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This paper reports x-ray powder diffraction study for twenty- 
four salts of a-sulfonated normal long chain fatty acids. Acid 
and neutral sodium, potassium, lithium, cesium, calcium, mag- 
nesium, and triethanolammonium salts of a-sulfolauric, myris- 
tic, palmitic, stearic, and behenic acids were examined. The 
method can be used to identify and distinguish the individual 
salts and has possible application to the analysis of mixtures. 

T 
HE ACID and neutra l  salts of normal long chain 
a-sul fo  f a t t y  acids,  of the  gene ra l  f o r m u l a s  
RCH (S03M) C02H and RCH (S03M) C02M, are 

crystalline materials over a considerable temperature  
range and suitable for  s tudy by x-ray powder dif- 
fraction. The salts have possible application in deter- 
gent (4,6) and lubricating grease (1) compositions. 
Exper imental  detergent  bars (6) have been made 
either by milling together two salts of considerably 
different properties or by part ial  neutralization of a 
ra ther  hard  brit t le acid salt with ammonia or an 
amine capable of forming softer and more plastic 
salts in the milling process. 

This paper  reports  on x-ray diffraction investiga- 
tion for  twenty-four  acid and neutral  salts of ~-sul- 
fonated normal long chain fa t ty  acids. The cations 
employed were sodium, potassium, lithium, cesium, 
calcium, magnesium, and triethanolammonium. The 
acids employed were lauric, myristic, palmitic, stearic, 
and behenic acids. 

Experimental 
The salts of the a-sulfo fa t ty  acids were made by 

methods previously described (5).  X-ray  powder 
diffraction measurements were made with a General 
Electric XRD-3 direct recording unit, 2 using nickel 
filtered Cu K~ radiation (~ = 1.5405 A),  1 ~ beam slit, 
0.1 ~ detector slit, medium resolution Soller slit, scan- 
ning speed 2 ~ per minute, chart  speed 60 inches per 
hour, l inear scale, 2-second time-constant. All sam- 
ples were ground in an agate mortar  to minimize 
orientation. The ground samples were gently packed 
into the recess of a plastic holder 2.0 in. long, 0.5 
in. wide and 0.015 in. deep. 

The complete x-ray powder diffraction data for  the 
several salts are not included herein because of the 
relatively large amount  of space that  would be re- 
quired. However the data were sent to the Joint  
Committee on Chemical Analysis by Powder  Diffrac- 
tion Methods for inclusion in the X-ray  Powder Data 
File of the American Society for Testing Materials. 

Table I lists the long spacings and the solvents 
used in crystallization. Water  was used as the crys- 
tallization medium whenever possible but  it was nec- 
essary to add ethanol in some cases to obtain complete 
solution. Acid lithium and tr iethanolammonium salts 
were too soluble in cold water and were crystallized 
f rom 95% ethanol or chloroform. Crystallization of 
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T A B L E  I 

L o n g  Spac ing  and  Crys ta l l i za t ion  Med ium for  Sal ts  of 
a -Su l fona ted  L o n g  Cha in  Acids  

-N'ame of compound 

Sodium a - su l fo laur ic  acid .. . . . . . . . . . . . . . . .  
Sod ium a-su l fomyr i s t i c  acid ... . . . . . . . . . .  
Sod ium a-su l fopa lmi t ic  acid ... . . . . . . . . . . .  
Sodium a-su l fos tear ic  acid .. . . . . . . . . . . . . .  
Sod ium a-sulfobehenic  acid  ............... 

C~ ' s ta l l i za -  I 
t ion [ 

m e d i u m  / 

W a t e r  I 
\Va te r  [ 
W a t e r  / 
W a t e r  I 
2 0 %  ethanol  i 

Disod ium a-su l fopa lmi t  a te  .. . . . . . . . . . . . . . .  W a t e r  
D i sod ium a - su l fos tea ra tc  .. . . . . . . . . . . . . . . . .  W a t e r  

P o t a s s i u m  a-su l fomyr i s t i c  acid ......... W a t e r  
P o t a s s i u m  a-su l fopa lmi t ic  acid ......... 2 5 %  ethanol  
P o t a s s i u m  a-su l fos tear ic  acid ........... W a t e r  
D ipo t a s s ium a - su l fomyr i s t a t e  ........... W a t e r  
D ipo t a s s ium a - su l fopahn i t a t e  ........... W a t e r  
D ipo t a s s ium a - su l fos tea ra te  ... . . . . . . . . . .  W a t e r  

L i t h i u m  a-su l fopa lmi t ic  acid  ............. 95r e thanol  
L i t h i u m  a-su l fos tea r ic  acid .. . . . . . . . . . . . . .  9 5 %  e thanol  
D i l i t h i u m  a-su l fopa lmi ta t  e . . . . . . . . . . . . . . . .  W a t e r  
D i l i t h i u m  a - su l fos tea ra te  .. . . . . . . . . . . . . . . . .  1 5 %  ethanol  

Cesium a-su l fos tea r ic  acid .. . . . . . . . . . . . . . .  W a t e r  

M a g n e s i u m  a-sulfopalmitic acid ........ J Methano l  
M a g n e s i u m  a-su l fos tea r ic  acid .......... Methano l  

Ca lc ium a-su l fopa lmi t ic  acid  ... . . . . . . . . . .  E t h a n o l  
Ca lc ium a-su l fos tea r ie  acid  .. . . . . . . . . . . . . .  Methano l  

I 

Sodium a m m o n i u m  a-su l fos teara te . , .  I ~Vater 
L 

T r i e t h a n o l a m m o n i u m  a-sulfo- 
s t ea r ic  acid  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i Chloroform 

Long  spacing,  ~. 

24 .03 -+0 .03  
26 .9  ~ 0 . 1  
30 .46 -+0 .05  
32 .45 -+0 .15  
38.1  ~-0.1 
2 7 , 6 1 ~ 0 . 0 3  
29 .92 -+0 .03  

2 2 . 8 5 - + 0 . 0 5  
25 .5  -+0 . I  
27 .9  -+0.1 
2 4 . 3 5 ~ 0 . 0 5  
2 7 . 0 3 - + 0 . 0 5  ; 25 .2-+0 .1  
29 .28 -+0 .03  

23 .8  ~-0.1 
26 .0  ~-0.1 
24 .5  -+0.1 
26 .8  ~-0.1 

28.3  -+0.1 

29 .50~_0.05  
30.8  ~-0.2 ; 27.9--+0.2 

26.8  -+0.2 ; 25 .2-+0 .2  
29 .8  ~-0.1 ; 27 .8-+0 .1  

25 .45-+0 .1  

27.15~.~0.05 

the acid magnesium compounds from methanol ra ther  
than water was found to produce much more crystal- 
line salts. The long spacing values are plotted as a 
function of the number of carbon atoms for each 
homologous series in Figure  1. 

Results and Discussion 
All compounds investigated could be identified and 

distinguished on the basis of the x-ray diffraction 
data. The x-ray powder pat terns  contained a large 
number of diffraction peaks characteristic of the 
highly crystalline nature  of these compounds. For  
some compounds doublet or additional peaks were 
observed in the long spacing r e , o n  indicating the 
presence of two phases. F o u r  compounds, dipotassium 
a-sulfopalmitate, magnesium a-sulfostearic acid, cal- 
cium o-sulfopahnitic acid, and calcium a-sulfostearic 
acid showed doublets in this region ; therefore two sets 
of long spacings are recorded in Table 1. Attempts to 
eliminate one of the phases by fu r the r  purification or 
by modifications in the crystallization procedure did 
not result  in any substantial change in diffraction 
patterns. 

I t  is well known (3) that  if the members of a 
homologous series of aliphatic compounds differ by 
units of two carbon atoms an isomorphous series of 
crystals is usually obtained and the long spacings of 
the series increase l inearly with carbon content. Ex- 
amination of the long spacing data (Table I and Fig- 
ure 1) for  the monosodium salts of a homologous 
series of a-sulfo long chain fa t ty  acids shows an aver- 
age increase of 1.4 A for each additional carbon atom. 
This is greater  than the expected projected distance, 
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N U M B E R  OF C A R B O N  A T O M S  
F r o .  1. L o n g  s p a c i n g s  f o r  s a l t s  o f  a - s u l f o n a t e d  a c i d s .  

1.3 A, of a carbon-to-carbon bond. I t  appears that 
the monosodium a-sulfo f a t t y  acids crys ta l l ize  in 
tilted bimoIecular layers characteristic of many long 
chain compounds. One member of the series, sodium 
a-sulfopalmitic acid, has a long spacing value not in 
accord with the other members of the series. Short 
spacings of the compound were within the limits of 
experimental error, the same as the other members of 
the series. Since no change in x-ray spectra was pro- 
duced by extensive purification and recrystallization 
the reason for this irregularity is not apparent. Long 
spacing values for disodium ~-sulfopalmitate and 
disodium a-sulfostearate were about 2 3. less than for 
the corresponding monosodium salts. 

Potassium a-sulfomyristic acid, potassium ~-sulfo- 
palmitie acid, and potassium a-sulfostearic acid gave 
long spacing values that increased linearly with in- 
creasing chain length. The average increase for each 
additional carbon atom was 1.25 A, muck less than 
the value of 1.4 A obtained with the monosodium salts. 
Apparently the molecular packing in the two salt 
series is quite different. The dipotassium salts gave 
long spacings greater than for corresponding mono- 
potassium salts. Although one member, dipotassium 
a-sulfopalmitate, showed two pkasesf the long spacing 
of one phase, 27 2,, indicated that it was isomorphous 
with the other two members of the series. 

Two members of monolithium and dilithium salts 
were investigated. The long spacings of the disalts 
were greater than the nionosalts, which is the same 
correspondence observed for the potassium salts. 
Cesium ~-sulfostearie acid is another alkali metal salt 
that was studied. 

An attempt was made to correlate the change in 
long spacing values of the acid salt of a-sulfostearie 
acid, C,6H3aCH(SOaM)CO2H, with the ionic radius 
of the alkali metal ion present. In general the long 
spacing value increases with increasing ionic radius 
of the alkali metal. Long spacing values increase in 
the order of lithium, potassium, eesimn, and the cor- 
responding ionic radii are .60, 1.33, 1.69 3~, respec- 
tively (2). However the sodium salt does not fit into 
this scheme. It  gave the highest tong spacing value 
even though its ionic radius, .95 A, is smaller than 

t h a t  of potassium or cesium. This same p~lttern 
evolves if a comparison is made of the monosalts of 
~-sulfopalmitic acid. Without a detailed analysis of 
the crystal structure of these compounds it is im- 
possible to explain the apparent abnormal behavior of 
the sodium salts. 

Two divalent metals, magnesium and calcium, were 
studied. With these metals there was a greater tend- 
ency to form two phases than with the mono~'alent 
metals. An x-ray diffraction diagram from the mixed 
salt, sodium ammonium a-sulfostearate, showed this 
compound to have the shortest long spacing of any 
a-sulfostearate studied. 

One salt with a large cation, the triethanolammo- 
nium ion, was investigated. The long spacing of tri- 
ethanolammonium ~-sulfostearie acid was less than 
that of the corresponding potassium salt, so the large 
group apparently affects the molecular paekil~g. 

An x-ray pattern of a detergent bar nlade by mill- 
ing four parts of disodium ~-sulfostearate with one 
part  of triethanolammonium a-sulfostearic acid showed 
a super-position of the patterns of the two pure com- 
ponents. Investigation of a detergent bar made by 
neutralizing 20p~- of the acidity of sodimn a-sulfo- 
stearic acid with triethanolaniine in the milling proc- 
ess also showed the presence of ~wo phases. However 
when sodimn a-sulfostearie acid was 20~ neutralized 
in the milling process the pattern for sodium ammo- 
nium a-sulfostearate was completely lacking and only 
that for the monosodium salt was observed. A more 
thorough investigation with particular attention to a 
wider range of eompositions will be required before 
conclusions may be drawn concerning the structure 
of such detergent bars. 
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