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XIUI B PEAKlI.Ml1 p-HlflP030-N,N-,l(HMETMJIAHlIJUfHA 
C 2,2' -A30IiMCM30IiYTMPOHMTPMJIOM. KMHETI1I(A M MEXAHM3M 

BaJIepHH 11. IiEP,lJ,I1HCKI111°, BJIa,Il.HMnp X011BA,lJ,h, I1Mpe KEH,lJ,F M AJIeKCaH
,Il.ep ,lJ,. DEPIIII1Ho 

°lfllcmumym XUMU'IeCIWii C/>U3I1KU AKaoeMUII HaYh· CCCP, MocKIJa, 

b BblCUWfl TeXIIU'IeCKafl mKOJla XUMUKo-TeXIIO.1Oi? (fj-m . Karfjeopa rfju311'1eCKOli XIIMIIII, EipamllcJlalJa, 

lfCCP II 

cl(el/mpaJlbllbui HaY'l/IO-lfccJleoooameJlbcKuii Hllcl11ulIlym XUMUII BellzepcKoii AKaoeMUU HaYK 

Eyoanewm, Bellzpufl 

floCTymlflo B peL(lKllflKl 6. OKT1I6pll 1977 

flpeL(JlOlKeHb!H MexaHH3M B3aHMOneHCTBHlI P-H1HP030-N,N-nflMeTHJlaHHJlHHa C 2,2'-a306f1CH30-

6YTHPOHHTPHJlOM 6b!JI nOTBeplKeH MeTOnOM Xfl5I. }!h KflHeTHKH Xfl5I BbI'fHCJlHJlH KOHCTaHTbl 

CKOPOCTfI, BepOllTHOCTb peKoM6HHaUHH paAl1KaJIOB B nape H KOJqJ!pHllHeHT lInepHOH nOJlllpH3allHfI. 

B03MOlKHOCTb HCnOJlb30BaHHlI HHTp030COe.llHHeHHH B Ka'lecTBe JloBymeK cBo6onHblx panHKaJlOB, 

reHepHpyeMhIX XHMH'lecKHMV. peaKUHlIMH, 6blfla nOKa3aHa paHee1'2. B pa60Tax3,4 HCCJleL(OBaJlCJI 

MexaHH3M JTHX peaKUHH H YCTaHOBJleHO o6pa30BaHHe npOMelKYTO'fHOrO cTa6HJlbHOrO a30TOKHCHoro 

paL(HKaJla, KOTOPbIH B naJlbHeHIlleM peKoM6HHHpyeT co cB060nHbIMH paJlflKaJlaMH no CJle.ll.YlOmell: 

cxeMe 

RNO 
R' -- RR'NO 

R' 
RR'NOR' (A) 

X. I1BaMypa C COTp.5 o6HapYlKHJlH J<jJ<jJeKT lInepHOH nOJlJlplnallHH IlpH o6pa30BaHHH TpeX3aMemeH

Horo rH.llpOKCHJlaMHHa B Xone peaKUflH IlpHcoe,n:HHeHHlI pa,n:flKaJlOB K HHTpo6eH30JlY. PeaKllHlI 

pa,n:HKaJlLHOrO IlpHcoe,n:HHeHHlI npOTeKaeT comaCHO (A). 

B ,Il.aHHOH pa60Te 6hIJIa M3Y'leHa KHHeTHKa XD5I B peaK~MM npHCOe,Il.ffHeHffH 

llJiaHlBorrp01ll1JIhHOrO pa,Il.l-IKaJIa K P-H1up030-N,N-,Il.HMeTlIJIaHHJIHHY, a TaK)!(e 6hIJIM 

o.ueHeHhI napaMeTphI XD5I. 

3KCITEPI1MEHTA~bHA5I QACTb 

PaCTBopbl 2,2'-a306HcH306YTHPOHHTpHJla - 0,3 M/JI H P-HflTP030-N,N-AHMeTHJlaHHJlHHa -

0,6 MiJl B XJlOp6eH30Jle CMellHBaJIH DpH KOMHaTHoll: TeMTIepaType B 5-TH MHJlHMeTpOBOH aMrryJle 

H 1l0MemaJIH B ,n:aT'lHK JIMP ClleKTpOMeTpa (P JI-2308, lI.llpa 1 H, 60 Mru, Hell~epblBHoe IlpOXOlK,n:e

HHe, 110° C). CrreKTpbl perHCTpHpOBaJIHCb ,n:o, B Xone H IlOCJle peaKI..{HH. 113MeHeHHe HHTeH3KB

HOCTeH CIITHaJIOB BO BpeMeHH 3aTIHCHBaJIOCb B pelKHMe CKaHHpOBaHKlI MeTHJlbHOH o6J1acrn ClleKTpa 

100 ru/lO c. B HCXO,n:HOH CMeCH ,n:Ba MeTHJlbHbIX CHHrJleTa: 2,62 H 1,41 ppm - MernJlblp-HHTP030-
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3374 EepAHHCKHH, XOnBaA, KeH)le, TIepuIIiH : 

-N,N-.LIHMeTHJlaHHnHHa H 2,2'-a306HCH306YTHPOHHTpHna. CUeKTpbl 1 H-JlMP UP0,lJ.YKTOB B XO,lJ.e 

H nocne peaKUHH, a TalOKe OTHeceHHlI CIITHanOB npHBe,lJ.eHbl Ha pRC. 1 H 2. 

PE3YJIbTATbl Ii OECYJK,lJ,EHI1E 

TIPI1 B3aI1MO,lJ,CHCTBI1U 2,2'-a306I1CI1306YTl1pOmnpI1JIa C P-HI1TP030-N,N-,lJ,I1MCTI1-

JIaHUJII1HOM npoTcKalOT pcaK~I1I1: rCHcpalJ;11a ~l1aHl130npOnI1JIhHhIX pa,lJ,I1KaJIOB R I 
npl1 TepMOJIl13e 2,2'-a306I1C(11306YTI1POHI1TpI1JIa), peKOM6HHa~HSI pa,lJ,HKaJIOB RI, 
KOTopaSi npI1BO,lJ,I1T K 06pa30BaHI11O ,lJ,I1HHTpI1JIa6

, B3aI1Mo,lJ,eHCTBl1e pa,lJ,I1KaJIOB R 1 

C P-HI1TP030-N,N-,lJ,I1MenIJIaHI1JII1HOM C o6pa30BaHl1eM HI1TPOKCI1JIhHOrO pa,lJ,I1KaJIa 

R 2 11 peKOM611Ha~l1a pa,lJ,I1KanOB R 1 11 R 2 Ha P:* 

B cneKTpax 1 H -5IMP, CHSIThIX B XO,lJ,e peaKlI,HI1, Ha6JIlO,lJ,aeTCSI Cl1rHaJI 3MI1CCI1H 

(1 , 32 ppm), KOTOPhlH Mh! OTHOCI1M K nOJISlpl130BaHHhlM npOTOHaM MeTHJIhHblX rpyn 

cpparMcHTa - O - C(CN) (CH3)2 np0,lJ,YKTa (P*). OTpl1~aTeJIhHbIH 3HaK OTBe'laeT 

npaBI1JIaM X IT5I ,lJ,JI51 uHTerpaJIhHOH: nOJISlpH3all,I111 npO,lJ,yKTa peKoM611Hall,I1U B napc 

C HCKOppenl1pOBaHHblMH CnHHaMI1, gR2NO = 2,0060, g(CH3hCCN = 2,0025, a~H3 = 

= +1,8 mT. 
B MeTUJIhHOH: o6nacTI1 cneKTpa n05lBJI5llOTCSI TaK)[(e ,lJ,Ba HenOJI5lpl130BaHHblx 

Cl1rHaJIa 1,74 ppm> N - C(CN)(CH3h H 1,1 ppm - [(CH3)z (CN) C]z. B POBHO-

1,74 1,1 ppm 

PMC. 1 

XHMHlfeCKall uomrpH3aUHlI MeTIIJIbHblX rrpOTO

HOB cPparMeHTa OC(CN) (CH3)2 B xOlle pe
aKWIH P-HlITp030)J;IIMeTHnaHIInHHa C 2,2'-a30-

6HCIl306YTHpOHHTp~nOM 

- ----------------: 

Oppm 

PMC. 2 

CrreKTp IH-JlMP rrpollYKToB peaKUJrn II OT

HeceHHe JIHIllIit 

1 MeTHJIbHble rrpoToHbI (C6HS) N(CH3}z, 
2 MeTIIJIbHble rrpOTOHbI ) N=C(CN) (CH)2' 

3, 4 MeTHnbHble npOTOHbI -O-C(CN) (CH3)2' 

5 MeTHJJbHble rrpoToHbI [(CH3}z (CN) Ch. 
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xnJl B peaK~1f1f P-HIfTP030-H,H-AlIMeTlfnaHlfnIfHa 3375 

BeCHOM CrreKTpe CHn-ran 1,32 ppm npHHa)J,ne)J(lu, no BH)J,HMOMY MeTHJIbHblM rpyn

naM <pparMeHTa > N - O- C(CH) (CH3h. 

KHHeTHKY H3Y'leHHoH peaKlI,HH MO)J(HO npe)J,CTaBHTb npocToH CHCTeMOH rrocne

)J,OBaTenbHblX peaKlI,HH, nHMHTHpoBaHHoH CKOPOCTb}() pacna)J,a 2,2'-a306HcH30-

6YTHPoHHTpHna, 

(B) 

P* 

r)J,e Tin - BpeM5! 5!)J,epHOH penaKCall,HH npOTOHOB MeTHnbHblX rpyrrn lI,HaHH30-

rrporrHnbHoro <pparMeHTa rrpO)J,YKta P. Tin orrpe)J,eneHO He3aBHCHMO MeTO)J,OM 

HaCblrn:eHlU! nOn5!pH30BaHHoro CHrHana 7 H paBH5!eTC5! 17 c. (rrpH TeMrrepaType pe

aKlI,HH 1 IOOC). CornaCHO :3TOH cxeMe H3MeHeHHe BO BpeMeHH KOHlI,eHTpall,HH HCXO)J,

Horo 2,2'-a306HCH306YTHPOHHTpHna rrO.ll'lHH5!eTlI,5! KHHeTH'IeCKOMY ypaBHeHH}() 

rrepBoro nOp5!.llKa A = Ao e- k1t OTKY.lla HeTpY.llHO rrony'lHTb 3Ha'leHHe KOHCTaHTbI 

CKOPOCTH pacrra.lla 2,2'-a306HCH306YTHpOHlupHna. nOCKonbKY CHrHan 1 H-.5IMP 

2,2'-a306HCH306YTHPOHHTpHna npeCTaBn5!eT C060H O)J,HHO'lHY}() nHHH}() (1,14 ppm 

B xnop6eH30ne), OTHOllleHHe KOll,eHTpall,HH 3aMeH5!CM OTHoweHHeM HHTeHcHBHocTeH 

CHrHanOB IH- .5IMP Ao/A = fo/f, r.llC Ao H fo - HCXO.llHble (t = 0 c.). Ha pHC. 3 

rrpe.llCTaBneHa KHHeTHKa cna.lla CHrHana MeTHnbHblX npoToHoB 2,2' -a306HcH30-

0,2 0,2 

I 1, -(10). 
n--

(Ii 
U;,) .. 

0,1 0,1 

0~--~--~1~0--~----~--~--~30 

PI1C. 3 

KIlHeTIlKa cna.na CIlTHana nOnllpll30BaHHhlX npoTCjHoB (e) H KIlHeTIlKa 113MeHeHll1I KOHlleHTpa

llHH 2,2'-a306Hc1I306yrnpoHlupnna ( 0 ) 
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3376 EepD.HHCKHn, XOJIBaD., KeHD.e , IlepnIlm: 

6YHIPOHl'I.TpI1JIa 11 HaH,[(eHa BeJII1'II1Ha KOHCTaHThI CKOPOCHI kl = 0,64.10- 2 c- I 

(1l0°e) . 

CN ~N CN 

(CH3)), ,....-0 (CHJh 'N'0-J(CH3)2 
N 

(CHJh~N + ¢ ¢ 
H

3
C,....-N' CH

J 
,....- N, 

CHJ CHJ 

(RI) (R2) 
(P*) 

KOHCTaHTa k I MO)l(eT 6hITh HaH,[(eHa ,[(pyrI1M, He3aBI1CI1MbiM nYTeM 113 KHHeTHKH 

cna,[(a Cl1rHaJIa nOmIpI130BaHHbIX npOTOHOB 7 (CJIy'laH k I ~ TI n) no ypaBHeHHIO 

(1) 

r,[(e E Koe<P<PI1U;l1eHT nOJISlpI13aU;l1l1, paBHhIH OTHOIlIeHHIO nepaBHOBeCHOll H'[(epHOH 

HaMarHl1'leHHOCTI1 MOJIeKYJIbI B MOMeHT ee pO)l(,[(eHI1S1 K paBHOBeCHOH HaMarHH'feH:,., 

HOCTI1. Ha Pl1c. 3 TaK)I(e npe,[(cTaBJIeHa nOJIYJIorapl1<pMI1'1ecKaSi aHaMoP<P03a 3Toro 

ypaBHeHHSI, oTKy,[(a paCC'II1TaHa KOHCTaHTa kl = 0,62.10- 2 c- I • M3MepeHHhle 

BeJIII'lHHhI HaXO,[(SlTCSI B xoporneM COrJIaCHI1. M3 ypaBHeHHSI (1), 3HaSi kl H Tin, He

TPY,[(HO nonyql1Th 3Ha'leHHe Koe<p<pHU;l1eHTa YCHJIeHI1S1 npH XII5I lEI = 63. 

Koe<p<pHIJ;HeHT E MO)l(eT 6bITh TaK)I(e nonyqeH H3 ypaBHeHHH KHHeTHKH nOJISlpH-

30BaHHoro CHrHaJIa npH YCJIOBHH 1/ = ° H K = -1 (T.e. B TO'lKe, npH KOTOPOH 

orH6alOr.u;aSl KlmeTHKH 3MHCCHOHHoro CHrHaJIa nepeceKaeT OCb 
7 ts)' 3KCnepHMeHTaJIb

HOe BpeMH HHBepCl111 ti paBHo 300 c: 

(2) 

IIpH kl = 0,64. 10- 2 
c-

1 
H Tin = 17 c ., lEI = 58. 

Koe<p<pHIJ;HeHT H'[(epHOH nOJISlpH3aU;HH E - O,[(HH H3 Ba)l<HellIlIHX napaMeTpOB 

XIIj{ Hero 3Ha'leHHe n03BOJISIeT nOJIyqHTb HH<popMaU;HIO 0 BepOSITHOCTI1 peKOM6H

HaU;HH pa,[(HKaJIOB B nape (8). PaC'IeT E H 8 npHBe,[(eH B pa60Te 8. 

PaCCTflITaHHhIH CYMMapHhIll Koe<p<PHU;HeHT nOJIHpH3aU;HH paBeH 51. EMY COOTBeT

cTByeT BeJIl1'1l1Ha 8 = 0,25. AHOMaJIbHO HH3KaSi (no cpaBHeHHIO C 06hI'IHO npHMeHSIeMbIM 
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xrul B peaKUlt1t P-HItTP030-H,H-LlItMeTltnaHltnltHa 3377 

.1lJI~ MenlJIbHbIX pa.1ll1KaJIOB 3Ha'lemreM e = 0,7) BepoHTHoCTb KJIeTO'lHOH peKoM6liHa-

1(I1H pa.1lHKaJIOB B CIHITJIeTHOH nape YKa3bIBaeT Ha cymecTBoBaHHe 3Ha'lHTeJIbHbIX CTe

pl1'1eCKI1X 3aTpY.1lHeHI1H :noro npou,ecca, 06YCJIOBJIeHHbIX BbICOKOH CTeneHbIO 

3KpaHHpoBaHHH HecnapeHHoro 3JIeKTpOHa y 060HX pa.1lHKaJIOB RI Ii IP. 

B 3aKlllOlJeHUe, a611l0pbl CIJUmalO1I1 C60UAI IlpUlIInHblM OOIlZOM 6blpa3umb npU3Hamellbllocmb IlPO

ifjeccopy A. JT. EYlJalJel/lw 3G 1l0lle311ble o6cYJICoelluH. 
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