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T A B L E  V I I  

Over-al l  C omposit.ion of the  9 - 1 5  Ca rbon  Dies t e r  F r a c t i o n s  

DUT T ON ET AL.: t [YDRAZINE-REI)UCED IANOLENIC ACIDS 1 7 9  

No. of carbon  a toms in Composit ion,  mole % 
diearboxyl ic  acid  

9 56.1 
10 0.9 
11 0.6 
12 25.3 
13 0.0 
14 O.O 
15 17.1 

fats. Depending on future  price and availability of 
hydrazine, whether premium prices for C12 and C15 
dibasic acids nlay be merited over those for C9 acids, 
and a number of unnamed factors, this process may 
be worthy of fu r ther  consideration. At present pilot- 
plant work may be justified to produce C12 and C15 
dibasic acids in amounts sufficent to evaluate their 
properties and to determine the demand for them in 
commercial products, such as polymers, plasticizers, 
and possibly fibers. 

Commercial production of Cr, dibasic acid has been 
announced recently, and numerous outlets are antici- 

pated (14). I f  this dibasic acid and not the Cls acid 
were desired, it would be derived from linoleic acid 
(3) or from linoleic acid-rich sources in soybean, 
safflower, and tall oils. 
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Investigations on the Side Reactions m Sulfonation 

Reactions-Hydrophobic Compounds m the 

Unsulfonated Oil Fraction. 
HIROSHI SHOJI and KANJI MAJIMA, Central Research Laboratories, Kao Soap Co., Tokyo, Japan 

Abstract 
Petroleum ether extracts of alkylbenzene sul- 

fonates prepared by sulfur trioxide, oleum, and 
sulfuric acid were compared. These extracts con- 
tained by-products as well as unreacted material. 
Dialkylbenzene, originally existing in raw alkyl- 
benzene, resisted against sulfonation, especially 
when sulfur trioxide was used as sulfonating 
agent. Sulfone formation seemed to occur in the 
early stage of su]fonation. Sulfonation with sul- 
furic acid gave different characteristics to the 
petroleum ether extract  compared with two other 
means. 

Int roduct ion 

T HE S U L F O N A T I O N  R E AC T IONS  o f  benzene and its 
alkyl derivatives have been studied extensively 

(10,11,12,15,17). The conventional sulfonating agents 
are oleum, sulfuric acid, and more recent, sulfur  tri- 
oxide (2,5,6,7,8,9,13,14).  These agents have been 
widely used, however, very little information is avail- 
able on the by-products formed during the reaction. 
The known by-products are: su]fonic acid anhydride,  
dialkylphenyl sulfone, polysulfonates, and other dial- 
kylated compounds (4,6,7,8,9,17).  The authors be- 
lieve that these compounds may seriously influence 
the sulfonation reaction. 

I t  is the purpose of this p a p e r  to report  our find- 
ings on the by-products, par t icular ly  the hydrophobic 
substances, formed in sulfonatiou reactions with sul- 
fu r  trioxide, oleum, and sulfuric acid. 

Exper imental  
Materials and Metho~ts. Alkylbenzene and u-do- 

deeylbenzene were used in the study�9 Alkylbenzene 

was a commercial product,  Alkane 56, made by Oron- 
ite Chemical Co.; n-dodecyl benzene was synthesized 
in the laboratory from n-dodecanoyl chloride (10). 
Sul fur  trioxide was distilled from 65% oleum. The 
sulfuric acid reagent was prepared from 22% oleum 
and 98% sulfuric acid. All solvents used were of 
reagent grade. 

Sulfonation. The sulfonation reactions with sulfur 
trioxide were carried out as described by Gilbert 
e t a l .  (7). Gaseous sulfur trioxide, mixed with dry  
air was bubbled through the sample. Eighteen sep- 
arate su]fonations were carried out with sulfur  tri- 
oxide at 40, 50, and 60C, for 1 and 2 hr  reaction 
periods 'each. One sample each was also sulfonated 
with oleum and sulfuric acid for cmnparison with 
s tandard process (13). The conditions of the reac- 
tion are given in Table I. 

Sample Preparation and Extraction. Sulfonic acid 
anhydride in the resulting reaction medium with sul- 
fu r  trioxide was decomposed to sulfonie acid by add- 
ing 1% of water w/w and the acid was neutralized 
with 10% NaOH. The hydrophobic substances were 
then extracted with petroleum ether according to the 
s tandard AST method 1568-58T (1). 

F rom the neutralized paste, 1.5-2.0 g of hydro- 
phobic oils were obtained. The degree of reaction 
was calculated using the following equation: 

Degree  of reac t ion  % = 
Combined  Alkylbenzene  

• 100 
Combined  Alkylbenzene  § P e t r o l e u m  ether  ex t rac t  

where  combined a lkylbenzcne = active ing red ien t  wi th  

246 
E p t o n ' s  t i t r a t i on  me thod  (3,16) •  

348 
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:FIG. 1. I R  s p e c t r a  o f  r a w  a l k y l b e n z e n e  a n d  p e t r o l e u m  e t h e r  

e x t r a c t s .  

Fractionation on Alumina Column. One to 2 g each 
of the extracts fract ionated on an 80 g alumina col- 
umn (25 mm X 500 mm).  Alumina (20{)to 300 mesh) 
was activated at 2{)0C for 2 hr. 200 to 300 ml of each 
of the solvents was used in the following sequence: 
petroleum ether, ethyl ether, chloroform and metha- 
nol. Twenty ml fractions were collected, solvents were 
distilled off and the d ry  residue weighed. The frac- 
tions for each solvent were pooled and analyzed by 
infrared (IR) and ultraviolet ( U V )  spectroscopy. 
The ]R spectra were determined in liquid state on 
Nihon Bunko Spectrophotometer Type IRS. The UV 
spectra were determined in ethanol solutions on a 
Hitachi apparatus Type EPS-2. 
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:FIG. 2. U V  s p e c t r a  o f  r a w  a l k y l b e n z e n e  a n d  p e t r o l e u m  e t h e r  

e x t r a c t s .  - -  A l k a n e  56 ,  - . . . . . .  N o .  1, N o .  
15,  1No. 19,  - -  . . . . .  N o .  20.  

Di-(p-Dodecyl Phenyl) SuIfone. The ethyl ether' 
eluate of petroleum ether extract  from n-dodecyl- 
benzene sulfonated with sulfur  trioxide was dried 
to obtain white solid. Recrystallization twice from 
n-hexane solution resulted in white crystal of M.P. 
69.2-70.0C. Mol wt was 545.7 by cryoscopic method. 
Theoretical value for di-(p-dodeeylphenyl) sulfone 
was 554.9. I t  had UV absorption maximum at 247 

3 {  

T A B L E  I 

Resu l t s  of  Su l fona t ion  Reac t ions  

Exp.  
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

20 

Sulfon + 
s t i n g  

a g e n t s  

SOs 

2 2 %  
Oleum 
1 0 o %  
H2SO~ 

P e r i o d  

1 h r  

2 h r  

Reac t ion  

Temp .  

J 

4O 

5O 

60 

4O 

5O 

60 

lV~o]e 
ra t io  
S 0 3 /  
H.C."  

1.00 
1.15 
1.30 
1.00 
1.15 
1.30 
1.00 
1.15 
1.30 
1.00 
1.15 
1.30 
1.09 
1.15 
1.30 
1.00 
1.15 
1.30 

3.00 

4.00 

Added  
S03 

mole 

0.95 
1.07 
1.14 
0.94 
1.04 
1.12 
0.92 
1.02 
1.08 
0.94 
1.07 
1.19 
0.94 
0.96 
1.21 
0.86 
0.91 
1.03 

R e a c  Ref rac -  
t ion r ive  

[egre index  b 

97.5 1.4952 
98.8 1.5058 
89.0 1.4862 
98.5 1.5035 
98.7 1.5091 
88.6 1.4831 
98.2 1.5039 
98.5 1.5091 
89.8 1.4872 
97.8 1.4971 
98.2 1.4985 
92.3 1 .4876 
92.8 1.4887 
99.0 1.5090 
85.9 1.4857 
91.7 1.4890 
98.5 1.5081 

99.0 1.5129 

99.3 1.4872 

a R a w  alkylbenzene ( m e a n  tool w t  2 4 6 ) .  
b R e f r a c t i v e  indices  of pe t ro leum ether  ex t rac ts .  
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:FIG. 3. C h r o m a t o g r a p h i c  s e p a r a t i o n  of p e t r o l e u m  e t h e r  ex -  

t r a c t s .  N o .  1, . . . . . . .  :No.  19,  . . . . .  N o .  20 .  
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TABLE I I  

Chromatographic Separation of Petroleum Ether Extracts 

Sa.mple 
No. 

1 

2 

3 

8 

9 

51 

13 

14 

15 

17 

19 

20 

Applied 
g 

5.0866 

0.2535 

1.5102 

1.3758 

0.6245 

0.8948 

1.8851 

0.4518 

1.0862 

1.5914 

0.6203 

Petro- 
leum Ethyl 
ether, ether 
g ( % )  g ( % )  

- ~ ~ ; -  
(92.9) (5.8) 
).7064 0.3086 
(68.9) (30.1) 
).0940 0.1588 
(36.1) (60.9) 
[.2752 0.1520 
(87.9) (10.5) 
).5721 0.7402 
(42.9) (55.4) 
).5399 0.0607 
(88.5) (9.9) 
).7720 0.0758 
(90.0) (8.8) 
1.6142 0.1833 
(89.5) (10.1) 
0.1437 0.2653 
(34.4) (63.4) 
0.9445 0.1159 
(88.0) (10.8) 
0.2780 1.0107 
(20.4) (74.2) 
0.2034 0.1134 
(51.4) (28.7) 

S t t O J I  AND M A J I M A :  U N S U L F O N A T E D  O I L  ' F R A C T I O N  

Eluted 
~mounts 

1.0250 

0.2606 

1.4500 

1.3345 

0.6093 

0.8583 

1.8048 

0.4181 

1.0729 

1.3613 

0.3954 

Recov- 
ery, 
% 

95.8 

94.3 

102.9 

96.0 

97.0 

97.6 

95.9 

95.7 

92.5 

98.8 

85.5 

63.7 

Chloro- 
form and 

metha- 
nol, 

g ( % )  

o.o193 
(1.3) 

O.OLOO 
(1.o) 

0.007~ 
(s .o)  

0.0228 
(1.6) 

0.0222 
(1.7) 

0.0087 
( i .6 )  

0.0105 
(5.2) 

0.0073 
(o.4) 

0.0091 
(2.2) 

0.0125 
(1.2) 

0.0726 
(5.4) 

0.0786 
(19.9) 

m~ in ethanol solution. The analysis showed: 
C a l c u l a t e d  F o u n d  

C % 77.92 78.05 
H % 10.53 10.72 
S % 5.78 5.87 

Results 
The I R  spectra of the petroleum ether extracts  for  

4 representat ive samples, pr ior  to the fract ionat ion 
on the column, are shown in F igure  1 along with a 
spect rum of Alkane 56. 

Characteristic bands were observed at  830 cm -1 
and 1330 cm -1 which showed increased absorbancies 
in these regions with the increase in the degree of 
reaction (Table I ) .  In  the sample Sulfonated with 
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oleum and sulfuric acid (no. 19 and 20) the absorb- 
aneies were significantly lower in spite of the higher 
degrees of reaction. 

The UV spectra of the same samples are shown in 
F igure  2. In  general, they gave significantly differ- 
ent spectra  with the spectrum of unt rea ted  mono- 
alkylbenzene. F igure  3 shows the elution pa t te rns  
obtained with 3 representat ive samples. 

Ninety-seven to 99% of the sample applied to the 
column was eluted with petroleum ether and ethyl 
ether. Small quanti t ies of a brownish yellow mater ia l  
was eluted with chloroform and methanol.  The dis- 
t r ibut ion of the fract ions is shown in Table I I .  The 
mater ia l  obtained with chloroform and methanol  is 
combined for the sake of convenience. The petro- 
leum ether eluates ranged f rom 34 to 80%. The 
quant i ty  of the eluate seems to be influenced by the 
ratio of su l fu r  trioxide to the hydrocarbon used in 
the reaction. 

Refract ive indices (n~ s) of the petroleum ether 
extracts also showed an increase with the degree of 
reaction (Table I ) .  

The I R  spectra of the petroleum ether eluates 
(Fig. 4) showed that  the difference of the degree of 
reaction caused the significant difference in absorp- 
tion, and the UV spectra (Fig.  5) showed that  the 
spectra  of sample reacted w i t h  oleum or sulfuric 
acid were significantly different f rom the one t reated 
with su l fur  trioxide which was similar to the spec- 
t ra  of untreated monoalkyl benzene and p-dialkyl 
benzene. 

The UV spectra  of the ethyl ether eluates were 
shown in F igure  6. The extinction coefficients at  
247 mt~ of all the eluates except No. 20 were found 
the same, i.e. E?~'n,= 41.2. 

Refract ive  indices of the eluates were 1.5243 (n~) .  

Discussion 
Petroleum Ether Eluates. I f  the petroleum ether 

extract  is unsulfonated alkylbeuzene, it should have 
the characterist ics of monoalkylbenzene, tha t  is of 'the 
raw materials.  There was substantial  monoalkylben- 
zene with low degree of reaction of alkylbenzene, b u t  
as the degree of reaction increased, the differences 
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between petroleum ether extracts  and raw alkylben- 
zene became marked.  These differences were (a) the 
I R  spectra of p-disubst i tuted benzene and sulfone ex- 
hibited stronger adsorpt ion;  (b) the UV spect rum 
absorption of alkylbenzene at  261 mt~ became weaker ; 
(e) they had higher refract ive indices than raw alkyl- 
benzene. 

The increased 1R absorption of p-disubsti tuted 
benzene might be a t t r ibuted to the increased concen- 
t ra t ion of dialkyl benzene, which was contained in 
the raw alkylbenzene in small quantities. However,  
the absorption at  830 em ~ in the Ii~ spectra, a band 
appear ing  at 247 m~ in the UV spectra and the re- 
fract ive indices increased with the degrees of reac- 
tion of alkylbenzene. These changes indicated that  
the constituents of petroleum ether extracts not only 
included unsolfonated alkylbenzene but  were seriously 
influenced by the by-products  produced dur ing the 
sulfonation reactions. 

The degree of reaction of alkylbenzene correlated 
with the refraet ive indices, in  other words, the petro- 
leum ether extracts,  obtained f rom the reactants  
having the same degrees of reaction, gave the same 
refraet ive indices, no mat te r  what  the reaction con- 
ditions were, indicating that  the petroleum ether 
extracts, obtained f rom the reactant  having the same 
degrees of reaction, resembled one with another  in 
their  constituents. 

Petroleum ether eluates were composed of hydro-  
carbons containing unsulfonated alkylbenzene and 
possibly hydrocarbon f ragments  produced by side 
reactions. 

This was substantial ly monoalkylbenzcne as long 
as the degree of reaction was low, as IR,  UV spectra 
were similar to the raw mater ial  and characteristic 
of monoalkylbenzene. However, in their  IR  spectra 
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Fro. 6. IR spectra of ethyl ether e]uates. 

absorbaneies at  830 cm 1 were general ly larger than 
the raw mater ia l  and increased with the degrees of 
reaction. This meant  tha t  dialkyl benzene, contained 
in raw mater ial  in small quantities, was not sulfon- 
ated more readily than monoalkylbenzene and was 
accumulated in petroleum ether extracts. This was 
in agreement  with the observation tha t  in the ex- 
t remely high degrees of reaction, the I R  and UV 
spectra of the petroleum ether eluate resembled 
that  of p-dialkylbenzene with no absorption bands at  
763 and 700 em -1, but  with a band at 830 cm -1, in 
the I R  spectrmn. The UV spectrum also resembled 
very  closely that  of p-dialkyl  benzene. The fact that  
the extinction coefficient (EI ,~)  was not in agreement 
with that  of raw material ,  even in low degree of 
reaction, meant  that  the unsulfonated alkylbenzene 
did not always have the same distribution of alkyl 
chain or alkyl chain branching as the raw material.  

F r o m  I R  spectra petroleum ether eluates obtained 
f rom oleum and sulfuric acid sulfonation seemed to 
have little dialkyl benzene in spite of their high 
degrees of reaction of alkylbenzene. This meant  that  
dialky] benzene was converted by sulfonating agents 
to some other material .  Fur thermore ,  the remarkable 
decreases in absorbancies a t t r ibuted to substi tuted 
aromatic  r ing vibrations in the ]R spectra indicated 
that  alkylbenzenes (mono- and di-) and /o r  their sul- 
foliates were degraded to the non-aromatic hydrocar-  
bons by side reaction dur ing  the sulfonation reaction. 
This conclusion was also supported by UV spectra. 

The differences in consti tuents of petroleum ether 
extracts between sulfur  trioxide snlfonation products 
and oleum and sulfuric acid sulfonation products  
arose f rom differences of reactivities of sulfouating 
agents. I t  was well known that  sul fur  trioxide was 
the strongest sulfonating agent among these three. 
Sul fur  trioxide was led into reactants  as diluted 
gases, having very  short  contact period. On the 
other hand, in the sulfonation reaction with oleum 
and sulfuric acid, the two reactants had much longer 
reaction periods in the presence of excessive agents. 
Under  these conditions, it was likely that  both mono- 
and dialkyl benzene reacted to final stage, and more- 
over that  different side reactions occurred in the sul- 
fonation reactions. 

The quanti tat ive correlations of petroleum ether ex- 
t racts  in their  constituents were affected seriously with 
the degrees of reaction of alkylbenzene. In  conclusion, 
we did not consider calling the petroh, mn ether solu- 
ble mater ial  as " u n r e a c t e d "  adequate, because in the 
last stage of sulfonation, a]kylbenzene (lid not re- 
main to be sulfonated any  more. These hydrophobic 
by-product  unsulfonated materials  nlight have some 
effects on the surface activities. Str ic t ly  s p e a k i n g ,  
this extract  did not represent  the exact uusulfonated 
material ,  but  the summation of all hydrophobie sub- 
stances in the reactant.  Large amounts of sulfones 
were observed in the petroleum ether extracts with 
high degree of reaction of alkylbenzene. Therefore, 
it was more reasonable to determine the unsulfonated 
mater ial  by azeotropic distillation of hydrocarbons 
( t rue unsulfonated mater ia l  plus by-product  hydro- 
carbon) f rom the neutralized pastes or powders. 

Ethyl  Ether Elutdes. Assuming that  the di-(p- 
alkylphenyl)  sulfone was formed by the reaction of 
alkylbenzene sulfonic acid with alkylbenzene, this re- 
action must  have occurred in the early stage, while 
the degree of reaction of alkylbenzene was not high, 
and the unsulfonated alkylbenzenc was abundant  in 
the reactant.  
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We considered that  the format ion of di-(p-alkyl-  
phenyl)  sulfone began at about 85% of reaction of 
alkylbenzene. I t  was observed tha t  the remarkable  
increases of refract ive indices began at this point, 
and the viscosities were about  500 e.p.s, at  50C. I t  
was assumed that  the format ion of sulfone was seri- 
ously affected by the viscosities of r e a c t a n t - - i n  other 
words, the format ion began with poor s t i rr ing effect. 

The amounts of sulfone formed dur ing the sul- 
fonation reaction were about the same under  various 
reaction conditions, therefore, the format ion of sul- 
lone did not continue for  a long period. 

The ab rup t  increases in refract ive indices of petro- 
leum ether extract  were due to the decrease of the 
concentration of alkylbenzene and increase of the 
concentration of di- (p-alkylphenyl)  sulfone. Table I I I  
showed that  the amount  of a lkylphenyl  sulfone formed 
dur ing  the sulfonation reaction was not large, namely 
0.6 to 0.8 g f rom I00 g of raw material .  This value 
was small compared with the ones obtained by Gil- 
bert  et al. (7) with lower alkylbenzenes, and not in 
d isagreement  with their  results. However,  it should 
have been emphasized tha t  sulfone was the main com- 
ponent  in the by-products.  

I t  was observed that  the amount  of sulfone pro- 
duced dur ing  the oleum sulfonation was about the 
same as in the case of su l fur  trioxide sulfonation, 
based on the fact  that  the free sulfur  trioxide in the 
oleum could be a t t r ibuted to the sulfonation of alkyl- 
benzene. However,  we could observe the formation of 
sulfone in the sulfuric acid sulfonation, al though it 
was small compared with sulfur  trioxide and oleunl 
sulfonation. 

F igure  2 showed tha t  the absorbancies of petroleum 
ether extracts  at 247 m~ increased with the degrees 
of reaction of akylbenzene, which in tu rn  meant  an 
increase in concentration of sulfone in the petroleum 
ether extracts  with the degrees of reaction. I t  was 
therefore possible to obtain the amounts of sulfone 
in petroleum ether extracts  by  determining the ab- 
sorpt iv i ty  at 247 m~, for  this absorpt ivi ty  of alkyl- 
benzene (E]~J = 0.5) was quite small compared with 
the one of sulfone (E~/2 -- 41.2). We could determine 
the amount  of sulfone in the petroleum ether extract  
by measuring the extinction coefficient of extract  
using ethanol as solvent, and comparing it with a 
s tandard  sample (ethyl ether eluate).  The ethyl ether 
eluate was not a pure  substance in a str ict  sense, but  
we could consider it  as a s tandard  substance as its 
absorpt ivi ty  was constant. Pet roleum ether eluate, 
chloroform eluate, and methanol eluate might  have 
some influence on the determinat ion of sulfone, but  
the small absorpt iv i ty  of petroleum ether eluate and 
the small amount  of chloroform and methanol eluate 
did not ser ious ly  affect the determination.  Absorb- 
uncles were measured with various mixtures  of alkyl- 
benzene and ethyl ether eluate. A s t ra ight  line over 
a wide range crossing at an origin was obtained when 
plot t ing absorbaneies against  the concentrations of 
ethyl ether eluate, showing that  the ethyl  ether elu- 
ate obeyed the L a m b e r t - B e e r ' s  law, and that  the 
absorptivi t ies with alkylbenzene might  be neglected. 
Table I I I  showed the results of the determination 
of sulfone with this procedure vs. chromatographic 
separation. Although the estimation of sulfone by 
measurement  of the absorpt ivi ty  in petroleum ether 
extracts  was not to~ accurate, it was believed to be 
accurate  enough to use as a handy method. 

Chloroform a~,ff Methanol Eluates. The fract ion 
was not thoroughly investigated. However,  the I R  
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TABLE I I I  

Percent  Sulfone in the Petroleum Ether Extract  

Sulfone 
Reaction With With UV formed from 

Sample degree of chromate- Spectros- 1O0 g of 
No. Alkane, 56, graphic copy Alkylbenzene, 

% separation g 

1 
2 
3 

13 
14 
15 
17 
19 
20 

89.0 
97.5 
98.8 
92.3 
92.8 
99.0 
91.7 
99.0 
99.3 

5.8 
30.1 
60.9 

8.8 
9.7 

63.4 
10.8 
74.2 
28.7 

8,0 
31,2 
67,5 

8.5 
10,3 
59.7 
12.9 
67.5 
25.8 

0.6 
0.8 
0.7 
0.7 
0.7 
0.6 
0.9 
0.7 
0.2 

and UV spectra  showed the presence of sulfone, sul- 
fonic acid, hydroxyl,  and carbonyl  group. Perhaps  
this f ract ion contained various by-products  which was 
formed dur ing  sulfonation. 

Conclusions 

1. Pet roleum ether extracts  of neutralized alkyl- 
benzene sulfonate contained sulfone, hydrocarbon and 
colored mater ia l  as by-products  together with unsul- 
fonated alkylbenzene. Dialkylbenzene existed in small 
amount  in raw alkylbenzene, was not readi ly  sulfon- 
ated by sul fur  trioxide in contrast  to sulfonatio.n by  
either oleum or sulfuric  acid, and was found in petro- 
leum ether extract.  The observation was parallel  to 
Gilbert et al. (9). However,  when oleum or sulfuric 
acid was used, chemical change was observed prob- 
ably because of long sulfonation period. 

2. Di- (p-a lkylphenyl)  sulfone seemed to be formed 
at the earlier stage of sulfonation. The amount  was 
0.6 to 0.8 g for  100 g of raw a lkylbenzene when sul- 
fonated with sul fur  trioxide or oleum A smaller 
amount  was formed by sulfuric  acid t reatment .  

The amount  of sulfone in the petroleum ether ex- 
t ract  was roughly able to calculate by comparing 
absorption coefficient a t  247 m~ with s tandard.  
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