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Abstract

SO3H-functionalized ionic liquids have been employed as an alternative reaction medium to conventional acid

catalysts for oligomerization of various olefins, to produce branched olefin derivatives in high conversions and excellent

selectivity. The ionic liquid plays a dual role as both catalyst and solvent, providing an efficient and reusable acidic

catalyst system for the oligomerization of olefins.
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As one of the most important areas in chemical

and oil refining industries, catalytic oligomeriza-

tion of lower alkenes has attracted much attention

in the past years. Since the report of silica sup-

ported phosphoric acid, which was the first com-
mercial application catalyst [1]. Various solid acids

such as H-ZSM-5 zeolite [2], large-pore zeolites

with high silica-to-alumina ratio [3] and cation-

exchanged clays [4], were widely investigated. But

till today, the poor controllability in product dis-

tribution and rapid deactivation of the catalysts
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were still insolvable because the restricted acces-

sibility of uniform acidic sites, high molecular

weight/active-site ratios, and water, coking resis-

tant solid acids.

Ionic liquids have received a great deal of at-
tentions in the last few years due to their broad

range of potential uses [5]. In oligomerization re-

actions, chloroaluminate ionic liquid [6] was suc-

cessfully used as solvents for nickel catalysts to

overcome deactivation of catalysts while its sensi-

tivity to air and water severely limited their further

application. The designability of the ionic liquids

gave us more chance to achieve fitful ionic liquids
of special properties according to given reactions.

A typical example was the appearance of the air,

water stable and strong Brønsted acid ionic
ed.
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liquids, in which an alkane sulfonic acid group was

covalently tethered to the imidazolium cation [7].

This series of functional ionic liquids offered a new

possibility for developing environmental friendly

acid catalysts because it combined the advantages

of liquid acids and solid acids, uniform acid sites,
water and air stable, easy separation and reusable.

In this paper, we report the use of these ionic

liquids, 1-(4-sulfonic acid) butyl-3-alkylimidazo-

lium triflate (Fig. 1, I and II), as solvent and cat-

alyst independently for oligomerization of olefins

without using other catalyst [9].

Oligomerization of olefins with different struc-

tures were conducted in the above ionic liquids I
and II. As it was shown in Table 1, when the

oligomerization of i-butene was conducted, 68% of

conversion and 99% of total selectivity to C8 + C12,

which were now regarded as one of the main al-

ternatives for the production of high-octane gas-

oline, were obtained over ionic liquid I (entry 1).

When ionic liquid I was replaced by II, the con-

version reached to 94% and almost same selectivity
to C8 + C12 was maintained (entry 2). The greatly

increase in catalytic activity could be attributed to

high solubility of i-butene in ionic liquid II because

the lipophilicity of ionic liquid increases with the

increasing of carbon number of substituted alkyl

in imidazolium cation. In addition, the products of

this oligomerization reaction were insoluble in

these two ionic liquids and, therefore, the products
could be simply decanted out from the ionic liquid

after reaction. The ionic liquid could be reused

directly and only slightly deactivation occurred

even at the seven times (Fig. 3).

It was worth to note that 36% of C12 selec-

tivity in the ionic liquid II was three times than

that obtained in the ionic liquid I and the reason

might be attributed to the high dissolvability of
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Fig. 1. The structure of SO3H-functionalized ionic liquids.
C8 in ionic liquid II. Further experiments indi-

cated that lower reaction temperature and

shorter reaction time were unfavorable for the

conversion of i-butene (entry 3 and 4). Some

H2O was added to investigate its effect on the

catalytic activity of ionic liquid II and similar
result as ionic liquid I was obtained (entry 5).

The decrease of the lipophilicity of ionic liquid

might be the main reason for this change and it

also offered us a possible method to control the

distribution of the products. All these results

reminded us to examine other oligomerization of

olefins to check the catalytic activity of the

SO3H-functionalized ionic liquid (see Fig. 2).
In the oligomerization of 1-butene over the

SO3H-functionalized ionic liquid I, large amounts

of 2-butene (including 2-(E)-butene and 2-(Z)-
butene), which was the isomerization products of

1-butene, was detected (entry 6) while the desired

C8 and C12 products were only 16% and 10%, re-

spectively. The use of ionic liquid II could improve

the reactivity in some extent and the selectivity to
C12 reached to 15% (entry 7). If longer terminal

olefin, such as 1-hexene, was used as reactant, it

was found that only isomerization reaction oc-

curred (entry 8 and 9).

Oligomerization of a-methylstyrene was suc-

cessfully conducted, especially in ionic liquid II.

Nearly 100% of conversion was achieved and the

selectivity to dimer products exceeded 90% (entries
10 and 11). Small amounts of 2,3-dihydro-1,1,

3-trimethyl-3-phenyl-1-H-indene was also detected

in the dimer beside 2,4-diphenyl-4-methyl-2-pen-

tene (E and Z) and 2,4-diphenyl-4-methyl-1-pen-

tene which indicated that alkylation between

aromatic ring and olefinic bond occurred. The

controllability of the SO3H-functionalized ionic

liquid for oligomerization of olefins was further
studied by the reaction of 1,3-butadiene. In the

ionic liquid I, 84% of C8 as well as 14% of C12 were

detected in the products, it indicated that the main

reaction was dimerization (entry 12). While ionic

liquid II, the more lipophilic ionic liquid, was used

as catalytic system, the selectivity to C12 exceeded

80% (entry 13). A similar result was achieved when

isoprene was used as reactant (entry 14 and 15).
All these results exhibited the strong controllabil-

ity of the catalytic activity by modulating the



Sel.(%) 
Entry 

Olefins 
ILs

  
Con. (%)b 

dimer trimer isomer tetramer

1 I 68 65 22 12 0 1

2 II 94 46 15 36 0 3

3c II 50 32 11 56 0 1

4d II 67 41 13 44 0 2

5e II 82 63 21 15 0 1

6 I 59 16   10   +           74 0 

7 II 68 14   15   +           71 0 

8 I 9 0 0 76 24 0

9 II 13 0 0 75 25 0

10 I 95 64 21 10 5 0 0

11 II 99 60 20 11 9 0 0

12 I 100 54 9 8 Others 13 15 0 1 

13 II 100 8 1 1 Others  1 80 

 

0 9 

14 I 100 21 15 23 Others 22 11 0 8 

15 II 100 4 2 3 Others  1 79 0 11

    

    

    

   

    

    

    

    

    

 

 

Table 1

Oligomerization of olefins in ionic liquid with SO3H
a

aReaction conditions: 10 mmol ionic liquid (3.75–4.48 g), 41.7 mmol olefin, temperature 120 �C, time 6 h.
bConversion of olefins.
cReaction temperature: 90 �C.
dReaction time: 3 h.
eAdded 0.75 g (41.7 mmol) water to the ionic liquid.
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Fig. 3. Reuse of ionic liquid II in the oligomerization of i-butene.

Fig. 2. The structure of C8 and C12 in oligomerization of i-butene.
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structure of the SO3H-functionalized ionic liquids.

In addition, our acidic ionic liquid system should

represent a potential advantage in selectivity to

C8 + C12 in comparison with conventional solid

catalysts which are very difficult to restrict the

further oligomerization of i-butene [8].

In summary, the ionic liquids attached by SO3H
could be effective, green and reusable catalysts and

solvents for oligomerization of olefins. Particular

in the reaction of isobutene, high selectivity to

C8 + C12 was an important feature in comparison

with conventional solid acidic materials. The re-

activity of olefins can be controlled by the struc-

ture of ionic liquid and it could be reused for

several times even without deactivation.
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