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938. The Nitrosation of Phenol in Aqueous Perchloric Acid.  
By D. A. MORRISON and T. A. TURNEY. 

The rate of C-nitrosation of phenol in aqueous 20-60% (w/w) perchloric 
acid has been determined. Possible mechanisms for the reaction in this 
region are discussed. 

I N  aqueous perchloric acid nitrous acid in low concentration may be involved in two 
concurrent equilibria: HOgNO + H,O+ H,N02+ + H20 and HO*NO + H30+ 
NO+ + 2H,0.1 At higher concentrations of nitrous acid the equilibrium 2HO*NO 
N,O, + H,O can become important.2 In acid solution, nitrous acid reacts readily with 
phenol by electrophilic substitution to form nitrosophenols. $-Nitrosophenol forms 90% 
of the p r ~ d u c t . ~  

In aqueous perchloric acid with nitrous acid at  low concentration the potential nitro- 
sating species, apart from nitrous acid which will be relatively ineffective, are the nitrous 
acidium ion (H,NO,+) and the nitrosonium ion (NO+). 

When the rate of the reaction is governed by the equilibrium concentration of the 
reactive species it is theoretically possible to distinguish between a nitrous acidium attack 
and a nitrosonium-ion attack by considering the way in which the rate varies with a ~ i d i t y . ~  

For a reaction through the nitrous acidium ion 

while for the reaction through the nitrosonium ion 

where K 2  is the second-order rate constant, y is the percentage of acid, and Ho and Jo  are 
the appropriate acidity functions. 

Recent work in hydrochloric acid showed that the reaction is of first order with respect 
to nitrous acid and to phenol. The second-order rate constant for the reaction catalysed 
by hydrochloric acid (pH 1.3) a t  0" is 0.135 1. mole-l Nitrosyl-chloride may be a 
complicating factor in this reaction. 

This paper deals with the kinetics of the nitrosation of phenol in aqueous perchloric 
acid. The reaction of nitrous acid with phenol under these conditions follows second- 
order kinetics and is acid-catalysed : 

Rate = k2(HO*NO) (phenol) 

where k,, the second-order rate constant, increases with acidity. 
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Experimenta2.-Sodium nitrite, phenol, and perchloric acid, '' AnalaR " quality, were used 

To minimise decomposition of nitrous acid the reaction was carried out with both nitrous 
The nitrous acid was estimated by the Griess-Ilosvay 

Nitrous acid concentrations for each run were determined every 5 min. for the first half of 

The rate constants were found by a plot of (a  - c) /ac against t, where a is the initial concen- 
Good second-order rate constants 

No account was taken of any decomposition of nitrous acid occurring 

The ultraviolet absorption spectrum of the reaction product in 45.2% (w/w) perchloric acid 
The bulk of the phenol is 

throughout. 

acid and phenol at 0 . 0 0 1 ~  and a t  0.6'. 
method.' 

the reaction and at longer intervals later. 

tration of nitrous acid and c the concentration after time t .  
were found throughout. 
during the reaction. 

was examined and shown t o  be similar to that of $-nitrosophenol. 
converted into P-nitrosophenol. 

Results and discussion.-The experimental results are as follows : 

HC10, (yo w/W) ............... 21.5 30.3 38-2 41.7 . 45.2 48.3 51.4 57.0 
k ,  (1. mole-1 min.-l) ......... 1.5 3.3 9.6 24.5 57 95 120 165 

From a plot of log k, against yo w/w perchloric acid the following slopes are found which 
are tabulated with the values of -dHo/dy and -dJ,/dy given by Den0 et aL8 

HC10, (yo wlw) (y) ......... 25 30 35 40 45 50 55 
d (log K,)/dy .................. 0.04 0.06 0.06 0-12 0.10 0.04 0.02 
dJ,/dy ........................... 0-13 0.15 0.18 0.20 0.22 0.29 0.32 
dH,/dy ........................ 0.06 0.07 0-08 0.10 0.11 0.16 0.16 

These results up to 45% acid support the view that H,NO,+ is the active species. The 
falling off of rate beyond this point is probably due to protonation of the phenol. 

The conclusion from these results is interesting in view of the fact that the spectro- 
scopic results for nitrous acid in perchloric acid appear best interpreted as an equilibrium 
between HO=NO and NO+.9 We accordingly offer an alternative mechanism consistent 
with the experimental results : 

. . .  C,H,*OH + H+ C6H5*OHzf Rapid pre-equil. (1) 
C6H5*OHz+ + HO*NO + +-HO*C,H,*NO Rate-determining . . (2) 

For (1) 
For (2) 
Also 

Ho = pK + log C,H5*OH/CGH5*OH2" 
Rate = k[C,H,*OH,+] [HOoNO] 
Rate = kexp [C,H5*OH] [HO-NO] 

The concentration of the protonated species being assumed always to be effectively 
small, we then have 

kexp = k x lOPX-Ho 

log kexp = log k + pK - Ho 
d (log kexp)/dy = --CW,/dy 

which is again consistent with the experimental results, the falling off of the rate above 
45% acid being due to the dissociation of nitrous acid to nitrosonium ion 

Our present experiments do not enable us to distinguish between this mechanism and 
that involving attack by HzN02+ but they exclude NO+ as the attacking species. 
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