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Summary 

After a short rewew of the different physical methods of determination of the HLB (lipophihc/hydrophilic balance) value of 
surface-active agents, two techniques were investigated and experiments were performed on a large number of commeroal 
surface-actwe agents: H-NMR which computes HLB with the help of the integration of the H-signals from the lipophilic and 
hydrophilic parts of the molecule and by dielectric constant measurement which computes the HLB from knowledge of the polarity 
of molecules under the influence of an electrical field. The results are described and discussed. 

Introduction 

The accurate determination of the HLB of a 
molecule with capillary activity is an important 
operation following the synthesis of a new sub- 
stance of this class. Knowledge of this value would 
enable one to determine its ability to disperse 
into water or a lipophilic vehicle. Further,  the 
HLB value would be useful in the formulation of 
stable emulsions, either regular emulsions ( H / L  
and L / H )  or multiple emulsions ( H / L / H  pre- 
pared by dispersion of an initial H / L  emulsion 
into one aqueous phase added to a hydrophilic 
surface-active agent or L / H / L  made by disper- 
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sion of an initial L / H  emulsion in a lipophilic 
phase added to a lipophilic surface-active agent). 

The determination of the HLB value uses a 
basic principle: assess the hydrophilic part of the 
molecule and by difference the lipophilic part can 
be evaluated, the ratio of the two yielding the 
HLB value. The notion of HLB was introduced 
by Griffin and co-workers (Griffin, 1949a,b, 1955; 
Griffin and Behrens, 1953; Griffin et al., 1966) 
and classification of non-ionic surface-active 
agents according to their hydrophilic properties 
was carried out as follows: 

In the case of the ether surface-active agents, 
the HLB value is equal to 1 /5  of the percentage 
in weight of the polyoxyethylenic chain. 

In the case of the ester surface-active agents, 
calculation of the HLB involves the fatty acid 
index of the acid and the saponification index. 
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Davies and Rimlinger (Davies, 1957; Davies 
and Rideal, 1961; Rimlinger, 1964) proposed an- 
other calculation scale based upon the additivity 
of incremential values related to the functional 
groups of the non-ionic surface-active agent, with 
specific values: positive increments for the hy- 
drophilic groups and negative increments for the 
lipophilic groups. The two methods differ in the 
values of the increments and the weighting pa- 
rameter coefficients. They are easy to use for the 
calculation of the HLB of a new surface-active 
agent. 

In addition to the extensive use of these meth- 
ods, some authors discussed and criticized the 
HLB scales (Seiller, 1971; Adamson, 1976; Tadros 
and Vincent, 1983; Vold and Void, 1983; Deem, 
1985) claiming them to be imprecise, empirical, 
indirect and unsuitable for every surface-active 
agents. Therefore, Schott (1990) performed a 
comparison of the HLB values of two series of 
non-ionic surface-active agents and showed that, 
within the normal range of HLB values used for 
micellar solubilization and emulsification, the 
scales showed unequal units and disproportional 
intervals. 

Besides these methods using calculation, dif- 
ferent experimental methods for both for non- 
ionic and ionic surface-active agents were pro- 
posed. Using the original definition of the HLB 
scales, different research works were undertaken 
to improve the determination of the HLB value 
using methods based upon either the behaviour 
of the surface-active agent in solution or 
physico-chemical properties. 

The different methods can be classified into 
three categories in relation with the properties 
involved for determination: methods employing 
the behaviour of the surface-active agent used; 
those involving the partition coefficient of the 
surface-active agent between the solvent and the 
stationary phase; and methods measuring some 
specific parameters of the strucure of the 
surface-active agent. 

Among the first category, determination of the 
following can be included: water index (Green- 
wald et al., 1956); critical concentration for mi- 
celle formation (Van Alstine et al., 1986); spread- 
ing tension (Ross et al., 1959; Becher, 1961); 

cloud point (Florence et al., 1975; Marszall, 1979, 
1981); titration (Middleton, 1968); and phenol 
index (Marszall, 1978, 1980). 

In the second category we can note: thin-layer 
chromatography (Hayano et al., 1968); HPLC 
(Schott, 1984); and gas chromatography (Huebner, 
1962). 

The third category comprises: calorimetric 
measurement of the heat of hydration (Racz and 
Orban, 1965; Rowe, 1992); determination of the 
interfacial tension (Chun and Martin, 1961; 
Heusch, 1970); mass spectrometry (Crooks et al., 
1974); dielectric constant measurement (Gorman 
and Hall, 1963; Mouazen, 1978); and H-NMR 
(Ben-Et and Tatsarsky, 1972; Berguerio et al., 
1978; Carrion et al., 1983). 

Great similarity was observed between these 
HLB determinations especially with tests on ho- 
mogeneous series of surface-active agents. How- 
ever, none of the previous methods is currently 
empoyed as a standard for evaluation of HLB 
(Laurent, 1990; Lin, 1991): most yield results with 
an error of + 1 unit. This approximation could be 
sufficient for the development of emulsions of 
which the HLB is not the main parameter. How- 
ever, greater accuracy is required for fundamen- 
tal research, quality control and production vali- 
dation of a new batch of surface-active agents. 

The main purpose of this work was to deter- 
mine a reliable method for the HLB measure- 
ment of non-ionic surface-active agents. Such a 
method must be independent of the solution be- 
haviour and be based upon accurate and reliable 
physical measurements. Two of the previously 
described methods were selected for accuracy, 
ease of use and efficiency: H-NMR and the other 
related to the dielectric properties of the 
surface-active agent molecule, i.e., the dipolar 
moment evaluated through measurement of the 
dielectric constant. 

Materials and Methods 

Materials 
Various surface-active agents, both well-estab- 

lished and recently developed, were selected for 
the evaluation of HLB values by use of H-NMR 



and  m e a s u r e m e n t s  on  d ie lec t r ic  cons tan t .  Die lec -  
t r ic  cons tan t  m e a s u r e m e n t  was not  p e r f o r m e d  on  
every sur face-ac t ive  agen t  due  to the  exigence  o f  
the  l iquid s ta te  of  the  s amp le  con ta in ing  n e i t h e r  
salts nor  water .  T h e  chemica l  compos i t ions  of  the  
sur face-ac t ive  agents  s tud ied  a re  r e p o r t e d  in 
Tab le  1. 

Methods 

H - N M R  determination o f  H L B  
T h e  m e t h o d  used  was first  de sc r ibed  by B e n - E t  

and  Ta ta r sky  (1972). I t  consists  of  the  d i rec t  
m e a s u r e m e n t  of  the  H L B  by d e t e r m i n i n g  the  
a r ea  ra t io  b e t w e e n  the  hydrophi l i c  and  l ipophi l ic  
H signals.  T h e  whole  a r ea  u n d e r  the  curve of  the  
N M R  spec t r a  ma tches  the  to ta l  H signal  of  the  
molecule .  T h e  m e t h o d  involves the  hydrophi l i c  
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behav iou r  of  the  molecu le  wi th  the  n u m b e r  of  
hydrogens  l inked  with hydrophi l ic ,  oxygena ted  
func t iona l  groups .  

O n  the  N M R  spec t rum,  the  hydrophi l i c  p ro-  
tons  ga the r  in the  3 .5 -5  p p m  band ,  be ing  read i ly  
obse rvab le  and well  s e p a r a t e d  f rom bo th  the  
l ipophi l ic  p ro tons  (0 .5 -3  p p m )  and  e thylen ic  and  
a roma t i c  p ro tons  (5 .5 -8  ppm).  

M e a s u r e m e n t  was ca r r i ed  out  by dissolving 50 
mg of  the  sur face-ac t ive  agen t  in 1 ml d e u t e r a t e d  
ch lo ro fo rm (CDCI 3) and  in t roduc ing  the  mixture  
into an N M R  sample  tube  ( d i a m e t e r  = 5 mm),  
the  N M R  spec t ra  be ing  r e c o r d e d  on  a con t inuous  
wave Var i an  T60 (60 M H z )  o r  E M  390 (90 M H z )  
s p e c t r o m e t e r  at r oom t e m p e r a t u r e ,  a f te r  appro -  
p r i a t e  ca l ib ra t ion  of  the  spec t rome te r .  

By a p p r o p r i a t e  use of  the  in teg ra t ing  device  of  
the  N M R  spec t rome te r ,  m e a s u r e m e n t s  can read-  

TABLE 1 

Chemical structure of commercial surface-active agents 

Tween ® 

Span ® 

Myrj ® 

Brij ® 

Tefose ® 

Mergital ® 
Plurol ® 

Cithrol ® 
Hypermer A60 ® 
Dehymuls ® 

Emulgin ® 
Monomuls ® 
Lameform ® 
Generol ® 

sorbitan ester (20 OE) 
fatty acid: C12 (Tween 20), C16 (Tween 40) 

C18 (Tween 60), C18 unsaturated (Tween 80 and 85) 
sorbitan ester 

fatty acid: C12 (Span 20), C16 (Span 40), C18 (Span 60) 
C18 unsaturated (Span 80) 

PEG stearate 
OE = 8 (Myrj 45), OE = 20 (Myrj 49), OE = 40 (Myrj 52) 
OE = 50 (Myrj 53), OE = 100 (Myrj 59) 

ethoxylated fatty alcohol 
C16-20OE (Brij 58), C18-2OE (Brij 72) 
C18-10OE (Brij 76), C18-20OE (Brij 78) 
C18 unsaturated-2OE (Brij 92), C18 unsaturated-10OE (Brij 96) 
C18 unsaturated-20OE (Brij 98) 

polyol ester 
63 and 70: ethylene glycol and PEG palmitostearate 
1500: monodipalmitostearate of PEG 
2000: palmitostearate of PEG 

oleyl alcohol (60 OE) 
polyglycerol ester oleic: palmitooleate 

stearic: palmitostearate 
PEG 4000 laurate 
polymerised ester 
sorbitan ester STO: trioleate, SSO: sesquioleate 

SMO: mono-oleate,SMI: monoisostearate 
sorbitan ester 20OE STO: trioleate, SMO: mono-oleate 
glycerol oleate 
triglycerol di-isostearate 
phytosterol 5OE (soya) 
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ily be performed, with a precision of better than 
_+ 1%, of the area under the curve of the differ- 
ent signal groups without further investigation of 
individual signals or specification. Using the term 
Igph to denote the integration amplitude of the 
hydrophilic groups and /tot to refer to the total 
integration amplitude of the protons of the 
molecule, the ratio: 

H = Igph//tot (1) 

describes the relative hydrophilic part of the 
molecule. 

Determination of the HLB value was per- 
formed according to the equation of Berguerio et 
al. (1978): 

HLB = 6 0 H / (  H + 2) (2) 

The reliability of the NMR method and the 
results obtained was assessed by an automatic 
recording procedure optimising the reproducibil- 
ity of measurements. For most of the surface-ac- 
tive agents the standard deviation of the mea- 
surement was computed and the values obtained 
were below 0.3 HLB unit. 

Dielectric constant determination of HLB 
Polarity is a physical notion which permits the 

evaluation of the ability of a molecule to disperse 
or dissolve either in aqueous solution or in a 
lipophilic organic liquid. Polarity can be deter- 
mined for a pure liquid with the help of the 
dielectric relative permittivity, the so-called di- 
electric constant (e). 

Such an evaluation is very simple to perform 
for a non-polar liquid and easy for the most polar 
liquids under the condition that they contain no 
dissolved electrolytic substance. The polarity (P )  
is directly related to the dielectric constant (Eqn 
3), hence the term for the dielectric constant is 
always substituted for the polarity: 

P =  ( e -  1 ) / ( e  + 2) (3) 

The experimental determination of the HLB 
has been described previously (Gorman and Hall, 
1963): the first step consists of measuring the 

dielectric constant • of the surface-active agent in 
the liquid state, the second step relating the 
experimental data to the HLB scale using the 
general equation: 

HLB = a "log e + b (4) 

Differents measurements of the dielectric con- 
stant of surface-active agents, previously dehy- 
drated by heating in an oven overnight, were 
conducted using a Q-metre Ferisol M803A 
(Ferisol, Courbevoie, France) fitted with a ther- 
mostated hollow cell with an oscillator frequency 
of 1340 kHz. Heating of the sample was carried 
out at high temperature (T = 60°C) in order to 
avoid error due to the presence of solid particles 
suspended in the liquid. The measurement cell 
was filled with the surface-active agent and a 
delay time of 5 rain was employed to permit 
equilibration of the temperature of the sample. 
Two measurements were made at 5 min intervals 
to ensure reliability. The cell was then cleaned 
with water and dried with acetone. 

Results and Discussion 

The HLB data obtained from NMR and di- 
electric constant measurement are listed in Table 
2. For the sake of consistency, a comparison of 
the experimental results with those in the litera- 
ture and manufacturers'  data was undertaken, 
leading to the following observations. 

NMR data 
For hydrophilic surface-active agents, the HLB 

value determined via NMR is close to the litera- 
ture data (Table 2). For example, if we compare 
the ethylene oxide (OE) content in the same 
group of surface-active agents, i.e., Brij 7 2 / 7 6 / 7 8  
and Brij 9 2 / 9 6 / 9 8  (2, 10 and 20 OE molecules), 
the similarity of the values is closer for surface- 
active agents with 20 and 10 molecules than those 
with two molecules. This is readily understood on 
consideration of the fact that NMR measurement 
computes the amplitude of the signal, which is 
greater in the case of 20 and 10 OE. 



TABLE 2 

HLB values of different commercial surface-actiue agents (liter- 
ature, NMR determination and value of dielectric constant) 

Surface-active agent HLB HLB Dielectric 
(literature) (NMR) constant 

Tween 20 16.7 16.5 9.89 
Tween 40 15.6 15.5 9.49 
Tween 60 14.9 15 8.27 
Tween 80 15 15.2 9.52 
Tween 85 11 11.4 7.53 
Span 20 8.6 7.65 5.57 
Span 40 6.7 7.1 4.88 
Span 60 4.7 5.45 4.28 
Span 80 4.3 3.7 4.73 
Myrj 45 11.1 11.34 7.15 
Myrj 49 15.1 15.5 7.6 
Myrj 52 17.2 17.75 9.05 
Myrj 53 17.9 17.8 8.45 
Myrj 59 18.9 18.85 8.75 
Brij 58 15.7 15.7 6.82 
Brij 72 4.9 5.6 4.6 
Brij 76 12.4 12.9 4.85 
Brij 78 15.3 15.4 6.22 
Brij 92 4.9 5.7 5.58 
Brij 96 12.4 13 5.81 
Brij 98 15.3 15.35 4.58 
Tefose 63 9-10 9.15 4.9 
Tefose 70 9 6 4.9 
Tefose 1500 11 10.55 7.45 
Tefose 2000 11 11.2 6.06 
Mergital OA 6 9.8 9.85 
Plurol stearic 8 7.05 
Plurol oleic 10 7.6 
Cithrol 13.1 13.6 
Stearate PEG 600 13-14 14.65 
Dehymuls STO 1.8 2.3 
Dehymuls SSO 3.7 4.28 
Dehymuls SMO 4.3 4.7 
Dehymuls SMI 4.7 5.2 
Emulgin STO 20 11 11.23 
Emulgin SMO 20 15 14.85 
Monomuls 90098 3.8 3.5 
Lameform TGI 4.92 
Generol 122 0.82 
Generol 122 E5 5 7.52 
Ac. undecylenic 6 OE 14 9 
Ac. undecylenic 8 OE 15 9.01 
Ac. undecylenic 10 OE 15.3 10.01 
Ac. undecylenic 12 OE 16.2 8.1 
Ac. undecylenic 14 OE 17.5 8.56 
Ac. undecylenic 16 OE 17.4 8.18 
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If comparison is made at the level of the 
chemical bond, i.e., the ester or ether linkage 
between the hydrophilic and lipophilic parts of 
the molecule (Brij 78: ether with 20 OE vs Tween 
60: ester with 20 OE), the agreement is also 
satisfactory. Comparison between POE stearate 
and POE sorbitan stearate shows better agree- 
ment with the latter. Therefore, the sorbitan in 
the molecule does not disturb measurements. 

With Tefose ®, which is a mixture with C16 
and C18 chains, the accuracy is mostly convenient 
(small standard deviation). 

For lipophilic surface-active agents (C12 sorbi- 
tan ester and undecylenic acid with 6 0 E )  the 
results are poor. The rather low accuracy of the 
data obtained with lipophilic surfactants is due to 
the considerable spread and weak amplitude of 
the NMR signal. Hence, the NMR method is 
appropriate for hydrophilic surface-active agents. 
For this group one can observe great accuracy for 
the OE content of the molecule. In addition to 
this observation, it is interesting to note no loss of 
accuracy with the type of bond, nature of the 
hydrophilic part and level of unsaturation of the 
fatty acid part. The results are consistent since 
the method employs the computation of the am- 
plitude of the OE protons. 

Dielectric constant measurements 

Fig. 1 shows a plot illustrating the linear rela- 
tionship between the HLB value from the litera- 
ture and the logarithm of the dielectric constant 

2O 

HLB = 13,6 Log(CD) -15,10 

' 11, ' 110 '18 210 212 21' 
Log Dielectric constant (CD) 

Fig. 1. Correlation between HLB and dielectric constant for 
POE and non-POE sorbitan esters (C12-C18). 
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Number of Ethylene o×ide (OE) in the surface aetwe agent 

Fig. 2. Dielectric constant data: e ther  surface-active agents 
with 6-16 OE. 

for the oxyethylated and non-oxyethylated sorbi- 
tan ester surface-active agents. This result allows 
one to determine an equation which correlates 
the HLB value to the dielectric constant. With 
this equation, the HLB value of a new surface-ac- 
tive agent in this group can simply be determined 
by measurement of its dielectric constant. 

The linearity observed with the ester surface- 
active agents does not match that in the case of 
ether surface-active agents (Figs 2 and 3). With 
the POE stearates and POE undecylenic acids, 
the dielectric constant is independent of the 
number of OE groups in the POE part of the 
molecule. This observation could be explained as 
follows: 

For the POE or non-POE sorbitan ester sur- 
face-active agents, the OE content in the molecule 
remains constant (either 20 or 0 OE), the variable 
proportion being the aliphatic part: the dielectric 
constant changes as a function therof. Conse- 
quently, good linearity between the HLB value 
and dielectric constant can be observed. 

In the case of the ether surface-active agents, 
the molecular changes are related to the propor- 
tion of the POE group. It was determined that, in 

~5 
14 
13 

g • • • 

a 4 
3 

2 610 810 100 210 410 I 

Number of Ethylene oxide (OE) m the surface actwe agent 

Fig. 3. Dielectric constant data: ether surface-active agents 
with 20-100 OE. 

I 
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a PEG mixture, the dielectric constant demon- 
strated a slight change between short and long 
PEG. Hence, the correlation between the HLB 
value determined via the dielectric constant as a 
function of the length of the POE group was 
observed to be poor. 

Taking into account the results obtained using 
both methods, whilst bearing in mind the limits to 
feasibility and accuracy according to the different 
groups of surface-active agents, the following 
conclusions may be drawn with regard to the 
technical advantages and drawbacks involved: 

NMR determination of HLB values provides 
results which are consistent with the specific 
problem of HLB determination. Moreover, it is 
rapid and accurate, however, appreciable solubil- 
ity in CDCI 3 and the availability of a specific 
apparatus with a trained operator are required. 

Dielectric constant measurement of HLB is a 
suitable method, especially for esters. It is fast 
and can easily be run using inexpensive apparatus 
but is restricted to liquid samples without mois- 
ture present. 

Conclusion 

A large number of methods for the determina- 
tion of HLB values were proposed, demonstrat- 
ing a lack of a universal procedure. The main 
purpose of this work was ascertain which of the 
physical methods would be the most suitable for 
providing the best results with the most com- 
monly employed non-ionic surface-active agents. 
The data for 46 surface-active agents were accu- 
rately determined by either H-NMR or dielectric 
constant measurements. 

Neither method is totally appropriate for eval- 
uation of the HLB of lipophilic ether surface-ac- 
tive agents. NMR is most suitable for hydrophilic 
ether surface-active agents. Both NMR and di- 
electric constant methods show good agreement 
for hydrophilic esters. These results are very sat- 
isfactory in view of the fact that hydrophilic es- 
ters, as a result of having a high HLB value and 
participating in ester bonding, demonstrate the 
greatest tolerance and are widely used in phar- 
maceutics, the food industry and cosmetics as 



emulsifiers, solubilizers, wetting agents and de- 
tergents. 
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