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IH and 19F nuc l ear  m a g n e t i c  r e s o n a n c e  spectra of  s o m e  
para substituted f luorobenzenes t .  IIJ; 

by G. A R U L D H A S  and P U T C H A  V E N K A T E S W A R L U  
Indian Institute of Technology, Kanpur, India 

(Received 25 March 1963 ; revision received 13 June 1963) 

The ring proton and fuorine nuclear magnetic resonance spectra of 
p-fluoronitrobenzene, p-fluorobenzoyl chloride and p-fluorobenzene sulphonyl 
chloride have been studied as an A2B~X system at 40 and 56"445 Mc/sec. 
The involved spin coupling constants and chemical shifts are determined. 

1. INTRODUCTION 

In a recent communication [1] we have reported the analysis of the nuclear 
magnetic resonance spectra of p-fluoroacetophenone, p-fluoroethyl benzoate 
and p-fluorobenzonitrile as A2B2X system at 40 and 56.445 Mc/sec. Here we 
report the results of the analysis of the spectra of p-fluoronitrobenzene, 
p-fluorobenzoyl chloride and p-fluorobenzene sulphonyl chloride by the pro- 
cedure given in reference [1] as well as by a modification of Anderson's method [2]. 

2. EXPERIMENTAL 

2.1. p-fluoronitrobenzene 
Prepared by the direct nitration of fluorobenzene by a mixture of concentrated 

sulphuric acid and fuming nitric acid at - 10~ as described in the literature [3], 
the product was distilled twice in vacuum and the fraction boiling between 
109-109.5 ~ mm was used. 

2.2. p-fluorobenzoyl chloride 
The procedure described [4] for the preparation of p-nitrobenzoyl chloride 

was adopted with p-fluorobenzoic acid instead of p-nitrobenzoic acid. The 
final product was distilled (b.p. 104~ ram) and used for N.M.R. measure- 
ments. 

2.3. p-fluorobenzene sulphonyl chloride 
Sodium p-fluorobenzene sulphonate was prepared [5] first and then it was 

treated with phosphorous pentachloride as described [6] for the preparation of 
benzene sulphonyl chloride. 

The spectra were recorded at 40 and 56.445 Mc/sec on a Varian V-4300B 
N.M.R. spectrometer. The separations of the resonance peaks were measured 
by the use of audio-frequency side bands. The proton chemical shifts in 
p-fluorobenzoyl chloride and p-fluorobenzene sulphonyl chloride were measured 
with respect to cyclohexane as internal standard at 56-445 Mc/sec and that of 
p-fluoronitrobenzene with respect to water as external standard at 40 Mc/sec. 

J" Our earlier paper [1] is referred to as I. 
$ Part of a thesis submitted by G. Aruldhas to Indian Institute of Technology, Kanpur, 

in partial fulfilment of the requirements for a Ph.D. degree. 
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78 G. Aruldhas and P. Venkateswarlu 

3. DISCUSSION 

As in reference [1], the following labelling of nuclei and notation is used: 

I J 
(A) H ~ . . . . ~ _ l ~  (a) 

$ 
( St~bsl:'Ce~e-a ~. ) 

N = J23 + J24 

L = J23 - J24 
K = Jl~ + J~4 

M = J 1 2 - J s ~  

The fluorine resonance spectrum of each molecule shows nine lines. The 
spectrum is symmetrical about the central line and the intensity distribution of 
one half is 1 : 2 : 2 : 1 : 4  within experimental error. The proton resonance 
spectra of these molecules exhibit two groups of lines and the lines in the group 
on high field side are slightly broadened when compared with the lines on low 
field side. Assuming the signs of the coupling constants are the same the spectra 
have been analysed using the procedure described in reference [1]. The various 
parameters are listed in the table. In order to get the best fit between the experi- 
mental and theoretical spectra the quartic equations have been solved by the 
iteration method [7]. The agreement between the calculated and observed 
spectra is shown in figures 1, 2, 3 and 4. Only one fluorine spectrum is given 
as all are similar. 

3.1. Perturbation analysis of the system A2B2X 
In the total Hamiltonian 

H= ZVJzk + ZJi~ I i. Ij 
k i < j  

the contribution due to the terms 

S ~ = ZVkI~k +J1~I~1I~2 +Ja4IzaI~4 + ~ 2J2mI~J~,n + Z 2J~J~nI~ 
k m = 3 , 4  n ~ 2 ,  3 

has been chosen as the unperturbed Hamiltonian. The remaining terms 

U' =Jl~(IxJx~ + X~,~I~,~) + g~4(Ixgx4 + Iygu4) + Z ZJ~,,(IxJx,, + I~,~Iv,~) 
m ~ 3, 4 

+ Z 2J,,~5(IxnIxs+Iu~Ius) 
n - - 2 ,  3 

are treated as perturbation. 
According to the set of basic functions given in part I, the difference between 

some of the energy levels is of the same order as the corresponding off-diagonal 
elements. For example, Hg, lo/(H99-Hlo, lo) is of the order of unity and a per- 
turbation calculation is inappropriate. A different set of basic functions, similar 
to the one given by Richards and Schaefer [8], is, therefore, selected. The 
diagonal and off-diagonal matrix elements have been obtained without the 
simplifying assumptions of Richards and Schaefer [8], i.e. without setting the 
para H - H  coupling constants to zero and the two meta H - H  coupling constants 
equal. 
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Figure 1. 19F N.M.R. spectrum ofpara fluoro nitrobenzene at 40 Mc/sec. 
(a) Experimental. (b) Calculated. 

Figure 2. lI-I N.M.R. spectrum ofpara fluoro nitrobenzene at 40 Mc/sec. 
(a) Experimental. (b) Calculated. 
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Figure 3. 1H N.M.R. spectrum of para fluoro benzoyl chloride at 40 Mc/sec. 
(a) Experimental, (b) Calculated. 

Figure 4. 1H N.M.R.  spectrum of para fluoro benzene sulphonyl chloride at 40 Me/sec, 
(a) Experimental. (b) Calculated. 

The first-order correction to the energy levels is the diagonal matrix element 
of the perturbation and it is zero as the z-component of the spin-spin interaction 
is included in the unperturbed part. The second-order perturbation correction 
[9] for the various levels has been calculated and the spectra have been analysed 
to determine all the parameters (table). 

It  has been found from the analyses that M = 0, i.e. the two meta H - H  coupling 
constants are equal unlike the compounds studied in reference [1]. The values 

M.P. F 
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82 G. Aruldhas and P. Venkateswarlu 

of the parameters obtained at 56.445 Mc/sec are in agreement with those at 
40 Mc/sec. The values of the corresponding coupling constants obtained here, 
including those in reference [1], do not differ appreciably from one compound to 
another. Further, it does not deviate much from the corresponding values for 
monofluorobenzene [10], 4d-fluorobenzene [11] and other substituted benzenes 
[8, 12, 13], showing that they are not very sensitive to substitution. But the 
dependence of chemical shifts on the substituent appears to be considerable. 

The authors are thankful to Dr. P. K. Kelkar, Director, Indian Institute of 
Technology, Kanpur, for his kind interest in the progress of the work. 

The spectra at 40 Mc/sec are taken with the high resolution N.M.R. spectro- 
meter at the Muslim University, Aligarh, and those at 56.445 Mc/sec with the 
spectrometer at the Tata Institute of Fundamental Research, Bombay. The 
authors wish to express their thanks to the authorities of both the institutions. 
Thanks are due to Dr. S. S. Dharmatti for the cordiality shown to one of us 
(G. A.) during his stay in Tata Institute. 

The authors are also thankful to Dr. P. T. Narasimhan for the many helpful 
discussions and to Dr. K. W. Gopinath for his help in preparing the chemicals. 
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