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.npaliep >1. K np. 6 - 11056 
nony'leHKe HeKOTOpb!X HeopraHH'leCKKX !jlopM 8CT8T8 H H3y'leHHe 
KX CBOiiCTB '3neKTpO!jlope30M H8 6yMare K 6yM8~HOii 
XpOM8TOrpa!j!Keli 

HalineHhi ycnoBHSI OKHCneHHSI acTaTa no nSITH- K ceMHBaneHTHoro co
CTOSIHHSI. npKBOilKTCSI Cp8BHeHHe noseneHHSI 8CT8T8 K nep8CT8T8 C KOil8TOM 
K nepHOil8TOM npK 3neKTpo!jlope3e H8 6yMare H npH 6yMa~HOii XpOM8TOrpa
¢JKK, 

noK838HO, 'ITO nepaCT8T8T CT86KneH B WenO"!HbiX H HeliTpanbHbiX Cpenax, 
HO npK nonKKCneHHK paCTBOpOB nep8CT8T8T8 nocnenHHii BOCCT8H8BnHB8eTCSI 
llO 8CT8T8Ta: 

Pa6oTa BbtnOnHeHa B na6opaTOpKK SlllepHhiX npo6neM OH 5U1. 

llpeup••T. 06-.eu•e••oro ••cT•TYT& aJ(ep..,x •ccJJeJlo•ul . Jly6•a 1977 

© 1917 06'W01111~1111UI1 IIIIC .... J'II A0~p11UJCIICCA~OOeGIIIIii.Jly611G 

Kucnopo~co~ep~a~e auuou~ acTaTa 6~nB ~eHTH,H
IUIPOBaH~ no auanorHH HX noBe~eHHJI C nepHO~aTOM H HO
~aTOM npH :meKTpo,opele Ha 6yMare B ueiiTpanLu~x 
JneKTponHTax lt,2/. Coe~uueuue, H~eHTH,HUHposauuoe KaK 
nepacTaTaT, no~o6uo nepuo~aTy, ocTasanocL ua MecTe 
uaueceHHJI. HlOMO~HaJI coKpHcTannuJaUHJI JToro auuoua 
C nepHO~aTaMH KanHJI H UClHJI nO~TBep~ana npaBHnLHOCTL 
ero H~CHTH,HKaUHH. AHHOH, onpe~eneHH~H KaK acTa TaT, 
MHrpuposan B~Boe Me~neuuee acTaTH~a. IIpuMepuo TaKoe 
~e OTHOWCHHe CKOpOCTCH MHrpaUHH Ha6ruo~anOCL ~nJI nap~ 
J03 /J -. Ocuosuoii: Ja~aqeii: uaweii: pa6oT~ 6~n auanHJ npo
~YKTOB OKHCneHHJI acTaTa paJnHqHLlMH peareHTaMH. Qqe
BH~HO, qTo JneKTpo,opel Ha 6yMare, nOJBOnJIIO~H onpe
~enJITL HlBCCTH~e COC~HHCHHJI H, BepOJITHO, Ha6ruo~aTL 

HOBble /ecnH 6~ OHH o6paJOBanHCL B ycnOBHJIX 3KCnepu
MCHTa/ - HaH6onee y~06H~H ~nJI 3TOH uenH MCTO~. HaMH 
Ta~e 6Lina HJyqeua xpoMaTorpa,HJI saneHTH~x 'opM 
acTaTa Ha 6yMare B HCCKOnLKHX 3lliOHPYIOIUHX CHCTeMaX, 
KOTOp~e pauee HCnOnLlOBanHCL ~nJI pa3~eneHHJI aHHOHOB 
ii:o~a 131. 

3KCIIEPHMEHTAJihHA.H lJACTh 

AcTaT B~~enJinH raJoTepMoxpoMaTorpa,uqecKu/6/ Hl 
TopHJI, o6nyqeuuoro npoToHaMH c JHeprueii: 680 M3B. 
A~cop6uposauu~ii: ua nnaTHHe HnH cepe6pe acTaT BOlrOHJinH 
npH soo'"'c H nap~ JneMeHTa norno{UanH B BO~e. Heii:T
panLHLlH paCTBOp acTaTa Cny~Hn HCXO~H~M npH npHrOTOB
neHHH npenapaTOB pa3nHqH~X BaneHTH~X 'OpM acTaTa. 
_nnJI 3TOrO K 0,2 MA HCXO~HOrO paCTBOpa ~o6aBnJinH yKa
laHHLle HH~e KOnHqecTBa OKHCnHTeneii: H 15-20 MUH Ha
rpeBanH ~o 90°C. 

AcTaT OKHCnJinH: 
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2M KOCl - 1M KOHI0,03 MAl; 20% pacTBopoM xnopaMHHa 
S-C6H5S02NaNCV0,03 MAl; XeF 2 11-2 MA/ B Heii:TpaJibHbiX 

H ~eJIO'IHbiX I0,5MNa0HV paCTBopax; 3.}0-4MI0,05 MAl 
H 3·10-2M 10,1 MA/KJ04; 0,1 M KMnO 410,1 MAl B ~e
JIO'IHOM pacTBope 10,2 M NaOH/, c nocne)J.yJO~M BOCCTa
HOBJieHHeM nepMaHraHaTa .D.O Mn0 2 :naHOJIOM 10,03 MAl. 
AcTaT .D.O At- BoccTaHaBJIHBaJIH N2H50H. 

3Jiei<TpoclJope 3 COC,IJ.HHCHHH aCTa Ta llpOBO)J.HJIH llpH 1000-
1200 B B HeiiTpaJibH:wx HJIH cna6o~eJIO'IH:wx 3JICI<Tpo
JIHTax: 0,1M Na

2
S04HJIH.D.HMeTHJiclJopMaMH.D.I.[{Mcllf3M NHpH. 

llpH 06'bCMHOM COOTHOIUCHHH I<OMllOHCHTOB CMCCH 1:2. 
,[{JIJI 3cllclJeKTHBHOrO TCllJIOOTBO)J.a llOJIOCKH 6yMarH BaTMaH 

1 3aKpb1BaJIHCb TeclJJIOHOBbiMH llJICHKaMH H 3WKHMaJIHCb 
MC>K.D.Y MCTaJIJIH'ICCKHMH llJiaCTHHaMH, OXJia>K,IJ.aeMbiMH BO· 
,IJ.OH. 

XpoMaTorpaclJHIO coe,IJ.HHeHHH acTaTa npoBO.D.HJIH Ha 6y-
Mare Ba TMaH 1 HJIH FN II I r ,[{P' VEB Niederschlag I co 
cne)J.yro~HMH 3JIIOeHTaMH: ,[{Mcll - 3M NHPH loT 1:2 .D.O 
8:11, au.eToH-BO.D.a 14:11, 6yTaHoJI- 3M NH40H/5:11. 

Pacnpe)J.eJieHHe acTaTa ua 6yMare nocne 3JieKTpo
clJope3a HJIH XpOMaTorpaclJHH OllpC)J.CJIRJIOCb CU.HHTHJIJIRU.HOH· 
HbiMH C'ICT'IHKaMH. 
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Puc. 1. 3AeKIIfpo~opea Ha 6yMaze 
ucxooHozo npenapa•a ac•a•a; 
0,1M Na

2
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,1000 B, 20 B/cM, 

45 MUH . 
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Puc. 2. 3AeKIIfpo~ope3 Ha 6yMaze acmamuoa u uoouoa 6e3 
HOCUIIfeA.II. 3AeKIIIPOAUIIf: ,4M<P-3M NH

4
0H1:2; 1000B; 

20 B/CM, 60 MUH. 

PE3YJihTATbl H 0.5CY)I(,4EHHE 

3JICKTpoclJopeTH'ICCKHH aHaJIH3 HCXO,IJ.HbiX npenapaTOB 
acTaTa B ueB:TpaJibHbiX H cna6o~enoqu:wx 3JICKTpoJIHTax 
o6uapy>KHJI TOJibKO OJJ.HY, HeMHrpHpyro~yro, clJopMy I puc. 11. 
IIOJJ.KHCJICHHe npenapaToB .D.O 0,5 M H

2
S0

4 
CBOHCTB acTaTa 

He MeHRJIO. Mbl npeJJ.nonaraeM, 'ITO H3- 3a YJibTpaMan:wx 
KOJIH'IecTB 3JieMeHTa I -10-9 zl H 6onee HH3KoB:, 'leM 
)J.JIR .D.PYrHx ranoreHoB, 3HeprHH .D.Hccou.HaU.HH At
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Puc. 3. 3/leKmpotjjope3 coeouHeHUU At 6 0,1M Na2 so 4; 
1000 B, 20 B/cM, 45 MUH. 
a/ At0 OKUC/IeH XeF 2 6 Ule/IO'IHOM pacmaope; 6/ At0 oKuc
/leH XeF 

2 
a HeumpallbHOM pacmaope; a/ At0 aoccmaH06/IeH 

zuopa3uHzuopamoM. 

/28 KKaii/MO/Ib - 3KCTpanomiUHOHHaJI OUeHKa/, acT aT B03-
roHJIJICJI c nnaTHHbl HJIH cepe6pa H nornomancJI B so.n;e 
B aToMapHoii 4JopMe. Cne.n;osaTeJILHO, ucxo.n;Hble pacTBOpbl
:no, sepoJITHO, pacTBOpbl aToMapHoro acTaTa: At0 

• Qqe
BH.IJ;HO, flOTOMY, qTo B paCTBOpax He 6b1JIO MOJieKyJI At2 , 

B CJia6omenoqHbfX 3JieKTpOJIHTaX He Ha6mo.n;aJICJI At~ KOTOpbiB 
.IJ;OJDKeH 6b1JI 6bl o6pa30BaTbCJI B pe3yJILTaTe peaKUHB .IJ;HC
nponopUHOHHPOBaHHJI At 2 H pacna.n;a HOHa runoacTaTHTa. 
ru.n;pa3HH-rH.n;paT BOCCTaHaBJIHBaJI At0 )1;0 aHHOHa, CKOpOCTb 
MHrpaUHH KOTOporo npH 3JieKTpo4Jope3e COCTaBJIJIJia 0,72-
0,76 OT CKOpOCTH HO)J;H.IJ;a jpuc. 2/. AHHOH H.IJ;eHTHilJHUHPO
BaH HaMH KaK acTaTH)];. 

OKHcneHHe acTa Ta B HeiiTpanLHbiX pacTsopax XeF 2 
/puc. 36/, 3 ·10-4M KJO/ puc. 46/, xnopaMHHOM B /puc. 5/ 
H KOCis menoqHoM pacTsope, npuso.n;uno K o6pa3oBaHmo 
aHHOHa, CKOpOCTb MHrpaUHH KOTOpOrO COCTaBJIJIJia 0,53-
0,57 OT CKOpOCTH acTaTH.IJ;a. )l.JIJI HO.IJ;aTa H HO)];H.IJ;a 3TO 
OTHOWeHHe 6biJIO 0,54. TaKoe COBna.n;eHHe OTHOWeHHB CKO
pOCTeii MHrpaUHH .n;aJIO HaM OCHOBaHHe H.IJ;eHTHilJHUHPOBaTb 
OKHCJieHHYIO 4JopMy aCTaTa KaK acTa TaT. 113 O)];HHaKOBbiX 
OTHOWeHHB CKOpOCTeB MHrpaUHH acTaTaTa H acTaTH.IJ;a, 
HOJ];aTa H HO.IJ;H.IJ;a CJie.n;yeT, qTO OTHOWeHHe CKOpOCTeii AtOS H 
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J 

JO-;TaKoe >Ke, KaK y napbl At- H J-: 0,72-0,76. IIo aHano
rHH c iio.n;oM Mbl DbiTaJIHCb oKHCJIHTb At0 .n;o At03 nepMaHra
HaTOM B menoqHoii cpe.n;e. O.n;HaKo uccne.n;osaTL nonyqeHHYIO 
4JopMy acTaTa He y.n;aJIOCb, TaK KaK, B OTJIHqHe OT HO.IJ;aTa, 
OH flOJIHOCTbiO cop6HpOBaJICJI Ha Mn0 2 , KOTopaJI Bblna.n;ana 
npH BOCCTaHOBJieHHH nepMaHraHaTa 3TaHOJIOM. 

0KHCJieHHe acTaTa XeF 2 B 0,5 M NaOH, B cooTBeTCTBHH 
C paHee flOJiyqeHHbiMH pe3yJILTaTaMH /2/, npHBO.IJ;HJIO K 
o6pa30BaHHIO nepacTaTaTa - HeflO)];BH>KHOB npH 3JieKTpo-
4Jope3e 4JopMe / puc.3a/.IIepacTaTaT ,no.n;o6Ho nepuo.n;aTy/ 3-5< 
OKa3aJICJI HeyCTOBqHBbiM B KHCJlbiX paCTBOpax: npH pH< 1, 
nocne Henpo.n;oiDKHTeJILHoro HarpesaHHJI pacTsopa /5-
10 MUH, 90° C/ oH nepexo.n;HJI B acTa TaT /puc.6/. HeycToii
qusocTLIO nepaCTaTaTa B KHCJlbiX paCTBOpax, oqeBH.IJ;HO, 
o6bJICHJIIOTCJI pa3JIHqHJI B pe3yJILTaTax OKHCJieHHJI At0 .n;u-
4JTopu.n;oM KCeHoHa B HeiiTpaJILHbiX H menoqHbfX cpe.n;ax: 
B nepBOM CJiyqae, H3- 3a DO)];KHCJieHHJI paCTBOpa o6pa3yiO
IUeBCJI B npouecce pa3JIO>KeHHJI .n;ullJTopu.n;a KCeHoHa HF, 
KOHeqHbiM npo.n;yKTOM OKHCJieHHJI OKa3biBaJICJI A tO~ .BOCCTa-

a 5 8 

121 
10 ~ 5 

M 
~ a L l1 4 
X 

j &l Yhl 3 ..... 
i 
s 4 t ~ 

2 

I 2 . 

. 1 rhl f////J 5 

0 5 10 15 20 0 4 8 12 0 2 4 6 

~CM 

Puc. 4. 3AeKmpotjjope3 coeouHeHuu At a ,l.lMcp-3M NH40H1 :2; 
1000 B, 33 B/£M; 60 MUH. -4 , -
a/ At- , 6/ A tO I At'g oKUC/IeH 1 • 10 M KJO 4 /; a/ A tO 4 
/ At0 OKUC/IeH 3 1·10 M KJO 4 /. 
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Puc. 5. 3AeK•potjjopea_At03 e 0,1 M Na
2

SO 
4

; 1000 B. 
20 B/cM, 45 MUH. AtO 3 noAy'leH OKUCAeHUeM At0 xAopa
MUHOM Fl UAU KOCl e uieAO'IHOM pac•eope. 

HOBneuue nepacTaTaTa B kHCni>IX paCTBOpax D03BOn.llnO OTnH
'IaTb BhiCWYIO OkHCneHHYIO 4JopMy OT HeiiTpanbHOrO acTaTa, 
ua 3neKTpo4JopeTH'Iec~ue csoicTBa kOToporo DOAKHcneuue 
ue snu.11no. 

B pa6oTe / 7/ oqeu& KopoTKO, B DOACTPO'IHOM npHMe
qauuu, 6e3 yka3aHHB kakHX -nu6o ycnOBHB ODhiTa YDOMHHa
nocb o6 oKucneuuu acTaTa AO nepacTaTaTa napoi JO;/Jo~. 
3TH AaHHhle DOATBepAHnHCb B HaWHX 3kCDepHMeHTax; DpH 
Kon.uenTpauuu nepuoAaTa nop.IIAKa 10-2 M, oKucneuue At0 

6wcTpo npoXOAHno AO nepacTaTaTa I puc. 4e H 7e/ B ueiT
pan&uwx H I-Uenoquwx cpeAax. IlOAKHcneuue pacTBopos, 
uanpHMep, AO 0,5 M H 2S04 • npHBOAHno k soccTanosnenHIO 
CeMHBaneHTHOrO acTaTa AO DJITHBaneHTHOrO,, HeCMOTp.ll Ha 
OTHOCHTenbHO BhiCOkYIO kOHUeHTpaUHIO nepHOAaTa. 
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Puc. 6. 3Aeli•po(Jope3 _AtO-; e 0,1 M Na2 SO 4 ; 1000 B, 
20 B/cM, 45 MUH. At0

3 
61t1A noAy'leH nocAe nooKucAeHuJI 

AtO '4 0,5 M H2 SO4. 

Ta6AU11a 
3ua'leHH.II R f acTaTa H ioAa npu xpoMaTorpa4Juu ua 6yMare 
BaTMan 1 c 3niOenTaMu: 1/ a.ueTon-BoAa /4:1/, II/ ,D.MCI>-
3M NH 40H /2:1/, III/ H-6yTanon - 3M NH40H /5:1/. 

MI08H1 At0 Af J- At OJ JOj At04 J04 
I 0 0.9-0.95 0.9 0,95 Q9 0.95 0 0 0 

I 0 0.9-0,88 Q9 0,88 0.85 0.42 0 0 

I 0 0,3 0.3 0.9 0.95 0 0 0 
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0KHCJieHHe At0 nepuo.D;aToM, aepo.IITHO, HaH6onee npo
CToii H Ha,ZJ;e)I(Hblii nyTL nonyqeHH.II npenapaToB acTaTaTa H 
nepacTaTaTa, y.D;o6HbiX .D;JI.II HJyqeHH.II caoiicTB aHHOHOB 
pa3JIHqHbJMH MeTO.D;aMH, B TOM qucJie H 6yMa)I(HOH XpOMaTO· 
rpai!IHeii. 

llonyqeHHble JHaqeHH.II R r .D;JI.II paJJIHqHbJX aaneHTHbiX 
COCTO.IIHHH acTaTa H HO.D;a B HeCKOJILKHX 3JDOeHTaX npuae
.D;eHbl B 111a6AUfl€. 

)J;n.11 acex JJDOeHTOB Ha6mo.D;anocL peJKoe paJJIHque 
B noae.D;eHHH A tO 3 H JO 3 npu xpoMa Torpai!IHH Ha 6yMare: 
JOHa acTaTaTa acer.D;a Haxo.D;HpacL a6JIH3H l!lpoHTa pacTao
PHTeJIJI. Jinaro,D;ap.ll 3TOMY 6b1JIH B03MO)I(Hbl paJ,IJ;eJieHH.II ac

TaTH.D;a /Rr =0,3/HaCT~LTaTa/Rr =0,9-0,95/c6yTaHOJI· 
aMMHaqHbiM JmoeHTOM I puc. 7/ H He ro.D;HJIHCL .D;JI.II JToii 
nenH pacTaopbl )J;M<I>-3M NH OH, c KOTopbiMH oqeHL xopowo 

4 
paJ,IJ;eJI.IIJIHCL COe.D;HHeHH.II HO.D;a/ 3/.Pe lYJILTa Tbl aHaJIH30B Me-
TO.D;OM XpOMaTorpai!IHH Ha 6yMare C 6yTaHOJI-aMMHaqHbiM 
3JDOeHTOM, npH H.D;eHTHI!IHKaUHH KHCJIOpO.D;CO.D;ep)l(aUUIX aHHO
HOB acTaTa, llOJiyqeHHbiX B paJJIHqHbiX YCJIOBH.IIX, BCer,IJ;a 
coana.D;aJIH c peJyJILTaTaMH JJieKTpol!lopeJa. B qacTHOCTH, 
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Puc. 7. XpoMa111ozpa(Ju.R Ha 6yMaze e pac111eope H-6y111aHoA-

3M NII 4 0H/5:l/. a/ At- , 6/ AtO- /,At 0 OKUCAeH 
l·l0-4 M KJ0 4 ; 6/At04 /At'' OKUCAeH 1~10-2M KJ0

4
/. 
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6yMa)I(HOii xpoMaTorpa<IJueii 6wno no.llTBeP*.lleHo o6paJoaa
HHe acTaTaTa npH BOCCTaHOBJieHHH nepacTaTaTa B KHCJibiX 

cpe.aax. 
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