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lle)I{H 11. H lip. P14 - 12237 

11ay'leHHe H3MeHeHHii 31leKTpOHHOii CTpyKTypbl MOileKyll BOilbl 

B 8KB8KOMnneKCBX MSTOAOM 3aXB8T8 11- -M930HOB BOJlOpOJlOM 

3KcnepaMearanbHO ycraaosneuo noaasneuae aepostTHOCTH aaxsara "-­
Meaouoa ao.noponoM BOllhi a BKBBKOMnneKcax. BenaqHHhl nonaaneHHR yKa3biBa 
~r Ha cymecraeuuoe yMeHbmeuae 3neKrpouuoH nnoruocra a aroMe aonopona 
KOOpllHHHpOBSHHOii BOilbl. KpoMe a<jMjleKTa KOOpllHHSUHH 38M9THbiii BKil811 B Be­

naqaHy nonaaneHHH auocur s3aHMOAeHcrsae nHraunoa c xacnoponconep*arnH­
MH 8HHOH8MH. 

Pa6oTa Bbmonueua B Jla6opaTopHH HllepHbiX rrpo6neM 011HI1. 

npellpHHT 06'bellHH9HHOrO HHCTHTYTS SlllepHbiX HCCil91lOB8HHII. lly6H8 1979 

Dezsi I. et ai. P14 - 12237 

Investigation of Electron Structure Changes in Water 
'VIolecules of Aquacomplexes by Pion Capture 
in Hydrogen 

Suppressions have been observed in the probabilities of 
negative pion capture in the hydrogen atoms of water molecules due 
to coordination in aquacomplexes. The suppression values indicate 
a substantial decrease in electron density in hydrogen atoms of 
coordinated water molecules. In addition to the effect of cuordination 
a significant contribution to the suppression is made by the interac­
tion of ligands with oxygen-containing anions. 

The investigation has been performed at the Laboratory of 
Nuclear Problems, JINR. 
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Cpe.n;H 6onLworo qHcna KoMnneKCHbiX coe.n;HHeHHB c KHcnopo.n;co­

.n;ep)l(aiQHMH nHraH.n;aMH aKBaKOMnneKCbl npe.n;cTaBnJIJOT CaMyJO 6onL­

WYJO rpynny. JTOT Knacc KOMITneKCOB H3yqeH ropa3.l(O MeHLWe, qeM 

COe.l(HHeHHJI C a30TCO.ll;ep)l(a(QHMH nHraH.l(aMH, rnaBHblM 06pa30M 

BCne.n;CTBHe HX 3HaqHTenLHO MeHLWeB YCTOBqHBOCTH/ L: B TO )I(~ 

BpeMJI 3TH COe,li;HHeHHJI qpe3BblqaBHO Ba)I(HbJ KaK C TeopeTHqeCKOB, 

TaK H qHCTO npaKTHqeCKOB TOqeK 3peHHJI. 
/2-5/ 6 

B pa6oTax 6blno o Hapy)l(eHo BnHJIHHe Ha JaxsaT rr -MeJo-

HOB Jl,ll;paMH XHMHqeCKH CBJI3aHHOro BO.li;Opo.n;a COCTOJIHHJI ero 3JJeKT­

pOHHOB 06onoqKH. B HaCTOJIIQeB pa6oTe c.n;enaHa ITOITbiTKa, HCITOnL-

3YJI 3TOT 34KiJeKT, npocne.n;HTL 3a H3MeHeHHeM JneKTpOHHOB ITnOTHOC­

TH B a TOMe BO,li;Opo.n;a MQneKyn BO.ll;bl, CBJ13aHHbiX B aKBaKOMITneKcax. 

113MepeHHJI BbliTOnHeHbl Ha nyqKe OTpHIJ;aTenLHLIX DHOHOB C 3Hep­

rHeB 80 M:JB CHHxpon;HKnoTpoHa OHJIH. B KaqecTse MHWeHeif 

HCDOnLJOBanOCL 31 COe.l(HHeHHe, XHMHqecKHe 4lopMynbl KOTOpbiX 

npHBe.n;eHbl B 11106/IUije 1. llOCTaHOBKa OULITa H npon;e.n;ypa H3MepeHHB 

H o6pa60TKH .n;aHHLIX Te )l(e, qTO H B pa6oTaX 12- 51 . qaCTL .n;aHHLIX 
'6 / 

ony6nHKOBaHa paHee ' • 

llonyqeHHble H3 ODLITa BepOJITHOCTH W 3aXBaTa DHOHOB Jl.ll;paMH 

BO.li;Opo.n;a MOneKyn BO,ll;bl .ll;nJI BCeX HCCne.n;oBaHHbiX BeiQeCTB npHBe-

12/ .n;eHw B 111a611. 1. CornacHo Mo.n;enH 6onLwHx MeJoMoneKyn • 

BepOJITHOCTH W .n;nR coe.n;HHeHHB THna [ M (H
2 
0) n l X paBHLI: 

w 
-2 

aoZ o 
--z----z---~-z--
1 t M /2n + 0 I 2 + Xf2n 

/1/ 

r.n;e z0 =8, ZM B Zx - qHcno JneKTpoHos B aToMax KHcnopo.n;a, 

n;eHTpanLHoro aToMa M B CYMMapHoe qBcno JneKTPOHOB B aToMax 

rpynnw X; a 0 - JMnBpHqecKB onpe.n;enJieMwii Ko34;cliHn;HeHT, senHqH-
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Ha KOTOpOrO 'IYBCTBHTenbHa K 3neKTpOHHOH nnOTHOCTH B aTOMe 

so.nopo.na /2/. 
B ma611. 1 npHse.neHbl TaK)I(e JHa'leHHJI no.u;asneHHJI JaxsaTa 

a 0 tH 20) 
3.necb a

0
- Bbi'IHcneHHble no tiJopMyne /1/ JHa'leHHJI 

f -·-------ao 

K03tiltiJHUHeHTa a )J.nJI KHCnopo,ll,a BO,II,bl, KOOp,II,HHHpOBaHHOH B HC-

cne.u;yeMbiX coe)J.HHeHHJIX; a 0 (H~O) =2,26±0,9*- JHa'leHHe ao· 
nonyqeHHOe HaMH )J,nJI H30nHpOBaHHbiX MOnexyn BO)J.bl /He aCCOUHHpO-

17 I 

saHHbiX Ja cqeT so.nopo.u;HbiX cssJeii:/ • . TaxHM o6pa30M, senH'IH-

Ha l CBJI3aHa C H3MeHeHHeM 3neKTpOHHOH nnoTHOCTH B aTOMe 

BO)J.OpO,II,a Monexyn BO)J.bl, npOHCXO)J.JIUlHM npH o6pa30BaHHH aKBaKOM-

nnexca. 

Cne.nyeT OTMeTHTb, 'ITO nony'leHHble JHa'leHHJI no.nasneHHB 

f cna6o JaBHCJIT OT HCnOnbJyeMbiX B pac'leTe npe,II,CTaBneHHH 06 

aTOMHOM JaxsaTe. Tax, senH'IHHbl £. nony'leHHble npH Bbi'IHcneHHH 

aTOMHoro JaxsaTa no z -JaxoHy <l>epMH·Tennepa 
181 

/tiJopMyna 

I 1/ I, no Z 113 - JaBHCHMOCTH 
191 

H no oTHOWeHHIO JtiJtileKTHBHbiX 

TopMOJHbiX TOniUHH BO.D;bi H conH 1101 cosna.u;aiOT B npe.nenax norpew-

HOCTH 3KCnepHMeHTa. 

11.3 npHBe.D;eHHbiX B 111a611. 1 .D;aHHbiX BH.D;HO, 'ITO BO BCeX HJy'leH­

HbiX HaMH axsaxoMnnexcax Ha6niO.naeTcB no.nasneHHe JaxsaTa nHo­

HOB BO)J.OpO,II,OM KOOp,II,HHHpOBaHHOH BO)J.bl no cpaBHeHHIO CO CB060)J." 

Hoii: so.noii:. CornacHo npe.ncTasneHHBM Mo.nenH 6onbWHX MeJoMo­

nexyn, 3TO CBJI3aHO C yMeHbWeHHeM 3neKTpOHHOH nnOTHOCTH B aTo­

MaX BO)J.OpO.D;a Monexyn KOOp,II,HHHpOBaHHOH BO)J.bl. Y'IHTbiBaJI, 'ITO 

B CHnbHbiX OH ·KHCnoTaX sepOJITHOCTb JaXBaTa nHOHOB BO)J.OpO,II,OM 

no.nasneHa 6onee 'leM B 20 pa3 13 1 . MO)I(HO cxaJaTb, 'ITO so.na 

B aKBaKoMnnexcax "6onee KHCnaB", qeM B CB060)J.HOM COCTOJIHHH. 

ITo senH'IHHe no.nasneHHB £ HJy'leHHble coe,II,HHeHHJI MO)I(HO 

paJ.nenHTb Ha qeTblpe rpynnbl. B nepsyiO rpynny /E"' 3/ nona.naiOT 

xnopH.II. nHTHB, cynbtiJaT H xap6oHaT HaTpHJI. IIocxonbKY HOHbl 

menO'IHbiX MeTannoB-KOOp,II,HHHPYIOT nHraH)J.bl cna60, MO)I(HO .D;yMaTb, 

'ITO B 3THX COe)J.HHeHHJIX TIO.D;aBneHHe o6ycnOBneHO B OCHOBHOM 

nonBpH3aUHeH MOnexyn BO)J.bl Ja C'leT HOH" ,II,HTIOnbHOrO B3aHMO,II,eHCT" 

BHJI H o6pa30BaHHJI BO,II,OpO,II,HbiX CBJI3eii: Ill/ C aHHOHOM. BTopyiO 

rpynny cocTaBnJIIOT xnopH,II,bl H cynbtiJaTbl .nsyx- H TpexsaneHTHbiX 

* 3Ha'leHHe a 0(H 2 0) 
TanbHOH BenH'IHHbl W 385o 

4 

=2,26±0,09 Bbi'IHCneHO H3 3KCTiepHMeH­

=/7,1±0,3/ 10-3 171 

\ 

- ~ 

rpynna CoeJlHHeRBe 

I 2 

I L.: ct · I. I H.z 0 

E~3 Nt.~2 C05 • JOHzO 

Na,SO~c · IOH2 0 

I 

II 1 Ae u~ · 6H.zo 

E z 5 I Ca Cl2 • 2 H20 

Ca Ci2 · 4.1 H2 0 
I 
I Cr U3 · 6.3 HzO 
I Mna,2. · 3.1H2 0 . 
' 
I Fe U 2 • 3.9H2 0 

FeCl.3 ·6.1H.z0 

Coctz. ·6Hz0 

N~ Clz. · 6.2 HzO 

M~S0~·1H2 0 

Ca S04 · 1.8 HzO 

Fe SOlj · 1.1 H2 0 

CoSC4 ·5.9Hz0 

CoS04·7H2 0 

Ni.S04·6Hz0 

CM S04 · 5 HzO 
I lnS04 · 1H2 0 : 
! 
i 

ill I M3 (N03)2 · 6 H2o 

E.~ 10 I Ca (N0.3).z.·3.1-H2 0 

(A. (NOsh· 8.9 H20 

Ta611U14a 1 

w .ref! Q., (1-4,0) 
E.= ao 

3 4 

8,6 .:!: 1,2 2,8 .:!: 0,4 

15,0 .:t I,I 2,9.:!: 0,3 

13,0.:!: 1,2 3,0 j; 0,3 

t = 2,9 

5,6 j; 0,5 5,8 .:!: 0,6 

3,6.:!: 0,9 5,0.:!: 1,3 

5,7.:!: 0,9 5,1.:!: 0,9 

6,4 .:!: 1,2 4,8.:!: 0,9 

4,9.:!: 0,5 5,3 .:!: 0,6 

5,7.:!: 0,7 4,6 .:!: 0,6 

5,7 .± 0,9 5,2 .± 0,9 

?,I.± 0,8 4,7.:!: 0,6 

6,9.:!: 0,9 3,8 .± 0,4 

7,1 ± 0,5 5,1 .:!: 0,4 

3,2 .± 0,9 4,4 .± 1,3 

5,8 j; 0,5 5,6 .± 0,5 

5,6 .± 0,9 5,2 .± 0,9 

6,3 .:!: 0,8 5,1 .± 0,7 

5,3 ± 0,8 5,6.:!: 0,9 

4,3.:!: 0,5 6,1 j; 0,8 

6,2 .± 0,8 5,1 ± 0,7 

'E = 5,0 

3,2 ± o.5 9,3 .± 1,5 

1,2 .± o.5 . 17,3 .± 7.3 

3.2 j; 0.5 9,0 .± 1,5 
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Ta6HHna I (npo~onxeHne) 

I 2 3 4 
Fe (NO~)~· 9 H2 0 3,5 .± 0,5 8,2 .± I,2 
Co (NO!>h · 6.2 H,O 3,2 .± 0,7 8,6 .± I,9 
Ni. (NO~Jz · 5.8 Hi!O I,5 .± 0,3 I7,4.t3,6 
M9 (U0-4 )2 · 6Hz 0 !,8 .± 0,6 I3,I .± 4,4 
Fe (C£0io )2 • 6 Hz.O I,6 .± 0,4 I3,6 .± 3,5 

E. = 9,4 

IY CIA Clz. · I. 81Hz 0 0,6 .± 0,3 25 .± I3 
E ?.-· 20 (,.2 (SO"Js· 6.1 Hi!O 0,7 .± 0,3 23 .± IO 

C" (NO.s)z · .:3Hz 0 0,0 .± 0,3 :1" 30 

nepexoJJ.HbiX MeTannou 'ieTuepToro nepHOJJ.a, a TaK)I(e amoMHHHR, 

MarHHR H xanbUHR I' "' 5/. lloJJ.auneHHe B JTHX coeJJ.HHeHusx onpe­

JJ.enBeTCB, no-BHJJ.HMOMy, B OCHOBHOM 3~eKTOM KOOPJJ.HHHpOBaHHR 

Monexyn BO.ll.bl UeHTpanbHbiM aTOMOM MeTanna, XOTB H COJJ.ep)I(HT 

.li.OllOnHHTenbHbiH BKllaJJ. OT 3~eKTa o6pa30BaHHB BOJJ.OPO.li.HbiX CBB­

Jeii Me)I(JJ.Y MOnexynaMH BOJJ.bl H aHHOHOM. B TpeTbiO rpynny 

j£., 10/ BKlliO'IeHbl HHTpaTbl H nepxnopaTbl JJ.ByX- H TpexuaneHTHbiX 

MeTannou nepooro nepexoJJ.Horo nepHoJJ.a,KanbUHR H MarHHB. lionb­

wee, no cpaBHeHHIO co BTopoii rpynnoii, noJJ.aoneHue JaxuaTa JJ.nB 

3THX COeJJ.HHeHHH CBBJaHo, no BCeH BepOBTHOCTH, C YBellH'IeHHeM 

OTHOCHTellbHOro BKllaJJ.a OT o6paJOBaHHB BOJJ.OpOJJ.HbiX CBBJeH C aHH­

OHaMH, COJJ.ep)l(aiQHMH 6onbWOe KOllH'IeCTBO aTOMOB KHCllOpOJJ.a. 

K 'ieTBepTOH rpynne OTHOCBTCB Te KOMnneKCbl, JJ.nB KOTOpbiX 

' >-20. JfJ HBX JJ.Ba - KOMnneKCbl MeJJ.H, OJJ.HOro HJ HaH6onee 

CHllbHO KOOpJJ.HHHPYIOIQHX KaTHOHOB, C ManbiMH KOllH'IeCTBaMH BOJJ.bl. 

TpeTHB - Cr 2 (SO 4 ) 3 • 6,1 H 2 0 B MoneKyne KOToporo JJ.Ba 

HOHa Cr 
3

+, KOOpJJ.HHHpyeT WeCTb nuraHJJ.OB, 'ITO OJHa'laeT BTpoe 

6onbwe KaTBOHHoro JapBJJ.a Ha OJJ.BH nuraHJJ., '!eM u KoMnneKcax 
rpynnbl I I I . 

CneJJ.yeT OTMeTBTb, 'ITO Ka'!eCTBeHHhiB CKa'IOK npB nepeXOJJ.e 

OT BOHOB L/ H Na+ K BOHaM nepeXOJJ.HbiX MeTannoB npOBBnBeTCB 

~ EDTA /121 K H B YCTOH'IBBOCTB, HanpHMep, -KOMnneKCOB • OHCTaHTbl 

6 

\ 

YCTOB'IHBOCTH HX npH nepeXOJJ.e OT Li ,Na K nepeXOJJ.HhiM MeTannaM 

HJMeH.RIOTC.R Ha JJ.eC.RTb nop.RJJ.KOB BellH'IHHbl. 

PaJnH'IHe B JHa'leHH.RX f .JJ.n.R p.RJJ.a aKBaKOMnneKCOB c OJJ.HHM 

H TeM )l(e KaTHOHOM JJ.eMOHCTpHpyeT JaMeTHOe BllH.RHHe aHHOHOB 

Ha BellH'IHHY noJJ.aBneHH.R. 3TO OT'IeTnHBO BHJiHO Ha npHMepe p.RJJ.OB 

aHanorH'IHbiX coeJJ.HHeHHB Tuna MX • nH 2 0, rJJ.e M =Ca2+, M g 
2+, 

Fe 2+, Co2+ ,Ni 2+; X=(Cl)
2

, Sof-. (N03 ) 2 , (Cl04 )2 H n =2, 

4 H 6, JHa'leHH.R f JJ.ll.R KOTOpbiX npHBeJJ.eHbl B 11106/IUije 2. 

Ta611u14a 2 

M YJ HzO X= (CC)L . S z-X= 04 X=(NOi)z X= (UOi)z 

Ca.z.+- 2 5,0 .± !,3 4,4 .± I,3 - -
Ca 2 .. 4 5,1 .± 0,9 - !7,3 .± 7,3 -
M 2 .. a 6 - 5,1 .± 0,4 9,3 .± 1,5 I3,I .± 4,4 

Fe 2 .. 6 - 5,6 .± 0,5 - 13,6 .± 3,5 

Co 2+ 6 4,7 .± 0,6 5,2 .± 0,9 8,6 .± !,9 -
Ni. z .. 6 3,8 .± 0,4 5,6 .± 0,9 !7,4 .± 3,6 -

cnyqae coeJJ.BHeHHB MeJJ.H 

nocneJJ.Heii o6paJOBbl-

AHOManbHO CHllbHOe noJJ.aBneHHe B 

CB.RJaHO, nO-BHJJ.HMOMy, CO cnOC06HOCTbiO 

sa Tb oco6o npo'!Hble KOMnneKCbl i 131
. 
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