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Saturated fatty acids ranging from 15 to 20 carbons in alkyl chain length and some
stearic acid derivatives were spread as insoluble monomolecular films and com-
pressed at a constant velocity. As these surface films assume close packing, they
exhibit a loss in surface pressure when held at constant area below an apparent
collapse pressure which is not due to dissolution into the subphase solution. The
higher the surface pressure to which the film is compressed, the greater the number of
repeated compressions to a given surface pressure after periods of noncompression,
and the longer the time period between successive compressions, the greater the rate
and extent of instability. Increasing chain length increases film stability, but different
behavior is noted for odd- and even-carbon acids in a manner analogous to their
melting behavior. From these studies it is concluded that three-dimensional phase
separation oecurs when the film is compressed to surface pressures approaching the
lquid condensed-solid condensed transition point. The relative rates of molecular
expulsion from the surface, and of lens formation and growth determine the rate of
surface pressure loss when compression is stopped. Similar studies with methyl
stearate, 2-hydroxystearic acid, methyl 2-OH stearate and methyl 9-OH stearate are

consistent with these conclusions.

INTRODUCTION

Rabinoviteh et al. (1) have shown that
stearic acid monolayers spread on acidic
solution lose surface pressure when held at
constant area below the apparent collapse
pressure. This has been reported for other
fatty acids and fatty acid derivatives as well
(2). What exactly gives rise to this pressure
loss has not been defined clearly. However,
previous studies have established that dis-
solution of these compounds into the acidic
subphase does not oceur (1-3). Rabinovitch
et al. (1) suggested for stearic acid that at a
critical area per molecule of about 21 A2/
molecule, molecules are ejected and that an
“Inversion” process takes place; molecules
are pushed into the aqueous phase below the
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monolayer or out above the monolayer to
form a second layer. No further considera-
tion was given toward establishing evidence
for such behavior.

In recent studies from this laboratory the
influence of compressional rate on the col-
lapse behavior of fatty acid monolayers,
ranging from pentadecanoic (Cyi) to eico-
sanoic (Cy) acids, was reported (2). The
apparent collapse pressure was shown to
increase with inereasing chain length, but
the odd-carbon ecompounds always exhibited
higher collapse pressures than the next
higher even-carbon compound. Likewise,
preliminary study indicated that the rates of
surface pressure loss from initial values
below the apparent collapse pressure were
such that an odd compound appeared more
stable than the next higher even-carbon
compound (2).

Sinee it is known from melting point and
thermal analysis data that an odd-carbon
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fatty acid crystal is in a higher state of
energy than the next higher even-carbon
compound, the previous results seem to
imply that the process of molecular con-
densation to form lenses above the mono-
layer is the important kinetic factor in film
stability. In other words, a shorter odd-
chain fatty acid might be ejected from the
monolayer more readily than the next higher
even-carbon compound, but the tendency of
lens growth, being less for the odd-compound
leads to a greater stability. Indeed the
reverse proecess of spreading from fatty acid
crystals has been shown to give spreading
pressures corresponding to odd-even be-
havior, where odd-carbon compounds give
higher equilibrium spreading pressures than
the next higher even compound (4, 5).

In the present study we wished to consider
this problem further and to see if surface
pressure losses below collapse also are re-
lated to the formation of lenses and the rate
of such lens formation. Our feelings in this
regard were strengthened by some data
presented by Gaines (13) for film instability
of stearic acid at 24.8 dyn/em surface pres-
sure. Although this was below an apparent
collapse surface pressure, he showed that the
area required to maintain this surface pres-
sure constant was reduced by 10% in 30
min. He further observed in this case the
appearance of whitish streaks or collapsed
monolayer.

EXPERIMENTAL METHODS

Materials. The fatty acids and esters used
were all obtained from Applied Science Co.
(State College, PA) except for methyl 9-
hydroxystearate which was the gift of Dr. A.
Hoffman, Mayo Clinie, Rochester, MN. All
substances were chromatographically pure.

Equipment. The monolayer balance uti-
lized has been described previously (2).
Surface pressure was measured by means of
a modified Wilhelmy plate method using a
roughened platinum plate. Masgs changes
were measured with a Cahn RG electro-
balanee and recorded on a Coleman-Hitachi
165 recorder. Since vertical movement with
this balance is negligible the possibility of
error in surface tension measurement due to
confact angle change (6) is greatly mini-

mized. This was confirmed previously by
excellent agreement for values of the transi-
tion surface pressure for all fatty acid films,
before and after collapse (1, 2).

Films were spread from hexane solution
using a Burroughs-Wellcome Agla micro-
liter syringe unit. The subphase for all fatty
acids was 0.01 M HCI, while that for the
methyl esters was 0.01 M NaCl. The results
were the same for the esters using NaCl or
HCI; but for studies where films were in
contact with subphase for an extended
period, it was felt that the possibility of acid
hydrolysis should be avoided.

RESULTS
Fatty Acids

In all experiments, unless otherwise stated,
a rate of compression of 1.2 A%/molecule/
min was used. Similar behavior was noted
for other compressional rates, but this rate
was chosen because it gave a convenient
range of surface pressures before collapse, as
well as a suitable time period for obtaining
a complete # — A curve. All curves pre-
gented are taken from a specific recorder
tracing but each represents two or three
experiments with agreement within 0.5 dyn/
cm surface pressure.

Figure 1 represents an experiment with
stearic acid designed to show that at this
compressional rate: (i) instability sets in
near the transition pressure; (ii) a sequence
of compression and noncompression leads to
greater surface pressure loss on standing;
and (iii) a markedly reduced collapse pres-
sure? now occurs at about 22.0 dyn/em (last
compression). This latter value can be con-
trasted with one of 49.8 dyn/cm which is
the collapse pressure for stearic acid com-
pressed directly to collapse at the same
velocity.

Figure 2 indieates that even at values
where films are apparently stable when first
compressed, if subsequent conditions bring
about an opportunity for instability to begin
(viz compression to higher values of surface
pressure but below collapse) even the lower
pressure is now a region of instability. In

2 Collapse pressure is the maximum surface
pressure attained with continual compression at a
constant rate.
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Fia. 2. Compression of stearic acid at 25°C at a rate of 1.2 A2/molecule/min to 19.0, 38.0, and 19.0
dyn/em surface pressure with 10 min periods of noncompression between each compression step.
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F1a. 3. Compression of pentadecanoic acid with 5 min periods of noncompression for 6 time periods
at 28.5 dyn/cm followed by compression to collapse for 2 time periods at a rate of 1.2 A2/molecule/min.

general, the longer one allows the surface
pressure fall to occur and the higher one
compresses the film before stopping the
compression the greater the instability ob-
served upon further compression.?

To compare the relative stability for odd-
and even-carbon compounds the following
experiments were performed. Each com-
pound was compressed to a value below its

8 Space does not permit the large number of
plots showing this, but the interested reader may
consult Ref. (7) for this data.

apparent collapse pressure, held at constant
area for 5 min and recompressed. This pro-
cess was repeated a number of times. Figure
3 depiets the compression of pentadecanoic
acid to 28.5 dyn/em, holding the area con-
stant for 5 min and repeating the sequence
6 times. The monolayer was then com-
pressed to an apparent collapse point and
held at constant area before compressing
again to a new apparent collapse point. The
first collapse pressure is very close to the
value of 35.3 dyn/cm observed earlier (2) for

Journal of Colloid and Interface Science, Vol. 41, No. 1, Qctober 1972
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Fig. 4. Compression of palmitic acid with 5
min periods of noncompression for 3 time periods,
after initial compression of the film to 38.0 dyn/em
at a rate of 1.2 A2/molecule/min.

direet compression to collapse at 1.2 A%/
molecule/min, whereas the second value ig
reduced somewhat.* A similar sequence was
attempted with palmitic acid (see Fig. 4),
however, after the first cycle a collapse point
was obtained at 27.0 dyn/em which is lower
than that observed upon direct compression
(32.0 dyn/em). Thus, the shorter chain odd-
carbon compound is seen to be much more
stable upon repeated compression steps.

Similar comparisons were made with
heptadecanoie, stearic, nonadecanoic, and
eicosanoic acids compressed to 38.0 dyn/cm,
{(below collapse) held at constant area for 5
min, and recompressed to 38.0 dyn/em a
number of times.

Figure 5 shows that noticeable collapse of
heptadecanoic acid sets in during the sixth
compression step, at about 29.0 dyn/em
(collapse point upon direct compression is
50.4 dyn/cm). It is interesting to note the
fourth and fifth compression steps since at
about 32.0 dyn/em an inflection occurs which
appears related to the collapse point. Also,
each step produces an increaging rate of
pressure loss. Again, as shown by eomparigon
of pentadecanoic and palmitic acids, if
heptadecanoie acid is compared with stearic
acid (see Fig. 6) the odd-carbon compound

4 Note in the first 6 compression sequences an
increasing rate of surface pressure loss with each
compression.

is much more stable. For one further com-
parison of odd- and even-carbon behavior,
note the properties of nonadecanocic and
eicosanoic acids in Figs. 7 and 8, where the
longer chain compound is again much less
stable. It should be stressed, however, that
in all cases, Increased compression-non-
compresgion sequences lead to some in-
creaged instability.

As another indication of film stability, in a
second series of experiments the surface
pressure loss from collapse or below collapse
after one compression step was followed for
12-18 hr until a fairly constant value was
reached. This has been termed the mono-
layer stability limit by Gaines (8) because it
represents the apparent equilibrium surface
pressure between a collapsed film and its
monolayer. Note in Table I the alternation
of values for odd- and even-carbon com-
pounds, with the surface pressure of the
lower-number odd chain exhibiting a higher
monolayer stability limit. This is congidered
further in the Discussion section, but it
should be noted that all time-dependent
behavior observed at collapse or below col-
lapse show this odd-even effect, which ap-
pears related to an equilibrium between
crystalline forms and the monolayer, as
gshown by Cary and Rideal (4). Indeed, in a
number of cases, it was possible to see lens
formation with appropriate lighting.

Fuaity Acid Derivatives (polar group effects)

In a previous study (2), the collapse pres-
sures for some 2-hydroxy fatty acids and the
methyl esters of some normal fatty acids
were compared with their corresponding
normal fatty acids. In general the order of
collapse pressures was 2-hydroxy fatty
acid > fatty acid > methyl ester, except for
one case where methyl palmitate had a
higher collapse pressure than palmitic acid
(at 1.2 A2/molecule/min rate of compres-
gion). To study the influence of chemical
modification on film stability and to relate
this to the previous experiments with odd-
even carbon compounds the following ex-
periments were performed.

Figures 9 and 10 indicate the behavior of
methyl stearate and 2-OH stearic acid when
compressed in steps wih periods of noncom-
pression. As with stearic acid, (in Fig. 1)

Journal of Colloid and Interface Science, Vol. 41, No. 1, October 1972
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F1a. 5. Compression of heptadecanoic acid with 5 min periods of noncompression for 6 time periods,
after initial compression of the film to 38.0 dyn/cm at a rate of 1.2 A2/molecule/min.

40

SURFACE PRESSURE (DYNES PER CM)

1 | I ]
16 18 20 22 24

|
0 2 4 6 8 10
TIME (MINUTES)

2 14

Fia. 6. Compression of stearic acid with 5 min
periods of noncompression for 3 time periods after
initial compression of the film to 38.0 dyn/em at a
rate of 1.2 A?/molecule/min.

increasing the surface pressure of methyl
stearate above its transition pressure (9.5
dyn/cm) greatly enhaneces the loss of surface
pressure; at collapse, a surface pressure of
36.3 dyn/cm is obtained. This value can be
compared to the value of 40.5 dyn/em ob-
tained for direct compression to collapse (1),
however, this iz a much smaller difference

than the values of about 22.0 and 49.8 dyn/
c obtained for stearic acid after stepwise
and direct compression to collapse, re-
spectively. On the other hand, Fig. 10 reveals
the significant stability of 2-OH stearic acid
films right up to the collapse poiné and the
very small difference noted between step-
wise compression and direct compresgion to
collapse. Another point of comparison is the
effect of a continued number of compression
steps after the first collapse pressure is
reached. With stearic acid, the collapse
pressure was reduced significantly with in-
creasing number of compressgion steps, while
Figs. 10 and 11 reveal that both methyl
stearate and 2-OH stearic acid exhibit very
stable collapse pressures upon such treat-
ment, particularly the latter compound. If
the monolayer is held at constant area after
collapse, however, the surface pressure for
methyl stearate slowly drops to values near
its transition pressure while the 2-OH stearic
acid film remains at significantly high pres-
sures as shown in Fig. 12.

The collapse and pressure loss of the
methyl ester of 2-OH stearic acid was fol-
lowed in order to compare with the com-
pounds mentioned above. The compresgion
at 1.2 A2/molecule/min to collapse, followed

Journal of Colloid and Interface Science, Vol. 41, No. 1, October 1972
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TABLE I
COMPARISON OF APPARENT KQUILIBRIUM
PrESSURES BETWEEN MONOLAYER AND LENS
FOR VARIOUS n-SATURATED FATTY AcID
CoMPOUNDS

Monolayer stability limit

Compound (dyn/cm) o,
Pentadecanoic acid 10.7
Palmitic acid 9.8
Heptadecanoic acid 15.2
Stearic acid 7.6
Nonadecanoic acid 12.9
Eicosanoic acid 6.1
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by a long period at constant area, gave a
collapse pressure of 41.8 dyn/em and ex-
hibited only a 1.0 dyn/em change over a
period of 10 min, Comparison of this com-
pound with its 9-OH isomer was carried out
by compression from areas of 44 A%/molecule
t0.20 A%*/molecule, as shown in Fig. 13. The
9-hydroxy derivative maintained constant
surface pressure upon compression at about
12.0 dyn/em between 44 and 30 A?2/molecule
and then showed a rapid rise in pressure. At
38.0 dyn/em compression was stopped, and a
relatively rapid drop in surface pressure
occurred (about 13.0 dyn/cm in 10 min).
Compression-expangion and recompression
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Fia. 9. Compression of methyl stearate on 0.01 M NaCl at 25°C at a rate of 1.2 A2/molecule/min,
with 10 min periods of noncompression. Area per molecule at zero time is 30.0 A2,

2 6 10 14 18 22 26 0 34 B/ 42 46

Ll
€
=
ﬁo60['
& 50+
5540};
B 30
Egzo‘L
> 10
890 _~_A_.A__A_‘_A_I__\_I_I_I_A_L_1_L_LJ__L_I_I¥"V‘V‘A_,LLVI 1 I |
0 4 8 12 1% 2024 98 % 36 40 44 48 T 56 646872768084889296

50 54 58 62 66 70 74 78 82 86 90 94

TIME (MINUTES)

Fic. 10. Compression of 2-hydroxystearic acid at 25°C at a rate of 1.2 A2/molecule/min, with 10 min
periods of noncompression. Area per molecule at zero time is 30.0 A2
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Fie. 11. Compression of methyl stearate with 10 min periods of noncompression for 3 time periods,
after initial compression of the film to collapse at a rate of 1.2 A2/molecule/min.
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Fia. 12. Compression of 2-hydroxystearic acid
at 25°C to collapse followed by a period of non-
compression, at a rate of 1.2 A%/molecule/min.
Area per molecule at zero time is 30.0 AZ.
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Fia. 13. Compression of 2-hydroxymethyl-
stearate (——); and 9-hydroxymethylstearate
[C— ) on 0.01 M NaCl at 25°C to 38.0 dyn/cm
surface pressure followed by a 10 min period of
noncompression, at a rate of 1.6 A?/molecule/min
Area per molecule at zero time is 44.0 A2,

revealed identical curves, so dissolution was
not responsible for this surface pressure loss.
Different behavior wag noted for the 2-OH
derivative which exhibited a pressure change
from 8.4 to 19.0 dyn/cm in the range of 44
to 30 A2, followed by only a 1.0 dyn/em fall
in pressure from 38.0 dyn/em. Thus the
change in position of the OH group signifi-
cantly alters monolayer stability for this
derivative.

DISCUSSION

In order to describe the mechanism(s)
associated with instability of fatty acid
monolayers it is useful to first consider the
processes which give rise to surface pressure
Increase upon compression, and then to
consider factors which can oppose these
effects and lead to surface pressure loss.

It is generally considered that long chain
fatty acids do not produce very much surface
pressure above 30 A%*/molecule because of
low surface coverage due to cohesion into
groups of “islands” (9). At about 25 A%/
molecule, where surface pressure beging to
change significantly, the surface coverage is
increased as the islands are compressed to
form a more continuous layer. During com-
pression from the point of initial surface pres-
sure development to the transition point, film
molecules must assume various arrangements
which allow for increased surface cover-
age and increased surface pressure. This
can occur while the polar groups are still in
one plane, followed by various degrees of
staggering with vertical displacement into
and out of the aqueous phase. The signifi-
cant change in glope of the 7—A4 curve at
the transition pressure must reflect a major
shift in organization which in turn leads to
an increased tendency above this point for
film molecules to stagger. The significant
increase in surface pressure produced by the
increased surface coverage eventually will
be balanced by an increasing tendency for
ejection of molecules and a maximum “col-
lapse’ pressure will be attained. Exactly at
what point specific arrangements oceur is
not clear, but since the major instability sets
in a8 one passes the transition pressure, we
can conclude that the barrier to measurable
instability is overcome as the film molecules
begin to rearrange to the more clogely
packed forms oceurring around the transition
pressure.

The results of these experiments suggest
that, during compression, ejection of mole-
cules leads to the formation of lenses and it is
this which gives rise to time-dependent be-
havior. It is felt that the tendency for lens
formation to occur actually begins at the
monolayer stability limit, but that the speed
of compression allows one to compress films

Journal of Colloid and Interface Science, Vol. 41, No. 1, October 1972
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to relatively high values of surface pressure.
Factors favoring the formation and growth
of lenses, therefore, should give rise to in-
creased instability at low compression rates.

As noted earlier (1, 2) a reduced rate of
compression significantly reduces the col-
lapse pressure presumably because of more
time for lens formation relative to the rate of
increaging surface pressure. Even at lower
pressures (below collapse), one should be
able to induce the formation of lenses by
repeated compresgsion and with extended
periods of noncompression between each
compression step. Presumably each previous
compression could provide sufficient nuclei
to set off the process of lens formation, while
longer periods in between could allow for
condensation of molecules to form more and
larger nuclei. This is supported by the data,
given previously in Figs. 1 and 2 and Ref.
geven.

The appearance of three-dimensional
lenses when films are compressed to the
transition pressure and higher is supported
by the observations made when comparing
odd- and even-carbon fatty acids. As noted
earlier (2) for any velocity, compression of
the fatty acid monolayers to the transition
pressure gives a regular increasing increment
in transition pressure with increasing alkyl
chain length. In contrast, the surface pres-
sures observed for collapse alternate in an
odd-even sequence, an odd-carbon fatty acid
always giving a higher colapse pressure than
the next higher even-carbon fatty acid. The
first observation can be explained by as-
suming an increasing energy requirement to
displace molecules into the configurations
assumed at the ftransition pressure, the
greater the number of —CH,— groups the
greater the energy requirement. Since ejec-
tion 18 just a continuation of this process,
increasing chain length should favor a greater
collapse pressure 7, . However, the process of
condensation to form lenses also increases
with chain length and this should reduce =, .
This latter factor would explain the alterna-
tion of =, for even- and odd-carbon fatty
acids. Further, even-carbon fatty acid crys-
tals ordinarily exhibit higher melting points
than the next higher odd-earbon fatty acid,
indicating that the even-carbon erystal ig in
a lower state of energy (10). In an analogous

manner, therefore, the lens in contact with
the even-carbon fatty acid monolayer should
be in a lower state of energy with an in-
creased tendency to accept monolayer mole-
cules relative to the next higher odd-carbon
compound. Therefore, despite an increase in
chain length, which would normally favor a
higher collapse pressure because of less
ejection, one obtains a lower =, because of
enhanced condensation when the increase is
from an odd- to an even-carbon compound.
Likewise if the presenece of three-dimensional
crystallive lenses is responsible for film
instability before an apparent collapse point
is reached, the final value of =, attained after
an extended period of noncompression, which
reflects an apparent equilibrium between
this phase and the monolayer should show
this odd and even behavior. The odd-even
alternation noted in Table I and the close
correlation of these values with true equilib-
rium spreading pressures (ESP) for palmitic
and stearic acids (4, 11, 12) indicate that this
is 80. The value for pentadecanocic acid
(10.7 dyn/em) is much lower than the ESP
of 21.0 dyn/cm reported by Boyd (12), but
perhaps some dissolution in 0.01 M HCI
occurs for this compound over the 18 hr
period. It should be stressed that the nature
of the collapsed film lens need not be exactly
the same as the crystal; however, these odd
and even effects do support retention of the
crystalline properties responsible for the
behavior seen with pure crystals.

The key to monolayer instability is the
loss of surface pressure at any pressure
during compression. If, indeed, the presence
of lenses on the monolayer surface and sub-
sequent condensation are responsible for
observed reductions in surface pressure, then
in view of the effects of lenses on the collapse
and the apparent equilibrium spreading
pressures we also might expect different
rates of pressure reduction for odd- and even-
carbon compounds. For example, odd-carbon
compounds should show slower rates of pres-
sure loss and, hence, a greater capability
toward repeated compression without sig-
nificant loss of stability. As shown in Figs.
3-8, for repeated cycling of monolayers of
pentadecanoic through eicosanoic acids, such
is the case. FEach odd-carbon compound
gives a slower rate of pressure loss from a
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given # than the next higher even-carbon
compound. In addition, the odd-carbon com-
pound can be subjected fo more periods of
repeated compression before the onset of
collapse. Another significant influence of
condensation behavior on monolayers is
dramatically shown by comparing non-
adecanoic and eicosanoic acids, as depicted
in Figs. 7 and 8, respectively. That both the
odd- and even-carbon acids initially give low
rates of condensation can be attributed to
their long chain length, since cohesive inter-
actions between alkyl chains of the film con-
stitute a barrier to the ejection of molecules
during compression. Upon repeated cyeling,
however, the eicosanoic acid monolayer pro-
gressively shows significantly increased rates
of pressure loss relative to nonadecanoic acid
because its ability to nucleate into lenses is
greater. On compression of eicosanoic acid
to its maximum pressure, high rates of con-
densation eventually lead to collapse of the
monolayer at a surface pressure below that
obtained by direct compression. Nonadeca-
noic acid also exhibits a high rate of pressure
loss during periods of noncompression at its
maximum pressure; however, the monolayer
is capable of repeatedly developing this
same maximum pressure Upon Trecompres-
sion without being offset by the condensa-
tion rate. Hence, the odd-carbon compound,
having a relatively lower rate of condensa-
tion, is significantly more stable than the
next higher even-carbon compound.

With fatty acid derivatives, as with fafty
acids, instability begins in the vieinity of
the transition pressure, as shown in Fig. 9.
The lower transition pressure and the greater
instability at low pressures, for the methyl
esters is probably caused by decreased polar
interactions with water relative to the fatty
acids and hence greater ease of ejection. An
additional role of interaction between film
molecules may be seen from the significant
increase in the transition pressure and sta-
bility of the 2-OH fatty acids. The added
OH group at the 2-position could be involved
in intermolecular interactions with closely
aligned polar groups, as well as with the
underlying water molecules. It is clear that
despite an apparent increased tendency for
ejection, methyl ester molecules do not con-
dense as rapidly as normal fatty acids to form

lenses. This is seen by the small changes in
collapse pressure when methyl stearate is
repeatedly compressed back to collapse, as
well as the small change in collapse pressure
when the compressional velocity is reduced
significantly. We would expect the extent of
ejection to be the same regardless of com-
pressional velocity, but a longer period
should allow more time for lens formation
and growth. Apparently this is why both
palmitic acid at 1.2 A’/molecule/min (2)
and stearic acid at 0.06 A?/molecule/min
exhibit lower collapse pressures than their
respective methyl esters. In view of the
much lower melting point of each methyl
ester relative to its corresponding fatty acid,
it is not surprising that they would crystal-
lize more slowly. Indeed for methyl stearate
the fall in surface pressure from high initial
values back to its transition pressure is much
slower than that observed for stearic acid.

One might expect the 2-OH acids to
exhibit a greater tendency to form lenses
since they have an additional polar group
capable of hydrogen bonding; the melting
points of these compounds are higher than
their corresponding acids. On the other
hand, a critical nucleus size must be reached
to produce rapid lens growth. The repeated
return to exactly the same collapse pressure
after a small loss upon standing indicates no
further lens growth probably because the
monolayer resists further ejection beyond
the point of closest packing. Such resistance
to ejection is likely due to polar interactions
between the film molecules, i.e., between
carboxyl and hydroxyl groups.

Results with the 2-OH methyl stearate
film are interesting because the collapse
pressure is reduced to almost that of methyl
stearate, yet upon standing there is minimal
loss in pressure. as with the 2-OH acid. Thus
ejection is easier to bring about, but further
loss of molecules to form larger lenses still
does not appear to be energetically favorable.
The replacement of the carboxyl proton by a
methyl group should decrease interaction
between film molecules and increase ejection
ability while decreasing the tendency to
form lenses.

The significant role played by the 2-OH
group in stabilizing fatty acid monolayers
could best be evaluated by gradually altering
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the OH-group position along the alkyl chain.
The availability of the methyl ester of 9-OH
stearic acid offers some clues since the be-
havior of the two isomer is quite different
(Fig. 13). Of particular significance is the
initial constancy of surface pressure upon
compression of the 9-OH derivative up to
30 A2/molecule, followed by a rapid rise.
These results can be explained by assuming a
horizontal orientation because of hydroxyl
group interaction with water, as well as the
greater surface coverage at these higher
areas per molecule. However, as compression
i3 continued the molecules are foreed into an
unfavorable vertical orientation. The rapid
loss in surface pressure when compression is
stopped (not due to dissolution) suggests that
lens formation occurs readily since strong
interactions with adjacent film molecules
and with the subphase are not possible when
the molecule is in a vertical orientation.
Further work with isomers having hydroxyl
groups at the 3, and 4 positions would be
most revealing in this regard.

SUMMARY

Saturated fatty acids with 15 to 20 carbons and
some fatty acid derivatives were spread as in-
soluble monomolecular films, compressed at con-
stant velocity, and their time-dependent behavior
was studied. Comparison of the highest surface
pressure reached before instability sets in goes in
the order: 2-OH fatty acids > fatty acids > methyl
esters. Collapse pressures are generally greatest
for the 2-OH fatty acids and lowest for the methyl
esters, however, at lower compressional velocities
methyl esters can exhibit higher collapse pressures
than their corresponding fatty acids.

Fatty acids exhibit surface pressure loss when
compressed above their transition pressure, but
below an apparent collapse point, and held at
constant area. Further, odd- and even-carbon
fatty acids exhibit alternating behavior with

respect to collapse pressure, monolayer stability
limit, and the rate of surface pressure loss at con-
stant area; each odd-carbon compound exhibits
greater stability than the next higher numbered
even-carbon compound. Since this type of be-
havior is consistent with the melting characteris-
ties and hence the erystallinity of fatty acids, it is
concluded that the major factor contributing to
the kinetics of loss in surface pressure upon stand-
ing is the formation of lenses above the monolayer,
even before an apparent collapse point is reached.
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