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Infrared Spectra of Alkanesulfonic Acids, 
Chlorosulfonated Polyethylene, and Their Derivatives 

ARTHUR NERSASIAN and PAUL R. JOHNSON, Elastomer Chemicals 
Department, E.  I .  du Pont de Nmnours and Company, Inc., Wilmington, 

Delaware 

svo* 
The infrared spectra of methane, +butane-, and n-dodecane-sulfonic acids, their 

esters, alkali metal, silver and h e  salts, amides, and chlorides are compared with 
analogous structures derived from chlorinated and chlomulfonated polyethylenes. 
The Bellamy and William's linear relationship between vsoI (asym.) and vso, (sym.) 
is valid for both the simple alkane sulfonic acid derivatives and those of chlorinated rind 
chlorosulfonated polyethylenes. 

DISCUSSION 
The infrared chtiracterization of derivatives prepared from chlorinated 

and chlorosulfonated polyethylenes (commercially available as Hypalon 
-20, -30, and -40, from E. I. du Pont de Nemours and Company, Inc.) by 
comparison with the spectra of simple alkanesulfonic acids and their 
derivatives has not always been possible, since only sparse and incomplete 
data concerning the latter are available.'-' The spectra of only a few 
polymeric sulfonic acid derivatives have been reported,6.6 and the data are 
insufficiently definitive to permit positive identification. This is partic- 
ularly true in those cases where the groups in question (402c1,  -S02R, 
-SGNR'R") fall within a narrow spectral range. Of particular help in 
assigning symmetric and asymmetric S-0 stretching frequencies of com- 
pounds containing the 40, group is the correlation reported by Bellamy 
and Williams.' They have found that any change in vsOr (asym.) is 
accompanied by a proportional change in V S ~  (sym.) such that a plot of 
vSo, (asym.) versus vso, (sym.) gave a straight line. Since the S-0 
stretching frequencies are essentially unaffected by maas and coupling 
effects, they pointed out that the positions of VSO, (asym.) and vsO, (sym.) 
depend on the electronegativity of the substituents attached to the-0- 
group. As the electronegativity of these groups is increased, the stronger 
are the 6 0  bonds, resulting in a shift to higher vibrational frequencies. 

Some 97 compounds containing the 4 0 -  group have been examined by 
Robinson* and found to fit the linear relationship of Bellamy and Williams.' 
As the carbon atom of the grouping RSO-C was replaced by progn?ssively 
more electronegative groups (N, 0, C1, F), Robinson observed a propor- 
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Fig. 1. Correlation of asymmetric and symmetric S-0 stretching frequencies of alkane- 
sulfonic acids, chlorosulfonated polyethylenes, and their derivatives. 

tionate shift of vgo, (asym.) and vsOt (sym.) to higher frequencies. His 
finding that replacement of one or both alkyl groups of RS02R by aryl 
group@) w a ~  sufficient to shift the vSO, (asym.) and vgo, (sym.) vibrations 
to higher frequencies, pointed out emphaticaIly the inadvisability of com- 
paring the spectra of chlorinated and chlorosulfonated polyethylene de- 
rivatives with the literature spectra of S O ,  compounds bounded by alkyl- 
aryl or aryl-aryl groups. For this reason a number of alkanesulfonic acid 
derivatives were prepared as model compounds whose infrared spectra 
could be compared directly with those derived from chlorinated and chloro- 
sulfonated polyethylenes hereafter referred to as chlorosulfonated poly- 
ethylene. 

The S-0 asymmetric and symmetric stretching frequencies of the 39 
alkanesulfonic acid derivatives and some 30 chlorosulfonated polyethylene 
derivatives and analogous polymeric structures reported here were found 
to fit the linear plot of Bellamy7 a8 shown in Figure 1. Moreover, the 
vsO2 (asym.) and Y ~ O ,  (sym.) vibrations are shifted in the direction of 
higher frequencies when the electronegativities of the -SOz- substituents 
are increased as mentioned above. That this relationship holds for the 
polymeric derivatives attests to the freedom of the -SO2- stretching fre- 
quencies from mass and coupling effects. 

The infrared spectra of chlorosulfonated polyethylene and its fluoro 
analog have been published in fulls and will be mentioned briefly. All of 
its other derivatives and those of the model compounds will be treated in 
greater detail. They are discussed below in the order of decreasing elec- 
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tronegativity of the substituent X in the grouping RSOS,  where X is F, 
C1, OR', NR'R", 0-C+ (salt), and OH. 

Halides 

Fluorosulfonated polyethylene, prepared from chlorosulfonated poly- 
ethylene by 90% conversion of the -S02C1 groups with NaF, shows vso, 
(asym.) and vs0, (sym.) a t  1400 and 1212 cm.-', respe~tively,~ which 
correspond closely to those reported for poly(vinylsulfony1 fluoride) at 
1419 cm.-' and 1213 cm.-1.6 These assignments are in good agreement 
with those reported for CHaS02F at 1400 cm. and 1212 ~ m . - ~ . ~ 3 ~ 3  

The vso, (asym.) and VSO, (sym.) bands of chlorosulfonated polyethylene 
appear at 1370 and 1163 cm.-l, respectively,s and closely parallel those of 
poly(vinylsulfony1 chloride) at 1370 and 1150 cm.-1.6 These bands are in 
excellent agreement with those of CHaS02C1 (1365 and 1170 ~m.-'),a*~3 n- 
C&S02C1 (1375 and 1163 cm.-'), and CH3CHClCH2S02Cl (1370 and 
1170 cm.-l). 

Esters 

The data listed in Table I for both the model compound esters and the 
methyl sulfonatochloropolyethylenes show strong bands in the region of 
1361 and 1177 cm.-' characteristic of the asymmetric and symmetric S-0 
stretching freq~encies.~.' Absorption bands, appearing in the 1283 and 
1112 cm.-l regions of the model compounds correspond with the 1316 and 
1102 cm.-l bands reported for methyl-ptoluenesulfonate.s 

A previously unreported band appears at 1419 cm.-l with remarkable 
consistency for all the model ester compounds studied. It also appears 
with dependability in the spectrum of the simple alkanesulfonic acid salts, 
sulfonamides, sulfonyl chlorides, and the acids themselves. It may be con- 
cluded that this absorption is due to some vibrational mode of the -SO2- 
group which is common to all of these derivatives. This band could pos- 
sibly be assigned to the asymmetrical CH deformation of the C-CH, 
group (1450 f 20 cm.-l) shifted by the electronegative -S02-group.10 
However, its appearance in model compounds in which the methyl group is 
far removed from the inductive effect of -SO-, as for example in the 
C a 9 -  and C*%- sulfonic acid derivatives, makes such an assignment 
unlikely. 

All the model compound methyl esters and the methyl esters of chlorosul- 
fonated polyethylene show an absorption band in the region of lo00 cm.-' 
which seems to be characteristic of this group. However, since it also ap- 
pears in the butyl esters of the simple alkanesulfonic acids, a definite as- 
signment is difficult. 

All the esters of CBsSOsH show bands at 1286 and 1083 cm.-' which do 
not appear with regularity for the other esters. Unassigned bands also 
appear in the regions of 1053,972, and 944 cm.-' 
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Sulfonamides 
N-Monosubstituted sulfonamides have been reported to show v S a  

(asym.) and vSot (sym.) a t  1316-1378 and 1145-1165 cm.-', respectively; 
these frequencies appear at 1335-1350 and 1155-1172 cm.-' for the N,N- 
disubstituted analogs.2 Both the model compounds and the amides of 
chlorosulfonated polyethylene show these vibrations occurring at 1315- 
1350 and 1337-1163 cm.-l (Table 11). The N-H stretching frequency of 
the mono-N-alkyl sulfonamides appears at 3280 cm.-' for the model com- 
pounds but were observed for only some of the polymeric analogs. Sin& 
larly, although the S-N stretching frequency appears in the region of 
1065-1088 cm.-' for all the model compounds examined, it was found in 
only a few of the polymeric derivatives. 

salts 

The infrared spectra of the few alkali and heavy metal salts of the alkane- 
sulfonic acids that have been reported8s408 show VSO, (asym.) and vB0, (sym.) 
appearing mainly in the region of 1163-1192 and 1021-1053 cm.-', respec- 
tively. Similar observations were made for some 14 model compounds 
(Table 111) containing amino or metallic cations (C+). These frequencies 
are also clearly discernible in the chlorosulfonated polyethylene salt deriv- 
atives. However, all the model compounds showed strong absorptions in 
the 1190-1200 cm.-' region which could be mistaken for vSa (asym.) ap- 
pearing close by at  1150-1200 cm.-'. Only in a few cases was the former 
band of equal intensity to the latter and in most cases it was weaker. Be- 
cause of this, but more particularly since the latter vibration when plotted 
against YQO, (sym.) fitted the straight line of Figure 1 more closely, it was 
preferentially assigned as YSO, (sym.). That the plot of VSO, (asym.) versus 
vsO, (sym.) for CHsSOzOLi and (n-C12Hd3020)2Pb fall outside this straight 
line (points a and b respectively of Figure 1) may be attributed to the par- 
tial covalent nature of the oxygen-metal bonds. 

The C-H stretching frequency of the -CHCl- group in chlorosulfo- 
nated polyethylene appears a t  1258 cm. -1 and is of weaker intensity than the 
-CH- deformation frequency at  1470 cm.-l. In  the salt derivatives, 
however, it appears in combination with some vibrational mode of RSOs- 
and is now of greater intensity than the 1470 cm.+ band. 

The salts of chlorosulfonated polyethylene were prepared from appro- 
priate alkalai metal hydroxides or amines in the presence of methanol which 
was found to facilitate these preparations. The course of the reaction can 
be followed spectrophotometrically by observing the disappearance of the 
methyl ester a t  995 cm.-' which is noticeable a t  the beginning of the re- 
action. When this band is absent and the sodium sulfonate band at 1058 
cm.-' has reached its maximum, the reaction waa considered as being com- 
plete. 
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The reaction mechanism, therefore, may be explained by the sequence 
shown in eqs. (1-5). 

bane 
RS02Cl + CHIOH A RSOaCHa+ (HC1) (1) 

RSOICH~ + NaOH - RSOaNa + CHsOH (2) 

RSOsCHa + CHaOH A RSOtH + CHaOCHs (3) 

RSOdI + NaOH - RSOsNa + HsO (4) 

RSO&l+ 2NaOH - RSOsNa + NaCl + HsO (5) 

Consistent with the above is the known rapid rate of esterification of sul- 
fonyl chlorides by alcohols [eq. (1) ] under Schotten-Bauman conditions. 12~13 

Moreover, the methyl sulfonates are recognized as efficient alkylating 
agents [eq. (3) ] which undergo rapid and facile hydrolysis necessitating 
their preparation under strictly anhydrous conditions.9 Direct salt forma- 
tion, via eq. (5)) although not considered to proceed to any great extent, 
can not be ruled out altogether. 

Acids 

The vs0, (asym.) and vsOr (sym.) stretching frequencies of alkanesulfonic 
acids have been reported in the regions of 1190 and 1065 cm.-', respec- 
tively.2.8,8 Similar observations have been made for CKS03H (1190 and 
1060 em.-'), n-C4HpSOaH (1170 and' 1047 cm.-'), and for n-ClzHzsSOsH 
(1177 and 1042 em.+). In chloropolyethylenesulfonic acid these bands 
appear at 1156 and 1042 cm.-'. A characteristic feature of the model com- 
pound sulfonic acids is the bonded -OH frequencies a t  3030 and '2393 
em.-' which serve to distinguish them from the salts whose vsa  (sym.) and 
vsot (asym.) frequencies fall in the same regions as the acids. Only the 
3030 em.-' band is observed in the polymeric sulfonic acid but common to 
both the simple and polymeric sulfonic acids is the extensive broadening of 
the base line of the C-H stretching frequency in the 2860 em.-' region due 
to the bonded -OH absorptions. 

Summary 

The asymmetric and symmetric S-0 stretching vibrations of the alkane- 
sulfonic acids and their derivatives, described in the preceding sections, are 
summarized in Table IV. Since many of the derivatives absorb in the same 
wavelength region, it is not obvious from this table alone that infrared 
analysis would be useful in distinguishing between various sulfonic acid 
derivatives. However, when considered jointly with the nature of the 
chemical reaction used in the modification of the or --S02C1 groups, 
and with auxiliary absorption bands (such as the bonded OH of the -S03H 
groups and the characteristic lo00 em.-' band of -SO&H3), the data 
in Table IV should prove useful in structural identification. 
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TABLE IV 
S-0 Stretching Frequencies of Model 

ComDound Sulfonic Acids and Their Derivativea 

Frequency, cm.-1 

Group Asymmetric Symmetric 

Halides 
Fluorides 1400 1212 
Chlorides 1365-1375 1163-1170 

EStere 1351-1363 1 166-1 176 
Sulfonamides 

RSOpNHR' 1316-1578 1145-1 165 
RSOpNR'R" 1335-1350 1152-1172 

Li, Na, K, Cs 1174-1198 1045-1079 
Ag 1167-1 195 1040-1050 
Pb 1145 1057 

Acids 1177-1190 1042-1060 

Salt8 

EXPERIMENTAL 
Halides 

Chlorosulfonated Polyethylenes. Du Pont's chlorosulfonated poly- 
e t h y l e n e ~ , ~ ~ J ~  designated Hypalon-20, -30, and -40 were used for the prepa- 
ration of all polymeric sulfonic acid derivatives reported here. 

CHsSO2C1. CHS02C1, from Eastman Kodak, was distilled and collected 
at  65OC./20 mm.16 

n-C$I&O&l. The n-C4H$02C1, also from Eastman Kodak, was dis- 
tilled and collected at 90°C./ll mm." 

CHaCH(CI)CH2S02Cl. This compound was prepared by the chlorine 
oxidation at  2-5OC. of 2-chloropropyl mercaptan18 according to the proce- 
dure of Stewart and Cordts.19 There was obtained a 91% yield of colorless 
product boiling at 52-53OC./O.5 mm. 

ANAL. Calcd. for CaH6ClpOpS: C, 20.35%; H, 3.42%; C1, 40.05%; S, 18.10%. 
Found: C, 20.8%; H, 3.4%; C1,39.5%; S, 17.8%. 

Esters 
The preparation and properties of the model compound esters and those 

from chlorosulfonated polyethylenes are listed in Table V. The procedure 
of Emmons and Ferris,m who prepared esters of CHaSOaH by treating its sil- 
ver salt in room temperature CHICN with alkyl halides proved to be 
satisfactory for the preparation of the methyl, ethyl, propyl, and butyl es- 
ters of C4HsSOaH and ClzH26SOaH. Yields of 90% or better were obtained, 
and the method is applicable to higher molecular weight acids like ClzHzs- 
SOaH when hot CHaCN is employed to insure dissolution of its silver salt. 
The method of Sekera arid Marvel1a was used for the preparation of the 
esters of CHsS06.I. 
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The preparation of ester derivatives of chlorosulfonated polyethylenes 
from alcohols and inorganic or organic basis having a dissociation constant 
KI, of greater than 2 X has been described.zl The use of triethyl- 
amine, reported to be the preferred base, was found to give a mixture of 
ester and sulfonic acid amino salt. Nearly pure methyl esters were more 
conveniently prepared using NaOAc as the base. 

Since most of the esters given in Table V are believed to be new com- 
pounds, the following slightly modified literature methods given below will 
serve to illustrate the two general procedures used. 

CH3S020CIHp. To a stirred mixture of n-butanol (22.0 g., 0.295 mole) 
and methanesulfonyl chloride (34.4 g., 0.300 mole) a t  0°C. was added drop- 
wise 147 ml. of pyridine over a 21/2-hr. period while maintaining the tem- 
perature at 0-5°C. The mixture was stirred for 2 hr. more at 0-5°C. and 
then overnight a t  10-15°C. It was acidified with a cold solution of 270 ml. 
of concentrated HC1 in 900 ml. of water while maintaining the temperature 
below 20°C. After saturation with NaCl, it was extracted with ether and 
dried over anhydrous KzCOa. After removal of the ether at  150 mm., the 
residue was distilled at  8.5 mm., yielding 31.5 g. (90% of theory) of color- 
less product boiling at 105OC. (see Table V for analysis). 

C12Hz6SOaCHa. To a stirred solution of C U H ~ & ~ O , A ~  (17.9 g., 0.05 mole) 
in 200 ml. of C&CN at  8OoC., CHJ (10 g., 0.07 mole) was added dropwise 
at  a rate to maintain a gentle reflux. After 1 hr. at reflux the mixture was 
cooled to room temperature and filtered through a sintered glass funnel. 
The solvent was removed from the filtrate under vacuum, and the residue 
was distilled to give 12.7 g. (96% of theory) of a colorless liquid boiling a t  
130-133OC. at  0.3 mm. (see Table V for analysis). 
Methylsulfonatocbloropolyethylene. To a stirred solution of 100 g. of 

chlorosulfonated polyethylene (Cl, 43%; S, 1.55%) in lo00 ml. of benzene 
was added 40 g. of NaOAc-3H20 dissolved in 118 ml. of methanol and 15 
id. of water. The mixture was then heated for one hour a t  reflux and coag- 
ulated in a Waring Blendor with methanol. After several methanol 
washes, it was dried a t  50°C. and 100 mm. (see Table V for analysis). 

Amides 
The properties of the model compound amides and those from chloro- 

sulfonated polyethylene are given in Table VI. The following procedures 
will serve to illustrate their preparations. 

CIH&02NHC2H,. To a stirred solution of l-butanesulfonyl chloride 
(31.3 g., 0.2 mole) in 100 ml. of dry benzene at  OOC. was added dropwise a 
solution of ethylamine (22.5 g., 0.5 mole) in 25 ml. of benzene. The 
mixture was heated a t  reflux for ll/z hr., cooled to room temperature, and 
filtered to remove C2HsNH2-HC1. The solvent and excess amine were re- 
moved at 200 mm. and the residue fractionated to give 31.3 g. (95% of 
theory) of colorless liquid boiling at 100-102°C./0.3 mm. 

Amides from Chlorosulfonated Polyethylene. To a stirred solution of 
200 g. of Hypalon synthetic rubber (containing -0.08 mole of SOzC1) in 1 
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liter of solvent at room temperature was added dropwise a solution of the 
amine (0.16 mole) in 50 ml. of solvent. The mixture was stirred at  25°C. 
and then a t  an elevated temperature according to the data given in Table 
VI. The polymer was precipitated with isopropanol and washed with water 
several times in a Waring Blendor and lastly with isopropanol. It was 
dried at  50°C. and 100 mm. 

salts 

The preparation and properties of the alkanesulfonic acid salts are given 
in Table VII. 

Acids 

CH3S03H. CH3SOaH was obtained from Eastman Kodak, distilled, and 

n-CIH&03H. This was prepared by the hydrolysis of C4HeSO2C1 ac- 
The product, boiling a t  126- 

collected at  167"C./10 mm." 

cording to the method of Asinger et aLZ3 
128OC./O.3 mm., was obtained in 84% yield. 

ANAL. Calcd. for C I H ~ ~ O ~ S :  C, 34.79%; H, 7.30%; S, 23.20%; Found: C, 34.8%; 
H, 7.3%; S, 22.9%. 

n-C1zH26S03H. This compound was prepared after the method of 
Noller and Gordon.22 It was obtained in anhydrous form by drying over 
Pz05 at  8OOC. and 1 mm. 

ANAL. Calcd. for C12HaOaS: C, 57.60%; H, 10.46%. Found: C, 57.0%; H, 

Chloropolyethylenes~onic Acid. A solution of 50 g. of chlorinated 
polyethylene (30.4% C1) in 500 ml. of CCl, was dried by azeotropic distilla- 
tion. The solution was cooled to 60°C. and agitated while 2.4 g. of chloro- 
sulfonic acid in 25 ml. of dry cc14 was added dropwise. The reaction mix- 
ture was stirred at 60°C. for 1 hr. and coagulated with isopropanol. After 
washing in a Waring Blendor four times with methanol, it was dried a t  50°C. 
and 100 mm. 

10.7%. 

ANAL. Celcd.: 8, 1.27%. Found: S, 1.00%. 

Infrared Spectra 

All spectra (660-5000 cm.-l) were determined on a Perkin-Elmer Model 
21 recording spectrophotometer. The liquid model compound alkane- 
sulfonic acids and their derivatives were used undiluted and the solid 
derivatives were determined as Nujol mulls. Derivatives of the chloro- 
sulfonated polymers were deposited as films on NaCl windows by evapo- 
ration in vacuo of tetrahydrofuran-methanol solutions of the free sulfonic 
acid, its :ialts, and esters, and of CCl, solutions of the amides. 
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R6sum6 
On a comparb les spectres infra rouges du methane, n-butane, et n-dodecane d’acides 

sulfoniques et  de leprs esters, chlorures e t  amides ainsi que des sels de metal alcalin, 
d’argent et d’amines qui en dhrivent, aux structures analogues d6riv&s de poly6thylhes 
chlorb et  chlorosulfm6s. La relation linbire de Bellamy et Willim entre vson (asym) et  
Y S O ~  (sym) est verifihe B la fois pour les derives d’acide alcane-sulfonique et  pour ceux de 
polybthylhe chlor6s et chlorosulfon6s. 

Znsammenfassung 
Die Infrarotspektren von Methan-, n-Butan- und n-Dodekansulfonsauren, ihren 

Estern, Alkalimetall-, Silber- und Aminsalren und Chloriden werden mit denjenigen 
analoger, von chlorierten und chlorsulfonierten Polyathylenen abgeleiteten Strukturen 
verglichen. Die lineare Besiehung von Bellamy und Williams zwischen YSOI (asym.) 
und Y S O ~  (sym.) gilt sowohl fur die einfachen Alkansulfonsiiurederivate als auch fiir die- 
jenigen chlorierter und chlorsulfonierter Polyathylene. 
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