











1. INTRODUC

When a small gquantity of insoluk
placed on the surface of a liquid (us
tension), with which it does not reac
as a coherent solid mass leaving the
spread and cover the whole surface.
that the liqu’d to be used is water,

. procedures may be used for any not-to

The condition for spreading is t
should attract those of the water mor
another, that is, the molecules shoulu pussess poirar groups, IUL exduple,
-CHQOH or ~COOH groups. Examples of such spreading materials are certain
long-chain fatty acids and alcchols, iany of these are solids at
ordinary temperatures, but they can be made to spread as thin films on
aqueous surfaces by placing small quantities of a solution of the sub-
stance 1n a volatile solvent, such as benzene or petroleum ether, on the
water surface and allowing the solvent to evaporate.

If the condition for spreading is fulfilled, as many of the molecules
of the spreading substance as possible will endeavour to get into direct
contact with the water surface. On compressing these molecules which are
scattered over the surface, between barriers, a surface film is formed on
the substrate. Depending on the structure of the molecules, the surface
film may be composed of a single layer of molecules c¢r a multimolecular
layer.

In monomolecuylar films the molecules are usually arranged in a
simple manner, and from a study of such films one can readily obtain data
regarding the shape and orientation of individual dimensicns, molecules
¢r polar groups.

Monomolecular surface films (monolayers) have been found to have
measurable effects on the mechanical, optical and electrical properties of
the surfaces con which they are spread. The method usually employed for
studying such films is to measure the outward force exerted on a boundary
which confines the film within a definite area on the surface. By
gradually diminishing the area covered by the film until it resists fur-
ther compressien it is possigle, by a graphical method, tc calculate the
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area occupied per molecule in the closely packed menlayer.

The method described above is based on results obtained with Langmui
original surface pressure balance, This consists of a rectangular troug
for containing the substrate liquid and a set of barriers for confining t
surface film, The force on the film is usually measured by the torsion
of a wire which is connected to a more or less mobile barrier in the surf
of the substrate.

Another method whereby molecular cross-sectional areas may be obtain
is with the aid of a Wilhelmy vertical pull surface balance. This techn
que uses a small glass slide dipping into the substrate liquid. The con
tact angle which the slide forms with the substrate is zero. The substr
surface exerts a vertical downward pull on the slide which in turn is
connected to one arm of an analytical balance or to a torsion device. T
difference between the downward force, exerted by a clean surface, and th
of a film-covered surface, gives the total force exerted by the film., 1T
area of the substrate may be altered, as in the case of Langmuir's design
by means of mobile barriers. From a plot of the force exerted by the fi
and the area covered by the film it is possible to obtain data relating t
the cross-sectional areas and hence orientation of individual molecules.

However, the present research concerns itself mainly with the horizo
tal type of surface balance as originated by Langmuir and only passing

attention will be paid to the Wilhelmy method.
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I, HISTORICAL REVIEW OF THE DEVELCPWENT AND APPLICATIONS OF THE SURFACE

FILM BALANCE.,

Scen after the concept of surface tension had been introduced, Lord
Rayleigh, among others, discovered that contamination due to a film of oil
or grease on the surface of water, lowered the surface tension of the wate
quite markedly.

The origin of the first surface pressure balance may be traced back t«
1891, for it was in May of that year that Rayleigh received a letter from :
German lady, FralUlein Agnes Pockelsl; In this letter Fralilein Pockels
described a simple method, which had been employed by her, for handling su;
face films by pushing them in front of barriers extending the whole width «
the trough.

She made use of a rectangular tin trough 7C cm long 5 cm wide and 2 ¢
high, which could be filled with water up to its brim, A strip of tin abc
1.5 cm wide was placed across the trough so that the lower edge of the str:
made contact with the surface of the water, This barrier, serving as a
partition for dividing the trough in two, could be shifted along the lengtt
of the trough thus shortening or lengthening the surface on either side in
any desirable proportion, The extent of displacement of this mcbile
partition could be read off from a scale held along the front of the troug!

The apparatus suffered from leakagc between the partition and the side
of the trough, particularly during the process of shifting the barrier alor
the length of the trough edge.

The surface tension could be measured in any part of the trough by
means of the force that was necessary to separate a small disc, about 6 mm
in diameter, from the substrate surface. In order to determine this, a
small balance, with unequal arms and a sliding weight was utilized.
FralUlein Pockels found that the surface tension of contaminated water varic
to a certain extent with the size of the surface. She spread vegetable
oils and "spirits of wine" {ethyl alcohol) on the substrate surface,
stirred up waves at the one end of the trough and studied the effect of
contamination on the number of wave passages.

In order to clean the surface, the partition was placed at one end of
the trough and moved along towards the middle. The surface, thus formed

- on the one side -
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on the one side, was found to be reasonably clean,

The effects of solid bodies, for instance glass, tinfoil and wax on
water surface were also studied. It was found that all these substance:
lowered the surface tension of the water and a "contamination current" w:
set up,  This could be rendered visible by sprinkling Lyccpodium powder
sulphur flowers on the surface.

A typical experiment which was carried out by Frallein Pockels consi
of dipping a glass plate into the substrate surface on one side of the
barrier and a metal plate cn the other., The surface was then dusted wit
Lycopodium powder and the partition removed - a decided current set in fz1
‘the glass contaminated side towards the metal centaminated side.

In 1893 Fraulein Pockels2 published a further article on the relatic
between the surface tension and relative contamination of water surfaces,
However, instead of placing a partition across the surface, she used a
floating wire in order to find some relation between the relative contami
atlon and the decrease in the surface tension, The method employed for
measurement of the surface tension was by separating the welght of a rinc
of thin wire, with a circumference of 114 mm from the surface. This wiz
was cleaned by ignition to enable it to be moistened entirely by the liqu
contained in the trough.

She spread tallow, poppy and olive o0ils on the substrate surface anc
then compressed the films bhetween mobile barriers while measuring the sur-
face tension by the method described above. On plotting the surface ten-

sion versus the relative contamination of these oils, she obtained typical

graphs of the form:
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However, when the surface of the water was contaminated by soap, resin or
palmitic acid, the surface contracted, the surface tension first decreased
sharply and then gradually increased, while the surface area remained
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In order to determine the cross-sectional arcas and lengths of molecule:
of certain selected substances, Langmuir dissolved these purified materials
in freshly distilled benzene (usually 50 mg per litre) and by means of a
calibrated dropping pipette, he placed a few drops of the solution on the
clean water surface in a photographic tray.

For these selected substances, Langmuir obtained the following repre-

sentative results regarding their dimensions:

Substance. Cross-sectional area/molecule. Length of Chain.
Palmitic acid o1 x 10" 0cn? 24 x 1078 ¢
Stearic acid 22 x 10716 n 25 x 1078
Cerotic acid 25 x 10-16 " 31 x 10-8 "
Tristearin 66 x 10716 n 05 x 1078

16

Oleic acid 46 x 10° 11.2 x 1078 e

From these results Langmuir concluded that the chains of these materials
should be regarded as extremely flexible,

During 1921 Adam5 started an investigation of the properties and mole-
cular structure of thin films of palmitic acid spread on water surfaces.
He used Kahlbaum's K quality palmitic acid which had a m.p. of 62.500 after
recrystallization from aqueous alcohol.  The benzene employed for spreading
the palmitic acid, was free from thiophene and had been twice distilled in
an apparatus free from cork or rubker.

He found that the film gave a distinctly different force-area curve wher
the acid was spread on a neutral water surface from that when it was spread

on a slightly acidic substrcte.
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Adam's experiments nroved conclusively that the palmitic acld molecule
formed a monomolecular layer with the darboxyl group oriented towards the
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water and the hydrocarbon chain more or less normal to the surface.

Adam6 furthe. studied the effect of increasing the temperature on
the spreading of filws of several surface active agents and found that when
the temperature was sufficiently high, a definite change took place in the
properties of the monolayer with a considerable increase in the area occupied
per mole le, This ..hange appeared to be due to a separation of molecules
from one ancther in wue surface. This was probably brought about by the
thermal agitation in the surface becoming so violent that the lateral
attractions of the molecules, which constitute the main stabilising influ-
ence, were overcome,

He also distinguished between "expanded" and "condensed" films.
In the former case, the molecules behaved similarly to a gas in two dimen-
sions, while in the latter case, the molecules appeared to be in direct con=-
tact over the whole : _rface area,

Adam pointed out the analogy between surface films and gases. The

equation:
P.A. = n-R'Tc

holds for surface films in 2 dimensions, where F is the force in dynes per
cn which is necessary to counteract the film pressure; A is the area
covered by the filmg n is an integery; R the Universal Gas Constant, and
T the temperature in dagrees absolute, The above equat:on is very similar
to that of the Genera - Gas Equation for gases in 3 dimensions:

P.V. = n.R.T.
where P = pressure exerted by the gas, = volume occupied by the gas and
the other symbols having the same significance as above.

He found that palmitic, pentadecylic, margaric, stearic, heneicosa-
noic and behenic acids gave essentially similar curves. Lauric and tride-
cylic acids were found to be too soluble in water, whilec cerctic acid would
not spread satisfactorily from a benzene soluticn.

Adam made use of distilled water which had been left in the trough
for several days and he measured t @ temperature of the substrate by means
of a thermometer plac  in the trough.

in 1926 Adam7 modificd his surface balance scmewhat., The same
trough 60 x 14 x 1.5 .. was used as in his previous work, but the design
of the float was altered., It was made from copper foil, about 1l cm long,
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Monolayers of stearic acid were also spread on 0,01 N HCl sclutions
with either 0,01 M Cu(NO3)2 or 0,01 M Zn(NOS)z. The isctherms were
tound to be no different from those of stearic acid spread on the HCl
solution zlone.

McBain and Perry25 applied the surface balance technigue to
materials spread on solutions of various salts, The torsion wire of the
balance was of 0.33 mm diameter phosphor-bronze and this enabled the read-
ings to be reproducible to 0.03 dyne/cm. The balance was housed in a
cabinet made cof glass and was lined with cheesecloth strips dipping into
water trays., This enabled the op.rators to maintain the relative humidity
inside the cabinet between 95-100%.

The interaction between adsorbed substances and inscluble monolayers
was studied by Adam, Askew and Pankhurst26 in 1939, They employed a
silica trough for doing surface potential measurements; otherwise a
brass trough, which was paraffined, was used.

They spread myristic acidmonolayers con butyl alcchol, butyric acid
and G,02 N HCl solution, Both myristic acid and palmitic acid were also
tried on a substrate consisting of an aqueous solution of phenol at 22°¢,

McBain, Vinograd and Wilson27 effected an improvement in their
balance, by making use of a 12 cm strip of Pt-irridium, which was folded
longitudinally, as a float, They used conductivity water as substrate
liguid and they swept the surface at least five times before attempting
any spreading, The wvariation of the solubility of unimolecular films
with surface pressure, and the effect on the true pressure was investi-
gated by Sebba and Briscoe28. These workers made use of a subphase
having a pH = 7 by adding Na2003 to slightly acid distilled water.

The benzene used as solvent for the materials which were to be
spread, was purified by shaking with HQSO45 then NaCH solution, dried
over sodium wire and finally distilled under partial vacuum,

They found the palmitic acid to be slightly soluble in substrate
liquids of pH = 7,  However, on 0,0l N HCl solutions the acid was
insoluble, Also the solubility of a homologous series of fatty acids
decreased from Cl2 to Clau Above C2O the acids were found to be
virtually insoluble in pure water,
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way, the instrument was a mecuification of Marcelin's "two~-dimensional
aneroid" which was developed in 1925, The gauge was manufactured from
0,02 mn hard brass shimming having a width of 5 mm, It was placed in
position on the cleaned substrate surface, and the force exerted on the
instrument by the film spread around the gauge, was observed by a mirror-
and=-scale optical system, Vibrations in the movement of the mirror were
damped by means of a vane which was mounted on the mirror and dipped into
a cup of viscous oil, The guage itself, was lightly waxed tc render
it hydrophobic. He used "Lucite" and Plexiglass" troughs which were alsc
slightly waxed around the rim,

In their article on the interaction between long-chain compounds
and certain polycyclic materials in monolayers, Dervichian and J01y33
reviewed work done by Rideal and Schulmann, Stenhagen and Pillet on
monolayers by means of the surface balance technique. They spread the
more soluble substances on substrate liquids of pH = 8, This pH was
obtained by dissolving sodium bicarbonate or discdium phosphate buffer in
purc water., Oleic acid, which was insoluble in pure water, was spread
on a dilute HCl solution having a pH = 3.  They found that the pH scemed
to have very little effect on the sodium salts of cleic and palmitic
acids. They further studied the solubil: s, the physical structure, the
probable composition of the complexes and the three-dimensional orientation
of such compounds as palmitic acid, cetyl alcohol; cholesterol, oleic acid,
trimyristin, tripalmitin and triclein,

The year 1948 marked the advent of an entirely new era in the
study of surface films, Certain advances in the techniques developed for
the study of adsorbed monolayers at the liquid-air interface were described
by Fox and Zisman34 at the beginning of that year. Up to 1949, all parts
of a surface balance, in contact with the water or aqueous substrate
liquids, for instance the trough, mobile barriers, floats or flexible
ribbons for comnecting these floats to the sides of the trough, had to
be coated with some form of water -~ repellent material,  sany workers
on the Langmuir-type of film balance made use of high melting-point
paraffin wax or some such hydrophobic substance to prevent the water from
coming into contact with metallic parts of the balance. Also the process

- of rendering -


















- 23 -
cular films. The radio-active source was suspended on a 1
above the substrate surface and ionised the air in that rec
calomel electrode dipped into the ligquid in the trough some
behind the float, This instrument was used mainly for situ
acid films at the air-water interface, In this way they ¢
isotherms for *he force-area, as as electrode potential-are
HCl at 18°C.  The latter method proved more accurate.
Giles and Neustadter44, during their researches onn
studied the molecular areas and orientation of abcocut twenty
compounds contalning long alkyl chains. The film balance
based on Alexander'537 design, with a trough (30 x 25 x 5 ¢
glass. This trcugh was coated with paraffin wax to make 1
Distilled water was used as substrate liquid. The surfac
pounds were dissolved in solvents such as benzene and sprea
an "Agla™ micrometer syringe. All measurements were carri
temperature and were reproducible to + lR2 for the cross-se
of the materials which were employed. By using Stuart-typ
meodels, they were able to determine the orientation of thes
at the alr-water interface. It was also discovered that these materials
formed contact angles varying between 650 and 900 with the water surface.
During the latter part of 1952 Ellis45 published his Ph.D., thesls
on "A Study of the Properties and Reactions of Monolayers of Collagen and
Other Proteins." He used a surface film balance similar to the one
which was described by Guastallasé. In this balance, the float was
pivoted abocut the one end and could be returned to its zero position by
twisting a vertical torsion wire. The torsion wire was calibrated with
the aid of a brass bob-weight which was placed at various points on a
horizontal beam attached to the torsion wire, In order to clean the
substrate Ellis made us of the "blow and suck" methcd whereby all con-
tamination was gently bleown into one cornmer and then removed by a suction
pump . The apparatus was used in a thermostatically controlled room and
the temperature of the subphase was kept between the limits 18 to 2200.
Allen and Haigh46 studied the isotherms for monolayers of impure
stearic acid on acidic substrates which contained additional salts.

- The stearic acid -
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The stearic acid which was used was prepared from commercial stearic

acid with a m.p. = 50°C.  This was converted to the methyl ester and
then fractionated under vacuum. The fraction boiling between 162 - 170%
at 3 mm of mercury was reconverted to the acid form and recrystallized
several times from alcohcl solutions and finally from ether, The melting
point of the purified acid was found to be 65.600. The pH of the sub-
strate was varied by the addition of HCl to the water in the presence of
several buffer solutions, The experiments were all carried out at a

room temperature of about 2OOC. Substrates containing various salts,

such as CoCl, and CuClz, dissolved in slightly acid solutions, were also

2
used.
During 1953 Inokuchi47 described an improved film balance for
which he claimed very high accuracy. It was designed specially for the
measurement of low film pressures and consequently a sensitivity of the
order of millidynes per cm could be obtained. The apparatus described,
was of the usual horizontal variety having a vertical torsion wire which
was connected to a torsion head assembly.  Above the torsion wire a
circular scale was situated so that it was cocaxial with the torsion heac
This scale was equipped with a pointer and the torsion head could be
manipulated from cutside the cabinet, enciosing the apparatus, by remote
control. The torsional angle could be read to O.lD by means of a vernier
scale, A paraffin-waxed mica strip served as float, and was supported
by an arm extending above the surface of the water parallel to the length
of the trough, This arm was attached to the float with the aid of two
pins which fitted through two holes in the float. The fit was loose
enough to allow for the up and down movement cf the float, due to
varlation of the substrate level, but tightly encugh to fecllow lateral
movements of the float due to variation in film pressures, Thin silk
threads, treated either with vaseline or paraffin wax, prevented leakage
past the ends of the float, An optical system served to indicate
variations in the position of the float assembly. Inokuchi used a
torsion wire of phosphor-bronze, 0.273 mm in diameter and about 8 cm in
length. He cleaned the surface by sprinkling talcum powder on the
substrate and driving the contaminatiocn, plus the powder, towards one
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with vaseline to prevent dust from settling on the surface of the
substrate,

The molecular structure in surface films of saturated monoglycerides
cn water surfaces, related to the the three-dimensional states of these
compounds, was discussed by Merker and Daubertéa. 411 molecular areas
were calculated from density and X~-ray data for the 3-D crystals. They
found these areas to agree very well with those obtained fer liquid con-~
densed monolayers. The fcllowing formula was employed by them for

calculating the average cruss-sectional areas from X-ray data:
Molecular wt, x 10 % 2

Average cross-sectional area/molecule =
Density x 6.023 x long spacing
of molecule.
All force-area measurements were recorded on a Langmuir-type of Iilm
balance which was housed in an air thermostat that controlled the
temperature of the substrate, film and surrcunding atmosphere to within
O.lOC. The temperature was measured with the aid of thermocouples and a
Leeds~Northrup potentiometer, Benzene which was employed as sclvent, was
purified by washing with ccncentrated H28049 dried and finally distilled
from a mixture of Zn and caustic soda,

69 studied the energy relaticns during the formation of mono=-

Bovyd
layers, in particular, the spreading of long-chain fatty acids on aqueous
surfaces, The temperature variations and sprcading pressures of such
acids as tridecylic, myristic, pentadecylic and palmitic on aqueous sub-
phases were measured and from this data, Boyd was able to estimate the
molar latent heat, entropy, free energy and the changes in enthalpy during
the formation of these unimclecular films. He purified a series of these
fatty acids (013_016)9 by means of sublimation in vacuc at temperatures
a fraction above their melting points., The water, which was used to pre-
pare the 0,01 N HCl substrates, was twice distilled from alkaline perman-
ganate soluticns and then condensed in a block-tin condenser. He used a
thermostated surface film balance of the horizontal variety as described
by Nutting and Harkinsz4, and maintained the substrate temperature to
within O.lOC of the required temperature. Two single~junction ccpper-
constantan thermoccuples, cne placed in the air zbout 1 mm above the film
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approximately 9 cms, On either side it was clamped between twc hemispheres
recessed in a large bolt with a small hole drilled through its centre and
a key along the outside which could slide into a corresponding keyway in
the bearing (see Fig. 5.). The front bearing, facing the operator, was
attached to the theodolite dial, thus enabling the dial and bolt to turn
without backlash, At the rear, a similar bolt was passed thrcugh a
slotted bearing and had a spring and lock-nut device attached to it.

This arrangement enabled the torsion wire to be drawn tautly across the
trough,

| The hemispheres, one of which was permanently fixed in the bolt-
head, were held in position by mzans of Allen-screws- and the torsion wire
was clamped between these two sets of hemispheres,

Both the frcnt and the rear bearings were geared to adjusting knobs
by means of worm gears acting on plonions attached to the journals. The
front adjuster thus drove the dial through the worm-gear and simultane-
ously the bolt, which fitted intc the slot of the bearing, would the twist
torsion wire through a certzin angle which could be read off from the
revolving circular dial and its stationary verniers.

The worm-gear at the rear could also exert a torque on the torsion
wire by turning the rear adjuster. The spring-lock-nut assembly could be
utilised to tighten up or slacken off the tension in the torsion wire
simply by screwing the lock-nut in or out respectively,

A small saddle-shaped fitting (see Fic 7) manufactured from the
agate knife-edge housing of an old assay balance beam, was cemented to the
centre of the torsion wire, This fitting, in turn, was screwed into the
balance beam with the aid of "Samsonite" cement. The becam was salvaged
from an old brass assay balance, It was considerably lightened in weight
by careful machining. A crescent~shaped aluminium vane with an
adjustable bob-weight was screwed into the upper end of the beam. When
the torsion wire was in position, the vane fitted into an aperture between
two small but powerful horseshoe-magnets suspended from the framework of
of the torsion head assembly. These magnets set up "Eddy-currents" in
the vane when it moved and thus served to damp out oscillations of the
balance beam, The bob-weight screwed into the thread of the vane and
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of a brass screw with two additional sliders equipped with spring-washers.

(See Fig. 2.)

{7} The Floating Barrier. (See Fig. 9.)

The floating barrier or float, has always bcen the weakest point in
the Langmuir-type of surface film balance. The requirements of a good
float are threefold: firstly, it must be sufficiently rigid to withstand
quite a powerful sideways thrust yet low in mass to ensure adequate
sensitivity of the apparatus; secondly, it must be easily detachable
from the trough and torsion h.ad assembly for cleaning purposes; and
thirdly, the most important property of all, the float must prevent leaiage
between the barrier and the ed.es of the trough.

After an extended period of experimentation, this problem was
surmounted in a novel way. A fairly rigid float was developed, and was
attached to the edges of the trough with the aid of thin ribbons which
cffectively prevented any lcakage of the film past the barrier. The
floating barrier was made from "Teflon" film O.005" in thickness and as
such, was of exceptionally low mass. A rectangular section of film was
used having the following dimensionss 12 cm long by 1 cm wide with a
central slot, 8.5 cm long by 0.15 cm wide, cut in it.

This "Teflon" sheot was found to be sufficiently rigid in structure
for use as a float,

In order to attach the fleoat to the sides of the trough, use was
made of two "Teflon" ribbons, made from O,003" film. Two clips served
to clamp these ribhons to the trough edges. The ribbons were carefully
cut from "Teflon" film and were approximately 12 x 0,3 cm originally.

This thickness of film was found to be ideal since it imparted some
rigidity to hold the ribbon upright in the substrate, yet was sufficiently
flexible to follow the movement of the float without exerting any undue
force on 1t.

A narrow slot, about 0,007" in width, was cut in the centre of each
ribbon to enable the fleoat to fit through it. Small holes were drilled
through the ends of the float, about 1 mm from the edges, and the ribbons
fitted into position. This was done by placing the floet on a small
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- 44
wooden block with a small hole drilled in it. A ha l-drill was used to
drill a hole, about 1 mm in diameter, through the "Teflon" sheet at the
appropriate positions, The jagged edges, due to the drilling operation,
were trimmed very carefully with a sharp blade and this rcsulted in
except nally neat holes in the sheet,

The float and ribbons we = aligned at right angles to one another in
a specially made jig (see Section III A (12)). The ribbons had also had
small holes drilled through the centres. In this jig the ribbons were
"rivetted" to the float with the aid of epoxy resin :ivets”. This
method had to be resorted to in view of the difficulty of bonding anything
to the "Teflon", Epoxy resin was utilised because of its resistance to
organic solvents, and non-wett. 3 properties. The ribbons were attached
to the edges of the trough by means of two clips, one on either side.
The ribbons formed semi-circular loops between the float and the sides of
the fréugh. Each clip consis d of two sections; an inner "Teflon"
[ -shaped clip which fitted firmly over the edges and a similar
stainless steel outer clip which fitted over the former, (Sec Fig. 8,).

The section of the stainless steel clip, in centact with the sub-
strate ligquid, was covered with "Teflon" sheet to avoid contamination of
the liquid by metallic ions, The ribbons were fitted firmly in position
between these clips, and the composite assembly was then press-fitted over
the edges of the trough at a distance of approximately 10 cm from the one
end, This resulted in the float resting on the substrate surface. The
water was caused to adhere to the glass T-piece through the central slot

and thus formed a frictionless link between float and torsion wire.

(8) Devices used for zeroing the Balance Beam.

(a) © (i) The Optical Null=-Indicators

Initially an optical system was employed for zeroing the
balance beam, A small circular mirror about 1 cm in diameter, was
cemented at right angles to the brass becam at a distance about 1 mm
above the torsion wire, To compensate for this extra weight on the
one side of. the beam, an equal weight was placed on the opposite
side by fitting the clamping device for the torsion wire in such

- a way that -
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All subsequent experiments were then carried out with this setting of the
indicator rod.

The level of the substrate was generally arranged to be 0,2 cm above
the edges of the trough. Thus a2 small correction had to be applied to
obtain the effective width of the trough. The actual width was 15,2 cm
and having the level 0.2 cm above the edges, necessitated the calculation,
by means of geometry, of a small correction factor. This correction
increased the width to an effective width of 15,4 c¢cms. With the aid
of this level-indicator the substrate level could always be reproduced
and added to the sensitivity of the balance and hence the accuracy of the

molecular area determinations.

(10) The Dust Cover.

The entire film balance was enclosed in a dust cover made of thin,
transparent polythene sheeting which was stretched over a robust wooden
framework, This measure was adopted to preclude the ingress of dust
particles,

The framework had the following dimensions: 60 cm in height, 60 cm
in width and 105 cm long. It was hinged to the wall at the rear and
rested on the table along the front and side edges. The framework was
equipped with a handle to facilitate lifting the cover during cleaning.
It could be kept open by hooking the frame to two eyelets on the wall.

The polythene film used was of a very clear, transparent variety and
it was thus possible for the operator to view operations being conducted
inside the cover.

In the lower right-hand corner, facing the operator, a small polythene
trap~door was made in the cover., This allowed access to be made to the
control knobs and the calibrating slider of the beam.

The brass undercarriage was moved about by means of two lengths of
dial-cord. These were attached to the front and rear of the carsriage.
The cords were passed through small holes, one at either end of the table,
inside the cover. Thus by pulling the cords from outside the cover
framework and beneath the table~top, the carriage and hence the mobile
barrier could be manipulated along the centimeter scale running parallel

- to the trough. =









- 51 -

In this way a very firm bond bhetween the torsion wire and the fi

was achieved. The fitting in turn, was firmly screwed into positior

the balance beam and hence a very rigid connection between the torsic
wire and the beam assembly was obtained.

During the whole period of the research, this type of connectior

gave excellent service. Tungsten wire was used as the torsion wire

because of its very high tensile strength, which is approximately twi

that of high~grade steel.

(12) The Attachment of the "Teflon" Ribbons to the Float.

In this case use was also made of a specially constructed jig,
of hardboard, to facilitate the joining of the ribbons to the float
(see Fig., 10.). The jig consisted of a rectangular piece of hardboa
19.5 x 12,7 cm in dimensions., At a distance cf approximately 4 cm f
each end, in the centre of the board, two holes were drilled 0.6 cm i
diameter, Flanking these holes, were four small hardboard blocks
(5.5 x 1.5 x 0,7 om) which were cemented to the board; two at each side.
This was done in such a way that their inner surfaces were in direct align-
ment with the centres of the holes. Adjacent to each set of blocks, two
oblong holes, at right angles to the blocks, were made into which fitted
nuts and bolts with fibre washers, approximately 2,0 cm in diameter and
0.5 cm thick, These washers could thus be fitted into the nuts and bolts,
and slide along the holes in such a way that at the closest point to the
hardboard blocks, they actually came into contact with the blocks and
could be clamped into position with the aid of the brass nuts and bolts.

In the centre of the hardboard base a rectangular piece of board,

7.5 x 12,5 cm, was fitted by means of brass screws so that it was easily
detachable.

The method of attachment of the ribbons to the float was as followss
the ribbons were slipped over the ends of the float so that the small
holes in the ribbons were carefully aligned with those in the float.,

The float was placed in the hardboard base and clamped into position by
the detachable piece. The washers were loosened and the ribbons so
arranged that they were located at right angles to the float along the

- blocks fixed -
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blocks fixed to the base. The ribbons were then clipped into position
by the fibre washers. This resulted in the float lying flat along the
base, the ribbons clamped vertically tc flocat and the holes in the "Tef
sheeting superimposed on the apertures in the base.

After this, the epoxy-resin was applied to form the so-called "riwve
(Fig. 9.) which held the pieces together., The "Epon 823" epoxy~resin
used in conjunction with a special hardener, D.E.T., in the ratio of 16
measures of resin to 1 of the hardener. The two were premixed on a wat
glass until the resin turned a milky colour and then applied to the sele
ed spots., The resin usually set within two hours, or alternately, in
about half an hour in an oven which was kept at about 6000.

"Epon" epoxy resin was chosen because of its excellent non-wetting
properties as well as its resistance to both inorganic and organic
materials . Virtually the only chemical known to attack it, is boiling
phenol,

After the cement had set and thus effectively "rivetted" the float
assembly together, the ribbons were trimmed to a more suitable size.
was done by cutting off the one end of each ribbon and paring the ribbor
down to a final width of 0.2 mm, This was carried out on the upper su:
face of each ribbon, leaving the lower edges intact.

By this means a very light but rigid float was obtained which, when
lying on the surface of the substrate, and connected te the glass beam,
formed an effective barrier to films at the surface,

Leakage past the ends of the float was completely eliminated with 1
aid of the s 1i-circular "Teflon™ end-loops. These loops dipped slight
below the surface and were held in position by the composite clips over
the edges of the trough.

Due to the extreme flexibility of the thin ribbons, there was nc
resistance to lateral movement of the float which could affect the
sensitivity of the balance,

During the process of force-area measurements, account had to be
taken of the areas encloscd by these semi-circular loops and this "end" -
or "dead area" - had to be added to thetotal area occupied by the film
at any one time,

- It was found -
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‘“inert to all ch icals and solutions of chemicals up to their boiling
points, with the exception of molten alkali metals, and fluorine and
chlorine trifluoride under certain conditions. It is not affected
by such potent  agents as agua-regia and as yet no substance has
been found that will dissolve or even swell the polymer.

An outstanding property of "Teflon" is its stability at high
temperatures. Although the tensile strength of the material is
appreciably lower at 300°C than at room temperatures, there is very
little change to "Teflon" at this temperature, It does not possess
a melting point in the usual sense, in thet it underyoes a solid~
phase transition ot about 32700 and vapourises without the formation
of carbon, Unusual too, is its low-temperature bechaviour when it will
not become brittle, A film of this polymer may be flexed without
fear of breaking at temperatures as low as -100°C,

"Teflon" has a very low coefficient of friction and is thus
admirably suited for use as a dry lubricant,

Film secticns of the polymer, thinner than 0.005" are trans-
parent., However, in thicker sections it is opaque with a waxy
appearance, "Teflon" is not hard by narmal standards and tne sur-
face may easily be scratched or dented. However, because of its
waxy nature, it is not easily abraded because the surface tends to be
self~lubricating.

The material is subject to cold-flow under stress, and this
property increases with an increase in the temperature,  Moulded
articles of "Teflon" can easily be machined by standard tools such
as drills, lathes or millsy although some difficulty may be
experienced in gripping the surface, due to its slippery nature,
Although special mothods have been developed for bonding the

79, 80,

polymer in certain cases, no adhesives have been found which

are generally useful for cementing polytetraflucroethylene.

(¢) Uses of "Teflon",

Due to its rather unique properties; polytetrafluoroethylene
finds numerous applications in industry. As a result of its
slippery character it may be used as a dry lubricant for such

~ diverse items =
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that 1t would operate automatically for long periods without attention,
After the collecting flask had been filled, the water was automatically
syphoned back into the reservoir, By this arrangement water of an
extremely high purity was continuously available with the minimum of
attention,

(a) Description of the Still. {See Fig. 11.)

Two 10 litre "Pyrex" aspirators were used as reserveoirs for
laboratory distilled water., The first aspirator was fitted with
a short-stemmed funnel for pouring the water in, and a glass tube
which connected it to the second aspirator. The second one was
situated above the first on a wooden st.nd which served to house
the electrical control apparatus.

The second reservoir was equipped with a rubber stopper through
which was passed three glass tubes; one from the first aspirator,
the second from a vacuum pump, while the third formed part of the
recycling device. This stopper was rendered air-tight by putting a
layer of stop~-cock grease round the holes through which the tubes
passed.

From the upper reservoir, the water flowed along a glass tube
with a short rubber insert into the metal boller via a side-arm
which was also provided with a constent-level device, A stop-cock
fitted over the rubber tube, enabled the water supply to be turned
off when the still was inoperative, while the rubber tube served
as a flexible joint to facilitate the alignment of the still and
the aspirator.

The metal boiler was provided with two small reservoirs, one
on each side, connected to the main boiler via capillary tubes.

The reservoir, connected to the upper aspirator, contained the
inlet tube which determined the level of the liguid in the boiler,
also a level indicator and an airbleed which consisted of a thin
glass capillary tube of about 0.3 mm internal diameter,

The inlet tube was flared open at its lower end and had a spout
along the periphery, This was to enable air bubbles to rise into
the aspirator when the level of the liquid fell below the orifice

« of the inlet =-
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nad to be adopted in order to achieve some measure of flexibility
during the assembly of the still, The inlet tube to the glass
boiler was slightly narrowed at its lower end to avoid any solution,
from this boiler, blowing back under conditions of severe bumping.

A pressure-equalizing tube, cowamunicating with the atmosphere
through the flask, prevented pressure build-up between the two boilers
and so obviated thc danger of the apparatus breathing contaminated
fumes from the laboratory.

The second boiler consisted of a 2 litre round-bottom flask
having a side~arm which was made from a length of capillary tubing
0.7 mm in diametcr. A cup, attached to the side-arm, housed the
three electrodes which formed part of the control apparatus.

The glass boiler normally held about 1 litre of 0,1 M phosphoric acid
solution to absorb any volatile basic impurities. It was connected
to a fractionating column which acted both as a spray trap and a
reflux device. Inside the beiler a boliling-rod was placed to
counteract bumping during boiling of the solution,

The fractionating column was surmounted by a block tin condenser
having a standard-taper joint to fit the glass column. The tin
plpe was inclined slightly at an angle to ensure that the first
porticn of the distillate, which was usually slightly contaminated
by ions, returned to the boiler, The steam was condensed in the tin
tube which was surrounded by a water jacket and the pure water was
finally collected in 2 litre conical flasks, after passing through a
perous plug made of well-leached, high quality surgical cotton-woocl,
This method had to be adopted to eliminate slight traces of dust
particles or greasy impurities.

After the collecting flask had been filled, the water was
forced to pass up a tube which caused it t» be recycled via the
U-tube and reservoir,

The entire still was mounted on a frame-work made from retort
stands which was cross-braced and attached to a wooden base This
whole assembly, in turn, was firmly screwed to a stainless steel
table and the wall by means of "Jiffy Joint" rods and clamps.,

~ The heating =~
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in the trough with this water as substrate liquid. A couple of
sweeps served to remove any dust particles, At certzin times,
only one sweep sufficed to give a clean surface with a negligble

surface pressure,

C. THE MICROMETER SYRINGE.

The "Agla" micrometer syringe was developed by the Wellcome
Research Laboratories88 for use in experiments involving the accurate mea~-
surement of exceedingly small volumes of liquid., Basically this syringe
consisted of a precision-made, all-glass hypodermic syringe which was
attached to a micrometer screw-gauge by means of a rigid metal support
(see Plate g.). The screw-gauge actuated the plunger of the syringe,

The glass syringe consisted of three parts =« a precision made glass
barrel which was accurately calibrated, a glass plunger which was care-
fully fitted to the barrel and an end-fitting which accepted the steel
needles., Number 2C stuinless steel needles were almost invariably used,
This size being chosen because it formed fairly small droplets which were
essential for the satisfactory sprecading of films,

The micrometer screw-gauge was attached to the syringe by means of
a metal support with a V-shaped groove cut along its length. The glass
barrel fitted into the groove and was clampcd into position by means of
two screws,

One revolution of the micrometer head advanced the plunger of the
syringe by 0,5 mm and in so doing delivered a volume of 0,01 ml, The
total travel, graduated on the body of the micrometer, was 25 mm i.e.

50 revolutions which corresponded to @ delivered volume of 0.5 ml.,

The scale around the periphery of the head was subdivided into

fiftieths of a revolution, each graduation thus corresponding to a volume

cf 0.,0002 ml,

(1) Ihe Operation of the Syringe.

In order to fill the syringe it was found easier to detach it
from the micrometer section, The needle was dipped into the solution
whiich was to be spread, and the plunger slowly withdrawn until an

-~ appropriate volume -~






then inverted so that the needle pointed upwards at an angle, a small bit
of cotton~wool was held against the tip and the plunger carefully pushed
back so that any air bubbles were expelled. The cotton-wool served to
absorb the excess of solution and sc kept the needle free from additional
droplets,

The syringe was placed in its holder and screwed down into position,
The process of tilting the needle upwards and hold a piece of cotton~wool
in position at the tip of the needle, was repeated while the plunger was
moved along by the screw-gauge until the scale was set at a convenient
figure,

For the bcst results, the solutions were spread on the substrate
surface in a regular pattern of droplet, with the needle tip heldabout
0.5 cm from the surface. After deliwry of the required volume of
solution, the tip of the needle was causcd to just touch the surface

momentarily in order to remove residual droplets at the needle orifice,

(2} Cleaning the Svyringe.

The glass syringe was cleaned after every series of experiments
with different solution by immersion and scaking in a chromic acid
solutiecn, The acid was then washed off under a running tap for serveral
minutes, rinsed about half a dozen times with ordinary distilled water
and finally three times with conductivity water. The various parts were
allowed to dry overnight in a dust-free atmosphere and then assembled,
re~dy for use,

Between successive spreadings of the same solution, the syringe was
rinsed thrice with redistilled "Analar" benzene and allowed to dry before

sucking up further volumes of the solution,

(3) Precision.

The precislon claimed for the "Agla" micrometer syringe is such
that volumes as small as 0,0l ml could be measured to within + 0,00005 ml
i.,e, a precision of 0Q.%%,

The volume of solution which was most commonly used during

spreading operations was 0,10 ml,
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zone along the length of the rod., 1In practice, however, small volume
of liquid containing some of the impurity, is trapped in the growing
crystals during the p.ocess of solidification and the material remain
impure to a certain extent,

Repetition of this zone purification process results in the forma
of larger crystals, and consequently less impurity is trapped by the
liquid which forms the crystals., Hence the purification continues at
mere rapid pace. Many organic chemicals have been zone refined, notal
benzoic acid, which after eight passes was found sufficiently pure to L.

used as a volumetric standard,

(1) Apparatus.

In order to purify samples of the materials, which were used
for sprecading as monomolecular layers on agueous substrates, use was made
of a “"Baird and Tatlock" semi-micro zone-melting apparatus. This
instrument was constructed to "National Chemical Laboratories" pattern.,

The apparatus consisted essentially of an electrically driven re-
duction gear which was coupled to a vertical leading screw and a heating
element which was controlled by a Variac. The motor drove the screw at
a rate of about 2 cm per hour, At the lower extremity of the screw, a
small metal platform was attached to serve as a supnort for the glass
tubes containing the samples of the material.

These melting tubes were manufactured from "Pyrex" glass and had
the following dimensions: 280 mm in lenght, 12 mm external diameter
for the widest bore tube, while the two other sizes had diameters of 8 mm
or 5 mm, The  tubes were open at the top, but closed about 40 mm from
their lower ends.

Three interchangeable mctal guide-sleeves and nichrome heating
elements, to suit these three sizes of melting tubes, were supplied with
the apparatus.

The maximum temperatures that could be obtained by the threc sizes of
melting tube were 210°C, 256°C and 310°C, with the widest bore tube
glving the lowest temperature,

Current was supplied to the heating element through a step-down
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capillary tube on the outside, This device regulated the amount of air
entering the apparatus.

The collecting flasks had standard Bl4 taper sockets to fit the
outlet of the fractionating column, In addition, a side outlet was
provided on these flasks in order to connect the apparatus with the
vacuum pump. The connection was achieved with the aid of a short length
of rubber pressure-hose. Incorporated in the vacuum line was a U-shaped
direct-reading manometer which was graduated in mm of mercury,

A "Speedivac" vacuum pump with trap was used. This pump gave
pressures of 3 mm Hg which were low enough for the purpose in hand.

As a result of the high boiling points of these acids, even under
reduced pressure, a hcating mantle had to be provided for the column and
side outlet. This was done to prevent the materials from condensing on
the walls of the column and the ocutlet, After some experimenting with
various types of lagging, the following method was adopted:

A single layer of asbestos paper was wrapped round the column and out-

let. Over this was wound a length of resistance wire of the type

used in electric radiators, it formed a closely-wound spiral
heating element which was connected to the mains supply via a Variac,

This Variac served to adjust the current passing through the wire

and consequently the resultant temperature. Over the wire a

layer of closely-spaced asbestos string was wound to insulate the

column even better,

This heating mantle worked very well indeed and by fine adjustment of
the temperature by means of the Variac, choking of the column, through
condensation of the material, was totally eliminated.

The Variac incorporated a trip-switch type of fuse which effectively
prevented the operator from putting too high a load on the resistance wire.

The materials which were to be vacuum distilled, had already been

recrystallized as mentioned earlier,

(1) Procedure for Vacuum Distillation.

The glass sections of the apparatus were cleaned by means of
soaking in a chromic acid solution, washing with copious amounts of tap

- water and =~
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water and finally rinsed with conductivity water, Care was taken to
prevent any acid from coming into contact with the mantle which jacketted
the column. Within about 2 minutes of switching on the Variac, the
mantle reached the required tcmperature. Then the vacuum pump was
brought inte action while the matcrial in the flask was gently heated.
The volume of air entering the apparatus could be adjusted with the screw
clamp,

The initial distillate was discarded, as was the last fraction.

(2) The Boiling Points of the Fatty Acids.

Name of Acid.  Number of Carbon Atoms. Boiling Point in _C. 93
(according to Markley’~.)

Palmitic 16 351,59 at 760 mm Hg
Margaric 17 363.8 "
Stearic 18 376.1 "
Nonadecanoic 19 289 at 100 mm Hg
Arachidic 20 204 at 10 mm Hg
Behenic 22 306 at 60 mm Hg
Lignecceric 24 -

As may be seen from the above table, the boiling points of the fatty
acids are fairly high. Hence it was necessary to distil the higher
members under partial vacuum. The following 3 acids were selected by

the author for purification by this means and gave the following boiling

points:
Name of Acid. Boiling Point in “C.
Palmitic 185 at 4 mm Hg
Stearic 165 "
Behenic 165 at 3 mm Hg

. THE PURTIFICATION OF THE SOLVENTS WHICH WERE USED FOR SPREADING
THE MATERIALS.

The solvent which was most commonly used in spreading the
materials, was benzene, In certain cases, however, light petrcleum
ether of b.,p., 60 - 80°C was used, The benzene was "Analar" reagent
quality, obtained from B.D.H. The maximum limits of non-volatile matter

were stated to be 0.002%, organic impurities

- were stated -
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were steted to be absent, while the water content was 0,1%.

In order to purify the benzene further, sodium wire was added to the
benzene which was the left standing for 24 hours to remove all the moisture,
Then the benzene was redistilled in al all-glass still. Only the
fraction boiling between 78 and 7908 was collescted. The benzene residues,
obtained from the solutions which were left over after spreading, were
collected and reclaimed. The residues were shaken up with NaOH solution
to remove the acid impurities in a 2 litre separating funnel and then
allowed tc settle ocut. The lower contaminated layer was run off and
discarded. The process was repeated until the extract was quite colour=-
less., The benzene was then washcd ree times with pure water to remove
traces of NaOH in the soclution, Concentrated H2804 was next added to
remove the last traces of alkali present, This was also shaken up and
extracted until the layer was colourless, Again the benzene was wasned
several times with distilled water; then dried with anhydrous P,Og
and finally filtered. After this preliminary purification the benzene
was distilled.

]
(1) The Benzene Still, (See Plate ¥.)

The still consisted of a 2 litre "Pyrex" round-bottom flask
surmounted by a fractionating column ade entirely from "Pyrex" glass.,
This column consisted of 3 concentric tubes, the innermost of which had
a closefitting glass spiral., Tho benzene vapour rose inside the outer
jacketing space, was diverted downwards through the annular space between
the tubes and finally spiralled upwards along the glass spiral.,

A spray-trap was mounted on top of the column and was connected to a
double~surface water-cooled condenser,

The flask rested in an electrically hzated mantle with a built-in
rhecstat device tc regulate the rate of boiling which had to be
critically adjusted to aveid choking the column.

The entire still was set up in a framework made from retort stands
and clamps, The bottle which was used for collecting the purified
benzene was cleaned with chromic acid to remove all organic impurities,
rinsed with copious amounts of distilled water and finally several times
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with conductivity water and allowed to drain and dry in a dust free
atmosphere, This bottle was placed below the outlet of the condenser
in such a way that very little of th. benzene could be lost through
evaporation,

A boiling tube or boiling beads facilitated the boiling of the benzene
and prevented serious "bumping”.

To avoid choking the column in the initial stages of the distillation,
the temperature of the heating mantle had to be regulated very carefully,
but as soon as the lower boiling point fraction had been discarded, the
still fu tioned perfectly and distilled at the rate of 1 litre every
2 hours, By this means benzene of very high purity was obtained which

was found eminently suitable for spreading procedures.,
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V., THE CALIBRATION OF THE APPARATUS.

A. THE CALIBRATION AND OPERATION OF THE FILM BALANCE.

After the torsion wire had becen sccurely clamped between the
hemispheres on both sides and the correct tensicn applied to the wire
(this was dene by the note it gave when touched), the magnets were
adjusted to give a suitable damping acticn and the coil of the electronic
null-indicator was so arranged that it was centrally positioned in relation
to the locp which was attached to the balance beam. The height of the
movable coil was then adjusted so that the coil and the loop were in the
same horizontal plane when the balance beam was in its zero position.

The thrce screws, on the metal base, were adjusted to level the
trough, The latter, which had been thoroughly cleaned, was placed in
position on the three-point suspension and the float was clipped into
position over the edges so that the glass beam of the balance fitted
snugly into the slit which was cut in the float,

This position was noted on the longitudinal scale by moving the
mobile barrier along until it touched the clips attaching the float to the
edges of the trough. This reading proved to be 41,5 c¢m on the scale and
rcmained at this value throughout the research.,  The mobile barrier
fitted over the two pins cf the under-carriage and slipped neatly into
position over the edges of the trough.

Next the substrate level indicator was lowered to give a water level
of 2 mm above the rim of the trough, The magnifier and illuminating
lamp were so arranged that the dial readings could be made without
difficulty, Water was added to thc trough to bring the level wup to the
required mark, This was casily done by adding water until the pecint of
the level indicator just appeared to touch its image in the water,

The float was correctly positioned and the ribbons depressed slightly
into the substrate. This prevented leakage in the float during spreading.

The dust cover was lowered and the mobile barrier moved towards the
float by means of the cords protruding through the holes in the table,
When the mobile barrier was about 1 cm away from the float, the contamina-
tion was sucked off the surface with the aid of a small glass jet which

~ Was connected -
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was connected to a vacuum pump, The area behind the float was also
cleaned in this way, To compensate for the water removed in this
cleaning operation, a little was added until the level once again reached
the predetermined height,

Everything was now in readiness for the calibratiocn, The g¢ontrol
knob was adjusted so that the coil was correctly positioned in the centre
of the loop with the measuring dial set on zero, The electronic null-
indicator was connected to the 20 volt range of the voltmeter, and set on
the 10 volt mark i.e. the middle of its range. This position represented
the zero point of the balance bcom, A small platinum rider was placed on
the beam by mzans of the remote control lever, The pesition of the rider
could be read from the scale below the lever with the rider placed on
position 1 on the beam, The dial knob was turned until the needle of the
voltmeter was brought back to its zerc position on the scale,

The reading was noted on the dial, and the procedure repeated for
successive positions of the rider on the beam, A graph of these beam
scale readings against the dial readings was plotted. This gave a
calibration graph for the balance beam. It was linear as expected and is
shown in Graph 1,

From this graph a relation between the angle of torque and the force
in dynes per cm. necessary to restore the float to its zero position, was
cbtained.

After spreading, about 10 minutes was allowed for evaporation of the
solvent. The films were then compressed bctwecen the mobile barrier and
the float, For each position of the barrier, the scale reading and the
reading on the circular dial were noted.

A graph of the film area against the force in dynes per cm was
plotted and from this curve cross-secticnal areas for meterials could be

calculated. This involved extrapolation of the curves,

B. THE CALIBRATION OF THE FLASKS,

A set of three 100 ml "Pyrex", grade B, volumetric flasks was
used to make up solution of the fatty acids. These flasks were fitted
with ground glass stoppers which effecctively prevented leakage of the

- yvolatile solvents =
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VI, A THEORETICAL CONSIDERATION OF THE HORIZONTAL TYPE OF FILM
BALANCE.

The horizontal type of surface balance offers a differential
method of measuring surface pressures, caused by the compression of
monomolecular films on the substrate. In other words, the balance mea=-
sures directly the difference between the surface tension of a clean
water surface and thzt of a film-covered surface,

Harkins and Anderson94 made a theoretical and experimental
comparison between the Wilhelmy vertical pull type of film balance and the
Langmuir horizontal pull type of balance. The following cerivation of
the total horizontal force per cm which acts on the float of the balance,
is condensed from their discussion,

The film balance is employed for the cetermination, by means of a
torsion balance, of the total horizontal forcc per cm (Fh) which acts
on a float, resting on the substrate surface, The horizontal force per
cm due to the clean water surface on the one side of the float iss

» CO3 A
Yw w

where X’w 1s the surface tension of pure water, and Aw is the angle of
inclination of the surface to the horizontal at the point of contact,
Similarly, the force per cm, in the opposite direction, due to the film

covered water surface is:

f

where ‘Yf is the surface tension of the contaminated surface and Af is

—'Yf. cos A

the angle of inclinztion of the film covered surface to the horizontal

at the point of contact.

If ZW 15 the depth of the line of contact of the pure water surface
with the float below the horizontal surface and Zf is the depth of the
line of contact of the film covered surface with the float, then the

horizontal force per cm due to the pressure of the water on the float is:
1 -
b ap,(z, + 202, - Z.)

where Pw is the density of thc we: :r and g is the acceleration due to

gravity,

-~ The total =~
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The following derivaticn, by Barker and the author, is an attempt
at obtaining a rclation between the mass of the floct and the depth to
which the float is deprcssed in the substrate, The first case deals
with a clean water surface on both sides of the float, while the second
case considers the effect of spreading a film on the one side of the float
with the other side remaining free from contamination, In the second
case, the float is tilted through an angle (@), due to its low mass.
Floats used by earlier investigators were heavy enough to remain

horizcntal on the surface under the above conditions.

1. Clean water on both sides of Float.

4 float horizontal

Vertical component of‘yw Vertical component of wa

= %’w(l - GosAO) =‘yw(l - COSAO)

\ Archemedian upthrust = Z pg

/ weight = mg

If m = mass of the float, P = density of substrate and g = acceleration

due to gravity.

I

Then mg = zpPg + ZYw(l - cosAO)

But 1 - cosA = “c9FP Hence CosA =1 - Zigp
o} e 0
X\ 2,

1
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Zoog + 2¥w zggro
w
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(ZO + Zi) ap
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2, Film on one side of Float, clean water on the other side.

_ clean surface

surface

Float tilted through

angle «

Vertical component of Yf Vertical component of Y,

:Yf(l ~ COs Af) =Yw(l - cos Aw)

Archemedian upthrust
=1 +
—2—(2W Zf)gp cosa

weight = mg

If m = mass of the float, p = density of substrate and g = acceleration

due to gravity,

Then mg %(ZW + Zf)pg cosa + yf(l - cos Af) + yw(l - COS Aw)

i1

2
#Z, + Z)pgcos aty, Zogo t ¥ vagp

2y £ 2w{w

2
because cosAf =1 =~ ngp and cosA =1 _Zﬁg
B W A
2)’/f “Vy
B T
= gg (zw + Zf) cos o + Z? + Zi J
_ . 2
_g_g (Zuv+2f)\/(l-81na)+2i+ziJ
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Area/mole~

Investigator. Compound. 5 Temperature. Remarks Reference,
cule in 8
Achmatov Oleic acid +38 17°C On HCL solution. 16
Pankratov Ethyl Palmitate 24-42 20°C On various electrolytes, 18
Cetyl alcohol 22 " On distilled H.O ,
" " 25 " On 3.3 N KI so%ution.
Trapeznikov & | Palmitic acid 20.1 - On solutions of pH = 3,6. 17, 19
Rehbinder Cerotic acid 25 - ~ditto-
Tripalmitin 65 - -ditto-
Harkins & Stearic acid 21.9 2OOC On diiute HCl solutions of pH = 2. 24
Nutiing Myristic acid 23.6 9-5°C ~ditto-
n " 28.9 21.7°C -ditto-
Pentadecylic 20.9 21.7% ~di tto-
acid
)
Adam, Askew Myristic acid 20-24 22 C On pheneclic solutions 26
& Pankhurst | poi;mitic acid 20,224 20-22°C ~ditto-
Mibashan- Lauric acid +30 20°C On 0.0IN HC1 35
Saraga
Alexander Myristic acid 124 167 On O.0IN HCl at the benzene/water interface 37
Cctadecyl sul- +80 QOOC —ditton
phate -
Seelich & Stearic acid 20 20-25°C On Decalm-phosphate buffers 39
Hendler Arachidic acid 20 " ~ditto-

« continued -
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Area/mole-

Investigator. Compound., cule in R2. Temperature. Remarks. Reference,
Ellison & Stearic acid 20 22.5°C Solid film. 56
Zisman " " 21-24 25°C Liquid condensed film,

Pentadecylic acid 21-23,2 27.5°C ~ditto-
Robertson, o ~Icdostearic 0 .
Winkler & Seid 30 9 co On 0.01N HCl solution 59
Mason, -ditto- +40 27.4°C ~ditto-
Semeluk, Myristic acid 43000 QOiO.lOC On O.0LN HCl, at surface pressures of 60
Hahn & 0.24 dynes/cm,
Morrison
Guastalla Cleic acid 45 22~2500 On neutral water surfaces., 63
Myristic acid 25 " ~ditto-
Stearic acid 19 " ~ditto-
La Mer & Stearic acid 24,19=-25.17 25OC On C.01M HC1l solution. &7
Robbins
Merker & l-Monopalmitin 21.4 2ODC &8
Daubert l1-Monostearin 21.5 "
2-Monopalmitin 20.2 "
2~Monostearin 20.2 "
Boyd Tridecylic acid 20.6 0% 411 on 0.01N HCl solutions. 69
" n 26.3 20°C ~ditto-
v u 27.2 41,5°C -ditto-
Myristic acid 24, 5°C ~ditto-
" " 3C.1 20°C ~ditto-
" " 30.6 54,4°C -ditto- - continued -
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VIII. DISCUSSION OF THE ORIENTATION OF SURFACE ACTIVE

MATERIALS AT THE ATR-WATER INTERFACE.

Although the origin of the surface balance technigue, for
studying materials at the air-water interface, is to be ascribed to
Pockelsl, the development of this method must be attributed Rayleigha,
Langmuir4, Adam5 and Harkinslo’ ll.

Rayleigh was the first to postulate that cil molecules spread
over the substrate surface until at a certain critical pressure, they
form a single layer of molecules touching cone another over the entire
available surface.

Langmuir measured the force exerted by a film on a barrier and
regarded it as the difference between the surface tension of a clean
surface and of a surface covered by a monomolecular layer. He put
forward the theory that the polar hydrophilic group of the surface active
molecule located itself in the surface of the substrate, while the
hydrophobic¢ hydrocarbon chain arranged itself in the air at right angles
to the substrate,. After completing work on a series of long-chain fatty
acids, Langmuir concluded from his results that the chains of these
materials must be regarded as extremely flexible. After compression
of the film, a closely packed layer resulted and he found that the area
occupied by a single mclecule at closest packing of the film therefore
gave the area of cross section of a single molecule, From the welght
of the sample of thec material and the observed total area occupiled by
the film at the critical peoint of closest packing, he was able to deduce
the area per molecule and length of the hydrocarbon chain, However,
it was left to Adam6 to improve the surface balance technique of
measuring film pressures. He studied homologous series of a large
variety of aliphatic meterials, and conceived the idea of the orientation
of heteropolar (amphiphilic) molecules at surfaces and interfaces.

In every case of the several substances that Adam studied,

he found that when the temperature of the experiment was sufficiently

~ high, a definite -
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high, a definite change took place in the properties of the film, This
usually resullied in a considerable increase in the area occupied per
molecule., This cbservation applied particularly tc molecules containing
hydrocarbon chains of 12 -~ 22 carbon atoms. The change appeared tc be
due to the separation of the molecules from one another in the surface,
brought about by thermal agitation, this becoming so violent above a cer-
temperature that the lateral attraction of the molecules for cne another
was overcome, Such films were called "expanded films", and they
appeared to have properties analogous to those which might be attributed
tc a “two-dimensional gas". On the other hand, those films in which the
molecules appear to be in contact over the whole area covered by the

film were designated "condensed films",

In their investigaticn on the "Angles of contact and Polarity of
Surfaces", Adam and JeSSOp96 found that the "c¢ontact angles" between the
axis of the molecular chain and © 2 surface of the substrate, for
palmitic, stearic and eicosanoic aclds varied between 100 and 10506.

This meant that the chzins were very nearly perpendicular to the substrate
surface,

Investigators found that the limiting area per molecule of palmitic
acid was dependent on the pH of the substrate sclution, increasing with
a rise in the acidity of the sclution. Langmuir ascribed this increcase
in the area of the film to an increase in the size of the polar groups
due tc adsorption of H+ iong, According to Lyons and RidealgT, the rise
in molecular area on acidifying the solutions was connected with the tilt
of the molecules meking up the film,

Havinga and de Waal15 interpreted the results of their investigations
on pentadecylic acid and myristic acid in the following ways in
compressed unimolecular films the carbon chains were tightly packed and
vertical to the surface with the hydrophilic groups protruding into the

water, Or. the less compressed state the CH, groups werc not oricnted

2
vertically but were tilted at an angle to the substrate surface. At
very low surface concentrations, the long chains lay flat on the water

surface with the polar groups in the surface of the licuid. On com-

~ pression, the chains =
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These angles indiceted the deflection of the long~-chain molecules from
the normal to the surface. From their results they obtained the
relationship between the angle of tilt and the length of the hydrocarbon
chain of the series of fatty acids. It was found that the angle of tilt
increased with a decrease in the chain length.

While investigating energy relaticns during the formation of mono-
layers, Boyd69 came to the conclusion that it was impossible to obtain
reliable isotherms for tridecylic, myristic, pentadecylic and palmitic
acids at temperatures higher than OOC, 5OC, 10°¢ and 15°%C respectively due
to the solubility of the monolayers in the aqueous sub-phase. At
temperctures higher than the above, the molecular cross sectional areas
increased considerably,

The author feels that this phenomena was not due to the solubilify of
these materials alone, but also due to thermal agitation of the molecules,
and possibly an increase in the angle of tilt of the hydrocarbon chains
with decreasing chain length,

According to Rabinovitch, Robertson and MasonTz, a molecular cross
secticnal area of 25.2I?L2 for the stearic acid could be calculated for the
molecule from the veolume swept out during the rotation of the wvertically
oriented fatty acid with the head groups close-packed and planar to the

o
water surface: ‘E-——5‘3C' A —>
—

However, when thc stearic acid molecules were identically oriented
on the surface, but no longer free tc rotate, the cross sectional areas,
which were now ovoid in shape were calculoted to be 20.5R2 for the most

efficient packing in the meonolayer,

- {(Diagram) =
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The force-arca iéotherm of stearic acid on compression from 2532 to
2182 per molecule was assumed to reflect the progressive inhibition of
free rotation until at the lower area, rotation was completely restricted,
As the lateral compression was continued, the film approached collapse,
and the planar configuration of the head groups gave way to a multiplanar
one as the head groups were forced into new position above or below the
original plane. Finally, certain of the acid molecules could invert
under laterzl compression to form a duplex layer with ensueing collapse.

Towards the close of 1960 Ries, Walker and Gabor103 published an
article on the investigation of thin film mixtures with the aid of a film
balance used in conjunction with an electron microscope. The latter
was ucd to obtain details of the film's size, shape and thickness.
They used n=-hexatriacontannic acid, which has 36 carbon atcoms and a
polar group at the one end, and polyvinyl acetate. From isotherms of
each component of the mixture spread separately they were able to
ascertain that a stearic film was 258 in thickness, thus indicating a
vertical orientation at the air-water interface. In contrast to
n-hexatriacontanoic acid, polyvinyl acetate gave a thickness of 53,
indicating that the polymer oriented itseclf horizontally,  The following
diagram suffices to show how an equiweight mixturc of n-hexatriacontanoic

acld and polyvinyl acetate orients itsclf molecularly:

~ (Diagram)
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X. RESULTS..

A, CALIBRATION OF BALANCE BEAM.

POSITION OF RIDER ON SCALE., ANGLE OF TCRQUE.

1.75°
3.4°
5,1°
6.9°
8.5"
10,3°
12.0°
13,7°
15.6°
17.2°

R 0 o R “ T 6 s S L N S

—
O

Mass of Rider = 0.0%71¢ g.
Length of arm of Beam = 6,35 cm,
Length of beam from torsicn wire to float = 7,90 cm.

Rider on pesition 10 on scale corresponds to 17.2D of Torgue,

o « Tatal force per cm length ¢f Float

Length of horizontal arm x Mass cof Rider x g
Length of vertical arm x 13.4

1l

(g = acceleraticn due to

gravity. )
= 8.3 X??é852133f4981 dynes /em
=  3.366 dynes/cm
Surface Pressure per degree of Torque = aigég

0.1957 dynes/cm/ﬂegree.

- B. Example of calculation of Molecular Area -






L el 14.3 33.40 0,08
27.4 14,1 40,61 8,12
27.6 13,9 46.83 9.36
27.8 13,7 54.25 10.84
28.0 13.5 61.90 12,38
28.2 13.3 72,25 14,45
28.4 13.1 90.50 18.10
28.6 12.9 114,31 22,86
28.8 12,7 139.52 27.90
29.0 12.5 170.83 34,16
29.1 12.4 190,25 38.04

0.04385 g Palmitic Acid/100 ml Benzene., Volume of solution
used = 0,10 ml,

A graph of the corrected scale readings against the ferce in
dynes per cm was plotted. From this graph an areag of 31.52 cm was
obtained by extrapol: ion,

The effective width of the trough = 15.40 cﬁ.
Hence the area covered by the film at a force of 38,04 dynes/cm

= 15.40 x 31.52 cm2

H

543.56 cm2.

13.72 em°

The "end-arca®" of float

« « Jlotal area 557.28 cm2
Total arsa x Molecular mass
6.023 x lO23 x Mass of acid
_ . 557.3 x 256.4

6.023 x 10°° x 4.385 x 10°

1§

Hence the area per molecule

5

= 21.61 B2 ——>

it e

- C. USE OF THE OLIVETTI =~
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D. STATISTICAL SURVEY OF THE MOLECULAR CROSS~-SECTICNAL AREA
SERIES OF LONG-CHAIN FATTY ACIDS OF GENERAL FORMULA CnH

n Name .
15 Palmitic Acid
16 Margaric Acid
17 Stearic Acid
18 Nonadecanoic Acid
19 Arachidic Acid
21 Behenic Acid
23 Lignccernic Acld

Miscellaneous Ceompounds (also investigated).
Cetyl Alcshol
n-Octadecyl Acetate

Tetradecanol
Tristearin

9 - 10 Dibromo-anthracene

1. Rocrystallised Materials,

Results obtzined for 20 successive determinations of the molecular
cross-sectional areas (in 32) for the followings

(i) PALMITIC ACID.

21.61; 20,94; 21,04; 21.19; 20.91; 21,165 21.44; 20.88;
20,985 21.59; 21.15; 21.03; 21.19; 20.93; 21,383 21,09

21,60y 21.37; 21,293 21,37

Mean Value 21.21 32 —_—

|

Standard Deviation + 0,23

20,98 - 21.44 R°

I

Variation

(i1) MARGARIC ACID.

19,183 19.48; 19,18; 19.18; 19.48; 19.48; 19.18; 19,18;
16.665 19,603 19.43; 19.66;5 19,4835 19.48; 19.66; 19.48;

19,48; 19.183 19,6635 19,66,

Mean Value = 19,46 Rg —
Standard Deviation = + 0,19
Variztion = 19.27 = 19.65 £°

- (iii) -






(i1i) STEARIG ACID.

(iv)

(v)

20,503
20,713

21.08;

20,713

20,74

21,07
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20,503

20085;

20,953

20,603
21,10
20,83,

Mean

20,943

20,663

Value

Standard Deviation

NONADECANOIC ACID.

20.40;
201 4.].;

20,603

ABACHIDIC ACID.

20,303
20,373

20,413

20,063

190963

20.04;

20,445
19.97;

20.15;

BEHENIC ACID.

21,293
20,7533

21,113

21.47;
21.11;

21,103

20,213
20,563

20,343

Varia

20,413
20,41
20,493

Mean

tion

20 n4l;

20.37s

Value

Standard Deviation

20,063
20,443

20,353

Variation

20,233
20,153
20,10,

Mean

19.963

20.48-

Value

Standard Deviation

21.12;
21.28;

21,283

Variation

21,443
21.463
21,10.

Mean

21,463

21,113

Value

Standard Deviation

Variation

1

|

—

¥

1|

20,715

21,123

20.83 f2 —>

+ 0.20

20,713

21.07;

20,753

21,083

20,63 - 21.03 R2

20,213

20,603

20,41 £2

et it Mt
. A S———

+ 0.11

20,603

20,403

——

20,343

20,41

20,30 = 20.52 82

20,34;

20,013

20.17 £2 i

+ 0,17

20,15;

20,043

20,343

20,155

20.00 = 20.34 82

20175§

21.113

21,15 82 —>

+ 0,21

20,953

20.93;

21.115

21,113

20,94 = 21.36 82

- (vii) =
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(ii) STEARIC ACID.

20,865 20.60; 20,79; 20.8l3; 20.79;

21.38; 21.38; 20,53; 20,6035 20.81;

21,103 21,103 21.,28; 21,10,

Mean Value

Standard Deviation =

Il

Variation

(iii) BEHENIC ACID.

21.02; 21,14; 21.02; 20,6935 20.98;

21,025 20,943 21,143 21.24; 21,29;

21.16; 21,34; 21,18; 21.l4.

It

Mean Value

Standard Deviation =

Variation =

Miscellaneous Compounds.

20,603 20,975

20,793 20.68; 2

20.90 82 ~—=

A ki mprm bt i

+ 0.25

20.65 = 21.15 R2

20,98; 21,183 2]

21.18: 21.14; 21

01,12 B2 ~—>

———

+ 0.15

20.97 ~ 21,27 R®

Results abtained for 20 successive determinations of the molect

cross=sectional areas (in 32) of the wllowings

(1) CEIYL_ALCOHOL.

21,133 21,203 21,263 21,265 21,26

21,045 21,113 21,265 21,283 21,263

21,205 21,073 21.26; 21.28.

Mean Value

Stendard Deviction =

I

Variation

(1i) n-OCTADECYL ACETATE,

20,423 20.65; 20,363 20,423 20,703

20,653 20,4235 20.42; 20.65; 20.65;

20,653 20,70; 20,465 20.42,

Mean Value

Standard Deviation =

Variation

01,3135 21.23; 21

21,283 21,13; 21

01,92 B2 e

+ 0,26

20.96 - 21,48 B¢

20.703; 20,5035 2C

20,703 20,463 X

20.54 A2 —=

+0.13

20,41 - 20.67 B2

(iii)
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XI. ISCUSSTON OF RESULTS.

e

From the summary of the results in table 5.(i) it may b
served that the pr¢ ision which the surface balance 1z capable of
is of a high order. The sensitivity 1s such that it will indica
differences in pressures of less than 0.002 dyne per cm, The owve
precision of the measurements, made with the balance, is estimater

Three main method of purification have becen used for the
of fatty acids. ( these, the zone purified samples appear to g
most reliable resu. s as evidenced by their smaller standard devi:
The vacuum distilled materials are next in order of preference, wi
recrystallized sany 2s yleld rather larger standard deviations arx
give less precisv results for the molecular areas.

A closer ok ot the values, obtained for thc molecular
sectional areas of the fatty acids, will reveal certein variation:
These anamalous results show a gener:l decrease in the molecular :
palmitic acid (n = 15) to arachidic acid (n = 19), while from ara:
acid to lignoceric (n = 23) the arcas start increasing again. Ii
addition to this general trend, we see that margaric acid (n = 16
nonadecanoic acid {(n = 18) (the only acids available with n even
chain attached to the carboxyl group) exhibit slightly lower value
expected, This 1s a new observation made possible by the scnsid
of the balance.

In order to explain these phenomena, it is necessary at
point te bear in mind that the fotty aclds in the homologous seric
similar in every respect apart from the length of their hydrocarb
chains. The general formula CnH2n+lCOOH applics to all these a«
n being the only variable.

Under compression as "condensed!" films, at the alr=-wate:
interface; the acids assume a more or less vertical orientation wi
respect to the water surface, It has earlicr becn proved that tt
amphiphilic molecules arraenge themselves in such a way that the pc
hydrophilic carboxyl groups lie in the water-phase, while the hyd:
hydrocarbon chains project into the air-phase.

If we negluct, for the moment, the two cnomalous values

-~ obtained forx
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cbtained for margaric and nonadecanoic acids, we sz that, at the
value of n = 19 i,e. arachidic acid, there is a reversal of the gener
trend constituting a turning point in the decrease of the melccular a

The cause of the decrcase in molecular areas, up to arachid
acid, may be attributed to the fact that the acids lower than n ;:19
the series, having fairly short carhon chains and consequently lower
mole~1lar masses, aﬁgiéione to translational displacement in the sufa
layer than are the molecules of higher n-value with longer chains and
proportionately greater molecular masses.

Another factor which might o ntribute to the general decrea
in the valucs of the molecular arcas up to arachidic acid, has been
suggested by the work of Bigelow and Brockwayloz, who studied the
variation in the contact angle of a series of aclds, in adsorbed film
the air-water interface, with their chain length. They found that t
ahgle of tilt of the acids increased from 20 for arachidic acid (n =
to 6° for palmitic acid (n = 15), This mcans that the longer the hy
carbon chain becomes, the smaller becomes the angle which the chain m
with the normal to the water surfacce,

It is also a well~-known fact that the hydrophilic carboxyl
{or “head") group of the fatty acid molecule is slightly larger in cr¢
section than the hydrophobic chain itself., Adam and Harkins postulea
this in the 1920's and X~-ray investigations have subsequently confirme
their vicws., Whereas the chain normally has an area of cross=-sectior
of between 20 and 22 ﬂz, the "head" group usually exhibits a slightly
larger area of about 25 22.

Hence we have the following as a possible situation at the

air-water interface: QE; §j5 e . .
v ’/, - \{{ /
(O ¢ /
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water OH ~ where the =
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whore the hydrocarbon chain is able to precess about an approximately
vertical axis, while the "head" group is anchored in the condensed film,

Thus the cross-sectional areas, as determined by the Langmui»
trough technique arc not strictly realistic, since the apparent cross=
section of the chain is greater than the actual value. This is due
partly tc the ability of the molecules to suffer lateral trznslation,
partly to changes in the angle of tilt of the molecules (which affects thc
actual area as projected on to the surface), and partly to the ability to
process, as illustrated diagramatically above. Due to thesc effects, the

area of cross~section of the hydrocarbon chain may be visualized as

followss =
RN
locus of ///.flf’— NQSThK‘ chain
1t 11t
apogee /{ \ |
during / y \
L A
Precession_ﬁﬁ$‘55NHE&t \i§?f ’/iymmiu%ﬁuﬁ“*ﬁmad group
S
—

If the molecules are not stationary and vertical, the projected
area on to the surface is not circular but elliptical., This area will
tht = be slightly larger than would be cxpected for a hydrocarbon chain
which is orientated exactly at right angles to the water surface.

However, the longer the hydrocarbon chain becomes, the higher the
molecular mass becomes and consequently the effect of lateral translations
due to kinetic energy is relatively less, This should vyield a closer
packing among ncighbouring molecules, resulting in smaller areas.

At arachidic acid (n = 19) we observe a turning peint. Up to
this point the areas had beecn decreasing steadily from n = 15 to n = 19.
After this we have a steady increase in the values, This may indicate
that for arachidic acid, we have a relatively stable configuration with the
molecules orientated virtuzlly at right angles to the substrate surface.

This situation may be visualized cross~sectionally as followss

//;:’::: *;:ﬁ:?u "head" group
f

\ :
\\\\ — :;/ - If this is so =

S——

"

-\ chain
/
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Lf this is so, the area of cross=~section of the ch
be very different from the theoretically correct value,

The increase in the molecular areas after arachidic
possibly be due to the fact that with increasing chain lengtt
attendant increase in molecular mass, the hydroccarbon chains
tilt, buckle or topple ovzr in their upper regions, while the
sections are relatively normally orientated to the substrate.

A& point that supports this line of reasoning is the

of Karle98

, who found during his work in which he produced mc
cerotic acid on soda-glass surfaces from melts of the pure ct
that molecules of cerctic acid {n = 25) exhibitcd an angle of
from the normal.

If the acids after arachidic acid in the series, ¢
phenomenon of tilting, the zrea of cross=~section could concei
due to the coblique section,

The above arguments hold for all the acids in the s
uncven n=valucs in the formula CH, .,COOH.  However, as aly
the acids of even n~value, namcly margaric acid and noadecanc
generally seem to exhibit aznomalously lowcr areas of crossw=se

In order to attempt an wxplanation of these anomali
was made of scale models (1 cm = 1 £) of the Fisher~Hirschfeloer type.
From a study of th:se models (see Plate 10) it was confirmed that the
hydrocarbon chain generzlly lacked cylindrical symmetry, due to the
-CH3 group at the end of the chain being off the axis, The models werc
examined in a vertical position and prcjections for 90O incidence were

made, From these projections it was observed that the acids with even

n-values were more evenly alanced about the chain axis,

N=lb. n=17.

« For margaric acid -






For margaric acid (n = 16), in particular, we have 4 X 4 carbon atoms in
the chain, Due to the tetrahedral r.:iure of thesé carbon atoms we obtain
a situation where the chain strueture repeats itself in units of 4,

Thus in the case of margaric acid we find greater symmeiry about the _»ain
axis than for example, in stearic acid with an n-value of 17. In
margaric acid the end —CH3 group is situated in such a way that is is
impossible for it to rotate. The -CH3 group of the stearic aclid chain,
on the other hand, is able to rotate about its bond with the penultimate
carbon atom in the chain and thus will sweep out a grcater area.

This may well account for the d° “ference in molecular areas, observed

for margaric and nonadecanoic acids in comparison with the other acids in

the series having uneven n-values.
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XII, SUMMARY AND CONCLUSIONS.

The results obtained for the cross-sectional areas of the series
of long-chain fatty acids may best be summarized with the aid of Graph 9.
This grephical representation of the molecular areas, in 32, against the
chain length (n), of the fatty acid molecules, illustrates variation of
the areas with chain length fur the series in recrystallized form, and
also for selected samples in the zone purified and vacuum distilled forms.

On the graph, the limits of variation of the molecular areas
have been represented as lines of a length corresponding to twice the
standard deviation (2S), This is to give representation that the stand-
ard deviation may be positive or negative in relation to the mean.

For molecules with n odd and lying between 15 and 19, the mole~
cular area decreases, This may be due to the effect of 3 factors:

(1) A general decrease in lateral translation because of the
increasing molecular mass {translaticnal kinetic energy per
molecule = 4 mc ), resulting in closer spacing of molecules.

(2) A general, but steady decrcase in the angle of tilt of the mole-
culcs which thus tend to be held more erect in the condensed film,

(3) A generzl decrease in the precessional motion of the hydrophobic
chain groups,

For molecules with n odd and between 19 and 23, the moleccular
arcas increase probably due to the steady increase in melecular mass
causing the long chains to commence to buckle, tilt or topple in their
upper regions, This ti :ing becomes greater because of the increasing
gravitational effect on the hvaovier molecules which tends to make them
assume a flatter posture in relzation to the surface,

The lower values observed for margaric and ncnadecanoic acids,
may be due to increzsing symmetry in the chain, with corresponding
economy in packing in condensed monolayers, This effect may Le connected
with increasing cylindrical symmetry of the hydrocarbon chain for even

valuesof n.

The results of this investigation, incomplete as it is,

- serve to indicate =
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serve to indicate what might reascnably be expectec to happen in the
orientation of these fatiy acids in monolayers.  Purther work, especially
on a greater range of acids with even n, is clearly necessary in crder to
establish the tentative ideas which have been suggested. However, in
the present research, work was limited to those acids in the series which
were obtainable without undue difficulty or delay, those which would
spread readily under the conditions of experiments carried out at QOOC,
and those which could be purified relatively easily.

The acids belcw n = 15 in the series were found to be too
soluble in aqueous substr:tes, at operating temperatures of 2OOCs to
yleld reliable evidence with the Langsuir trough technique. The acids
above n = 23 were unobicinable commercially and the synthesis of those

acids from the lower members in the series presented problems, of
isolating the required specimens and difficulty in purifying these,

which were considered to be beyord the scope of the present research.















	SAAYMAN H M-MSc-T916a
	SAAYMAN H M-MSc-T916b

