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3aituesa H.r., HcnaMOBS X.M., HryeH ryHHb Mail. P6 - 7467 

K BOnpocy 06 o6pa30BSHHH xenaTOB PSllHOSKTHBHbiX STOMOB 

IXHpKOHHll H HTTpHll npB o6ny'leHHH npOTOHSMH C aaeprBeit 660 MaB 

cycneaauii nopomKOB Merannos 'b u Nb B pacTBopax HeKOTOpbiX 

6eTS-llHKeTOHOB 

J1ay'lan0Cb XHMB'IeCKOe TIOBe)leHHe pSllHOSKTHBHbiX Slllep IXHpKOHHll 

B HTTpHS11 o6paayiOIIIHXCSI npH 06ny'leHHB cycneaaHit MeTannH'IeCKHX 

nopOIIIKOB IXHpKOHHSI H HH06Hll B paCTBOpSX 6eTS-llHKeTOHOB, noKS38HS 

aaBBCHMOCTb o6paaosaHHll xenaTHbiX MoneKyn 'b • H Y* 
OT THTIS 6eTS-llHKeTOHa, 06pS30BSHHe XHMH'IeCKHX tjlopM PSllHOSKTHBHbiX 

Slllep o6Cy~llSeTCSI B 38BHCHMOCTB OT M9X8HH3MS nepeXOllS HX H3 

06ny'ISHHOI'O MeTanna B pSCTBOp 6eTS-llHK9TOHSo 

IlpenpHHT 061,e,[tHHeHHOI"O HHCTHTyTa BAepHhiX HCC~e,!lOBaJDdi. 
,lzy6Ha, 1973 

Zaitseva N.G., Islamova Kh.M., 
Nguyen _HUynh Mai 

P6 - 7467 

On Formation of Chelates of Radioactive 
'b and Y Atoms by Irradiating the Suspensions 
of 'b and Nb Powders with 660 MeV Protons in 
the Solutions of Some Beta-Diketones 

The chemical behaviour of 'b* and Y* atoms formed by 
irradiating the suspensions of Zz and Nb metal powders 
in acetylacetone, benzoylacetone, trifluoroacetylacetone 
and hexafluoroacetylacetone by 660 MeV protons is studied. 
The yield of labelled beta-diketonate increases as one 
progresses from non-fluorinated to fluorinated compounds~ 
The formation of the chemical forms of radioactive-atoms 
as a function of the mechani'sm of their passage from the 
irradiated metal to be.ta-d-iketone sollltion has been dis...; 
cussed. • 
- - -Prepnnt. Joint Iitstitute for Nuclear Research. 

Dubna, 1973 
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B npe,n:LI,IJ;~eii pa6oTe', IIOCBH~eHHOH H3y'leHHIO XHMH'lec-· 
KOI'O- IIOBe,n:eHHJI aTOMQB OT.IJ:a'lH JnrpKOHHJI H HTTpHJI ripH 
06nyqeHHH HX ai(eTHna:neTOHaTOB /1/ 6LinO IIOKaJaHO, 'ITO' 
nocnenyro~:nax o6pa66TKa o6ny'leHHLIX KpHcTannon snnxeT 
Ha cTa6nnHJannro. aToMoB' oT,n:aqn B .Yoii nnn HHoii XHMH.: 
qecKoii IIJop:Me: xenaTHoii, c .n:ellJnnnToM nHraH,n:a H n Heop
raHH'lecKoii. 

. :Qenl.ro IiacTOHI:neii pa6oTLI .6Lmo n3y'leHHe o6paJ.onaHHH 
XHMH'lec:Knx IIJop:M pi.n:ri:oaKTHBHLix.aToMoB Zr * H Y* B 
YCllOBHJIX, II03BOllHIOJ:nHX, .IJ:O HeKOTOpOH CTen'eHH, HCKniO
'IHTb 31iJIIJeKT pacTBOpeHHH. H3 3T'Hx ' coo6pa)KeHHH B Ka- . 
qecTne nccne.n;yeMoii CHCTeMLI 6LIJIH BLI6paHLI cycneHJHH 
MenKO,IJ;HCnepCHLIX nopOlliKOB MeTannoB, -cny~auiHx o6ny
qaeMLIM HCXO.IJ:HLIM. MaTepHan~M, B paCTBOpax 6tha- AHKeTO.: 
HOB. HcnonL·JoBaHHe o6ny'IeHHLix c;:ycneH3Hii HMeno npe:H
M~ecTBO H BnpenapaTHBHOM OTHOllieHHH, IIOCKOllLKyMaKpo
KOmi'IeCTBa MaTepnana MHmeHn; T.e. nopomoK, MO)KHO 61.mo" 
6LiqTpo oTnenHTL OT pacTnopa, B KOTopoM TOpMOJH~CL 
H,n:pa OT.IJ:a'IH. 

3KCIIBPHMBHTAJibHAJI tJACTb 
·:,:' 

HcnpnL30Ball}!Cb cycrreHJHH- rropomKOB. MeT'annoB unp
KOHHH H HH06HJI c pa3Me'paMH '~e.peH r: 10' JLk ~ -pacTBopax 
cnenyroi:nnx 6eTa-.n;:RKeToHoB: a'~eTnnai:(eToii / AA/, 6eHJonn
aneT<)H - /BA/' -_ TpilliJl-opaneTHJia:nen)H /Tcf)AA/. H re':Kca
li!TopaueTHnaneTOH /f'cf)AA/. AA' rro.n:n~praiicx oqncTKe 121; 
BA.i'"PeaXHM'/: nocne O'lHCTKH ncrronl:3o:Baric.ii B B.H.IJ:e GeH-
30llbHOr_o · pacTaopa .(6M); Tcf)AA -~ Eastman Kodak, Co.~ USA, . . ' - -··-; " ,.,. . . .. ·, . ;-
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r«<>AA, Koch-Licht Lab~ LID, Colnbrook -Bucks HCUOJIL-
30BaJIHCL. 6e3 .nonoJIHHTeJILHoii O'IHCTKH. Ha npuMepe T«<>AA 
6LIJIO H3y'leHO BJIH.HHHe pa36aBJieHH.H .ZJ;HKeTOHa 6eH30JIOM Ha 
BLixo.n pa3JIH'IHLIX xuMHtJe cKHx !IJopM pa.nuoaKTHBHLIX a TOMOB . 
Zr*u Y:*. • 

CycneH3HH /0,5 z MeTannu~ecKoro nopomKa B 1 MA 

6eTa·,ZJ;HKeToHa/ 06JiytJaJIHCL B 3ana.HHHhlX CTeKJI.HHHhlX 
III aMnynax B Tex >Ke ycnoBHHx, 'ITO H paHLme '. XHMHtJeCKHe 

!IJopMhl pa,nuoaKTHBHLIX aTOMOB Zr* H Y~ CTa6HJIH3HPOBaB
IIIHXC.H B paCTBOpax 6eTa- .ZJ;HKeTOHOB, nocne OT!IJHJILTpOBLI
BaHHS' nopomKa pa3,nen.HnHcL MeTo,noM xpoMaTorpa!IJuu c · 
nocne~y·ro~:H:M_pa.nB:o:MeTpuqec:KuM aiianu.3oM /I/. -. 

PE3YJihTAThl H HX OECY)J(,l(EHHE 

3KcnepuMeHTa'JILHLie pe3yJILTaTLI, nonytJeHHhle npu on
pe,neneuuu xHMH'Ie·cKHX !IJopM pa,nuoaKTuiniLIX aToMoB Zr* u 
Y *, o6pa3yro~uxc.H npu o6nyqeuuu cycneH3Hii MeTaJIJIHtJec-. 
KHX nopomKOB ~HpKOHH.H H HH06H.H H nona,naiO~HX B paCTBOp 
6e Ta- .ZJ;HKe TOHa, npe',ncTaBJie Hhl B Ta6JIH~e 1. . 

.KaK BH.ZJ;HO H3 npHBe,neHl:ILIX ,naHHLIX, HaH60JILWHH Bhlxo.zi 
xenaTHLIX 'Monexyn Zr* H Y* HaOJIIO,ZJ;aJIC.H B cpe.ne !IJTo
pupoBaHHhlX OeTa-',ZJ;HKeTOHOB, BLIXO.ZJ; !IJopM C ,ne!IJH~HTOM 
JIHraH,na B pa3JIH'IHhlX OeTa,:. .ZJ;HKeTOHaX MeH.HJIC.H He3HatJH-

·-o:..TeJILHO_;_ a co,nep>KaHHe Hl>HHLIX !IJopM HlMeH.HJIOCL, B OCHOB· 
HOM,. B. COOTBeTCTBHH C H3MeHeHHeM BhlXO,ZJ;a XeJiaTHJ>IX MO• 
neKyJI. 

Mo>KHo nonaraTL, 'ITO. o6pa3osaHHe pa3JIH.ffihlx XHMH
qecxux ·. !IJopM pa,nHOaKTHBHhlX aTOMOB ~HpKOHH.H H HTTpH.H 
npH 06JiytJeHHH BLIOpaHHLIX HaMH CHCTeM npOHCXO.ZJ;HT npH 
nepexo,ne 3THX aTOMOB B paCTBOphl 6eTa- .ZJ;HKeTOHOB H npH 
B3aHMO,ZJ;eHCTBHH C HHMH H C TeMH COe,ZJ;HHeHH.HMH, KOTOpLie 
B03HHKaiOTB npo~eC:ce o6nyqeHiu 3THX opraHHtJecKHxpacT
sopos. IIepexo.n paiiuoaKTHBHhlX aToMoB · c nosepxuocTB 
o6nyqaeMLIX -MeTanJIHtJecK:Hx nopomxos s - opraHHtJecKH:ii: 
paCTBOp B03MO>KeH KaK 3a cqeT HX OT,ZJ;atJH B pe3ynLTaTe 
.H,nepHhlX peax~ii:. npoTeKaiO~HX no.n B03,ZJ;eiicTBHeM. BLICo
K03HepreTH'IeCKHX npOTOHOB, TaK H npH paCTBOpeHHH Me· 
Taimos B 6eTa-.n:HxeToHax 131. B 11100/1. 2 npuse,neHhl ue-
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. ,, .TaO~K~a I 

Pacnpe~eneHKe (s%) PaAKoaxtHBHHX atoxos ~HpxoHKR H HttpHa 
no OT~e~&BWK XKKHQ8CXKK ~OpKaK npH oOnyqeHHH cycneH3KI 

nopoml:oa iZI'118t x N& xex 8 pacnopax oe7a-.iHxeroaos 

~ -~HKuoa <XHKne;ra :,. ,.,er. NB,.,er: 
~Pope -- · tl' -86 Y -87~ Zr -86 Y -87, 

AA 

t ~- . 
EA 

[Me,. ( AA),] 22, 3.!2,2 

{!ttt(AAJn-m]'"+ IO, 5.!5,a · 

11e nt 62, 7.:!;2, 7 

octa:rox Ha 3,6_!3~8 KOnOHite 

[Ne"'(5A)J 21,6!,3,~ 
[He11rEAJ,.,)'"~ 2,4.:!;1,2 

nt · ' /1e 7!,2.!3, 7 
·OCTaTOK Ha· 

4,8.:!;!,4 ROXOHlte 

.1,58.!118 

'4,2.:!;1,2 

58,3.:!;3,7 

14,0.:!;6,2 9,8_!4j3 

11;8.:!;3,3 II,Q±2,5 ~ 

67,6.:!;10,0 68,7_!11,4 

21,5.:!;3,9 .. •:. 4,3,il,5 16,3!,6,6 

3~6.:!;2,2 12,1.:!;6,5 He onpe.D;. 

2,3_!0,8 2,4.:!;0,8 -·-.-
78,0_!II,4 78,5.:!;3,9 . • 
27 ,9.:!;0, 7 7' 0.:!;1,8 • 

NAA [Nen~(T<Mfl),] 70,9.!7, 7 751 5.!1 1 7 - · 78 1 ~.!9 1 4 · '41 1 1_!8 18 

NAA 

.. [11ent{T4>AA)11.8"'+ 6, 4.!3,_ 4 

M nt e 20,8.:!;3,2 
octatox Ha -
xonoHxe · - · I,9.!I, I 

.· [t1e~·(r4>Afl)11] 70,2.!5,0 

~e"'(fcPAA),.,;J .... I6,4,;t5.3 

, !1ehf 9,8.!0,3 
octatox Ha 3 5+0 0 xonoHxe ' - ' 

1,2_!0;2 _13,9.:!;3,6 30,5.:!;7,6 

21,6.:!;0,6 7,9.:!;1,7 27,5.:!;7,8 

1,7_!0,6' 2,1.:!;0,7 0 

40,7.:!;2,6 

. 33,9.:!;6,5 

23,4.:!;4,2 

2,0.:!;0,3 

86,5.:!;0,3 60,7_!4,9 

8;7.!1,4 ·:31,5.±.4,6 

3,8.!I,4 :. 71 8.!0,4 

110.:!;0,1 0 

lE) n >m ; nl,.•4; 11y ·3 ; 11e = ~,.. "', Y* 
· TaOnx~a 2 

· · PacnopHxocn ( ·B J' ) · NftVer B Oeta-JU!ltetoHax 
· (125 xr ncipomxa + 0,25 WJI Oeta-.l{HltetoHa) ' 

.... ,... • .," A ... - ... -··---.... •• Oeta-lHitetoH 
AA _ T~AA 

lietann I .l>}'"•n 
.. ltOHTaltTa 

HeT 

HeT 58 

260 
NKHeoOn. ~- 24 qaca 

N! oOnyq. 
1 

24 qaca 
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KOTOpMe pe3yDLTaT~, nony'tfeHH~e npH oneHKe paCTBOpH· 
MOC'l'H nopomKaNb 'ifii_.;; B YCJIOBHHX HamHX onLITOB, -OHH 
TaiOKe n-OKa3biBaiOT 3aBHCHMOCTb OT xapaKTepa {3 •,~:U~Ke· 
TOHa. . 

HamH pe3yJibTaTbi no pac;~~PHMOCTH Heo"6ny~eimoro ·
nopoiiiKa Nb Me •• B AA iopomo cornacyiOTCH c :JiHTepaTyp
HhiMH ~aHHbiMH '/S/, HO ,IJ;JIH Tcf>AA TaKHX ~aHHLIX Mhl He 
uamnH. Ha6nro~aeMa.a B HamHx onbiTax 6on~tma.a pacTBOpH
MOCTb Nb MeJr a TwAA no cpaaueHHIO c -AA· MO>KeT 6LITb 
o6'b.acueua 6onee KHCJibiM xapaKTepoM !IJTopuposalmoro ,~:U~:Ke
ToHa B pe3yJILTaTe 6on~tmero co~ep>KaHHH ero B.·3HOJibHoi 
!IJopMe 3a cqeT TpH!IJTOpMeTHJibHbiX' rpynn / 4/. . ... 

Ha OCHOBaHHH nonyqeHHbiX ~aHHbiX /Ta6JI. 1 H 2/ ·MO>KHO 
cKa3aTb, ~'liTo· noae~eime ·aTOMOB Zr.* H Y* -BcBb16paHHLIX 

· c•creMax· onpe~eiuieTc.a, a 0cuoali'()M:~xHMH'lfecKHMH-csoicT
aaM:H cpe~bi. :SonbmHi BbiXO~ xenaTHbiX MOJieKyJI Zr * H 
Y * · B cycneH3HHX !IJTopHpOBaHHbiX ~HKeTOHOB no cpaBHeHHIO 
c cycneH3HHMH B AA H :SA /Ta6n. 1/ Mo>KeT 6LITb o6'b.acueu 
pa3JIH'tfHeM 3HeprHH CBH3H C-H . y neuTpaJILHoro yrnepo~
Horo aTOMa JIHraH~a 3a C'tfeT noHBJieHHH B MOneKyJie !IJTO
pHpOBaHHoro 6eTa-~HKeTOHa CHJibHO OTpHnaTeJibHbiX 3aMe
CTHTeJiei - aTOMOB !IJTopa, KOTOpble BCJie~CTBHe HH~KnHOH• 
uoro 3ijl!IJeKTa ocna6n.aroT 3TY ca.a3b B HaH6onee peaKnuou
H_ocnoco6HOM MeCTe MOJieKyJibl JIHraH~a /S/, 'liTO TeM CaMLIM 
MO>KeT CUOC06CTBOBaTb o6pa30BaHHIO XeJiaTHbiX 'MOJieKyJI. 

,IJ;pyra.a npu'lilua 6onee BbiCOKoro- ai.xxo~a xenaTHbiX 
MOJieKyJI Zr ~ H y * npH o6Jiy'lfeHHH cycneH3HH, co~ep>Ka
InHX !IJTopupoBaHHbie 6eTa- ~HKeTOHLI, MO>KeT 3aKJIIO'tfa TbCB 
B. pa3JIH'lfHOH paCTBOpHMOCTH MeTaJIJIOB B pa3HbiX- 6eTa
~HKeTOHaX. Mbl C~eJiaJIH nonbiTKY oneHHTb, KaKOH BKJia~ 
a o6pa3oaaHHe xenaTHbiX MOJieKyn Zr* H Y* HMeiOT o6a 
npe~JIO>KeHHbiX MexaHH3Ma, T .e. "rop.R'liHH CHHTe3" npH 
OT~aqe H npOCTO XHMH'lfeCKOe B3aHMO~eHCTBHe npH pacT
BOpeHHH MeTaJIJia. ,!J;JIH 3TOrO 6biJI npoBe~eH TaKOH· KOHT· 
pOJibHbiH onbiT: o6JiyqaJIC.R nopomoK MeTaJIJIH'tfeCKOrO ;HH06HH, 
KOTopbii 3aTeM o6pa6aTbiBanc.a pacTaopaMH AA H T<PAA, 
npuqeM apeM.a KOHTaKTa o6ny'tfeHHoro nopomKa c . 6eTa
~HKeTOHOM COOTBeTCTBOBaJIO BpeMeHH KOHTaKTa MeTaJIJia 
H 6eTa-~HKeTOHa B o6nyqaeMoii cycneH3HH, T.e. cro~a 

BKJIIO'tfaJIOCb BpeMH Bbi~ep>KKH cycneH3HH MeTaJIJI + 6eTa· 
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,,lUIKeTOH OT MOMeHJ!::-ee npHrOTOBJieHHJI. ~0/}!~JI~e~.Jit-'[ 
BpeMJI 06JiyqeHHJI-11 Bj)eMJI• OT. KOH~ 06JI}"'eHHJI llO Ha11&JJ& 

p~n.Qe~~qe cKHx !lJ"op~r. ITpoBe,qeHiiwe _ •ccne.Qoaaim•' 
noKa3aJIH, _ 'liTO rip:R pacTsopemm· o6nyqeHHoro .. nopom.Jca 
HHo6HJI= B 6eTa-~uxeToHaTax a~oMw Zi* • Y*. ·;nonll.llaro:. 
xnue B:. pac'i'Bop, cTa6HJIH3HpyroTc.JI B Tex •e x:BU.11ecox 
c)opMaX, KOTOpLie Ha6JIIO,lXaJIHCit H IIPB o6JiyqeRBK 'cycneH3d 
/.llll611~;3/. ·. __ ·- .· .- .. •··. '·-· · ___ · .. :~. •;: ...... ,:,: 

fipH CpaBHeHBH CO~TBeTCTBy~x:pe3yJILTaT08Ta6~ 
1 H 3 BHJVIO, 'liTO UPH HCUO.Jib30B&HHH aneTHJI'aneTOHa B c.JIY'"" 
~ae paCTBopeHHH, Bblxo,D: 'b:* H Y '! B xen~T~OR.H ~e~T~ 
HOi !IJopNax Bwme no cpasHeHHro ." c_ Te:M,: ~£To lla6JIIOmUioclt 
B o6ny'lfeHHoi- cycneH3HH •. ,n;nJi: T<PAA 'co.l:lepllaiHHe 'b''* • 
y * B i:ena THoi !IJopMe 3a:MeTHo -, yMe:HI.iuanoc~, npHlfeM 
Y* c.fa6•n•3ilpoBancJf 'ToiiLx<:o a ~e!IJ•iuiTHoif • Heopralm· · 

__ qecxoi ROHHoi !IJopNax B ,cooTH:omeHHH 1:L' TaKHM o6pa-
30M, :Mo>KHo cxa3aTb, ·'liTO ··nepexo~ aToMoB b * • Y* B 
pacTBop 6eTa-~HKeToHa 3a cqeT pacTBopimHJI ooJiylfeHHpro 
Menuma _HMeeT onpe~eneHHbli :H 3aMeTHhli ~axna~; B 'Tex 
>Ke ycnoBH.ax, xor~a o6nyqaeTc.a cycneH3H.a, nonyqeHHwe 
pe3yJibTaTbl OTpa>KaiOT BJIH.RHHe KaK pacTBOpeHHH, KOTOpoe 
ycHJIHBaeTc.a npH o6nyqeHHH /•a611.~ i/, -TaK ·H BJIHHHHe 
pa~HOJIHTH'tfeCKHXUponecCOB. 

. BJIHHHHe pa36aaneHHH 6eTa-~HKeTOHa 6eH30rroM noxa-
3aHo Ha puc .. J, H3 KOTOporo BHJVIO;. qTo BhiXO~XenaTHbiX 
!~Jop:M 'b ~ H Y-* .. na~aeT c pa36asneHHeM, npH'tfeM 3TOT 
3cWleKT~ ~JI.a Y*' n:l'IH cooTHomeHH.ax Tci>AA/ CJI

6 
S3 MaJIO 

MeH.aeTC.R. 

Ha6nro~aeMoe yMeHLmeHHe Bbxxo~a xenaTHo:il cjop:MLI ---. 
aToMoB. Zr-* • Y*, npoucxo~.axnee c pa36asneHHeM T<PAA 
6eH30JIOM, MO>KHO 06'bHCuHTb KaK BJIH.RHH~M KOHneHTpanHH 
6eTa-~HKeToHa Ha npoucxo~xxnue npH pacTBo~eHHH nponec-
chl, TaK H TeM, 'liTO 'aTOMbl o-x:~a'tfH B 3TOM CJiylfae Tepx:ioT 
3HeprHIO B036y~eHH.a n:pH coy~apeHH.RX C MOJieKyJiaMH 
pa36aBHTeJI.R ~0 3Ha'tfeHHH, MeHbmHX 3Ha'tfeHHH 3HeprHH 
ca.a3H C-H a MoJieKYJIE~ nilraH~a. acne~cTBHe 11ero yMeHb
ni:aeTcx B03MO>KHOCTb o6pa30BaHH.R xeJiaTHLIX.MOJieKyJI. 

0THOCHTeJibHO HH3KHA BbiXO~ . xeJiaTHbiX !IJopM U * H 
Y* B CHCTeM:e, CO,Aep>Kaxneii :SA, MO>KHO UpHUHCaTb TOMy,. 
lfTO 6eH30JibHOe Kon~tno 3Toro coe,lUIHeHH.a HrpaeT iaxyro 
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:>Ke ponL, KaK H apoMaTH'IeCKHH pa36aBHTenL ,u;m1 Tci>AA. 

BhiBO~hl 

L H3y'leHo XHMH'lJecKoe noBe,u;euue aTOMOB Zr* u Y* , 
o6pa3yiO~HXCJI npH o6Jiy'leHHH cycneH3HH nopOWK.OB UHpKOHHJI 
u uuo6:RJJ: B AA, EA, T«l>AA,Tci>AA rrpoToHaMH c 3Heprueii 
660 'M3B. Pe3ynLTaTLI noKa3anu; ''-'ITO BLIXOA Me'lJeHoro 
6eTa- ,u;uKeToHa Ta pacTeT npu nepexo,u;e OT uellJTopupoBaHHLIX 
K llJTOpHpOBaHHLIM COe,IJ;HHeHHJIM, 'ITO B03MO:>KHO 6naro,u;apJJ: 
pa3nH'IHOH . peaKUHOHHOH CTIOC06HOCTH aTOMa BO,IJ;Opo,u;a y. 
ueuTpanLHoro yrnepo,u;uoro aToMa nurau.u;a. 

2. 06Cy:>K,IJ;aeTCH o6pa30BaHHe XHMH'lJeCKHX llJopM pa,D;HO
aKTHBHLIX aTOMOB B 3aBHCHMOCTH OT MeXaHH3Ma nepexo,u;a 

, HX H3 o6ny'leHHOrO MeTanna B paCTBOp 6eTa- ,IJ;HKeTOHa. 
B 3aKnJO'IeHHe aBTOpLI BLipa:>KaiOT CBOIO 6naro,u;apHOCTL 

,IJ;OKTopy K.Pouuo /JlyBeHCKHH YHHBepcuTeT, EenLrHJJ:/_ 3a 
npe,IJ;OCTaBneHHe llJTOpHpOBaHHLIX 6eTa- ,IJ;HKeTOHOB. 
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