
I _p 
ti -I J 

P6 - 11721 

l1)~paHep , P.,lJ;paHep , B.A.XaJIKHH 

SYL2 t,.-'Jtf 

KATHOHM ACTATA 8 BO~HMX PACTBOPAX . 

nonYqEHME l1 HEKOTOPME CBOHCTBA 



P6 - 11721 

l1.,l~paHep I P .,l~paHep I 8 .A. XaJIKHH 

KATl10HM ACTATA 8 80~HMX PACT80PAX. 

nonYqEHl1E l1 HEKOTOPME C80HCT8A 

HanpaeAeHO e " Racliochemical ancl Raclioanalytical Letters " 



.llpallep H., .llpaliep P, Xanxaa B.A. 

KaTHOHbl acTaTa B BOllHbiX paCTBOpax. nony'leHHe 

H HCXOTOpblC CBOliCTBS 

P6 - 11721 

OnpelleneHbl CXOpOCTH MHrpauaH llBYX XSTHOHOB SCTSTS B BOllllblX 

paCTBOpax 6e3 YllCp~aBS~WHX sneKTponaT MSTepeanoB. 06a KSTHOHS o6pa-

3y~TCH npu oxucneaaa acTaTa B xucnblX cpe11ax: nepBblll - 6uxpoMaToM, 

BTOpoll - nepCynbcjlaTOM. BaneHTHOCTb SCTaTa B nepBOM KSTHOHe 1+. BTopoli 

K8THOH MO~eT 6b1Tb COCllHHCHHCM TpeXBaneHTHOro SCTSTa: 8CTST03anoM ana 
npOTOHHpOBSHHOll SCTSTHTOBOII KHCnOTOII, 

Pa6oTa Bblnonaeaa B lla6opaTopaa SIJlepHbiX npo6neM OH.SIH. 
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Dreyer 1,, Dreyer R,, Khalkin V.A. 

The Astatine Cations in Aqueous Solutions. 
The Preparation and Some Properties 
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The rates of electromigration of two astatine cations in aqueous 
solutions without electrolyte supporting materials have been studied, 
rrhese cations prepared in ·acid: solutions at oxidation of astatine 
by Cr\11 and Na 2S 20 8 . The oxidation state of one of them was 1+, 
!but the second cation may be a compound of 3+ oxidation state of 
!astatine: AtO+ or H
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2
"". 

The investigation has been performed at the Laboratory of 
Nuclear Problems, JINR, 

Preprint of the Joint lnsti tute for Nuclear Research. Dubna 1978 

© 1978 06'b6/lHH6HHbl/l IIHCf'Hryf' R/l6pHblJC HCCne/lOBSHH/1 Jly6HS 

. ' 

BBEilEHVIE 

Dono;>KeHHe acTaTa B rrepHOtUi'leCKOH CHCTeMe aneMeH­

TOB il.VI.MeHaeneesa rro3songno rrpeanonaraTh cymecTso­

saHHe B BOaHbiX paCTBOpaX K8THOHOB II9TOrO ranoreHa. 

Y)Ke B rrepBOH pa6oTe, IIOCB9IDeHHOH H3y'leHHIO ero 

XHMH'leCKHX CBOHCTB, Ha6niOaanOCh BbiaeneHHe 8CT8T8 

H8 30nOTOM KaToae H3 cepHOKHCnbiX paCTBOpOB H 2Cr2 0~1( 
Do3aHee 6bmo aoKa3aHo cymecTsosaHHe oaHo3ap9aHoro 

rrono)KHTenhHoro HOHa icTaTa B KHCnbiX 6HxpoMaTcoa~­
*8IDHX paCTBOpaX / 2- 4 . VlccneaOB8HHe ero CBOHCTB S-S/ 

II03BOnHnO caenaTb BbiBOa 0 TOM 1 'ITO 9T0 1 Bep09THO, 

8KB8KOMIIneKC oaHosaneHTHOrO aCTaTa, KOTOpb!H 6bJnO 

npeano)l{eHo o6o3Ha'laTh CHMBonoM (Ate)+ 191. CospeMeH-

Hoe COCT09HHe XHMHH acTaTa H 0 B 'l8CTHOCTH 1 (Ate)+ 
paCCMOTpeHO B o63ope /10/. 

llng HaeHTH~HK8UHH HeopraHH'leCKHX ~OpM 8CT8T8 B 

soaHbiX yacTsopax o'leHh yao6Hbi aneKTpo~ope3 Ha 

6yMare ll/ H aneKTpo~ope3 B pacTsopax, 6e3 yaep)KH­

B8IOIDHX aneKTpOn:IIT M8TepHanOB /12/. DocneaHHH MeToa, 

II03BOn9IOIDHH IIpaKTH'leCKH IIOnHOCTb!O HCKniO'IHTb OTpHU8-

TenhHOe BnH9HHe aacop6UHH Ha IIOaBH)KHOCTh HCCneayeMb!X 

HOHOB 1 6bJn HCIIOnh30B8H H8MH B H8CT09IDeH pa60Te ang 

H3y'leHH9 CKOpOCTH MHrpaUHH (Ate)+ H ang IIOHCK8 

IIOnQ:IKHTenhllbiX HOHOB 8CT8T8, yCTOH'IHBb!X B KHCnbiX 

cpeaax. 
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3KCTIEPMMEHTAflbHA~ YACTb 

AcTaT nonyqanR B peaKURRX pacmenneHR£ £Aep TOPli£ 
nporoHaMR c aHepraefi 660 M a B. BhiAeneHRe ero tl3 
MaTepuana MtlmeHR npoacxoaano so speM£ cropaHR£ 
TOPR£ B TOKe sosayxa nptl 1200 °C. OT conyTCTByiOmRx 
aneMeHTOB ( aoa, 6poM tl apyrae) acTa T oqamanc £ B raso­
TepMoxpoMaTorpa¢aqecKofi KonoHKe 11 31 H Bhillen£nCH R3 
f'a30BOI'O ITOTOKB Ha ITOBepXHOCTH cepe6pa, ilpH TeMnepaTy­
pe OKono 200 oc. C cepe6pa acTaT Hcnap£nH npu 500°C 
R nornomanH B He6onhmoM o6'beMe TpH.lKJ:lhi llHCTRnnaposaH­
Hofi BOllhi. TionyqeHHblll rrpenapaT, ilO-BHAHMOMy, 6bin 
pacTsopoM aneMeHTapHoro acTaTa - At 0 111 / H cnyJKHn 
an£ nptli'OTosneHR£ pacTsopos, coaepJKamHX nonoJKRTenb­
Hbie ROHbi acTaTa. B KaqecTse OKHcnuTenefi At 0 npHMe-

H£nH K2Cr2 07, N~S2 08 R XeF4 . 0KtlcneHHe 
acTaTa nposoaana npH HarpesaHHH ao 100°C (5-10 MHH) 

-3 
B KHCnbiX pacTsopax: 0,1 MHN0 3 - 5 ·10 M H2Cr207 
H 0,5 M HCI04 - 2·10-2 M Na2S 20

8
, a TaKJKe B 

HefiTpanbHOM paCTBOpe, K KOTOpOMy 6binO ao6asneHO 
5-10 MriMn XeF4 . 

CKopOCTH MRI'p8URR ROHOB acTaTa onpeaen£nRCb ITpH 
25°,i0,1 ° C,30,5:t_0,5 B/cM R CHne TOKa 20-30 MA B 

cneayiOmRx pac TBopa~: 1 ) 2. 1 0 -2 M HCIO 4 - 1 . 1o-3 M 

K2Cr20 7 , 2) 2·10 -2 M HCI0 4 -2 .lQ-3 M Na
2
s

2
o

8
, 

3) 2 ·10 - 2 M HCI04. 4) 2 ·10-2 M (NH4) 2C03 - 0,015 M 
NH4 OH (pH :: 9 ) , 5) 4 .1 o-2 M KNO 3 H 6 ) 2 . 1 0 - 2 M 

HCl. 

CxeMa npu6opa an£ nposeaeHR£ aneKTpo¢opesa B 
paCTBOpax, CB060aHbiX OT yaepJKRBaiOmHX aneKTpOnRT 
MaTepaanos, rroKasaHa Ha pH c. 1 I 12/ . B OITbiTax 

R3MepHnOCb BpeMH rrpOXOJKaeHRH MaKCRMyMBMH aKTRBH-biX 
30H paCCTO£HH£ 100 M M MeJKay UeHTpaMR CUHHTRnn£-
UROHHbiX cqeTqRKOB. KaJKJ:lOe H3MepeHRe ITOBTOp£nOCb 7-8 
pas. 3uaqeHHe KaJKaofi cepHR orrpeaeneHRfi acnonbsosana 
an£ pacqeTa CKOpOCTefi MHI'p8URR HOHOB H HX CTaHaapT­
HbiX OTKnOHeHHfi ( T a 6 n. 1). 
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Ptlc.1. CxeMa ycTaHOBKH an£ onpeaeneHH£ cKopocTefi 
MHI'p8UHli HOHOB aCTaTa. 1 li 2 - CUHHTHnn£UHOHHhle 
cqeTqHKli, paCCTO£HHe MeJKllY UeHTpaMli KOTOpb!X 100 M M; 
3 - CTeKn£HH8£ Tpy6Ka " 4 M M, sanonHeHHa£ aneKTpO­
nHTOM. TiperrapaT aCTaTa (-50 M K n) BHOCHTC£ B Hee 
qepes OllHY tl3 sepTHKanbHhlX Tpy6oK, 4 - TepMOCTaTtlpyiO­

mHfi KOJKyx. 

TaonHua 1 
CKOpOCTI-I l\-1HI'p8URH HOHOB acTaTa B pas6asneHHbiX :meKT­
ponaTaX rrptl 25±.,0, 1 oc H rpaatleHTe uarrpHJKeHtlH 

30±.,0,5 B/c M 

Mon W·10 2 c M. c - 1 V·lO 4 c M Pc-1 B -1 

At- 1 85+0 07 
I -I 

At 0~(?) 1,4±.,0,07 

AtO 3 0,7:t_O,Ol3 
At 04 1 ,05±.,0,06 

AtCI2 1 ,05±.,0,06 
Ag+ 2,8±.,0,06 
(Ate)+ 0,57:t_O,OG 
AtO +-(?) 1 ,0±.,0,05 

6,1±.,0,02 

4,6±.,0,2 

2,3±.,0,2 
3,4±.,0,2 
3,4±.,0,2 
9,2:!:_0,2 
1,9±.,0,2 
3,3±.,0,2 

* 3neKTponHT 

4 

6 
3 
1 
2 

5 

---------------------·--------------------------
* CocTaSbi aneKTponHTOB npHaeaeHbi rroa cooTBeTCTByiO-

mnl\-m 1101\lepaMH B 3KCTiepUl\-teHTanbHOli qaCTtl. 5 



PE3YflbTAT~ H OECY~llEHHH 

c Kopoc Th MHrpau1m (Ate)+ a 2 ·10-2 M ncto 4 

1 10-
3 M K 2 Cr20 7 6bwa ueaeJIHKa: 10 c M npHMepao 

Sa nOJI'i8C8 (pH Co 2), 'iTO nO'iTH B nSITh pas M9Hbllle 
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(At())+ a 2 • 10-2 M HCIO 4 

64 

PHc.2. 3neKTpo4Jopes 

2 ·10-3 M K2Cr207 30,5:!:_0,5 B/c M, 25:_0,1 °C. WTpHxo-

BOll JIHHHeli noKaSaHO HSMeHeHHe 8KTHBHOCTH B pacTBOpe 

noA ne:rBhiM C'ieT'iHKOM, npH 3119KTpo4Jopese (Ate)+ B 

2 · 10 - M HCIO 4 . 

cKopocTH Agt- a aaanorH'iHhiX ycnoaHSIX ( T a 6 n. 1). 

MeAJieHH8SI MHI'paUHSI (At())+ COOTBeTCTByeT npeACTaane-
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HHSIM 00 3TOM KaTHOHe K8K 00 8KB8KOMnJieKCe OAHOBaJieHT­

HOI'O 8CT8T8jgj, ABHM9HHe KOTOpOI'O B BOAe MOMeT 

saMeAJISITbCSI HS-Sa o6paSOB8HHSI BOAOPOAHhiX CBSISeli 

MeMAY MOJieKyJiaMH paCTBOpHT9JIS! H BOAhl BO BHyTpeHHell 

KOOpAHH8UHOHHOll c4Jepe. 

B KHCJihiX pacTaopax 6es 6HxpoMaTa (Ate)+ aeycToli'l:Ha: 

npH sneKTpo4Jopese a 2 ·10-2 M HCI04 aa6moAanocb 

JIHillb HeSH8'iHTeJibHOe yaeJIH'ieHHe aKTHBHOCTH B paCTBOpe 

nOA nepBbiM C'leT'iHKOM ( lliTpHXOB8SI JIHHHSI Ha pH C, 2), 

B HeliTpanbHbiX H meno'l:HhiX pacTaopax (Ate)+, ToMe 

npeapamancg B HeMHI'pHpyromyro 4JopMy, KOTOpaSI npH 

aarpeaaHHH AO 100°C OKono qaca a 0,5 - 1 M NaOH 

nepeXOAHJI8 B 8HHOH, HA9HTHlPHUHpOB8HHhlll K8K 8CT8AHA, 

no CKOe_~CTH MHI'p8UHH V =(6,1:t_0,2) 10 -4 C M 2 C-1 a-1 

B 4. 10 M KNO 3. no-BHAHMOMy, H9MHI'PHPYIOUI8SI 

4JopMa acTaTa - sTo At 0 
• B ropSI'ieM meno'l:HOM pac­

Taope HeliTpaJihHblll 8CT8T, O'i9BHAHO, BOCCT8H8BJIHB8JICSI 

CJieAaMH CJiy'IaHHbiX BOCCT8HOBHTeneli, KOTOpbie MOI'yT 

obiTb a meJIO'iH. Ha aepoSITHOCTb TaKoro npouecca 

YKBShiBaroT pesynbTBThi onhiTOB no aoccTaHoaneHHIO At 0 

B 3THX yCJIOBHSIX, 

B conSIHOKHCJihiX pacTaopax (Ate)+ caSIShiaaeTcSI 

a npo'IHhili KOMnneKc At Cl2 /3,5/ . CKopoCTb MHI'pauHH 

XJIOpHAHOI'O 8HHOHHOI'O KOMnJieKCa OAHOB8J19HTHOI'O acTaTa 

!3 2·10-2 HC1 v =(3,4:_0,2) 10-4 CM 2 c-1 a-1. 

0KHCJieHHe 8CT8Ta nepCyJiblP8TOM B XJIOpHOll KHCJIOTe 

npHBOAHJIO K oopaSOB8HHIO K8THOHa, CKOpOCTb MHI'p8UHH 
KoToporo a 2 ·10-2 M HCI0 4 - 2 ·10-3 M Na2 S 20 8 
Ob!lla noqTH BABOe Bhiille, 'ieM y (Ate)+ : 10 c M sa 

16,5:t_0,1 MHH (pHC, 3). C T8KOH Me CKOpOCTbiO MHI'pH­

pOB8JI B 3TOM 3JieKTpOJIIITe K8THOH, noJiy'IaBlliHHCSI npH 

OKHCJ19HHH acTaTa B HeliTpaJibHh!X pacTBOpaX TeTpa4JTopH­

AOM KC9HOH8. 

KaTHOH acTaTa, nony'IeHHhiH nyTeM OKHCJieHHSI 

nepcynh4JaToM H TeTpa4JTopHAOM KCeHORa, ohm 

ReyCTOll'IHB B KHCJibiX pacTaopax oes OKHCJIHTene:li: npH 

sneKTpo4Jopese a 2 . 10 - 2 M HClO 4 MHI'paUHH He aa6nroAa­

nocb, 8KTHBHOCTb paCTBOpa nOBhllll8JI8Cb AO HeKOTOpOI'O 

nOCTOHHHOI'O ypOBHH TOJibKO noA nepBbiM C'I8T'IHKOM 

( WTpHXOB8SI JIHHHSI Ha pH C, 3), 
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Puc.3. 3neKTpocpopea KaTuoHa acTaTa a 2 ·10 -
2 

.\1 HC10 4 -
-3 

2·10 MNa2 S20 8 3,05:!:_0,5 B/cM, 25:t_O,l°C. Wrpuxo-

soA JlllHIIBH llOK838HO ll3M8H8Hll8 aKTliBHOCTII B paCTBOpe 
noa rrepBbJM cqerquKOM, npu aneKTpocpopeae KaTIIOHa 
acrara B 2 ·10-2 MHC10 4 . 

B menoqHLIX II HeArpanhHbiX pacrsopax :r<aTuoH acraTa, 
T8K Me KaK (Attn+ , nepexo;ll!n B HBMIII"PIIPYIOIUYIO 
cpopMy, KOTopaSI npii HarpesaHllll B 0,5 - 1 M NaOH ,':ll) 

100°C oKono qaca TpaHccpopMuposanacb a aHIIOH, MHrpu­
pyiOillliA B Hei"ITpanbHbiX u cna6omeno•1HbiX aneKTponnTax 
co CKopocTb!:J (1,6.-t_0,2)10-4 cM2 c-1 B-1 (puc, 4). 
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Puc.4. 3neKTpo¢opea aHHOHa acTaTa, o6paaosamuerocg 
npu HarpesaHIIII KaTuoHa acrara B 1 M NaOH npu 100 °C 
a TeqeHue GO M II H. 3n<o•r:rpo.111IT 1·10 ·-2 M KN03 , 30,5+ 
0,5 B/c M, 25+0,1 oc. -

B conSIHOKHCJILIX pacTeopax KaTuoH acTaTa CBSI3LmancSI 
B xnopuaH~IA KOMnneKCHbiH aHuoH: B 1· 10-2 M HCl 
V ( ) -4 2 -1 -1 = 3,3+0,2 10 c M c B 

Pa3H~ CKOpOCTH Mlli"paUU:II (At0)+ II K8TUOH8 
acrara, o6paayiOmerocSI npH OKncneHnH At 0 Na ~20 8 
H: XeF 4 , no3BOJISIIOT caenar::, Bhmoa, qTo 3TO pa3.TIH'IHLre 
ITO COCTaBy llOJIOMHT8JlbHhl8 H:OHW llSITOI"O l"8Jl01"8H8, 
Ecnu B ~tm+ 8CT8T OaHOB8JlBHTeH, TO B HOBOM K8THOHB 
B8JlBHTHOCTb Bl"O aOJIMH8 6b!Th Bbllll8 eaHHHUbi, 
0 CBOHCTB8X 8CTaTa, OKllCJlBHHOI"O nepcynh¢aTOM B KllCJlbiX 
paCTBOpax, BCTh HBCKOJlhKO C006IUe:mii:, ELIJIO IIOK838H0

1 

qTo nonJ·qeHHoe coeauueHHe xopolllo coocaMaanocb c 
TpyaHOpaCTBOpllMbiMH HOaaT8MH /14/, npaKTH'IBCKH 
Heo6paTHMo cop6uposanoch aHHOHHTOM H3 0,1 M HCl/7/ 
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H npH aneKTpo¢ope3e Ha oyMare B 0,1 M NaCl MHrpHpo­
aano KaK aHHOH /15/. flo aHanorHH CO CBOllCTBaMH 
HOJlaTa, aaTopbi nonarann, 'ITO npHaeaeHHbie Bhillle aKcne­
pHMeHTanhHhle )laHHhle CBHJleTenbCTBOBanH 00 OKHCneHHH 
acTaTa nepcynb!\laTOM ao n9THBaneHTHoro cocTo9HH9. OaHa­
KO TaKa9 HHTepnpeTaUH9 HaM K8)KeTC9 HeBepHOllo MaaeCT­
HO, 'ITO ll9THBaneHTHblll acTaT, o6pa3yiOIUHllC9 B paCTBOpaX 
KHCnOT B peaynbTaTe paano)KeHH9 nepaCTaTaTa IWH OKHCne­

HH9 JlH!\JTOpHJlOM KCeHOH8 1 MHI'pHpyeT KaK aHHOH H npH 
aneKTpo¢opeae Ha 6yMare /!1/ H npH aneKTpo¢opeae 
B paCTBOpaX oe3 yaep)KHBaiOIUHX aneKTpOnHT MaTepHanoa/12/ 

B He:tiTpanhHhiX n cna6orueno'!HhiX cpeaax, Toraa KaK 
K8THOH acTaTa, nony'leHHhlll OKHCneHHeM nepcynb!\JaTOM 1 

a aTHX cpeaax npeaparuaeTC9 a HeMHrpHpyroruee coeJlHHe­
HHe. Ha6nroaaallla9C9 MHrpaUH9 npH ::meKTpo¢ope3e Ha 

6yMare B 0,1 M NaCl acTaTa, OKHCneHHOro Na2S ~ 8 
npH anHTenhHOM HarpeaaHHH B 0,1 M HCl /15/, o'!eBHJl-

HO, obrna o6ycnoaneHa oopaaoaaHHeM xnopHJlHOro aHHOH­
Horo KOMllneKCa~ Ha OCHOB8HHH pa3nH'lHOrO noaeaeHH9 

K8THOHa acTaTa H ll9THBaneHTHOrO acTaTa, Mbl C'lHTaeM, 
'ITO nocneJlHHfi He o6paayeTC9 npH OKHCneHHH aneMeHTa 
B pacTaopax KncnoT nepcynh!\JaToM. HaH6onee aepo9THo, 
'ITO B paCCMaTpHBaeMOM nonO)KHTenhHOM HOHe 8CT8T 
TpexaaneHTeH H BXOJlHT B COCTaB 0JlH038p9JlHOrO KaTHOHa 
acTaToanna - At 0 +, nn6o npoToHHpoaaHHOfi acTaTHToaofi 
KncnoThi H 2At 0 2+ . T aKoe npeanono*eHHe noaaongeT 
llOH9Tb

1 
llO'leMy llpH HarpeBaHHH B ruenO'lHhlX paCTBOpax 

KaTHOH acTaTa npeaparuaeTc9 B aHHOH c V=( 4,6:t_0,2) 
10-4 cM 2 c-1 B-1. AHHOH c raKofi *e CKopocTbiO 

MHrpaUHH/Mf y)Ke HaXOJlHnH B "cOCTapHBlllHXC9" npenapa-
TaX At 0 12 . H aMH obrno BhiCKa3aHo npeanono*eHHe 

'ITO 9TOT 8HHOH - acTaTHT - ll09BHncg B peaynbTaTe 
OKHcneHH9 At 0 npoayKTaMH paaHonH3a BOJlhi. EcnH HJleH­
TH!\JHKaUH9 C)lenaHa npaBHnhHO, TO oopa30BaHHe acTaTHTa 
B ruenO'lHOM paCTBOpe MO)KHO 00~9CHHTb TOnbKO rHJlpOnH30M 

COeJlHHeHHll TpexaaneHTHOro acTaTa. TiocKonbKY At o-2 
nogangeTC9 He cpaay *e nocne ao6aaneHH9 H30hiTKa 
rueno'!H K KHCnOMY paCTBOpy KaTHOHa aCTaTa, a nHlllb npH 
HarpeBBHHH rueno'lHOrO paCTBOpa, TO peaKUH9 rHJlpOnH3a 1 

10 

BepORTHO, npoTeKaeT 'lepea OTHOCHTenhHO ycTOH'lHBOe 
npoMe)KyTO'lHOe COeJlHHeHHe, HanpnMep: 

At 0 + + OH -+ H
2

0 4 At(OH)
3 

At(OH)
3 
+ (OH)- 4 At 0 ;+ 2H

2
0 

CoaepllleHHO O'leBHJlHO, 'ITO ace nano*eHHhie Bbillle 
coo6pa*eHH9 o npepoae KaTnoaa acTaTa erue ae 9Bn9IOTCR 
JlOCTaTO'lHbiM OCHOBaHH8M anR Bh!BOJla 0 TOM, 'ITO Mbl 
Jl8HCTBHTenbHO HM89M aeno C HOHOM TpexaaneHTHOro 
acTaTa. l1 x cneayeT paccMaTpHaaTb nHlllb KaK renoTeay, 
JlnR npoaepKH KOTOpOfi HeOOXOilHMbl JlanhH9HlllHe HCCneao­
BaHHR 9TOrO COCTORHHR llRTOrO ranoreaa. 

AaTopbi 6naroaap9T A.<I>.Hoaropoaoaa aa noneaaoe 
o6cy*aeane H aaMe'laHHR, caenaHHbre npn noaroToaKe 
paOOTb! K ne'laTH. 
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