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The competitive reaction method is suitable for the kinetic study of fasr 
chemical reactions and the relative reactivites can be calculated from the Francis 
relntionshipld. Competitive chlorination of the pair of olefins, heptene-1 and cycl+ 
hexene has been carried out in carbon tetrachloride. Apart from unreacted heptene-I 
and cyclohexene, 1,2-dichloroheptane, 1,2-dichlorocyclohexane and 3-chlorocyclo- 
hexene can be found in the reaction mixture_ Their concentrations are generally in the 
range 10-4-10-3 llf. 

in order to establish the kinetics of the competitive chlorination reaction ai 
the pair of olefins heptene-1 and cyclohexene, the components mentioned above hali 
to be separated and determined. The low concentration, volatility and similar boiling 
points of the products led to the need for a gas chromatogaphic (GC) method. Ths 
literature mentions the use of dimethylsulpholane diethylene glycol succinate’l pal!- 
propylene glycol glycerine tripropionitrilate’ and tricresyl phosphate’ as stationar! 
phases for the separation of haloeenated olefin derivatives. 

EXPERIIMENTAL 

Experiments were carried out on a Carlo-Erba Fractovap D gas chromaro- 
graph equipped with a flame-ionization detector using argon as the carrier gas. Based 
on literature references and preliminary experiments, Carbowax 20M seemed to $ 
the best results. Chromosorb W (SO-100 mesh) was coated with 5 “/A Carbo\v::x 2051 
and packed into 1500 ;< 1 .S mm stainless-steel columns. 

Isothermal, temperature programmed, combined isothermal and temr-raturs 
programmed and tlvo-temperature isothermal separations were examined 
lowest concentration level (IO-” IV), the two-temperature isothermal method 
most satisfactory. 

Chloro derivatives obtained in the reactions were separated by prepara 
and their structures were determined by infrared and nuclear magnetic rr 
spectroscopy. 
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TABLE I 

su>lIMARY OF THE OPTIMAL ANALYTICAL CONDITIONS 
._.y 

PJranrerer Component . 

OIefins Chloro derivatives 
~.--- 
Cdumn temperature (“C) 80 140 
Evporator temperature (“Cl 250 250 
Dstector temperature (“C) 150 150 
Argon carrier gas flow-rate (ml/min) 15 40 
Hydrogen flow-rate (mi/min) 20 20 
\ir flow-rate (ml/min) 100 100 

3plitting ratio 1:s I:5 
Cbrt speed (mmlmin) 38.1 38.1 
bAysis time (min) 5 7 

To determine the optimal parameter settings, HETP versus carrier gas flow- 
rate relationships for heptene-1 at 80” and for n-tetradecane at 150” were obtained. 
The corrected retention time WSZLS separation temperature relationships of the com- 
Jonents in the temperature ranges 75-90” and 130-170” at the optimal carrier gas 
lo\+rate, and resolution reruns temperature relationships in the two ranges for each 
xcessive pair of components were also obtained_ The Kovrits retention indices of 
.he components were determined using the pure compounds obtained in preparative 
3C separations. The precisions and accuracy of the quantitation method with internal 
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Fig. 1. i ‘bomatogram of the initial reaction mixture in .the competitive chlorination of heptene-1 
ad W ,hexene. Peaks: 1 = heptane; 2 = heptene-1; 3 = cyclohexene. 
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Fig. 2. Chromatogram of the chlorinated reaction mixture in the competitive chlorination of hexene-i 
and cyclohexene. Peaks: 1 = 3-chlorocyclohexene; _ 7 = 1.2-dichloroheptane; 3 = l,Z-dichIoroqslc- 
hexane; 4 = tetralin. 

TABLE II 

KOSATS RETENTION INDICES OF THE COMPONENTS 

Con1poutd Tern_9erarure ( ’ C) 

so 140 
~~___ ___~ ~__ ~~ __ ~_ _ 

Hepprene-1 731 - 
Cyclohesrne 777 - 
3-Chlorocyclohexene - 1215 
1,2-Dichloroheptane - 1366 
1.2-Dichlorocyclchrsane - 1416 
Tetrrtlin - 1476 
_~_~~ .~ ~~~ ~_ 

TABLE III 

i\CCURACY AXD PRECISION OF THE QUANTITATION METHOD 

Dsta from nine determinations. 

Cotnpomd Anrounr in- Anlounr found Error &I! id 
jetted (mole) (averace) (PO) devi .:i*n 

(mole) (“5 
_ ~~__ __~ ~~_ - --- 

Heptene-I 6.26 - 10-a 6.31 -IO-’ iO.80 0.1: 
Cyciohe.xene 0.93 - 10-a 0.93. IO-’ +1.00 O.lt- 
3-Chlorocyclohexene 1.32s 10-a 1.30- 1o-a -1.38 0.2: 
I,?Dichloroheptane l.I4- IO-’ 1.12. 1o-a -1.05 O.lC 
1,2-DichlorocycIohexane 6.43. 1O-4 6.35 - 1O-i 40.75 0.15 
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Fig. 3. Corrected retention time versus temperature plots on 5 T< Carbowax 20M. 2; = corrected 
mention time. 1 = Heptane; 2 = heptene-1; 3 = cyclohexene. 
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Fig. 4. _omted retention time verslls temperature plots on 5% Carbowau 2OM. 1 = 3-Chloro- 
~YClok tne; 2 = l,&&chloroheptane; 3 = 1,2-dichloroeyclohexane, 4 = tetmlin. 
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standards was determined using model mistures prepared from the pure compoundi. 
The composition of the model mixtures represented the composition of typical reac- 

tion products. 

RESULTS 

The optimal separation conditions are summarized in Tabie I and the chrc- 
matograms obtained under these conditions are shown in Figs. 1 and 2. The Kook 
retention indices of the components determined at the optimal separation tempera- 
tures are given in Table II. The precision and accuracy of the quantitation method 
with n-heptane and tetralin as internal standards are presented in Table III. The r~- 
Iative standard deviation of the determinations in the concentration range IO--‘--lo- 
M was 0.1-0.2 7;. 

As indicated by the corrected retention time rer.ws temperature plots shown in 
Figs. 3 and 4, the order of elution of the components is always the same. 
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