
Tctmhmkm Letters HO. 11, pp 859 - a62, 1976. Pergmon Press. Printed in Great Britain. 

IRE IRFLDENCE OF RADICBL ACCEPTORS AND TRE NATURE OF SOLVEWS ON 

TRE CIDNP SIGN AND INTENSITY IF TJIE DIAZOyIU& SALTS - KNOS AND 

PKENYLBYDRAZINE - ~~~:ORKS IKTERACTIOI:S 

I.P.Gragerov, L.A.Klprlanova, A.F.Levlt, T.G.Sterlyova 

The L.V.Pisarzhevsky Institute of Physical Chemistry, Ukramlan SSR Academy 

of Sciences, Prospekt Naukl 97, Kiev, USSR 

(Received in UK 22 January 1976; rcaepted for publioatlon 5 %m 1976) 

The lnteractlon of dlazomum salts, p-X-C,E$N,'BF,-, (where X = R, B02, Cl, 

Br) with an excess of KK02 in the I:1 dlmethylsulphoxlde - acetonJ_trrle mixture 

at 40' has shown enhanced absorption for C&X products. On addztion of the ra- 

dical acceptor, 4-methyl-2,6-di-tert.-butylphenol (ion01 - HI), the polarization 

changes its latenslty and slgn(Flg. I).* 
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. The effect of lono addltlon 
;E; ;h, ,,_ I,*; I.pO values, where 

,,,e& 1s the maxlm&?slgnal lntensitg 

of polarized benzene protons, Q~ is I 
the s1gna.l lntenslty for benzene after 

the reaction has completed; 

[Cg5N2*B~4-]= 0.25 K, [KRo,J= 0.5 u, 
to = 400. 

The phenomena observed are attributed to the fact that In the absence of an 

acceptor the benzene enhanced absorption contribution to polarization 1s dorm- 

nant; enhanced absorption 1s built up in the uncorrelated radical pairs (I) 

&. 'ONO' &<O, a>O> which are formed due to the relative stability and 

* The effect of free radxal traps on CIDNP was reported in a number of communi- 

cations /I/. 
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the high concentrat&on of x02' radicals. The contribution of the U-pairs to the 

polarization xs reduced as the concentration of CsH5' and 1!02' radical-trappmng 

Ion01 Increases. 

pairs ArhT=N' 'ON0 

it [RI] = 0.0033 M ;t equilibrates the contributLon of singlet 
(II) and Ar' *oKos (III) producing emission for benzene. 

EYer lncreaslng - lono concentration leads to a rise m benzene em~sslon due to a 

greater predominance of II and III palm. Emission reaches the maxtium at [m] = 

0.11 bL The subsequent benzene emLss&on zntenslty drops are accounted for by the 

fact that more and more radical pairs (II and III) are substituted by Arl?=fi' 'I 
s 

(Iv) and Af'S 'I (v> pairs involving ion01 radicals as [!?I\ increases. The IV-V 

paus seem to have a smaller absolute&g value than that for II and III pairs 

because e;I* = 2.0044 /2/ is likely to be smaller than gONO. /2/. At an lonol con- 
centration higher than 0.25 PL the polarrzation intensltg 1s decreased slowly. One 

can assume that the IV andV pairs mainly exist in the system and an increase In 

the ion01 concentration merely reduces their life time. 

A scheme of reaction mechanism has recently been reported for the Ihenyl- 

hydrazlne oxidation by l,4-benzoquinone /3/: 

5 - 
C6H51THNH, + O= 

0- 
O- C6H5KW' 'O- 

# 
OH _r_ C6E5'=h~ + HO- OH 

s 
C6H5N=NH t 0= O- C,H5N=K' 

CVI;) 

l O~OE'-W C6H5' 'O+-CgR6 + HOGOH 

(VII) 

According $0 the scheme, reaction product, benzene, LS resulted from C6H5' radicals 

hav1n.g escaped the geminate paws (VI and WI) where ag<O and a) 0. 

We have studled the influence of the nature of solvent and acid or alkali 

addltlons upon the polarization effects in this reaction and in the oxidation of 

phenylhydrazine 3y tetrachloro-l,+benzoquinone (chloranil). The oxldatlon of 

phenylhydrazine by chloranil in tetxahydrofuran proved to give emission signals 

for benzene protons. Sowever, the si$n and the intensity of 2olarrlzatlon vary on 

addition of water to solvent (FzL~. 2). 

This phenomenon LS attributed to the fact that the ratio of contributions 

of correlated pairs 
ce CC 

S 

C6H5N2' '0 
-G 
/ \ OH (VIII) and ce \':H ' (IX) C6H5' '0 

ce CC 0 
U 

CL ce 

and the alffusLve pairs C6H5‘ 
.oce, \"o- 

0 
(X> to polarization 

varies depending upon the water concentration. ce_- ce The correlated VIII-IX 

pairs are responsible for benzene emission (Ag{O, a)O)* and uncorrelated pairs 

*g * = 2.005+0.001; g 0. = 2.0058 /y. The addltlon of water to solvent 
ce 

& 

ce ce / 

Q 

CB changes the g-factor weakly /4/. 
Ce ce ce‘ ce 

OH a- 
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X induced by stable chloranil radical anions and the C$$* radicals - for benzene 

enhanced absorption. The contrlbutlon of X paxrs &ncreases as fast as the water 

concentration in solution 2188s because, in this case, the equlllbrlum (I) shifts 

to the right and the concentration of chloranil anon-radicals Increases. 

In the oxldatlon of phe&lhydrazlne by b<nzoqulnone the addltlon of water 

to tetrahydrofuran leaves the sign of polar3zatkon unaffected but makes the 

emlsslon signal intensltg more prominent @'lg. 2, b). 

F1g.2. The dependence of the enhancement coefficient of 

nuclear polarization on the water concentration In tetra- 

hydrofuran in the oxldatlon of phenylhydrazine by benzo- 

quinone (b) and chloranll (a) 

- This reactlon differs from that involving chloranll because l O 
ce ce --o 

@II 

radical 1s a weaker acid compared to '0 
-a- \ 

OH. The equilibrium of the type 

ce ce 
(I), for this case, is shifted to the left at any water concentration. An In- 
crease An enhancement coefficient (E) 1s probably due to the longer life tine 

of the VI-VII parrs because of the water solvation of the radical pairs. 

The effect of alkali additions on the sign and magnltdde of the enhancement 

coefficient confirms our concepts. The presence of alkali shifts the equllbrlwn 
of type (I) to the right. Accordingly, alkali additions lead to the change in 

the phase of the benzene proton polarlsatlon from E to A in tests wrth chloranrl 
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In the absence of alkali, ln this case, equilibrium 

benzoqulnone, the change in the phase occurs both at 

at low water concentrations. 

(I) shifts to the left. With 

low and high water concentrations. 

The addition of hydrochlorx acid has the same effect 

equilibrium (?> to the left. It can be accounted for by the 

solutLons, some relatively stable chloranil radical-catlona 

U-pairs XI (ag(Oand a>O> U 
cp a 

'6*5' 
-0 

OH (XI) 
ce w 

though it shifts 

fact that in the acrd 

ere formed to give 

The C6H5* radicals escsplng these pasrs gives enhanced absorption for benzene 

protons. The radical-cations corresponding to benzoqulnone seem to be less stable 

as compared wxth radical-catxons from chloranil. Therefore, with benzoquinone, 

the addltlon of acid leaves both CIDNP sign and intensity unaffected. 

We think that CIDNP effects in systems involving relatively stable radicals 

are especially sensitive to the factors affecting the concentration and the sta- 

bility of these radxals. The phenomena deserve a more thorough investigation as 

they open the way for a detailed study of the mechanism of free raduaal conver- 

sions. 
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