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HC~HOBAHHE EHHET~EH B0~0PO~H0r0 0R~EHA ~[EE~Y C~HPTO~ 

H AMHHOM B PACTBOPE ~ET0~0M 0CTAHOB~EHHOH CTPYH 

C.@.~ype~o, F.C.~e~coB 

~sEec~m~ ~mCT~TyT ~le-m~rps~c~o~o yrmmepczTeTa 

~oc~yn~ma B pe~.m~m 2~ ~ 1973 

EHHeTHEa ~SOTOHHOP0 oOMeHa B0~0p0~a Me~y ~e~Tep0sTa- 
HO~OM H ~HSTH~aMHHOM 6~a Hcc~e~OBaHa BCC[ 4 c HOMO~B~ 
MeT0~a 0CTaHOB~eHH0~ CTpy~ ~ ~-CHeETp0CEOHHH. B~H 
onpe~e~eH~ EOHCTaHTM cE0p0CTN H 3HepFHN aETHBa~H~. ~8H- 
H~e NHTepHpeTNpy~TC~ Ha 0CHOBe EOOHepaTHBHOP0 Hepexo~a 
B0~0p0~8 B ~HE~H~eCEOM Hp0MeEyT0~HOM EoM~2eEce c B0~0- 
pO~tINMN CBHSHMI4. 

The kinet ics  of hydrogen isotope exchange between deuteroethanol and 
diethylamine have been studied in CC14 solution using the stopped-flow method 
in combination with IR spectrophotometry .  The ra te  constants and act ivat ion 
energy have been determined.  The r e su l t s  a re  in te rpre ted  in t e r m s  of co-  
operat ive  proton t r ans fe r  via a cycl ic ,  hydrogen-bonded t rans i t ion  s ta te .  

I{~HeTHEa Me~o~e~y~pHoro uepexo~a IrpOTOHa B coejm~eH~x 

PXH, cnoco6HHX K o6paso~Hmo Bo~op0~HO~ CB~SH EaE B Ea~eCTBe 

~oHopa, ~a~ z a~enTopa npoToHa, I S ~  B pa6o~ax ~I-5~ no 

~SOTOn~OMy 06MeHy Bo~opo~a C IIOMO~ H~-cIIeETpOB UOr~OmeH~J~. 

Hp~eHe~e HK-cueETpocEo~ ~aeT BOSMO~OCTL Hcc~e~oBaT~ STOT 

npouecc B rasoBo~ ~se ~ B pas6aB~eH~oM pacTBope m npHcyTCT-- 

B~ ~HepTHoro paCTBOp~TeX~, T.e. B yCXOBZ~X ~m~9~HOrO Bsa~-- 

Mo~e2CTBa~ ~O~OHeHTa CO cpe~oH. BpeMe~ paspe~ CnocoS- 

HOC~ cTammp~ao~ cne~TpaJ~HO~ snN~pa~ypu nosBoxae~ ~aMepa~ 

r~HeT~y oOMemmx pea~ c uoxynep~oAo~ He aeHee 5-10 ce~. 

3TO ocy~eCTB~MO Jn~r~ npz cne~zaJ~HOa B~6ope MO~eEy~--napTHepOB, 
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HYPE~EO, ~EH~COB: K~HET~ BO~OPO~HOPO OBMEHA 

05~8J~8]O~X ~SEO# UpOTOHO~OHOpHO~ ~ upoTosoai~eIITOpHO~ CIIO-- 

006HOCT~. 

I ~ e ~  ~ c T o ~ e i ~  ~ 5 o ~  6 ~ o  ~ 8 ~ z e  MeT0..~p~ z c ~ e ~ o ~ -  

T e p e e  iO~iO ceK,  z z s y q e ~ e  E ~ e T ~  o6MeHa B CHCTeMe 

on~pT~--KHepT~ paCTBOpKTem~. ~ ~TO~O HeoOxo~o, BO-- 

nepB~x, y~e~T~ UOCT~ BpeaeHz npzeMHo-perzcTpzpyzme~o 

yCTpO~CTBa ~0 ~o 10 --4 ce~ 5, ~O--BTOp~X, o6ecne~T~ cMemeH~e pe- 

areHTOB ~a Bpe~ uO~ 10 -3 ce~ m~z MeH~me. B ycTa~o~e, CO- 

5pa~H0~ Ha 5ase MOHOXpOMaTOpa ~EC-II, B ~a~ecTBe upze~.r~a ZS- 

~y~eH~ HCUO~SOBa~o ox~a~n~eMoe ~o 77~ $OTOCOnpO~B~eHHe 

PbTe (~ 2G-30}~ce~), cz~a~ ~oToporo uocxe ycz~e~ ~O~aBS-~- 

Ca Ha a~e~Tpo.--~ ocuam~oI~ ~H0-i, cHa6ze--~r~ ~OTOUpHCTaB- 

~o~. "3anyc~" npouecca ocy~ecTBaanc~ cMeme~eM peave~TOB B 

yCTpO~CT~e, paooTan~eM no npzHn~Uy OCTa~OB~eHHo~ cTpyz, ~OTO- 

poe n0~p06HO o-~caHo ~ ~6~.* ~n~Ha Easana HaS~s~eH~ seHmmac~ 

OT 2 ~0 10 ~; ~@~a cueKTpax~Horo zH~epBa~a, Ba~e~e~o~o MO-- 

Hoxpo~aTop0~, 6~xa He 6oxee 15 CM -i. ~a~yqeHze ZCTO~m~a Mo~y-- 

x~poBaxoc~ C ~aCTOTO~ 1000 ~. mzp~Ha ~oxoc~ uponycEaH~ yCZ-- 

XZTe~ (E ~ 2000) C0CT~ ~ 0,5 FU~. 3a XO~OM upo~ecca c~e- 

-o ZSMeHeH~ ZHTeHCZBHOCTZ ~0pas~o~ B ~HTep~ane 2000 - 

4000 CM -i UOX0CH norxomeH~ 0~HO~O Z~ pea~eHTOB ~,~ np0~y~OB 

pea~E~z. Ha ~0Topy~ sapaHee HacTpazBa~C~ MOHOXpO~aTOp. 0aeH~a 

BpeaeHz cmemeHz~ peareHTOB 6~.a npoBe~eHa uo uo~oce ~ OH 3495 

i i , 

*) ABTOpU zcxpeHHe O~aro~apsT E.M.Bpazs~KoBa, E.K.Pyccz~Ha 

x A.C.~oMeeBa 3a upe~ocTaB~eH~e ~epTeze2 cTpyeBoro 

ycTpoRcTBa H ~eHs~e ~OHCy~TA~. 
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SYPE~EO, ~EH~COB: EI~IHETI~',A BO~OPO~I.IOFO OS~EHA 

6O 

4o 

o 20 

I ~ I . ~  ~ I 
3600  3200 2 8 0 0  2400 

CM "1 

P~,c.i. C-es~p CzcTeu~ 0, i  MO~/~ C2H~D+0,2 uO~/A 
(C2Hs)2~H B ccz4-oc~e oOaeHa (m'p~xo~a~ ~'=-=~- 
c-es~p zcxoz~oro pao~opa 0,~ uo~/~ C2H50~ ). 

cu -I KoMrmexca c Bo~opo~o~ c~s~o ~30H...0(C2H5)2 , oOpasy=- 

~ e P o c ~ z  Hp~r cueme~ p a C T B O p O B  M e T a H O ~ a  M ~ST~OBOI~ s~10a B 

CCI 4. 0HO COOTaB~KeT ~ Hame2 yCTaHO~ 2-3 ace~. 

PeaI~,~ Bo~opo~HOrO OdMeHa MeE~y I~y~I~ NH ~ OH aroma 

- cm~pTa ~,sy,m.~ac~ Ha np~epe CZOTe,~,, STaKC~--~ZSTL~as~'H B C= 4. 

K1meT~ec~me xapa~TepzcT~ upouecca C~50D + (C~5)2NH- " 

C2HsOH + (CzHs)2~D oupe~e~-.sJmc~ -o no~oca~ c~pTa ~ OH 3638 

c~ I z v 0D 2683 cu "i (pzc.i); pacxo~elme pesyJu, TaTOB, -o~y- 

~em~x Ea pas-,~ uo~ocax, He upe~,a~o ~5%. ~ e ~  pea~,:-- 

~,cc~e~o~umc~ upz 5 Te~mepaTypax ,~ z~Tep~.~e 8-50~ npa 

~o~ Te~uepaType upoBe~e~a cep~u~ s~cnep~eHTO,~ up=, pasHsx KO"- 

~eHTpa-=,~X peareHTo,% ~OTOpHe -eH~,mc,. ~ npe~e~ax 0,02 - 0,2 

~om~/~. T~mrms~ o6pase~ no~y,mes~x ~ s~c-ep~a~e-Te ocnz~.~o-- 

rps~ npe~cTs3~e,~ Ha pzc.2. 0~pa6oT~a pesy~TaTOB -o~as~,~aeT, 

~TO Da~mo~ec-oe pacnpe~e~e~me ZSOTO-OB yCT~eTc~ no s~c- 
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~PE~0, ~EH~COB: K~HET~KA B0~0~0~0F0 0~EHA 

iloHewn~aa~HO~y salcoHy. 8Ha~e~ c~opocT~ upol~ecca R, KOHCTaH-- 

TH OKOpOOTH k ]~ ]IO~I, KKOB peam~ no cuzpTy o~ ~ .uw~y ~ onpe~e- 

mumc~ ~ z paHee [3,7]. Ilpz Bcex Te~mepaTypax C*r peax- 

l>a:c .2. 

m u m = u r n  m m m m m m n  

POCT BO Bpe~eHH =--- 

TeHc~aOCTK Upouyc-- 

F ~ _ ~  MaEomAy~ IIO.nO.- 

C',' ~) OD npZ o6MeHe 

0,2 MO,~/.~ 
C2H50~,0,075 =o,~/,~ 

pasBepT~a ocim.~oz'-,- 

pa~ 300 sce~, MeT~m 

BpeMew- - qepes 

20 MceE. 

,,;=- ~m=re~o BospacTaeT C EOH~eHTpArmem EaKAoI~ EOI~IOHeHTa, 

TSZr ~TO 3saqeH~uz -ops~coB peazcn~r 6Jms~m K e~m~z~e. 3TO ~a~T 

OCHOBa~e C'~TaTL IlpoI~eco OdMeHa 6 ~ o a e s y L q p , ~ - ,  qTO ~ e T O ~  

Aas peam~r Bo~opoAHOZ~ oOxeHa paccsaTpzBaexoro Tram 

B pacTBope. B Ta6unme irp~me~e-- cp~.m~e ssaqeHxs k ,paccmiTas- 

--e B 0m~oae~yaap~oM upxd~zeam~ (~=~ = i). Batmo no;mepE- 

HyT~, ~TO B ycaozmsx --..~ O--TOB ae*coTopas maCT~ Moae,cy~ crm- 

pTa upxcyTCTByeT B ~pue caMoaccommTOB ~m~ ,r c 
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SYPE~KO, ~EHHCOB: K~HETInCA BOHOP0~H0r0 0~gEHA 

HOM (acco~ ~umm He~Ha~mTe~Ha). ~o~m c~o0o.v-~Y ~o~e~z 

cU~pTa, o~eHeaHas no nozoce ~ OH MOHOMepa, ~e~c], OT 0,9 ~O 

0,4 B ~aB~C~BAOCT~ OT ~OH~eHTpaI~ EOMIIOHeHTOB M TeMuepaTypM. 

]Ip]~ ~TO~ He O6HapyE~BSeTC~K KaKO~--~60 3aB~C~OOTX K~HeT~qec-- 

~mx xapa~TepzcT~ OdMeHa OT cTenes~ accomuu~ cm~pTa, Ta~ ze 

Ka~ ]~ B pa6oTax [5,8~. IloeTos~ Bo Bcex c;tyqaax Hpz oOpaOoTtce 

posy3J~TaTOB B Ea'~eCTBe EOHI~eHTpalM cn~pTa ~CUO3ff~o~cI~  ~o-- 

xo~a~ (a.H~'~eclc.aH:)  EOHI~eHTp~tmq. B Eoop/MaaTax In k - I/T 

Te~uepaTypHa~ SaB~CHMOOTL KOHCTSHTH CKOpOCTX XOpOmO 8111tl0OEO~- 

~rpyeTc~ np~o~; ~e~mHa ~,epr~ a~Tz~um~ uponecca ~E Ha~-- 

~eHa pa~o~ i,4~0,2 K~o~. ~ oOpa~oM, B zsyqe~o~ ~H-- 

Tep~e KosneHTp-,~= = TesuepaTyp C~r peamm~ R = Q/E 

( 8- ZSOTOUHa~ uoup~,~wa) om~c~maeTc~ ypa~aem, ea: 

3~IeMeHTapH~ aET o0Mesa 0yAeu paccMaTpZBaT~ ~ CzHXpOH-- 

H~ uepexo~ npOTOHOB B muum~ecxca xo~m~exce c Bos 

c ~ ,  B~O~=~eM nO OAHOtt Mo~eucy~e cHlpTa X .uvq~.: 

" . . H  / . .  - �9 

06c3"~,~a~ Mexazmsa xsoTom,oz,o odMexa B czc~eue cn~p'r-aMm~ 

(A'Bo]Ii:Ha.,r cMec:5 X pacT'sop B Oes3o,ne), aBTop,,, pa6oTU [ '9S ZCXO,- 

,V~T Z3 z'znoTe3,-= o TOM, ~TO CTa,~zd, onpe,~e.~ug0me~t cxopocTZ= npo,.- 

I~ecca, . . ~ e T C H  paspuB I~dE..~'qecKoro EOMEHeKca C B0,AOpO.Z~H~ 
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]~'PE~V~O, �9 ~EHRCOB: KI~HET~A BO~IOPO~HOI"O OSMEHA 

I~ SHa,~eHmo cpe~Hero BpeJze- 

H~ xzs~m npOTOHa B ~a~mo~t 

ao~e~7~e ,,opera ~0"L~0 "8 

ce~. B ~ a  ~azcoro -opt- tOo ~mc~o 

Ea z MeHI,~e ~e~TBEre.~o OrmTOB" 

xapaKTepHa ~ spe~e,~.  ~ms~m 8 20 

]~o~opo;mo~t c ~ s z  (CM.~r~mpz- 20 36 
30 15 

lzep,[41]).Ho ~pelr Melr ~ 40 ~9 

aKTaM~ EpOTO~HO~O 06MeHa B 50 25 
i , I 

CXCTeMe 8I~IH.'-CII~ HO S.m~M 

3~r~e~z~ KOHOTS.HT OKOpOOT~ 
pe~,~,r., up, pasmpm~ TeJ~-. 

nepa~ypax. 
i 

MO.~B.ceK 

~ 0  
i57~0  

178~0 

OEaaIABaeTO~ Ha 5-6 IIO~OB 6o.u~e..I IO~TOiq MOEHO Sa -  

EJI~q~TL, ~TO OKOpOOTL 06MeHa B ~TOm o l o T e ~ e ,  EaE Z B o ~ q a e  

ra~o~oBo~opo~oB I-i,2"l, onpe~e.c~eTc,K CTa~ze~ nepexo~a ~epes 

6apz~ep u e ~  , ~  ~ ~a no,~epx.oc~ no~em'~e_Ju, so~ 

~Hep~u~ c=cTe~m, O O O T B e T C T ~  ~By~ 8]~l~l]~eH'J'ma4_ OOCTO~,- 

m u ~  ~ e c ~ o ~ o  E o ~ e ~ c a  ~i3~. Y B e ~ e ~ e  u p o ~ o c T ~  BO~O- 

poZ~u~x c~'~se~ B ~su.~ex,~ce Be~eT E y~e.~~ r~y0-,~ STYX ~- 

HmAyMOB I, llO--~w~,oNy, E IIOH]gKeHxI~ BHCOTH pa~~l'o mr 

6ap~,epa. ~e2OT~ZTem~o, sHa~elm.~ F~OHCTaaTH cKopocT~ X ~ue~ 

a~Tm~;~, B zsy~e~o2 c~Teue cm~p~ no opa~memm c 

~m, xapaKTe~ ~ Bo~opo~moro o61e~a cm~pT..~ep~TaH z 

~ e p i c s . i z T a ~  B pacT~Bope r3] ,  c.~e.uy~ ~T02 sa~s(Hep,,ocTz. 
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