OCHOBaHI1~ AnR npeAnono*eHI1~ 06 OKHCneHl111 3neMeHTa 
nepcynb~aToM Ao 

., 
o 3 -r 
m 
J: 
u 

-.I 
1b .-­

13 

I 

OL_~~...L Jo . ~. ~ ..~..... • .,,_.. _ ..~~ .J_ 

o 1 1 3 I. fa 
"uc. 1I0H"H*lIlH"I'" "1I1'HOII" Il('."."l... '1lIIlHt'IIHOI'1'H OT pll 
111I C,.II01'011 (lollOlII~1I. 'UI(lI("I>OJ1H1'OIl II(NtI)CIO.. 0.]') NOJIJ,'JI 

t< ..Cr,JO, (¢) IUIII N.n;aHaO. (.) .... IO-~ "401lt, -n ' t. ]')0(;. "1111­

II'UI Pilt"l'l'H'I'llllrt lilt YlJltn.WltHIU Ifl/. 

I1Horo, 4eM At(O)+, 8aneHTHoro COCTO~H~~. CneAO­

~~k1 
'1~
 

. "" 
pH 

G " 



T'aoauua , llOnBHEHOCTb At(8)+ B H(Na)C104 0,25 Monb.n- 1 ­

K2Cr207 HnH Na2S20a 5.\0-3 Monb on- 1 , 25°C 

pH OKHcnHTenb 

B npenapaTe 

OKHCnHTeJlb 

B 3neKTpO­

JIHTe 

(10-4 
u 

CM2 B ­ 1 C ­ 1 ) 

tIHcno 

onpene­

neH. 

0,7 Na2S20a 

K 2 Cr207 

K2 C r207' 

Na2S20S 

K2Cr20 7 

Na2S20S 

3,46(5) 

3,42(8) 

3,45(16) 

6 

5 
2 

HaR peaK~HR BOCCTaHOBneHHR At 1+ KHCIlOPOAOM, C nocneAY~~HM OKHC­

neHHeM aCTaTHAa AO AtO no cxeMe: 

(H20)nAt+ -- At- + 0 + 2H+ + (n - 1)H20; At--~ At~ /3/ 

) 
B nepCYIlb$aTH~x paCTsopax $OHOB~X 3IleKTponHTOB H3MeHeHHe 

KOH~eHTap~HH BOAOPOAH~X HOHOB He Aon*HO, TeopeTH4ecKH, BIlHRTb 

Ha BepORTHOCTb OKHcneHHR AtO AO At(8)+. n03TOMY, OCHOB~BaRCb 

Ha xapakrepe 3aBHCHMOCTH U = f (pH). MO*HO npeAIlOIlO*HTb, 4TO 

POCT pH npHBoAHT He K BOCCTaHOBneHH~ At(O)+, a ~ YMeHbweHH~ 

\ ,7 Na2S2(JB Na2S20B 3,\4(10) 2 

K2 C r207 K2 C r207 2,76(14) 2 

Na;;ZS20B K2 Cr207 2,84(4) 2 

K2 C r207 Na2S20B 3,10(18) \ 

2, I Na2S20B Na2S20e 2,60(15) 5 

K2 Cr207 K 2Cr207 0 2 

Na2S20B K 2Cr207 0 2 

6,3­ Na2S20B Na2S20B 0 5 
10 ,4 

BaTenbHo,RBnR~TCR OWH604HMMH B~BOA~ 0 cy~ecTBoBaHHH B BO?H~X 

paCTBopax BTOPO~ YCTO~4HBO~ KaTHOHHO~ $OpMW aCTaTa/ 17 , 18 • 
B OTHOCHH'nbHO y3KOM HHTepBane KOHlleHTpallH~ BOAOPOAHblX HoHoB 

/1,7 -:' pH <; 2,1/ B paCTBopax K2Cr207 aCTaT ncpeCTaeT MHrpHpo­

na r s , HO coxpaHRCTCR OTHOCHTeIlbHO BblCOKaR nOABHIMHOCTh B p,] ­

(HIOpaX Na 25 2 0 a. F{\HHC TBCliHblM npHeMneMblM O(jbRCH('HHt'M :)TOrO :)$­

ll>CKTil MOHWT 6bITb UOCCTaHOBneHHe At (()) .. AO HC~TpanbHor() COl'AHHC­

HHR. llpouc-cc , OlH'BHAHO, CBR3aH C pe3KHM H3MCHl'HHl'M OKHcnHTenb­

uor o no r cuuanna u 6HXPOMaT(oACpIMa~HX CHCTCMilX. nponopuwouane ­
HOn), c.orn.rcuo yp.Hltlt'HH~HcpHcTa, IH"'14. ECJlH I\t(ll)t - (OI'I\H' 

II('IIHC' 1I1\1I0U,llll'HTHIHO .1(TLlTa, TO BOCCTaHOBnCHHO~ 1110PMIIH MUIMI'I 

ti',llb rOnhKII HI'HTpdnbtlblH aTOM ac r a r a . nOTeHllHan~ pacr nr ipon , 

n KOIIIPI~)( npIIHC)(III\HT H:lM('IWI1Io1C OKHcnHTCIlbHoro COCllHll1HH 

I\t (I)) 1, I IIlJII<lAWOI I no r "lIl\lo1.IIlOM lJo x I r od .., 1,0 A AIHI lIolPhI 

1\1 II /I\t «I'n.t , 
II I flll:IH f H:1I10HWI1IIt,IM. IIl'00XOAHMO OTMI'THTb, 4TO B P<lC IIlOp<lX 

(llllllllUhlX :lfleKlpOlIHf'lU. I If' (I)AepHlol~HX 1l0!l'IIL\Hall:l,III.IIOIl\HX IIKHcnlo1" ~l 

H'IWH, I\t (I I) 1 f1P" UP.1IlFI III 11 A IICHr pi1l1bllylO, Itl' MHr PHPYIOII\YMI ¢)OPMY 

110 til PM ~,u IlI'JIODilllllOM "t\MH HIll ('philne pH 0 I lJ, I Ao 10, II. IIpW1H J 
IIIlH 111'1 1.I(iHlIbIlOl IH li,JIHflll,1 n,.IO!O [<IIIOf 1"'.1 II p.ll r aopo x t)<':1 11<"1 

I "'t10U-IlKHCI1HII'llI'i·' MOl yl flWfh Kj}K pfl ..1KI~HH <'0 CIlf'/lilMH 60<'<'111110 

OTHOCHTeIlbH~X KonH4eCTB KaTHOHa aCTaTa B paCTBOp~X. 3TO yMeHb­

weHHe, 04eBHAHo,HeIlb3R 06bRCHHTb TonbKO peaK~He~ ~enpOTOHHPO­

BaHHR At(O)+: 

(H20)nAt+ * AtOH(H 20)n_2 + H30+, /4/ 

AHanH3 cOBoKynHocTH 3KcnepHMeHTaIlbH~X AaHH~X n03BonReT CAe­

naTb npH6nH3HTenbHY~ o~eHKY BenH4HH~ TepMoAHHaMH4ecKoH KOHCTaH­

T~ AenpOTOHHpOBaHHR: 

- -1 <' 10- 1>Kdp - a 'aH+ , /5/
A t OH 

·aA t«()+· 

CneAoBareIlbHo, npH pH < 3, OTHOCHTenbHaR aKTHBHOCTb At(O)+
 

B paCTBope 6YACT, B pe3YJlbTaTe AenpoToHHpOBaHHR, H3MepRTbCR
 

CTOJlb HC3Ha4IolTeIlbHO, 4TO 3TO 3aMeTHO He CKdIMeTCR tla BenH4HHe
 

cpeAHC~ nOABH*HOCTH aCTaTa:
 

o 
UA t (1)+ ° a

At(I)+ UAt(I)" 
II /6/ 

- 1 
~. . dilldAl(ll)t ~ dAton Kd p 

Mb. npPAnUIlilriWM, 4Tu KpOM(~ p(~aK~HH /4/, B pacr aoc.rx npor exaor
 

(iblc I Pbl(' p.llUIOlU'<.lIbW I1POIIl'CC~, 3aMeAIlAK>~He /\BHIMCI1HC de, II r a .
 
/lOMHHHPYK>I , [\('PORTIIO, aAcop()I\HOWihlC I1POllCC Cbl Hi) C r e xne anexrpo­

MHrp.lI\HOIIHOH I Py6KH H lIa KOfl1l0HAtlhlX MHKp03dl PR31ICIH1/11( pac TIIU­


pllA. r.lI{ Killi H IHIBPPXIIOCTb «rexnn H K0I1H4('CToeIHlblH cIICTtlD xon­

110HA"bIX MHllPII:JiH pJl31U'IIH.:1 MOl yT 01 ol1bllil K onblTY MeIIlHbCA, 10
 

11X n IIH"IIHI' 1M pt' 3Y 11" III T101 WlMepeHHH ()YAt' I Pil:JIlH41fb1M A piJ3nH4­


IlIoIX cepHHX :)KClWPHMIHIIUU. JrHM, 110 111l1llt'MY Mllrl1HIO, H ()fllo"(.~Hl0T­

I J1 Pil:IGpOC ~JKI IWPHMt.'HTiHlbIIWX AdlHl ...X IlPH pa(jolc c a( I i1l0M, KO­

I OPIolI1 (y~e( f 1I1'II110 flOl1hIlJl', 'l"M IIPH Po"l()O I (' I APr.1 "iMH OAII03<lP"A" 

IlIolMH Kil f HOII,1MH, II litH THO( I H, ( NpOi H T)I /1 I. '1'1/ . 
Xol' 11Ilt'i,i HIlIlM)( 11J<1IIHt'H IICOHlHAillllllo'X IHIHHIIHil MHKpOKOflHlU'( I D 

1I11'Ml'IITOIiI HflH HI( \ Ol'/\HHt'IIHH 11ft flllAIoI HIM1101 I a. I\t (()) I MOl yl c ny­

'HI f "/11"'1 t1t'H.1tH't 111011 II PH POJ\1oI0 r 11K H Ilf'ufipd f HMiHI lilly I PIolMO/lt'K YIIUP­
IMHI" IlI':IYIlt. f il I'" lliUllHX HI I flt'/\OlillHIHH IHII\nHHlIIOl1H ,i( I ill fI • pac 1­

(I 
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Bopax ¢oHOBWX 3neKTpOn~TOB, cOAep*a~~x, KpONe nepcynb$aTa, 
Ag+ ~ 10-~ NOn~·n-1. B 3T~X paCTSOpaX npaKT~4eCK~ BeCb aCTaT 
OCTaBanCA Ha MeCTe sBoAa, np~4eM 60nbwaR 4aCTb aAcop6~poBanacb 

Ha CTeKne 3neKpoM~rpa~~oHHo~ Tpy6K~. Cnoc06HoCTb cOp6~poBaTb 

aCTaT ~3 pacT80poB 3neKTpon~ToB, y*e He COAepllla~~x cepe6po, 
CTeKno coxpaHRno H nocne T~aTenbHoH, MHoroKpaTHoH npOMWBKH pa­
CTBopaMH peaKT~SOB. 

4T06w npOKOHTponHpOBaTb paCTBOpw npenapaTOB aCTaTa ~ $OHOBWX 
3nCKTponHTOB HB B03MO*Hwe MHKp03arpR3HeHHR KonnOHAaMH, COp6H­
PY~~HMH KaTHOli aCTaTa, MW onpeAenRn~ nOABHlIlHOCTb aCTaTa, OKHC­
neHHoro K2Cr207 HnH Na2S20e, B paCTBopax HCIO~ 0,25 Monb·n- 1. 

3KcnepHMeHTw Aanee CTaB~nH TonbKO C TeMH paCTBopaMH, B KOTOpWX 
nony4anH aenH4HHY U= 3,4(1).10-~ cM2B-1 c-1. OHa cnYlllHna CBoe­
ro pOAa KpHTepHeM OTHocHTenbHo~ 4HCTOTW pacTBopoB H AoCTOBep­
HOCTH pe3ynbTaToB. 

EcnH npHHRTb rHnoTe3Y 0 TOM, 4TO HMeHHO 06paTHMaR aAcop6~HR 

aCTaTa CTeKnOM H KonnOHAHWMH MHKp03arpR3HeHHRMH B paCTBopax 
OTpH4aTenbHO BnHReT Ha ero KaTHOHHY~ nOABHlIlHOCTb, ~ AonycTHTb, 
4TO OTHoweHHe aAcop6HpOBaHHoro aCTaTa {Atad)K aCTaTy B paCTBo­
pc nHHe~HO paCTeT C YBenH4eHHeM pH: 

Atad = 6·pH· (aAt(O)+ + aAtOH) = 6'pH(1 + Kdp·alil).aAt(O)+,I7/ 

TO, C Y4CTOM aAcop64HOHHOrO np04ecca, 3MnHpH4eCKoe ypaBHeHHe 
cpCAHeH KaTHOHHO~ nOABHlIlHOCT~ aCTaTa 6YAeT HMeTb cneAY~H~ BHA: 

o
 
_ U At(O)+ . aAt(O)+
 
U "" ---=~----.:...-:....-_-­

aAt«l)+ + aAtOH + At ad
 
o
 

U At (n )" • ai\t«)+
. -------------....:.--'---_-::-..:._----------,- ­
aAt(O)+ . (1 + Kdp'c1~~) + aAt«I)+' (~.pH. (1 + ~p . a;;1) 

o	 /8/u 
At«)+ 

(1	 +- Kdl'·1l111)· (1 + ,\pH) 

PeWeHHf' YP"DHCHHH /B/ MI:I0AOM HaHMt~libWH)( t<8aAPIHOIl OTliOCHTCllb­
liO r pe x (.oAep*..~H)(C Jl It 110M KoHC T£lIlT llano '-llt'AYIO~He HX 8CllH4H­
H",: 

I(dt)	 - 7,60,0)'10-'" MOflb./I-1 

• 8 () '.. ~ -1 -1UAt	 (I). ... 3. 0 ') . I 0 CM" c. 

,\ ...	 0, ilL 

.. 

KpHBaR Ha pHcyHKe paCC4HTaHa no ypaBHeHH~ /8/ C ~Cnonb30BaHHeM 
npHBeAeHHWX Bwwe BenH4HH. OHa XopOWO COBnaAaeT C 3KcnepHMeH­
TanbHWMH AaHHWMH B HHTepBane 0,7 ~ pH ~ 4,2. BnonHe BepORTHO, 
4TO MW He CMornH Y4eCTb Bce $aKTOpw, 3aMeAnR~~He 3neKTpOMHrpa­
4H~ At(0)+ B BOAHWX paCTBopax, H n03TOMY HCTHHHaH BenH4HHa 
Kdp e~e MeHbwe, 4eM onpeAeneHHaR B 3TO~ pa60Te. Ho, TeM He Me­
Hee, oHa nQ4TH Ha TPH nopRAKa HHlIle paHee paCC4HTaHHWX AnR 
(H20)n l+/ 4 / ~ (H20)nAt+/16/. 4TO cornacyeTcR C npeACTaBneHHRMH 
a 60nee BWCOKO~, 4eM y APyrHx 3neMeHTOB 3TO~ rpYnnbl, YCTO~4H­
BOCTH KaTHOHa nRToro ranoreHa B BOAHWX paCTBopax. 

ABTOPW C4HTa~T CBOHM npHRTHWM AonrOM Bwpa3HTb rny60KY~ 6na­
rOAapHOCTb 3a 60nbwy~ nOMO~b no CHHTe3Y aCTaTa Ha yCKopHTene 
Y-200 ~.C.KOpOTKHHY, 6.A.rB03AeBY H E.n.4epeBaTeHKO, a TaK*e 
W.MHnecy 3a npOBeAeHHe paC4eTOB KOHCTaHT. 
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PyKonHCb nocTynHna a H3AaTenbCKHH oTAen 
7 H~nft 1988 roAa. 

4aH KMM Xy11r M AP. 12-88-500 
HccneAoaaHMe 3neKTPQMMrpa~MM KaTMOHa acTaTa 

3neKTPQMMrpa~HR acTaTa (310 • 311At) MccneAoaaHa a aQAHWX pacTaopax 
0,25 MOnb·n- 1 H(Na)ClO~- 5·10-3 MOnb·n- 1 KaCra07 HnH NaaSaOa, 25°C; 0,7 S 
S pH S 10,4. noAo6Ho KaCra07, NaaSaOa OKMCnReT acTaT TOnbKO AO At(e)+ - OAHO­
aaneHTHoro KaTHOHa, CTa6MnH3Hpy~erOCR a ~OpMe npoTOHMpoaaHHOH rHnoaCTaTHOH 
KMCnQTW (HaO)nAt+. nHTepaTYPHWe AaHHWe 06 OKHCneHHH acTaTa NaaSaOa AO At3+ 
(AtO+) noATaeP*AeHHR He nony4HnH. CpeAHRR noAaH*HOCTb KaTHoHa At(e)+ xopowo 
OnHCWaaeTCR 3MnHPH4eCKHM ypaaHeHHeM 

.o 

u = ---------u~A~t~(3~)~+ ______ __ 

(1 + Kdp·aji:).(1 + ll·pH) 

rAe Kd = 7,6(3,0)·10-s MOnb·n- 1 - KOHCTaHTa AenpOTOHHpoaaHHR (HaO)nAt+; 
-lgaH+P =pH; o = 0,18; u~t(e)+ • 3,80{5)·10-~ cM3 B- 1 c- 1

• B pacTaopax K3 Cra07 
C pH> 1,7 H a pacTaopax 6e3 peareHToa-oKHCnHTeneH At(e)+ HeyCTOH4Ha H aoc­
CTaHaBnHaaeTCR AO HeHTpanbHOH ~PMW, no-aHAHMOMy, At0 • 

.Pa6oTa awnonHeHa a na6opaTOPHH RAePHWX npo6neM OH~H. 

fipenpHHT 061>eAHHeHHoro IDICTHTyTil ueJIIIWX HCcneJloBUIHA. Jly6Ha 1988 

Tran Kim Hung, Milanov M., Rosch F., Khalkln V.A. 
Investigation of Astatine Cation Electromlgratlon 

12-88-500 

Electromigration of astatine (310 • 311 At) has been Investigated In aqueous 
solutions of 0.25 mole L- 1 H(Na)ClO~- 5·10-3 mole L- 1 K3 Cra07 or NaaSaOa at 
25°C, 0.7 ~ pH S10:4. Like KaCra07, NaaSaOa oxidizes astatine only to At(e)i 
i.e. to an univalent cation, stabilized In the form of protonlzed hypoastatl­
ne acid (HaO)nAt+. The 1 lterature data on oxidation of astatine by NaaSaOa to 
At3+(At0+) were not confirmed. The mean mobility of the At(0)+ cation is well 
described by the empiric equation 

0 
UAt(~)+ 

u = 
(1 + Kdp·aH~)·(1 + o·pH) 

+ 
where ~p = 7.6(3.0)·10-s mole L- 1 is the deprotonation constant of (HaO)nAt, 
o = 0.13; u~t(€>"•+ = +3.80(5)·10-~ cm2 V- 1 s- 1

• In solutions of K;zCr3 07 with 

pH> 1.7 and in solutions without oxidation agents At(e)+ Is unstable and re­
duces to the ne~tral form, probably, At 0 • 

The investioation has been performed at the Laboratory of Nuclear 
Problems, JlNR. 
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