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ABSTRACT 

Column chromatographic procedures have been developed for 
separating binary mixtures of commercial sodium dodecylbenzene- 
sulfonate (DDBS) with the hydrotropes sodium m-xylenesulfonate 
(SXS) and 8-[5(6)-carboxy-4-hexyl-cyclohex-2-enyl] octanoic acid 
(DAC) and ternary mixtures of these three materials. The materials 
are separated on a specially purified silica gel column. The C~1 di- 
carboxylic acid (DAC) is eluted with 2:3 (v/v) chloroform/acetone 
in the presence of SXS, with 3:2 (v/v) chloroform/acetone in its 
absence. The DDBS is eluted with 1:9 (v/v) isopropyl alcohol/ace- 
tone in the presence of SXS, with methanol in its absence. The SXS 
is eluted with methanol in the presence of DAC, with 8:2 (v/v) iso- 
propyl alcohol/acetone in its absence. The presence of SXS in mix- 
nares with DDBS in greater than equimolar amounts interferes with 
the Hyamine 1622, mixed indicator titration for DDBS. 

INTRODUCTION 

Alkylbenzenesulfonates with short  alkyl groups, such as 
xylene-, cumene- and toluenesulfonates, are frequently 
used as hydrotropes,  i.e., to increase the water solubil i ty 
of surfactants such as sodium dodecylbenzenesulfonate,  in 
detergent formulations. The accurate determination of  the 
hydrot rope  content  of  such formulations is difficult when 
both hydro t rope  and surfactant adsorb in the same ultra- 
violet (UV) range. Complete separation of the two materials 
by chromatographic or extractive (1-3) methods is often 
complicated by the presence in commercial dodecylbenzene- 
sulfonates of impurities that  are not  readily separated from 
the hydrotropes  and that  adsorb in the same UV range. The 
introduct ion (4-6) of a new type of hydrotrope,  Westvaco 
DIACID ® 1550, 8-[5(6)-carboxy-4-hexyl-cyclohex-2-enyl] 
octanoic acid, st imulated our search for a method of  deter- 
mining the concentration of  both  of  these types of  hydro-  
tropes in their mixtures with commercial sodium dodecyl- 
benzenesulfonate. 

MATERIALS AND METHODS 

Sodium m-xylenesulfonate (SXS): 2,4-Dimethylbenzene- 
sulfonic acid, a sodium salt from Eastman Kodak, was used 
as received. UV absorption maximum was at 276 nm (e = 
410). Mol wt = 208.2. DIACID ® 1550 (DAC), supplied by 
Westvaco, was used as received. The equivalent weight was 
265 as determined by t i trat ion with 0.1 N KOH. Sodium 
linear dodecylbenzenesulfonate (DDBS): Commercial grade 
(Custofac), supplied by Westvaco, was freed from unsul- 
fonated material and inorganic salts by the following 
procedure: dissolve 20 g in a mixture of 300 mL of distilled 
water and 300 mL of 95% ethanol. Extract  the solution 
seven times with 100-mL port ions of hexane to remove 
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unsulfonated material. Evaporate the extracted aqueous 
alcohol solution to dryness on a steam bath. Heat the 
residue with hot  isopropyl alcohol (water, 0.2% max) 
and filter the mixture to remove inorganic salts. Evaporate 
the solvent and dry the residue to constant  weight in a vac- 
uum desiccator over phosphorus pentoxide.  Purity of  the 
product  is 99.2%, by two-phase t i t rat ion with Hyamine 
1622 using mixed indicators (7,8) and assuming a tool wt of 
348.5 for the DDBS. UV absorption at 276 nm: e = 254. 
Chloroform: use reagent grade. Remove water and ethanol 
by drying over anhydrous calcium chloride for several hours 
and then filtering the mixture. Hyamine 1622 (Rohm and 
Haas): concentrations of Hyamine solutions were determined 
by  UV absorbance at 269.5 nm, using e = 1266 (9). Ace- 
tone: use reagent grade, 0.5% water, max. Isopropyl alcohol: 
Reagent grade, 0.2% water, max. Methanol: use reagent 
grade, 0.2% water, max. 

Silica Gel Treatment 

This was done to remove fines and polyvalent cations. Sus- 
pend 300 g of  silica gel (Davison grade 922) in 1,200 mL of  
distilled water and 2 mL of concentrated hydrochloric  acid. 
Stir the suspension gently for 10 min. Allow the suspension 
to settle for 10 rain and then decant the upper suspension 
containing fines. Add 1,200 mL of distilled water and re- 
peat  the stirring and decantat ion process 10 times. Finally, 
filter the mixture with suction and wash the silica gel on 
the filter with distilled water until it is free of  el-. Dry the 
silica gel at 100-120 C and activate it at 120 C for 2 hr be- 
fore use. 

ANALYSIS OF SX~DDBS MIXTURES 

Preparation of the Silica Gel Column 

Mix 80 mL of 1:9 (v/v) isopropyl alcohol/acetone with 4.3 
g of  activated silica gel, purified by the above procedure. 
Pour the mixture into a glass chromatography tube,  40 cm 
x 2 cm id, with a cot ton plug at the bot tom. Rinse any sili- 
ca gel remaining in the container onto the column with 
additional solvent mixture and wash the column with the 
same solvent mixture until evaporation of  a drop of  the eluate 
on a clean watch glass leaves no trace of  a residue. The 
height of  the silica gel column is about 26 cm. 

Separation and Determination of the Components 
For  this separation, it is necessary that  the SXS constitute 
no more than 116 by wt of  the mixture. Weigh about 0.6 g 
of the dry mixture into a 50-mL beaker, dissolve or suspend 
it in 20 mL of  1:9 (v/v) isopropyl alcohol/acetone and 
transfer it to the column. Rinse the beaker several times 
with the same solvent mixture to ensure complete transfer, 
since SXS has only limited solubil i ty in the solvent mixture.  
Elute most of  the DDBS from the column with the same 
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solvent mixture until ~bout 350 mL of eluate has been col- 
lected. Elute the remaining DDBS and the SXS from the 
column with 8:2 (v/v) isopropyl alcohol/acetone (180-200 
mL). 

Evaporate both eluates to dryness on the steam bath. 
Heat the residue from the second eluate for 40-rain periods 
to constant wt (WRII) in an oven at 95-100 C. 

Dissolve the residue from the first eluate in distilled 
water and dilute it exactly to 1,000 mL (soln I). Use 10-mL 
aliquots of  this solution to determine its DDBS molar con- 
centration (MDDBS I) by ti tration with Hyamine 1622, 
using mixed indicators (7,8). Dissolve the residue from the 
second eluate in distilled water and dilute it  exactly to  500 
mL (soln II). Use 10-mL aliquots of  soln II to determine its 
DDBS molar concentration (MDDBSII) in similar fashion, 
by t i tration with Hyamine 1622. Determine the UV absorb- 
ance at 276 nm of soln II (A276II).  

Calculation of Results 

The weight of DDBS (g) in soln I = MDDBSI × 348.5 x 
100. 

The weight of DDBS (g) in soln II = MDDBSII x 348.5 
× 50. The total  DDBS content  of the sample of  the original 
mixture is the sum of  the weights of DDBS in solns I and II. 

The weight of  SXS in the original sample can be obtained 
in two ways - ( a )  by UV absorbance and Hyamine t i t rat ion:  

weight (g) of SXS in original sample 
(A27611) - (254 X MDDBSII ) 208.2 

= X 
410 2 

= [(A27611)- (254 × MDDBSII)] × 0.254; 

(b) by weight and Hyamine t i trat ion: 

weight (g) of SXS in original'sample 
= WRII - MDDBSII × 348.5 

Results  are l isted in Table I. 

TABLE I 

Percentage Recovery of DDBS and SXS from Their Mixtures 

Recovery of SXS: 
b.y wt. and by UV absorption 

Run Recovery of DDBS Utratlon and titration 

1 98.6 98.4 97.8 
2 98.9 96.7 98.0 
3 98.7 98.6 96.2 

ANALYSIS OF DAC-DDBS MIXTURES 

Preparation of the Silica Gel Column 

Prepare the column as discussed above, except  that  3:2 (v/v) 
CHCl3/acetone is used to transfer the silica gel to the 
chromatography tube and to wash any fines from the col- 
umn (the CHC13 was freed of  water and ethanol, as already 
described.) 

Separation and Determination of the Components 

Weigh about  0.6 g of the dry mixture into a 50-mL beaker 
and dissolve or suspend it in 5 mL of 3:2 CHC13/acetone 
(CHC13 was freed of  water and ethanol, as described 
above). Transfer the solution to the chromatographic 
column and rinse the test beaker four times with 5-mL 

port ions of the same solvent mixture. Elute the DAC with a 
total  of  about  140 mL of the solvent mixture. 

Determine the amount  of DAC either by weighing the 
residue after evaporating the solvent (and drying to constant 
weight in a vacuum desiccator) or by ti trating the residue 
with 0.1 N .KOH solution (if unsulfonated material is sus- 
pected of  being present in the DDBS). 

Elute the DDBS from the column with about  120 mL of  
methanol.  Determine its quanti ty either by weighing the 
residue after evaporating the solvent (and drying to constant  
weight in a vacuum dessiccator) or by two-phase t i tration 
with Hyamine 1622, using mixed indicators. 

ANALYSIS OF DAC-SXS-DDBS MIXTURES 

Preparation of the Silica Gel Column 
Prepare the column as for DAC-DDBS mixtures,  above. 

Separation and Determination of Compounds 
For  this separation, it is necessary that  the SXS consti tute 
no more than 1/7 by wt of  the mixture. Weight about  0.7 
g of the dry mixture into a small Erlenmeyer flask and dis- 
solve or suspend it in 20 mL of  2:3 (v/v) CHela /ace tone  
(with CHC13 freed of water and ethanol). Generally, only 
the DAC dissolves completely.  Transfer the supernatant  
liquid onto the silica gel column. Transfer any remaining 
material in the flask onto the column with four 10-mL 
port ions of the same solvent mixture. Stir the mixture 
above the silica gel column gendy with a small glass stirring 
rod, to distribute any solid material evenly over the top sur- 
face and to increase the elution speed. Elute the DAC with 
the same solvent mixture until  120 mL of  eluate has been 
collected. Determine the amount  of DAC as described 
above for DAC-DDBS mixtures. 

Elute most of the DDBS with 1:9 (v/v) isopropyl alcohol/ 
acetone until  300 mL of  eluate has been collected (fraction 
I). Continue eluting with the same mixed solvent until an 
additional 50 mL of  eluate has been collected (fraction II). 
Reserve this fraction for combining with the SXS fraction 
(fraction III, below). 

Elute the SXS (and some remaining DDBS) with metha- 
nol until about  100-120 mL of  eluate has been obtained 
(fraction III). Combine this with fraction II, reserved above. 

Evaporate fraction I and the combined fractions II and 
III to dryness on the steam bath. Heat the residue from 
combined fractions II and III for  40-min periods to constant 
wt (WRII) in an oven at 95-100 C. 

Dissolve the  residue from fraction I in distilled water and 
dilute it exactly to 1,000 mL (soln I). Use 10-mL aliquots 
of this solution to determine its DDBS molar concentration 
(MDDBS I) by  t i t rat ion with Hyamine 1622, using mixed 
indicator. Dissolve the residue from combined fractions II 
and II1 in distilled water and dilute it  exactly to 500 mL 
(soln II). Use 10-mL aliquots of  soln II to determine its 
DDBS molar concentration (MDDBSII) in similar fashion, 
by t i t rat ion with Hyamine 1622. 

Determine the weights of  DDBS and SXS in the original 
sample as described under Calculation of  Results of DDBS- 
SXS mixtures, above. Results are listed in Table II. 

TABLE II 

Percentage Recovery of DAC, DDBS and SXS from Their Mixtures 

Recovery of: DAC DDBS SXS 
Titration Titration 

Method Wt Titration Titration and UV and wt 

Run 1 98.4 98.5 99.2 98.4 99.0 
Run 2 98.5 98.6 99.6 97.6 98.1 
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DISCUSSION 

T h e  p r o c e d u r e s  desc r ibed  are on ly  su i tab le  w h e n  the  ra t io  
o f  SXS to  DDBS is 1 :6  or  less. T h e  reason  f o r  th i s  is t h a t  i t  
has  n o t  b e e n  poss ible  to  o b t a i n  a c o m p l e t e  sepa ra t ion  o f  
SXS f r o m  all o f  t he  c o m p o n e n t s  o f  commerc i a l  DDBS.  
Moreover ,  i t  is imposs ib le  to  d e t e r m i n e  t h e  exac t  a m o u n t  
of  these  DDBS c o m p o n e n t s  in the  SXS f r ac t i on  s ince t he  
p resence  o f  SXS in g rea te r  t h a n  e q u i m o l a r  a m o u n t s  in  mix-  
tu res  w i th  DDBS in te r fe res  wi th  t he  H y a m i n e  t i t r a t i on  of  
DDBS. Da ta  are given in Tab le  III. The re fo re ,  in t he  des- 

TABLE IH 

Influence o f  SXS on the Hyam/ne Titration for DDBS 

Original MDDBS Recovery 

MDDBS MSX S Found (%) 

1.002 X 10 -3 -- 9.9 s × 10 -4 99.3 
1.002 X 10 -3 1.250 X 10-4 9.96 X 10-* 99.4 
1.002 X 10- a 2.50 t X 10 -4 9.96 X 10-4 99.4 
1.00 z X 10- 3 5.00 X 10- 4 9.96 X 10 -4 99.4 
1.002 X 10- 3 7.50 X 10 -4 9.9, X 10- ¢ 99.6 
1.002 X 10- 3 1.004 X 10 -3 9.99 X 10 -4 99.7 
1.002 X 10 -3 1.25 t × 10 -3 1.007 X 10 -3 100.5 
1.002 X 10- 3 1.75 t × 10 -2 1.012 X 10 -z 100.9 
1.002 X 10 -3 2.501 X 10 -2 1.027 X 10- 2 102.4 
1.002 X 10- 2 5.002 X 10 -3 1.074 X 10 -:~ 107.3 
1.002 X i 0  -a 7.50 X 10 -3 1.12 s X 10 -3 112.3 

c r ibed  p rocedures ,  su f f i c ien t  DDBS (at  least  e q u i m o l a r  w i th  
the  SXS c o n t e n t )  is le f t  in the  SXS f r ac t i on  to  p e r m i t  de-  
t e r m i n a t i o n  of  t h e  DDBS c o n t e n t  by  H y a m i n e  t i t r a t ion .  

A p r o b l e m  i n h e r e n t  in s epa ra t ing  t e r n a r y  m i x t u r e s  o f  
DAC, DDBS a n d  SXS b y  c o l u m n  c h r o m a t o g r a p h y  is t h e  
d i f f icu l ty  o f  f ind ing  a so lven t  t h a t  will dissolve all t h r e e  
mater ia l s  and  still be  su i tab le  as a f irst  e lu t ing  solvent .  The  
p rocedu re  desc r ibed  i l lus t ra tes  one  m e t h o d  o f  h a n d l i n g  this  
p rob lem.  

ACKNOWLEDGMENT 

This material is based on work supported in part by a grant from the 
Westvaco Corporation. 

REFERENCES 

1. House, R., and J.L. Darragh, Anal. Chem. 26:1492 (1954). 
2. Spangier, W.G., JAOCS 34:191 (1957). 
3. Ranky, W.O., and G.T. Battaglini, Soap Chem. Spec. 44: 36(1968). 
4. Ward, B.F., e.G. Force, A.M. Bills and F.E. Woodward, JAOCS 

52 :219  (1975). 
5. Mino, J., E. Matijevic and L. Meites, J. Colloid Interface Sci. 60: 

148 (1977). 
6. Cox, J.M., and S.E. Friberg, JAOCS 58:743 (1981), 
7. Reid, V.W., T. Alston and E. Heinerth, Tenside 4:292 (1967). 
8. Rosen, M.J., and H.A. Goldsmith, Systematic Analysis of Surface- 

Active Agents, 2nd edn., Wiley-Interscience, New York, NY, 
1972, p. 427. 

9. Li, Z.P., and M.J. Rosen, Anal. Chem. 53:1516 (1981). 

[Received  May  17, 1982]  

504/JAOCS, vol. 59, No. 11 (November 1982) (S&D 152) 


