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i Abstract

The hydrophile-lipophile balance (HLB) of liquid nonionic surface-active agents
liinearly related to the measured heat of hydration by the-relation

i HLB = 0.42Q + 7.5,

ikm Q = the heat of hydration in g.-cal./g. In the case of mixtures, this rclation-
Uprepresents a positive deviation from strictly additive behavior. A simple calori-
Mtfie arrangement for the determination of the heat of hydration is described.

1
: In recent yeare the HLB system introduced by Griffin (1, 2) for the eval-

Whoii of the efficicncy of surface-active substanccs has been widely used

H ). The old concept of the balance existing between polar and nonpolar

WpmentB of the surface-active substanecs (10) has been used as the

for classification in this system. The disadvantage of the tC(rhnique

the rather considerable amount of time (24-72 hr.) required to de-

experimentally the HLB value of a new agent (1, 2, S. 9). Owing

* the practical significance of the problem a number of researchers have

to develop a rapid and repeatable technique (11, 12).

is well kno"Ti that many useful surface-active substances are deriva-

of ethylene oxide. According to Chwala and Martin (13), in an

solution of ethylene oxide derivative a hydrogen bridge is formed

the ether-like combined oxygen atoms and the water molecules,
simplified process is repreented by the formula as follows:

Introduction

—CH2-Q-CHr
|
H
0—H

Asrgy set free in the form of heat is readily measurable by a sensitive
system. It was deemed probable that in the case of surface-
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active molecules a relation exists between the number of ethylene oxig,
groups in the molecule and the size of the lipophilic unit (i.e., the hydro
phile-lipophile balance) and the heat of hydration.

Experimextal

A schematic diagram of the instrument used to measure the heat o
hydration of surface-active substance is shown in Fig. 1. The substance
examined were of normal commercial grade, used without any additiooa
purification, and are enumerated in Table I.

The release of the hydration heat was carried out in the liquid-calorimete
{K) formed from a Dewar flask of 200 ml. capacity. The calorimeter T\a
furnished with a 200 r.p.m. paddle stirrer to provide proper mixing q
surface-active substance investigated and the calorimeter fluid, and t
produce a uniform heat distribution.

The heat released was measured with a thermoelectric pile construct©
of copper-constaiitan thernjocouples, the jneasuring arm of which Ta
immei*sed in the calorimeter fluid. The auxiliary junction was immerae
in tlie Dewar flask containing water of constant temperature {0).

The changes in the output of the thermoelectric pile were registered b
a reflecting galvanometer (C?) on a photographic reel adapted from
polarograph {P). The temperature of the calorimeter fluid as well as of tl
measuring roon\ was 20® + 1RC,

The technique employed in the measurement was as follows: 1.5-1.8j
of the surface-active substancc under investigation (after having bee
completely dried) were measured into the small tempering glass vesse
made for this specific purpose and furnished with polishing caps. 'R

of heat of hydration.



TABLE |
fke Relation bettceen (he HLB Values of Surface-Active Substances and the Hydration

Heai of TKm.

S:LE;%VE’ Chemical composition ﬁllj_bé'?‘,ﬁﬂe Hyﬂ;a;ttlon
(9.-cal./g.)

1tw een 20 Polyoxyethylene sorbitan monolaurate 16.7 21.55

2tween 40 Polyoxyethylene sorbitan mono- 15.6 19.88

palmitate

3tween 60 Polyoxyethylene sorbitan n:\ono8tearate u.9 18.69

4 TWEEN SO Polyoxyeth3lene sorbitan monooleate 15.0 18.64

5tween 21 Polyoxyethylene sorbitan monolaurate 13.3 14.05

6 TWEEN 85 Polyoxyethylene sorbitan trioleate 11.0 8..15

7 TWEEN 81 Polyoxyethylene sorbitan monooleate 10.0 G.64

*Products of the Atlas Chemical Industries, Inc., Wilmington, Delaware.

tempering period at 20® =b 1“C. is two houi’. Thirty miimtes opemtion of
the calorimeter was allowed for the establishment of thermal equilibrium.
At this point, the initial temperature mark was registered on the photo-
paper by switching the registering system. Hereupon, the temperature-
equilibrated substance to be investigated was hitroduccd to the calorimeter
through a feedway. After 10 minutes running of this system thcrmo-
ifttflibrium following the hydration pvoecss was reached in the t-alorimctcv
m . The evolution of heat as a function of time was calculated on tiie
basis of the data registered on the photo-papci* in the form of a curve
npveioiting the tL'mporature changes and taking into account related
MEbntkn and water values as well as the specific heat values.

R esults and Discussiov
Single Surface-Active Substances

The surface-active substances investigated, reported HLB values (1, 2),
UA the related heat of hydration values measured calorimetrically are
iMamted in Table I. Each datum is the average of six determinations.

From the data in Table I, it is seen that in the investigated HLB range
%linear relation exists between the HLB values of the surface-active sub-
tens and the heat of hydration.

The relationship may be expressed as:

HLB = 0.420 + 7.5,

n Q = the heat of hydration measured experimentally, expressed in
p** gram-calories per gram.
the basis of our invratigation, it is concluded that this relation applies
to liquid hydrophilic surface-active agents. In the case of surface-
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%
active solids account must be taken of enthalpy changes coacomlta®
with phase transformations in addition to the hydration process. Thes®
phenomena as weU as the application of the method to lipophilic substaoeei
will be discussed in a subsequent paper.

The data presented here are necessarily limited to substances for whicii
the HLB values are known. It seems, however, that the HLB values ofj
number of surface-active liquid materials could be determined by the sug.
gested rapid calorimetric technique.

Mixtures of SuTface-AcHve Substances

According to the HLB system (1, 2) HLB values are algebraically addi-
tive in mixtures of surface-active substances; hence the HLB vaiue of i
mixture can be determined by a simple calculation. On the basis of tlieo.
retical considerations, however, a Imear relation of an additive nature wouH
be expected from mixtures only when the behavior of each componenti
independent, and intermolecular interactions do not occur. Actually, ii
the case of mixtures a positive deviation was observed by authors iuin|
different experimental techniques (U-13).

We have investigated the calorimetric behavior of the mlvture of SPAJ
80-TWEEN 80 in the region of HLB 10-15. The HLB values calculaid

g—Call/g

Fig. 2. (O) Relation between HLB values and heat of hydration of
surface-active substances. (A) Relation between heat of hydration of HLB
for TWEEN 80/SPAN 80 mi.xtures calculated on the aasumption of algebraic”
tivity. (O0) Relation between heat of hydration and HLB values for TWE»~
SP.~AN 80 mixtures calculated from the heat equation.



the equation above on the basis of measured hydration heat differ in a
,sense from the HLB valu” calculated on the assumption of direct
(Fig- 2). This observation corresponds to those previously re-

The conclusion that a strictly additive correlation of HLB values

Aot to be expected in mixtures of surface-active agents is reasonably

Summary

1. Arapid procedure for the experimental determination of HLB values
Aliquid surface-active agents has been developed.
g. The principle involved is the obser\’ation that there is a linear rela-
between heat of hydration and HLB values of hydrophilic surface-
t materials.
™The technique is suitable for the determination of the HLB values of
IIrtOM of surface-active substances, but in this case the positive devia-
M of experimental HLB values was observed, in accordance with data
previously.
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