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Hydrophile-Lipophile Balance and Micelle Formation of

Nonionic Surfactants

HANS SCHOTT

Abstract ] Comparison of the hydrophile-lipophile balance
(HLB) values according to the two prevailing systems was made
for two classes of nonionic surfactants, namely, ethylene oxide
adducts of n-dodecanol and of branched nonylphenol with in-
creasing degrees of polyoxyethylation. The two systems were shown
to differ fundamentally because only one treats the HLB values as
constitutive and additive. For both HLB systems, simple relation-
ships were found between the HLB values of each class of sur-
factants and their critical micelle concentrations. These relationships
had different forms for the two systems and, within the same system,
different numerical values for the two classes of surfactants.

Keyphrases [ ] Hydrophile-lipophile balance—nonionic surfactants
[0 Nonionic surfactants, HLB balance—Davies, Griffin methods
compared ] CMC-HLB relationships—nonionic surfactants []
Surface activity—CMC-HLB relationship

The hydrophile-lipophile balance (HLB) is a useful
index for rating and selecting emulsifying agents. Griffin
determined experimentally the HLB values of different
surfactants (1) and derived equations which permit one
to calculate the HLB value of a surfactant based on its
composition (2). Davies assigned HLB group numbers
to the various functional groups which make up surfac-
tant molecules, giving positive values to the hydrophilic
groups and negative values to the lipophilic ones. The
summation of the products of group numbers times
group frequencies gives the HLB (3). He also correlated
HLB values with coalescence rates of emulsions. The
statement (3) that the HLB values calculated from
Davies’ group numbers are in good agreement with

those determined by Griffin is not correct in the case of
most surfactants which are ethylene oxide adducts; this
is shown below.

Correlation of the empirical HLB values with physico-
chemical parameters of the surfactants are rare, despite
the practical value of the HLB rating system. In one of
the few successful studies, HLB values were correlated
with the spreading coefficient of the disperse liquid phase
of an emulsion on the surface of the continuous liquid
phase containing the dissolved emulsifying agent (4).

One of the surfactant properties which should be
related to the HLB is the readiness with which the
surfactant molecules associate into micelles, namely, the
critical micelle concentration (CMC). One would expect
such a relationship to exist because the more hydro-
philic a surfactant is or the larger its HLB value, the
lesser the tendency to form micelles and the higher its
CMC. Furthermore, like the HLB, the CMC is a func-
tion of composition, at least within a homologous series
of surfactants. The obvious limitation of this approach is
that it can only be applied to those surfactants whose
solubility in water exceeds their CMC. Surfactants used
as wetting agents, detergents, solubilizing agents, and
o/w emulsifying agents can be included, but not sur-
factants of low HLB values such as w/o emulsifiers.

HLB AND CMC RELATIONSHIPS
Two homologous series of ethylene oxide adducts, for which

surface and micellar properties (CMC, micellar molecular weight
and radius) have been studied extensively (5-8), will be used. These
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Figure 1—Relation between Griffin HLB values and the CMC of
polyoxyethylated surfactants. Key: @, dodecanol adducts; O,
nonylphenol adducts.

are the addition products of n-dodecanol (Cyp) with 4, 7, 14, 23,
and 30 ethylene oxide units, and of a branched nonyliphenol (NPh)
with 10, 15, 20, and 30 ethylene oxide units. Due to its random
addition, the number of added ethylene oxide molecules per mole-
cule of alcohol or phenol is an average value. All properties are
given at 25°.

For ethylene oxide adducts of fatty alcohols and alkylphenols,
the HLB according to Griffin (HLBg) is

HLB¢ = E/5 (Eq. 1)

where E is the weight percentage of ethylene oxide (2). According to
Davies’ data (3), one can express the HLB (HLBp) by

HLBp = 3.20 + 0.33n (Eq. 2)
for dodecanol adducts and by
HLBp = 1.78 + 0.33x (Eq. 3)

for nonylphenol adducts; # is the number of ethylene oxide mole-
cules per surfactant molecule.

According to Eq. 1, HLB values on the Griffin scale tend asymp-
totically to 20 as n increases. On the other hand, HLB values on the
Davies scale increase linearly with # according to Eq. 2 and 3. For
surfactants of commercial importance, the latter are smaller than the
former. The Davies values reach the Griffin values at Cio(EO),6 and
at NPh(EO);, and surpass them at higher polyoxyethylene contents.
Since

_ (100)(44.05)n

T M 4 (44.05m

where M is the molecular weight of dodecano! (186.3), or of nonyl-
phenol (220.3), Eq. 1 for Griffin’s HLB can be rewritten as

1 M

E

HLB; — 881n 4+ 0.05 (Eq. 4)

For ethylene oxide adducts of dodecanol (6-8),
log CMC = —1.827 4 0.0308n (Eq. 5)

and for polyoxyethylated nonylphenol (5, 7, 8)
log CMC = —1.671 + 0.04304n (Eq. 6)

where CMC is given in g./1.

1132 [ Journal of Pharmaceutical Sciences

Substituting Eq. 5 and 6 into 4 gives the following relations be-
tween the Griffin HLB values and the CMC: for dodecanol ad-

ducts,
1 0.006513
HLB; ~ log CMC + 1827 + 00 (Eq. 7y
and for nonylphenol adducts,
1 0.
01076 ____ | 405 (Eq. 8)

HLBz ~ log CMC + 1.671

These relations are shown in Fig. 1, where the two straight lines
represent Eq. 7 and 8 with the CMC values calculated according to
Eq. S and 6, and the points are based on experimental CMC values;
the numbers represent n. Eq. 8 can be rearranged to

log CMC + 1.671
0.05 log CMC + 0.0943

Combining Eq. 2 with Eq. 5 resuits in the following relation be-
tween Davies’ HLB and the CMC of dodecanol adducts:

HLB; =

(Eq. 8a)

HLBp = 22.775 + 10.714 log CMC (Eq. 9)
For nonylphenol adducts, the relation is
HLBp = 14.592 + 7.667 log CMC (Eq. 10y

These two relationships are shown in Fig. 2, where the numbers
again refer to n.

While Davies treats HLB as an additive and constitutive property
of a given surfactant molecule, neither the Griffin HLB nor the
CMC are. Therefore, the lines in Figs. 1 and 2 for the dodecanol and
nonylphenol derivatives are not parallel. The effect of an additional
ethylene oxide unit on HLBy and CMC of polyoxyethylated sur-
factants depends on the nature of the hydrocarbon moiety of their
molecules.

APPENDIX

Correlation of HLB with Other Factors—There is no simple
relationship between the HLB of these nonionic surfactants and
the molecular weight or aggregation number of their micelles.
This is not surprising since the latter two parameters are governed
to some extent by geometrical factors.

There is a linear relation between the HLB value and the surface
tension of surfactant solutions above the CMC (v). Once the CMCis
reached, v decreases only very slightly with increasing surfactant
concentration. For the dodecanol adducts, the relation is

HLBg = 193 +0.345 (Eq. 11)
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Figure 2—Relation between Davies HLB values and the CMC of
polyoxyethylated surfactants. Key: ®, dodecanol adducts; O,
nonylphenol adducts.



and for nonylphenol adducts,
HLB; = 1.55 + 0.380

‘The significance of these simple relations is questionable, however, in
view of the different and varying behavior of the o/w interfacial
tensions (9).

(Eq. 12)
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Estimation of the Pharmacokinetic Parameters of the Two-Compartment
Open Model from Post-Infusion Plasma Concentration Data

MILO GIBALDI

Abstract ] A model is presented which can serve as a means for
obtaining the pharmacokinetic parameters of the two-compart-
ment open system for drugs which are too poorly soluble or too
irritating to be administered by rapid intravenous injection. Ex-
perimentally, this method involves administering the drug by a
constant rate intravenous infusion, until the attainment of in-
fusion equilibrium, and determining the plasma concentrations of
drug in the postinfusion period. This approach has been applied to
literature data and has resulted in the evaluation of the two-
compartment pharmacokinetics of oxacillin.

Keyphrases [] Pharmacokinetic parameters—two-compartment
open model [] Infusion equilibrium—i.v. administration ] Post-
infusion period—plasma concentration

The kinetics of distribution and elimination of a
number of drugs may be described adequately by the
two-compartment open model shown in Scheme 1

(1, 2).

drug in Fas ) drug in
central compartment === tissue compartment
foay
lkez
Scheme 1

The usual method of calculating the rate constants is
to first determine the parameters 4, B, «, and 8 (see
Fig. 1 in Reference 3) from the plasma concentration
of drug versus time plot obtained after rapid intravenous
injection of the drug and to use these values for calculat-
ing the rate constants ki, ks, and k,; However, a
number of drugs are too poorly soluble, irritating, or
acutely toxic to be injected rapidly. In these cases it is
difficult or impossible to obtain the parameters of
Scheme I. A method is presented here for determining

the rate constants of the two-compartment open model
which does not require rapid intravenous injection.
Often, drugs which cannot be administered as a
rapid intravenous injection may nevertheless be intro-
duced to the body in the form of a slow intravenous
infusion of a dilute solution of the drug. When the
drug is infused at a constant rate and is eliminated by
first-order kinetics, drug levels in both the central and
tissue compartments asymptotically approach, with
time, a constant value and infusion equilibrium occurs.
The present method is based on evaluation of plasma
concentration of drug with time after attainment of
infusion equilibrium. Where a drug is eliminated very
slowly, then the infusion should be preceded by an
intravenous loading dose (administered as rapidly as
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Figure 1-—Average plasma concentrations of oxacillin in four healthy
subjects receiving a constant rate (0.25 g./hr.) intravenous infusion of
drug for 3 hr. Experimental data (O) from Reference 3. Solid curve
represents nonlinear least-squares regression fit to the data.
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