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S o m e  c h e m i c a l  a n d  s u r f a c t a n t  c h a r a c t e r i z a t i o n s  
h a v e  b e e n  c a r r i e d  o u t  o n  a r a n g e  o f  s u c r o s e  e s t e r s  
v a r y i n g  in  c o m p o s i t i o n  f r o m  p r e d o m i n a n t l y  m o n o -  
t o  d i e s t e r .  T h e s e  c o m p o u n d s  a r e  p r o p o s e d  a s  s i m -  
p l e  m o d e l s  f o r  m o r e  c o m p l e x  g l y c o l i p i d s  ( c o r d - f a c -  
t o r  a n a l o g u e s )  w h i c h  a r e  r e p r e s e n t a t i v e  o f  b i o s u r -  
f a c t a n t s .  T h e  l a t t e r  h a v e  p o t e n t i a l  a p p l i c a t i o n  in  
e n h a n c e d  o i l  r e c o v e r y  a r i s i n g  f r o m  t h e i r  e x c e l l e n t  
s u r f a c t a n t  p r o p e r t i e s .  

Biosurfactants typically are produced when specific 
strains of microorganisms are grown on n-alkanes. 
Their outstanding surfactant  properties have attract- 
ed growing attention for use in enhanced oil recovery 
(1). Representative effects are the lowering of the sur- 
face tension of aqueous salt solution to approximate- 
ly 30 dynes/cm, and of interfacial tension against  
n-hexadecane to ca. 1-8 dynes /cm with cmc values of 
0.02-0.0002% w/w (2-4). 

Although the biosurfactants as a class encompass 
a very wide range of structures including glycolipids 
(5-7), cyclic lipopeptides (8) and polysaccharide/fat ty 
acid ester/protein complexes (9), many  of the most 
common structural features are encountered in the 
bacterial lipids known as "cord-factor" and its ana- 
logues. One such structure (10) is given in Figure 1. 
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C14H29 

FIG 1. Typical "cord factor" analogue structure. 

At present, production of these compounds by fer- 
mentat ion suffers from the disadvantages of low 
yield (2,11) and difficulties associated with recovery 
of the product (11,12). Chemical synthesis of these 
molecules or their analogues would lead to greater 
availability, while studies relating structure to surfac- 
tant  properties could lead to better understanding of 
why biosurfactants are so effective. 

A preliminary stage in such a program would be to 
evaluate, in particular under conditions which simu- 
late oil well salinities, simple analogues of relevant 
glycolipids. The most readily available of such mod- 
els are the commercial sucrose esters (SE) of n-alkyl 
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fat ty acids. Though these are available commercially, 
surfactant data  for preparations of characterized iden- 
t i ty and structure are scarce; this paper presents 
some characterization and surfactant  data  on one se- 
ries of these compounds. 

MATERIALS 

A range of sucrose esters was obtained from Croda 
Chemicals (Hull, England); these are produced from a 
palmitic:stearic (30:70) mixture and are mixtures of 
mono-, di- and triesters (14). Each sucrose ester mix- 
ture has a manufacturer 's  product code as follows: 
F10, F20, F50, F70, F l l0 ,  F140 and F160. 

Synthetic deposit water was made up from NaC1 
(100 g/l), CaC12 (28 g/l), MgC12 (10 g/l) in distilled 
water (2). 

EXPERIMENTAL PROCEDURES 

Saponification equivalents were determined by reac- 
tion with excess KOH in diethylene glycol (13). Acid 
values were obtained by titration of methanol/chloro- 
form solutions of sucrose ester with 0.1 N NaOH to 
phenolphthalein. Melting points (mp) were observed 
on a Kofler apparatus, at a heating rate of 1-2 C/min, 
and are uncorrected. Thin layer chromatography was 
carried out using silica gel coated plates (0.25 mm 
layer thickness), with the eluent being a mixture 
(CHC13:CH3OH:CH3COOH:H20, 79:11:8:2), and  
spots were visualized by iodine vapor. 

Infrared spectra were obtained as nujol mulls be- 
tween NaC1 plates, using a Pye-Unicam SP3-200 spec- 
trophotometer. For each sucrose ester sample an in- 
frared peak height ratio HO/CO was calculated as 
follows: peak height OH absorption (3350 cm-1)/peak 
height C=O absorption (1730 cm-1). 

Nuclear magnetic resonance spectra were recorded 
on a Perkin-Elmer R12B spectrometer in CHClJD20 
solutions at 60 MHz. Chemical shifts are reported as 6 
(ppm) relative to tetramethylsilane. Surface tensions 
were recorded at ambient temperature (20±1 C) using 
a Du Nouy Tensiometer (Cambridge Instruments,  
London, England) and the glass plate method, in 
both distilled water and synthetic deposit water, with 
each sucrose ester at concentrations within the range 
0.0001-2.0% w/w. The sucrose esters as supplied do 
not disperse easily in water, and to ensure proper dis- 
persal the samples were first melted. Each concentra- 
tion was made up separately by weighing; the pre- 
pared sample solution was heated to the melting 
point of the sucrose ester in a sealed flask (ca. 5 min), 
shaken vigorously, then cooled to ambient tempera- 
ture for at least one hour prior to surface activity mea- 
surements being carried out in duplicate. Product F10 
was particularly insoluble, and at the higher intend- 
ed concentrations there was always visible insoluble 
material at the liquid surface. Consequently, for this 

JAOCS, Vol. 65, no. 2 (February 1988) 



SUCROSE ESTERS AS SURFACTANTS 

285 

T A B L E  1 

A n a l y t i c a l  D a t a  for  S u c r o s e  E s t e r s  o f  3 0 : 7 0  P a l m i t i c / S t e a r i c  A c i d s  

Sucrose ester Acid mp Saponification Infrared Hydrophilic- 
product code value a (°C) equivalent b OH/CO ratio c lipophilic balance d 

F10 0.5 57-61 481 0.38 <3 
F20 2.0 65-68 526 0.65 3.0 
F50 1.0 78-83 558 0.92 6.5 
F70 0.9 76-80 588 0.96 7.5 
Fl l0 2.1 75-82 599 0.97 12.0 
F140 1.1 64-65 606 1.18 13.0 
F160 1.4 53-55 610 1.13 14.5 

aCalculated as % w/w stearic acid. 
bCalculated values for sucrose monoester (derived from 30:70 palmitic/stearic acids) 
600.4, diester 429.2, triester 372.2. 
cpeak height ratio [OH(3350 cm 1)/CO (1730 cm-1)]. 
dReference 14. 

p roduc t  d a t a  a re  repor ted  for  only  one concen t ra t ion ,  
t h o u g h t  to be close to the  cmc. Fo r  the  o ther  sucrose es- 
ters,  the  cri t ical  micelle concen t ra t ion  (cmc) was  mea-  
sured  f rom a plot  of  su r face  t ens ion  ve r sus  concent ra -  
tion, a n d  the in ter fac ia l  tension (versus n-hexadecane)  
was  t hen  m e a s u r e d  a t  th is  s u r f a c t a n t  concent ra t ion .  

RESULTS AND DISCUSSION 

A n a l y t i c a l  d a t a  for  the  r a n g e  of sucrose  es ters  are  
s h o w n  in Tab l e  1, a n d  the  resul ts  of  th in  l ayer  chrom- 
a t o g r a p h y  a n d  N M R  spec t roscopy  are  s h o w n  in Ta-  
bles 2 a n d  3, respect ively .  The  d a t a  sugges t s  t h a t  the  
r a n g e  of  specif ica t ions ,  as  ind ica ted  for e x a m p l e  by  
the  m a n u f a c t u r e r s ,  quoted hydrophi le - l ipophi le  bal- 
ance  (HLB) va lues  for  the  d i f ferent  p roduc t s  (Table  
1), co r re sponds  to v a r y i n g  p ropor t ions  in a mix tu re  of  
p r e d o m i n a n t l y  sucrose  mono-  a n d  diesters .  Thus ,  in 
T a b l e  1 the  m e a s u r e d  sapon i f i ca t i on  va lues  cover  a 
r ange  cor responding  to ma te r i a l s  a p p r o x i m a t e l y  most-  

T A B L E  2 

R f  V a l u e s  o f  C o m p o n e n t s  o f  S u c r o s e  E s t e r s  
D e r i v e d  f r o m  3 0 : 7 0  P a l m i t i c :  S t e a r i c  A c i d s  a 

Sucrose ester product code 
F10 F20-F110 F140 F160 

0.96 - -  --  0.96 
0.84 --  --  -- 
0.72 0.73 0.71 0.73 
--  0.64 -- --  
--  0.58 0.59 0.60 
-- -- 0.48 0.48 

0.42 0.41 0.42 0.42 

- -  0.31 - -  - -  

0 . 2 0  b 0.22 0.20 0.20 
--  0.07 --  - -  

aRf values for methyl stearate and stearic acid are 0.86 and 
0.73, respectively, under these conditions. 
bTrace only. 

ly m o n o e s t e r s  (products  F l10 ,  140, 160) to m ix tu r e s  
wi th  a h igh  p ropor t ion  of  di- or t r ies ters  (product  F10). 

Sucrose  esters,  p r e p a r e d  b y  the  Os ipow procedure,  
h a v e  been a n a l y z e d  by  th in  l aye r  c h r o m a t o g r a p h y  
unde r  the  s a m e  condi t ions  as  in the  p re sen t  s tudy,  by  
prev ious  workers  (15). I t  w a s  concluded t h a t  monoes-  
ters  h a d  R f  va lue  ca. 0.2, and  h ighe r  (di-, tri-, etc.) 
-es ters  h a d  R f  va lues  in t he  r a n g e  0.3-0.75. A s i m i l a r  
i n t e rp r e t a t i on  of  the  resu l t s  in T a b l e  2 ind ica tes  t h a t  
the  sucrose  es ters  of th is  s tudy  are  mixtures ,  m a i n l y  
of  mono- and  diesters, a ccompan ied  by  mino r  a m o u n t s  
of  m a t e r i a l s  wi th  R f s  iden t i ca l  to those  of  m e t h y l  
s t e a r a t e  a n d  s tear ic  acid, the  l a t t e r  be ing  conf i rmed  
by  the  acid  va lues  p re sen ted  in T a b l e  1. As  a reason-  
able a p p r o x i m a t i o n  the  SE s a m p l e s  r a n g e  in composi-  
t ion  f rom one  wh ich  c o n t a i n s  l i t t le m o n o e s t e r  (F10, 
l a rge ly  dies ter  f rom the  s apon i f i ca t i on  equiva lent )  to 
ones  wi th  i n c r e a s i n g  m o n o e s t e r  con ten t  (F20-F160). 
Th i s  is suppor ted  by  the  i n c r e a s i n g  i n t ens i t y  of the  
spot  of  R f  0.20. In  addi t ion,  o ther  d a t a  p resen ted  in 
T a b l e  1, such  as  the  m e l t i n g  po in t s  b e c o m i n g  s h a r p e r  
a n d  the  i n f r a r ed  O H / C O  ra t ios  inc reas ing ,  a re  also 
cons i s t en t  wi th  the  compos i t ion  b e c o m i n g  r icher  in 
monoes te r .  T h a t  the  l a s t  two m e m b e r s  of  the  r a n g e  
are  p r e d o m i n a n t l y  monoes t e r  is a lso sugges ted  by  the  
N M R  spec t roscopic  d a t a  (Table  3) for  wh ich  the  
a p p r o x i m a t i o n  of  r e l a t i v e  n u m b e r  of  m e t h y l e n e  
(C-CH2-C) a n d  m e t h i n e  (O-CH-O) p ro tons  for  the  two 
produc t s  F140 a n d  F160 are  s imi l a r  to ca lcu la ted  
va lues  for  the  monoes te r .  However ,  no g r e a t  quant i t -  
a t ive  a c c u r a c y  can  be expected  f rom the  N M R  d a t a  
because  the  i n t e g r a t e d  p e a k  ra t ios  h a v e  to be calcu- 
la ted  re la t ive  to the  sma l l  s igna l  p roduced  by  the  
u n a m b i g u o u s l y  iden t i f i ab l e  s ing le  p r o t o n  in the  
group  O-CH-O. 

S u r f a c t a n t  behav io r ,  in bo th  dist i l led w a t e r  a n d  
s y n t h e t i c  depos i t  water ,  of  the  r a n g e  of  sucrose  es te rs  
is s u m m a r i z e d  in  T a b l e  4. I n  each  case  a d i s t inc t  min-  
i m u m  in the  m e a s u r e d  proper t ies  is obse rved  for 
sucrose  es ter  m ix tu r e s  of  s apon i f i c a t i on  equ iva l en t  
ca. 580-600, for examp le  as  r ep resen ted  by  the  produc t  
F70. Whe the r  th is  m i n i m u m  represen t s  op t ima l  prac-  
t ical  cha rac t e r i s t i c s  will of  course  depend  on the  par-  
t icular  s u r f a c t a n t  appl ica t ion .  
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TABLE 3 

NMR Spectroscopic  Data  for Sucrose  Esters  Der ived  from 30:70 Mixtures 
o f  P a l m i t i c / S t e a r i c  Acids  

Chemical Assigned Measured number 
Shift ~ group a of protons 
(ppm) 

Calculated number of protons 
for pure sucrose esters b 

F140 c F160 c monoester diester 

0.85 CH3-C 4 6 3 6 
1.28 C-CH2-C 26 38 29 58 
2 . 2 5  C-CH2-CO-O- 2 4 2 4 
3.6 O-CH-C/O-CH2-C 7 9 11 9 
4 . 0 5  C-CH2-O-CO 3 3 2 4 
5.3 O-CH-O 1 1 1 1 

aAll groups shown for each sucrose ester. 
bCorrected for presence of palmitic and stearic side chains. 
cSucrose ester product code. 

TABLE 4 

Surfactant  Propert ies  o f  Sucrose  Esters  D e r i v e d  from 30:70 Mixtures o f  
P a l m i t i c / S t e a r i c  Acids  

Product Distilled water Synthetic deposit water 
code 

ST a IFT b cmc c ST a IP~I~b cmc c 

F10* (59.5 17.9 33.2 15.8 .d* 
F20 25.2 16.8 0.14 20.0 14.0 0.2 
F50 21.1 12.1 0.11 19.9 9.9 0.2 
F70 23.7 10.2 0.01 19.7 9.5 0.01 
Fll0 20.8 10.3 0.015 21.0 9.2 0.02 
F140 37.2 10.7 0.08 22.9 13.5 0.03 
F160 37.7 14.0 0.04 29.1 13.7 0.05 

aSurface Tension (ST) dynes/cm, at cmc. 
bInterfacial Tension (IFT) dynes/cm, at cmc. 
cCritical micelle concentration, % w/w. 
dThis sample measured only at one concentration, 0.5% w/w. 

C o m p a r i s o n  of  these da ta  wi th  l i terature values  for 
s imilar  sucrose ester products  is surpr is ingly  diffi- 
cult, one r eason  why  the present  s tudy  was  under- 
taken.  Often the  products  h a v e  been incompletely  
c h a r a c t e r i z e d ;  in o the r  cases ,  d a t a  are  p r o v i d e d  
s imply  for (supposed) mono- or diesters and  not  for 
mixtures.  Other  reported measu remen t s  have  been 
carr ied out at  different  t empera tures  f rom the present  
s tudy  (20). 

Da ta  for pure sucrose monosteara te ,  a near  equiva- 
lent to some of the mater ia ls  in this  study, are, how- 
ever, avai lable.  Osipow and  co-workers (21) report  a 
surface  tens ion of  ca. 33-34 d y n e s / c m  and  interracial  
t ens ion  of ca. 6-8 d y n e s / c m  at  concen t ra t ions  in the  
r a n g e  1.0-0.05%; Wachs  and  H o y a n o  give the cmc for 
this same  product  as  0.003% at  20 C (22). 

These  figures are b road ly  s imi lar  to those  for the 
monoes te rs  in this  s tudy  (products  F160 and  F140), 
while the product  compr i s ing  mos t ly  diester (F10), for 
which  an  accura te  m e a s u r e m e n t  of  cmc was  no t  pos- 
sible, shows the expected very  poor propert ies related 
to the low bulk solubili ty of sucrose diesters (23). An  
in te res t ing  point  about  the s u r f a c t a n t  da t a  of Table  4 

is the re la t ively low values  of surface tension shown 
by products  in the middle of  the r a n g e  (F50, F70, F l l 0  
compr i s ing  mixtures  of  mono  a n d  h igher  esters), 
which  are  comparab le  to those reported for fluori- 
na ted  po lyoxye thy lene  compounds  [ca. 20 dynes / cm:  
(20)] and  citric acid esters (ca. 27 d y n e s / c m )  (24). 

A possible in te rpre ta t ion  of this observa t ion  is t ha t  
as the mixture  r a n g e  of sucrose esters is t raversed 
from predominan t ly  monoester  to increas ing  amounts  
of h igher  esters, a number  of s t ructura l  features 
change:  
• The cha in  length  of  the hydrophob ic  portion of the  

molecules r emains  cons tan t ,  but  the total  concen- 
t ra t ion  per molecule increases.  

• The  hydrophi l ic  por t ion shif ts  f rom a terminal  to 
an  essent ial ly  cent ra l  posit ion in the molecule. 
However,  these concepts  are insuff icient  to explain 

the surface ac t iv i ty  in terms of the effect of s t ructural  
c h a n g e s  on either the  efficiency or effectiveness of 
the su r f ac t an t  sys tem (16). Cons idera t ion  of the sys- 
tem as a mixture  of  mono-  and  diester  allows a qual- 
i tat ive appl icat ion of  the well k n o w n  Gibbs adsorp- 
t ion equat ion for a two-component  sys tem (17). Thus,  
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the p r e d o m i n a n t l y  m o n o e s t e r  F-160 will h a v e  i ts  own  
cha rac t e r i s t i c  s u r f a c t a n t  proper t ies .  Addi t ion  of a 
second s u r f a c t a n t  (diester) will cause  a fu r ther  reduc- 
t ion in su r face  t ens ion  a n d  in te r fac ia l  tens ion.  Sim- 
i la r  a r g u m e n t s  would app ly  to the  reduct ion  in sur- 
f a c t a n t  p roper t i es  by  the  add i t ion  of  m o n o e s t e r  to the  
p r e d o m i n a n t l y  dies ter  F10. 

T h e  abso lu te  effects  on s u r f a c t a n t  p roper t i es  of  
r e p l a c i n g  dist i l led w a t e r  wi th  s y n t h e t i c  deposi t  w a t e r  
a re  not  d r a m a t i c ,  a resu l t  which  is cha rac te r i s t i c  of  
non-ionic  su r f ac t an t s .  

E n h a n c e d  oil r ecovery  requires  a b r i ne / o i l / su r f ac -  
r a n t  s y s t e m  such  t h a t  o p t i m a l  t h r ee -phase  b e h a v i o r  
is ob ta ined .  I n  th i s  s t a t e  equa l  vo l um es  of oil a n d  
w a t e r  a re  solubi l ized in the  su r f ac t an t - r i ch  middle  
p h a s e  wh ich  is in equi l ib r ium wi th  bo th  a w a t e r  
p h a s e  a n d  a n  oil p h a s e  (18). I t  is the re fo re  i n t e r e s t i ng  
to note  t h a t  the  sucrose  es ter  m i x t u r e  wi th  o p t i m u m  
s u r f a c t a n t  b e h a v i o r  h a s  a n  H L B  va lue  of  ca. 7.5 (pro- 
duct  code F-70, s apon i f i ca t i on  equ iva l en t  588), inter-  
med i a t e  be tween t h a t  required for  a w / o  emuls ion  
(HLB ca. 4) a n d  a n  o / w  emuls ion  ( H L B  10-10.5) (19). 
Hence,  o ther  f ac to r s  be ing  equal ,  s u r f a c t a n t s  wi th  
H L B ' s  of  abou t  7.5 could be expected  to yield emul- 
s ions wi th  s imi la r  wa t e r  and  oil contents .  
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