
~LtRcH, 1964 

All the seed samples were relatively rich in oil 
(20-33%) .  The calculated protein content of the 
oil-free meal on a dry  basis, 21-34%, is lower than 
that  of the usual oilseed meals, but adequate to be 
useful as a feed material .  Should profitable uses de- 
velop for this oil and meal, the var iabi l i ty  (if germ 
plasm in this collection offers hope that  a breeding pro- 
gram could develop plant  forms suitable for nlechani- 
cal product ion and harvest iug and possibly also eol1-hl 
va ry  the oil composition to increase its value for 
specific applications. 
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The Determination of Hydrophile-Lipophilc Balance 
by Gas-Liquid Chromatography 
PAUL BECHER and R. L. BIRKMEIER, Chemical Research Department, 
Atlas Chemical Industries, Inc, Wilmington, Delaware 

Abstract 
Measurement of the relative retention time of 

a pair  of liquids, one polar and one nonpolar,  
permits  determinat ion of the polar i ty  of the 
liquid chromatographic  substrate.  I t  is shown 
that  this polar i ty  is a measure of the hydrophile- 
lipophile balance ( H L B )  when the substrate is 
a surface-active agent. The effects of structure,  
addi t ivi ty  in mixtures,  and free polyol are dis- 
cussed. A GLC apparatus ,  designed to permit  
the rapid  determinat ion of H L B  by this tech- 
nique, is described. 

Introduction 

E VE~ SlXCE the concept of HLB-nmllber  was intro- 
duced by Griffin (1) as a measure of the polar char- 

acter of enmlsifier molecules, a t tempts  have been nlade 
to relate this quant i ty  to some basically surface- 
chemical p rope r ty  of the emulsifying agent. This 
has been done with two ends in view: first, to a t tempt  
to place this admit tedly  pragmat ic  index on a firmer 
theoretical basis and, secondly, to find a method for 
the rapid  and easy determinat ion of the H L B  number.  
Ear l ier  work in this area has been sunmlarized by  
one of us (2). More recently, a t tempts  have been 
made to correlate HLB-uumber  (or equivalent in- 
dices) with liquid-liquid distr ibution data (3), sta- 
bility to eentr i fugat ion (4), and to interracial  tension 
(5).  

Enlploying a simplified picture of the mechanism 
of emulsion breakdown, Ross, Chen, Beeher, and 
Ranauto  (6) demonstrated that  a correlation existed 
between spreading coefficient and I ILB-number .  It 
was possible to show that  for  a given two-phase sys- 
tem the I t L B  for  max imum enmlsion stabil i ty corres- 
ponds to a spreading coefficient which is slightly 
negative (for oil-in-water emulsions, at least). 

Davies (7) has demonstrated that  coMescence rates, 
as measured by the teehniltue of Cockbain and Me- 
Roberts  (8),  can be correlated to HLB-numbers ,  and 

1 Presented at National Colloid Symposium, Ottawa, June, 1963. 

that  a thermo{lynamie extension of thPse observations 
Fern|its us to calculate HLB-nunlbers  as a sum of 
s t ructural  factors, much ill the same way as done with 
the paraehor.  

Davies (9) has also shown recently that  the ] ILB-  
number may be related to the phase ratio at which 
inversion of an emulsion occurs under  dynamic condi- 
tions, and has designed an enmlsator which permits  
ready determination of this parameter .  

However,  recent progress in the area of analytical  
chemistry, notably in the developntent of the tech- 
niques of GLC, suggests that  a more-or-less direct 
measurement  of the polar i ty  (hence, implicit ly HLB-  
number)  of the surface-active molecule may  be pos- 
sible, without havino' recourse to a specifically surface- 
chemical proper ty .  As is well known, the ability of 
a gas-chromatographic " s u b s t r a t e "  to separate  the 
components of a sample depemls ou the polar i ty  of 
the substrate with respect to the components of the 
sample. F r o m  this point of view, the use of a surface- 
active agent  as a substrate in GLC might  well enable 
one to car ry  out a direct determinat ion of HLB-  
n u n l b e r .  

In  1959, Harva ,  Kivalo, and Keltakallio (10) re- 
ported that  if one employed a nouionie surface-active 
agent as the liquid substrate in GLC, there was a 
linear relationship between the par t i t ion coefficient 
for a par t icular  chromatographic  sample mater ial  and 
HLB-numbers  of the various substrates. The sample 
materials studied were water  and diisobutylene. 

For  water,  they retold that  two approximate ly  
parallel  lines of positive slope were obtained for sorbi- 
tan f a t ty  acid esters and polyoxyethylated sorbitan 
f a t ty  acid esters, respectively, while with diisobutylene 
a single s t raight  line of negative slope was obtained. 

In  the last year, Huebner  (11) has suggested that  
a nlore meaningful  measure of polar i ty  is the " p o l a r -  
i ty index ."  This is based on the determination of an 
" a p p a r e n t  carbon nun lbe r "  for methanol. I t  depends 
on the well-known fact that  the logari thm of the re- 
tention volmne of each member  of a homologous 
series is a l inear function of the number  of carbon 
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FIG.  1. E l e c t r i c a l  c i r c u i t r y  f o r  G L C  a p p a r a t u s .  

atoms. Thus, by using a mixture  of methanol and a 
homologous series of hydrocarbons as his sample ma- 
terial, Huebner  plots the retention volumes of his 
hydrocarbons logarithmically,  and interpolates the 
retention volume of the methanol to determine the 
" ca rbon  n u m b e r , "  which is defined as the number  
of carbon atoms the methanol would have if it were 
a hydrocarbon with the same retention volmne on the 
par t icular  substrate under  test. 

The polar i ty  index is then defined in terms of the 
carbon number  as: 

Polar i ty  Index = 100 log (C - 4.7) + 60 

Huebner  was able to show, in a l imited way, that  the 
polar i ty  index thus defined was l inearly related to 
the HLB-Number .  

Although, in simplicity, this represents  a considera- 
ble advance over the technique described by H a r v a  
and co-workers (10), the determinat ion is still fa i r ly  
cumbersome. This repor t  details our efforts to sim- 
p l i fy  still fu r the r  the determinat ion of H L B - n u m b e r  
by gas chromatography.  

Experimental 
Materials. The surface-active agents examined were 

all commercial nonionie agents manufac tu red  by 
Atlas Chemical Industries,  Inc. They were all used 
as-is, with the exception, noted below, that  certain 
of them were treated by aqueous extraction of an ethyl 
acetate solution to remove the small amounts of free 
polyol, in order to determine the effect of this 
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parameter .  
Appara tus .  A survey of the available GLC equip- 

ment indicated that  there was lm inexpensive com- 
mercial ins t rument  which was adaptable to our ileeds. 
A simple, pilot ins t rmnent  was constructed, incor- 
porat ing the degree of control we believed would be 
required, and af ter  some pre l iminary  studies, a more 
elaborate, but still simple ins t rument  was built. Fig- 
ure I shows the electrical circui try emph/yed in these 
instruments,  while F igure  2 shows the piping layout. 

The thermal  conductivi ty cell is a eonmlercial Gow- 
Mac Model 9285 cell (pretzel geometry) ,  operated 
f rom a 6-v storage ba t t e ry ;  the recorder employed is 
a Var ian  G-11A 5 mv full-scale illstrmnent. 

The final design adopted combined simple circuitry 
and a layout which permits  rapid  exchange of col- 
mnns, together with all oven permi t t ing  rapid  heat-up 
and thermal  equilibration of the columns. 

Methods. The surface-active agent  to be studied is 
deposited f rom acetone on three times its weight of 
acid-washed Chromosorb-P (35-80 mesh),  and packed 
into a 3-ft long l~-in, diam copper column. Normally,  
the ins t rument  oven, which houses both the column 
and detector, is operated at 80 • 0.5C, although it 
is possible to operate at other temperatures.  The fila- 
ments are operated at a cm'rent  of 150 ma. 

Rather  than use the eonlplex mixture  suggested by 
Huebner ,  a 50-50 by volume mixture  of ethanol and 
hexane was adopted as the sample to be injected. 2 in  
the determination,  3,0 ~1 of the BTM is injected, al- 
though in par t icular  eases a smaller or larger  amount  
may  be convenient. Two well-defined peaks are ob- 
tained, the hexane peak normal ly  appear ing  first. 

The data are repor ted in terms of the ratio of the 
retention times of the two conlponents 

p ~ ] : ~ E t o H / R l l e x  

where REtCH is the retention time for ethanol, and 
RHe,: that  for hexane. 

Results and Discussion 
Measurements of tile retel,tion-time ratio are plotted 

as a funct ion of the known H L B  for a number  of 

2 I t  should be noted tha t  there is a te rminologica l  problem connected 
with the discussion of these experiments .  [n convent ional  GLC, i t  is 
the unknown sample which is injected into the column, con ta in ing  a 
s u b s t r a t e  of known propert ies .  In the present  case, i nvo lv ing  as it 
were inverse  GLC, the injected sample is of known composition, while  
tlte subst ra te  is tile unknown,  at least  to the extent  tha t  we wish to 
determine i t s  H L B .  In  order  to p reven t  confusion,  the injected ndxture  
will  hereaf ter  be referred t o  as the b ina ry  test mix tu re  ( B T M ) .  
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polyoxyethylated f a t t y  alcohols in F igure  3. A saris- 
fac tory  straight-line relationship between these two 
parameters  was found. F igure  4, which represents  
similar data for  a series of sorbitan fa t ty  acid esters 
and polyoxyethylated sorbitan f a t ty  acid esters, shows 
somewhat more scatter, and the best s t ra ight  line 
through these points does not coincide with that  for 
tim fatty-alcohol derivatives. 

Since par t ia l  ester emulsifiers normal ly  contain 
several per  cent of free polyol (in vary ing  amounts, 
depending on the par t icular  agent) ,  it was thought  
that  this might  explain the scatter. 

The polyol was removed f rom the sorbitan deriva- 
tives by extraction and the measurements  repeated. 
The data for  these samples show in F igure  5. As can 
be seen, the scatter is much reduced, and the line now 
coincides with that  for  the alcohol derivatives. I t  is 
interesting that  the retention time ratio for the ex- 
t racted polyol is consistent for all samples, being very 
close to 4.0. 

Regression analysis of the data  of Figures  3 and 
5 yields the relation 

H L B  = 8.550 -- 6.36 

I t  should be emphasized that  this relation may  give 
erroneous results with substances containing sub- 
stantial  free polyol, unless the retention time ratio 
is corrected for  the polyol. 

In  connection with the question of l inearity,  it 
should be pointed out that  it has long been assmned 
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FIG. 6. R.etention-tLme ratio, p, vs. composition for sorbitan 
monooleate (A)--polyoxethylated sorbitan monooleate (B) 
mixtures. 

that  the HLB-number  of a nfixture of surface-active 
agents could be calculated on the basis of algebraic 
additivity.  

That  this is not s t r ict ly the case is indicated in 
Figure  6, where data are given for  mixtures  of sorbi- 
tan nlormoleate and polyoxyethylated sorbitan mono- 
oleate. The dashed line shows the ideal behavior for  
the mixtures,  while the experimental  points and solid 
line indicate the nonidcal behavior actuMly found. 
I t  should be emphasized that  this deviation f rom non- 
l ineari ty is small, and probably  is insignificant in 
practical  applications. :Recent careful  work has in- 
dicated, however, that  the effect can be observed under  
ra ther  special conditions. 

In  the course of our pre l iminary  studies, it. was 
found that  the observed retention time ratio was 
quite sensitive to column temp and the var iabi l i ty  
with respect to temp is shown in F igure  7 for sorbitan 
monooleate and polyoxyethylated sorbitan monooleate. 
As can be seen, the ratio increases with decrease in 
tcmp, the temp coefficient increasing with increas- 
ing H[~B. 

One is ra ther  tempted to speculate as to whether 
this var ia t ion with temp is pure ly  an ar t i fac t  in- 
herent in the G[~C method, or does in fact  reflect an 
actual  change of I t L B  with temperature .  I f  this 
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should tu rn  out to be the case, it might  serve to ex- 
plain some heretofore obscure experimeutal  facts, 
but, on the other hand, it would probably require 
a radical reformulat ion of some of our ideas about 
emulsion stability. 
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Evaluation of Butyl Stcarate, Butyl 
and Methyl Linoleatc as Poly(vinyl 

Olcate, Butyl Ricinoleate, 
Chloride) Plasticizers' 

G. R.  R I S E R ,  F.  W .  B L O O M  a n d  L.  P. W I T N A U E R ,  Eastern 

R e g i o n a l  Research Laboratory,  2 Ph i lade lph ia ,  P e n n s y l v a n i a  

Abstract  

An investigation of butyl  stearate, butyl  oleate, 
butyl  ricinoleate, and methyl  linoleate was made 
to determine the extent of their  compatibil i ty with 
po ly(v iny l  chloride) and their plasticizing ef- 
fects on the physical propert ies  of the result ing 
molded sheets. These monoesters were evaluated 
as the sole plasticizer and in combination with 
DOP. The results showed the materials  to have 
limited compatibi l i ty in general, being less than 
10% of the total niix. In  combination with DOP 
these compomlds were found to improve the plas- 
ticizer efficiency, color, low tempera ture  flexibil- 
ity, and heat stabil i ty of the nmlded poly(v inyl  
chloride) sheets over those containing DOP as 
the sole plasticizer. Tensile strength,  per cent 
elongation, and light stabil i ty propert ies  were es- 
sentially comparable to those found for pure  
DOP. 

In t roduct ion  

T H E  PLASTICIZER l i terature contains n u m e r o u s  r e f -  
e r e n c e s  to the linlited compatibi l i ty of nmnoesters 

such as buty l  stearate and butyl  oleate with poly 
(vinyl  chloride) resins. Doolittle (1) states that  the 
quant i ty  of buty l  stearate that  can be added to vinyl 
chloride compositions is very small since the result ing 
material  tends to exude and develop an oil fihn on 
the surface and that  butyl  oleate is slightly more conl- 
patible, owing to its double bond;  however, the ex- 
tent  of compatibi l i ty and the resul t ing propert ies  are 
not discussed in the l i terature.  Therefore, several 
monoesters of f a t t y  acids were studied in order to 
determine the extent of compatibi l i ty and the effect 
on physical propert ies  of po ly(v iny l  chloride).  Ili 
addition, it has been stated that  compounds containing 
free hydroxy  groups have limited compatibil i ty (2 ) ;  
an exception to this is the citrate esters. One of the 
conlpounds studied contains in addition to Ullsatura- 
tion a free hydroxyl  group. 

Exper imenta l  

Materials. The materials  used in this illvestigatiou 
are all conunercial. 

1 Presented at the AOCS Meeting, Minneapolis, 1963. 
~A laboratory of E. Utiliz. Res. and Dev. Div., ARS, USDA. 

i 
Material Source 

Butyl s t  . . . .  t,, ~ i  ioill ~ ! f ~ i . :  Butyl Oleate 
Butyl Rieinoleate 
Methyl Linolea te 

_ _ _ I ~  number ] % 

o I 1.46 I 0.44 
74.98 75.98 0.80 
71.59 74.95 I 1.75 

/ 
172.40 138.86 / 0.71 

tllasticizer Evaluation. A three-component formlfla- 
tion of resin, plasticizer and stabilizer was used. The 
resin was Geon 101 po ly(v iny l  chloride). Two plas- 
ticizer fornmlat ions were enlployed, one (A) in which 
the plasticizer was varied f rom 4-34% with respect 
to the resin, and the other (B) using a total of 34% 
plasticizer of which the amount  of the monoester 
varied f rom 4~/.,-291/~% conlbined with the necessary 
anlouut of DOP (di-2-ethylhexylphthalate)  to bring 
the total plasticizer to 34% of the total  nfix. 

A bariuni-cadmiunl liquid phenate stabilizer sys- 
ten1 (Mark M) was used at 1% of the total mix for 
all the fornlulations. Since the p r ima ry  purpose of 
the s tudy was to deternfine compatibi l i ty and effect 
on mechanical propert ies  no a t tempt  was made to 
at ta in maxinmm heat and light stability. The fornm- 
lations were milled at 160C for 7 min except where 
low compatibi l i ty prevented fusion, thereby requir ing 
a longer time on the mill. Samples requir ing more 
than 5 rain to fuse and fornl a complete band were 
nfilled an addit ional 3 nlin af ter  fornling a complete 
band. Conipatibili ty was deternfined by observation 
of the time of fusion dur ing milling and the time for 
exudation to appear  af ter  molding. Samples were 

TABLE I 
Fusion Time (Min) 

% 

Formulation A 
4 
9 

14 
19 
24 
29 
34 

Butyl 
stearate 

3 
5 

Butyl 
oleate 

7 

Butyl 
riein- 
oleate 

2 

2V~ 
5 
5JA 

Methyl 
linoleate 

2 

2% 
3 

DOP 

1% 

1/2 
1/2 
% 
V~ 

Formulation B (Total plasticizer 34 9~ ) 

ld, 

191~ 2 '- 1 !~ 1 '" G 
24 ~,,, 3 '~ a 12 3 1 
2 9 1 / ~  . . . .  7 2 

" 22 % butyl stearate. 


