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TABLE V 

Protein tgesults on Water-Dispersible Collaborative Study 

44% 
S.B.O.M. 

L a b o r a t o r y  1 
O1, B1, D1 15.0 

D2 14.5 
B2,  D1 14.6 

D2 14.0 
02, B1, D1 14.7 

D2 15.0 
B2, D1 14.2 

D2 14.6 

Laboratory 2 
01 ,  B1, D1 13.2 

D2 13.7 
B2, D1 12.8 

D2 13.2 
02, B1, D1 13.6 

D2 12.8 
R2, D1 13.8 

D2 13.3 

Laboratory 3 
01 ,  B1, D1 14.1 

D2 14.2 
B2, D1 14.2 

D2 13.7 
02, B1, D1 14.7 

D2 14.4 
B2, D1 14.2 

D2 14.0 

A v e r a g e  14.0 
Sld. deviation 0.74 

Type of Product 

0 Opera tors ,  B - - B l e n d o r s ,  n Days .  See expe r imen ta l  des ign,  
F i g u r e  7. 

Summary 
A method is presented for detexnlillation of Water-  

Dispersible Protein,  using a l lalnil ton Beach Drink- 
master  #30 modified to ac'eonlmodate War ing  Blendor 
blades and cups. The probable sources of error  ill the 
method are discussed, and tile ilreeisi(/n of the nletho(I 

Bend  a d a p t e r  p a r t s  C and  l) 
le fit I 'onlour  of f r a m e  

FIG. 9. A d a p t e r  a .ssembly.  

is shown, based on the results obtained in three labo- 
ratories using six different Modified Hami l ton  Beach 
Blemtors. 
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Surface-Active 
Sulfated Fatty 

Propemes of Sodium 
Acid Monoglycerides 

Salts of 

A. K. BISWAS and B. K. MUKHERII, Department of Applied Chemistry, 
University College of Science and Technology, Calcutta, India 

S 
TU1)IES ON T I l E  SUIA:ATION o f  f a t ty  acid-glycerol 

esters (1) were star ted as fa r  back as 1909, but 
the ut i l i ty  of the products  as surface-active agelltS 

wan not realized unti l  sulfated monoglycerides of coco- 
nu t  oil f a t t y  acids (R-COO-CII2CHOHCH2OS() :~Na)  
were put  in the marke t  under  the t rade name, Arctic 
Syntex-M,L, etc. However  very little published in- 
format ion has appeared  on the fundamenta l  relations 
between constitution and properties.  The present  
investigation on the comparat ive surface-active prop- 
erties of the sodium salts of nlonoglyceride sulfates 
of C~2-, C14-, C16-, and Cls- saturated,  oleic, and linoleie 
acids was under taken  with a view to elucidating' any 
possible influence of the molecular weight and ml- 
saturat ion of the f a t t y  acids on the surface-active 
propert ies  of the products  of sulfation of the mono- 
glycerides. 

Raw Naterials and Reagents Used 
Fatty Acids. Laur ie  and myrist ic  acids were sep- 

ara te ly  crystallized f rom 25% solutions of the corn- 

nlel'(dal products ill a(~etolle at --~5~ am1 - -90~  
reSllCCtively. Fou r  such crystallizations yMded  the 
folh/wing products: laurie m'id havillg neutralizatitnl 
equivalent (N.E.) 201.0, hldinc value (I .V.)  less than 

o t ~ ~ o 0.1, m.p. 44.1 C., l i tera ture  value 44.2 (,., aml my_ 
I'istie acid having N.E. 228.1, I.V. less than 0.1, m.p. 

.)4.4 C. A 20% soh i t ion  54.2~ l i t e r a t u r e  va lue  ~" ~ ' 
;) ( J .  tlf pahnitic at!id in acetone was cooled to -o , It) re- 

move insoluble stearic acid. Tht, filtratt, was chilled 
tt/ - 1 2 ~  and kept at that  t empera tu re  for 2 hrs. 
l{elleated crystallizatitln gave pahnit ic  acid having 
N. E. 2a7.2, I .V.  n i l ,  nl.p. 6Z~ C., l i t e ra tu re  vah le  
62.,) 6. 

Three succ:~ssive crystall izations of stcaric acid f rom 
10% solution in acetone at - 5 ~  for 3 hrs. gave a 
sutIieielltly pure stearic acid having N.E. 284.2, I.V. 
nil, lll.p. 69.5~ l i tera ture  vahIe 69.6~ 

Successive crystall izations of 7.5% of oleic acid so- 
lutiol~ ill acetone at --25~ .. and --35~ precipi ta ted  
croI/s of palmitic an(1 oleic acid. Three recrystal l iza-  
tions of the oleic acid f rom acetone yielded a product  



172 VoL. 37 T H E  JOURNAL O F  T H E  A . M E R I C A N  O I L  C H E M I S T S '  S O C I E T Y  

T A B L E  I 

Ana ly t ica l  Cha rac t e r i s t i c s  of Monoglycer ide  Samples  

~{onolwilrin ........................................................... 
MonomyriYt in  ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M o n o p a l m i t i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~{onostear in  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.N[ono-olein ............................................................ 
Mon~l ino |e in  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Saponi f ica t ion  equ iva len t  

Obse rved  Theore t i ca l  

273 .4  274.0 
299.8 302.0 
326.0 330.0 
354.6  358.0 
354.8 356.0 
352.8 354.0 

I o d i n e  va lue  

Obse rved  Theore t i ca l  

Nil  Nil 
Nil  Nil 
Nil Nil  
Nil  Nil  
71.2 72.1 

142.9 143.4 

Melt in 

Obse rved  

~ 
61,9 
69.9 
74.8 
80.2 

point 

L i t e r a t u r e  
va lue  

~ 
624, 
70.56 
75 ~ 
80 ~ 

a-iYlono- 
g lycer ide  

% 
98.5 
97.6 
97,5 
96.6  
98.6  
97,5 

having N.E. 281.3, [.V. 91).81, and a linoleie acid con- 
tent  of 0.13%, as shown from the alkali isomerization 
and spectrophotonlctric determination (2).  (E 1~/o/1 ..... 
at 234 m~ of 180~ rain. alkali-isomerized sample 
was 1.18). 

l~inolcic acid was recovered from poppyseed oil 
m.f.a. [)ahnitie, stearic, and oleie acids were succes- 
sively rcnloved by chilling the acetone solution gradu- 
ally to -35~  Evaporat ion of the filtrate obtained 
af ter  fired cooling to - 45~  gave linoleie acid having 
N.E. 28051, I.V 18(t.9, and a tinoleic acid content of 
98.2%. (E ~/~ ..... at 268 ml* and 234 m~ of 170~ 
15 rain. and 18(}~ rain. alkali-isomerized samples 
were, respectively, 5.56 and 895.7.) 

Monoglyeeridcs. The purified samples of fa t ty  acids 
were then esterified with 3 equivalents of glycerol at 
180~ in a nitrogen atnlosphere. The reaction was 
catalyzed with 0.1% potassium carbonate (on the 
basis of fa t ) .  Af ter  5 hrs. the products  were taken 
out, dissolved in ethyl ether, and freed from glycerol, 
f a t ty  acid, and soap. The crude nlonoglyceride was 
then fu r the r  purified by comttercurrent  distribution 
between two mutual ly  saturated phases, a/cobol-water 
and petroleum ether (l).l). 60-80 ~ Repeated crys- 
tallizations f rom ethyl ether of monolaurin and mono- 
myris t in  at 5~ and of monopalmitin and nmnoste- 
arin at 10~ gave purer  products. 

The analytical  figures for the purified monoglyc- 
erides, a-monoglyceride contents of which have been 
estimated according to the s tandard method (3), are 
repor ted in Table [. 

Sul fa t ing  Reagents  

There are references (7, 8) for prep~ri~g mono- 
glyeeride sulfates by reacting equimo.lar proport ions 
of f a t t y  acid, glycerol, and sulfuric acid. Products  
of low salt content have been made by using such 
reagents as sodium ehlorosulfonate (9).  Although 
sulfuric  acid is a strong sulfating reagent, it attacks 
the doable bond and part ia l ly  splits the glyeeride 
linkage; sodium ehlorosulfonate is known to be a 
milder sulfat ing reagent. Recently a pyridine-sulfur  
trioxide complex has been used (10) for  sulfation of 
unsa tura ted  fa t ty  alcohols and is shown to leave the 
douMe bor~ds v i r tual ly  unaffected. In view of the 
above facts, a sodium chlorosnlfonate and pyridine- 
sul fur  trioxide complex have been used for  sulfating 
monoglyeerides of saturated and unsatura ted  acids, 
respectively. The pyridine-sulfur  tr ioxide complex 
was prepared  according to the directions given in 
H. It .  Sisler and L. P. Audr ie th ' s  "Inorganic Syn- 
thes is"  (Vol. II ,  p. 173, 1st ed., McGraw-Hill  Book 
Company Inc., New York, 1946). 

Experimental 
Sutfat~on. Chlorosulfonie acid (0.26 mole) was 

added slowly with continuous st irr ing to a cold solu- 

lion of sodium chloride (0.5 mole) unti l  a white paste 
was obtained. This paste was gradually added to the 
molten monoglyceride (0A mole), and st irr ing was 
continued for 30 rain. The mass was then dissolved 
in hot n-butanol and neutralized with 18 ~z-sodimn 
hydroxide. The mixture was subsequently filtered hot 
to remove the insoluble inorganic salts, n-Butanol 
and water were finally removed by distillation under  
vacuum. The syrupy  residue was poured into dry  
acetone, and the sodium salt of the sulfated mono- 
gtyceride was precipitated out. This was filtered, 
washed with d ry  acetone, and dried in vacuum. 

In the ease of an unsaturated f a t ty  acid mom)- 
g lyeer ide ,  4.0 moles of a p y r i d i n e - s u l f u r  t r i o x i d e  
complex were gradual ly added to 1.7 moles of morn)- 
glyeeride with stirring. The temperature  of the reac- 
tion mixture  was maintained below 10~ for 30 rain., 
af ter  which the mass was dissolved in hot n-butanol 
and neutralized with a hot sodimn hydroxide sohlti(m. 
The subsequent procedure for obtaining the sodium 
salt of sulfated monoglycerides was similar t(i thai. 
o/ttlined above. 

Analysis of the Products 

Percentages of sulfate and sulfonate groups (ex- 
pressed as % of SO3) in the products  were estimated 
according to the A.0.C.S. Official Methods (F  2a-44 
and F 2c-44). Content of sulfonate was negligible 
(less than 0.01%) in all the cases. Sulfate contents 
(expressed as % of S03) in the sodium salts of sul- 
fated laurie, myristic, paimitie, stearie, oleic, and lin- 
oleic monoglyeerides were found to be 21.01, t96~, 
18.32, 17.02, 17.19, and 17.27, respectively. (Corre- 
sponding theoretical -~a]ues for  monosu]fated prod- 
ucts are 21.27, 19.80, ]8.52, 17.39, 17.47, and 1754, 
respectively.) The iodine values of the products  from 
mono-olein and monolinolein were 54.6 and 109.2, re- 
spectively (theoretical values 55.43 and ]11.4, respec- 
t ively).  The following properties of the products  have 
been studied. 

a) Surface Tension. Surface  tensions of 0.001 to 
0.1% solutions of the surfactants  were measured with 
a du Nelly 's  tensiometer at 25 ~ 0.2~ Values are 
given in Table II.  

TABLE 11 

Sur face  T e ns ion  of Solut ions of S o d i u m  Salts of F a t t y  Acid  Mono- 
g lycer ide  Su l fa tes  (dyne,s /era , ) .  T e m p e r a t u r e  25 ~ 0 .2~  

Fat t  " ac id  in  the  s u r f a c t a n t  

Concen- 
t r a t ion  

(%) 

0,001 
0~002 
0.005 
0.01 
0.02 
0 .05 
0,1 

L a u r i e  I~yr is t ic  

69.0 I 46,0 
56.1 I 38.5 
50.5 ] 37.8 
42,0  t 33.6 
B6.3 } 27.2 
33.9 26.1 

P 'mitict  tearic I O'eic 
67,1 I 71.9 I 61,2 [ 61 i .  
55.3 I 59.1 I 57.7 I 58.2 
49.1 [ 49.2 ] 55.7 ] 56.0 
47,5  I 48.1 I 49.5  ~ 49.5  
46.1 i 46.0  1 43.1 ~ 43.2  
45,9 I 46.0 I 36.0 I 37.1 
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b) Interracial Tension. Determinat ion of the inter-  
facial tensions of the aqueous solutions of the surf-  
actants  against  n-heptane (b.p. 208~ was done in 
du Noiiy 's  tensiometer at 25 • 0.2~ The interfaeial  
tension value of distilled water  against  n-heptane was 
53.8 dynes/era.  Values obtained are presented in 
Table I 1 I. 

T A B L E  I I I  

In t e r fae ia l  Tension of S u r f a e t a n t  Solut ions (dynes /e ra . ) .  
Tempera tu re  25 4- 0.2~ 

Coneen- 
t r a t ion  

(%) 

Fa t ty  acid in the su r f ae t an t  

L a u r i e  Myris t ie  Pahni [ ie  Stearie  Oleie Linoleie  

53.8 51.1 52.0 53.8 I 53.8 50.2 
52.0 46.8 47.3 ] 52.2 51.8 46.1 
48.5 39.4 42.6 46.5 43.6 40.0 
44.7 I 29.9 32.7 35.3 32.7 / 32.7 

I 38.9 [ 18.8 I 21.4 I 25.6 I 21.7 / 25.2 

0.005 
0.01 
0,02 
0.05 
0.10 

e) Wetting Characteristics. Sinking-time tests were 
carried out according to the following procedure.  A 
piece of cloth 2 by 2 in., rolled into a cylindrical  
shape and faslcned by a 2-in. piece of cotton thread 
served as the exper imental  "co t ton  ba l l . "  The cot- 
ton ball was hooked by  a curved 2-in. piece of copper 
wire, which was fastened to the end of a flattened 
glass rod by cotton thread (Figure  1). The whole 
assembly was immersed in the sur fac tan t  solution, 
nmintained at a tenlperature  of 25 --+ 0.2~ The time 
required for  the cotton ball to sink was noted and 
was regarded as an inverse measure of the wet t ing 
effieiency of the snr fac tan t  solution. The sinking 
times in 0.1% solutions of sodium salts of mono- 
laurin, -nlyristin, -palnlitin, -stearin, -olein, and -lin- 
olein sulfates werc 30 rain., 87 nlin., > 4  hrs., > 4  hrs., 
75 rain., anll 45 nlin., respectively. The sinking times 
in 0.025, 0.05, 0.1, and 0.2% solutions of the sodium 
salt of nlonolaurin sulfate were 139 rain., 60 nlin., 
30 rain., and 19 rain., respectively, which showed in- 
erease(l wett ing efficiency with the increased concen- 
tration of sm'faetant .  

d) Cab'into Stability. Calcium stabil i ty was deter- 
mined at 25 § 1~ according to the method of t I a r t s  
111). F i f t y  co. of 0.05% solution of the sur fae tan t  in 
a 100-co. beaker (5 era. in internal  diameter)  were 
t i t ra ted with a 1% solution of caleimn acetate unti l  
tu rb id i ty  prevented ord inary  newsprint ,  fastened to 
the side of the beaker with a rubber  band, f rom being 
read when viewed through the solution. The buret te  
readings (direct  nleasures of calcimn stabil i ty)  in 
the case of the laurie, nlyristie, oleie, and linoleie acid 
products were 0.88, 0.55, 1.5, and 6.3 cc., respectively. 
(Calcium stabil i ty values expressed as p.p.m. CaC03 
are therefore 109.5, 68.9, 184.3, and 708.2, respec- 
tively.) Minute quantities, less than  0.03 co. of the 
same calcimn acetate solution, made 0.05% solutions 
of the palmitie and stearic acid products  tu rb id  and 
produced coarse precipi tates  of calcium salts, thereby 
indicating calcium stabil i ty values of less than  4 in 
terms of p.p.m. CaCO3. 

e) Foaming Characteristics. Foam height and foam 
stabil i ty of the aqueous solutions of the sur fac tants  
were evaluated at 25 ~ 1~ on the principles under-  
lying Ross and Miles '  method 112). The 0.1% aque- 
ous solution (200 ec.) was delivered f rom a pipet te  
(i.e., of a 1-mm. discharging nozzle) down a tall cali- 
brated cylinder (45 ram. inner diameter)  onto a cush- 
ion of 50 co. of the same sohltion; the average height 

FIG. 1. Sinking time test  assembly. 

of fall was 72.5 era. Foanl heights and the half - foam 
life period, i.e., the tinle required for  the foam volume 
to be reduced to half  the original value, are recorded 
in Table IV. 

T A B L E  1V 

l~'oam He igh t  and l [ a l f -L i fe  P~.rioll. 'Penl lwrature 25 4-1~C. 

Fat ty  acid in tlw SLJ,'fm'tants (0 .1% solut ions)  

Foam he igh t  Lauri<' Myris t ie  Palnliti(. Ste~lrie Olcic IAnoleie 

in cm. 0.7 ] 9.0 2 . 0  2.1 ] 8.0 0.9 

HMf-life per iod 
(of the  o r ig ina l  
foam volume)  t l m i n .  ] _ ~ l h r . _ /  4 .Smin . ]  1 5 m i n . / > l h r .  I t r a i n .  

f)  Suspcndability Characteristic. The suspenda- 
bility of nmnganese dioxide parti/des in su r fae tan t  
solutions at 25 • 1~ was evaluated by  means of 
F iseher-Dot t ' s  appara tus ,  the working principle of 
which has been elaborated by Dotts  113). The appa-  
ra tus  eonsists of a ver t ical ly  adjusted sedimentat ion 
tube attached to a cal ibrated capi l lary  manometer  a rm 
and fitted with a stopcock. (The sine of the angle 
between the manometer  a rm and the horizontal is 
0.075.) The dispersion contains I g. of MnO._, lB. S. 
sieve size - 7 0  to +100) in 100 co. of 0.1% sur fac tan t  
sohation. With  the manometer  full  of su r fac tan t  
solution and the main sedinlentation tube empty,  a 
run  is s tar ted by pour ing  the dispersion into the 
nlain tube to a predetermined mark,  corresponding to 
which the meniscus reads zero in the manometer  
scale. The t imer is s tar ted imnlediately, and the ma- 
nonleter 8tot)eoek is opened simultaneously.  As the 
suspended solid particles settle, the effective density 
of the susp(msion on the top of the sedimentat ion 
tube falls, and the pressure on the manometer  a rm 
decreases with the result  that  the liquid meniscus 
in the manometer  a rm progressively recedes. The 
rate of recession serves as an inverse measure of the 
suspending capaci ty  of the su r fac tan t  solution. The 
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~o 

4 a l ~ o t r * r  

o ~o 40 oo #o ~oo ~#o ~40 ~ o  t8o 200 

~ N O N E T E ~  ~ A O l ~ e =  y= r l ~ .  ( ~  SUSPENSION IN SVRr~OTANT S ~ N . )  

F r o .  2. S u s p e n d a b i l i t y  c h a r a c t e r i s t i c s  a s  d e t e r m i n e d  i n  
F i s e h e r - D o t t ' s  q p p a r a t u s .  

~ J 6  

results, as t'eprodll<:ed in F igure  2, indicate the su- 
periori ty of the products  in the following order:  

Myristic -+ ()leic -+ Liuoleic --> Palmit ic  ---) 
lmurie  -+ Stearic. 

Thus, in the series C1,,-C~s sa tura ted  compounds, 
max imum suspending power is exhibited by C14 
compounds and, in the series (if Cts compounds of 
increasing unsaturat ion,  another  maximum is at- 
trained by the oleic acid product.  

g) Emulsifying Property. Fifteen co. of 0.1% solu- 
ti(m of the su r fac tan t  were, shaken with 5 cc. of 
n-heptane lb. p. 208~ in a 25-cc. s toppered meas- 
uring cylinder (height 13 ctn., inner diameter  1.75 
cm.) for 1 hr. in a shaker, which imparted,  on the 
average, 110 longitudinal shakings per  minute ;  ampli- 
tude of vibrat ion was 11 cm. Volumes of the emulsion 
layer, also of the aqueous and hydrocarbon layers, 
were noted at different intervals a f te r  the completion 
of shaking period. Da ta  obtained are presented in 
Table V. 

T A B L E  V 

P h a s e  Volumes  at  Var ious  T imes  Af t e r  S h a k i n g  0 . 1 %  S u r f a c t a n t  
Solut ion wi th  n -Hep t ane .  T e m p e r a t u r e  25 ~ I~  

F a t t y  ac id  T ime  ( ra in . )  
in sur f -  
a c t a n t  60 

L a u r i e  

Myr i s t i c  

P a l m i t i c  

S t ea r i e  

Oleie 

Linole ic  

O __San] 
Em.  1.2 
Oil 3.6 0 mi 

Oomplete F a i r  
emuls i f ica t ion  a r a t  

pha,, 

Only  2 layers ,  Oil 
one oily, the  
o ther  coarse  
d i spe r s ion  of 
oil in  w a t e r  

Only 2 layers ,  i Oil 

one oily, t he  E m  o the r  coarse  
d i spers ion  of 
oil in  w a t e r  

Era.  5.2 Era.  

Era.  5.6 

5 

aS iI 

t sep- 
on of 
es. 

.3 

.6 

5.1 

5.5 

15 

Era.  1.1 
Oil 3.7 

Em.  5.5 

Oil 3.4 

Oil 4.4 

Em.  5.0 

Em.  5.0 

3O 

Era.  
O i l :  . 

Era,  5.4 

0 i l  : .6 

O i l ,  .65 
Aq. t 
Res'  coarse  
d i s p  ~rs ion  

Em,  5.0 

Era,  4.9 

Era.  1.1 
Oil 3.7 

Era.  5.4 

Oil 4.2 

Oil 4.7 
Aq. 5.3 
~ e s t  coarse  
d i spers ion  

Era.  5.0 i 

I Era .  4 . 9  
Era.  is  volume (cc.)  of emuls ion  layer .  Oil is vo lume of he p t a ne  

layer .  R e m a i n d e r  is aqueous  layer  un less  o the rwi se  indica ted .  

Determinat ion  of the part icle size of the oil drop- 
lets in the emulsions, at different intervals,  which 
alone could give a correct idea about  the na ture  of 
emulsion and its stabili ty,  was done according to the 
method outlined by King  and Mukherj i  (141. One ec. 

T A B L E  u  

Specific h~ te r faee  " of n-I-Ieptane Emuls i f i ed  in  0 . 1 %  S u r f a c t a n t  
Solut ions at  D i f f e r e n t  I n t e r v a l s  

S u r f a c e  Specific 
T i m e  a f t e r  a r e a / u n i t  i n t e r f ace  

F a t t y  ac id  in the emulsif ica-  vo iume (sq,  am,~ t 
s u r f a e t a n t  l ion 

(h r s . )  (sq. e m . /  g in . )  
co.) (~) 1 _ _  

L a u r i e  ................................. 0.5 1915 ] 2821  
1 1741 2565  

~ffyristic ............................... 1 
2 

24 
P a l m i t i c  ............................... 0,5 

S tea r ic  ................................ ! . 5  

Oleic .................................... 0.5 / ~.25 

Linoie ic  ............................... 2 i , 2 5  

24 

3999 5892 
3395 5001. 

749 1104 
1710 2519 
1703 2509 
1716 2528 
1692 2493 
4659 6864 
3741. 5512  
3545 5223 
2794 4116  
~830 4170  
2250 3315 

379 559 

In o- 

7.945 
7.851 
8.682 
8.519 
7.008 
7.832 
7.828 
7.837 
7.823 
8,835 
8,61.6 
8,563 
8,324 
8.337 
8.106 
6.328 

a Specific in t e r f ace  is a r e a / v o l u m e  X dens i ty  of the  oil. Dens i ty  of 
~ -hep tane  a t  25~ ~ 0 .6787.  

of the emulsion layer  was wi thdrawn in a pipette anll 
mixed with 9 co. of water  and I co. of 10% gelathl 
solution. A drop was taken f rom the middle of the 
mixed sample and placed on the Hamnieytometer  slide 
(Spencer  Buffalo U.S.A. 7926, Neubaucr.  ] / l  0-m m. 
deep).  Size distribution of the oil droplets  was re- 
corded f rom the microscopic observation. Surface 
area and volume of the droplets were computed from 
their  diameters.  Total  surface area divided by total 
volume of the droplets  gave a statistical aw, rage of 
surface area per unit  volume of the oil drophqs ilk 
emulsion and hence of the state of dispersion. The 
exper iment  was repeated with emulsiol~ samples taken 
at  different intervals, results of which are presented ill 
Table V [. 

The da ta  reveal that  laurie, pahnitic,  and stearie 
sur fac tan t s  have negligible emulsion s tabi l i ty;  the 
emulsion layer pract ical ly disappears  within a few 
hours. I n  the eases of myristie,  oleic, and linoleie 
products,  emulsions were of sufficient stability. The 
na tura l  logari thms of the specific interfaces have been 
plotted against  t ime in F igure  3; the results show 

& 6  

~a 

tu 

Z4 

b 

I 
0 -  O L E I C  S U R F A C T " A N T  
�9 ' ~ -  N y R I S T I r  n 

O -  L I N O L E I C  ~, 

6 .2  I I I I I I , I  
4" $ ~ 16 
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Fro, 3. L o g e  o f  s p .  i n t e r f a c e  v s .  t i m e .  

I I I 
,~0 =~ 



A P R I L ,  1 9 6 0  B I S W A S  AND ~ , I U K H E R J I :  S U R F A C E - A c T I V E  P R O P E R T I E S  1 7 5  

that  the super ior i ty  of the sur fae tan ts  as an emulsi- 
tier is in the order, o le ic~myr i s t i c>] ino le ic .  Accord- 

da dt 
ing to Lotzkar  and Maclay ' s  (15) equation: - ~-  = -K- 

where K stands for  the stabil i ty coefficient, the rate  
of change of specific interface, a is exponential  to 
time, t. Results obtained in the present  work are at 
variance with Lo tzka r ' s  rule, as is shown by the fact  
that  plott ings ln~ vs.  t are not straie'ht lines but tend 
to be parallel  to the abscissae. Thus the stabil i ty 
coefficient K is not constant bnt is found to increase 
with the passage of time. The increased emuls ion  
stabil i ty most p robably  results f rom the hydrolysis  
product  of the sodium salts, which, being more oil- 
compatible, stabilizes the emulsion. A combination 
of O / W  and W / O  type emulsifiers is known to be a 
good emulsion stabilizer. 

Discussion 
Surface tension and interfacial  tension of aqueous 

solutions of this series of sur fac tants  have been found 
to decrease with the increase in concentration. At  
equal concentrations the myris t ie  su r fae tan t  (among 
the sa tura ted  acids) has been found to possess the 
best tensioactive propert ies  of all the samples tested. 
The oleic product  is the best of the three C,s surf-  
aetants of vary ing  unsaturat iou.  The same trend is 
also noted regarding  other properties,  viz . ,  foam char- 
acteristic, suspel |ding and emulsifying capacity,  and 
emulsion stability. Compared to the myrist ie  surf-  
actant,  the oleic su r fac tau t  however gives a stabler 
emulsion at equal concentration. 

The atl(~ve tr(~l|d is not s tr ict ly mainta ined with 
wetting ('baracteristi(,s. A|l increase in hydrophil ic  
nature  i|| the surfacta | l t  molecuh~ appears  to augment  
thc p roper ty  as evi(h~need ill lal|rie and ]inoleic prod- 
ucts. This may  t)e at tr i t lutcd to the high rate of 
adsorption on au(I diffusio|l through the cotton ball. 
Calcium stabil i ty is also found to be bet ter  the more 
the surfae ta l | t  is wah~r-soluble, e.g., linoleie, oleic, 
and laurie products.  

I t  may be proposed as a general rule that  an opti- 
mum balance between hydrophil ic  and hydrophobic 
groups in the sur fac tan t  molecule is cont r ibutory  to 
the improvement  in surface-active properties.  The 
hydrophobie character  of the f a t ty  acids develops as 
their  molecular weight increases while with the in- 
crease in unsa tura t ion  the moleelde is rendered more 
hydrophilic.  

The role of this opt imum hydrophil ic  and hydro- 
phobic balance on surface-active propert ies  has been 

worked out by Well et  al. (10) and Kivalo (16), 
respectively, in sulfated f a t t y  alcohols and sodium 
soaps. Well et  al. have established that,  in the sodium 
salts of sulfated f a t t y  alcohols, surface tension-lower- 
ing capaci ty  of 0.1% solution is max imum in the 
case of the C14 su r fae tan t  and the foaming charac- 
teristic of 0.25% solution is max imum at C]6. Kivalo  
(16) has shown tha t  at a 2-mill |molar concentration 
sodium oleate has a bet ter  tens|o-active p rope r ty  than  
either stearate or linoleate. F rom the present  investi- 
gation it is evident that  sulfated monoglycerides of 
myrist ie  and oleic acids have the nearest  approach to 
the state o~ op t imum hydrophi] ic-bydrophobic balance. 

Summary 
Sodium salts of f a t t y  acid monoglyceride sulfates 

have been p repared  by sulfa t ing purified monoglyc- 
erides with chlorosulfonic acid or a pyr id ine-su l fur  
trioxide complex and subsequent neutralizing. Sur- 
face tension, interracial  tension, wetting, suspending 
and foaming characteristics, calciunl stability, and 
e m u l s i f y i n g  p r o p e r t y  ( i u c l u d i n g  s t a b i l i t y  of  the  
emulsion obtained) of the aqueous solution of these 
sur fae tants  f rom C12, C14, C16, and C18 sa tura ted  f a t t y  
acids and from oleic and lino]eie acids have been 
determined and evaluated. 

With  the exception of the wet t ing characterist ic  
which was found to be opt imum ill the case of the 
more hydrophil ic  prodncts  (like those f rom laurie and 
linoleic acids) the remaining propert ies  were found 
to reach a maximum value when the hydrollhilie- 
hydrophobia balance il, the snr fac tan t  molecule was 
seemingly optimuln, as attained by myris t ic  and <)leie 
acid products.  
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