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3neKTP~4eeKaR nonRp~3yeMOeTb, BblpameHHaR MOneKynRpHO~ pe~
paKI..I~e~, ~ A~nOnbHbl~ MOMeHT MoneKyn RBnRIOTeR BeebMa BamHbiM~ 
MoneKynRpHbiM~ noeTORHHbiM~. MoneKynRpHaR pe~paKLI~R xapaKTep~-

3yeT eMe~aeMOeTb 3neKTPOHHOH o6on04K~ MOneKyn nOA AeHeTB~eM 
nepeMeHHoro 3neKTP~4eeKoro nonR, a A~nonbHbiH MOMeHT - paenpe
AeneH~e 3apRAOB e MoneKyne. 

KaK ~ e eny4ae APYr~x ~~3~Ko-x~M~4eeK~x een~4~H opraH~4ee
K~x eoeA~HeH~H aeTaTa~·. Knaee~4eeK~e 3Kenep~MeHTanbHble MeTOAbl 
onpeAeneH~R MOneKynRpHOH pe~paKI..I~~ ~ A~nonbHOro MOMeHTa Henp~

eMneMbl BB~AY npeAenbHO H~3KOH KOHI..IeHTpall~~ aeTaTa. TaK KaK 
nonRp~3yeMoeTb MoneKyn ~ A~nonbHbiH MOMeHT onpeAenRIOT e~nbl 

B3a~MOAeHeT,B~R MemAY MoneKynaM~ 121, ra3om~AKOeTHYIO XpOMaTorpa
~~10 MomHo ~cnonb30BaTb ~ e 3TOM eny4ae AnR onpeAeneH~R MoneKy
nRpHoH.pe~paKLI~~ ~ A~nonbHOrO MOMeHTa opraH~4eeK~X eoeA~HeH~H 
aeTaTa. 3aAa4a 3aKnl04aeTeR B BbiReHeH~~ 3aKOHOMepHOeTeH ~3MeHe
H~R napaMeTpoe YAepm~BaH~R e PRAY ranoreHnpo~3BOAHbiX e 3ae~e~
MOeT~ OT 3Ha4eH~R Ben~4~H, eOAepma~~X ~X pe~paKI..I~IO ~ A~nOnb

HbiH MOMeHT. HeKOMble eBOHeTBa opraH~4eeK~X eoeA~HeH~H aeTaTa 
MOmHO HaHT~ no AaHHbiM YAepm~BaH~R 3T~X eOeA~HeH~H 3KeTpanonR
I..I~OHHbiM MeTOAOM. 

UenbiO HaeToR~eH pa6oTbl 6blno onpeAeneH~e pe~paKLI~~ ~ A~nonb
Horo MOMeHTa CBR3~ C-At B pa3n~4HbiX apOMaT~4eeK~X COeA~HeH~RX 
no HHAeKCaM YAepm~BaHHR Ha pa3n~4HbiX no nonRpHOeT~ HenOAB~m
HbiX $a3ax. ra3oxpoMaTorpa~H4eCKHe ~HAeKebl YAepm~BaHHR apoMa
TH4eCKHX eOeAHHeHHH ranoreHOB, BKnl04aR aeTaT, 6bln~ onpeAeneHbl 
HaMH e pa6oTax ~-5 . 

PE3YnbTATW H 05CYmAEHHR 

Pe<!JpaKI..I~R CBR3~ C-At • 
(R) onpeAenReTCR ~3BeCTHbiM 

R = .!1_2_-;:.l_ l-1. ~ 4 "- N a. 
2 d 3 Ae' 

n +2 

MoneKynRpHaR pe<!JpaKLI~R ee~eeTea 

eoOTHOWeH~eM /eM., Hanp.~ 1 /: 

/1/ 

rAe n - noKa3aTenb npenoMneH~R, M - MoneKynRpHbiH see, d - nnoT
HOCTb ee~eeTea, NA- 4~cno AeoraAPO ~ a~ 3neKTpOHHaR nonR
PH3yeMOCTb. 3Kcnep~MeHTanbHOe onpeAeneH~e R CBOA~TeR K ~3Me
peHHIO noKa3aTenR npenoMneH~R np~ AaHHOH AnHHe eonH ~ nnoTHOeT~ 

MaKpoKonH4eCTB ee~ecTB np~ OAHOH ~ TOH me TeMnepaType. YeTa
HoeneHo TaKme, 4TO MOneKynRpHWe pe$paKUKW a 60R~~~HeTBe eny-,. 
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Ta6JIHI.\a I 

Pe.PpaK~HH can sell: yrnepo,o;-ra.rroreH (Rc ·X) rrpH ,D;JIHHe 

BOJIHbi caeTa )J(eJITOH JIHHHH N a .'7 1 

X RC-X ' CM3 

F I ,44 

Cl 6,51 

Br 9,39 

14,61 

4aee MoryT 6WTb npeAeTaBneHW aAAHTHBHO, KaK eyMMW pe$paK~HH 
eoeTaBHWX 4aeTeH MOneKynw, B enpaB04HOH nHTepaType /eM,, 
Hanp.mt I a HaeTOH~ee epeMH npHBOAHTeH He TOnbKO aTOMHwe 
pe$paK~HH, HO H 6onee HaAemHWe SenH4HHW - pe$paK~HH eBR3eH 
AnH pa3nH4HWX AnHH BOnH B o6naeTH BHAHMOrO eeeTa, Pe$paK~HH 
eBH3eH yrnepOA - ranoreH npH AnHHe BOnHW eBeTa menTOH nHHHH 
Na(R 0 ) /7/, HenonbsoeaHHwe HaMH AnH onpeAeneHHH pe$paK1.1HH 
eBH3H C-At, npeAeTaBneHW B Ta6n, 1 , 

npH onpeAeneHHH pe$paK1.1HH eBR3H C-At HeXOAHnH 1113 nHHeHHOH 
saeHeHMoeTH 8 I x I 8lx - rasoxpoMaT_orpa¢H4eeKHe HHAeKebl YAep
mHeaHHH ranoreHOB, H3MepeHHble Ha HenonHpHbiX HenOABH)J(HWX 
$a3ax/ OT Dx /Dx - $aKTOp AHenepeHOHHoro B3aHMOAeAeTBHH ¢YHK
~HOHanbHWX rpynn eop6aTa 111 eop6eHTa/, o6HapymeHHOA HaMH a 
pa6oTe·'5 '. DX np111 3TOM onpeAenHeTeH eoOTHOWeHHeM: 

ax 
Dx=-----. 

(ro + rx>3 
/2/ 

rAe a"- nonHpH3yeMoeTb aTOMOB ranoreHoe, r
0

- H rx- eaHAep
eaanbeOBbl paAHYebl ¢YHK1.1HOHanbHWX rpynn eop6eHTa H eop6aTa eo
OTBeTeTBeHHO. 

noeKOnbKY nonHpH3yeMOeTb aTOMOB eeTb $yHK1.1HH pe$paK1.1HH eeH-
3H, TO npH saMeHe a" Ha pe$paK1.1HIO eBH3H yrnepoA-ranoreH (Rc x 
B ypaeHeHHH /2/, saeHeHMOeTb 8 I x OT D~ a PHAY ranoreHOB 
TaKme OKameTeR npHMOnHHeHHOH /pHe, 1/. no 3KenepHMeHTanbHOH 
BenH4HHe oiAt MO)J(HO HaHTH o'lt, a eneAOBaTenbHO, H pe$paK1.1HIO 
eaR3H C-At. B -ra6n. 2 npHBeAeHbl aenH4HHbl R0 AnR eaR3vt yrnepoA -
aeTaT, onpeAeneHHWe Ha nonHpHWX HenOABH)J(HWX $a3aX eKBanaH H 
anHe3oH - L, a pasnH4HWX apoMaTH4eeKHx eoeAvtHeHHRX aeTaTa. 3HaR 
eenvt4HHy pe¢paKliHH eBR3H C-At H3 ia6nH4HWX 3Ha4eHvtA pe$paKt..~vtA 

APYrvtx CBR3eA, aAAVITHBHWM MeTOAOM MOmHO paeC4V1TWBaTb MOneKynHp
HYIO pe¢paKl.IHIO ni06WX opraHvt4eeKHX eoeAHHeHHH aeTaTa, 
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PHc,l, 3aBHCHMOCTb HH,D;eKcop 

I"'aJIOH,!J;HbiX saMeCTHTeJieH (81 _f) 
OT cPaKTOpa ,!l;HCI1€pCHOHHOI"'O B3aH

MO,!l;€HCTBHH (D~). T c =160°C. 
I - arrHesoH L, 2 - CKBa.rraH, 

AHnonbHwH MOMeHT. Ha1116onee 
paenpOeTpaHeHHWH 3KenepHMeH
TanbHWH MeTOA onpeAeneHHH AH
nonbHWX MOMeHTOB MOneKyn 3aK
nl04aeTeR e H3MepeHHH TeMnepa
TYPHOH saeHeHMOeTH MoneKynHpHoA 
nonHpH3al.IHH I eM. , Hanp. 12,51/. 

AnH nonHpHWX Be~eeTB MOneKynHp-
HaR nonHpH3al.IHR (P) onpeAenReTeR eneAyiO~HM H3BeeTHWM eOOTHO
WeHHeM /eM, Hanp, ~/ /: 

f-1 M 4rr 11? 
P=--'"'-NA(a +-), /3/ 

f+ 2 d 3 3kT 

rAe l - AH3neKTPH4eeKaR npOHHl.laeMoeTb, 11 - AHnOnbHWH MOMeHT, 
a - nonRpH3yeMOeTb MOneKynbl, k - noeTORHHaH 6onb~MaHa H 
T - a6eoniOTHaR TeMnepaTypa. 

AnH HaxomAeHHH AHnonbHoro MOMeHTa apoMaTH4eeKwx eoeAHHeHHA 
aeTaTa He06XOAHMO 6wno HaHTH KOppenRl.IHIO MemAY p H ra30XpOMa
TOrpa$H4eeKHMH napaMeTpaMH YAepmHBaHHR e PRAY ranoreHapoMaTw-
4eeKHX eOeAHHeHHH, Mbl HaWnH~ 4TO MOneKynRpHaR nonRpH3al.IHR 
xnop-, 6poM- w HOA6eH3ona 1 nHHeAHo saeweHT OT px I px
nonRPHOeTb ranoreH6eHsonoe no OTHOWeHHIO K 6eHsony, onpeAeneH-i 
HaR HaMH B pa6oTe ~/ /,a TaKme OT pa3HOeTH HHAeKeOB YAepmH
BaHHR ranoreH6eH30nOB (f'11 ArX ): H3MepeHHbiX Ha nonRpHbiX HenOA
BHmHWX ¢a3aX H eKBanaHe /eM, pwe, 2 H 3/, no BenH4HHe PAt H 
IArAt • onpeAeneHHoA npH pa3nH4HWX TeMnepaTypax rasoxpoMaTorpa

$H4eeKoA KonoHKH, HawnH MoneKynRPHYIO nonRpH3al.IHIO C6H5At, a no 
TaHreHey yrna HaKnOHa npRMOH 3aBHeHMOeTH p OT 1/T paee4HTa
nH AHnOnbHWH MOMeHT aeTaT6eH30na, 

B eny4ae MeTa-, napa-aeTaTTonyona H MeTa-aeTaT$Top6eH3ona 
MOneKynRpHyiO nonRpH3a~HIO eOOTBeTCTBYIO~HX ranoreHTOnyonoe H ra
noreH$TOp6eH30na paee4HTanH AnR pa3nH4HbiX TeMnepaTyp no $OpMy
ne /3/, npH pae4eTaX HenOnb30BanH AHnOnbHbiH MOM€HT H MOneKy
nRpHyiO pe$paK1.1HIO 3THX eoeAHH€HHH, B3RTWX H3 cnpaB04HOH nHTe
paTypb116/, npH 3TOM B $OpMyne /3/ npeHe6peranH aTOMHOH nonRpH3a-

1.1HeH MOneKyn ( R = ~11 
N A a ), TaK KaK OHa HBnReTeR nHWb He3Ha4w

TenbHOH AOneA o6~eA nonRpwsat..~HH MoneKyn /eM., Hanp. 12
•
61 /. 

AanbHeAwHA pac4eT AHnonbHbiX MOMeHTOB eenH TaKHM me o6pasoM, 
KaK H a eny4ae e aeTaT6eH3onoM. 
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Ta6mu~a 2 

Pe4JpaK~HH CB.!I3H yrJiepo.r:~-acTaT (RC-A~ B apoMaTH
tieCKHX COe,[\HHeHH.!IX, onpe,[\eJleHHbie Ha HenOJI.!IpHbiX 
HenO,[\BIDKHbiX 4Jaaax. 

RC-At' CM;, 
Coe,I\HHe mm 

CKBB..IlaH anl1e3oH 1 

C6H5At !9,9 20,0 

OpTO - 20,0 20,3 
CH

3
C

6
H

4
At MeTa - 19,9 19,9 

napa - 19,9 19,9 

OpTO - 20,4 20,1 

FC 6H4At MeTa - 20,3 20,2 

napa - 20,4 20,2 

OpTO - - 20,2 

ClC6H4At MeTa - - 20,1 

napa - - 20,3 

Cpe,I\HRR neJ!WU1Ha 
RC-At' CM..J 20,1 + O,I 

PeaynbTaTbt no onpe~eneHH~ ~HnonbHWX MOMeHTOB apoMaTH4eCKHX 
Coe~HHeHHA acTaTa npHBeAeHW B Ta6n. 3, rAe AnR cpaBHeHHR noKa-
3aHW H AHnOnbHWe MOMeHTW aHanorH4HWX apoMaTH4eCKHX HOAnPOH3-
BOAHbiX. 113 AaHHbiX Ta6n. 3 BH~HO, 4TO ~HnonbHbtA MOMeHT apoMaTH-
4eCKHX COeAHHeHHA acTaTa npaKTH4eCKH He OTnH4aeTCR OT ~Hnonb-

••r------------------------------, 

~ ::r--=--;r-~. -----1.: 
I ~I 

l4 &.. 8r 6" 
/ Cl /c. .. ~/. ..-r 

4 

,J F 1 <• j 1 1 j _._j 
~ ro ~ ~ ~ M ~ 

P,c .. 1,r.cY.'-

HWX MOMeHTOB COOTBeTCTBY~~HX 
xnop-, 6poM- H HOAnPOH3BO~HbiX. 

PHc.2. CooTHomeHHe Me~y «PaKTo
poM noJI.!IpHOCTH IPYHK~HOHanbHbiX 
rpyrrn ra.noreHOB (p x) H MoJieKyJIHp
HOH nOJI.!IPH3a~HeH (P) CO€,[\HHeHHH 
I Tc=I60"CI, I - C 6H 5 X (X=F, 
Cl, Br,I), 2 - napa- CH 3C 6 H 4 X. 

Ta6JIH~a 3 

L(HnOJlbHbie MOMeHTbl (Jl.) apoMaTHtieCKHX COe,[\HHeHHH acTaTa, 
onpe,[\eJieHHble no nOJI.!IpHOCTH ra.noreHOB (p X ) H pag
HOCT.!IM HH,[\eKCOB y,[\ep:romaHH.!I (~I ArX ) 

,LJ,)1nOJ!bHb!H MOMCHT /p, D/ 

Coe,L\HH8Hl1H A!Arx=f/P/ 

I 
COOTE. 

1irenaJI I mr C08,I\. 
HO,[Ia [6] 

. 
1,6G I c6H5At 1,54 1,40 1,70 

MeTa- 1,93 I,£'3 1,931 I,SI 
CH

3
c 6H4At 

napa- 2,10 ,;;,09 2,05 2,0'7 

FC 6H4At MeTa- 1,07 I I,G;J I 1,58 I 1,64 

Ycpe~HeHHaR eenH4HHa AHnonbHoro MOMeHTa CBR3H C-A~ onpe~eneH
HaR H3 ~HnOnbHWX MOMeHTOB aCTaTapoMaTH4eCKHX COeAHHeHHA 
/Ta6n. 3/ MeTOAOM BeKTOpHoro cno~eHHR, OKa3anacb paBHOA Jl.C·AF 

=1 ,66~0,4 D. no eenH4HHe 
Jl.C-At MO~HO paCCYHTaTb AH-

a 

N rr--.71· 
o// ~~ 

nonbHWA MOMeHT ~pyrHX acTaT
opraHH4eCKHX COe~HHeHHA. 

5~---- /j ·J ,~t-ar-1- -- 2 

4 ~ I Cl I j_ ___ J_.V 

2 
60 70 80 90 

P, CM 3 /NO~b 

PHc.3. 3aBHCHMOCTb pa3HOCTH 
HH,[\eKCOB y,[\e~~BaHH.!I COe,[\H
HeHHH ArX( ~I x> oT Hx MoJie
KYJIHPHOH noJI.!IpHaa~HH IT c = 

=160° C I. I - C6H 5 X( X= F, 
Cl, Br, I ). 2 - napa- CH3C6H

4
X. 
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Bawapow fl., Hopcees ID.B., XanKHH B.A. PI2-8I-5II 
fa30XpOMaTOrpa~HqecKoe orrpeAeneHHe ~H3HKO-XHMHqeCKHX CBOHCTB 
acTaTapoMaTHqecKHX coeAHHeHHH, 3. MoneKynRpHaa pe~paKuHa 
H AHITOnhHbiH MOMeHT 

Una orrpeAeneHHa MOneKynapHOH pe~paKUHH H AHITOnhHOrO MOMeHTa 
acTaTapoMaTHqecKHX coeAHHeHHH I R ArAt H ll ArAt I CTpOHnHCh 
KOppenaUHOHHbie 3aBHCHMOCTH, CBa3biBaiO~e rrapaMeTpbi YAepJKHBaHHH 
B PHAY ranoreHapoMaTHqecKHX rrpoH3BOAHbiX ArX /rAe X=F. Cl, Br ,I I 
c HX <iJH3HKo-xHMHqecKHMH aenHqHHaMH, COAepJKa~MH R ArX H ll ArX . 
JKCTparronHUHOHHbiM MeTOAOM Hail:AeHbi 3HaqeHHH pe~paKUHH CBH3H 
C-At H MoneKynHpHOH ITOJIHPH3aUHH COeAHHeHHH ArX AJIH pa3JIHqHLIX 
TeMrrepaTyp, PaccqHTaHbl AHITOJibHble MOMeHTbl acTaT6eH30Jia, MeTa-, 
rrapa-acTaTTOJIYOJia H MeTa-acTaT~Top6eH30Jia, CpeAHHe senHqHHbi 
pe~paKUHH H AHITOJlhliOrO MOMeHTa CBH3H C-At COCTaBJIHIOT 20, I +0, I CM3 
11 I,66~0,04 ~e6aH COOTBeTCTBeHHO, -

Pa6oTa BbiiTOJIHeHa s fla6opaTopHH HAepHbiX rrpo6JieM OIDIM. 

C~eHHe 06~eAHHeHHOrO HHCTHTyTa AAePHWX HCcneAQaaHHA. AyfiHa 1981 
Vasaros L., Norseyev Yu.V., Khalkin V.A. PI2-8I-5II 
Gas Chromatographic Determination of the Physico-Chemical 
Properties of Astatine Aromatic Compounds. 3. Molecular 
Refraction and Dipole Moment 

For determining the molecular refraction and dipole moment 
values of astatine aromatic compounds ( RArAt and ll:ArAt ) 
correlations between gas chromatographic retention parameters 
in the series of haloaromatic compounds ArX (where X~F,Cl, Br 
and I ) and the corresponding physico-chemical quantities con
taining R ArX and llArX have been established. The values of 
C-At bond refraction and molecular polarization of astatoaroma
tic compounds were determined by extrapolation. The dipole 
moments of astatobenzene, m-, p-astatotoluence and m-astato
fluorobenzene have been calculated. The mean values for aroma
tic bond refraction and dipole moment were found to be 20. I+ 
+0. I cm2 and I.66~0.04 D, respectively. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1981 
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