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The side-chain chlorination of p-xylene was carried out 
0 

in a 0.5 Y CC1 
4 

solution, under irradiation of 3600 A UV sour 

08. The chlorine was introduced as a continuous constant flow 

in a stirred glass reactor kept at 30° or 50° by ofrculating 

thermostated water int: its jacket. Samples were taken and 

analyzed using vapor phase chromatography (Apiezon L grease 

on Chromosorb W at 135O). 

The analytical results fitted a system of competFtivg, 

consecutive irreversible reactions according to the scheme: 
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Compounds Y , D , Q and E were lsolsted as reaction pro 

ducts In a pure state # G was prepared from p-tolusldehyde and 

PC1 
5’ 

Using these pure samples the. oorremppondlng pesks'were 12 

dlvlduated on the gas chromatograms of the resotlon mixtures. 

Two other peaks, coming out with reasonable values of the rete; 

tlon time in the gas chromatographlc sequence, were sttributed 

to T and P OS the only possible choice. Other products <for 12 

stance ring chlorinated oompounds, did not appear in appreoi 

able amount. 

kX , kl[C , kMD, ..** are meant as rate constants of re82 

tlons first order reapeot both to chlorine and to the organic 

substrate, for 8 set of kinetic equations 8s follows : 
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dCX 
-= 

dt 
- kX cc cx 

dCM 
-L 

dt 
kX Cc Cx - ( kUC + kpD ) Cc CM 

dCG 
-5 

dt kMG cc 5 - kG Cc cG 
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(Ia) 

(Ib) 

(ICI 

. . . . . . . . . . . . . . . 

where C c ie the chlorine concentration! CX , CM , . . . . are the 

substrates concentrations. For eaoh chlorinated compound, except 

E, the concentration vs. time curve goee through a maximum. 

This corresponds to equations of the type I 

kMG + kMD 
kX 

cX at the maximum of ]I (ITa) 

kG can ?i = ‘G 

at the maximum of Q (IIb) 

. . . . . . . . . . . . . . . 

Furthermore the (kMC/kMD) ratio is equal to the limit value of 

the distribution ratio (CC/CD) at the initial time of reaction, 

that is I 

k MO cG -I 
kMD 

lim (r) 
CD-0 D 

(III) 
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Ploi,s were made reporting Cy vs. CX , CG ~8. CM , . . . . and 

(CG/CD) 1.8. CD in order to get the maximum or limit values rs 

quired from equations (IIa b , ,.... ) and (III). Relative rate 

8onstant:: (referred to the arbitrary value kX=l) were so obtak- 

ned. Four runs have been performed at 50° , some mainly covering 

the low degrees of chlorination , some the high ones. They gave 

the follc,wing average values : 

kX kMG kED kG kD kT kQ kF 

1 0.08: 0.234 0.396 0.0793 0.0333 0.00843 0.00346 

One run at 30° gave the values: 

1 0.075 0.235 0.353 0.0749 0.0277 0.00694 - 

The relative rate constants at 50° reported above were tes 

ted oalct.lating with them the concentrations Cx , CU , CG , . . . . 

as functjons of the degree of chlorination y. The mathematical 

treatment employed will be reported elsewhere. Continuous cur 

ves in FJg.1 represent the results of the calculation! the e& 

perimental points refer to only one run, -the other runs being 

equally satisfactory. 

As the rates of photochemical chlorinations are governed 

by the attack of Cl' rsdioals on C-H bonds (l), relative rate 

factors per C-H bond (fr)'were obtained taking into account 

the numbctr of hydrogens available for each reaction. They are 

reported in Table 1. 
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‘enc. 
g.moles/l) 

3 4 5 
7 (g.atoms Cl/g.mole p-xylene) 

FIG.1 

Yolar concentrations of reagent and products ~8. degree of 

chlorination (50"). Solid lines I calculated curves. Pointsr 

x xylene (X) 

l a-chloro-xylene (11) 

+ a,a-dichlora-xylene (0) 

. a,a'-diohloro-xylene (D) 

T a,a,a'-trichloro-xylene (f) 

A a,a,a’,a I-tetrachloro-xylene (4) 

x a,a,a,a',a'-pentachloro-xylene (P) 

0 a,a,a,a',a', a'-hexachloro-xylene (E) 
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TABLE 1 

Relat:tve rate faotors per C-H bond (fr) (at 50“). 

group present in the para position: I:etI:n:r:; 
CH 

3 
0.79 

As t'le data in Table 1 show , both ohlorine atoms in a- and 

ohlorinatsd groups in para- lower the reaotivity of the C-H bond 

towards t'le electrophilio Cl* radicals 5 however the former ef 

feot is larger than the latter. The relative reactivities in CH 
3 

and CHCl 2 differ by factors in the range 4-8~ between CH2C1 and 

CHC12 the factor is around 4. On the other hand the substitution 

of a Cl atom for hydrogen on the para group gives a reduction 

of rate bstween 1.2 and 2.1 , except when going from a-ohloro- 

(M) to a+-diohloro-p-xylene (G). However it should be pointed 

out that the f r factor referring to G is less accurate than the 

others, that oompound being always present in small amounts. 

On the,whole it appears that the inductive effect ,of chlo 

rine 4s gcverning the rates of the reactions. This has been 

found also by E.G.Haring and H.W.Knol on toluene (2) , their fr 

values bsing : 1 , 0.18 ) 0.042 (at 40°) for C-H bonds included 



No.44 3915 

in CH 
3' 

CH2Cl and CHC12 respectively. Similarly C.Benoy and 

J.C.Jungers (3) have found that side-chain C-H bonds in benzy& 

chloride react more slowly than in toluene by 8 factor lr 7. 

In contrast to this there are cases in which the inductive ef 

feet of chlorine is overcome by opposite influences, 8s for i" 

stance in the chlorination of trimethylacetic acid (4). 

Our experience at 30° indicates 8 lowering of almost all 

the relative rate constants respect to the 50° case. The same 

fact has been reported for toluene side-chain chlorination (2) 

in the range 40-100°. Clearly successive chlorinations after 

the first tend to have a higher activation energy. The incre 

ments AAE* are of the order of 1 Kcal/mole going from C-H 

in CH 
3 

to C-H in CH2C1 , and of 2 Kcal/mole going from 

H3C 
0- 

CH to 
3 

C12HC 
u 

CHC12. 
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