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3neKTP~HnbHOe 3aMe~eHHe BOAOPOAa acTaTOM 
B 6eH3one H ero npOH3BOAH~X 

H3y4eHa peaK4HR 3neKTP~HnbHOro 3aMe~eHHR BOAOPOAa 
aCTaTOM B apoMaTH4eCKHX COeAHHeHHRX. noKa3aHO, 4TO 
B KHCnOH CPeAe, COAep*a~eH 6HxpoMaT,HaXOAR~HHCR B ~OpMe 
OAHOBaneHTHOrO KaTHOHa acTaT cnoco6eH 3aMe~aTb BOAOPOA 
B 6eH3one H ero npOH3BOAH~X. AcraTHPY~HM areHTOM B 3TOH 
peaK4HH RBnReTCR HOH aCTaTHHHR At+, KHHeTHKa H MeXaHH3M 
apoMaTH4eCKoro acTaTHpOBaHHR nOA4HHR~TCR O~HM 3aKOHOMep
HOCTRM 3neKTpO~HnbHOro 3aMe~eHHR BOAOPOAa OAHOBaneHTH~MH 
KaTHOHaMH ranoreHOB. 

Pa6ora ~nonHeHa B na6opaTOPHH RACPH~X npo6neM OH~H. 

npenpHHT 06~eAHHeHHOro HHCTHTyTa AAePHWX HCCneAOBaHHH, Dy6Ha 1980 

Vasaros L., Norseyev Yu. V., Khalkin V.A. Pl2-80-439 
Electrophilic Hydrogen Substitution Reaction 
of Astatine with Benzene and Substituted Benzenes 

The el ectrophi l i~hvdro.aen whsH.tu±..illn. '"-<> .. -~~-----"- -

0AHOH ~3 BamH~X xapaKTep~CT~K ranoreHOB RBnReTCR HX cno
C06HOCTb BCTynaTb B peaK~~H 3neKTpO$HnbHoro 3aMemeH~R BOAOPOAa 
B apoMaTH4eCKHX COeAHHeHHRX, B KOTOPbiX ranoreHHPYI0111Hill areHT 
B BHAe OAHOBaneHTHOro KaTHOHa araKyeT 6eH30nbHOe RAPO. KHHe
THKa H MexaHH3M 3THX peaK~~"' rmarenbHO ~ccne,qoeaHbl ,qnR xnopa, 
6poMa C 6eH30nOM H era npOH3BOAH~MH Ill. noKa3aHO, 4TO BbiXOA 
H COOTHOWeHHe H30MepH~X npo,qyKTOB 3aMemeH~R B 3Ha4HTenbHOH 
CTeneHH 3aBHCRT KaK OT aTaKyiQll1ero ranoreHa, TaK H OT POAa 
3aMecr~renR e fieH30ilbHOM R,qpe 11-31 • B 4aCTHOCTH, 6~no ycra
HOBJleHo, 4TO peaK~HOHHaR cnoco6HoCTb e rpynne ranoreHoB naAaer 
C B03pacTaHHeM aTOMHOrO HOMepa /1/, C 3TOH T04KH 3peHHR 6~n0 
fi~ HHTepeCHO H3Y4HTb B03MOmHOCTb ocymeCTBJleH~R peaK~HH 3JleKTpo
$HJlbHOrO 3aMemeHHR eo,qopo,qa nocneAHHM 3JleMeHTOM rpynn~ rano
reHoB - acTaTOM. ~3BeCTHO, 4TO ,qaHH~H 3JleMeHT MOmeT cymecTBO
BaTb B K~CJlOH CpeAe B npHCyTCTBHH OK~Cn~TeJlR - 6HxpoMaT-~OHa 
B $OpMe O,qHOBaJleHTHOrO KaTHOHa/4/, 

~3y4eHHe peaK~HH 3JleKTpO$~JlbHOrO apoMaTH4eCKOrO 3aMemeHHR 
acTaTOM, KpOMe CBOero TeopeTH4eCKOrO 3Ha4eHHR AilR nOHHMaHHR 
MeXaHH3Ma peaK~HH, HMeeT ~ npaKTH4eCKHiiJ HHTepec. B Clly4ae ocy
mecTBJleHHR 3TOH peaK4HH noRBHTCR HOB~H nyTb C~HTe3a OpraH~-
4eCK~X coe,q~HeHHH acrara. 

HacToRmaR pa6ora npoBeAeHa c ~ellbiO B~RCHeH~R eonpoca, cMo
mer n~ acrar BbiCTynarb e Ka4ecree 3JleKrpo$~IlbHoro areHTa 
e peaK4~~ 3aMemeH~R eo,qopo,qa e apoMaT~4eCK~x coe,q~HeH~Rx? 

3KCnEP~MEHTAnbHAR 4ACTb 

PeaKTHB~. 6eHaon /4.A.a./ AOnonH~TellbHO o4~man~, Hcnollb3YR 
ABYXKpaTHYIO A~CT~IlnR4~10. AHanorH4HOH 04~CTKe noABepran~ yKcyc
HYIO K~cnory /x.4./, KoropyiO neperoHRil~ B npHcyTCTBHH KMn04 
H cywHnH HaA P2 0 5 

151. Pacreop H2 Cr 0 7 nony4anH ~3 6HxpoMara 
KallHR e pe3yllbTare HOHHoro o6MeHa/4T.$rop-, xnop- H fipoM6eHaon, 
XJlOpHaR KHCJlOTa H 4eT~peXXI10PHCTbiH yrnepo,q 6blnH KBanH$HKa4~H 

4.A.a. H HCnOJlb30BaJ1HCb 6e3 AOnOJlHHTeJlbliOH 04HCTK~. 

npenapar acrara. Acrar nony4a!1H e peaK~HRx pacmenneHHR ro
PHR npOTOHaMH C 3Hepr~eH 660 M3B. MHWeHb cmHrallH B TOKe B03Ay
xa npH TeMneparype 1200 °C. Bbl,qenRIOU1HHCR 80 epeMR OKHCJleH~R 
TOpHR acTaT B~HOC~JlCR H3 30H~ CmHraHHR B ra30TepMOXpOMaTorpa
$H4eCKYIO KOJlOHKy, rAe OT,qeJlRilCR OT ,qpyr~X neTy4HX npOAYKTOB ' 6 ' 
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~ a,Qcop6~poaancR Ha cepe6pRHO~ ¢onbre. ¢onbry c acTaToM nepe
Hoc~n~ B ,Qn~HHY~ cTeKnRHHY~ aMnyny, sana~aan~-1 ~ noMe~an~ 

B Tpy64aTyro ne4b. 3oHy, r,Qe Ha~o,Q~nacb ¢onbra c acTaToM, Ha
rpeean~ ,Qo -500°C, a ,QHO aMnynbt oxnam,Qan~ npoTo4Ho~ ao,Qo~. 
np~ neperoHKe acTaT nonHOCTbro nepexo,Q~n a xono,QHY~ 3oHy. 

np~rOTOBneH~e pear~pytO~~X CMece~. Ar!R OK~CneH~R acTaTa ,QO 
::meKTpo¢~na ~ cTa6~n~3a'-l~~ ero a :no~ ¢opMe Mbt Bbt6pan~ pacT
sop 6~xpoMaTa B K~cno~ cpe,Qe. Kat< OTMe4anocb Bbtwe, a 3T~X 
ycnoB~RX acTaT Cy~eCTByeT B ¢opMe O,QHOBaneHTHoro KaT~OHa. 
B Ka4ecTBe pacTaop~TenR, coa,Qarotljero roMoreHHYIO cpe,Qy pear~
pyro~e~ cMec~, ~cnonbaoaan~ yKcycHyro K~cnoTy 111 • PacT sop 0, 05 M 
H 2 Cr2 0 7 B 90% YKCYCHO~ K~CnoTe ~MeeT ,QOCTaTO~IHY~ K~CnOTHOCTb 
AnR co3,QaH~R OK~cn~TenbHoro noTeH'-I~ana He H~me 1, 0 B, np~-1 
KOTOPOM At 0 OKI-1CJ1ReTCR ,QO O,QHOBaneHTHOrO KaT!-lOHa. 

nocne oKOH4aH~R neperoHKI-1 acTaTa /np~MepHo 4epea 4ac/ aM
nyny BCKpbtBall~ ~ BBO,QI-1111-1 B Hee paCT BOp OKI-1Clli-1TertR - 0, 05 M 
H 2 Cr 2 0 7 B 90% y'KCyCHO~ KI-1CJlOTe /B HeKOTOpbiX 3KCnep~MeHTaX 
·cocTaB oKI-1Cni-1TellR 6btn 1MHCI0 4 +0,05 M·H 2 Cr2 0 7 a 80% yt<cyc
HO~ 'K~cnoTe/. AMnyny BHOBb sana~ean~ 1-1 onycKart~ e Kl-lnR~yro 
BO,QY Ha 30 MI-1H. 3a 3TO apeMR acTaT nOJlHOCTbro CMbtBaJlCR CO CTe
HOK. ArtR nocne,Qyrofl\1-lX onbtTOB H3 1-lCXO,QHOro pacTBopa acT aT a ro
TOBHllH pa6o4He paCTBOp~, CO,Qepma~~e 10% apoMaT~4eCKoro COe,QI-1-
HeH~R ~ 90% paCTBOpa OKI-1Cn~TeJlH. no 100 MKll 3T~X paCTBOpOB 
sana~aan~ B aMnyllbl' noMeUJallH B mH,QKOCTH~I~ TepMOCTaT I ::_0' 1 °C/' 
r,Qe Bbt,Qepm~ean~ paan~4HOe speMR np~ aa,QaHHbtx TeMnepaTypax. 

AHanH3 npo,QyKTOB peaK'-IH~. B~HyTwe ~3 TepMOCTaTa aMnyn~ 
6btCTPO OXrtam,Qall~ ,QllR npeKpafl\eHHR peaK'-11-11-1, BCKpbtBaJll-1 1-1 CO,Qep
m~MOe nepeHoc~nl-1 a npo6~pKy, Ky,Qa ,Qo6aan.Rlll-1 paBHbt~ of\beM 1 M 
pacTaopa cynb¢1-lTa HaTp~.R. AcTaTopraHI-14eCKI-1e coe,QI-1HeH~R ~3 yK
cycHOKHCllbtX paCTBOPOB 3KCTparHpOBallH 4eTbtpexxnopHCTbiM yrnepo
,QOM, 3KCTpaK'-IHro nOBTOPRllH efl\e pa3, 3KCTpat<Tbl 06be,QHHRI1H, Tll\a
TellbHO npOMbiBanH paCTBOpOM Cyllb(jJHTa HaTpH.R H cne,Qbl BnarH y,Qan.R
lll-1 xnopHCTbiM t<allb'-11-leM. BbtXOA npo,Qyt<TOB 3lleKTpo¢HllbHoro aaMell\eHH.R 
BO,QOpO,Qa B apoMaTH4eCI<HX COe,Q!-lHeHHRX acTaTOM onpe,QenRlll-1 raao
XpOMaTorpa¢H4eCKH, KaK onHCaHO B pa60TaX /8-10/. npHBO,QHMbte 
B Ta6JlH'-IaX BellH4HHbl .RBn.RroTC.R cpe,QHeapH¢MeTH4eCKHMH CO Cpe,QHe
KBa,QpaTI-14HbiM OTKllOHeHHeM, OHH nony4eHbl KaK MHHHMYM B Tpex-
4eTwpex He3aBHCMMbiX 3KCnepHMeHTaX, M B Kam,QOM 1-13 HHX npOBO,QH
llOCb Tpl-1- 4eTbtpe raaoxpoMaTorpa¢M 4ecKHX aHan1-1aa. 

PE3YJlbTATbl H 06CYJK,l\EHHE 

3aMell\eHMe a 6eHaone. BbtXO,Q acTaT6eHaona B peaKI..IMRX 3lleKTpo
¢HllbHoro 3aMell\eHH.R BO,QOPO,Qa acTaTOM B 6eH30rte npe,QCTaBJleH 
a Ta6n. 1. PesynbTaTbt noKa3b1BaroT, 4TO acTaT B KHcno~ cpe,Qe 
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Ta6llM'-Ia 1 

BbtXOA acTaT6eHaona npH 3neKTpo¢MllbHOM aaMell\eHMM 
acTaToM BO,Qopo,Qa B 6eHaone 

BpeMSI TeMIIepaTypa, °C 

-

(Ml'lH) 80 roo I20 I40 

IO 5,4;t0,3 I9,2±I,2 24,4±2,5 25,I±I,9 

I5 26,1±3,2 37,9±1,2 36,4±2,8 25,4±1,8 

30 1 31,9±3,4 41,2±3,7 39,7±1,6* 44,2±4,7 36,8_±4,4 

60 I 30,9+5,r 40,8:±2,9 44,0±2,8* 46,1±3,8 37,7±1,9 
I -

90 I : 32,1±2,7 43,3±3,2 45,8±3,t" 48,6±3,6 38,1±2,9 

I20 33,3±5,0 - 42,3,±4,4 37,9±2,9 

240 38,0±3,3 42,6±3, I - 38,5±J,6 
--··-··-·-

* Ot<HCrtHTenbHaR cpe,Qa: 0,05 MH 2Cr 2 0 7-+IMH910 4 s 80% 
yKCYCHO~ KHCllOTe. 

Ta6nH'-Ia 2 

Pacnpe,QeneHMe acTaTa cpe,Q~ H30Mepoe, o6paayl0li\HXCR 
np1-1 3lleKTpo¢MnbHOM acTaTHpoeaH!-lH ranoreH6eHaonoe 

fanoreH- 3aMell\eHHe e nonomeHHRX 
6eH30ll /opTo+MeTa+napa= 100%/ 

OpTO MeTa napa 

C6 H 5 F. 7' 0.!,1 '0 - 93.!,6 

C6 H5 Cl 15,4::_0,8 1 ,6::_0 ,2 83+5 

C6 H5 Br 20,0!,1,0 2,0::_0,2 78::_5 
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B npwcyTCTBI-11-1 6KXPOMaTa 3aMe~aeT BOAOPOA B neH30Jl€ C OTHOCH
T€JlbHO 6onbWHM BbiXOAOM. HaMI-l 6blnO ycTaHosneHo, 4TO peaKI.\1-!R 
3I1€KTpO$~IlbHOrO apoMaTM4€CKoro 3aMe~eHMR BOAOPOAa acTaTOM 
npaKTM4eCKM He npoTeKaeT np!-1 TeMnepaType H~me 80°C. TaK, npw 
KOMHaTHOii T€MnepaType sa 9 4 Mbl o6HapylKI-1I1M < 1% acTaT6eH30ila, 
a npM 60°C sa 3 4 - TonbKO -8%. 

3aMe~eHMe BOAOPOAa Ha acTaT npoMCXOAMT Ha~6onee I-1HT€HC~BHO 
B nepBble 15 MI-IH VI npi-!MepHO 4epe3 4aC KOJlM4eCTBO acTaT6eH30ila 
AOCT~raeT npeAe!lbH~X 3Ha4eHMi1,/6onee B~COKMX gOCTM4b He yga
IlOCb/.BepORTHO, 3TO o6ycnosneHo HanM4MeM KOHKYPHPY~~Mx peaK
I.IMi1, B nepsy10 04epegb peaKI.\H~ C YKCYCHOii KI-ICJlOTOi:i/71. npMCyT
CTBMe XIlOPHOA KHCJlOT~ He 8J1Mfl€T Ha B~XOA acTaT6eH30Jla. 3To 
yKa3biBaeT Ha TO, 4TO KMCilOTHOCTb CP€Abl ~ CBH3aHHbiA C Heii 
OKI-1CJ1HTei1bHO-BOCCTaHOBHT€IlbHbli1 nOT€HI.\Han AOCTaT04Hbl Ailfl npespa
~eHI-!fl acTaTa B OAHOBaneHTHY~ KaTMOHHy~ $opMy. 

. 3aMe~eHHe s npo~asogHbiX 6eHsona. ,[lononHI1TenbHbiM nogTBepmge
HMei<~ TOrO, 4TO Mbl MM€€M A€!10 C peaK1.111eA 3J1€KTpO$MI1bHOrO 3aMe
l.lleHMA, R8I1ReTcA pacnpegeneHwe acTaTa cpegM M30Mepos, o6paay~
llli1XCR npM acTaT~poBaHI111 $Top-, xnop- M 6poM6eH3ona /Ta6n.2/. 
AcTaT B OCHOBHOM HanpaBJlAeTCH B napa- M OpTo-nOilOlKeH~-:3-fo 
cornacyeTC.A c o6~MMI1 npas11naMH opMeHTai.\MI1 B ranoreH6eHaonax 
npH axomgeHHI-1 s HI-1X Hosoro ranoreHa 1 1. 21 • TaKI-11-1 o6paaoM, Mexa
H~3t-~ npo1.1ecca apot-~aTw4eCKoro acTaT~posaHI1A nog4HHReTcfl o6~~M 
aaKoHoMepHOCTHM 3neKTpo¢HnbHoro saMe~eHHR BOAopoga ranoreHaMH. 

nony4eHHble HaMH peayn bTaTbl nOKa3b!Ba~T, 4TO B KMCJloi:\ cpege, 
cogepma~eA 6HxpoMaT, acTaT cnoco6eH saMe~aTb sogopog a 6eHaone 
VI ero npoM3BOAHWX. CnegosaTenbHO, s 3TVIX ycnoBI1HX acTaT s~
CTynaeT KaK 3JleKTPO¢~I1 8 BHA€ OAHOBaneHTHOrO KaTHOHa. HoCMTe
neM nOJlOlKHTeJlbH~X MOHOB 8 B~6paHHOA HaMM cpege /yKCycHaH KMC
IlOTa - saga/ MoryT 6b1Tb At+, H2 0 At+ 1-1 CH 3COOHAt~YissecTHo, 
4TO B npegpaBHOB€CHOA cTaA!--11-1 o6pasoBaHM.A a -KoMnneKca AOHOPHble 
$OPMbl ranoreH-KaTMOHOB /2,11/ 6ygyT gasaTb CB060AHble MOHbl ra
noreHMA. B HaweM cny4ae 3TO ,6YA€T VIOH acTaTMHM.A At+, KOTop~A 
HBJ1H€TCR HaH6onee 3$¢eKTMBH~M acTaTHpyiO~HM areHTOM npM 3I1€KTpO
¢VIJlbHOM apoMaTV14€CKOM SaMe~eHHM. 

3KcnepHM€HTaJ1bHble pe3yJ1bTaTbl yKa3biBaiOT Ha B03MOlKHOCTb HC
nOilb30BaHHR 3TOrO M€TOAa Aflfl nony4eHHfl HOBbiX aCTaTopraHH4eCKI1X 
coegMHeHI1M M BaegeHHfl acTaTa B CilOlKHble 6HOMOJ1eKYilbl /12,13/. 

ABTOpbl C4HTaiOT npHRTHb!M go.nrOM Bblpa3HTb 6naroAaPHOCTb 
A.M.AKHMOBoH, Jl.B.Bawapow, M.nepec 3a noMo~b s nposeAeHHH 
3KcnepHMeHTOB, A.M.Oaeposy 1-1 B.YI.Co6onesy 3a TeXHVlllecKoe 
o6ecne4eHHe V!CCileAOBaHHA. 
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HeT JIM npo6eJIOB B Barnei1 6u6JIMOTeKe? 
8bl MOJKeTe llOJIY'IIITb no llO'ITe nepe'IHCJieHllble HHJKe KH11r'l1, 

ecJIII oHH He 6biJII1 3aKa3allbi paHee. 
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TEMATWIECKME KATErOPHH nYBJIHKAUHR 

OB»E~EHHOrO HHCTHTYTA ~PHYX 
MCCJIE,nOBAHHR 

MHJleKC TeMaTIIKB 

1, 3KcnepHMeHTaflbHaR ~3HKa BWCOKHX 3HeprHH 

2. TeopeTH4eCKaR ¢M3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTaflbHaR HeHTpOHHaR ¢M3HKa 

4. TeopeTH4ecKaA ¢M3HKa HH3KHX 3HeprHH 

5. MaTeMaTHKa 

6. RAepHaR cneKTpocKonHR H paAHOXHMHA 

7. ~3HKa TR*eflWX HOHOB 

8. KpHoreHHKa 

9. YcKopHTenH 

10. ABTOMaTH3a~HA o6pa60TKH 3KcnepHMeHTanbHWX 
AaHHwx 

11. Bw4HCflHTenbHaA MaTeMaTHKa H TexHHKa 

12. XHMHR 

13. TexHHKa $H3H4ecKoro 3KcnepHMeHTa 

14, HccneAOBaHHR TBePAWX Ten H *HAKOCTeH 
RAepHWMH MeTOAaMH 

15. 3KcnepHMeHTanbHaA ~3HKa RAepHwx peaK~HH 
npH HH3KHX 3HeprHAX 

16. AoaHMeTPHR H $H3HKa aa~HTW 

17. TeopHA KOHAeHCHPOBaHHOrO COCTOAHHA 

18. HcnonbaoaaHHe peaynbTaToa H MeTOAOB 
$YHAaMeHTaflbHWX ~3H4eCKHX HCCfleAOBaHHH 
B CMe*HWX o6naCTAX HayKH H TeXHHKH 


