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0THOCHTenbHO H9A8BHO rryTeM OKHCneHHH 6pOM8TOB AH<jJTOpHAOM KCe­

/1/ 
6hin CHHT93Hp0B8H H CTan AOCTyrreH AnH H3yqeHHH paHee H9H3-

BeCTHbiit nep6poMaT-HOH, TaKoit a¢¢eKTHBHbiit OKHCnHTenb KaK Xe F 
2 

Ka-

3ancH oqeHb rrepcrreKTHBHhiM H AnH nonyqeHHH nepaCT8T8T-HOH8 1 IIOCKOnhKy 

IIOIIbiTK8 nonyqHTb KHCnOpOAHOe COOAHH9HH9 IIHTOrO ranoreHa B Bb1Cill9H 

/2/ 
CT9II9HH OKHCneHHH C IIOMOillb!O APYl'HX peareHTOB 6bin8 HeyAaqHQH 

HaCTOHIII8H pa60T8 IIOCBHIII9H8 H3yqeHH!O CBOHCTB C09AHHOHHH 8CT8Ta, 

rronyqeHHOro OKHCneHH9M AH<jJTOpHAOM KC9HOH8 B IIIenoqHbiX pacTBOpax, LlnH 

HAOHTH<jJHK8UHH A tO~ Mbl HCIIOnb30B8nH 9neKTpO~JH3HqecKHH aHanH3 H 

COKpHCTannH38UH!O C nepHOA8T8MH 1 HCXOAH H3 oqeBHAHbiX coo6pa)K9HHH 1 qro 

B rrepBOM cnyqae IIOB9A9HH9 nepacTaTaTa AOn*HO 6biTb IIOA06HhiM rrepHOAa­

Ty, 8 BO BTOpOM - AOn*eH Ha6mOA8TbCH H30MOp<jJH3M, 

3KCII9pHM9HT8nbH8H qaCTb 

AcTaT o6pa30BhiBancH B pe3ynhTaTe HAepHhiX peaKUHH rny6oKoro pac­

IIIenneHHH TOpHH rrpOTOH8MH BbiCOKHX 9HeprHl!: H BbiASnHnCH ITO H3B9CTHOH 

/3/ 
MeTOAHKe • B pe3ynhTaTe nonyqancH npenapaT acTaTa B 0,1 M HCI, 

06'b9MOM OKOnO 1 Mn, B KOTOpOM 8CT8T H8XOAHnCH1 B OCHOBHOM 1 B <jlopMe 

/4/ 
• 3TOT nperrapaT pa36aBnHnCH AO xnopOKOMrrneKca [At (X ) CJ 2 J -

10-20 Mn 1M NaOH H IIIenoqHQH paCTBOp HBnHnCH HCXOAHbiM pa6o-
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~HM paCTBOpOM npH npoaeaeHHH OKHCJieHHH 8CT8T8 AH~TOpHAOM KCeHOHa, 

-1 -2 
Coaep>KaHHe acTaTa B meno~HoM pacTBope 5bmo 10 -10 MK!OpHIMn 

-13 -14 
(10 -10 MOJibfMJI) o 

DpH sneKTpo~opeTH'IeCKOM aHanHae pa6o~ero paCTBOpa acTaT MHrpH­

pyeT K 8HOAY CO CKOpOCTbl01 6JIH3KOH K CKOpOCTH HOAHAa: 0 15-016 CMIMHH 

Ha 6yMare "BaTMaH-1 " 1 nponHTaHHoli 0 11. M Na 2 S0
4 1 npH rpaaHeHTe no­

TeHuHana 50 BOJibTicMo AHanorH~Hhie ycnoBHH sneKTpo~opeaa Hcnonbaoaa­

nHCb npH BCeX nocne,!ly!OillHX 8H8JIH38X XHMH~eCKHX ~OpM 8C1"8T8 H HOA8o 

TaKHM o6pa30M1 B HCXOAHhiX pacTaopax Mhi HMenH At- 1 KOTOphiA1 no-

BHAHMOMy1 nony~aJICH 38 c~eT peaKUHH At(X)+ CO cneASMH BOCCTSHOBH-

/5/ 
TeneA 1 OObl~HO coaep>KalllHXCH B CHJibHhiX meno~aX o 

0KHCJieHHe 8CT8THA8 IlpOBO,!J.HJIH B Te~JIOHOBOH npo6HpKe Ha KHllHIIleH 

BOAHHOH 6aHe: K 1 MJI HCXOAHOrO paCTBOpa 8CT8T8 B TpH npHeMa A008B­

JIHJIH 80 +5 Mr Xe F 2 0 n ocne T8KOH o6pa6oTKH paCTBOp HMen pH .. 1 o. 
CoKpHCTannH3aUHH OKHCneHHOA Xe F2 

~opMbi acTaTa 6hma H3y~eHa 

C MeTanepHOA8T8MH K8JIHH H Ue3HH B paCTBOpaX C p H 6~ 1o B Bhi6paH-

HOM HHTepaane pH 

mecTaoaaHHH J VII 

MeTanepHOA8T HBJIHeTCH e,!J.HHCTBeHHOH ~OpMOH cy­

/6 7 I 
I 0 nepHOA8T K8JIHH OhiJI KB8JIH~HK8U!OI: "Xo~o" H 

nepea pa60TOH AOnOJIHHTenbHO AB8>K,!lhl nepeKpHCT8JIJIH30BhiB8JICH H3 BO,!lbl. 

17 8 9/ 
DepHOAaT ue3HH nonyqancH no H3BeCTHhiM MeTOAHKaM 

1 1 
H TO>Ke ne-

peKpHCTannH30BhiBancH ABS>KAhi. DpH onpeaeneHHH Koa~~HuHeHTa coKpHCTan-

JIH38UHH (D) 2 r TOro HJIH HHOrO nepHOA8T8 paCTBOpHJIH B 50 MJI rop~eft 

BOAhi H K pacTBopy ao6aBnHnH OKHcneHHhili Xe F 2 npenapaT acTaTao PacT-
o I 

BOp OXJI8>K,!l8JICH AO 0 1 Bbin8BillHH OC8,!J.OK nepHOA8TOB1 CO,!lep>K8BillHH 8CTaT1 
0 

npOMhiB8JICH BOAOH H BbiCYIIlHB8JICH npH 60 C. 

To~Hhie HaaeCKH1 coaep>KalllHX acTaT nepHoaaToB, pacTaopHnHCb npH 

HarpeBaHHH B 2 MJI BO,!J.bl H paCTBOpbl ObiCTpO OXJI8>KA8JIHCb npH 8HeprH~HOM 

0 0 
BCTpHXHB8HHH AO 0 o DepeMelllHB8HHe npH 0 C npO,!lOJI>K8JIOCb nocne Bhin8-

,!leHHH KpHCT8JIJIOB He MeHee 5 ~aCOB, .Qanee OC8JlKH OT~HJibTp0BhiB8JIHCb 1 

4 

-- .1. 

npOMhiB8JIHCb BO)l0H1 BbiCYIIlHB8JIHCb npH 60uC H B3B91IlHB8JIJ 

JleneHHH yaenbHoA paAHOaKTHBHOCTH KpHcTannoa HaaeCKH ne 

pacTaopo KonH~eCTBO acTaTa oueHHBanocb no HHTeHCHBHOCT 

ro H raMM8-H3Jiy~eHHH, KOTOpoe perHCTpHpOB8JIOCb CUHHTHJ 

cqeT~HKOM c KpHCTannoM Na J ( Tl ) • B TO>KtleCTBeHHhiX ~ 

)lenHnacb H paJlHOBKTHBHOCTb pacTBopoa Hall ocaJlKaMH, Kol 

B paCTBOpe paCC~HTbiB8JIOCb no Jl8HHhiM 0 paCTBOpHMOCTH c 

0 1101 
npH 0 C - 117 MriMn • PacTBOpHMOCTb Csj04 B aT~ 

714 Mr/Mn 6bma onpe)leneHa HBMH. 

PeaynbTBThi H o6cY>KJleHHe 

KaK y>Ke OTMe~aJIOCb Bhiille1 B HCXO)lHbiX llleJIO'IHbiX p 

O~eBHJlH01 HMeJIH 8CT8THJl1 XOpOIIlO MHrpHpOB8BillHH npH 8JIE 

6yMareo Docne OKHCJieHHH JlH~TOpHJlOM KCeHOH8 nony~eHHO 

8CT8T8 He MHrpHpOB8JI01 a OCT8B8JIOCb Ha MeCTe HS~eCeHH 

Koro nHTHa (pHc. 1). CoaepmeHHO TO>KJleCTBeHHo aenyT ce 

/11/ 
, 0KHCJieHH8H ~OpM8 8CT8T8 BOCCT8H8B ~eCTB8 JO~ 

H2SO 4 cepHHCTbiM raaoM JlO coe)lHHeHHH1 CKOpOCTb MHrp 

OJIH3K8 K CKOpOCTH JQ ~ (pH c. 1). Bonee aHeprH~Hbiil 1 • 

BOCCT8HOBHTenb - poHrSJIHT BOCCT8H8BJIHBaeT HeMHrpHpy 

T8T8 JlO 8CT8THJl8, Dony~eHHble pe3yJibT8Tbl 1 no HallleMy IV 

lOT C)leJI8Tb 38KJil0'19HHel 'ITO HElMHrpHpytoille~ lj!OpMOil SIBJ1 

HOHo 

CoKpHCTannH38UHH aToA ~opMhi c MeTanepHOJlaTaMH 1 

noJlTBep>KJlaeT caenaHHoe .:saxnJO~eHHe • .UnH o6eHx coneA B' 

He o6Hapy>KHB8lOT K8KOH-JIHOO CHCTeMaTH~eCKOH 38BHCHMO< 

TBepJlOH ~83bi· H C y~eTOM CJiy~aftHbiX 8KCnepHMeHT8JibHbl 
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OM npH npOBSASHHH OKHCneHHH 8CT8T8 AH~TOPHAOM KCeHOHa. 

-1 -2 
acTaTa B menO'IHOM paCTBOpe 5binO 10 -10 MK!OpH/Mn 

MOnb/Mn). 

eKTpo~opeTH'IeCKOM auanH3e pa6o'lero pacTBopa acTaT MHrpH­

co CKOpOCTbiO, 6nH3KOi!: K CKOpOCTH HOAHaa: 0,5-0,6 CM/MHH 

BaTMaH-1 ", nponHTaHHOM 0,1 M Na 2 804 , npH rpaaHeHTe no-

sonbTicM. AaanorH'IHbie ycnoBHH aneKTpo~ope3a HCnonb30Ba­

ex nocneay!OlllHX aaanH3ax XHMH'IeCKHX ~opM ac'J'aTa H Ao.na. 

OM, B HCXOAHbiX paCTBOpaX Mbl HMenH At- 0 KOTOpblMo no-

ony-qancH 3a c-qeT peaKuHil: At (X)+ co cneaaMH BOCCTaHOBH-

/5/ 
HO co,nep)K8lllHXCH B CHnbHblX menO'IaX 

HHS 8CT8TH.U8 lipOBOAHnH B Te~OHOBOil: npo6HpKe Ha KHllHWeil: 

e: K 1 Mn HCXO.UHOrO paCTBOpa 8CT8T8 B TpH npHeMa ,UOOBB-

r Xe F 2 • n ocne TaKoA o6pa6oTKH pacTsop HMen pH "' 10. 

TannH38UHH OKHCneaaoil: XeF2 
~opMbi acTaTa 6hma H3y'leHa 

·A8T8MH KanHH H U93HH B paCTBOpaX C p H 6~ 1. B Bbi6paH-

ne pH 

J VII 

MSTanepHOABT HB1IH9TCH SAHHCTBSHHOil: ~OpMOil: cy­

/6 7 I 
• • nepHO.UaT K81IHH Obin KB81IH~IIK8UH!l "x.q." H 

OM .UOnonHHTenbHO AB8)1(Abl nepeKpHCT81I1IH30BbiB81ICH H3 BO,Ubl. 

17 8 9/ 
3HH nony'ia1ICH no H3B9CTHbiM M9TO.UHK8M 

0 0 
H T0)1(9 ne-

30BbiBancSI .UBB)I(Abi. OpH onpe.neneuHH Koa~~HUHeuTa coKpHCTan-

2 r TOro HnH HHOrO nepHO,U8T8 paCTBOpS11IH B 50 Mll ropSI'Iei!: 

cTsopy .nooasnSinH OKHCneHHbiil: Xe F 2 npenapaT acTaTa. PacT-

o 
ncSI ao 0 , BbmaswHil: oca.noK nepHo.naToB, co.nep)KaBmHil: acTaT, 

BO.UOM H BbiCYlllHB81ICSI npH 60°C, 

HBBSCKH, CO,U9p)K8lllHX 8CT8T nepHO.UBTOB, paCTBOpS!nHCb npH 

B 2 Mn BOAbl H paCTBOpbl ObiCTpO OX1I8)K,U8nHCb npH 3HeprH'IHOM 

0 0 
H .no 0 • OepeMemHBaHHe npH 0 C npo.non)Kanocb nocne Bbma-

annos He MeHee 5 '18COB. nanee OCS.UKH OT~HnbTpOBb!B81IHCb 1 
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0 
npOMbiB81IHCb BO.UOil:, BbiCYlllHB81IHCb npH 60 C H B3B9WHBanHCb. nnH Onpe-

,neneHHSI y,nenbHOil: pa.UHOBKTHBHOCTH KpHCTannOB H8B9CKH nepeBO,UH1IHCb B 

paCTBOp. KonH'ISCTBO BCTBTB OUSHHBanOCb no HHTSHCHBHOCTH peHTreHOBCKO­

ro H raMM8-H31IY'I9HHH, KOTOpoe perHCTpHpOB81IOCb CUHHTHllnHUHOHHbiM 

C'ieT'IHKOM c KpHCTannoM Na J ( Tl ) • B TO)KtlSCTBeHHbiX ycnoBHSIX onpe-

.nenSinacb H pa.nHOaKTHBHOCTh paCTBOpoB ua.n oca.nKaMH. KonH'IeCTBO KJO 4 

B paCTBOpe paCC'IHTbiBanOCb no .UBHHbiM 0 paCTBOpHMOCTH C01IH B BO,Ue 

0 /10/ 
npH 0 C - 1,7 Mr/Mn • PaCTBOpHMOCTh CsJ04 B 3THX ycnOBHSIX 

7,4 MriMn 6bma onpe.neneHa HBMH. 

Pe3ynhTaTbi H o6cy)KneaHe 

KaK y)Ke OTMS'IanOCb Bb!W9 0 B HCXO.UHbiX W91IO'IHblX paCTBOpax Mbl 0 

0'19BH.UH0 0 HM91IH 8CT8TH.U 0 XOpOWO MHrpHpOBSBWHil: npH aneKTpo¢ope3e HB 

6yMare. Oocne OKHC1I9HHSI .UH¢TOpH.UOM KC9HOH8 nony'leHHOe C09.UHH9HH9 

acTaTa He MHrpHposano, a ocTasanocb ua MecTe uaseceHHH B ¢opMe 'leT-

Koro nSITHa (pHc. 1). CosepweHHO TO)K,necTBeHuo se.nyT ce6H MHKPOKOliH­

/11/ 
• 0KHcneaHaSI ¢opMa acTaTa soccTaHaBnHsaeTcSI B 0,1M '19CTB8 JO-: 

H 280 4 cepHHCTbiM ra30M .UO C09.UHH9HHSI, CKOpOCTb MHrpaUHH KOTOporo 

01IH3K8 K CKOpOCTH JO; (pH c. 1). Bonee aHeprH'IHbiil:, qeM 802 

BOCCT8HOBHT91Ib - poHranHT BOCCT8H8B1IHB89T HSMHrpHpy!OWYIO ¢opMy ac-

TBTB .UO 8CT8TH.U8. 0onyqeHHbl9 pe3ynhT8Tbi, no HBWeMy MHSHHIO, n03B01IH­

IOT c.nenaTb saK1IIO'IeuHe, 'ITO HeMHrpHpytometl: <iJopMotl: smnseTCH nepacTaTaT-

HOHe 

CoKpHCTannH3aUHH aToil: ¢opMbi c MeTanepHo.naTaMH Ka1IHH H ue3HH 

no.UTB9p)K,U89T c.uenaHHOe 3aKni0'19HHe. nnH o6eHX cone A B91IH'IHHbl , D 

He OOHapy)KHBSIOT K8KOii:-1IHOO CHCT9M8TH'I9CKOil: 38BHCHMOCTH OT B9C8 

TBep,noil: ¢a3bt H C Y'ISTOM cnyqaii:Hb!X 3KCnepHM9HTanbHbiX OWHOOK HX 
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PH c. 1. ~neKrpo¢opea paanH'iHhiX ¢opM acrara rronyqeuubrx: a) rrpH OKHC­
neuHH 8CT8Tiill8 llH¢TOplillOM KC9HOH8 (- 0-) j 0) II.:Jii BOCCT8HOBJlflHiili 
OKHCJ19HHOH ¢opMbl cepHHCTbiM I'830M (- x-) ; B) rrpH BOCCT8HOBJ19HHH 
OKRcneuuoil: ¢opMbi poHramnoM H,IH rrpH rroamenaqHB8HHH llO 1M NaOH 
nperrapara [At(X)CI

2
]-(-+-). EyMara BaTMau 1, 0,1 M Na 2S0 4 , 50 BOllhTicM, 

30 MHHY1'· 
6 

I .. 

Ta6nuua 1 

Kos¢¢uuueuTbi coKpHeTannuaauHH "!1" aeraT 

Bee oc-Ka 
(Mr) 

36 

37 

39 

83 

100 

105 

oKueneuuoro Xe F 2 

v 
p-pa 

KJ04 

2 Mll, 

PesJ0
4 

D 

0,092 

0,073 

0,043 

0,042 

0,071 

0,087 

D = 0,068+0,021 
ep -

e KJO, H c CsJ0 4 

Q°C, p KJO = 1 ,7Mr/M11 
4 

= 7,4 MI'/Mn 

CsJO, 

Bee oe-Ka 
( MI') 

37 

39 

45 

59 

62 

92 

95 

122 

D = 0,31+0,01 
ep -

MO>KHO e'iHTaTb rroeroHHHhiMH ( ra6nHUa 1). CnellOBarenbuo, 

pHeT8JlllH38UHH yKa3biB810T Ha H30MOp¢uoe BXO>Kil9HH9 H3y'ial 

TaTa B KpHeTallllbl I19pHOJl8TOB KallHSI H U93HSI, K8K STO JlOll~ 

HOHa nepaerarara. 

TaKHM o6paaoM, sKerrepHMeuranbHhie peaynbTaTbi npH 

S119KTpOMHI'p8UHH H eoKpHeTaJlllH3aUHH e09JlHH9HHSI aeTaTa, I 

rrpH OKHe119HHH aCTaTHJla JlH¢TOpHJlOM KeeHOHa B lll9110'iHbiX 

3B0115110T e)l9Jl8Tb BhlBOJl, 'iTO B,STHX yellOBHSIX o6paayeTeSI 

ra. 
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15 CfVI (+} 

Tpo\jlope3 p83n\PIHblX 4JopM 8CT8T8 ITOJiy'leHHbiX: a) rrpH OKHC­
aa AH4JTopHAOM KCeHOUa (-0-) ; 5) npn BOCCT8HOBJIAHHH 
OpMbl CepHHCThiM I:'830M (- x- ) ; B) IIpll BOCCT8HOBJieHHH 
opMhi pouranuroM ~wn rrpn rroruuena'lnaaunn ao 1M NaOH 
t(X)CJ 2 ]-(-+-). ByMara BaTMaH 1, 0,1 M Na 2S0

4 
, 50 BOJibTicM, 

6 

.-

Taonnua 1 

Koa¢JqlHUHeHTbi coKpHCTannuaauHH "!l" acTaTa, 

oKucneuuoro XeF2 c KJ0 4 H c CsJ0 4 

v 2 MJI, t = 0°C, p KJO = 1,7Mr/MJI0 
4 

p CsJO = 7,4 MI:'/MJI 
4 

p-pa 

KJ0 4 CsJ04 

Bee oc-Ka D 
Bee oc-Ka 

D 
(Mr) (Mr) 

36 0,092 37 0,32 

37 0,073 39 0,38 

39 0,043 45 0,23 

83 0,042 59 0,27 

100 0,071 62 0,39 

105 0,087 92 0,43 

95 0,22 

122 0,24 

D = 0,068+0,021 
cp -

D = 0,31+0,08 
cp -

MOliUIO C'IHT8Tb IIOCTOSIHH!'>IMH ( T80JIHU8 1), CneAOBaTeJibHO, OIIh!Tbl ITO COK-

' 
pHCT8JIJIH38UHH YK83hiB810T Ha H30Mop4Juoe BXOlKAeHHe H3y'laeMotl: <jlopMbl ac-

TaTa B KpHCT8JIJibl rrepHOA8TOB K8JIHSI H Ue3HSI 0 K8K 9TO AOJilKHO Ob!Tb AJISI 

HOHa nepacTaTaTa. 

TaKHM o6paaoM, aKcrrepHMeHTanbHbre peaynbTaTbi rrpH uccneaoaaHHH 

9JieKTpOMHI:'paUHH H COKpHCT8JIJIH38UHH COe,llHHeHHSI aCTaTa, IIOny'leHHOI:'O 

npH OKHCJieHHH aCTaTHAa AH4JTOpHJlOM KCeHOHa B IIleJIO'IHblX paCTBOpax, II0-

3BOJISIIOT CJleJiaTb BblBOJl, 'ITO B. 9TH X yCJIOBHSIX OOpaayeTCSI HOH rrepaCT8T8-

Ta. 

~ 
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