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PaHee HaMH 6~no noKa3aHo, 4TO acTaT,nOA06Ho APYrHM ranore
HaM, cnoco6eH BCTynaTb B peaK~H~ 3neKTPQ$HnbHOrO 3aMe~eHHR/1/, 
3neKTpQ$HnbHoe apoMaTH4ecKoe acTaTHpoaaHHe 6eHaona 1-1 era rano
reHnpoH3BOAH~X npoBOAHnOCb B rOMOreHHOH cpeAe B npHCYTCTBHH . 
6HxpoMaTa 1-1 YKCYCHOH KHcnoT~. oblnO a~cKaaaHo npeAnonolKeHHe, 4To 
B H3y4eHHOH cpeAe HOCHTenRMH nonOlKHTellbH~X HOHOB MOryT 6~Tb 
•At + 1-1 (H20At)+ / 1/, nOCKOilbKY, KaK H3BeCTHO, B KHCnOH cpeAe a 
npHCYTCTBHH 6HXPOMaT-HOHa acTaT cy~eCTByeT B $OpMe OAHOBaneHT
HOrO KaTHOHa/2/, 

·Cor nacHo o6~enpHHRTbiM npeAcTaaneHHRM aaaHMOAeHCTBHe rHnora
noreHH~X KHcnoT - HOX /rAe X- ranoreH~/ c apoMaTH4eCKHMH coe
AHHeHHRMH B KHCnOH cpeAe npHBOAHT K 3neKTPO$HnbHOMy 3aMe~eHH~ 
BOAOPOAa B HHX Ha ranoreH, ranoreHHpy~~HM areHTOM B 3THX peaK
~HRX RBilR~TCR HOH~ ranoreHHR- X+ ,KOTOp~e o6pa3y~TCR B npeA
p.aBHOBeCHOH CTaAHH. npH AerHApaTa~HH npOTOHHpOBaHH~X rHnoranoreH
HbiX KHCnOT - (H20X)+ IS!. no3TOMY MOlKHO 6blnO OlKHAaTb, 4TO ecnH 
npeAnonolKeHHe o npHPOAe KaTHoHa acTaTa npaaHnbHoe, TO acTaT, 
HeCMOTPR Ha era HC4e3a~~e Many~ KOH~eHTpa~H~ B. paCTBOpax KHCnOT, 
B npHCYTCTBHH OKHCnHTenR - 6HxpoMaT-HOHa 6yAeT 3$$eKTHBHO acTa-
-··-----· t::'-·--~ ---· - --- • 
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3KCnepHMeHTanbHble peaynbTaTbl npoaepKH 3TOH rHnOTe3bl npHBOARTCR 
B HaCTOR~eH pa6oTe. 

3KCnEPHMEHTAnbHAR 4ACTb 

AcTaT nony4anH a peaK~HRX BHCMyTa c a-4aCTH~aMH /36 M3B/, 
ycKopeHH~MH Ha ~HKnOTPOHe Y-200 na6opaTopHH RAePH~X peaK~HH 
OHRH. MeTOAHKa npHroToaneHHR BOAHbiX pacTaopoa acTaTa aaAaHHoro 
XHMH4eCKOrO COCTaaa OnHCaHa B pa60Te/4/, oeH30n 6~n KBanH$HKa~HH 
''x. 4. AnR xpoMaTorpa$HH 11

, ranoreH6eH30il~·$HPM~ "MepK". lieH30il 
HnH era npOH3BOAH~e /100 MKn/ 1-1 BOAH~H paCTBOp acTaTa /OT 1 AO 
50 MKn/ 3an91-1Ban1-1 B CTeKnRHH~e aMnyn~ 06DeMOM 0,2-V,3 Mn H Har
peaanH B MaCnRHOM TepMOCTaTe 3aAaHHOe apeMR /OT 3 AO 6Q MHHYT/ 
np1-1 3aAaHHOH /+1°C I TeMnepaType a HHTepaane aT 140° AO 190°C. 
nocne npoaeAeHHR peaK~HH acTaTHpoaaHHR aMnyn~ acKp~aanH 1-1 1-13 
KalKAOH oT6HpanH no TPH npo6~ aT opraHH4eCKoro cnoR AnR onpeAe
neHHR c noM~b~ raaoxpoMaTorpa$H4ecKoro aHanHaa/5/ OTHOCHTenb
Horo a~xoAa acTaT6eHaona: 

2 

R C H At% 6 5 =1QQ.At B $OpMe acTaT6eH30na/o6~ee KOnH4eCTBO 
~At B CHCTeMe, 

npHBeAeHH~e B pa6oTe BellH4HH~ B~XOAOB - 3TO CPeAHeapH$MeTH-
4eCKHe peaynbTaT~ aHanHaa Tpex-nRTH o6paa~oa, HAeHTH4H~x no 
cocTaay 1-1 ycnoBHRM npoaeAeHHR peaK~HH. PeayllbTaT~ AaH~ co cpeA
HeKBaAPpTH4H~MH OTKilOHeHHRMI-1, 

PE3YilbTATbl 14 OliCYlK,llEHHR 

nony4eHH~e 3KCnepHMeHTanbH~e 3aBHCHMOCTH B~XOAOB acTaT6eH-
30na OT KOH~eHTpa~HH KHCnOT~ B BOAH~X paCTBOpax acTaTa, TeM
nepaTyp~ HarpeBaHHR BOAH0-6eH30nbH~X CHCTeM H npOAOillKHTenbHOCTI-1 
npoBeAeHHR peaK~I-11-1 noKa3aH~ COOTBeTCTBeHHO B Ta6n,1,2 H Ha 
pHCyHKe. Ha 3THX peaynbTaToa BHAHO, 4To MaKCHMallbH~H a· HaWHX 
ycnoBHRX B~XOA acTaT6eH301la /OKano 90%/ AOCIHranCR 4epe3 15 MI-1-
HyT, npH HarpeBaHHH aMnyll~ AO 18Q-190°C 1-1 npH KOH~eHTpa~HI-1 
HClO 4 HilH H2!:0 4 a HCXOAHOM npenapaTe acTaTa a~we ·O,lN. 

YaenH4eHHe B~XOAOB acTaT6eH30na npH 190°C C POCTOM KHCnOT
HOCTH B HHTepaane 0,01 S H+] S 0,15 r.HOH·n-1 YAOBneTBOpHTenb
HO OnHC~BaeTCR ypaBHeHHeM 

R c6H5At% • 7 ,5·103 [ H+] /(75 [ H+] + 1). 

nnaHHPYR HCCileAOBaHHR peaK~HH acTaTHPOBaHHR 6eH30na, M~ npeA
nonarallH, 4TO ~IlR HX npoBeAeHHR B BOAHOH $a3e o6R3aTellbHO AOil
lKeH 6~Tb Cr207 , OKHCilR~HH acTaT AO KaTHOHHOH $OPM~. Ho 
3KCnepHMeHTallbH~e pe3yllbTaT~ naKa3allH, 4TO B~XOA~ acTaT6eH30Jla 
He 3aBHCeJlH OT npHCYTCTBHR 6HXpOMaT-HOHa B CHCTeMe /Ta6n,1/, 
~~~~~~~~~ ':00'!'~0~':'UlAG ·0f\"':-PUf:"a !';:~rTRn~~ W'IAr nnTW lA fiPH~On~ OT 

1:100 AO 50:100 He BilHRilO Ha B~XOA~ o6pa3y~erOCR acTaT6eH30Jla 
/Ta6n.3/. 

npH acTaTHPOBaHHH ranoreHnpOH3BOAH~X 6eH30Jla B yCilOBHRX, 
aHanorH4H~x acTaTHpoaaHH~ 6eH3ana, o6paaoaaHHe $Top- 1-1 xnop
acTaT6eHaonoa WilO C B~XOAaMH,6JlH3KHMH K B~XOAaM acTaT6eH30ila, 
a B~XOA~ 6poM- H HOAaCTaT6eH301lOB 6~111-1 6onee 4eM Ha nOPRAOK ae
Ili-14HH~ HH!Ke /Ta6n.4/, ,llnR acex ranoreH6eH3anoa Ha6n~Aanocb aa
Me~eHHe acTaTa npeHMy~eCTBeHHO B napa- H OPTO-nOilO!KeHHRX. 3TH 
pe3yJlbTaT~ XOPOWO cornacyOTCA C TeMH, KOTOp~X CileAOBallO OlKHAaTb, 
HCXOAA H3 npeACTaBJleHHH o6 3JleKTp~HilbHOM xapaKTepe peaK~HH 
3aM~eHHA BOAOPOAa acTaTOM a 6eH30ilbHOM RApe, B 4aCTHOCTH, xo
powo H3BeCTHO, 4TO Cnaco6HOCTb K peaK~HAM 3JleKTP~HilbHOrO 3a-
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M~eHHA y ranoreH6eH3anoa naAaeT 
c yaenH4eHHeM aTOMHaro HOMepa 
ranoreHa/6/. ,llo OAHaaaneHTHaro 

3aBHCHMOCTb B~OAa acTaT
~eH30na OT npOAOn.HTenbHOCTH Ha
rpeB&HHH npH TeMnepaType J90°C 
H KOHUeHTpa~HH xnopHOA KHcnO~ 
0,15N. 
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Ta6JIHI,\a I 

3aBHCHMOCTb Bb!XO,IJ;a acTaT6eH30Jla OT KOHI.\eHTpaQHH KHCJlOTbl 
H npHCYTCTBHH OKHCJIHTeJIH /yCJIOBHH! TeMTiepaTypa- J90°C, 
BpeMH - 30 MHH/o/+/ - TipHCYTCTByeT OKHCJIHTeJib; /-/ -
OTCYTCTByeT OKHCJIHTe~b. 

KHcJIOTa KouneHT pa.ijWi 
KBCJIOTbl ( N ) 

ER,ltKCTWIMT 

H2 so4 O,OIO 
0,025 
0,045 
0,065 
0,100 
0,100 
0,150 
0,500 

HC104 O,OIO 
0,025 
0,050 
0,050 
0,070 
I'\ Tl'"\1"\ v, ... !JV 

0,150 
3,660 

BliXo,n; CslfsAt 
( 41/o) 

II,Q±1,0 
45, 1.±2, 5 
?0,8j;3,8 
?7 ,5.±2,1 
?9,Q±1,9 
88,3,±1,5 
88,5,±1,3 
89,1.±2,1 
89,3,±2,0 

42,3,±2,? 
64, ?_t3,6 
78,3,±1,9 
7?,4,±2,? 
85,6j;2,1 
nn T.T t: 
'-'"t ... ..!. ... t'"' 

90,1.±1,1 
89,I.±I,4 

Ta6nHQa 2 

+ 

+ 

+ 
+ 

Bbixop; acTaT6eHsona B saBHCHMOCTH OT TeMnepaTypbi /yc
JIOBHH: Kom~eHTpaQHH HC10 4 - 0,15N, BpeMH-30 MHH/ 

TeMII9pl'fYJB(°C} 140 150 160 170 ISO 190 

Blao,n; C6%At(%) 28,6.;t2,I 46,5.±2,4 64, 9z2, 7 85,I.±I,O 88,3,±1,0 89,!:±1,5 

COCTORH~R B aHanor~4H~X ycnoB~RX, 04CB~AHO, MOryT OK~CnRTb-
CR ~ ynbTpaM~KpOKOn~4eCTBa ~OAa: B on~TaX C ~OAOM-131 6e3 HO
C~TenR M~ nony4an~ np~ onT~ManbH~x AnR acTaTa napaMeTpax AO 70% 
~OA6eH30na. noAp06HO 3TOT npo~ecc He ~ccnCAOBanCR. 

o~no o6Hapy~eHo, 4To acTaT, ~cnapeHH~~ c MeTann~4eCKoro cepe6-
pa ~ CKOHAeHc~pOBaBW~~CR Ha OXna~AeHHOM AHe CTeKnRHHO~ aMnynbl, 
npaKTH4ecK~ nonHoCTb~ cMwsancR c ee cTeHOK 6eHaonoM. DAHaKo 

) 

) 

npH HarpesaH~~ 3Toro pacTsopa B Te4eH~e 60 M~HYT npH TeMnepaTy
pe 190°C o6paaosaH~e acTaT6eHaona He npeewwano /1,5+0,5/%. 
Q4eBHAHO, np~ paCTBOpeH~~ acTaT nepeXOA~T B 6eH30n B-HepeaK~~
OHOCnOC06HO~ no OTHOWeHH~ K HeMy He~TpanbHO~ /Hyneso~/ ~OpMe. 

B cny4ae norn~eH~R napes acTaTa B BOAe acTaT, sepoRTHee ece
ro, CTa6Hn~a~pyeTCR B ~OpMe r~noacTaTHO~ KHCnOT~ - HQAt, He 
acTaTHPY~~e~ 6eHaOnbHoe RAPO. lilaeecTHO, 4TO r~noranoreHHble 
K~CnOTW nerK~X ranoreHOB C TPYAOM BCTyna~T B peaK~~~ 3neKTp~~nb
HOrO aaMe~eH~R/7/. PeaK~~R 3neKTP~~nbHoro apoMaT~4ecKoro aaMe
~eH~R Ha4~HaeT ~AT~ np~ nOAK~CneHH~ paCTBOpa, T,e, C nORBneH~eM 
npOTOH~posaHHO~ r~noaCTaTHO~ KHCnOTW: 

/1/ 

Ta6JIHQa 3 

BJIHHHHe COOTHOWeHHH o6~eMOB ~as Ha o6pa30BaHHC aCTaT-
6eH30Jia /ycnoBHH! KOHI.\eHTpaQHH HClO 4 -0,1N, TeMnepaTypa -
J909C,BpeMH- 30 MHH/ 

.KIICJIOTa 0THaDeBHe o6J.eua BOJXBOI qasH lla:o,n; C~t (%} K o6J.euy 6eusOJia 

Hz504 I roo 88,3,±1,5 

3 roo 89,7.±1,9 

HCI04 1 lW o~,I.±I,5 

5 IOO 86 ,5.;ti. 7 

50 roo 9I,Ij;0,4 

Ta6nHn;a 4 

BbiXO,IJ; npop;yKTOB saMe~eHHH acTaToM sop;opop;a B ranoreH-
6eHsonax 

I'aJioreu- Blao,n; npo- Hs<lole,IIloe }BCnpe,n;eJI~e 
6eHsOJI .nyKTOB ~e-

( Opl'O+MeTa+napl = I ) 
DleHIDI ( opro ueora Dapl 

c6Hsr 89,4,±2,0 25,Q±0,2 5,0,±0,6 70,Q±I,2 

Ce!f5CI 72,Q±3,0 30,0,±0,8 20,2,±0,9 49,8,±2,8 

C6lJsBr 8,1,±0,2 33,2,±0,4 21,Q±0,8 45,8,±0,? 

Csfl5I 2,5,±0,1 30,0.±1,2 26,8,±1,5 43,2,±1,5 
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B npeApaBHpBecHo~ cTaAHH acTaTHpoBaHHR npoHCXOAHT OTP~B MoneKy
n~ BOA~ OT npOTOHHpOBaHHO~ rHnoacTaTHO~ KHCnOT~ C o6pa30BaHHeM 
HaH6onee peaKUHOHOCnoco6Horo HOHa acTaTHHHR- !At+,KOTOP~~ 
H 3aMe~aeT BOAOPOA B apoMaTH4eCKOM RApe, noA06H~~ MeXaHH3M AnR 

nerKHX ranoreHoB paccMaTpHBaeTCR B pa6oTax1 3•6/. B H3y4aeMOM Ha
MH npouecce nepeHoc HOH?B (ftOAQ+ H3 rny6HH~ KHcnoro pacT
Bopa K noBepxHoCTH pa3Aena ~a3 He AOn~eH 6~Tb cTaAHe~,onpeAenR~
~e~ CKOpOCTb, nOCKOnbKY H3MeHeHHe o6DeMa BOAHO~ ~a3~ He BnHReT 
Ha B~XOA acTaT6eH3ona /Ta6n.3/. BepoRTHee Bcero, 3TO~ cTaAHe~ 
RBnReTcR AerHAPaTaUHR (H2 0At)+, CneAoBaTenbHO, BcR 3HeprHR aK-

+ THBaUHH npouecca 3aTpa4HBaeTCR Ha OTp~B BOA~ B HOHe ( H 2 0At) , 
a ocTanbH~e 3Tan~ 3neKTP~HnbHoro 3aMe~eHHR He Tpe6y~T 3aTpa
T~ 3HeprHH/ 3/. BenH4HHa 3HeprHH aKTHBaUHH npouecca 3neKTPO~Hnb
Horo acTaTHpoBaHHR 6eH3ona, B~4HcneHHaR no ypaBHeHH~ AppeHHyca 
B HHTepBane TeMnepaTyp OT 140 AO 190°C,paBHa /32~2/ KKan/MOnb, 

ABTOP~ B~pa~a~T 6naroAapHOCTb ~.C.KopOTKHHY, 6.H.rHKany H 
r.H.nHnReBy 3a opraHH3aUH~ H npoBeAeHHe o6ny4eHH~ Ha yCKOpHTene 
Y-200, A.M.AKHMOBO~ H r.Ao6epeHu 3a TexHH4ecKy~ noM~b npH 
OC~eCTBneHHH 3KCnepHMeHTOB H ~OpMneHHH pa60T~. 
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PyKonHcb noc1 
8 HK 

Bamapom fl. H AP• Pl2-82-539 
0 aepORTHOH npHpOAe OAHOBaneHTHOrO KaTHOHa acTaTa, 
BCTyn~mero B 3neKTpo$HnbHOe apoMaTuqecKoe saMemeHHe 
B reTeporeHHOH cpeAe B npHCYTCTBHH KHCnOT 

fioKa3aHO, qTO acTaT, HaXOAflmHHCfl B KHCnOM paCTBOpe, cnoco-
6eH saMemaTb BOAOPOA B 6eH30ne H ero ranoreHnpOH3BOAHhlXo BMXOA 
acTaT6eH30na AOCTHraeT 90% npH HarpeBaHHH CMeCH 6eH30n-paCTBOp 
acTaTa B xnopHOH HnH cepHOH KHcnOTe AO 180-190° B TeqeHHe 
15-20 MHHyT, 3HeprHH aKTHBaUHH peaKUHH saMemeHHH - 32+ 
+2 KKaiT/Monb, llpeAnonaraeTCfl 0 qTO OTBeTCTBeHHOH sa peaKUHID 
3neKTpO~HnbHOrO 3aMe~eHHH HBnHeTCH npOTOHHpOBaHHaR runoacTaT
HaH KucnoTa (H 20At)+ · 

Pa6oTa BbmOnHeHa B na6opaTOPHH HAepHblX npo6neM OlliU:I. 

Vasaros L. et al. Pl2-82-539 
About Possible Nature of Univalent Astatinium Cation 
Entering the Electrophilic Aromatic Substitution in 
Heterogeneous Medium in the Presence of Acids 

It has been· shown that for 15-20 min. of heating at 180-
1900C, astatobenzene is formed with the yields of above 
90% in the systems of benzene-astatine-aqueous HCl04 or 
H2 S0 4 solutions. Activation energy of the astatination process 

was found to be (32+2) Kcal./Mole. Protonated hypoastatous 
acidium cation - (H-;OAt)+ formed in aqueous acidic solutions 
was supposed to be responsible for the electrophilic aromatic 
astatination reaction. 

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