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- WETTING OF MIXED FILMS OF FATTY ACIDS

" INTRODUCTION _
" previous investigations (1) have shown that in certain, well-
fined systems, the wettability of a solid covered by an adsorbed

i is not appreciably changed upon femoving a substantial amount
the adsorbed film. One of the reguirements for this behavior i
at the wetting molecules must be able to eriter the holes created
the film by depletion and become an integral part. of. the film.
his réquirement was demonstrated by showing that the wettability
octadecylamine films increased when hexadecane was replaced as
“the wetting Houid by molecules of similar surface tension but differ-
ing molecular structure, = o T et

.. The ability of the adsorbed film, even though severely depleted,
to'maintain a framework in which the wetting molecules may orient
i§-also a requirement - for the-above mentioned wetting. behavior.
This requirement was partially demonstrated by showing that ad-
sorbed films of dodecylamine were not, capable of orienting the wet-
ting molecules to such an extent as the longer octadecylamine mole-
cules.- N I LI LR S
7. The present study was undertaken to investigate the wetting of
adsorbed acid films as a function of the extent of adsorption when
the ordering of the films was disturbed. In particular, the ability of
thé adsorbed acid films to maintain a substantial framework on de-
pletion was tested by the inclusion of ditfering length and: nature
geid molecules. A combined optical and radiochemical technigque
was used to assess the acid composition of the films at each degree
of filmm coverage. L L

i o EXPERIMENTAL - _ _
"Materials. Triple-plated, chrome-finished ferrotype plates were
cut for slides and cleaned as in previous studies (1) for film forma-
ton, e L L
.. Hexadecane used for contact angle measurements was purified
‘by the procedure of Zisman et @l (2). oo o T
Laboratory supply distilled water was made 10~ molar in BaCls
for film formation and had a_re‘sulta.nt pH of 6.6.

L Stearic acid-1-C 14 and myristic acid-1-C 14 were obtained from
_the Nuclear Chicago Corporation and were reported as 99 and 98%
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' The contact argle curves are plotied versus percent optical de-
pIetIOl’l The optical readings- for complete films' of “myristic and
gtearic acids formed . at pH=6.6 and 18% C differed by about 10%
whereas one would expect  about & 2094 difference for: the same
molecular packing and percent salt formation.. Due to this small
dlfference in opt1ca.1 readmgs and the small amount of capne ac1d

radiochemical purity in.benzeéne solutions.. The reSpective specific
activities were 21.7 and 2.56 me./mM. and were diluted further W1th
benzene to suitable concentrations for film formation. :

Stearic acid having am P of 68.5-69.0° C and caprie acid havlng
2 m.p. of 28-30° C were uged in mixed films with the tagged acids.

Film formalion. The Blodgett (3) technigue was used for film':
formation. Benzene solutions of the acids were mixed in the desired
ratio and placed on the aqueous surface at 18 = 1° C. 'This tempera-
ture appeared to give maximum contact angles for complete myristic
acid films. The piston oils; castor oil and oleic acid, did not function
properly at lower temperatures and the myristic acid was too soluble
at higher temperatures, At the pH and temperature of film forma-
tion, the solubility of the myristic acid in the substrate is qu1te de-
pendent on the ions in the substrate (4 5) o

WCig TO Gy - | 20-GgTO Gy

Optzcal measurements The 1nstrument used for measurmg the
total film density was essentially the one used in a similar study (1)
An angle of incidence of 67° was used.:

Optical ‘readings were taken shortly e,fter cleanlng the sl1des
and immediately before film formation. ‘After contact angle and
radiochemical measurements, the  slides were depleted by a rapld
benzene dip and another optlcal readmg taken

Contact angle measurements A 10 ce, symnge Was used in con-
junection with a rack and pinion device to advance and recede hexa-
decane drops across: the films.: A filmstrip projector was -used to
project the drop images on a piece of white paper. The. base and
tangent lines were drawn oh the paper and the angles were mesg-
sured later. . :

" Care was taken to avo1d the dreas used in the counting process:
Reproducibility at several areas was usually = 1° for complete f11ms
and = 2° for depleted films.

Radiochemical measurements. A windowless, nonshielded gas
flow chamber was used with a conventional scaling unit. The slide
was placed in a reproducible position resting on & solid: polyethylene
disk and masked by a polyethylene disk with a 1.4 ¢m.? hole and @
gas was passed through the chamber. Background counts were
taken'for edch measurenient and the system was cleaned frequently-
by flushing w1th Q gas passed through ethanol

O 20 40 . 60.-. 80 o 204060 - 80
. PERCENT DEPLETION

-Figul'e 1. Wettmg of complete and mixed films by hexadecane All measure-
W . ments at 18° ¢ and pH = 6.6' except the indicated points at pH =
7.0 were at 26° . The spreading solutions for films were: a. pure
stearic- acid;” b. 1 stearic-1 myrlstlc, C. 4 gtearic-1: mymstlo, d. 1
.. gtearic-b capric. o : v *

N RESULTS

: The method of presentmg résults is similar to that employed in
previous studies (1). The advancing contact angles are represented
by solid symbols and solid.curves, whereas. the reeedlng contaot
angles are represented by open symbols and dashed curves.
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“wag removed by the: tune that the advancmg drop completely
wet the film. P T e _ _
tlally
Figure 1d shows similar’ results for a ﬁlm contamlng ini
about gﬁ% capric acid. The advancing curve iz markedly displaced

1 receded
tom the reference curve. Small portions of the origina
firops broke away from the bulk of the receded drops and clung to

in mixed films, no attempt was made to adjust the optical results to.
reflect the depletlon of only one acid in a mixed film. Such mino;
corrections would lie within experimental variations and would have__;
no significant effect on the interpretation of results. :

Figure 1a compares the wetting by hexadecars of a mixed filin

of stearic acid-barium stearate at pH=7.0 and 26° C with severa

at plI=6.6 and 18° C. A pH vaiue of 7.0 represents the maximum pH
at which films can be withdrawn apparently dry in this system (8).

It should be noted that the curves at the pH=6.6 value are dis-
blaced from those at pH=%7.0 in such a manner that wetting in

creases at earlier stages of depletion. Wetting curves at higher:
temperatures than 18° C and at pH=6.6 were not SIgmflca,ntIy dif

ferent from the results 1n Figure 1a for pH= 6 6.

The wettmg hy hexadecane of stearic seid-barium stearat
flms modified with the preserice of small' amounts of myristic o
capric acid and their barium salts is shown in Figures 1b, le¢, and1d
In all experimental trials, the amounts of the shorter ehain acids

incorporated in the films transferred to the chromium-plated slides
were considerably less than the amounts of the shorter chain acids
in the spreading solutions used for preparing the films. Spreadmg
sclutions having a stearic to myristic acid ratio of 1:1, 4:1, and 195
resulted in films having a stearic to myristic acid ratio of 4:1, 14: 1
and 6:9. Spreading solutions having a stearic to capric acid ratm ;

of 1:5 resulted in films having a stearic acid ratio of 100:5.

The wetting curves at pH 6.6 of Figure la. are: mcluded for

comparison purposes in the other trials of Figure 1. The wetting
curves in Figures 1b, 1¢, and 1d are all displaced from the reference
curves in such a-manner that- more complete wetting oceurs. af
earlier stages of depletion: The shape of the receding curves is in
doubt since it was difficult to control the degree of depletion. The
initial receding angle and a complete wetting receding anglé wers
the only points cbiained and were connected by a straight line.

Figure 1b shows the affect on the Wetting by hexadecane. of a :

stearic acid film modified by the inclusion of about 209, myristic
acid. Complete wetting for the receding drop occurred at least 15°

before the reference curve. Radiochemical measurements indicated

that about 409, of the myristic acid moleciles were present When
complete wetting for the advarncing drop occurred.

Figure 1c presents simllar results for ‘a film contalning 1n1t1a.11y
about 79, myristic acid. Past experience has shown that the in<
dicated preecipitous:fall of.the advancing curve would have been
obtained if it were possible to control the depletion process. Radio-
chemical measurements indicated that. about 909% of the myristic
acid was removed in the initial depletion and that virtually all of

the film. The small value of the initial receding angle reflects this
servatlon The radiochemmai measurements in con;unctmn w1th

20 60 - _
PERCE NT DEPL.ETI ON

igme 2. Wettmg, oi‘ Lcmplete and mlxed hhm-. by hexa(leca;ne Measure
ments at 18° C and pX = 6.6, Spreadlng solutions for thé mixed
filmg were 9 myustlc -1 steauc and pure myrlstlc for the unmlxed

- films. -
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the optical measurements suggested that virtually all of the caprl'
acid was removed in the first depletion.

When myristic acid occupies about 6095 of the ﬁlms it is more:
relevant to compare the wetting with complete myristic acid films:
and this is done in Figure 2. Reference wetting advancing and re-:
ceding contact angle curves are constructed for several trials for:
myristic acid films containing no stearic acid and are similar tg
those previously reported for dodecylamine films (1). The resulfs
are also shown for two different films of myristic acid containing
about 409% stearic acid. The four experimental points shown for:
the one fllm lie within expected experimental deviation from the'
unmixed myristic acid films as do the advancing angles for th
other film. However, the initial receding drop for the latter film
completely wet the film although the initial advancing angle was®
virtually the same as:for the reference film. The initial optical and’
radiochemical measurements were very close for both films and th :
initial and only depletion in both cases suggested that practically:
all of the film removed was myristic acid although: the stearic ac1d‘
occupied 409 of the total film. :

is a greater possibility of breaking down patches at a pH of (i.6
since there are more of the free acid molecules and more probabil-
ity of these molecules influencing the structure of the patches.
Hence, the ordering would break down more rapidly at the lower
pH value and the constancy of the contact angle would break down
sooner as shown in Figure la.

The above explanation may be extended to the wetfing of
these films on the inclusion of small amounts of myristi(} and
capric acids. These molecules are most likely randomly distributed
throughout the fillms since upon formation a large percentage of
the molecules were lost out of the film on the water surface and on-
ly small percentages left in the resultant films. Radiochemical
‘measurements indicated that these shorter chain acids were rather
rapidly depleted from the films.

If the short chain molecules occupy the center of patches or
‘clumps as is suggested by Bewig and Zisman (8) for alkane mo}e—
cules in amine films, then depletion of these molecules would rapid-
1y destroy the ordering in the surface. If the ordering of the films
was not destroyed, then the first depletion point in Figures ib-1d
‘should show larger contact angles since not enough of the stearic
‘acid was removed to lower the advancing angle from the value for
the reference film and to give complete wetting for the receding
angle. .

DISCUSSION

The inclusion of small amounts of myristic and capric acids'in
to the stearic acid films had somewhat the same affect as did &
change in the pH of film formation on the wettmg behavior of un-:
mixed films, A change in pH from 7.0 to 6.6 in Figure 1a resulted'_'
in complete wetting for the advancing and receding drops at ear
lier stages of depletion and alsc in the abrupt - reduction of th
advancing angle occurring at an earlier stage of depletion. In Fig
ures 1b-1d, complete wetting, particularly for the receding angle;
occurred at an earlier stage of depletion and a reduction of the"
advancing angle occurred at an earlier stage of depletion,

The explanation given by Bartell and Ruch (1) for the c0n'
stancy of the contact angles over a large range of depletion, other:’
than that regarding the structure of the wetting molecules, was.
that molecules were removed from the edges of patches of mole:
cules rather than from isolated spots in the films. The remaining
framework or structure was recessary for the hexadecane mole
cules to orient in the depleted film and assume 2 role similar to:
that of the surroundmg hydrocarbon tails. :

In Figure 1a, the percentage of free amd molecules at a pH o
7.0 is about 409% and at a pH of 6.6 is about 509% (7). Due to mini-
mizing of repulsive forces, the stearic acid molecules and the bari-
um stearate molecules are probably randomly distributed throughou
the film rather than in independent patches. The benzene used
for depletion would be a betier solvent for the free acid molecules :
than for the barium stearate, Consequently, upon depletion, there::

The results shown in Figure 2 correspond to ilms where myl:is-
tic acid was present in large enough quanfity in the spreading
solution to occupy 609, of the resultant film and stearic acid 409
of the film. One might conceive of the stearic acid molecules occu-
pying some isolated positions in the film or being main@y groqped
together in patches. The latter case would seem more likely since
registry of the methylene groups would lower the energy of the
system. The results of Figure 2 seem to give evidence for each type
of film,

In either trial in Figure 2 the initial advancing angle is virtu—
ally the same as that for a complete myristic acid film. This can be
explained by postulating that the advaneing drep will move for-
ward over the surface until the edge of the drop comes to rest on a
low energy methyl surface of either stearic or myristic acic_i areas.
The drop would move over the methylene groups exposed by isolated
‘stearie acid molecules and come to rest on lower energy areas.

: The behavior of the initial receding angle would be more sensi-
tive to the two cases however. If mostly patches of the molecules
exist in the film, the receding drop will move over a somewhat

agged surface but will generally move from one methyl group
“surface to another and give an angle similar to the complete myris-
tic acid filmg. If there are stearic acid molecules occupying various
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isolated sites in the film, however, .the molecules of the receding '
drop will interact with the dangling tails of the stearic acid and:.

result in a considerable reduction of -the receding angle. This, per-
haps along with a weakly adsorbed film; may explain why the one

film shown in Figure 2 was completely wet by the initial receding
drop although the initial advancing angle on the same film was not

different from the reference angles.

The observation that parts of the\_re'ceding drdps were left on

the film for the stearic-capric trial of Figure 1d may be due to an
interaction of the hexadecane with exposed methylene groups. In
this ecase though, the exposed groups may result from hexadecane
molecules from the advancing drops having entered holes in the

film created by the non-registry of the capric acid molecules with -
the adjacent stearic acid molecules. Doyle and Ellison (9) proposed.

that hexadecane molecules can even penetrate between stearic acid
molecules with a portion of fhe hydrocarbon tail extending above
the acid film. The capric acid molecules are probably adsorbed on
the surface in contrast with the suggestion of Bewig and Zisman
(8) that alkanes in such positions in a film do not touch the surface:

Since the capric acid occupied only 59, of the film, the effect would -

not be as pronounced as in the myristic-stearic acid trials in Figure
2. Also, this effect would not be as likely to be noted in Figures 1b
ahd lc since the voids in the film would lie above the longer myris-

tic acid molecules and the hexadecane molecules would not be as:

likely to be retained in the holes on receding the drops.
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