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The reactions of hexadecyl chloride on copper chromite, copper-on-silica, and Raney copper 

hydrogenation catalysts suspended in squalane have been studied in the temperature range 100- 

200°C. In the presence of hydrogen, dehydrohalogenation with the formation of hexadecene and 

adsorbed chlorine takes place. The total amount of hexadecene formed was found to increase with 
temperature. It is suggested that chemisorbed hydrogen takes part in the reaction mechanism. 

Similar results were obtained with hexadecyl bromide. 

INTRODUCTION 

The present paper reports some work 
carried out as part of an investigation of the 
poisoning effect of halogen-containing com- 
pounds on the copper-catalyzed hydrogena- 
tion of polyunsaturated fatty oils. Rela- 
tively few studies of the reactions of alkyl 
halogenides on metal surfaces have been 
published. 

To our knowledge, the only one that in- 
cludes copper metal is that of Anderson and 

McConkey (I). They studied the reactions 
of methyl chloride over a series of evapo- 
rated metal films and concluded that ad- 
sorption resulted in rupture of all car- 
bon-chlorine bonds before any 
carbon-hydrogen bonds were broken. On 
several metals, including copper and nickel, 
methane was the only hydrocarbon prod- 
uct. Campbell and Kemball (2) have stud- 
ied the catalytic hydrogenolysis of ethyl 
chloride and ethyl bromide on various 
evaporated metal films. The main reaction 
products were ethane and hydrogen ha- 
lides, although ethylene was also formed 
on nickel and iron. It was shown that the 
hydrogen halides inhibited the reactions. 
The same authors (3) also showed that tert- 

butyl chloride reacts rapidly with hydrogen 
over nickel films at subzero temperatures to 
produce isobutene and isobutane. In a pre- 
vious study of the poisoning effect of halo- 

gen-containing compounds on the nickel- 
catalyzed hydrogenation of polyunsat- 
urated fatty oils (4), it was found that while 
vicinal dichlorides, 1, l-dichlorides, alkyl 
bromides, and alkyl iodides were powerful 
catalyst poisons, simple alkyl chlorides did 
not affect the catalyst activity. This was 
accounted for in terms of the competitive 
adsorption of the fatty acid double bonds 
and was recently verified by Heldal (5). In 
order to avoid such effects and also to sim- 
plify analysis, the present study was carried 
out with squalane as the liquid phase. 

Hexadecyl chloride was chosen as a model 
substance due to its low vapor pressure, 
thus minimizing losses due to stripping ef- 
fects. 

EXPERIMENTAL 

The reactions were carried out in a 50-ml 
glass reactor equipped with a heating man- 
tle and magnetic stirrer. The temperature 
was controlled by an Ether Mini tempera- 
ture controller connected to a thermocou- 
ple inside the reactor. Hydrogen or nitrogen 
could be supplied through a capillary close 
to the bottom of the reactor. Injection of the 
reactant was performed through a septum 
at the top of the reactor. In a typical experi- 
ment, 20 g squalane and an amount of cata- 
lyst corresponding to 0.5% Cu (g Cu/lOO g 
squalane) were charged into the reactor fol- 
lowed by evacuation and purging with ni- 
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trogen. The temperature was raised to 
170°C and the catalyst was reduced for 30 
min in a slow (10 ml/min) stream of hydro- 
gen. The temperature was then adjusted to 
the desired level followed by addition of the 
hexadecyl chloride. A water trap connected 
to the hydrogen gas outlet made it possible 
to determine whether hydrogen chloride 
was produced in the reactor and stripped 
off by the hydrogen gas. Filtered samples of 
the reaction mixture were analyzed by gas- 
liquid chromatography on a 1.75-m x 3-mm 
3% Dexil410 on 100/120-mesh Supelcoport 
column at 180°C. For separation of hexa- 
decane and hexadecene, a column consist- 
ing of 12 cm 3% Dexil410 on 100/120-mesh 
Supelcoport followed by 163 cm 10% SP- 
2340 on 100/120-mesh Chromosorb W AW 
operated at 120°C was used. Reagents: l- 
hexadecyl chloride (zur syntese, 98%) and 
1-hexadecyl bromide (zur syntese, 95%) 
were delivered by Merck. The copper chro- 
mite was Girdler G-89 containing about 
39% Cu, 32% Cr, and 2.5% Mn. Raney 

copper (puriss) was obtained from Fluka 
AG. Copper-on-silica (15% Cu) was pre- 
pared according to Koritala (6). Silica gel, 
grade 95 1 with a specific surface area of 750 
m2/g, was obtained from W. R. Grace AB, 
Sweden. Squalane (Cs0He2) was supplied as 
pure grade by Koch-Light. 

RESULTS 

The reaction of hexadecyl chloride 
(HDCl) and hydrogen on various copper- 
based hydrogenation catalysts suspended in 
squalane was studied in the temperature 
range of lOO-200°C at a hydrogen pressure 
of about 1 atm. GLC analysis of the liquid 
phase revealed that hexadecene (HDE) was 
the only hydrocarbon formed, i.e., a dehy- 
drohalogenation was taking place. 

The water in the water trap was analyzed 
for HCl by titration with Hg(N0,)2. In no 
case could HCl be detected. In some spe- 
cially designed experiments the hydrogen 
flow was increased to 2.5 liters/min, pass- 
ing into the liquid phase through a glass 
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FIG. 1. Dehydrohalogenation of hexadecyl chloride (HDCl) on copper chromite at 100°C. Concentra- 
tions of HDCl and hexadecene (HDE) versus time. 0.5% Cu in 20 g squalane at 1 atm Hz. C&,c, = 7.5 X 
10e5 mole kg-l. (HDCl)., = @=, - (CHDCI + CHD,& 
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sinter filter in order to obtain finely dis- hydrogen through the reaction mixture did 
persed gas. Even so, no HCI could be de- not cause any noticeable loss of HDCl in 
tected in the water trap. This result is in the course of 120 min at 170°C. Neither 
striking contrast to previous findings with does it appear that HDE is lost, judging 
Ni catalysts (4, 5) where the amount of HCl from the HDE curve of Fig. 1 and that at 
formed was proportional to the decrease in 200°C in Fig. 2. 
the concentration of the organic chloride. Increasing the initial concentration of 

Figure 1 illustrates the course of the reac- HDCl by 50% had no visible effect on the 
tion on a copper chromite catalyst at 100°C. amount of HDE produced. It thus appears 
The catalyst was reduced for 30 min at that the catalyst sites responsible for dehy- 
170°C while suspended in the squalane drohalogenation are completely poisoned 
phase prior to addition of HDCI. The bro- by adsorbed chlorine. 
ken curve represents the difference be- Figure 2 shows the effect of temperature 
tween the initial concentration of HDCI and on the formation of HDE on the copper 
the sum of the concentrations of HDCl and chromite catalyst. 
HDE versus time, and is assumed to indi- Table 1 summarizes some experimental 
cate the amount of HDCl adsorbed on the data at the various reaction temperatures. 
catalyst. This material balance is based on The total amount of chlorine (Xl) ad- 
the fact that no HCl was formed in the sorbed (mmol/gCuCr) either as Cl atomsor 
reaction and on separate experiments as HDCI, when the rate of dehydrohalo- 
which showed that the modest stream of genation was approximately zero, is given 
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in the last column. CC1 is set equal to the 
sum of HDE and (HDCI),,,, as HDE and 
adsorbed chlorine atoms are formed in 
equimolar amounts. 

Figures 3 and 4 illustrate the course of 
the reaction at 170°C on a copper-on-silica 
and a Raney Cu catalyst, respectively. It is 
seen that the copper-on-silica catalyst is by 
far the most efficient dehydrohalogenation 
catalyst in terms of the amount of HDE 
formed per unit weight of copper before the 
catalyst is completely poisoned. 

TABLE 1 

Final Concentration of HDE and (HDCl),,, and 
Corresponding Total Amount of Cl Adsorbed per 

Gram Catalyst at Various Temperatures 

(do 
HDE” (HDClhP Xl” 

100 4.5 0.6 0.40 

140 5.5 0.8 0.49 
170 7.6 1.1 0.68 

FIG. 2. Concentration of hexadecene (HDE) versus 200 9.5 1.8 0.88 

time at various temperatures. 0.5% Cu (copper chro- 
mite) in 20 g squalane at 1 atm Ht. C&,,, = 7.5 x 10e3 a Concentrations in mihimoles per kilogram. 
mol kg-’ (100 and 140°C) and 12.5 x 1O-3 mol kg-r (170 *Xl = HDE + (HDCl),,, in millimoles per gram 
and 200°C). CuCr. 
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FIG. 3. Dehydrohalogenation of hexadecyl chloride 
(HDCl) on copper-on-silica at 170°C. Concentrations 
of HDCl and hexadecene (HDE) versus time. 0.5% Cu 
in 20 g squalane at 1 atm HI. C&,-, = 14 x 1O-3 mol 
kg-‘. WDCO,,, = GE,, - (Cam, + Ca&. 
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FIG. 4. Dehydrohalogenatlon of hexadecyl chloride 
(HDCl) on Raney Cu at 170°C. Concentrations of 
HDCl and hexadecene (HDE) versus time. 0.5% Cu in 
20 g squalane at 1 atm Hz. Co,, = 14 x 1O-3 mol kg-l, 
(HDCl),,. = C&l - (Carm + C,d. 

A series of experiments carried out with 
hexadecyl bromide gave results which were 
qualitatively similar to those obtained with 
hexadecyl chloride. 

The experimental procedure involves a 
reduction of CuO or CuCr,04 to metallic Cu 
at 170°C and 1 atm H2 for 30 min, as it 
seems fairly well established that metallic 
Cu is the active catalytic species in hydro- 
genation reactions (740). That this is the 
case also for the dehydrohalogenation reac- 
tion was verified in an experiment con- 
ducted in nitrogen atmosphere with unre- 
duced copper chromite (0.5% Cu) and 2.7 
x 10m4 mol HDCl in 20 g squalane at 170°C. 
In this case no HDE was formed. However, 
a slight decrease in the concentration of 
HDCl, corresponding to a loss of about 2 x 
lOA mol HDCl, was observed after 100 
min. Apparently, even the unreduced cop- 
per chromite is able to adsorb some HDCI. 
A similar result was obtained with the cop- 
per-on-silica catalyst. 

Although it may seem unlikely that the 
dehydrohalogenation reaction taking place 
on a reduced copper catalyst should require 
the presence of hydrogen, this was found to 
be the case. Figure 5 illustrates an experi- 
ment in which the copper chromite catalyst 
was prereduced for 3 hr at 170°C in a stream 
of Hz/N2, followed by evacuation at 0.01 
mm Hg for another 3 hr in order to remove 
adsorbed hydrogen. The pressure was re- 
stored with nitrogen and the catalyst was 
transferred to the reactor under a nitrogen 
blanket. It is seen that in this case only a 
small amount of hexadecene is formed. An 
almost identical result was obtained with 
the copper-on-silica catalyst. 

DISCUSSION 

The main reaction products resulting 
from the copper-catalyzed dehydrohalo- 
genation of hexadecyl chloride (HDCl) ap- 
pear to be hexadecene (HDE) and equi- 
molar amounts of chlorine, as no noticeable 
amounts of HCl could be detected. It is 
furthermore well established (11, 13) that 
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FIG. 5. Dehydrohalogenation of hexadecyl chloride 
(HDCI) on reduced copper chromite at 170°C in nitro- 
gen atmosphere. Concentrations of HDCl and hexa- 
decene (HDE) versus time. 0.5% Cu in 20 g squalane. 
CoHOCl = 14.5 x IO+ mol kg-l. (HDCI),,, = C’&, - 
(Cam + GDE). 

the chlorine formed remains adsorbed on 
the catalyst surface at the temperatures in 
question. 

From Fig. 1 it is seen that the rate of 
formation of HDE is approximately zero 
after a reaction time of 420 min at 100°C. 
Apparently, the catalyst is at this point al- 
most completely poisoned towards further 
dehydrohalogenation. 

It is furthermore seen that after a short 
period of very rapid reaction, in which 
about 40% of the final amount of HDE is 
formed, the rate decreases quite abruptly to 
a substantially lower value, This effect is 
even more pronounced at higher tempera- 
tures, as is evident from Fig. 2. Thereafter 
the rate proceeds to decrease in a manner 
to be expected from the fact that the poi- 
soned fraction of the catalyst surface in- 
creases proportionally to the amount of 
HDE formed. This reaction pattern may 
perhaps be ascribed to the presence of var- 
ious types of catalytic sites, the activities of 
which are widely different. In the first 

stage of the reaction, dehydrohalogenation 
mainly takes place on the most active 
“Type 1” sites. When the point is reached 
where the rapid decrease in rate is evident, 
the major part of the Type 1 sites is poi- 
soned by adsorbed chlorine and the reac- 
tion proceeds on the less active “Type 2” 
sites. Due to the high rate of reaction in the 
first stage, the decrease in rate due to the 
increasing poisoning of Type 1 sites is not 
easily observed. 

From Fig. 2 it is seen that both the rate 
and the amount of HDE formed in the first 
stage increase with increasing temperature, 
whereas the opposite is true for the second 
stage. At 200°C the contribution from the 
second stage is almost negligible. While the 
increase in rate may be ascribed to the ap- 
parent activation energy of the reaction, the 
increase in the amount of HDE formed dur- 
ing the first stage implies that the number of 
Type 1 sites increases with temperature. 
This follows from the fact that HDE and 
adsorbed chlorine are formed in equimolar 
amounts and it appears unlikely that ad- 
sorbed chlorine is subject to a rapid surface 
migration from Type 1 to Type 2 sites. The 
decrease in HDE formed in the second 
stage at higher temperatures similarly indi- 
cates that the number of Type 2 sites de- 
creases with increasing temperature. 

For the same reasons, the increase with 
temperature in the total amount of HDE 
formed (Table 1) indicates that the total 
number of catalytic sites available for dehy- 
drohalogenation also increases. It thus ap- 
pears that the distribution of the catalytic 
sites between various levels of activity de- 
pends on temperature. 

From Table 1 it is seen that the amount of 
HDCl adsorbed on the catalyst increases 
with temperature, contrary to what would 
be expected for an adsorption. Within the 
time scale of the experiments, this HDCl 
appears to remain a&orbed on the surface 
without further reaction. It seems that even 
a third type of catalyst site is present. Re- 
garding the possibility of a positive heat of 
adsorption as unlikely, it appears that the 
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number of these sites increases with tem- 
perature. Although the Cr,O, known to be 
present (8) in the copper chromite catalyst 
may play a role, it cannot be entirely re- 
sponsible, as some “permanently” ad- 
sorbed HDCl is also found with the copper- 
on-silica and the Raney Cu catalysts. 

Figures 3 and 4 illustrate that the dehy- 
drohalogenation reaction is not specific for 
the copper chromite catalyst. From Fig. 3 it 
is seen that the copper-on-silica catalyst 
distinguishes itself from the other catalysts 
on two accounts. For one thing, the abrupt 
change in the rate of formation of HDE at 
low reaction times appears to be absent. A 
possible explanation may be that the Type 2 
sites, ifpresent at all, are converted to Type 
1 sites at this temperature. Experiments 
carried out at lower temperatures might re- 
solve this question. Secondly, the concen- 
tration of HDCl is seen to be negligible after 
about 60 min. Thus when compared on a 
weight basis, the copper-on-silica catalyst 
is by far the most effective dehydrohalo- 
genation catalyst. It is interesting to note 
that this catalyst was also found to be more 
active than the copper chromite in the hy- 
drogenation of fatty oils (5). 

From Fig. 4 it is seen that a relatively 
modest amount of HDE is formed on the 
Raney Cu catalyst. This is not unexpected 
in view of the relatively low surface areas of 
such catalysts. 

Earlier studies of the reaction of alkyl 
chlorides with hydrogen on nickel surfaces 
(2, 3, 5) have revealed that alkenes as well 
as alkanes are formed. In contrast to the 
present results with copper catalysts, it was 
also shown that on nickel, HCl is produced 
in an amount that is almost proportional to 
the decrease in the concentration of the or- 
ganic chloride. Assuming that alkanes 
result from hydrogenation of alkenes pro- 
duced by dehydrohalogenation, the ab- 
sence of alkane formation over copper 
catalysts is understandable as it is a 
well-established fact that copper catalysts 
do not hydrogenate olefinic double bonds. 

In Figs. 1, 3, 4, and 5 the curves denoted 

(I-IDCl),,, are obtained from a material bal- 
ance in which the possible adsorption of 
hexadecene was neglected. Recently Lide- 
felt (12) showed that olefins do adsorb on 
copper catalysts, although no hydrogena- 
tion takes place. In spite of this, it seems 
unlikely that hexadecene is able to compete 
successfully with hexadecyl chloride for the 
active sites on the catalyst. This is sup- 
ported by the results obtained in a recent 
study of the effect of chlorinated com- 
pounds on the copper chromite-catalyzed 
hydrogenation of soybean oil (13). Here it 
was shown that chlorinated compounds in 
amounts corresponding to about 3 x lOA 
mol Cl/kg oil adsorbed rapidly and quanti- 
tatively on copper chromite (0.5%) in spite 
of the large concentration of polyunsatu- 
rated acyl groups. It was also shown that 
the reduction in catalyst activity per mole- 
cule Cl adsorbed decreased with increasing 
coverage. Although other explanations may 
be possible, such selective poisoning seems 
to support the view that the copper surface 
is distinctly heterogeneous with respect to 
the activity of the various catalytic sites. 

From a mechanistic point of view it is 
interesting to note that the dehydrohalo- 
genation mechanism apparently involves 
participation of chemisorbed hydrogen. 
Figure 5 shows that when a prereduced 
copper chromite catalyst is reacted with 
hexadecyl chloride in a nitrogen atmo- 
sphere, the amount of hexadecene formed 
is only about 15% of that obtained in the 
presence of hydrogen. This dehydrohalo- 
genation may either be due to some “irre- 
versibly” adsorbed hydrogen (14) remain- 
ing on the catalyst aftr;r evacuation or to the 
presence of some catalytic sites that are 
able to promote dehydrohalogenation with- 
out the participation of hydrogen. As ex- 
pected, a noticeable amount of HDCl re- 
mains adsorbed on the catalyst, as 
indicated by the broken curve in Fig. 5. 

Although the experimental results indi- 
cate that chemisorbed hydrogen partici- 
pates in the reaction mechanism, no infor- 
mation as to the specific role of hydrogen 
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has been obtained. The following mecha- 
nism may, however, be one possibility: 

I R-CH2-CH2-Cl + * = R-CH2-CH2-C,I 
I 
I 
* 

R 
YH 

H 
II 

‘FH2 
H+yI - R-CH=CH2 + H2 + Cl 

i 
! 

x 

It is entirely possible that Reaction II in- 
cludes intermediate steps as, for instance, a 
rupture of the carbon-hydrogen bond. 
Campbell and Kemball (2) suggested alter- 
native mechanisms for the formation of eth- 
ylene from gaseous ethyl chloride on nickel 
films in the presence of hydrogen at 184- 
343°C. These mechanisms were based on a 
reversible adsorption of ethyl chloride as 
the first step, but did not include participa- 
tion of chemisorbed hydrogen in the surface 
reactions. In view of the present results on 
alkene formation over copper catalysts, 
however, the possibility that a similar 
mechanism is operating over nickel cannot 

be entirely excluded. 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6 

7. 

8 

9. 
IO 

Il. 

12. 
13. 

14. 

Anderson, J. R., and McConkey, B. H., J. Catal. 
11, 54 (1968). 
Campbell, J. S., and Kemball, C., Trans. Furaduy 
Sm. 57, 809 (1961). 
Campbell, .I. S., and Kemball, C., Kiner. Kafcd. 5, 
4 (1964). 
Mark, P. C., and Norgird, D., J. Amer. Oil. 
Chem. Sot. 53, 506 (1976). 
Heldal, J. A., “Poisoning of Copper Catalysts,” 
thesis. University of Trondheim, Norway, 1981. 
Koritala, S., .I. Amer. Oil. Chem. Sac. 49, 83 
(1972). 
Van Rabes, J., and Schenck, R., Z. Elektrochem. 
52, 37 (,1948). 
Miya, B., Hoshino, F., and Iwasa, I., J. Cara/. 5, 
40 (1966). 
Bond, W. D., .I. Phys. Chem. 66, 1573 (1962). 
Johansson, L. E., and Lundin, S. T., J. Amer. Oil. 
Chem. Sot. 56, 974 (1979). 
Goddard, P. J., and Lambert, R. M., Surf. Sci. 67, 
180 (1977). 
Lidefelt, J. 0. ,J. Amer. Oil. Chem. Sot., in press. 
Heldal, J. A., and Mark, P. C., J. Amer. Oil 
Chem. Sot., in press. 
Choudhary, V. R., and Srinivasan, K. R., J. Chro- 
mntogr. 148, 373 (1978). 


