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The isotope exchange method was employed to investigate the catalytic mechanism of ionic liquid in alkylation of benzenes 
with olefins. It is proposed that alkylation was induced by the Lewis acid AlCl3 which attracted  electrons of 1-dodecene to 
shift toward 1-carbon, thus forming a carbonium ion. The carbonium ion further reacted with benzenes to form a complex. Due 
to unstabilit of the complex, a deuterated ring proton was transferred into an electronegative 1-carbon of the side chain to sub-
stitute for the AlCl3, accordingly 2-phenyldodecane was generated.  
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1  Introduction 

Ionic liquids as catalysts have been utilized in a wide vari-
ety of reactions, such as esterification, isomerization and 
alkylation. In order to effectively enhance the reaction 
process, investigation of the ionic liquid catalytic mecha-
nism is necessary. Linear alkylbenzene (LAB), a surfactant 
intermedium, was typically synthesized through alkylation 
of benzenes with olefins catalyzed by acidic liquid or such 
solids as HF or AlCl3. However these processes were re-
garded as being environmental unfriendly. Chloroaluminate 
ionic liquid used as the catalyst has been used for alkylation, 
facilitating separation of ionic liquid and products, having a 
low reaction temperature and high selectivity of 2-alkyl-     
benzene [1–4]. For improved control of the reaction process, 
the catalytic mechanism of chloroaluminate ionic liquid has 
been extensively reported [5–10]. Smith et al. [11] found 
that arene was protonated by [Bmim]Cl-AlCl3/HCl, sug-     
gesting that the reaction was catalyzed by Bronsted super-

acidity obtained from the reaction: arene + Al2Cl7


 + HCl = 

arene-H+
 + 2[AlCl4]

. Yoo et al. [12] studied the alkylation 
of isobutane with 2-butene in [Bmim]Br-AlCl3, and pro-
posed that alkylation is induced by a Bronsted acid 
[AlHCl3]

+ which was formed by association of [Al2Cl7]
 

with 2-H of imidazolium ring. 
Though many studies concerning the mechanism of ionic 

liquids were reported, active substance that induces reaction 
remain ambiguous. In this work the isotope substitution 
method was employed to reveal the catalytic mechanism of 
ionic liquids. Alkylation of deuteriobenzene with 1-dode-     
cene using Et3NHCl-AlCl3 as a catalyst was carried out, and 
then the product structures were analyzed by NMR and 
GC-MS. The reaction mechanism was determined by tracing 
the migration path of a D atom during the reaction process. 

2  Experimental   

2.1  Materials and the catalyst  

C6D6, purity 99.6%, was purchased from Sigma-Aldirich. 
1-dodecene, purity 99.9%, was obtained from Beijing 
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Chemical Reagent Company. Et3NHCl-AlCl3 was synthe-
sized according to previously reported methodology [13]. 
0.5 mol Ethylamine hydrochloride was placed into a 250 
mL round bottom flask with a stirrer, a reflux condenser 
equipped with a drying pipe and thermometer. 1 mol AlCl3 
in batches was introduced from a dosing funnel with the 
reaction temperature maintained at 40 °C. After all of the 
AlCl3 had been added, the mixture was stirred at room tem-
perature for 5 min, with the reaction subsequently carried 
out in a nitrogen atmosphere at 80 °C for 5 h.  

2.2  Chemical reaction  

A mixture of C6D6 (16.8 g) and 1-dodecene (5.6 g) in a mo-
lar ratio of 6:1 was placed into a three-necked flask into 
which 6.7 g of Et3NHCl-AlCl3 was introduced. The reaction 
mixture was continuously stirred at 30 °C for 15 min. The 
entire process was carried out in a nitrogen atmosphere. The 
liquid-liquid two phase formed when the reaction was ter-
minated and upper layer liquid was decanted for analysis.  

2.3  Analysis conditions  

GC-MS analysis was carried out on a SSQ710V instrument. 
Samples were separated using anHP-5MS capillary column. 
The initial column temperature was maintained at 80 °C for 
1 min, before being raised at the rate of 10 °C/min, and 
maintained at 300 °C for 10 min. The injection temperature 
was set at 290 °C, the transmisson line temperature was 250 
°C, the split rate was 60 mL/min and the carrier pressure 
was 16 psi. Mass spectra were acquired over the mass range 
35–350 amu; scan rate 1 scan/sec; energy ionization 70 eV. 

All NMR spectra were recorded on a JNM ECA-600 
(JEOL) instrument. The resonant frequencies for DEPT, 2D 
and two-dimensional NMR were respectively 150.91, 92.13, 
and 600.17 MHz. Analysis was carried out at  25 °C util-
izing C6D6 as a solvent. 

3  Results and discussion  

The alkylation product was separated and identified by 
GC-MS. The GC spectrum is shown in Figure 1 where 
peaks are assigned to 6-, 5-, 4-, 3-, 2-phenyldodecane as the 
retention time is prolonged. Selectivity of dodecylbenzene 
isomers defined as Ai/Atotal isomer (A: peak area) are listed in 
Table 1.  

3.1  Determination of dodecylbenzene isomer structures 

The MS spectrum of 2-phenyldodecane is shown in Figure 2 
and the detailed MS analysis is listed in Scheme 1. The peak 
at m/z 252 corresponded to the molecular ion (C6D5- 
C12H24D). The peak at m/z 111 was assigned to the 
phenylethyl carbonium ion (C6D5-C2H3D

+) which resulted 

 

Figure 1  GC spectrum of alkylation products of C6D6 with 1-dodecene. 

Table 1  Composition and selectivity of benzene products with 1-do-
decene catalyzed by Et3NHCl-AlCl3 

Product composition 2-LAB 3-LAB 4-LAB 5-LAB 6-LAB 

Selectivity (%) 39.3 19.8 13.9 13.8 13.2 

 

 

Figure 2  Mass spectrum analysis of 2-phenyldodecane.  

from the cleavage of C10H21 from the molecular ion. Fur-

ther cleavage of the phenylethyl ion and CHD resulted in a 
benzyl carbonium ion of m/z 96 (C6D5-CH2

+). MS analysis 
demonstrated that 2-phenyldodecane was part of a linear 
alkyl chain with a CH2D group. Mass analysis of 3- 
phenyldodecane is shown in Figure 3. The MS analysis 
process of 3-dodecylbenzene is shown in Scheme 2. The 
peak at m/z 252 was assigned to the molecular ion 
(C6D5-C12H24D), and the cleavages of C9H19·, C2H4D· from 
molecular ion resulted in fragment ions of m/z 125 and 222 
(C6D5-C3H5D

+, C6D5-C10H
+
20). Further loss of C2H3D,  
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Scheme 1  MS analysis of 2-phenyldodecane.

 

Figure 3  Mass spectrum of 3-phenyldodecane. 

C9H18 from the two fragment ions formed the high-abun-      
dance peak at m/z 96 which was allocated to the benzyl 
carbonium ion (C6D5-CH2

+). MS analysis demonstrated that 
3-phenyldodecane possesses a linear side chain with a 
C2H4D group. Similar to the mass spectrum analysis of 2-, 
3- phenyldodecane, 4-, 5- and 6- phenyldodecane were con-
cluded to respectively have the group of C3H6D, C4H8D 
and C5H10D. 

Because of the uncertainty of the D detailed position in 
the side chain of dodecylbenzene isomers, DEPT NMR was 
performed to ascertain the D position. The resulting spec-   
trum is shown in Figure 4(a). The positive peaks in the  

 

Scheme 2  MS analysis of 3-phenyldodecane.

range from 12.0 to 22.0 ppm corresponded to CH3 with oth-
ers in the range of 40.0–48.0 ppm corresponding to CH. All 
negative peaks were assigned to CH2. Spectra around  12.0 
and 22.0 ppm were enlarged to acquire the detailed structure 
and are respectively shown in Figure 4(b) and (c). In two 
figures the negative peaks were split into triple peaks which 
indicated that D exists in the CH2 group. Triple peaks in 
Figure 4(b) were attributed to the –CH2D of 3- – 6- phenyl-
dodecane and those in Figure 4(c) to the CH2D of 2- 
phenyldodecane. The lower electron density of the CH2D 
of 2-phenyldodecane is less than that of the CH2D of the 
other isomers due to electron withdrawal from the benzene 
ring which results in the CH2D of 2-phenyldodecane shift-
ing to the low field  22.0 ppm relative to that of the other 
isomers 12.0 ppm. Based on DEPT NMR analysis, D was 
determined to be connected to the 1-carbon of dodecylben-
zene isomers.  

Deuterium NMR was also performed to identify the D 
position in dodecylbenzene isomers with thespectrum 
shown in Figure 5. The peak at 1.1 ppm was assigned to the 
CH2D of 2-dodecylbenzene, and peaks at 0.8 ppm corre-
sponded to the –CH2D of 3- – 6-phenyldodecane whose po-     
larities were so similar that their peaks were overlaid. Deu-
terium NMR analysis further confirmed that D was located  

 

Figure 4  (a) DEPT NMR spectrum of the product. (b) Partial view of DEPT NMR spectrum ranging from 11.0 to 12.4 ppm. (c) Partial view of DEPT 
NMR spectrum ranging from 21.8 to 22.5 ppm.  
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Figure 5  Partial view of the Deuterium NMR spectrum of the benzene 
product with –dodecene catalyzed by Et3NHCl-AlCl3. 

on the1-carbon of side chain of dodecylbenzene isomers. 
HSQC analysis data is listed in Table 2. C, H chemical 

shifts of CH3 of 2-phenyldodecane were 22.0 and 1.2 ppm 
higher than those of CH3 with the other dodecylbenzene 
isomers at 12.0 and 0.8 ppm, which was consistent with 13C 
and 2D chemical shift in Figures 4(b), 4(c) and 5. The re-
sults tended to confirm the DEPT and Deuterium NMR 
analysis.  

H-H COSY analysis was performed with the cross peak 
data summarized in Table 3. The cross peak between H(CH3) 
at 1.2 ppm and H(CH) at 2.6 ppm was determined to be the 
CH3CH group of 2-phenyldodecane. Coupling between the 
H(CH3) peak at 0.8 ppm and the H(CH2) peak at 1.5 ppm 
was confirmed to be the CH3CH2CH group of 3-phenyl-
dodecane. 

The results of the HSQC and H-H COSY analysis ac-
corded with that of 2D and DEPT NMR. Theproduct struc-
tures, e.g., 2-, 3-phenyldodecane, were confirmed to be the 
structures shown in Figure 6. 

3.2  Deduction of the catalytic mechanism of ionic liquids 

There are two possible catalytic mechanisms within ionic 
liquids: the hydrogen proton or the Lewis acid catalytic 
mechanism. Therefore two pathways were proposed and the 
correct mechanism was obtained by comparing the deduced 
product structures with the analyzed ones. 

3.2.1  H proton catalytic mechanism 

It was assumed that the reaction was induced by H+ which 
attacked an unsaturated bond of 1-dodecene and formed 
H3C-CH⊕-C10H21. H3C-CH⊕-C10H21 reacted with benzene 
to form an unstable  complex. As D+ connected to the sp3 
hybridized carbon of  complex ring, 2-phenyldodecane 
was generated. The reaction process catalyzed by H+ is 
shown in Scheme 3.  

The other isomers were formed by alkylation of benzene 

 

Figure 6  Molecular structures of linear dodecylbenzene isomers. 

Table 2  Chemical shift of correlated 13C and 1H in the HSQC spectrum and the identification of the C-H of different groups  

Coupling between 13C/1H (ppm) C-H connection of the identified group 

22.0/1.2 C-H of CH3 of 2-dodecylbenzene 

12.0/0.8 C-H of CH3 of the other dodecylbenzene isomers 

22.0–32.0/1.1–1.2 C-H of CH2 

38.0/1.5 C-H of CH2 connected to CH 

46.0/2.3 C-H of CH 

48.0/2.2 C-H of CH 

40.0/2.6 C-H of CH   

Table 3  Chemical shift of correlated H and H in the H-H COSY spectrum and the corresponding group 

Coupling between 1H/1H  (ppm) Identified group 

2.6/1.2 CHCH3 group of 2-phenyldodecane 

1.5/0.8 CH2CH3 of 3-phenyldodecane 

1.2/0.8 CH3CH2- of 4- ,5-, 6-phenyldodecane 

1.5/2.2–2.6 CH2CH 

1.5/1.2 CH2CH2 
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Scheme 3  Catalytic mechanism of hydrogen proton in alkylation. 

with the other carbonium ions which were obtained through 
rearrangement of H3C-CH⊕-C10H21. Due to a discrepancy 
in the deduced product structures (see products in Scheme 3) 
with those (linear dodecylbenzene isomers in Figure 6) ob-
tained from MS and NMR analysis, the hydrogen proton 
catalytic mechanism was not established. 

3.2.2  Lewis acidity mechanism  

Quarmby et al. [14] reported that ionic liquids were lateral 
acids and could associate with such basic substances as ace-
tone, to form adduct B:AlCl3. Therefore it was proposed 
that alkylation was induced by the Lewis acid AlCl3 which 
was obtained by the dissociation of [Al2Cl7]

. The reaction 
process is illustrated in Scheme 4. Electron-withdrawal and 
the spatial effect of AlCl3 made  electrons of 1-dodecene 
move forward to 1-carbon, and the carbonium ion 
(AlCl3···CH2-CH⊕-C10H21) was formed. The carbonium ion 
attacked benzene to form an unstable  complex. Because 
D+ was more electrophilic than AlCl3, D

+ connected to the 
sp3 hybridized carbon of a ring would shift to the electro-
negative 1-carbon of a side chain to substitute for AlCl3, 
resulting in 2-phenyldodecane was generated.  

The other isomers were formed by the reaction of ben-
zene with the other carbonium ions which were obtained by 
the shift of the positive charge of AlCl3···CH2-CH⊕-C10H21. 
Based on the realization that product structures deduced 
from Lewis acid catalyst mechanisms were in accordance 
with ones obtained from GC/MS and NMR analysis, the 
Lewis acid AlCl3 catalytic mechanism was recommended. 

The Lewis acid mechanism also demonstrated that the 
selectivity of 2-phenyldodecane catalyzed by ionic liquid  

 

Scheme 4  Catalytic mechanism of Lewis acid AlCl3 in alkylation. 

was higher than that by HF, which was attributed to the 
slower rearrangement rate of AlCl3···CH2-CH⊕-C10H21 than 
that of the carbonium ion H3C-CH⊕-C10H21. 

4  Conclusions 

The alkylation mechanism of benzene with 1-dodecene 
catalyzed by Et3NHCl-AlCl3 was investigated in the present 
work. The reaction of C6D6 with 1-dodecene using 
Et3NHCl-AlCl3 as a catalyst was carried out. The product 
was analyzed by employing NMR and GC-MS techniques, 
which confirmed that one D of the benzene ring was trans-
ferred to the 1-carbon of the linear chain of dodecylbenzene 
during the reaction process. Based on the above information, 
a mechanism was suggested that 1-dodecene reacted with 
the AlCl3 obtained from the dissociation of an anion ion of 
ionic liquid ([Al2Cl7]

), and formed the carbonium ion 
(AlCl3···H2C-CH⊕ -C10H21). The carbonium ion further 
reacted with benzene to generate an unstable  complex, 
and D+ connected to the sp3 -hybridized carbon of the ring 
of the  complex which was transferred into an electronega-
tive 1-carbon of a linear chain to replace AlCl3, thereby 
generating 2-dodecylbenzene. The other isomers were gen-
erated by reaction of the rearranged carbonium ions with 
benzene.  

This work was supported by the National Natural Science Foundation of 
China (20676150). 
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