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The Determination of Moisture in Sodium Alkyl 
Aryi Sulfonates 
J. W. COMPTON and L. M. LIGGETT, Research Laboratories, Wyandotte Chemicals Corporation, 
Wyandotte, Michigan 

T H E  determinat ion of ~ a t e r  in commercial  syn- 
thetic detergents  of the sodium alkyl  a ry l  sulfo- 
hate  type  is f requent ly  desired in these labora- 

tories. In  our  opinion the l i te ra ture  is lacking in 
methods which have been careful ly  invest igated for  
such materials .  The sodium alkyl  a ry l  sulfonates are 
available in many  grades and forms, covering a range 
of active agent  content. Sodium sulfate  is a major  
consti tuent  of the finished products  with minor  con- 
stituents, such as unsulfonated oil and  moisture,  being 
present  in the range of 1% or less. Commercial  prod- 
ucts f rom several sources were invest igated so tha t  
the results  obtained can be considered reliable for  the 
sodium alkyl  aryl  sulfonates in general.  

F ive  methods for  the determinat ion of water  in so- 
dium alkyl a ry l  sulfonate products  were investigated. 
Two methods, d ry ing  a t  110°C. for  four  hours and 
desiccation for  eight days over concentrated sulfuric  
acid, were selected as the fo rmer  had  been used as a 
control procedure  and the la t ter  had been used in 
these laboratories in previous work. Af te r  a consid- 
erat ion of other  methods three were selected which 
appeared  to be most readi ly  applicable to the prob- 
lem. One of these, Official Method F la-44 of the 
Amer ican  Oil Chemists '  Society (3),  involves azeo- 
tropic disti l lation followed by  measurement  of the 
volume of water  separa t ing  f rom the distillate. The 
second method selected was developed in this labora- 
tory  b y  Suter  (6) for  the determinat ion of water  in 
solid caustic. As in the A.O.C.S. method, this pro- 
cedure involves removal  of the water  by  azeotropic 
distillation, bu t  the determinat ion of the water  in the 
distillate is made by  t i t ra t ion  with Kar l  Fischer  rea- 
gent  r a the r  than  by  volumetric  measurement .  The 
thi rd  method selected was direct  t i t ra t ion with Kar l  
Fischer reagent  without  pr ior  removal  of water  by  
other means. 

Experimental 
The samples of sodium alkyl  a ry l  sulfonate used in 

this work were obtained f rom several different manu- 
fac turers  and  were selected in some cases for  wide 
var ia t ion in active agent  and  unsulfonated oil content. 
None was known to contain any  admixed compound 
which would react  with K a r l  Fischer  reagent.  

Karl  Fischer  Method. The Kar l  Fischer  method for  
the determinat ion of water  has been extensively in- 
vestigated. I t  is not general ly appl icable to all mate- 
rials as a n u m b e r  of compounds have been found  to 
interfere wi th  the reagent.  A l i tera ture  survey did 
not disclose any  instance of the appl icat ion of the 
Kar l  Fischer  reagent  to sodium alkyl  a ry l  sulfonates 
as a class; however no theoretical objection to its use 
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could be found. As detergents  of this type  usually 
contain sodium sulfate, consideration was given to the 
appl icabi l i ty  of this method to hydra tes  of sodium 
sulfate. Smith and Mitchell (5) repor ted  the water  
of hydra t ion  in sodium sulfate  to be de termined quan- 
t i ta t ively  b y  the K a r l  F ischer  reagent,  a fac t  readi ly  
confirmed in this laboratory.  

The Kar l  Fischer  appa ra tus  used for  this work 
employed s tandard  t aper  flasks which fitted into a 
tu rned  bakeli te s topper  ca r ry ing  the s t i r re r  and  elec- 
trodes as recommended b y  Almy,  Griffin, and  Wilcox 
(2). The end point  was determined b y  the dead stop 
method of Foulk  and Bawden (4) and  detected b y  a 
G. F. Smith  Electron Beam Sectrometer . :  The Fischer  
reagent  and s tandard  water  solutions were dispensed 
f rom ord ina ry  automat ic  buret tes  su i tably  protected 
f rom atmospheric  moisture.  I t  was found  advantage-  
ous in this instance to add an excess of K a r l  F ischer  
reagent  and t i t ra te  the excess wi th  a s t andard  wa te r  
solution. The water  solution was p r epa red  by  the ad- 
dition of water  to anhydrous  methanol  and  "may be 
s tandardized by  any  of the recognized methods. ~ The 
Kar l  Fischer  reagent  was p repa red  as directed by  
Wern imont  and  Hopkinson (7).  

P re l imina ry  tests made by  adding the K a r l  F i s ch e r  
reagent  direct ly to a weighed sample indicated the 
desirabi l i ty  of suspending the mater ia l  in a solvent 
pr ior  to analysis. Spent  K a r l  Fischer  reagent  was 
used as a suspending medium, and  excellent results 
were obtained for  samples containing 40-50% sodium 
alkyl a ry l  sulfonate, bu t  errat ic  results were obtained 
for  samples containing greater  amounts.  This diffi- 
culty was el iminated by  using anhydrous  methanol  
as the suspending medium. The procedure  adopted is 
as follows ." 

W e i g h  the sample  by  t r a n s f e r r i n g  three  to five g r a m s  in to  
a dried, tared weighing bottle. Cap the bottle immediately 
and reweigh. Introduce into a 250 ml. Erlenmeyer flask, 
15-25 m,1. of anhydrous methanol and add a small excess 
of Karl Fischer reagent. Titrate with the standard water 
solution to the exact end point. Remove the flask imme- 
diately and transfer the sample from the weighing bottle 
into the ilask. I£ any sample remains in the weighing 
bottle, it may be reweighed later and the sample weight 
corrected. Add an excess of Karl Fischer reagent at once 
to the sample in the pretitrated methanol solution and 
record the amount. Then titrate in the usual manner to 
the end point with standard water solution, recording the 
amount required. 

The calculations are made by  de termining  the rat io 
of Ka r l  Fischer  reagent  to the s tandard  wa te r  solu- 

:Smith, G. F., and Sullivan, V. R., "Tile Electron Beam Sec- 
trome~er," G. Frederick Smith Chemical Company, Columbus, Ohio. 

~Tho various standardiza£ion methods available may be found in  
Mitchell-Smith "Aquametry," pp. 69-71. 
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tion. This ratio must be determined daily and should 
be reproducible before analyses are attempted. 

The precision obtained by  the above method is very  
good when the total water  determined is in the range 
20-200 rag. I t  was planned to establish the accuracy 
of the method by  adding known amounts of water  to 
the thoroughly dried material. This approach had to 
be abandoned when it was found that  the material  
retained moisture even when dried for  considerable 
periods of time. Watar  added in addition to tha t  
found by  analysis can be recovered quanti ta t ively;  
however the determination of the original water  con- 
tent  is open to question. In  an effort to establish 
the accuracy of the method comparative results were 
obtained by two different bu t  generally acceptable 
methods. The methods used for comparison were the 
azeotropic distillation method of the A.0.C.S. (3) and 
the distillation t i t rat ion procedure of Suter  (6). 

The Kar l  Fischer method has the obvious advan- 
tages of being precise as well as rapid. An examina- 
tion of the sodium alkyl aryl  products  showed that  
there were no strong acids or bases present which 
would react  with the reagent. Methyl alcohol used 
in the procedure will not esterify with the material,  
therefore no error  f rom water f rom this source is 
possible, and it  was found that  iodine would not react 
under  the conditions of the test. I t  appears there- 
fore that  the results obtained by  this method can be 
accepted with confidence. 

Azeotropic Distillation. The azeotropic distillation 
of water f rom sodium alkyl aryl  sulfonate products  
and measurement of the volume of water distilled 
cannot be recommended. All of the usual difficulties 
in operation are encountered, such as water holdup 
in the condenser and difficulty in separation of the 
cliStillate. These difficulties are magnified by  the fact  
that  due to the low moisture content small losses cause 
large percentage errors. The low moisture content ne- 
cessitates the use of large samples. The large samples 
are difficult to handle as there is a tendency for gel 
formation and the sodium sulfate is insoluble, caus- 
ing poor heat t ransfer  at the bottom of the flask. 
Some constituent, which has been assumed to be un- 
sulfonated oil, distills with and clouds the water and 
causes difficulty in separation of the two phases-in 
the measuring tube. This is par t icular ly  pronounced 
in the materials containing high concentrations of the 
sillfonate. I t  was found tha t  several hours were nee- 
essary for  a good separation of the water  and hydro- 
carbon solvent. Both xylene and toluene were used 
with little difference being noted between the two. 
The agreement of the results obtained with those by  
the Kar l  Fischer method are no doubt  at t r ibutable to 
the care and patience with which each determination 
was made.  

On account of the difficulties described and the 
time involved for a single determination there was 
little interest in this method. Fo r  this reason only a 
few determinations were made by  this method. 

The distil lation-titration method of Surer provides 
an excellent method for the determination of water 
when it  may be removed by  distillation f rom com- 
pounds interfer ing with the usual Kar l  Fischer 
procedure. The distillation is accomplished in an 
all-glass apparatus.  The receiver, which also serves 
as a condenser, is a s tandard taper  flask suitable 
for  carrying out the Kar l  Fischer t i tration. 

I t  was expected from the work of Suter  tha t  the 
results obtained by  this method would be high. He 
found that  results tended to be about 5% greater  
than the actual water content. The data obtained 
leaves this point  in doubt, half of the samples agree- 
ing well with the Kar l  Fischer method and half  being 
high in comparison. The high results could not  be 
correlated with any controllable factor. Both xylene 
and toluene were used as the organic solvent with 
very little difference in results. I t  would appear  tha t  
the samples are not sensitive to 140°C. temperature.  

A comparison of the results of tile Kar l  Fischer 
and Suter  method are shown in Table I. 

TABLE I 

Comparison of the Determination of Water  in Sodium Alkyl Aryl 
Sulfonates by the Karl  :Fischer Method, Azeotroplc Distillation 

Method of A.O,C.S., and the Distillation-Titration Method 
of Suter 

Water  by the 
Karl  Fischer 

Sample method, 
% 

A 

B 

D 

E 

V 

G 

1.98 
1.98 

1.59 
1.61 

2,00 
2.00 

3 .04  
3.06 

1.85 
1.85 

1.40 
1.48 

1.23 

Water  by Water  by 
A.O.C.S. method of 
F la-44, Suter, 

% % 

2.0 2.12 
1,5 2.14 

1,60 1.65 

2.0 2.18 

3.3 3~15 

...... 2.12 
2.14 

...... 1.43 
1.47 

...... 1.23 

Oven Drying. Samples were analyzed for  water 
content by  drying four  hours at 110°C. The water 
content was also determined by  t h e  Kar l  Fischer 
method as outlined above. I t  was found that  in gen- 
eral the results obtained by  oven drying were lower 
than the results obtained by  the Kar l  Fischer method. 
This indicated the possibility of residual water. Tests 
were then made by  drying for four  hours at 110°C. 
and determining the residual moisture by  the Kar l  
Fischer method. Results are given in Table II.  Fo r  

TABLE I I  

Corn )arison of the Oven Drying and Karl  Fischer ]~ethods 

Sample 

D 

H 

I 

J 

K 

0.8 

2.5 

Weight 
loss at  
110°O. 

4 hours, % 

Residual t Total, weight 
water  by [ 

Kar l  
~ischer, 

% 

0.96 
0.49 

0.36 

0.41 

Water  by 
loss at  Karl  

110~C.-{ - Fischer 
residual method, 
water, % % 

3.28 3.06 
3.04 

1.65 1.69 
1.64 

2~33 ].35 
2".51 1.38 

1,92 1,81 
1.87 

1.35 1 02 
0.97 

samples with low unsulfonated oil content the total 
water content as determined by  oven drying plus the 
residual water by  the Kar l  Fischer method compared 
favorably with the total water content as determined 
by  the Kar l  Fischer method. For  the other samples 
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the loss by  drying  at 110°C. plus the residual water  
gave a total water value much higher  than the water  
content as determined by  the Kar l  Fischer method. 
F rom these data it was concluded that  water  is not 
entirely removed from the material  by  oven dry ing  
and that  oil is lost simultaneously. 

To determine if loss of unsulfonated oil was a fac- 
tor  adversely affecting the results by  oven dry ing  a 
sample was selected which was high in unsulfonated 
oil and the oil content determined on the original 
material  and then af ter  dry ing  for  four- and 24-hour 
periods. The data tabulated in Table I I I  show that  
unsulfonated oil is lost dur ing d ry ing  at 110°C. 

the expected accuracy of the Kar l  Fischer method 
for  the determinat ion of water  in sodium alkyl aryl  
sulfonates. 

In  an effort to establish the precision of the  method 
in various laboratories a disinterested person pre-  
pared a composite sample which was analyzed by  four  
different laboratories with agreement within 0.04%. 
The results submit ted were 1.57%, 1.58%, 1.59%, and 
1.61%. This agreement is much bet ter  t han  was at- 
tained with any  of the other  methods. I t  has been 
found  in evaluation of a large amount  of data ob- 
tained by  the Kar l  Fischer  method for  sodium alkyl 
aryl  products  tha t  the average deviation is 0.02%. 

T A B L E  [ I I  

Vo:a t i l i za t ion  of Oil by  O v e n  D r y i n g  

W e i g h t  ! W e i g h t  Oil I C Oiclu I w a t e r  - calcu- 
Oil, loss a t  loss a t  1 after. I late¢l. I la ted Sample 1 I I:0°G I 110°C ] d~,n~] ] % ' • loss a t  loss a t  

4 hou r s  24 hou r s  l l 0 ° C .  1 1 0 ° C  ~:C. ,  

t % % % % ., 11 

I-1 t 4.3 1.39 ...... 3.4 0.9 t 0.5 
:-2 t 4.3 I 2A3 ] ...... 1 2.~ t 1.9 ] 0.5 
I3 ! 4.3 I ...... t ~.21 I 2.0 t 2.3 / 0.9 
I -4  | 4.3 t ...... 1 3.60 ] 1.4 I 2.9 | 0.7 

Drying Over Concentrated Sulfuri~ Acid. Samples 
were dried over concentrated sulfuric acid for  eight 
days by  enclosing each sample in a separate desic- 
cator and storing. The results were compared with 
those obtained by  the Kar l  Fischer  method. The sam- 
ples af ter  d ry ing  were analyzed for  residual moisture 
by  the Kar l  Fischer method as was done for the oven 
dried samples. The data are summarized in Table IV. 

T A B L E  I V  

Compar i son  of Resu l t s  by D e h y d r a t i o n  O v e r  Su l fu r i c  Acid for  
E i g h t  D a y s  a n d  the  K a r l  F i s c h e r  Method 

Oil, 
Sample  % 

H 1.2 
I ! 4.3 
M 4.3 
N 3.1 

W a t e r  by 
dehydra t i on  

o v e r  cone. 
H.zSO~ f o r  

8 d~ys, 
% 

1.78 
6.92 
0.53 
0 .48 
1.92 

Res idua l  
w a t e r  by 

K a r t  
F i sche r ,  

% 

1.30 
0 .67 
0 .86 
0 .85 
1.23 

Tota l  w a t e r  
dehydra t i on  
-Ji- r e s i d u a l  

w a t e r ,  
% 

3.08 
1 .59 
1.39 
1.33 
3.15 

W a t e r  
by 

K~rl 
]~ischer, 

% 

3.05 a 
1.67 a 
t . 3 7  a 
1.33 a 
3.15 a 

a A v e r a g 6  of two or  m o r e  d e t e r m i n a t i o n s  m a d e  at  s t a r t  of tes t .  

I t  is noted that  in every instance the results ob- 
tained by  drying over sulfuric acid are lower than 
by  the Kar l  Fischer method. The agreement is good 
when the residual water  is added to the drying  loss. 

Precision and Accuracy of the Karl Fischer Method. 
Establishment of the accuracy of the Kar l  Fischer 
method is difficult as no absolute methods were found 
for  determining the a m o u n t  of water  in the material  
u n d e r  investigation and it could not be dehydra ted  
so that  added water  could be determined. As the 
Kar l  Fischer  method gives results comparable with 
those of other established methods and water  added 
plus tha t  found by  analysis can be determined with 
good accuracy, i t  can be expected tha t  the accuracy 
will be the same as for  the Kar l  Fischer  method for  
the determination of water  in other materials. I t  has 
been found in these laboratories tha t  by  standardiz- 
ing against known water  contents the water  can be 
determined within one par t  per hundred,  which is 

T A B L E  V 

C o m p a r a t i v e  Ana lyse s  of T w o  L a b o r a t o r i e s  on Ana lys i s  of S o d i u m  Alkyl 
Ary l  Su l fona tes  by the  K a r l  F i s c h e r  Method  

L a b o r a t o r y  L a b o r a t o r y  
S a m p l e  No . l ,  No. 2, 

% H 2 0  a % H,.O b 

] ......................................................... 1.57 ] .61 
2 ........................................................ 1.63 1.56 
3 ........................................................ 1.56 1.53 
4 ........................................................ 0."/2 0.72 
5 ........................................................ 1.69 1.67 
6 ........................................................ 1.91 1.82 
7 . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.21 2.21 
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.34 1.40 

aAve,-ago of  d u p l i c a t e  d e t e r m i n a t i o n s  m a d e  by  expe r i enced  pe r sonne l .  
~S ing le  d e t e r m i n a t i o n s  r epor t ed  by  control  t echn ic ian .  

Table V presents data of various samples of so- 
dium alkyl aryl  sulfonates analyzed by  two different 
laboratories. The results repor ted  b y  Labora tory  No. 
1 were made by  experienced personnel whereas the 
results repor ted by  Labora tory  No. 2 were made by  a 
technician who made only a single analysis for  each 
sample. 

Discussion 
On the basis of the experimental  work the Kar l  

Fischer method was selected as the most satisfactory 
for  the determinat ion of water  in sodium alkyl aryl  
sulfonates. The procedure is accurate and  rapid  with 
good precision. The method is readily adaptable to 
control work and requires little t ra ining to per form 
satisfactorily. Oven dry ing  and desiccation over sul- 
fur ic  acid has been shown to give erroneous results. 
The azeotropic distillation method of A.O.C.S. is not 
sat isfactory for  either routine determinations or more 
critical examinations. The determinat ion is severely 
limited by  the amount  of water distilled and the de- 
terminat ion of this volume. The azeotropic distilla- 
tion of Suter  is not justified for the type of materials 
under  examination. The amount  of time and tech- 
nique involved is considerably greater  than for  the 
Kar l  Fischer method;  however this method has been 
of great  value in determining the moisture content 
of mixtures of sodium alkyl aryl  sulfonate where an 
admixed compound was known to react with the K a r l  
Fischer reagent. 

The Kar l  Fischer method has been in use in these 
laboratories for  near ly  a year  and has been very  sat: 
isfactory. F o r  control laboratory  work it  has been 
found advantageous to discard the s tandard  taper  
flask ar rangement  and substi tute a t i t ra t ion flask 
similar to tha t  recommended by  Aepli and McCarter  
(1).  This flask has an opening in the top for  the 
st irrer ,  and on the sides for  the buret tes  and elec- 
trodes. A stopcock in the bottom allows the discharge 
of the sample and t i t ra t ing  media. 
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Conclusions 
1. The oven drying method for the determination 

of water in sodium alkyl aryl sulfonates results in 
incomplete removal of water and may result in the 
loss of unsulfonated oil and other volatile products. 

2: The determination of water in sodium alkyl aryl 
sulfonates by desiccation over concentrated sulfuric 
acid results in incomplete removal of the water. 

3. The determination of water in sodium alkyl aryl 
sulfonates by azeotropic distillation and subsequent 
measurement of the water distilled is not recom- 
mended because of the operational difficulties and 
lack of sufficient accuracy. 

4. The azeotropic distillation of Suter (6) is ap- 
plicable for the determination of water in sodium 
alkyl aryl sulfonates, but comparable results may 

be determined more readily by the proposed Karl 
Fischer method. 

5. The determination of water in sodium alkyl aryl 
sulfonates by the Karl Fischer method is the most 
satisfactory of the methods investigated. 
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Some Observations on the :Solubility of Sulphonated 
,Castor Oil in Organic Solvents 
ALFRED DAVIDSOHN, Consultant, Haifa, Israel 

R ESEARCH oil the solubility of soap in organic 
solvents plus water and the study of different 
phases encountered has made much progress in 

recent years (1). The study of the solubility of sul- 
phonated castor oil (commercially known as turkey 
red oil) has not progressed in a similar manner. This 
subject however is of great practical importance for 
the textile industry. The author has undertaken some 
experimental work on these lines. Results of these 
experiments may help to initiate further research on 
this subject. 

I t  was found that the solubility of most commer- 
cially available turkey red oils in organic solvents 
of the aromatic type such as benzene, xylene, and 
toluene, and of the paraffinic type, such as kerosene 
and light petroleum fractions was rather poor. The 
reason for this was that the water content of most 
commercial products was much higher than 30%. In 
order to obtain better results a sulphonated castor 
oil with water content below 30% was specially pre- 
pared in the laboratory and the experiments carried 
out with this product. This highly concentrated tur- 
key red oil is as easily prepared on a plant scale as 
the more dilute types. 

:Experimental 
150 g. castor oil were sulphonated with 37.5 g. sul- 

phuric acid at a temperature not exceeding 30°C. 
After the sutphonation was completed, which took 
about 30-45 minutes, the mixture was allowed to 
stand for about 20 hours. The sulphonation prod- 
uct was washed free of uncombined sulphurie acid 
with 150 g. of a 10% sodium chloride solution. After 
another period of 12 hours' settling the wash solution 
was drained off and the washed sulphonation product 
neutralized with 60 g. of a 20% caustic soda solution. 
The final product was a viscous clear liquid with pH 
about 7.5 in 1:1 dilution with distilled water. The 
product has a water content of 28%, organic S03 
content of 9.0%, and 58.0% total fat ty matter. 

This sulphonated castor oil was the material with 
which all solubility tests were carried out. The first 
observation was that in all solvents used in the ex- 
periments the sulphonated oil was more soluble when 
less solvent was used for dilution. This observation 
was quite in accordance with similar observations 
with triethanolamine oleate, which is not completely 
soluble in gasoline below 2% (2). 

Results 
Petro l  E t h e r  as Di luen t .  100 g. sulphonated oil 

were completely soluble in 50 ml. petrol ether (boil- 
ing range 50-70°C.). When 100 g. sulphonated oil 
were diluted with 66 ml. petrol ether, the mixture 
became turbid. On standing for 10 hours, a clear 
liquid separated at the top of the mixture (40 ml. 
-~- 24% of the total). 

Kerosene  as Di luen t .  100 g. sulphonated oil were 
completely soluble in 66 ml. kerosene (140-230°C. 
boiling range with about 18% aromatic and olefinie 
constituents). A mixture of 100 g. sulphonated oil 
with 100 ml. kerosene became turbid and after 10 
hours a clear liquid separated on top (80 ml. ~ 40% 
of the total). 

Benzene  as Di luent .  100 g. sulphonated oil were 
completely soluble in up to 400 ml. benzene. A mix- 
ture of 100 g. sulphonated oil and 500 ml. benzene 
became turbid and a clear liquid separated after 10 
hours' standing (110 ml. ~-  18.3% of the total). 

X y l e n e  av Di luen t .  100 g. sulphonated oil were 
completely soluble in up to 400 ml. xylene. A mix- 
ture of 100 g. sulphonated oiI with 500 mI. xylene 
became turbid and a clear liquid separated on top 
of the mixture on standing for 10 hours (120 ml. 
20% of the total). 

Toluene  as Di luent .  100 g. sulphonated oil were 
completely soluble in UP to 500 ml. toluene. A mix- 
ture of 100 g. sulphonated oil in 600 ml. toluene be- 
came turbid and a clear liquid separated on top after 
10 hours' standing (280 ml. ~ 46.5% of the total.) 


