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I INTRODUCTION 

(1) General: Present work. 

The experimental work of this thesis can be 

divided into two distinct parts. The first part is a 

continuation of the investigation of the isotopie ex­

change reaction between<- iodostearic acid monolayers 

and substrate iodide ions. The second part is a study 

of the effect of various substituents in the hydrocarbon 

chain of stearic acid on the mechanical properties of 

the respective monolayers. 

Because of the large volume of literature which 

has been published on unimolecular films and the wide scope 

of this investigation, the introduction has been divided 

into the following five distinct sections. Each section is 

a review of the available literat•1re dee~ed pertinent to the 

present investigation but from one particular aspect of the 

overall problem. The first section is an historical survey 

of the development of the surface fil~ technique for the 

study of su~stances s~read at the air/water interface. In 

the second section the modern methods for the illeasurement 

of the physical and chemical properties of these films is 

discussed, together with the significance of the properties 

determined. The classification of the various monolayer 
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films at the air/water interface on the basis of the mech­

anical properties of the films is considered in the third 

section of the introduction. A brief review of surface 

potentials of monolayers constitutes the fourth part. A 

review of the experimental investigations on the chemical 

reactivity of monolayers with particular reference to 

isotopie exchange reactions is given in the final section 

of the introduction. 

(2) Monomolecular Films 

(a) History of Surface Films 

It is a characteristic property of certain org-

anie liquids that when a drop of the liquid is placed on 

water, the liquid spreads. This spreading has been observed 

to have a great effect on the apparent surface tension of 

the water. Rayleigh (1) in 1890, measured the amount of 

olive oil necessary to check the motion of camphor on a water 

surface and he determined the depression of the surface 

tension accompanying the presence of the mininum quantity 

of oil on water required to stop the camphor movements (2,3). 

The diminution of surface tension at this point, on the 

basis of a monolayer, was calculated to be about 16 dynes per 

cm. The area per molecule of the oil at this point calculat-
0 

ed on the basis of triolein was lOO Sq. A. U. This value is 
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in excellent agreement with recent measurements for triolein 

which give 97 Sq. A. U. per molecule for an equivalent sur­

face tension depression. 

Miss Agnes Pockels (4) reported that very small 

amounts of oil on a sufficiently large surface of water have 

no appreciable effect on the surface tension, but that the 

surface tension begins to decrease suddenly when the amount 

of oil per unit area is increased beyond a certain chara­

cteristic limit. 

The development of experimental methods for the 

study of surface films at the air/water interface began with 

Pockels' observation that the surface of water could be freed 

from contamination, even of molecular dimension, by sweep­

ing with a solid barrier. She employed a long rectangular 

tin trough, filled to the brim with water, with a transverse 

strip of tin resting on the edges of the trough as the 

barrier. The barrier was used to confine the oil to known 

regions of the trough and to sweep the water surface clean. 

The surface tension of both the clean and film covered water 

was obtained by measuring, with an ordinary balance, the 

forc e necessary to pull from the surface either a small dise 

or a larger ring, 

In 1899, Lord Rayleigh (5) confirmed Pockels' obs­

ervation regarding yhe manner of variation of surface tension 
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with the relative area of the film and concluded that at the 

r)oint Y'lhere the surface tension first began to fall, the films 

were one molecule thick. 

Devaux (6,7, 8) and riarcelin (9) have used the 

barrier technique in their study of oil films. The barriers 

were either glass or paper strips. However barriers of the 

type employed by these early workers \;rere not an efficient 

means of keeping the film confined within a given area of the 

surface, since leakage occurred slowly around the barriers, 

thus vitiating their results. 

Lang~uir (10) was the first tc measure directly the 

force which acts on the film in the plane of the surface. 

Later Adam (11) and Harkins (12) and their coworkers made 

monumental contributions to the development of the method­

olgy of surface films. I•Iodern techniques of measurements 

will be dealt vrith elsei.;here in the the sis. 

(b) Concept of Spreading and Surface Pressure 

The spreadin_; of one liqu.id over another can be 

explained in terms of surface tension. The first attempt 

to relate spresding and surface tension is the work of 

Dupr~(lJ). ~hen a drop of an organic liquid is placed on 

the surface of water, it is subjected to three f orce s, the 

surfa ce tension of water (~1 ), the surface tension of the 

organic liquid (""'(,) and the interracial tension of the water-
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organic liquid ( 11%..) • When the sum of the surface tension 

of the organic liquid and the tension of the water-organic 

liquid interface is less than the surface tension of water, 

the organic liquid tends to spread. The equation derived 

by Duprè for the condition of spreading based on this con­

cept 

--(1) 

was found to be of only limited use in describing the 

spreading of one liquid on the surface of another. In the 

above equation, ~ô~J represents the decrease in surface 

tension \vhich occurs when the two liquids approach each 

other. 

There are three other views of the criterion of 

spreading cited in the literature. These are: 

(a) All liquids spread on the surface of clean water. To 

prevent spreading, it is necessary to have a foreign sub­

stance on the surface: Rayleigh's theory (14} 

(b) On the basis of experirnents on a number of organic 

acids, alcohols and esters, Langmuir (10,15,16) came to the 

conclusion that for spreading to occur on water, an "Active" 

or "Polar" group such as the carboxyl group was necessary. 

The active groups in the organic compound would be in 

contact with and possibly hydrogen bonded to the water, 

while the rest of the molecule (the hydrocarbon chain} 
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would be arranged vertically perhaps side by side on the 

water surface. Thus the idea of orientation of molecules 

in surface films was introduced. According to this view, 

liquids whose molecules contained polar groups would spread 

on water, while non-polar liquids such as the hydrocarbons 

would not. 

(c) The thermodynamic theory of Harkins et al (17,18,19,20) 

is not limited to the spreading of liquids on liquids but 

applies to the spreading of solids on liquids and to the 

spreading of mobile films on solids as well and hence may 

be considered a generalized treatment. The theory may be 

briefly outlined as follows: 

If a drop of an insoluble oil (b) is placed on a 

clean water surface (a), it may or may not spread. The con­

dition which determines whether or not the oil spreads is 

exceedingly simple. If the oil"likes"itself (Wc) better 

than water (WA), it will not spread. In order to use this 

in a quantitative sense however, it is necessary to express 

the term "likes" as a thermodynamic quantity. This is done 

in the following equation: 

-(~-) cb/a • uv = wA -Wc --(2) 

in this equation,-0%~)is the rate of decrease of the free 

energy (F) of the system with increase of area ( <r) of the 

duplex film and the concomitant decrease in the area of the 
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c = vlA - vlc --(7) 

is never large enough to give a negative value of the 

spreading coefficient and hence spreading occurs. However 

when the work of adhesion toward water is small, the liquid 

may still spread for sufficiently small values of Wc. Thus 

hexane for which the value of WA is small (40.23 ergs) 

spreads, since Wc is even smaller (36.86 ergs) and the value 

of C is 3.37, a positive quantity. The work of cohesion 

Wc in octyl alcohol is almost 20 ergs greater than that for 

hexane, but this alcohol is able to spread on water since WA 

is still greater (51.71 ergs). This demonstrates the im­

portant effect of the presence of a polar group in producing 

spreading by increasing the work of adhesion to a greater 

extent than the work of cohesion. 

It is customary, in the case of surface films to 

measure a quantity called the "Surface Pressure". The sur-

face pressure is cxpressed in terms of the diminution of the 

surÎace tension oÎ water by the presence of the film. Sur-

face tension is defined as the free energy per unit area of 

the surface. If a monolayer of an insoluble substance is 

spread on the surface of a liquid of surface energyY0 ergs 

ems -2, the surface energy falls to 1 ergs ems -2 • The surface 

energies being numerically equal to the surface tensions, 

it is eas ily established that the surface pressure, 'Il , is 
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related to the surface tension by 

tt~ = Y o- 1' --(8) 

This surface pressure is analogous to the three 

dimensional osmotic pressure. The comparison between sur­

face pressure and osmotic pressure has been made by Adam (11). 

{3) Technigues and Results 

(a) Experimental Nethods for the Study of Surface Films 

Quantitative measurements in the investigation of 

surface films are made with a surface film balance. The first 

practical surface film balance was devised by Langmuir (10). 

Since then, Langmuir's balance has undergone numerous modi-

fications and other types of surface film balances have been 

developed. 

Rayleigh (5) using the Wilhelmy slide (21) first 

measured the surface tensions by using an ordinary laboratory 

balance. The surface tensions were measured in terms of the 

force exerted on the perimeter of a vertical microscope slide 

partially i~nersed in water. Then 1 , the surface tension 

for zero contact angle was given by 

where, 

y::; ( G - ~v+ P ltw 

2{t-tw) 
--(9) 
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G = apparent weight of the partially i~nersed slide 

W = weight of free dry slide 

P = density of the liquid 

1 • depth of immersion of the slide 

t = thickness of the slide 

w = width of the slide 

It was soon discovered that after sorne time the 

glass slides became greasy and the angle of contact could 

not be considered zero. 

Langmuir (10) devised the first horizontal film 

balance. It consisted of an enamelled trough 60 cm x 15 cm 

which could be filled with water to the brim. Two strips of 

paraffined paper ""rere used as barriers to confine the film. 

One of the strips, the movable barrier, was laid across the 

trough to rest on the edges. The other strip, about 5 mm 

less than the width of the tray, called the immovable barrier, 

was floated on the water at the other end of the trough. Two 

glass rods fixed to the immovable barrier were connected to 

the main knife edges of a chemical balance. When the movable 

barrier was moved so as to alter the area of the film, a force 

acting in the plane of the surface was exerted on the other 

barrier resulting in a lateral displacement of this barrier. 

The displacement in turn altered the position of equilibrium 

of the chemical b~lance. The weight necessary to restore the 

equilibrium of the chemical balance was a measure of the force 
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acting on the film. 

Starting from the immovable float, the movable 

barrier was moved to the other end of the tray, thus sweep­

ing clean the surface of the water. Then a predetermined 

volume of a film forming substance in a benzene solution of 

known concentration was dropped on the surface of water. 

The benzene evaporated leaving behind the film. A suitable 

weight was applied to the pan and the movable barrier was 

moved along until equilibrium was reached. A meter stick 

attached to the tray gave the distance between the movable 

barrier and the float and hence the area occupied by the 

film. By varying the weights on the pan, the film could be 

had, subjected to various degrees of compression. Since the 

concentration of the acid was knovm and the area of the film 

could be calculated from the dimensions of the trough, the 

area per molecule could be determined. 

Tiny jets of compressed air were used at the gap 

between the immovable barrier and the trough to prevent leak­

age. This technique suffered from sorne major disadvantages 

including the effect of the air jet on the balance sensi­

tivity. In 1922, Adam (22) reduced the gap from 5mm to 1 mm 

and used a special gravity bob to adjust the sensitivity of 

the balance. This balance too had its disadvantages when 

film pressures below 0.5 dynes/cm were to be measured. Adam 
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and Jessop ( 23) finally designed a nev; balance abandoning 

the air jet and using a torsion wire and an optical lever 

arrangement for measuring surface pressure. 

Various other instruments for measuring film 

pressures have been constructed, particularly those of 

Marcelin (24) and Lyons and Rideal (25). Marcelin's aneroid 

type of balance v;as very ingenious. The main feature of 

this film balance was that the movable float was eliminated. 

Puddington (26) constructed a surface film balance on the 

principal of a two dimensional Bourdon gauge. Harkins and 

r.iyers (27) and Harkins and Fischer (28) have designed sur-

face film balances to vmrk at thermostated te :1perature rang-
0 

to -t-70 c. 
Another considerable advance was made when Harkins 

and Anderson (29) designed the vertical pull film balance. 

This balance e , ~;ployed quartz or pyrex glass troughs and 

barriers, a thermostated air-bath and a dipping plate sus­

pended. from one arm of an analytical balance. A fine alu-

minium wire was attached at the bottoô of one pan and passed 

through the thermostat. Ïhe end of this wire carried a 

r:licroscope slide partially i1Th1lersed in the substrate solution. 

Any deflection in the bearn of the balance, arising from the 

deve l opment of surfa.ce pressure during compression of the film 

was magnified and read on a scale by an optical lever. The 
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surface pressure ~, was given by the equation 

k ~s 
'li = 2 ( t+w) --(10) 

Here 6s = shift of the bearn of light, t = thickness and w = 
width of slide. The value of kwas obtained from values of 

As corresponding to different weights on the balance pan 

with the slide immersed in a clean water surface according 

to the equation 

g Divi 
k = ~s --(11) 

Where ~rJI was the added weights and g the gravitational con-

stant. 

This type of balance was easily constructed and 

operated. Since it avoided the use of metals in its con-

struction, it facilitated the study of the effect of met­

allie ions on films. Bull (30) and Abribat et al (31) have 

successfully used this apparatus to study monolayers of 

various proteins and long chain polymers. This instrument 

suffered from the disadvantage of inaccuracy when working 

with low film pressures. A proper choice of dipping slide 

material had to be made to assure that the contact angle, 

assumed to be zero in calibrating the balance, could act-

ually be considered to satisfy this assumption. 

The vertical pull method was used in another way 

for measuring surface pressure by R. Matsuura (32). Here 
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the change in length of a quartz spring carrying the dipp­

ing s1ide was used to measure the surface pressure ~ • The 

equation deve1oped for this balance had the form 

11' = (twfg -t k) /2 (t -t\·d (~-~) --(12) 

where t and w are thickness and width of the slides respect­

ively, k = spring constant, P• density of water, g • gravita­

tional constant, ri! and <:/;0 are cathetometer readings of the ex­

tension on the quartz spring. 

Various investigators (33 to 36) have designed 

different modifications and improvements of surface film 

balances embodying the principles of the Langmuir technique. 

(b) Ivlolecular dimensions and Molecular orientation from 

Ivlololayer studies at the Air/Water interface 

The monolayer technique has served to elucidate 

the physical dimensions of film forming substances giving 

molecular dimensions closely comparable to those obtained by 

ether independent physical measurements. This technique has 

further served to demonstrate experimenta1ly the high degree 

of orientation present in unimolecu1ar films. A brief review 

will new be given of the techniques used and the results ob­

tained in the investigation of these two properties in mono­

layers. 

From the weight of the film forming substance used, 

its molecular weight and Avogadro number, it is possible to 
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calculate the nu~ber of molecules in a film. Knowing the 

total area available between the barriers, the area covered 

by each molecule can be obtained. This can be assu~ed to be 

proportional to the cross-section of the molecules. Assum-

ing the density in bulk and the density in the film to be the 

same, the length of the molecules can also be calculated. 

The volume of each molecule is found by dividin2 the ~ole­

cular volume n'I/P), where H = molecular vreight and l'= bulk 

densi ty of the substance, by the Avogadro numbe r ( N) • By 

dividins this volume by the apparent cross-sectional area of 

each ~olecule, the length of the molecules can be obtained. 

Lang~uir (10) investigated a wide variety of sat­

urated alcohols, acids and esters on the film balance. An 

examination of his results shows that the cross-section of the 

molecules varies over a wide range fro~ 21 to 126 x 1o-l6 sq. 

cD. By a stud:r of pressure-~rea diagra:::s, Langmuir sho1t1ed that 

for any S'3.turated fatty acid the cross-sectional area per mole­

cule is essentially cons tant, about 21 x lo-16 sq. c~. By a 

systematic study of the se compounds, he conclude :~i that each homo-

logous series would give rise to same area per molecule at a 

sufficiently high co~pression and t his area would re~ain con-

st3.nt even uhen the length of the hydrocarbon chain uas chan6ed. 

These measurements led Langmuir to postulate that the 

molecules are oriented in a ~efinite manncr on the surface of a 
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liquid with the functional group anchored in the surface 

of the water and the hydrocarbon chains packed side by side 

ve~ically above the surface. The distance between carbon 

atoms accordin; to Langmuir was 1.5 l.u. 
On decreasing the area per molecule in the film 

by compression, it was found that the orientation of the 

molecules to the surface was altered. As the film was com­

pressed, a definite change in the state of the monolayer was 

observed apparently due to a change in orientation. Surface­

pressure area diagrams in conjunction with surface-potential 

meaEurements h~ve proved of great value in establishing these 

changes of state in a monolayer, which accompany the changes 

in orientation and molecular association. 

(c) Types of films 

ddam (11), on the basis of an experimental survey 

of the film properties of a large number of organic compounds, 

came to the conclusion that there are three general classes 

of films, the condenseà, tho expanded and the gaseous film. A 

brief survey of the properties of these films according to 

Adam will new be given since they are considered pertinent to 

the work of this thesis. 

(i) Condensed films 

Films of this type were studied by Adam (22,37,38,39) 

and Adam and Dyer (40). In these condensed films, the molecules 
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possess strong lateral adhesion and the form of the pressure­

area curves for condensed films reflects the marked influ­

ence of these lateral forces in a steep rise in the surface 

pressure a s the area is reduced to that at which the mole­

cules are closely packed. 

There are two main types of condensed films, solid 

condensed and liquid condensed. In a solid condensed film, 

the molecules are firmly bound and hence the area per mole­

cule in the condensed phase should be closely related to the 

cross-sectional area of the individual molecules. This is 

usually true, but in sorne cases as with stearic acid, the 

area 20.5 12 per molecule obtained from surface film studies 

is not in agreement with the cross-sectional area 18.4 Â2 per 

molecule obtained from x-ray data (41,42). To explain this 

disagreement, Lyons and Rideal (25) suggested that the orient­

ed molecules were tilted at a definite angle and that the zig­

zag chains packed themselves by interlocking , resulting in a 

stable film. rvïüller 's (41) x-ray analysis of crystals of 

fatty acids has supported this view. 

Adam (43) has disagreed with the interlocking t heory. 

His work (44) on the flexibility of long chain hydrocarbons 

has shown that the interlocking of zig-zag chains is doubt­

ful. Adam is of the opinion that the condensed film structure 

is a close-pa cked one, with close-packed heads or close-packed 
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chains. Alexander (45) in a study of the general structure 

of condensed films and Eda and ~fusuda (46) working on the 

pressure-area relationships of~-amino-lauric acid mono­

layers have supported this close-packed structure of Adam. 

No experimental study has as yet contradicted the close­

packed nature of condensed films and Adam's view still pre­

vails. 

In several cases, one substance can form two diff­

erent condensed films with a temperature of transition (11). 

In the case of acetamide derivatives possessing the NH. CO. 

CH3 end group, a transition occurs from a solid film at low 

temperatures to a liquid film at higher temperatures. In 

the solid condensed film, according to Adam, the molecules 

may not be able to rotate freely about their long axis but 

at the temperature of transition and above, the power of free 

rotation may suddenly become possible because of the in­

creased kinetic energy of the molecules. The transition be­

tween the two forms of condensed films, found with substi­

tuted ureas, appears to be similar to that between two allo­

tropie modifications of the solid substances (39). 

Rosenheim and Adam (47) investigated the con­

densed films of complex cholesterol structures. Cholesterol 

spreads into a highly incompressible condensed film with an 

area of 48 À2 per molecule. But ~-cholesterol with the 
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-CHOH group on carbon atom seven has twice the area and is 

more compressible. This change in behaviour is probably 

due to a shift in the water attracting group -CHOH, causing 

a change in the angle of tilt of the molecule with the sur-

face. 

Dervichian (4S) states that the packing of long 

chain molecules, whose limiting areas are between 19.5 X2 
and 25.26 12 is similar to the molecular areas found in the 

crystal lattices of solid fatty acids. He assumes that the 

links in the chains form a helical spiral in the condensed 

layer. Since these links have no fixed position in the chain 

and since each CH 2 group undergoes rotation, the whole chain 

appears to rotate. 

:i•Iüller (49) and Bernal (50) have also suggested on 

the basis of x-ray studies that molecules in the fluid con­

densed state rotate about their vertical axis. Vold (51), 

while studying molecular cross-sectional areas of liquid and 

solid films suggested that the liquid state may correspond 

to the free-rotation of the molecules, while the solid con­

densed film may correspond to the close packed arrangement 

with hindered or little rotation. 

(ii) Expanded Film 

Labrouste (52) in 1920 found that a surface film 

expanded as the temperature was raised. The temperature at 
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which this change begins to occur is designated the 

"Temperature of Expansion" and the resulting film is called 

the expanded film. The temperature of expansion depends 

upon the chain length, molecular weight and the substrate 

composition. For each additional -CH 2 group in any homo­

logous series, Adam (11) observed that temperature of ex­

pansion was raised by 7 - 10°C. 

It has been generally accepted (53) that the sur-

face pressure-area relationship of these expanded films can 

be expressed by an equation of state of the Van der Waal's 

type as proposed by Langmuir (54) 

--(13) 

where ~0 is the negative spreading pressure of the chains, 

GO is the co-area of the polar head group, and C is a con­

stant equal to kT for un-ionised groups (5~, k being the 

Boltzmann constant and T the absolute temperature. 

From an earlier equation of Phillips and Rideal 

(56) of the form 

= 0 --(14) 

where 

'1'r = surface pressure 

cr: surface area 
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k = Boltzmann constant 

T = absolute temperature 

Cs= surface concentration 

E~= cohesive attraction energy 

Hedge {57) has developed a modified form of Langmuir's 

equation. By analogy with the three dimensional system, 

the cohesive energy may be taken to be inversely proport­

ional to the square of the surface area g-. Then E..,.. • a/o 2 , 

~ being the proportionality constant. Further since Cs~ 1/~, 

equation (14) becomes by appropriate substitution and sim­

plification 

( 1'f -r a/ cr 2 ) tr : kT. -- (15) 

But in the case of liquid films, the area occupied by the 

molecules themselves ~ cannet be neglected. Inserting this 

quantity, equation {15) becomes 

{ 11 + a/ cr- 2 ) ( (J -a;) = kT. --(16) 

This form of Langmuir's equation has been verified with 

lecithin monolayers (57) 

The expanded films may be classified into two types: 

liquid expanded and vapour expanded films. 

Liquid expanded films are coherent, possessing a 

definite surface vapour pressure and tending to a definite 

limiting area (58). Harkins and Boyd (59) have called Adam's 
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compressed vapor films the liquid expanded films. Liquid 

expanded films pass into the vapeur expanded films if a 

certain critical temperature is exceeded irrespective of 

surface pressure. Vapour expanded films possess no de-

finite limiting area and no constant surface vapeur pressure. 

As the temperature is increased, they transform into "Gaseous 

Films" without discontinuity. Fatty acids, nitriles, 

alcohols, amides and ureas are typical of the substances form­

ing liquid expanded films while esters, methyl ketones and 

long chain ketones which also form liquid expanded films trans­

form to the vapeur expanded type with increasing temperature. 

A variety of theories have been proposed on the 

structure of expanded films. Cary and Rideal (58) suggested 

that the expansion of a film is a process of gradual hydra­

tian of the molecules in the film. Adam and Jessop ( 23) 

consider that the kinetic energy of the molecules in expanded 

fi l ms permits such a degree of agitation in the film that 

much of the orientation of the molecules is lost. A study of 

phenols has prompted Adam et al (60) to suggest another 

structure for the expanded films of ring compounds. They 

stated that the molecules remained in contact while the cha ins 

coil up in helices, the diameter of each coil of the helix 

being the same as th e diameter of the cyclohexane ring. But 

an experimental study of chain structure compounds has proven 



- 23 -

the coiled chain theory to be untenable. 

Langmuir (61) suggested that expanded films con­

sist of chains which tend to adhere while the heads are in 

constant state of agitation, the chains tending to make a 

condensed and the heads a gaseous film. Experimental evi­

dence has shown a decrease in area occurred when t~1e c~ain 

length was increased as would be predicted by this view of 

film structure. Langmuir (54) further considered liquid 

expanded fillls e.s being formed of small t,,ro di:nensional 

drops or micelles, the micelles grovring in size a.nd n:;mber 

on compression, until the sheet beco~es a uniform duplex 

film, :no1~e th:;:.rl one molecule thick. Langmuir ( 62) and sub­

sequently Adam (63) have treated liquid expanded films as 

duplex f i lms with a satisfying degree of success. 

(iii) Gaseous Films 

Substances containing more than one polar group 

per molecule for~ a type of film called the gaseous film 

which obeys a~ l east a9proximately an equation of statG 

which is a tvm dimensional analogue of the ideal gas law. 

The equation has th8 f orm1\(f"': kT in which '1( = surface 

pressure ; a- a area of the film; T = temperature in degrees 

absolute; k = Boltzmann constant, 1.372 if area is express­

ed in sq. Â.U. The11r-1l'curves for gaseous films resemble 

curves of nearly perfect gases. The dip in the plots of 
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(' .. ,,._.. ~"e"' (f.l.' 
1 ..... .... 1oJ û \ ~ . .. "T 1 • The dic~ters of di~~sic ~cids ;ive :aseous 

fil~~ sx~ihitin; ~inimum deviations fro~ idenlity • 

• 1. t;?.S8ous fllm can be reco_;niseè. by the f3.ct that 

t- ;., ,..,, 
v.-.J.•- :::t:rfac ,~ pr:,ss1.rc is continuou.s do';;n to V3l'"'.! s~all V'.üues. 

\.d "ffi "nè 'r· ·· ""·on (?3' • -.a ...... ~ u ....., ~ .....: .-·' ..... 1 investi;::;nted c, nunbor of ;asoo1·~s filr:s 

&nd concluded that all acids approach the perfect ~aseous 

condit j_on at ::mfficiently lmr pressures; but in tl1e ca se of 

B.Cids above Ce, the prO:JS1.'T~ r.mst be less than one dyne/cm 

bcfor~ gaseous films are ohtained. Films of oll the acids 

shorter than cl2 :::re definitely z;aseous in character and. for 

acids shorter than Cg abovc a surface pressure of 10 dynes/cm, 

the principal deviation from the perfect g:J. s la1:J is a func-

tion of the molecular size of the acid. 

A very close similarity exists between gaseous 

films of insoh:.ble substances and the adsorbed films of 

soluble substances. Lan:muir, in case of a dsorbed films, 

has shovm that the ener~y of a dsorption for ea ch successive 

CH2 in the nolecule is constant and is equal to 710 calor i e s 

pe r mol. This consta ncy could only be possible if the CH2 

groups ha v e r elatively the s ame g eometrie position in the 

film. ln obvious conclusion from this fact is that in ad-

sorbed films the ch .::ü n 3 are lying flat on the sur face. Sin ce 

the gaseous f:i.lms reser1bL~ the a dsorbed f ilms, the molecule s 
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in the gaseous films probably lie flat, with their '\iThole 

length more or less parallel to the surface. 

(4) Phase chanr;es in a Monolayer 

The many improvements in the experimental tech­

nique of monolayer studies led to very accurate determinations 

of pressure-area relationships and the temperature depend­

ence of these quantities. The work of Harkimand Nutting (65) 

was of particular importance in the development of high pre­

cision film studies. The attainment of reliable data on the 

physical properties of unimolecular films led naturally to 

a consideration of the thermodynamic properties of these films 

and calculations of their energy, entropy and phase relations 

(66). By applying the Clapeyron equation 

--(17) 

Where AF and As are the areas of the film and solid res­

pectively, ~the latent heat of spreading from the crystal to 

the monolayer could be determined for films of solids (58). 

Devaux {6) was one of the first to point out that 

solids and liquids maintain their mechanical properties even 

when they are one molecule thick. By varying the temperature 

over a sufficient range, a given substance spread as a mono­

layer would show all the different states of matter common in 
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three dimensions. ~lhen a easeous surface film is com­

pressed, it undergoes 2. ch3.n_;e in ph:1. se analogous to a 

gas in three dimension condensing under pressure, even to 

the appearance of critical temperature conditions. Vlhen 

the te:nperature is varied, so:7~e inter~1édiate phases occur 

hmvever in tvro dimensional films ~-rhich have no counterpart 

in three di mensional systems. Experimental investigations 

using pressure-area r:1easure:nent s, surface-potential and 

viscosity studies independently, have revealed that there 

are at least six ~ossible surface phases in a monolayer. 

Th,3 type of transition 'l'lhich may occur betvv-een 

ths se pha ses i~ not necess~rily the ordinary transition 

occurrin6 bet\treen ga ses, sol ids and liquids but may be of 

the diffuse type v;hich Ehrenfest (67) called t lte higher 

arder phase transition. ~ccording to Shrenfest, the arder 

of a phase cha n~e is det ermined by the lowest derivative 

of the free ener0y of the syste:-.1 vrhich ex.''libi t s a dis­

continuity. In the study of surface pheno:nena, the energy 

quantity involved in a consideration of the arder of the 

phase transition is t h8 surfa ce ener gy . The surface energy 

is defined a s follov:s: If"( is the surfé). ce tension o f él. film 

covered surfa ce and~ that of the clean surface, the work 

dona by an infinitesi8~l displace~ent of t he barrier, \~ich 

chan~es co.ch of the two areas by der and-der respectively is 
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--(18) 

Introducing the surface pressure 'Tl'= Ya-Y , the equation 

(là) becomes, 

--(19) 

This is analogous to the Pv work of gases 

dwv = -Pdv --(20) 

If S represents the total entropy (surface and bulk) of the 

system, the variation of the total energy is defined by 

dE = TdS - Pd v - 'i( do- --(21) 

When T, P and 'li are considered as independant variables, 

the thermodynamic potential, G of Gibbs (including a term 

corresponding to the surface energy) can be written as, 

G : A -t Pv -t 11 o 

where A, the Helmholtz free energy • E -TS. 

Hence, 

G : E -TS + Pv + 11' ~r 

and 

dG = -SdT + vdP -ra--d'Tl 

--(22) 

--(23) 

--(24) 
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The successive partial derivatives can now be evaluated: 

(oG/è>'rt)p.T. • () --(25) 

( o"'G/o1l~ P. T. • otryo 'Tf --(26) 

An ordinary change of state is called a transformation of 

the first order, since it is characterised by a discontinuity 

in the area cs- and consequently corresponds to a discontinuity 

in the first order derivative of G. Likewise a transformation 

in which ~does not undergo any variation but in which the 

compressibility 

(k) = - d<J/a-d'll --(27) 

shows a discontinuity is a second order change, since accord­

ing to equations (26) and (27) it corresponds to a dis­

continuity in the second derivative of G. Similarly, a dis­

continuity in the third derivative of G but not in the first 

two is indicative of a third order change. 

Harkins has reclassified the types of films found 

at the air/water interface on the basis of their thermo­

dynamic properties. Fig (1) represente a general phase dia­

gram of Pentadecylic acid, over a range of temperatures 

below the critical. Table (1) shows the characteristics of 

the phases in a monolayer and the probable order of changes 
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Figure 1 



Figure 1 

(Reprodueed from Harkins' Book.) (12) 

General phase diagram of Pentadeeylie aeid mono­

layer over a range of temperatures below the 

eritieal. In the Fig L1 is used for Le and L2 for 

Le• Phases; FE or S, solid; ED or Le, liquid 

eondensed; DC or I, intermediate; CB or Le, liquid 

expanded; BA or LeG, gaseous film and Le film in 

equilibrium; G,gaseous film. The temperatures 

given are those for Pentadeeylie aeid. 
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TABLE I 

Type of Phase Equation of State 

1 Gas-G (Vapour 
expanded) 

'll'cr = kT if pe.rfect 

2 Liquid Le -BC 
(Liquid expanded) 

3 Intermediate I,or 
transit ion CE. 

4 Liquid Le -DE 
(L2) 
(Liquid condensed) 

5 Superliquid - Ls 

6 S (Solid) 

('t'l' - 'tl' ) ( o- - rr ) = kT 0 0 

11' = b-a<r 
log "7) • log1")0 -t kT 
(a,b, are constants, 
~.~oare viscosities of 
film and substrate 
respectively) 

11' = b-ao-

'T(: b-ao-

Compressibility 
(k) ems/dyne 

If perfect,(k) same 
as for L1 films(0.04) 

2 to 7 x 10-7 

2 to 5 x 10-1 (long 
chain fatty acids) 

2.2 x 1o-l (long 
chain esters) 

5 to 10 x lo-3 

.0005 to .0017. 

.0005 to .001 

Order of change 
between them 

1 and 2: First(LlG ) 

1 or 2 and 3:Second 
(C) 

3 and 4: Third (D) 

4 and 5: First 
changing to second 
at higher temper­
atures. 

4 and 6: Second 

5 and 6: Second 

\.J.) 

0 
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between them. The corresponding nomenclature of Adam's 

classification considered previously is given in parent­

hesis. 

The characteristics of each of these phases 

which have not been mentioned in Adam's classification will 

be briefly dealt with here. A gaseous monolayer subjected 

to compression and temperature variation, may directly 

condense to a solid film with-out undergoing the inter­

mediate phase changes. Under proper conditions, any one 

of the six phases may change directly into any other one 

except possibly the changes between the liquid expanded and 

liquid condensed states which seem in general to go through 

the intermediate phase, 

Gaseous film, represented by region L1G have been 

shown by surface potential measurements of Harkins and Fischer 

(28) to be heterogeneous. The surface potential is roughly 

proportional to the number of molecules per unit area and 

since this number increases with pressure , the surfa ce po­

tential also increases. Harkins et al (20) showed that con­

densed films of tetrahydro d-pimeric acid, exhibit an increase 

from 203 to 220 mv, a s the molecular area i s decreased f rom 

54 to 46 A 2. The double bonds in d-pimeric acid reduces the 

potential due to the carboxyl group dipole by more than 50 per 

cent of the potentia l of the saturated analogue, tetrahydro 
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d-pimeric acid. This indicates that the mutual dipole 

of the double bonds is opposed to that of the carboxyl 

group. The decrease of the potential on compression shows 

that a closer packing of the molecules, causing a more 

nearly vertical orientation to the surface 7 brings these 

dipoles into greater opposition. 

In the case of myristic acid films (28) at 17°C, 

the gaseous film becomes entirely condensed to a liquid 

(11) state at 45 A. 2 per molecule. At a higher molecular 

area of 56.5 A 2 , an electrical survey shows that · thé region 

11G is heterogeneous. At an area of 37.1 12, the film is 

in the intermediate state and remains in this state down 

to 25 12 • 

The transition of a monolayer from a gaseous to 

a liquid state (11 ) is an ordinary change of the first 

order, accompanied by a latent heat of phase transformation. 

Thus it is analogous to the condensation of a gas to a liquid 

in a three dimensional system. 

On compression the pressure of the liquid film 

(11 ) increases along a curve ~mich has almost the form of an 

equilateral hyperbola. At C (fig 1) there is a phase trans­

formation of a peculiar type to the intermediate liquid state 

( I). Just above the kink point, the TI' -a- curve is almost, but 

not quite horizontal. This is a region of considerable 
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hyste~esis. At D, a third order transition to a condensed 

monolayer (12) occurs and at E, the second order transition 

to a solid. 

The compressibility (k) is characteristic of the 

phase, as is the increase of enthalpy \vhich accompanies the 

spreading over unit area. In the present wor~ , the com­

pressibility is chosen as the basis for characterisation of 

the various phases. 

(5) Surfa ce Potentials of ~onolayers 

The surface potential technique was f i rst introduced 

in a study of monolayers by Guyot (68) and Frumkin (69). 

They measured the changes in contact potential at the air­

water interfa.ce . in the presence and absence of a film. For 

their measurements an air electrode wa s used, a probe covered 

with a small a:nount of radioactive deposit which caused the 

gap of a i r between the probe and the surface to become con­

ducting . The air el ectrode was used in con j unction with a 

standard calomel electrode and an electrometer. The difference 

between the potentia l at the clean surface and at the film 

covered surface was ter~ed the surface potential a nd related 

to n, the number of molecules per sq. cm of film by the 

Helmholtz equation, 

~v • 41f n _p. --( 28 ) 
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In this equation~ is the average electric moment of the 

effective vertical component possessed by each molecule. 

By determining 6v experimentally ,)l , can be evaluated. The 

value of)Agives information about the orientation of the 

molecules in the film and bence information on the film 

properties in general. 

A combination of the surface pressure apparatus 

of Adam and Jessop (23) and the surface potential apparatus 

of Schulman and Rideal (70) was constructed by Adam and 

Harding (71). With the aid of this apparatus, it was poss­

ible to study the surface potential for various states of 

the film. These workers studied the fatty acids containing 

from 14 to 22 C atoms in the chain. This study showed that 

the value of}l increased slightly as the expanded film was 

compressed a nd decreased as the condensed film was compressed. 

This showed that the orientation of the head groups (espec­

ially -COOH in case of acids) did not change on compressing 

either a liquid expanded film or a condensed film. Adam and 

Harding concluded from this that in expanded films, the end 

groups tend to adhere while the chains rotate about C-C 

linkages. 

Schulman and Ri deal studied the 1l'~cr and Av-rr curves 

of a monolayer of myristic acid on 0.1 N HCl. They noted 

that the transition from expanded to gaseous film t ook pl a ce 
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o') 

at 47 A~ and as soon as this area was exceeded, the value 

of )A decreased. The decrease in the value of }J.. corresponded 

to a change in the orientation of the film forming mole-

cules. In the expanded film, the molecules were more or less 

vertical; as soon as the film became gaseous after exceeding 

the limiting area 47 Â2 , sorne of the molecules would be flat 

on the surface as indicated by the decrease in y.... 

As a result of a detailed study of condensed films, 

Schulman and Hughes (72) concluded that the values of lateral 

surface pressure reflected the behaviour of hydrocarbon chains 

in the film, while the values of the surface potential in 

general reflected the behaviour of the polar groups in the 

film molecules. 

Hughes (73) investigated surface potentials of 

monolayers of the unsaturated acids, oleic, petroselenic and 

chaulmoogric. Harkins et al (20) studied monolayers of d-

pimeric and tetra-hydro d-pimeric acids by the surface po-

tential t e chnique. These exre riments indicated that the surface 

potential is sensitive to the orientation of the double bond 

and the surface potential of condensed films of unsaturated 

compounds is lo~rer {lOOmv) than that for saturated compounds 

( 200mv). 

Harsden and Schulman (74) made a study of the sur-

face potential as a function of the pH of the substrate on 
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both unicomponent films and mixed films. They concluded 

tha.t the film properties of one component monola.yers on 

substrates of different pH depended on the degree of ion­

isation of the polar groups and the electrical force acting 

between these polar groups. If the repulsive forces be­

tween the polar groups were large, then ionisation of the 

heads occurred and the film became the expanded type. The 

changes in the film properties of mixed monolayers were also 

attributed to the changes in the electrical forces between 

the polar groups. 

(6) Chemical reactions in Surface Films 

The study, by the monolayer technique, of re­

actions at the air/water interface is essentially due to 

Rideal and covmrkers. Reactions can be followed by change 

of area or surface potential at constant surface pressure. 

The various types of surface chemical reactions which have 

been studied fall into the following categories: 1) Oxidation 

reactions, 2) Hydrolysis of lactones and esters, 3) Lact­

onisation of hydroxy acids and 4) Isotopie exchange re­

actions by radioactive techniques. In almost all of these 

reactions, it has been shown that the rate of reaction of a 

substence present in a film at a liquid surface may be in­

fluenced by the special conditions prevail ing at the surface 
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which permits the changes in the accessibility of the 

reacting groups of the molecules in the film to the re­

agents in the substrate. 

(a} Oxidation reactions: 

In a study of the oxidation of fatty acids con­

taining a double bond in the hydrocarbon chain, by per­

manganate in the underlying water, Hughes and Rideal (75} 

found the accessibility of the film molecules for the sub-

strate permanganate to influence markedly the reaction 

velocity. The kinetics of such oxidation of double bonds 

was studied by these workers using changes in the surface 

potential with time to follow the reaction. Assuming the 

reaction to be bimolecular, the bimolecular reaction constant 

K2 was given by the equation, 

--(29) 

where c =concentration of Mn04 ions in the substrate, ~v0 , 

~vt, and AV~ representing the surface potentials at times 

t = o, t, and 0o respectively. 

It was found that oleic and petroselenic acids 

were much more rapidly oxidised on dilute acid permanganate 

when the films were under low surface pressure than when 

compressed to a higher surface pressure. Prior to oxi-
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dations, these acids formed liquid expanded films, but after 

oxidation, they passed into gaseous films. The rate of oxi-

dation of the double bond could be reduced to a measurable 

extent by compression of the film, so that the degree of 

accessibility of the molecules to the underlying solution 

reactant was diminished by rernoving double bonds from the 

surface. That the reaction velocity is extremely sensitive 

to variations in pressure was also established by studies of 

the rate of autoxidation of the maleic anhydride compound of 

~-elaeo-stearin by Gee and Rideal (76). 

Mittelman and Palmer (77) investigated the per-

manganate oxidation of triolein monolayers. The inter­

pretation of results are given by these workers in terms of 

a model v1hich attempted to account for the changing access-

ibility of film molecules to substrate reactant. The velo-

city constant K is proportional to the fraction of chains 

in a position to react. Considering all the possible con-

figurations of the hydrocarbon chains as members of a series 

of L shapes, the velocity constant K is given by 

K =Constant x a function of~ 

= Constant x 4> ( 1i ) -- (30) 

_ ~ éil'al+E ) ~ (-1i'al+~ ) 
where ..l 1 1 L,_, , 

<\> ( 11 ) - L exp - L exp -
.t

1 
kT o kT 
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In the above equation, 1 is the distance between the car­

boxyl and the corner of 1 in the chains, '11'=- film pressure, 

a = width of the chain, i = energy required to twist the 

hydrocarbon chain at the corner of the L,F! - BOO cal per 

mol (78), k =Boltzmann constant, T = absolute temperature. 

Keichi Eda (79) investigated the kinetics of per­

manganate oxidation of unsaturated acid monolayers by 

measuring changes of the film area with time at constant 

pressure as an alternative technique to the surface potential 

method. 

(b) Hydrolysis reactions 

(i) Alkaline hydrolysis of lactones and esters 

~onolayers of long chain fatty acid lactones and 

esters undergo hydrolysis when spread on alkaline substrates. 

The hydrolysis reactions of these films again reflected the 

effect of molecular orientation on the reaction velocities. 

Adam (80) showed that a film of Y-stearo lactone 

on the surface of N NaOH rapidly underwent hydrolysis with 

the formation ofY-hydroxy stearic acid. As the reaction 

proceeded, the initially condensed or liquid-expanded film 

of Y-stearo lactone passed over to the gaseous film of ~­

hydroxy stearic acid. The kinetics of this reaction was 

first followed by Fosbinder and Rideal (81) using the surface 

potential method developed by Schulman and Rideal (70). The 
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bimolecular reaction constant was given by the equation 

developed for oxidation reactions. The apparent energy 

of activation has been calculated for these reactions 

from the expression 

d ln K = E 
dt RT2 --(31) 

The hydrolysis of short chain fatty acid esters 

on an alkaline substrate have been investigated by Alexander 

and Rideal (82) and Alexander and Schulman (83), using the 

surface potential technique. Adam and Miller (84) studied 

the hydrolysis of soaps of long chain fatty acids on strong­

ly alkaline substrates. These soaps were found to form ex­

panded films, the stability of which was increased by greater 

chain length of th~ film molecules and higher alkalinity of 

the substrate. 

(ii) Acid hydrolysis of esters 

The velocity of hydrolysis of films of est e rs on 

acid substrates is markedly slow and the effect of molecular 

orientation on the reaction velocity is difficult to follow. 

However the velocity f or the hydrolysis of an expanded film 

of ethyl palmitate on acid substrate was determined on all 

but condensed films. In this latter case the changes of area 

and potential were too small for confident measurement. 
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In bulk hydrolysis, it is well established that 

the H~ion is a much less powerful catalyst than the OH- ion. 

A confirmation of this fact was observed with films of the 

long chain esters. Octadecyl acetate on a substrate of 5N 

HCl was hydrolysed very slm·dy at 26° C and 1'\'= 3 dynes/cm. 

The velocity constant was found to be 3.30 x lo-3 1/g. mol 

per minute, sorne hundred times lower than the value obtained 

for this constant on alkaline substrates. 

Recently Havinga (85) has reported the acid hydro­

lysis of mixed films of Alpha-diazo-stearic methyl ester 

(DME) and stearyl phosphoric acid and DME and lignoceryl­

amine on dilute HCl. The course of each reaction was follow-

ed by ultraviolet absorption analysis, with time, of the re­

acting samples. Havinga concluded that the surface reactions 

are not only dependent upon the pH of the substrate but are 

considerably influenced by the potential shifts in the ele­

ctrical double layer at the interface (86). 

(c) Lactonisation 

The rate of lactonisation of films ofw- hydroxy 

ethyl stearyl malonie acid and~- hydroxy stearic acid were 

studied by Kogl and Havinga (87). The rate of lactonisation 

of c..v- hydroxy ethyl stearyl malonie a cid in a film is 103 

to 104 times greater than in bulk under identical pH con­

ditions. The rapid rate in the film may be attributed to the 
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close approach of the hydroxy and the carboxyl group in the 

compressed film of stearic acid derivative. 

Lactonisation of ~- hydroxy stearic acid on the 

other hand is slower in a film than in bulk. This fact is 

attributed again to a stearic factor, the inability of the 

two reacting groups to come close to each other in films of 

this compound. Lactonisation of monolayers of ~- hydroxy 

stearic acid was also studied by Davies (SS), using pressure-

area and potential-area measurements. The second order velo­

city constant K was evaluated from the usual expression: 

1 AV0 - AV~ 
K = ln 

t (H"'] AV t - t:N o. 

--(32} 

where [H1 represents the concentration of acid in the sub­

strate and the rest of the terms have their usual signi­

ficance. Davies found that the rate is practically unchanged 

till the film pressure exceeds about 9 dynes/cm; thereafter 

decreasing as the film condenses, being reduced to less than 

half the former value at~= 26 dynes/cm. The slower reactions 

at higher pressures may be attributed to the inaccessibility 

of the -OH or -COOH group to the substrate. Davies explains 

the decrease in rate at higher pressures in terms of concen-

trations of reacting groups in the surfaces, without consider­

ing electrical redistributions in the molecule, changes of 
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mechanism of reaction, potential barriers at the surface 

or the charged energy of activation. 

(d} Isotopie Exchange reaction 

(i) History 

The study of isotopie exchange reactions using 

tracer technique in bulk phase or in monolayenis of com­

parati vely recent origin. r-Ie Ka y ( 89) reported preliminary 

experimentson isotopie exchange reactions in solutions using 

radioactive iodine. In general there are certain unique 

characteristics of exchange reactions. The reaction products 

are chemically identical '\'li th the reactants; hence the energy 

diagram of the reacting molecular system must be a complete-

ly symmetrical one; an energy of activation but no heat of 

reaction characterises the exchange reaction. Moreover there 

are no complications due to changes in the chemical compo-

sition of the reacting mixture as the reaction proceeds. 

The literature contains many references to isotopie 

exchange reactions using radioactive iodine as the tracer 

element. Mc Kay (90) made a somewhat detailed study of the 

kinetics of r 128 exchange reactions in alcoholic solution, 

the general reaction being given by the equation 

The kinetics of the exchange reaction was developed as 

follo,...;s: if the concentration of RI and r- be a and b 
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respectively and x be the concentration of RI* at any time, 

t, then the total rate of the reaction V, is given by, 

-ln (1-x/~) = V (a+b} t/ab --(33) 

where x~ is the limiting value of x when exchange is com­

plete, th at is, at t = 0o , if the exchange reaction i s a 

simple bimolecular reaction, then, 

V = K(ab} --(34) 

Therefore 

--(35) 

where K = velocity constant of the reaction. 

This equation is valid only for the homogeneous 

exchange reaction and assumes that no appreciable side reac­

tions occur. Wh en ethyl iodide was exchanged wi th the iodide 

ion of Nai, the effect of initial concentration of both reac­

ting species was studied as a means of determining the order 

of the reaction. Three series of experiments were studied, 

varying the concentration of sodium iodide in the first two 

series at constant ethyl iodide concentration and varying the 

ethyl iodide concentration at constant Nal concentration 

in the third set. The results illustrated the bimolecular 

nature of the reaction. A one hundred-fold increase in the 
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concentration of sodium iodide doubled the velocity constant 

and a four-fold change in the ethyl iodide concentration re­

sulted in a 20% change in the velocity constant. An approx-

imate straight line was obtained on plotting the velocity 

constant against the logarithm of the concentration. The 

energy of activation was deter~ined graphically by the usual 

plot of log K versus 1/T. 

Since the work of McKay, many investigators have 

reported studies on iodine exchange reactions (91,92,93) 

using 1131 • Behrens and Maddock (94) studied the thermal 

exchange between Il3l and methyl iodide. Rapid exchange 

between Il3l and stannic iodide in carbon tetrachloride at 

0°C was studied by Kahn and Freedman (95). The exchange 

was complete in 7 seconds, possibly due to the formation of 

positive halicte ions (96). All the above mentioned re-

actions were studied in non-aqueous medium. 

The exchange reaction between organic iodides and 

inorganic iodine in aqueous solution ha s been studied by 

Van der Straaten and Aten (92), using Il3l as the tracer 

element. In this work, the sodium salt, methyl ester and 

free iodoacetic acid were each exchanged with iodide ions. 

The reaction rate v;as deter:nined from the expression ( 97) : 

--(36} 
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a and b being the concentrations in moles per litre of the 

reactants; T~, the time of half exchange in seconds ( The 

time for the specifie activity of the originally inactive 

fraction X, to become one half of the specifie activity at 

total exchange, X); R =reaction rate in moles litre-1 

sec-1. 

For a second order reaction, the reaction rate 

would be related to the concentration of the reactants by 

the expression 

R = abK --(37) 

K being rate constant in litre mo1es-1 sec-1. 

As a result of the many investigations (98-101) 

of isotopie halogen exchange with a1iphatic halides, it has 

been proposed that the exchange reaction proceeds through 

the mechanism of the Walden inversion. It is assumed that 

inversion takes place when the entrant group attaches itself 

to the side of the ~symmetric carbon atom opposite that occ­

upied by the group to be expelled. The negative ion approach-

es the carbon-ha1ogen dipole at its positive end. 

(ii) Isotopie exchange reactions in mono1ayers. 

The exchange reaction between halogen substituted 

fatty acid 1abel1ed with r131 and substrate potassium iodide 

ions was original1y reported by Robertson et al (102). The 
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reaction investigated was an exchange between Alpha-Iodo 

stearic acid (AIS), tagged with rl3l and substrate pot­

assium iodide. The reaction taking place was summarized 

by the equation 

The kinetics of the homogeneous exchange reaction 

were studied (103). In general for a reaction of mth order 

in concentration of reactant ~ and nth order in concentra­

tion of reactant b, the over all reaction velocity V can be 

expressed in the form 

(a)m (b)n 
V = Km-tn --(3$) 

where K is the exchange constant for (mTn)th order re-m+n 
action. The monolayer exchange reaction could be considered 

as first order in fatty acid concentration b and nth order 

in the substrate iodide ion concentration ~· The above 

equation then becomes 

n 
V = Kn + 1 ( b ) (a ) --(39) 

It has been shown by Robertson that the total rate of re­

action in terms of measured radioactivity could be written 

(b) co 
V=- ln t Ct 

--(40) 



where 

Hence 

or 
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Co - counts per minute at -
Ct • counts per minute at 

from the above equations, 

K n+l 

K n+l 

(b) (a)n 
(b) 

= t 

t = 0 

any time t. 

co 
ln-Ct 

--(41} 

--(42) 

The pseudo first order reaction constant K1 from which the 

activation energy could be determined once the temperature 

dependence was established is given by the expression, 

Kl 
1 co 

• ln -- (43) 
t ct 

Kl is related to Kn+l by the relation 

Kl = Kn+l a n --(44) 

Taking logarithms, 

n ln a-t ln K :: ln Kl --(45) 

The slope of the plot of ln a against ln K1 will give n, 

the order of reaction in substrate ion concentration. 

The activation energy E can be determined by the 
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Arrhenius equation, 

= A e -E/RT --(46) 

then, 

ln K1 = ln A - (E/RT) --(47) 

The slope of the line obtained by plotting ln K1 against the 

reciprocal of the temperature will give the activation 

energy for reaction required by the molecules. 

(iii) Early work in Monolayer exchange reactions 

Robertson (103) followed the exchange reaction be­

tween rl31 and AIS spread as a monolayer at the air/water 

interface and substrate iodide ions. This work indicated 

that the exchange constant was independent of surface pre­

ssure except in the critical region (là°C) for the transi­

tion from liquid expanded to liquid condensed films. The 

activation energy for exchanga in liquid condensed and li­

quid expanded films was found to be 10 and 8 K. calories per 

mole showing a discontinuity in the activation energy plot. 

The change in the temperature coefficient of the rate cons­

tant was attributed to a reorientation in the film result­

ing in a change in the accessibility of rl31 atomsin the 

alpha position to the substrate iodide. 

The investigations of the isotopie exchange reaction 
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between monolayers of active alpha iodo{rl31) stearic acid 

and substrate iodide ions was continued in the work of 

Rabinovitch (104) where the effect on the exchange kinetics, 

of pH, substrate cations and temperature were determined. 

Exchange reactions of active AIS acid monolayer on 1 N KI 

substrate solutions were performed under both acid and al­

kaline conditions. Simultaneous automatic recordings of ~-r 

diagrams were made. The results of these investigations 

showed that a rapid exchange was associated with a liquid 

expanded film on an acid substrate and a slow exchange was 

associated with a gaseous film on an alkaline substrate. 

Exchange reactions were also studied in which 

barium ions were present in the substrate. The results of 

these exchange reactions showed that alkaline substrates re­

tard the exchange rate to a marked extent. 

By a systematic study of the effect of variations 

of pH at 18°C, 16°C and 35°C on the exchange rate constant, 

Rabinovitch showed that the rate constant K passes through a 

maximum near pH 1 to 2 and drops slowly to about one fourth 

the maxirnum at pH : 4.5. At 25°C, the maximum occured be­

tween pH 2-3 and at this temperature the exchange rate con­

stant was 8 to 25 times higher at pH 2 to 3 than at pH 11-12, 

irrespective of the presence of cations. 
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II EXPERII:IENTAL 

The troughs employed by the earlier workers in 

surface film studies were usually constructed of a non · 

rusting material such as brass or stainless steel. The 

desired non-wetting properties of the trough were then 

achieved by coating the inside and edges of the trough with 

paraffin or sorne other suitable water repellant. It was 

essential that the non-wetting agent chosen \11/'as itself free 

of any surface active contamination; hence laborious puri­

fication and testing was necessary before a particular mat­

erial vvas applied to the trough. Further, the co a ting of 

water repellant had to be renewed frequently if the trough 

was in constant use. The introduction of silica troughs by 

Adam (page 28,11} served the two-fold purpose of reducing 

the amount of non-wetting agent required and minimizing con­

tamination of the· substrate by the metallic ions of the 

trough itself. 

Rabinovitch (104) used a trough with internal di­

mensions 21" x B" x 1/2". This trough was constructed of 

stainless steel, perfectly milled out and heat treated and 

coated with several layers of teflon. 



- 52 -

The same trough with a teflon sheet covering has 

been used in the present work. This teflon covered trough 

can be cleaned very thoroughly. Using such a trough, results 

in fair agreement with earlier work have been obtained. 

(b) Barrier and barrier drive mechanism 

Early workers employed as barriers, paper, glass or 

brass strips coated evenly with highly purified paraffin. 

The use of such barriers, besides necessitating the tedious 

paraffin treatment to render them non-i'!etting,also required 

that great care be exercised in their use to prevent con­

tamination of the surface and leakage of the film forming 

material past the barriers. In the work of Rabinovitch (104) 

and the present work an improved type of barrier has been 

used. These barriers consist of rectangular stainless steel 

strips, cushioned with soft foam rubber and the whole wrapped 

in a layer of teflon sheet. In the very large number of ex­

periments performed this type of barrier eliminated the usual 

problems of leakage. The dimensions of the steel barrier 

strips were 3/16" x 5/B" x 10~" for the stationary barrier 

and J/16" x 5/8" x 15" for the movable barrier. 

The stationary barrier rests on the trough at a 

fixed distance away from the drive mechanism. The 15" long 

barrier rests on the trough with the ends carried in the rect­

angular yokes of a barrier moving deviee connected to a worm 
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gear belo~ the trough. The distance between the movable 

and the i~~ovable barrier was known in terms of the number 

of revolutions, registered on a Veeder Root revolution 

counter connected to the worm-gear. The area corresponding 

to one turn of the revolution counter was determined by dir­

ect measurements. Usually the films were spread on a sur-

face enclosed by the two barriers 170 revolutions apart, 

corresponding to an area of 8.8094 x 1018 12• 

A fast barrier drive mechanism on a suitably gear­

ed 700 R.P.I-'I., 1/10 H.P., D.C. motor was used for surface 

contamination tests and the removal of old films. The mov-

able barrier traversed the distance of 170 revolutions to 

come in contact with the ether barrier in roughly 19 seconds. 

This fast compression barrier drive mechanism was not used 

for any experimental determinations of '1'{-cr isotherms of fatty 

ac ids. 

For the experimental work a variable speed Graham­

drive was installed {104) to obtain a wide range of expansion 

and compression rates. With this modification of the barrier 

moving deviee, the study of hysteresis effects and relaxation 

effects in spread monolayers was greatly facilitated. 

{c) Temperature control of the system 

Temperature control in the experimental investiga-

tiens was a chieved by enclosing the film trough assembly in 
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a double walled chamber(Fig 2a). The details of constru­

ction have been dealt with in detail by Robertson {103). 

A sheet of blotting paper held by magnets against the ceil­

ing of the inner box enclosing the trough assembly prevent­

ed condensed water from dripping from the ceiling of the 

box into the trough, a problem of serious concern in earlier 

studies. The temperature of the substrate was ascertained 

by a one-tenth degree Eimer and Amend thermometer {-10° C to 

60° C) whose bulb was kept immersed in the substrate. By 

circulation of water from an outer constant temperature source 

through copper tubing in the box and the water jacket on 

which the trough rested, the temperature of the substrate 

could be controlled to ±0.1° C of the desired value. 

(d) Surface pressure measurement 

The rneasurements of surface pressure in these in­

vestigations were made by an automatic recording deviee based 

on the Wilhelmy dipping plate {21) previously used by 

Dervichian {105) and Harkins and Anderson (29). These workers 

measured the development of surface pressure by using a thin 

rectangular microscope slide, partly immersed in the substrate 

and suspended by a thin wire from one arm of an analytical 

balance. The deflection of a light bearn from a mirror mounted 

at the fulcr~~ of the balance bearn resulting from the vertical 

displacement of the slide1 gave the surface pressure rneasure-

ment s. 
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Figure 2a 

(With the kind permission of Dr. R.F. Robertson) 



Figure 2a 

Constant Teillperature box. 

1. Outer glass wool insulation 

2. Chamber containing copper coils (not 
sho,..m) for constant temperature water 

J. Constant temperature air chamber 

4. Cork supports 

5. Stone pedestal 

6. Windows (triple glass) 

Film Trough. 

Trough 

Trough support 

Barrier moving deviee 

Adjustable Feet 

Handle and revolution counter of barrier 
moving deviee. 

Geiger Tube .Assembly. 

B Geiger Tube 

B1 Tube carria0e 

B2 Tracks for carriage 

B3 Handle for moving tube carriage 

B4 Shielded lead to Rate Meter 

Surface balance. 

C Sleeve for wire of surface balance 
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In the present work, the same principle of a dipp­

ing plate was used, but an automatic analytical balance de­

signed by Mauer (106) for recording rapid changes in weight 

was adopted for instantaneous balancing and strip-chart re­

cording of the surface pressure. This method, first used by 

Rabinovitch {104) is superior to either the vertical pull 

balance of Harkins and Anderson (29) or other types of hori­

zontal pull balances. The balance provides continuous re­

cording of the film pressure as a function of molecular area 

either during compression or expansion. Since only the peri­

mater of the slide and not the thickness as in Harkins and 

Anderson (29) enters into measurement of the surface pressure, 

the experimental error of 0.5% in the older method is re­

duced to 0.1%. In contrast to the technique of Harkins and 

Anderson, the vertical displacement of the slide in the present 

balance is practically zero. Consequently7the crystallisation 

of salt from substrates (if potassium iodide solutions are 

employed) is avoided and accurate measurements can be made dur­

ing film expansion on the salt substrates. This was not possi­

ble in the early work on exchange reactions (103) because of 

fouling of the slide surface on emerging from the KI substrate. 

Fig 2b is a sketch of the entire recording unit. The com­

ponent~ of this unit are as follows: 

(1) l4icroscope slide, partially dipping in the substrate. 



- 57 -

Figure 2b 



Figure 2b 

Sketch of the entire 'if-o-record.ing unit. 

1 Microscope slide 

2 Christian-Becker chainomatic balance 

3 Light source 

4 Photo tube and bridge circuit 

5 Solenoid 

6 Decade resistance box 

7 i:Jeight recording amplifier 

S Electronic recorder 
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Corning cover glass #1, 24 x 40 mm, suspended from a ni­

chrome wire fixed to the right hand pan of the balance. 

(2) Christian-Becker chainomatic balance. 

(3) Light source: A 6 v Mazda bulb connected to a storage 

battery. 

(4) Photo-tube and bridge circuit. 

(5) Solenoid: with a ~" x 3" magnet as the core. 

(6) Decade resistance box. 

(7) Weight recording amplifier, amplifying the output of the 

bridge circuit to provide current in the solenoid. 

(8) Electronic recorder (Minneapolis-Honeywell Reg.Co. Brown 

Instruments Division- Type 153 x 12v -x-30. Single span). 

The voltage drop across the decade resistance box 

in series with the solenoid, was measured and traced by the 

recorder. Once the unit was calibrated, the film pressure 

could be read from the tracing as a linear function of the 

pen displacement. The recorder required 4~ seconds to tra­

verse the entire range of 0 - 50 dynes on the full scale of 

10 inches on the chart paper (type 5839- N- R). Another 

interesting feature of this recorder was a multi-speed Insee­

Brown chart drive installed directly on the change gear hubs 

of the recorder, to permit the selection of eight different 

chart speeds. A detailed account of the theory, function 

and calibration of this type of balance has been given by 
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Rabinovitch (104). 

(e) Radioactivity measurements 

A gei6er end-window counter (àmperex 200 NB) was 

used as the detector for the radioactive films. This type 

of fused mica 3nd-window ( 1.4 mgm/cm2} geiger tube was 

found to be capable of surviving in the atmosphere of sat­

urated water vapour present in the constant temperature box 

of the film balance and trough. The plateau region for each 

tube employed was determined from a standard uranium source. 

Usually the operating voltage was between 750 - 900 volts and 

increased slightly with abing. The tube was positioned in 

a specially designed holder over the film. 

The count rate of the film \'Tas measured by an Ele­

ctronics Associates Count Ratemeter (type EA- 172 S}. This 

ratemeter was frequently calibrated because of possible 

tube failure) using a pulse generator or a Berkeley scalar. 

By incorporating a fine control in the circuit, the rate­

mater wa s f ound to have a linea r response. The count-rate 

"VoTas recorded on an Esterline-Angus 10 milliamp recorder. A 

plot of count-rate as :.1. function of time lvas thus obtained 

directly . A chart speed of 3/4" per hour was usually employ­

ed for exchange studies but higher speeds could be selected 

when required. 

(f) ~~intenance and precautions to be observed 
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(i) The electronic tubes in the EA ratemeter, weight 

recording amplifier had to be tested frequently. The 6J6 

tubes in the EA ratemeter usually lasted from 2 to 3 months 

if continuously used. The weight recording amplifier tubes, 

rectifier 80, 5691 (6SL7) and 5692 (6SN7) seemed to last 

fairly long; but if defective gave an erratic trace on the 

recorder making calibration difficult. 

(ii) The potentiometer wire ·in the Honeywell r ecorder 

had to be kept clean by brushing and vrashing with petroleum 

ether, otherwise the response sensitivity \'J'as seriously 

affected. 

(iii) The Honeywell recorder had to be oiled monthly 

to insure satisfactory performance. 

(iv) Any extraneous source of light, particularly 

fluorescent fixtures near the photo-tube affected the auto­

matie surface balance to such an extent that it v.ras found ad­

vantageous to turn all unnecessary lights of f during pressure 

measurement s. 

(v) Vibrational disturbances mar kedly affec t ed t he 

surface balance. Any unnecessary vibrations had to be eli­

minated for satisfactory operation of the balance. 

(g) Surface potential measurements 

The air electrode used for surface potential mea-

surements consisted of a 5 mc polonium 210 plated source 
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positioned near the stationary barrier about half an inch 

above the film. The other electrode was a standard calomel 

electrode. dipping into the substrate behind the movable 

barrier. The two electrodes along with a Beckmann pH meter 

(Model G) were used for the surface potential measurements. 

The whole box of the air thermostat was well grounded and 

electrical disturbances around the apparatus were kept at a 

minimum. 

(2) Materials 

(a) Il3l~-Iodo- stearic acid 

For exchange reactions, 20 mg of AIS prepared by 

Robertson (103) were dissolved in 5 ml of absolute alcohol 

and acidified with 2 drops of constant boiling hydrochloric 

acid. One ml of I 131 as aqueous sodium iodide (10 millicurie) 

was then added to the above mixture and the whole was re­

fluxed for 1~ to 2 hours. The refluxed solution was cooled 

and 50-75 cc of O.OlN HCl was added and the mixture was allow­

ed to stand overnight for good crystal gro~~h. The Il31 AIS 

crystals were filtered, dried by suction for about twelve 

hours and dissolved in benzene and stored in 10 ml volumetrie 

flasks in a lead castle. 

This procedure yielded a very highly active I 131 

AIS in contrast to the preparations of Robertson (103) and 

Rabinovitch (104). Carrier free Il31 ( as aqueous Nai) was 
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obtained fr o-:"1 Comr:1c:::·cial Prodvcts :Jivision of .'~to"7lic 

·;ner~.S Com~". iss:!.or: o:: C:m·::.:d.s ltd. 

(b) C~ a in s~bstituted stearic acj.Js 

The cha5.n substituted stearic acids used were ob­

t s inod from Dr. I.s. Puddin3ton, Director, Applied Che~istry 

Division, ~!.::tional ::.. esearch Counr.il, Otta"l: ·:·a. The stearic 

acids 1.-:ere 

(1) Stearic a cid 

( 2) 2-T·,~ethyl stearic a cid 

( 3) 3-:'1ethJl st.earic a cid 

(4) 3-Ethyl stearic a cid 

( 5) 10-Phenyl stearic a cid 

( 6) 12-?ydroxy steJrjc a cid 

(7) 12-Yeto stearic acid 

(c) Other materials 

Meltinç--; point (in °C) 

69.61 

54.6 - 55.1 

50.8 - 51.3 

4-7 • 5 - 4-c .1 

Not availab1e 

80 - è1 

81 - 82 

Fischer's reagent grade thiopheno free benzene was 

uscd a s tho E?raadin~ solvent for all the fatty acids e~-

ployed. Th a solvent Nes used without furtltar purification if 

fou nd, on t.estin~ , to 0e fre '' of surface c cti ve conta:ninants. 

Chernica11y pure potassium chloride 2nd iodide and 

sodium bisulrhite vrere e~ployed \Üthout further purification. 

(3) Procedure 
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(a) Exchange reactions 

(i) Preparation of Trough 

Before use, the teflon trough was cleaned twice 

with hot chromic acid solution. When the cleaning solution 

was removed, the trough was rinsed with profuse quantities 

of high grade distilled water. After this treatment the 

trough was satisfactorily free of any surface active con­

tamination. 

(ii) Preparation of substrate solutions 

Substrates of the desired concentrations were pre­

pared by dissolving calculated quantities of potassium iodide 

and potassium chloride in distilled water. The iodide sub­

strates could be used repeatedly after the free iodine from 

atmospheric oxidation was removed by a trace sodium bisul­

phite or by active charcoal. 

(iii) Positioning of barriers 

After filling the trough with the substrate, clean 

barriers were positioned on the trough in the following 

manner: The movable barrier was placed in its carrier and 

advanced to a point corresponding to 180 revolutions of the 

revolution counter. The stationary barrier was then placed 

against the forward edge of the movab~e barrier. The movable 

barrier was then brought back to a position corresponding to 

10 revolutions on the counter. The barriers were thus 
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separated by 170 revolutions from which could be determined 

the initial area available for spreading the monolayer. 

This procedure of moving the barriers apart from zero area 

to the initial area also served to sweep the water surface 

free of surface active contaminants before the film was 

spread, 

(iv) Final preparations for an experiment 

The surface balance was then calibrated to read 

0-50 dynes/cm for full scale deflection by the method of 

Rabinovitch (104). A test for surface contaminations was 

performed by compressing the surfa ce to 1/8 its original 

area and noting the surface pressure developed. A pressure 

less than 0.1 dynes/cm at maximum compression was a suffi­

cient criterion of the absence of surface contamination. 

If radioactive measurements were to be made on the 

fil~, the geiger tube was positioned over the clean surface 

and the background count r ate of the su~ strate was recorded. 

Once the background count was determined the radioactive 

acid was then spread dropwise from a suitable microliter 

pi pette, and the pressure adjusted, by compression or ex­

pansion, to the desired value and the count rate recorded. 

(b) The pressure area isother~s of the chain 

substituted stea ric acids 

A calculated quantity of each of the acids to be 
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studied was accurately weighed out and dissolved ïn benzene, 

in a 10 ml volumetrie flask. The volumetrie flasks were then 

stored in an atmosphere of benzene to minimise changes in con-

centration from evaporation of the solvent. The weight of 

acid required to prepare the stock solution was related to the 

initial area per molecule for the individual experiment. 

A typical calculation follows for the preparation 

of a 10 ml solution of 12 keto-stearic acid ( molecular 

weight = 298.45), so that 50 microlitres will give an area 

per molecule of 65 12 when spread on a surface of 8.8094x1018X2• 

Total area of surface • 8.8094x10l8 K2. 
65 Â2 are occupied by 1 molecule. 

• molecules 

or 

= 8.8094x1018 x 298.45 
65 6.023xlo23 

~s 

where 298.45 = molecular weight of 12 ketostearic acid and 

6.023xlo23 = Avogadro number. This weight should be present 

in 50 1 or 0.05 ml. Therefore 0.05 ml of solution should con-

tain 8.8094xlo18 X 298.45 = 0.01352 gm 
65 6.023xlo23 

: 13.52 rn~. 

For ea ch of the chain substituted stearic ac ids, the required 
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weight was calculated by the above method and the benzene 

solutions prepared. 

The rate of compression was interpreted as the rate 

of change of area per molecule with time, do/ dt. This deri­

vative could be related to (i) the initial area per molecule ~, 

(ii) the total area of surface expressed as the number of 

revolutions on the counter B, and (iii) the rate of motion of 

the barrier (in terms of number of revolutions per minute) w, 

d~/dt = ~/B x w --(48) 

The value of B was arbitrarily held constant at 170 revolutions 

for all the experiments. In any individual experiment where a 

specifie compression rate was required, w could be easily evalu­

ated from the known or chosen values of ~ and d~/dt. The 

Graham drive speed control could then be set to give the cal­

culated value of w and hence the required rate of compression. 

A typical pressure-area experiment was performed as 

follows: A 0.01 N HCl solution was prepared by diluting con­

stant boiling hydrochloric acid with distilled water (check­

ed for surface active contamination). This substrate solution 

was then added to the clean trough until the trough was filled 

to the brim. The substrate was swept several times with the 

clean barriers as described earlier. The slide,dipping into 

the substrat e was suspended from the wire attached to the 
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balance and the surface pressure measuring unit was then 

calibrated to measure a pressure of 0-50 dynes/c~ for full 

scale pen deflection on the Honeywell recorder. 

The surface was then checked for surface active 

contamination as described earlier and if no contamination 

was detected, the film was spread. 

Usually 50 microlitres of the benzene solution of 

the particular acid under investigation was spread drop by 

drop from a micropipette at various points on the surface. 

A period of ten to fifteen minutes, depending on the tem­

perature, was allowed for evaporation of benzene from the 

surface. 

The film was then compressed at the desired rate 

of compression and the pressure-time curve recorded on the 

r-Iinneapolis-Honeywell recorder. From the known chart speed 

of the recorder and the known rate of the movement of the 

barrier, the time axis of the recorder chart could be direct­

ly converted to area per molecule. Thus the pressure area 

curves could be directly recorded. 
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III RESULTS 

{1) Radioactive work 

(a) ExchanJe reactions 

Exchange reactions were performed at approximately 

pH = 2 and at 25°C and 14°C between an active AIS monolayer 

and 1 N KI su~strate. These experiments were in fair azree-

ment with similar experiments of Robertson (103) and Rabinovitch 

(104) and a comparative table of the res1..1.lts is sho'.m belo:,,; :-

TABLE II 

oH of sul::>strate 

2.0 

2.1 

Robertson Rabinovitch Present 

25.3,24.7 

6.8, 7.0 

24.4 

5.5 

In an att eQpt to deterhl ine the order of exchange rate 

with r espect to the substrate, exchan~e rea ctions were studied 

between an active AIS monolayer and various substrats concen-

trations of [l and KCl mixtures of approxi~ately constant ionie 

strenGth. This series of experirnents was performed at hydrogen 

ion concentrations equival ent to pH = 2 and pH = 3 at a ter1p-

t f ,.., .. o" era ure o .... ; '-'. 

The r csults of thcse exporiment s are collect ed in 

tables III t o :c~II . In these t ahles C . ~' .r:. . stands for counts 
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per minute after the background correction has been applied; 

c0 and ct represent counts per minute at zero time and at any 

tirne t r e spectively. The exchange constant Kl was cow.puted 

from the equation, 

= --{49) 
t min 

Figures 3 - 6 are plots of logarithm of relative 

counting rates along ordinate and time in hours along the 

abscissa. The pseudo first order exchange constant was cal­

culated for each curve and tabulated in tables XXIII to XXVI. 

The order of the reaction in substrate concent­

tration was determined from plots of logarithm of concentration 

of the substrate iodide against logarithm of exchange constant. 

Figures 7 and 8 represent these plots. The plots are appar­

ently linear for all concentrations in l N solutions {pH - 2) 

and for 2 N sol ut ions (pH • 3) up to 1 N KI concentration in 

the solution. Above 1 N KI concentrations in the 2 N solution 

deviations from linearity appear at pH • 3. It must be point­

ed out however th~t even for 1 N KI solutions with no KCl 

present the first order rate constant is somewhat higher than 

is to be expected for linearity. 
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TABLE III 

Substrate KI concentration dependence 

~= 4.0 dynes/cm. Temperature 25°C pH • 2.0 

Substrate 0.25 N KI-t o.75 N KCl (1 N Solution) 

Time (hrs.) c. P .r-1. 

o.o 12860 1.000 

1.0 11860 1.085 

2.0 10860 1.118 

3.0 10360 1.240 

4.0 9860 1.300 

5.0 9110 1.410 

6.0 8610 1.500 

7.0 8110 1.590 

8.0 7860 1.640 

9.0 7360 1. 750 

10.0 6860 1.e7o 



- 71 -

TABLE IV 

Substrate KI concentration dependence 

~ = 4.0 dynes/cm. Temperature 25oc pH = 2.0 

Substrate 0. 50 N KI t- 0. 50 N KC1 ( 1 N So1ut ion) 

Time (hrs.) C .P . ili . 

o.o 11850 1.000 

1.0 10600 1.120 

2.0 9600 1.240 

3.0 8600 1.380 

4.0 7850 1. 510 

5.0 7100 1.670 

6.0 6350 1.870 

7.0 6100 1.940 
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TABLE V 

Substrate KI concentration dependence 

~ = 4.0 dynes/cm. Temperature 25°C pH = 2.0 

Substrate o.75 N KI-t 0.25 N KC1 ( 1 N solution) 

Time (hrs.) c. p .Ici. 

o.o 11560 1.000 

1.0 9560 1.210 

2.0 8310 1.390 

3.0 7310 1.580 

4.0 6310 1.830 

5.0 5810 1.990 

6.0 5060 2.280 

7.0 4560 2.540 

8.0 4060 2.840 

9.0 3560 3.240 

10.0 3060 3.780 
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TABLE VI 

Substrate KI concentration dependence 

rt• 4. 0 dynes/cm. Temperature 25°C pH = 2.0 

Substrate 1.00 N KI+ 0.00 N KC1 ( 1 N solution) 

Time (hrs.) c. p.]'.'[ . 

o.o 5860 1.000 

1.0 4960 1.180 

2.0 4260 1.380 

3.0 3760 1.560 

4.0 3260 1.800 

5.C 2960 1.98 

6.0 2560 2.30 
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TABLE VII 

Substrate KI concentration dependence 

~= 4.0 dynes/cm. Temperature 25oc pH= 2.0 

Substrate 0.25 N KI+ 1.75 N KC1 ( 2 N solution) 

Time (hrs.} C.P.f•l. 

o.o 10350 1.000 

1.0 9350 1.110 

2.0 8600 1.200 

3.0 8100 1.280 

4.0 7350 1.410 

5.0 6600 1.570 

6.0 6100 1.700 

7.0 5600 1.350 

8.0 5100 2.040 
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TABLE VIII 

Substrate KI concentration dependence 

'tt= 4.0 dynes/cm. Temperature 25°C pH :a 2.0 

Substrate 0.50 N KI-r 1.5 N KCl ( 2 N solution) 

Time (hrs.) 

o.o 7420 1.000 

1.0 6320 1.170 

2.0 5420 1.370 

3.0 4820 1.540 

4.0 4420 1.680 

5.0 4020 1.850 

6.0 3620 2.040 

7.0 3220 2.300 

8.0 2820 2.6)0 

9.0 2420 3.060 
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TABLE IX 

Substrate KI concentration dependance 

~= 4.0 dynes/cm. Temperature 25°C pH • 2.0 

Substrate 0.75 N KI -t1.25 N KCl ( 2 N solution) 

Time (hrs.) C.P.M. 

o.o 6700 1.000 

1.0 5700 1.175 

2.0 5000 1.340 

3.0 4200 1.590 

4.0 3700 1.810 

5.0 3000 2.230 

6.0 2600 2.5SO 

7.0 2200 3.040 

s.o lSOO 3.720 

9.0 1700 3.940 

10.0 1400 4.7SO 
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TABLE X 

Substra.te KI concentration dependence 

~= 4.0 dynes/cm. Temperature 25oc pH~ 2.0 

Substrate 1.0 N KI -t-1.0 N KCl ( 2 N solution) 

Time (hrs.) 

o.o 7580 1.000 

1.0 6180 1.225 

2.0 5280 1.430 

3.0 4380 1.730 

4.0 3780 2.000 

5.0 3280 2.300 

6.0 2880 2.630 

7.0 2480 3.050 

8.0 2080 3.640 

9.0 1880 4.030 

10.0 1680 4.500 
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TABLE XI 

Substrate KI concentration dependence 

~= 4.0 dynes/cm. Temperature 25°C pH • 2.0 

Substrate l. 5 N KI+ O. 5 N KCl ( 2 N solution) 

Time (hrs.) co/ct 

o.o 7870 1.000 

1.0 6270 1.250 

2.0 4970 1.580 

3.0 3870 2.040 

4.0 3070 2.560 

5.0 2570 3.070 

6.0 2070 3.800 

7.0 1770 4.410 

8.0 1470 5.350 

9.0 1270 6.200 

10.0 1070 7.350 
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TABLE XII 

Substrate KI concentration dependence 

~= 4.0 dynes/cm. Temperature 25°C pH • 2.0 

Substrate 2.0 N KI ~ 0.0 N KCl ( 2 N solut ion) 

Time (hrs. ) c. P .r.:. 

o.o 6500 1.000 

1.0 4700 1.380 

2.0 3800 1.710 

3.0 2900 2. 240 

4.0 2300 2.820 

5.0 1900 3.420 

6.0 1500 4.340 

7.0 1200 5.420 

8.0 1100 5.920 

9.0 900 7. 230 

10.0 700 9 .300 



Time (hrs.) 

o.o 
1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

9.0 
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TABLE XIII 

Substrate KI concentration dependence 

~- 4.0 dynes/cm. Temperature 25oc pH = 3.0 

Substrate 0.25 N KI ;-0.75 N KCl ( l N solution) 

133 50 1.000 

12350 1.080 

11600 1.150 

10850 1.230 

10350 1.290 

9850 1.360 

9350 1.430 

8850 1.500 

8600 1.550 

8100 1. 650 
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TABLE XIV 

Substrate KI concentration dependence 

~- 4.0 dynes/cm. Temperature 25°C pH = 3.0 

Substrate 0. 5 N KI -t- 0. 5 N KC1 ( 1 N sol ut ion) 

Time (hrs.) C. P .H. co/ct 

o.o 13850 1.000 

1.0 12850 1.080 

2.0 11600 1.190 

3.0 10850 1.275 

4.0 10350 1.33 5 

5.0 9600 1.440 

6.0 8850 1.570 

8.0 7850 1.770 

9.0 7600 1.820 

10.0 7150 1.940 
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TABLE YJ! 

Substrate KI concentration dependence 

'T(: 4.0 dynes/cm. Temperature 25°C pH = 3.0 

Substrate 0.75 N KI+0.25 N KC1 (1 N solution) 

Time (hrs. ) C.P.N. 

0.0 13300 1.000 

1.0 11050 1.200 

2.0 10050 1.330 

3.0 9050 1.470 

4.0 8300 1 .600 

5.0 7300 1. S20 

6.0 6800 1.960 

7.0 6050 2.220 

8.0 5550 2.400 
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TABLE XVI 

Substrate KI concentration dependence 

1(. 4,0 dynes/cm. Temperature 25oc pH - 3.0 

Substrate 1.0 N KI-t 0.0 N KCl (1 N solution) 

Time (hrs.) C.P.r1. 

o.o 4700 1.000 

1.0 4000 1.175 

2.0 3400 1.380 

3.0 2800 1.670 

4.0 2400 1.960 

5.0 2200 2.140 

6.0 1900 2.460 

7.0 1700 2.760 

8.0 1500 3.120 

9.0 1400 3.360 

10.0 1200 3.920 
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TABLE XVII 

Substrate KI concentration dependence 

1r'= 4.0 dynes/cm. Temperature 25°C pH • 3.0 

Substrate 0.25 N KI-t-1.75 N KC1 ( 2 N solution) 

Time (hrs.) C.P.N. co/ ct 

o.o 6530 1.000 

1.0 6030 1.080 

2.0 5630 1.160 

3.0 5330 1.230 

4.0 5130 1.270 

5.0 4830 1.350 

6.0 4630 1.!t10 

7.0 4330 1 . 510 

8 . 0 lrl30 1. 580 

9.0 3930 1.660 

10.0 3530 1.850 
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TABLE XVIII 

Substrate KI concentration dependence 

~= 4.0 dynes/cm. Temperature 250C pH = 3.0 

Substrate O. 5 N KI+ l. 5 N KCl ( 2 N solution) 

Time (hrs.) C .P .I'-1. co/ct 

o.o 5400 1 .. 000 

1.0 4900 1.100 

2.0 4500 1.200 

3.0 4100 1.320 

4.0 3700 1.460 

5.0 3300 1.640 

6.0 3000 l.èOO 

7.0 2600 2.080 
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TÀBLE XIX 

Substrate KI concentration dependence 

'T(: 4.0 dynes/cm. Temperature 25°C pH ;: 3.0 

Substrate o. 75 N KI+ 1.25 N KCl ( 2 N solution) 

Time (hrs.) C .P .:r.T. 

o.o 5080 1.000 

1.0 3880 1.310 

2.0 3480 1.460 

3.0 3080 1.650 

4.0 2680 1.900 

5.0 23è0 2 .14.0 

6.0 2080 2.440 

7.0 1880 2.700 

8.0 1680 ).020 

9.0 1.380 3.680 

10.0 1280 .3.960 
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TABLE XX 

Substrate KI concentration dependence 

'li= 4.0 dynes/cm. Temperature 25°C pH = 3.0 

Substrate 1.0 N KI-t- 1.0 N KCl ( 2 N solution} 

Time (hrs.} C.P.IvT. 

o.o 7760 1.000 

1.0 6360 1.220 

2.0 5660 l.J70 

3.0 4860 1.590 

4.0 4160 1.è60 

5.0 3660 2.120 

6.0 3260 2.380 

7.0 2960 2.620 

8.0 2560 3.020 

9.0 2360 3.280 

10.0 2160 3.600 
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TABLE XXI 

Substrate KI concentration dependence 

11'1;; 4.0 dynes/cm. Temperature 25°C pH = 3.0 

Substrate 1. 5 N KI+ O. 5 N KC1 ( 2 N solution} 

Time (hrs.} C. P .M. 

o.o 5310 1.000 

1.0 4610 1.150 

2.0 3910 1.360 

3.0 3310 1.600 

4.0 2910 1.830 

5.0 2410 2.200 

6.0 2110 2.520 

7.0 1810 2.920 

8.0 1610 3.300 

9.0 1410 3.770 
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TABLE XXII 

Substrate KI concentration dependence 

~= 4.0 dynes/cm. Temperature 250c pH = 3.0 

Substrate 2.0 N KI+ 0.0 N KCl ( 2 N solution) 

Time (hrs.) C .P .Fi . 

o.o 6100 1.000 

1.0 4$00 1.270 

2.0 3900 1.565 

3.0 3100 1.970 

4.0 2600 2.350 

5.0 2100 2.900 

6.0 l$00 3.390 

7.0 1 500 4.060 

e.o 1200 5.100 

9.0 1000 6.100 

10.0 $00 7.640 
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Figure 3 



Figure 3 

Pseudo-first order plots (Concentration dependence) 

1 N solution pH = 2.0 

1 0.25NKI+0.75NKCl 

2 0. 50 N KI + 0. 50 N KCl 

3 0. 7 5 N KI + 0. 2 5 N KCl 

4 l.OONKI-rO.OONKCl 



4 

3 

..ù 
(_) 

............ 
0 

u 

( ,. 2 
0 
_j 

1 ~----L-----~-----L----~------~--~ 

0 2 4 6 8 10 12 
T I M E (HRS.) 



- 91 -

Figure 4 



Figure 4 

Pseudo-first order plots (Concentration dependence) 

2 N solution pH = 2.0 

"'? 

1 • 

l 0. 2 5 N KI ~ 1 • 2 5 N KCl 

2 0. 50 N KI + 1. 50 N KCl 

3 0.75 N KI + l. 25 N KCl 

4 l.CO fJ KI t-l. 00 N KCl 

5 l. 50 N KI + 0. 50 N KCl 

6 2.00 N KI + 0. 00 N KC 1 
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Figure 5 



Figure 5 

Pseudo-first order plots (Concentration dependence) 

1 N solution pH = 3.0 

1 0.25 N KI+ 0.75 N KCl 

2 0.50 N KI -r0.50 N KCl 

3 0.75 N KI+ 0.25 N KCl 

4 1.00 N KI ~0.00 N KCl 
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Figure 6 



Figure 6 

Pseudo-first order plots (Concentration dependence) 

2 N solution pH = 3.0 

1 0.25 N KI 1-1.75 N KC1 

2 0.50 N KI + 1. 50 N KC1 

3 0 • 7 5 N KI + 1. 2 5 N KCl 

4 1. 00 N KI + 1 • 00 N KC 1 

5 1. 50 N KI + 0. 50 N KCl 

6 2.00 N KI +0.00 N KC1 
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TABLE XXIII 

Exchange constants( concentration dependence)(Figure 3) 

1 N solution pH = 2.0 

Substrate concentration Exchange constant 

104 K1 min-1 

1 0.25 N KI-t- O. 75 N KCl 11.21 

2 0. 50 N KI + 0. 50 N KCl 17.70 

3 0.75 N KI -t O. 2 5 N KC1 23.10 

4 1. 00 N KI -t 0. 00 N KCl 24.00 

TABLE XXIV 

Exchange constants (concentration dependence)(Figure 4) 

2 N solut i on pH • 2.0 

Substrate concentration Exchange constant 

104 K1 min-1 

1 O. 2 5 N KI+ 1. 7 5 N KCl 15.15 

2 0. 50 N KI -t 1. 50 N KCl 20.50 

3 0. 7 5 N KI + 1 • 2 5 N KC 1 26.30 

4 1.00 N KI + 1.00 N KCl 27.10 

5 1. 50 N KI + 0. 50 N KCl 37.18 

6 2.00 N KI ~0.00 N KC1 40.80 
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TABLE XX:V 

Exchange constants (concentration dependance)(Figure 5) 

1 N solution 

Substrate concentration 

1 0. 2 5 N KI -t- 0. 7 5 N KC 1 

2 0. 50 N KI + 0. 50 N KCl 

3 0.75 N KI +0.25 N KC1 

4 1.00 N KI +0.00 N KCl 

TABLE XX:VI 

pH = 3.0 

Exchange constant 

104 Kl min-1 

10.62 

13.00 

19.60 

23.90 

Exchange constants (concentration dependence)(Figure 6) 

2 N solution pH = 3.0 

Substrate concentration Exchange constant 

104 K1 min-1 

1 0. 2 5 N KI + 1. 2 5 N KC 1 10.25 

2 0.50 N KI+ 1. 50 N KCl 16.30 

3 0.75 N KI 4-1.25 N KCl 25.22 

4 1.00 N KI +1.00 N KCl 25.60 

5 1.50 N KI +0.50 N KCl 25.60 

6 2. 00 N KI -t 0. 00 N KCl 34.34 
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Figure 7 



Figure 7 

Concentration - Exchange constant plots. 

pH • 2.0 

0 1 N solution 

• 2 N solution 
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Figure 8 



Figure 8 

Concentration - Exchange constant plots . 

pH = 3.0 

0 1 N solution 
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The order of reaction n, is given by the equation 

(45). The value of n was calculated from the slopes of log a 

versus log Kl plots. The values of n and logarithm of over­

all reaction constant K have been collected for all the cases 

investigated in Table XXVII. 

TABLE XXVII 

Values of n and K for various substrate concentrations. 

Temperature 25°C. 

Total substrate concentration pH n log K -
l) 1.0 N 2.0 0.6695 1.4527 

3.0 0.5848 1.3782 

2) 2.0 N 2.0 0.4819 1.4706 

3.0 0.6637 1.4103 

(b) Experi ments on the variat i on of count rate with 

change in area per molecule 

It has been sho~n by Rabinovitch (104) that the 

relat i ve counting rate Ct/c0 is a f unction of the recipro­

cal area per molecule, Ct and c0 being count rates at time t 

and time = O. This relation can be expressed in the f orm, 

--( 50) 
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The ratio ct/c0 becomes unity as(), the area per molecule 

tends to A, the initial area per molecule. It is imperative 

from the above equation that for co~pression or expansion 

ct/c0 versus 1/~ plots give a straight line passing through 

the origin if the radioactivity is homogeneously distributed 

in the surface. 

Experiments were performed by compressing an active 

AIS film on 0.01 N HCl and 0.01 N NaOH, using various surface 

concentrations of active acid. Here results of spreading 

50Àl of active acid on 0.01 N HCl and 0.01 N NaOH are given in 

the Tables XXVIII and XXIX. Plots corresponding to t hese re­

sults as well as plots corresponding to lOO ~ active acid on 

0.01 N HCl and 0.01 N NaOH are given in Figure 9. In all 

these experiments, the initial area per molecule was esti­

mated by comparison with the corresponding ~-~relationships of 

inactive AIS film. 

Radioactive films both before and after compression 

were scanned by the Geiger tube to determine the degree of 

inhomogeneity. On examining an uncompressed monolayer of lOO~L 

of active acid, with Geiger tube situat ed at three different 

collinear positions, it was noted that the count rate remained 

roughly constant with a variation of lOO - 300 C .P . I•l . in an 

over-all count rate of 30000 C.P.H. In the study of count rate 

during compression, at the point of first transition in the '1'{-r 
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curve of th2 film, viz., the plot at vrhich t he surface 

pressure begins to rise rapidly, a corresponding abrupt 

increase in count rate could be noticed. At high sur-

face p~essu~es, someti~es even beyond collapse, the count 

rate was studied 2s a function of pressure at constant area. 

~t high surface pressure (collapse or beyond) ~ decreases 

gradually uith ti :S , v1hile the count rate appeared to re-

main const :mt. Jurin,::; decompression of a previousl)r co:n-

presced filn of active ~IS, the count rate decreased pro-

portionally as tl1e nrea per molecule was increased. Figure 10 

is a\{-o-curve of 50~1 of active .. IS. Fi; ure 11 is the carres-

ponding count ra~e versus 2rea curve. A co~~arison of the 

two carves of Fi~ure 10 and Fi~ure 11 shows clear1y t he in-

f1uence of constant &nd of variable area on the surface 

pressure and on the count rate. 

(c) Surface potential as function of pg of 1 N KI 

sub.:;trate 

j ,s an a ·:L:. it~cnal study of excl:c.n~e res.ctions, s:Ir­
• 

f2.c ~3 potcr."'::.i.'ll ~1 ·:: ::,_::~ .. :· .:::":-', '.:mt s uc:·c 'JE:.de on ~·1cnolé1y~r s of in-

8Ctiv':) .··.:rs on varicu:::; substrs.tc::: 3.t t ·. :o c:iffer8nt te:rr.p-

substrates at 25°S . 0 The corr8spondinz curves fo r 17.5 C 

.:~.r e c; iv8n 5.n Fi_:::,1.1.re 13. The cb.<:; a of t}:ese t ï·.ro f i .;ure s are 

in T::!b1es =c~x: and YYVT 
.... ~ .: lr..t\. ..... 
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Rabinovitch (104) carried out exchange reaction 

on KI substrates of varying pH and found that at 25°C the 

exchange rate constant attained a maximum between pH = 2 

and pH = 3. In an attempt to investigate the point fur-

the~ surface potential measurements were made on films as 

a function of pH of the KI substrate solutions. Figures 

14 to 18 are plots ofA~~and the simultaneous~-~curves for 

the follm-ring range of pH values of 1 N KI substrates, 

pH= 2.05, 2.8, 3.2 and ).8. The corresponding numerical 

data of A:v, 't'( ,<rare gi ven in Tables XXXII to XXXVI. Fig­

ure 19 represents AV-pH curves at areas of 100 12, 75 ! 2, 
0 2 Q? 

50 A and 35 A- per molecule. 

(d) Surface potential measurements of some 

exchange reactions. 

Exchange reactions on 1.0 N KI (pH = 2} were 

followed by surface potential measurements. The numerical 

results of these experiments with active AIS monolayers on 

1.0 N KI (pH = 2 and 25°C} are given in Table KXXVII. The 

exchange reaction at 17 .3°C, \'lhere the transition of AIS 

monolayer from Le to Le takcs place,was followed by surface 

potential measurements at hourly intervals. Numerical data 

are given in Tables XXXVIII and XXXIX. The exchange reaction 

of a collapsed monolayer of active AIS on 1.0 N KI was in-

vestigatsd with simultaneous measurements of surface potentials. 

Results of this investigation are given in Table (XL). 
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TABLS XXVIII 

Variations of count rate with compression 

50~ of active AIS on 0.01 N HC1 substrate 

Temperature 25°C 

Time (I'Iin. ) (~) Area/molecu1e C.P.I•I. 

0 64.10 13550 

1 60.90 13650 

2 57.69 13700 

3 54.49 13750 

4 51.28 14000 

5 48.08 14750 

6 44.87 15750 

7 41.67 16250 

8 38.46 17250 

9 3 5. 2é lè250 

10 32.06 19750 

11 2B.è5 20750 

12 25.65 20950 

13 22.4~- 21950 

14 19.24 25750 
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TABLE XXIX 

Variations of count rate with co~pression 

50>J. of active AIS on O.C1 N NaOH subst!'ate 

Tenperature 25°C 

Time (min.) (cr) Area/mo1ecu1e C. P .H. 

0 64.10 5850 

1 60.90 6350 

2 57.69 6750 

3 54.49 7350 

4 51.28 7850 

5 48.08 8350 

6 44.87 8550 

7 41.67 9350 

8 38.46 9600 

9 3 5.26 10100 

10 32.05 11350 

11 28.85 11850 

12 25.64 12600 

13 22.44 13600 

14 19.23 14850 
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Figure 9 
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b. 

0 .. 

Figure 9 

Variations of count rate with compre ssion. 

Various values of c0 were chosen for the same 

103 cr = 31.2 

50~1 of active AIS on 0.01 N HC1 Co = 19750 C.P.M. 

50~1 of active AIS on 0.01 N NaOH Co = 11350 C.P.M. 

lOON. of active AIS on 0.01 N HCl 

100,U of active AIS on 0.01 N NaOH 
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Figure: 10 



Figure 10 

11- o-curve of 50.).1 of active AIS 





- 106 -

1 

Figure 11 



.... - . ... 

Figure 11 

Count r~te versus area (time) curve 

corresponèin; to fi gure 10 
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Figure 12 



Fip;ure 12 

Inactive AIS monolayer on 0.01 N HCl 
0 2 0 Initial area = lOO A • Temperature 25 C. 

Compression rate 5 Â2jmolecule per minute 

AV- <r curve 
c_ 

'li - rr c urve 
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Figure 13 



Figure 13 

Inactive AIS ~onolayer on 0.01 N HCl 

Initial area = lOO A2• Temperature 17.5°C. 

Compression rate 5 .A2jmolecule per minute 

e e AV- cr curve 

'1( - cr curve 
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TABLE XXXI 

o--'li- ~v measurements of inactive AIS monolayer 

on 0.01 N HCl substrate 

Temperature 17.5°C. 

<r (A 2/ molecule) 'ii (dynes/cm.) -Cl.'J (mil li volts) 

lOO 0.05 190 

90 0.05 190 

80 0.05 190 

75 0.05 190 

70 0.05 135 

60 0.10 125 

50 0.25 120 

45 1.25 llO 

40 5.00 90 

37.5 7.25 60 

35 9.00 40 

30 16.00 10 
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Figure 14 



Figure 14 

AV-~. 'li-o- diagrams of an inactive monolayer of 

AIS on 1.0 N KI substrate ( pH = 1.2) 

Temperature 25°C. 

• • dia gram 

diagram 
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Figure 15 



Figure 15 

Av -cr'", c-n'-cr' diagra:ns of an inactive mono layer of 

AIS on l.C N KI substrate ( pH • 2.05 ) 

Temperature 25° C. 

• • A V- a- diagram 

'1\ - o- diagram 
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Figure 16 



Figure 16 

AV-cr, 'l1-crdiagrams of an inactive mono1ayer of 

AIS on 1.0 N KI substrate ( pH = 2.è ) 

Temperature 25°c • 

• • dia gram 

diagram 
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Figure l'Z 



Figure 17 

Av- û, ~- o- diagrams of an inactive mono layer of 

AIS on 1.0 N KI substrat e ( pH • 3. 2 ) 

Temperature 25°C. 

··--· b. \J- a- dia gram 

dia gram 
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Figure 18 



Figure là 

AV- cr 
1 

'Il'- (J diagrams of an inactive monolayer of 

AIS on 1.0 N KI substrate ( pH ~ 3.8 ) 

Te;aperature 25°C 

• • 
-

dia gram 

dia gram 
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Figure 19 



Figure 19 

Surface potential of a monolayer of AIS 

as a function of pH of substrate 1.0 N KI 

at various molecular areas. 

Temperature 25°C. 

0 100 Â2 per molecule 

• 75 Â2 per molecule 

t::. 50 A2 per molecule 

• 35 A2 per molecule 
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TABLE XXXII 

o- ï( _AV measurements of inactive AIS 

monolayer on 1.0 N KI (pH = 1.2 ) 

Temperature 25°C. 

1( (dynes/cm) -Av (millivolts) 

o.oo 120 

o.oo 120 

o.oo 120 

o.oo 120 

o.oo 120 

o.oo 120 

0.00 120 

0.15 120 

0.10 so 
0.50 60 

3.00 30 

14.50 10 

26.25 15 
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TABLE XXXIII 

o-- 'li- ~vmeasurements of inactive AIS 

monolayer on 1.0 N KI (pH = 2.05 ) 

Temperature 25°C. 

o2 
<r (A / molecule) tt( (dynes/cm) 

100 0.10 

90 0.10 

85 0.10 

80 0.10 

75 0.10 

70 0.10 

60 0.10 

55 0.15 

50 0.25 

45 2.00 

40 5. 75 

35 12.50 

30 18 .25 

-A'V(millivolts) 

160 

160 

160 

160 

140 

140 

140 

130 

lOO 

50 

35 

0 

5 
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TABLE XXXIV 

<>-'\'(-l\Vmeasurements of inactive AIS 

monolayer on 1.0 N KI (pH • 2.8 ) 

Temperature 25°C. 

o2 
o- (A / molecule) 1\ (dynes/cm) 

lOO o.oo 

95 o.oo 

90 0.10 

85 0.10 

80 0.15 

75 0.15 

70 0.20 

65 0.25 

60 o. 50 

55 1. 50 

50 4.00 

45 7. 50 

40 12.50 

35 19.00 

30 29.50 

-LW{millivolts) 

190 

190 

190 

190 

185 

180 

180 

170 

165 

160 

145 

135 

125 

llO 

100 
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TABLE XXXYJ' 

0'""· '11- Avmeasurernent s of inactive AIS 

monolayer on 1.0 N KI (pH = 3.2 ) 

Temperature 25°C. 

u- (Â 2; molecule) '11 (dynes/cm) -Av(mi1livo1ts) 

100 o.oo 230 

95 0.10 225 

90 0.10 215 

85 0.10 210 

80 . 0.10 200 

75 0.10 190 

70 0.10 185 

60 0.15 170 

50 0.25 140 

45 1.00 120 

40 5.00 95 

35 11.25 70 

30 22.50 50 
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TABLE XXXVI 

(!"'"- '1'(- 6V measurements of inactive AIS 

monolayer on 1.0 N KI (pH ~ 3.8) 

Temperature 25°C 

tJ"(Â2j molecule) '!( (dynes/cm) 

lOO 0.10 

90 0.20 

85 0.25 

80 0.25 

75 0.25 

70 0.35 

60 1.75 

55 4.25 

50 7.25 

45 11.75 

40 17.50 

35 25.00 

-6V(milli volts) 

210 

200 

170 

150 

135 

140 

130 

llO 

95 

80 

70 

60 
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TABLE XXXVII 

Simu1taneous exchange - surface potentia1 

measurements of an active AIS mono1ayer on 

1.0 N KI substrate (pH = 2.0 

Temperature 25°C ~ = 4.0 dynes/cm. 

Time (hrs.) C.P.M. -Av{mv) 

o.o 38900 1.000 115 

1.0 33600 1.155 188 

2.0 28900 1.345 230 

3.0 24400 1. 595 225 

4.0 21400 1.785 210 

5.0 18900 2.030 230 

6.0 16400 2.335 220 

7.0 14900 2.610 215 
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TABLE XXXVIII 

Simultaneous exchange - surface potentia1 

measurements of an active AIS mono1ayer on 

1.0 N KI substrate (pH = 2.0 ) 

Temperature 17.3°C 11· 4.0 dynes/cm. 

Time (hrs.) co/ct +6v(mv) 

o.o 2S200 1.000 35 

0.5 27450 1.035 40 

1.0 26450 1.075 60 

1.5 25950 1.100 70 

2.0 25450 1.120 140 

2.5 24450 1.160 100 

3.0 23450 1.210 115 

3.5 22450 1.270 130 

4.0 21450 1.320 140 
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TABLE XX..'UX 

Simu1taneous exchange - surface potentia1 

measurements of an active AIS mono1ayer on 

1.0 N KI substrate (pH • 2.0 ) 

Temperature 17.3°C ~ • 22.5 dynes/cm. 

Time (hrs.) C.P.rrt. co/ct -LW(mv) 

o.o 30000 1.000 165 

0.5 29000 1.035 210 

1.0 27500 1.090 240 

1.5 26500 1.130 290 

2.0 25500 1.175 285 

2.5 25000 1.200 235 

3.0 24000 1.250 240 

3.5 23500 1.280 238 

4.0 22500 1.330 220 



Time (hrs.) 

0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 
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TABLE XL 

Simultaneous exchange - surface potentia1 

measurements of a collapsed active AIS 

film on 1.0 N KI substrate (pH = 2.0 ) 

Temperature 25°C 1t = 30 dynes/cm. 

co/ct -~V(mv) 

7800 1.000 430 

7600 1.025 435 

7300 1.070 530 

7100 1.100 

6900 1.130 400 

6700 1.160 

6600 1.180 455 

6500 1.200 290 
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(2)1t'-a-curves of chain substituted stearic acids. 

Stearic ac id (SA) , 2 methyl stearic a cid ( 2 r<1SA) , 

3 methyl stearic a cid ( 3 ?-!SA) , 3 ethyl stearic a cid ( 3 ESA) , 

10 phenyl stearic acid (10 PSA), 12 hydroxy stearic acid 

(12 HSA), and 12 keto stearic acid (12 KSA) were studied as 

monolayer fil~at the air/water interface and the pressure 

area isotherms were determined for each of these acids. The 

effects of compression rates on the characteristics of the 

~~~curves were investigated. After maximum pressure was 

attained during compression, decompression curves for the 

monolayers were recorded, the rate of compression and of 

decompression being the same. 

In order to select suitable conditions for the ex-

periments, a number of pressure-area curves were determined 

on 0.01 N HCl substrates for SA, 10 PSA, 12 HSA, and 12 KSA, 
0 2 •2 °2 '12 with 35 A , 100 A , 160 A and 150 a per molecule respect-

ively as the initial areas. Three series of experiments at 

ll.4°C, 1S°C and 25°C were performed. The results of these 

preliminary investigations can be summarized as follows: 

Stearic acid showed the usual values of 25 Â2 per molecule 

and 20.5 A2 per molecule at zero compressions for the two 

well known transition points. In case of 10 PSA, the surface 

pressure rapidly increased when the surface area reached 5S Â2 
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per molecule and attained a maximum surface pressure of 24 

dynes/cm before collapse of the monolayer occured. ~remained 

constant with time at constant area per molecule after this 

point had been reached. 

12 HSA spread as an expanded film at large molecular 

areas of the order of 160 Â2 per molecule. As the monolayer 

of 12 HSA was compressed, the pressure rose gradually to about 

5 dynes/cm. At this value a small maximum was obtained in the 

'l(~rcurve, the pressure decreasing slightly with decreasing 

area per molecule before the appearance of the equilibrium 

region. This maximum \vas imperceptible at 2 5°C particularly 

at lmv compression rates. ù.s the temperature was decreased 

however the maximum became more and more pronounced and thus 

seemed to be telllperature dependent. ( Ss c Fic:;ure J .~ ) 

12 KSA at large molecular areas of the order of 
0? 

150 A~ per molecule appeared to spread as a gaseous monolayer. 

In the condensed region of the 'ii~rdiagram of 12 KSA, at low 

temperature and beyond 25 dynes/cm, a marked transition region 

was observed. This transition region is shown in Figure 41. 

At 25°C both 12 HSA and 12 KSA could be compressed 

to surprisingly lovv molecular areas with the pressure still 

rising and without the film showing signs of collapse. At 

11.4°C however, both 12 HSA and 12 KSA monolayers manifested 

maximum ~values near là Â2 per molecule, followed by rapid 
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collapse. This suggested that~-rcurves obtained at higher 

temperatures may be complicated by a sloH concomitant 

collapse. 

As a consequence of this preliminary investigation, 

it was concluded that the '11'- rstudy of these stearic ac id 

derivatives should be made under t he following conditions and 

with the following purposes. 

(1) The initial area for each acid should be the same. On 

the basis of the preliminary data a value of 65 12 per 

molecule was chosen as the initial area for each acid. 

( 2) 'TL <1 isotherms should be obtained at 12.1 °C :t 0.1 and 

0 25.0 c "±: 0.1. 

(3) The compression rates to be employed should in each case 

be 1.848 A2 , 2.413 A2 and 4.5 A2 per molecu1·e per minute. 

(4) A preliminary study of the apparent hysteresis pheno-

mena should be made for each acid. 

The result s of the studies of the 11'-orelationships 

of the various fatty acid derivatives •;lill be dealt with in­

dividual1y for each acid. The types of films as determined 

from the isotherms will be characterised by the compressibility 

coefficient, (k) 

calculated in the manner of ~ervichian (107) 
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(a) Stearic acid (SA): CH3 - (CH2)l6 - COOH 

The films of SA were spread on a 0.01 N HCl sub-

strate from a stock solution in benzene. 50 microliters of 

this stock solution were spread drop "Vlise over an area of 

8.8094 x 1018 X2 to give an initial area of 65 Â2 per mole­

cule.1-rcurves were obtained for temperatures of 12.1°C and 
0 0? "2 f? 25 C and at compression rates of 1. 848 A- , 2.413 A , 4.5 a-

per molecule per minute at each temperature. The corres-

ponding pressure-area curves are given in Figures 20 to 22. 

The pertinent experimental data is given in Table XLI. In 

this Table t he letters P and Q r epresent the areas at which 

the first and second transitions take place in the film. 

TABLE XLI 

'tl'-<r curve for various compress ion rates 

at 12.1° c and 25°C. 

Compression rate 
J\27 mol/ min. 

1) 1.848 

2) 2.413 

3) 4.5 

T@~P· 

12 .1 

25.0 

12.1 

25.0 

12.1 

25 .0 

p 
I2 

26.19 

25.64 

25.91 

25.91 

26.08 

26 .03 

-tz 
20.28 

20.10 

20. 85 

20 .36 

21.13 

20.90 
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Figure 20 



Figure 20 

11' -<r diagrarn of stearic acid at a compression 

rate of 1.848 :\ 2 1 molecule 1 minute. 

Initial area 65 A2 per molecule. 

1 obtained at 25°C 

2 obtained at 12.1°C 
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Fi::rure 21 () 



Fi rrure 21 a 

~-crdiagrctm of stearic acid at a compression 

rate of 2.413 l 2 1 molecule 1 minute. 

Initial area 65 A2 per molecule. 

1 obtained at 25°C 

2 obtained at 12.1°C 
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Figure 22 



Fi.:s;ure 22 

'Tt- a-diagra:,1 of stearic ac id at a co·npression 
~ ? 

rate of 4.5 a- 1 molecule 1 minute. 

Initial ar ea 65 A2 per molecule. 

1 obtained at 25°C 

2 obtained at 12.1°C 
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Tr1e co :pr.:.:;3ibi1ities of the SA monolc..ycr a s cal-

culated from tl:.cen'-cplot s of the fi1r. und er n co :~pression 
0? 

rats of 2.413 A·~ per molecule per minute are ~ iven in Table ~LII. 

TABLE XLII 

Fil~ char3cteristico of ~~ ~ono1ayer 

(-k)cms/dyne Fil'TI type (-k)cms/dyne :?i1m type 

Belo'I:J Q 0.0099 Le 0.0115 Le 

{at 
02 

8 d/~m) (at 23.98 ~2 8 d/cm) 23. <;8 A , .:"1. . ' 

Above Q 0. 0011, L 0.0013 Ls 8 

(at 19.90 
02 

(at 19 .40 ~ 2 A 
rl. ' ' 

27.5 d/cm) 3 5. 0 d/cm) 

It can be ceen from thesc data that in general the 

surface pressure attains higher values at hi~her tempe ratures 

and at higher rates of compression. The compressibilities a1so 

vary with ter'1perature and compression r ate , being higher at 

high3r te~~eratures an~ bicher rates o~ co~pres sion. 

(b) 2 ~ethy1 stearic acid (2 ~SA): 

CH3 - (CH2:14- (CH3 ) CH - CH2 - COOH 



- 134 -

Pressure area isotherms of 2M:SA monolayers with 

an initial area of 65 X2 per molecule were recorded during 

both compression and decompression and are reproduced in 

Figures 23 to 25. The cornpressibilities of a monolayer of 

2 MSA have been computed from 'l'C-~curves at 25°C and com­

pression rate l.S4g 12 per molecule per minute and given in 

Table XLIII. Pl in this table is t :!:"le point at vJhich the sur-

face pressure first begins to rise and Ql is t he transition 

point in the curve. The point Ql ~,p~ars during compression 

only at higher temperatures and at higher compression rates; 

but during decompression this transit ion point appears at 

correspondingly lover pressures and areas. 

TA3LE XLIII 

Film characteristics of 2 I-TSi~ monolayer 

Rate of cornfress ion Tem:e. pl (-k) 

Â2jmol/min oc Â2 ems/dyne 

12.1 33.22 
1) l.è48 

25.0 50.22 Below Q 0.0278 
(Le) (at 39.13 A2 , 

5.25 d/cm) 

Above Q 0.0161 
(Le) (at 29.37 i\ 2 , 

12.5 d/cm) 

12.1 33.03 
2) 2.413 

25.0 49.32 

12.1 33 . 50 
3) 4.5 

25.0 50.02 
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Figure 23 



Figure 23 

1t- ~dia gram of 2 r·1SA at a compression 

rate of 1.848 Â2 1 molecule 1 ~inute. 
02 

Initial area 65 A per molecule. 

1 obtained at 25°C 

2 obtained at 12.1°c 
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Figure 24 



Figure 24 

't(~cr-diagram of 2 r~rsA at a compression 

rate of 2.413 A2 1 molecule 1 minute. 

Initial area 65 A2 per ~olecule. 

1 obtained at 25°C 

2 obtained at 12.1°C 
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Figure 25 



Figure 25 

en-~ diagrar:: of 2 i\ISA at a compression 

rate of 4.5 Â2 1 molecule 1 minute. 
02 

Initial area 65 A per molecule. 

1 obtained at 25°C 

2 obtained at 12.1°C 
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( c) 3 Iftethyl stearic a cid (3 HSA): 

CH3 - (CH 2 )13 - (CH3 ) CH - (CH 2 ) 2 - COOH. 

Recording of the 'li- rcurves of 3 r.rsA have been 

reporàuced in Fi6~res 26 to 2è . Numerical data read from 

these 'l'{-o-diagra~7l s are given in Table XLIV. P1 and Q1 have 

the same signi ficance as mentioned earli er. 

TAJ LE XLIV 

'Tt- r curve of 3 gsA for various compression 

rates at 12.1°c and 25°c. 

Compression rate Temp. pl Ql 

•2 A / mol / min oc .2 
A Â2 

12.1 33.95 30 .63 

1) l.è48 
25.0 55.76 3 5.43 

12.1 34.23 29.29 
2) 2.413 

25.0 50.52 33. 87 

12.1 34.40 29.00 

3) 4. 5 
25.0 51.50 33.55 

The compressibility coefficient (-k) calculated 

from t he isot!1er ms at 4. 5 A 2 / mol/min. compression rate are 
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given in Table XLV. 

TABLE XLV 

Film characteristics of 3 f:ISA rnonolayer 

(-k)cms/dyne Film type (-k)cms/dyne Film type 

Be1ov-r Ql 0.0083 Le 0.0433 Le 
0 2 0 2 (at 33.5A, (at 40.2 A , 

5 d/cm) 4 d/crn) 

Ab ove Ql 0.0065 Le 0.0081 Le 

(at 26.è A. 2 , (at "2 26.8 A , 
23.8 d/crn) 20 d/crn) 

(d) 3 Ethy1 stearic acid (3 ESA): 

CH3 - (CH2)13 - (C 2H5) CH - (CH2) 2 - COOH 

The pressure area isotherrns are reproduced for 

3 ESA in Figures 29 to 31. The experiments were performed 

as in the previous cases. The experimental results are 

given in Table XLVI. 
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Figure 26 



Figure 26 

'tf- cr diagram of 3 !viSA at a compression 

rate of 1.$48 A2 1 molecule 1 minute. 

Initial area 65 Â2 per molecule. 

1 obtained at 25°C 

2 obtained at 12.1°C 
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Figure 27 

"ti_ rr diagram of 3 r~~sA at a compression 

rate of 2.413 12 1 molecule 1 minute. 
02 

Initial area 65 A per molecule. 

1 obtained at 25°C 

2 obtained at 12.1°C 
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Figure 28 



Figure 28 

1(-~ diagram of 3 I•iSA at a compression 

rate of 4. 5 A 2 1 molecule 1 minute. 

Initial area 65 !2 per molecule. 

1 obtained at 25°C 

2 obtained at 12.1°C 
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Figure 29 



Figure 29 

if( -cr diagram of 3 ESA at a compression 

rate of 1.848 A2 1 molecule 1 minute. 

Initial area 65 A2 per molecule. 

1 obtained at 25°C 

2 obtained at 12.1°C 
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Figure 30 



Figure 30 

'Tt' -<r diagram of 3 ESA at a compression 

rate of 2.413 Â2 1 molecule 1 minute. 

Initial area 65 A2 per molecule. 

1 obtained at 25°C 

2 obtained at 12.1°C 
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Figure 31 



Figure 31 

1'f- a- diagram of 3 ESA at a compression 

rate of 4.5 12 1 molecule 1 minute. 

Initial area 65 A2 per molecule. 

1 obtained at 25°C 

2 obtained at 12.1°C 
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TABLE XLVI 

Film characteristics of 3 ESA mono1ayer 

Rate of compression 

À2/mo1/min 

1) 1.848 

2) 2.413 

3) 4.5 

Temp. 

oc 

12.1 

25.0 

57.61 

58.32 

12.1 57.76 

25.0 

12.1 

25.0 

60.18 

56.90 

58.25 

(e) 10 Pheny1 stearic acid (10 PSA): 

(-k) 

ems/dyne 

0.02869 (Le) 

(at 40.8 ~2, 

7.5 d/cm) 

0.02387 (Le) 
0 2 

(at 42.1 A , 

8.4 d/cm) 

CH3 - (CH2)6 - (C6H5) CH - (CH2)9 - COOH. 

The pressure area isotherms for 10 PSA are given 

in Figures 32 tc 34. The compressibi1ity coefficients are 

presented in Table XLVII. 
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TABLE XLVII 

Film characteristics of 10 PSA mono1ayer 

Rate of compression Temp. (-k) Film type 

A2/mo1/min oc ems/dyne 

12.1 0.01403(at 41.2 Â2 , Le 
13 d/cm) 

1) 1.848 
0.02006(at 46.2 Â2i 25.0 Le 

10.5 djem 

12.1 O.Ol778 (at 45.7 Â2 , L 
9.$ djem) e 

2) 2.413 
O.Ol830(at 47.4 Â2 , 25.0 Le 

10 djem) 

12.1 O.Ol833(at 47.0 Â2, Le 
6.3 d/cm) 

3) 4.5 
49.3 A2, 25.0 O.Ol828 (at Le 

9 djc,n) 

After attainment of the maximmn pressure in any 

of the above experiments with 10 PSA, the surface pressure 

remained constant with time at constant area per molecule. 

This is in contrast to the behaviour of the ether stearic 

acid derivatives studied. 
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Figure 32 



Figure 32 

'Tf- tr diagram of 10 PSA at a compression 

rate of 1.848 A2 1 molecule 1 minute. 

Initial area of 65 Â2 per molecule. 

1 obtained at 25°C 

2 obtained at 12.1°C 
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Figure 33 



Figure 33 

~-~ diagram of 10 PSA at a compression 

rate of 2.413 Â2 1 molecule 1 minute. 

Initial area 65 Â2 per molecule. 

1 obtained at 25°C 

2 obtained at 12.1°C 
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Figure 34 



Figure 34 

11'- r diagram of 10 PSA at a compression 
~ 2 

rate of 4.5 A 1 molecule 1 minute. 

Initial area 65 Â2 per molecule. 

1 obtained at 25~C 

2 obtained at 12.1°C 
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{f) 12 Hydroxy stearic acid (12 HSA): 

CH3 - (CH2) 4 - CH{OH) (CH2l11 - COOH 

Figures 35 to 37 represent ~-r diagrams of 12 HSA 

under the same experimental conditions. In the isotherms 

obtained for this acid the most striking characteristic was 

the appearance of the nmaximUtïl" mentioned earlier. Figure 3$ 

is a special plot given to illustrate the appearance of the 

"maximum" before the equilibrium region is reached. The four 

individual curves in Figure 3$ are taken at 9°C, 12°C, l$°C 

and 25°C at a compression rate of 7.225 A2 per molecule per 

rilinute in all cases. 

The com ~ressibility coefficients for a monolayer 

of 12 HSA compressed at a rate of 2.413 A2 per molecule are 

given in Table XLVIII. 

TABLE XLVIII 

Film characteristics of 12 HSA monolayer 

{-k)cms/dyne Film type { -k) c:~s/ dyne Film type 

0.0070$ Le 0.00$63 Le 

02 1 (at 21.$ A ,17.5 d cm) (at 23.9$ ! 2 , 12.5 d/cm) 

The compressibility of 12 HSA films in Figure )$ 

under a rate of compression of 7 .225 A2/mol/min and at 25°c 

is given in Table XLIX. 
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Figure 35 



Figure 35 

~-~ diagram of 12 HSA at a compression 

rate of 1.848 A2 1 molecule 1 minute. 

Initial area 65 Â2 
per molecule. 

1 obtained at 25°C 

2 obtained at l2.1°C 
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Figure 36 



Fif;-ure 36 

'TC- r diagram of 12 HSA at a compression 

rate of 2.413 Â2 1 molecule 1 minute. 
02 

Initial area 65 A per molecule. 

1 obtained at 25°C 

2 obtained at 12.1°C 
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Figure 37 



Figure 37 

'lt- a- diagra:n of 12 HSA at a compression 

rate of 4.5 12 1 molecule 1 minute. 

Init i al a r ea 65 Â2 per molecule. 

1 obta ined at 25°C 

2 obta ined at 12.1°C 
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Fip;ure 38 



Fir,ure 38 

1'( -cr diagram of 12 HSA at a compression 

rate of 7.225 A2 /molecule /minute. 

Initial area 150 12 per molecule. 

1 ot>tained at 9°C 

2 obtained at 12°C 

3 obta.ined at 18°C 

4 obtained at 25°C 
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T.\3LE XLIX 

Compressibility of 12 IISA 

(-k} ems/dyne 

1} Low pressure re~io~ 
(before 11axinumJ 

o'1 

2) H6rizontal res ion 0.4110 ( at 31.$ A', a.5 djem) 

3) Higher pressure re~io:1 O.Cl009 ( at 18.è A. 2, 27.5 djem) 

(g) 12 Keto stearic aeid (12 KSA): 

CHJ - (CH 2 )4 -CH(CO) - (CH2 )11 - COOH 

'1T- cr- plots of 12 KSA witt: varying r ates of cora­

pression at 12.1°C and 25°C are 6iven in Figures 39 to 41. 

It can be noticed t hat a marked trans ition occurs durinr; 

compression in t ho film at 12 .1°C and a t a r ate of coM­

:?re s~;ion of 4. 5 A 2 per molecule per minù te. The cor1press-

ibility data for t his acid is pre sented in Ta~le L. 

In the tables presented under the stearjc acid 

derivatives, film types are abbreviated aceording to Harkins 

(12): Le represent s liquid expanded f ilms; Le represents 

liquid condensed f ilm; 1
8 

represent s super liquid film; 

11 represents liquid intermediate fi lm. 

Figure 42 aho'\'JS the relaxation effeets of SA, 10 PSA 

and 12 HSA monolayers. 
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Figure 39 



Figure 39 

~-~ diagram of 12 KSA at a compression 
o? rate of l.S43 A- 1 molecule 1 minute. 

Initial area 65 ! 2 per molecule. 

1 obtained at 25°C 

2 obtained at 12.1°C 
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Figure 40 



Figure 40 

~-r diagram of 12 KSA at a com~ression 

rate of 2.413 12/molecule/ minite. 

Initial area 65 Â2 per molecule. 

1 

2 

obtained at 25°C 
0 

obtained at 12.1 C 
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Figure 41 

11-odiagram of 12 KSA at a compression 

rate of 4.5 12 1 molecule 1 minute. 

Initial area 65 À2 per molecule. 

1 obtained at 25°C 

2 obtained at 12.1°C 
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Figure 42 



Figure 42 

1T-t> diagrams of the Stearic acids showing 

relaxation effects 

1 Stearic acid 

2 10 Phenyl stearic acid 

3 12 HydrOXJ' stearic acid 
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TABLE 1 

Film characteristics of 12 KSA monola.yer 

Rate of compression 
•2 
A /mol/min 

1) 1.848 

2) 2.413 

3) 4.5 

Temp. 

oc 

12.1 

25.0 

12.1 

25.0 

12.1 

25.0 

(-k) 

ems/dyne 

0.05008 (Le) 

(at 9.4 .A 2, 7.8 djem) 

0.1320 (11) 

(at 4. 9 À 2, 8.5 d/cm) 

0.0393 (Le) 
• 2 

(at 21.1 A , 7.5 djem) 

0.1463 (11) 
o2 

(at 5.4 A , è.è d/cm) 

Before transition 

0.01014 (Le) 

(at 20Â2, 8 d/cm) 

After transition 

0.0038 (solid) 
• 2 (at 15.5 A , 30 djem} 

0.02411 (L ) 
e 

.2 (at 5.6 A , 15 djem) 
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IV DISCUSSION 

(1) Resumè of pertinent information obtained from the 

studies of the isotopie exchange reaction. 

In the present investigations, the study of ex­

change reactions has been extended to the substrate con­

centration dependence. The range of substrate concentration 

employed is between 0.25 N to 2.0 N in KI. These studies 

have yielded the probable order of the reaction with refer­

ence to the substrate concentration. The overall reaction 

velocity appears to be fairly constant over the range of 

concentrations and pHs studied. The concentration of the 

substrate KI was determined by directly weighing the requi­

site quantity of the salt and dissolving it in the appro­

priate quantity of water. In view of the limitations of the 

monolayer technique a more accurate determination of the sub­

strate concentration was deemed unnecessary • 

In addition to the study of concentration depend­

ence, sorne other interesting aspects of the exchange re­

actions were investigated. Below are given the four sets 

of studies made in the radioactive work. To aid the dis­

cussion the pertinent results are briefly summarised under 
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each set. 
1 

(a) The exchange reaction rate constant K has been 

studied as a function of concentration of the substrate 

KI solution at two different hydrogen ion concentration. 

Temperature at which all the experiments were carried out 
0 vras 25 C ± 0.1. The following information "ViaS obtained 

from this study. 

(i) Exchange rate constants increase with substrate 

concentration ranging from 0.25 N to 2.0 N KI. 

(ii) Exchange rate constant at pH = 2 in all cases 

is higher than that for the corresponding concentration of 

the substrate KI at pH = 3. 

(iii) In the plots to determine the order of the ex-

action the points were approximately linear except in case 

of 2 N KI substrate at pH = 3. 

(b) The variation of count rate of an active monolayer 

of AIS during compression was studied, both on 0.01 N HCl 

and 0.01 N NaOH substrates. The homogeneity of the active 

films 1t:as tested by scanning the monolayer surface with the 

Geiger tube. These investigations resulted in the follow-

ing general data~ 

(i) The plots of the relative counting rate versus t he 

reciprocal of the area were linear between 30 X2 and 52 12• 

Extrapolation of this plot did not pass through the origin 



' 
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in all cases. This was attributed to the inherent ex­

perimental errors of the technique. 

(ii) \\nen a r11onolaycr of active AIS on 0.01 N NaOH 

'i'WS cornpressed the count rate began to decrease a.fter 

reaching a maximum. 

(iii) The first transition point obtained on the 

curve s during cG:npression of a oon,: layer of .as was re­

flected simultaneously on the count rate - time curve. At 

a constant area per molecule, under high compression, the 

count rate remained tr.e sa me ,,rh ile 11 slm·'lly decreased. Sub­

sequent expansion of a cornpressed film ;ave rise to a de­

crease in the count rate with increasing area per molecule. 

(c) Surface potential measure~ents of both active and 

inactive monolayers made it pos sible to draw the following 

general conclusions. 

( i) The surface potential of inactive .'~IS monolayer 

at 25°C is higher on 1.0 N KI+O.Ol N HCl substrates than on 

substrate s containing 0.01 N HCl alone. 

(ii) Surface potentials are all negative except in case 

of active i.IS monolayer at 17.3°C where positive surfac8 pot­

entials were indicated. 

(iii) The surface potential of a monolayer of AIS on 

1. 0 N KI sho~tred a maximum between pH = 2. 6 and 3. 2. 

(v) The transition in the~-rcurves of AIS monolayer 
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on 0.01 N HCl or 1.0 N KI at different temperatures and 

pHs were reflect.ed by a similar behaviour on thelN-4'"curves. 

(v) Surface potential measurements on a collapsed 

film made during the study of the exchanc e in a collapsed 

AIS monolayer on 1.0 N KI substrates at 25°C, showed fluctu-

ations similar to those obtained in the count rate versus 

time curves for the exchange reaction. 

(2) General discussion on the results of exchange reactions. 

The higher value of the exchange constant at lower 

pH may be due to higher concentration of H+ ion catalysing 

the reaction in seme unknown way. Alternatively it may re­

sult from an increased suppression of the ionization of the 

AIS a cid mono layer at lovver pH v-ii th concomitant incree. se in 

the ease of approach of the substrate I-ion. Comparing the 

values obtained for the exchange constant in the present work 

with those of Robertson (103) for similar concentrations of 

substrate KI, it can be seen that th e exchange constant is 

higher in the present work. The presence of indifferent salts 

such as the KCl used in the present concentration dependence 

investigation ha s long been knovm to influence the velocity 

of chemical reactions in bulk. A ''Kinetic salt effect" related 

to the presence of KCl in the substrate may be an underlying 

factor for the increased value of the exchange constant in 

those systems in which KCl wa s used. 
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The exchange constant varies approximately 

linearly with the substrate KI concentration up to 1 N 

solution. Beyond this concentration,deviations from the 

linear relation appear. This non-linearity is especially 

pronounced at higher substrate concentrations and at pH = 3. 

An explanation for the nonlinearity of K1 at 

higher concentrations may possibly be found in the theory 

of the double layer as developed by Gouy, Chapman and 

Stern. The general picture of the double layer as con­

ceived by these workers can be briefly summarized as follows: 

When two reversible electrodes, polonium and calomel are in 

contact with a monolayer/substrate system, a potential 

difference is observed. Gouy (108) and Chapman (109} in­

dependently explained the origin of such a potential diff­

erence by their well kno~m electrical double layer the­

ories. The double layer was thought to consist of a wall 

of electrons present in the upper surface phase and an 

equivalent amount of ionie charge of opposite sign dis­

tributed in the solution near the interface. The equations 

developed for these theories were based on the assumption 

that the counter ions were dimensionless and that the 

charged surface was a uniformly charged impenetrable 

plane (110). Both of these assumptions led to deviations 

between the theoretical and the experimental picture at high 
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concentrations. The finite dimension of tte counter ions 

bec2me sicnific&nt at these higher salt concentrations. 

Stern ( 111) ta king into :1 ccount the ionie dimensions showed 

that the capacity of the diffuse layer is strongly dependent 

on the electrolyte concentration. 

On the ~asis of these theories, Schulman and Hughes 

(72) and Cassie and Palmer (112) sug::::;ested that 6-v the surface 

potential for ionised films should be z iven by 

AV : 

In the above equation A.Vthe surface potential is in milli­

volts; a-is expressed in Â 2 /molecule; JAt>is the vertical co:n­

ponent of the resultant dipole moôent expressed in milli­

debyes; ~s is the electrical potential drop (mv) between the 

charged surface s and the bulk phase. 3asecl on this equ­

ation Crisp (113) r elated 6-V to c the concentration of uni-

univalent salt express ed in moles per litre in the expression 

- 62 mv. 
olog c 

Da vies (lll1 ) concluded from this equation that the dipoles 

in the surface do not attract an appre ciable number of 

counter ions unless the concentra tion of the s alt i s very 

high . 
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The views of these authors combined with that of 

Davies and Rideal (115) appears to throw sorne light on the 

deviation of K1 from linearity at high substrate concentrat-

ions. At high concentrations an ionie cloud of counter ions 

of the substrate are formed around each polar group. This 

ionie cloud can be assumed to cause a screening effect im­

pairing the ready accessibility of substrate l-ion to the 

monolayer molecules. If this screening effect were the main 

operating factor, then the accessibility of I 131 to sub-

strate iodide ions being lower at higher concentration would 

lead to a systematic decrease in the value of Kl as the concent­

ration is increased, the values of Kl falling below the linear 

relationship in ~lots of log a versus log K1 • The experimental 

observations hm·Tever, yield values of K1 at higher concentra.:.. 

tions which place K1 above the general trend of the linear 

plot. Thus it is very difficult to see why K1 lies above 

this line if the screening effect is the main operating 

factor. 

A more plausible explanation for this deviation of 

K1 from linearity is provided from Crisp's (113) equation, 

where the surfa ce potential varies directly as the logarithm 

of the substrate concentration. Since the surface potential 

is a function of the vertical component of the dipole moment 

of the molecule , a ch~nge in concentration evidently affects 
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the vertical component. This change in surface potential 

probably effects the accessibility of the substrate I-ions 

in such a way as to increase the rate of reaction and hence 

Kl . J.ncreases. 

However a more q'J.antitative and more detailed 

study of the interdependence of the surface potential on 

substrate concentration, the reaction velocity on substrate 

concentration and the surface potential on reaction velocity 

would have to be undertaken before any truly satisfactory 

explanation of this behaviour could be made. 

Sorne exchan_;e reactions were follm~red by the sur-

face ,potential technique. Exchange reactions studied at 

25°C on 1.0 N KI substrate (pH = 2) suggested that the'( -

iodine was in the water surface and the -COOH was anchored 

beneath the surface. As the temperature was lowered the 

surface potential decreased in ne6ativity. This implied a 

progressive movement of the~ -iodine a tom \vith decreasing 

temperature, out of the water surface to a position above 

the interface. This would obviously lead to a decrease in 

exchan6e rate. As the temperature was raised however the 

~- iodine atoms would re-enter the surface region to a 

greater extent and the exchange rate would increase. 

In the study of the chant;e in count rate \'lith corn-

pression, it can be seen that a linear relationship exists 
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o2 o2 
at areas between 32 A and 50 A per molecule as shown in 

Figure 9. Compressions on both acid and alkaline substrates 

showed similar effects on the surface count rate. The 

scattered distribution of points in the region of the curve 

corresponding to very low compression9may be attributed to 

the presence of a two phase region. This heterogeneous region 

could have been further investigated if surface potential 

measurements were made with a movable polonium electrode. 

Unfortunately the lack of such an electrode limited this in-

vestigation and little can be said about . this region of the 

curve. The apparent decrease in relative count rate with 

compression in the upper region of Figure 9 is probably· due 

to a change in the geometry of the counting arrangment. In 

two experiments, the Geiger tube was positioned at different 

pl~ces over the surface during compression and the degree of 

nonlinearity varied for each. The drop in count rate at 

extremely high compressions on a substrate of 0.01 N NaOH 

is probably due to a partial solution of the film in the sub-

strate as well as the geometry factor mentioned above. 

Surface potential measurements have yielded sorne 

useful information when correlated with the corresponding 

1l-~isotherms • The transition points in the~-rcurves are 

reflected at similar positions in theAV-rcurves. As a film 

is compressed ~ begins to rise at a welldefined area while 
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AV increases over a range of areas. This behaviour seems 

to indicate that the11'-crcurves do not reflect the progressive 

changes in orientation as a film is compressed as accurately 

as do es the Av-cr curve s. The A\1-o-curves indic at e more clearly 

the region over vrhich the transition be;ins and is finally 

completed. The nezativity of surface potential of AIS nono­

layer su~;ests that the nezative end of the total dipole of 

the ~olecule in the film is uppermost. These is no doubt 

that the iodine atom is at the u) per end of the polar group 

and makes a l~rge ne~ative contribution to the resultant 

moment. Analozous cases have be en kno'.":n the 'lOSt extre::1e 

of vlhich is <;( -bro~o hexa decanoic ac id 1:rhich gi ves a high 

negative surface potential (116). 

The general shapes of theAV4"'curves of !~.IS mono-

layer on 1.0 N KI at 25°C for various hydrogen ion con­

centrations are quite similar. In every curve there is 

initially a region of gradual increase in the surface pot­

ential with compression, then an approximately horizontal 

region and lastly a region of sharp increase in surface pot­

ential at high surface pressure . In all experiments the 

~V-~curve suggests that as t he film is compressed the negative 

portion of the dipole , the~ -iodine, is lifted a"tTay fro rn the 

surface, resulting in a decrease of the negative surface pot­

ential. 
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When the change in surface potential with corn-

pression is studied as a function of substrate pH, it is 
0 

found that on 1.0 N KI solutions at 25 C the AV-~curves 

pass through a maximum between a pH of 2.6 and 3.2. When 

a constant area of 50 A2 /molecule is chosen as the re­

ference area, these results parallel closely those of 

Rabinovitch (104) for the same approximate area. Rabinovitch 

noted that the exchange rate was a maximum in this pH range. 

The maximum obtained in the surface potential as a function 

of pH measurements coincide with the maximum in the exchange 

velocity as a function of pH. Since the surface potential 

is a measure of the molecular orientation of the film mole-

cules, it is reasonable to assume that the orientation is 

most favourable for exchange when the surface potential is 

close to zero. The variations in reaction velocity with pH 

as found by Rabinovitch can now be explained in terms of 

variation of molecular orientation in the surface with pH. 

(3) General discussion on the results of~-risotherms of 

the stearic acid derivatives. 

This study could be classified into (a) the effect 

of temperature and rate of co~pression on the~-rcurves of 

individua l acids (b) hysterèsis and relaxation effect in ea ch 

case (c) effect of the size of the substituted group along 
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the hydrocarbon chain of stearic ac id on'TI'-cr isotherms. 

(a) Effect of temperature and rate of com~ression 

on the 't\'.('curves. 

The increase in area of the first transition point 

in case of methyl and ethyl substituted stearic acid was 

observed at the higher temperature. An increase in temp-

erature resulted in an expansion of the monolayer as can be 

s een from the numerical values in Tables XLIII to XLVI. 

The expansion of the films with increasing temperature is 

obviously connected with the greater thermal agitation of the 

molecules causing them to occupy gr eater areas. The first 

and second transition points in case of stearic acid appear 

at the same area irrespective of temperatures. This is pre-

sumably due to the f act that temper ature has no ef fect since 

the packing is maximum for both the chains and the heads at 

the t""ro points of transition. Stearic a cid exhibits both 

Le phase and Ls phase (almost solid) at 25°C. 2 IviSA is a 

Le film pas s ing throu5h to Le beyond the transition point at 

25°C. 3 l':ISA at the point of transition passes f rom Le to 

Le at 25°C and at 12.1°C, i t is a Le film on both s ides of 

t he trans i t i on, only passing from a more compressible Le film 

to a less compressible one. 3 ESA and 10 PSA a re both Le type 

of films irrespective of tem?erature . 12 H&~ is a Le film 

both at 25°C a nd 12.1°C. 12 KSA is a Le type f ilm at l ower 
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temperature and 11 at hi~her temperatures. 

In case of 12 HSA, isotherms for various temp­

eratures exhibited some unusual properties. The equilib-

rium region sho~m in Figure JS appeared at higher surface 

pressures -vlith increasing te,nperature. The attainment of 

the sma ll tem:oerature dependent maximum at temperatures 

belo•.v 25°C 1.vas another feature of interest in these iso-

therms. Varying the rate of co~pression of films of 

12 HSA at ter;1peratures be1ovJ 25°C did not alter the shape 

or a rea of this s mall maxi:rtu"l'l at any te:1p.:;r o. ture. The 

experimental results seem then to indicate that the appear-

ance of this ma:nmm:t is not time depend.8nt at least in the 

ranGe of co2pression rates used in the present study. How-

ever use of still hig~1er comp!'ession rates ;nay sho-:: that this 

pheno~enon actually is ti~e dependent. At th~ ateas per mole-

cule at vrhich this rr.stxi:nun ap::-:-e.ars the hydroxy1 group at the 

12 position in the hydrocarbon chain is undoubtedly ancnored 

in ths surf&ce. It is te~pting to relate the appearance of 

this T':axü:u~n to the progressive removal o.f OH z;roups from 

the vater surface. The total change in area associated with 

t ~üs Sr:'13.ll huY11p in the i ,sother:l and the lar6e area per :--:1ole-

cule occupied by the acid after the disappearance of this 

hu~D see~ to indicate however that the OH groun remains in 
~ ~ ~ 
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the surface throus hout this anamolous region of the isotherm. 

The maximu:n then is probably related to a peculiar unkinking 

of the carbon atoms of t he chain ::;robably those beyond the 

12 position. If ttis is true , surfa ce potential measure­

ments vmuld not reflect the appearance of this hu:np since 

essentially no change \muld occur in the vertical component 

of the dipole moment of the film nolacules. Unfortunately 

the ~ea sura~ent of the surface potential was not possible 

at the time of this work; so this must remain an open question. 

The isother~s of stearic acid at any temperature 

were essentic..lly t!-,e sar.-e irrespective of the r ate of com­

pression \:ith the tl~an sition points P and Q situated at approx­

imately t he s ame area re r molecule at all compression rates. 

Films of 2 1'-ISA and 3 :·ISA gave i~.otherms at var ious compression 

rates showing the same independence of co~pression rate as 

stearic acid. Howaver one r ather strikins ~1enomenon asso­

ciated vith the compr ession rate was found for all the a cid s 

studied; the hi gher ths conpression r at e the higher the final 

surface pressure attained before col]_apse. 

Films of 12 KSA in contrast to films of t he othe r 

s t earic acid derivatives shoved a distinct dependency on 

cor1pression rate at lov1er temperatures. At a temperature of 

l 2 .1°C a transition region appeared in the isotherm at a com­

pression r ate of 4.5 A2 / mol/ min the hishest rate used f or 
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this aciè., \!hile at the l01tTer co'TI :.re ssion rates of 1. 848 

2nd 2 .!;13 A 2 per molecule per minute, no su ch transition 

region appeared. This is illustrated in Figura 41. From 

the exca?tion2lly law values of the area per molecule ob-

tained at hi;;har pressures for 12 KSA, it m:.lst be rcco6nized 

that this acid is soluble in the substrates uscd. The ap;ear-

ance tr9nsition region at lü,:sh8 r co~prcs:ion re.tas 

nisht pos~i~ly be related to the r~te of solution of 12 KSA 

3.nd not to the re. te of compres~.ion. 

(b) ilysteresis and relaxation cffact. 

In aJ.l t. ~:e st c:aric .s.cid derivs.tives invcstig2tcd 

t~e fil"'ls ·v.Jcr-3 ~ound to exhibit a n~on~"n"c ··' ~-,·r+-,.., ...... .,sJ· "' (1<'-ï,... 
1-.:.. --·;.A·'·· ........ -·.; -..:>""·- .... ._ .,..) •· •a-

""'e"" " 0 +o 1
,' \..1.""" ,;.;,; .:_.,,. v ·, '+ ..L.. J • This could he ~ùc-.-m b:; rsv.-::r:::in; the clirectior. 

filn at tt= s~~a r3te at 1 ~ich the fi.l"'l \ ad bJ~n previously 

nc,_mced in li:-~niè fil :"'1.s. Star.--cric c.c id e:xhibitcd a l:ysteresis 

sffGct i~ the Le r egion a~ ~oth 12.1°C and 25oc irre~pective 

'Y!: r.::tc of cor:.r:-re:..:;Bion. 12 [S .. .\. a.nd 12 ESI~. e ocL o f v.rhich pos-

lo;·;c:r ter·lperaturE~:J h:,·s t eresis loop:s J.ar,::;er than th0 se obtained 

fo~ stc3ric ~cid. 

The rc~ion of greatest h;sterasis occurred in the 

e::~panded pcrtion of thell-ocurves v:here t~:e interrr:cl eculé~r 
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attractions of the fil:n molecules each for the other vrould 

be expected to be much smaller than in the more condensed 

films. The hysterèsis effect is probably due more to inter­

action between the film molecules and substrate water mole­

cules through hydrogen bonds than to interaction between the 

film molecules themselves. The reproducibility of the 

hysteresis loops, different for different acids, seems to rul-e 

out the possibility that the whole effect arises from an 

inherent irreversibility of the surface balance itself. The 

decompression curves for 12 KSA (curve 1, Figures 39 to 41) 

do not r esernble those obtained for the other acids. The 

effect here may be more a reflection of the app2rent solu­

bility of this acid than any true hysteresis effect. 

Unimolecular films were compressed at a constant 

rate of compression until the surface pressure attained a 

value just belo'\!v that at which collapse occurred. The movable 

barrier was then stopped and the surface pressure was re­

corded as a function of time at constant a r ea. A subsequent 

decrease in surface pressure with time was interpreted as 

being the result of a relaxation process active in the film. 

This process v1as studied i n the various stearic acid deri­

vatives. nll these derivatives except 10 PSA showed a pro­

nounced relaxation effect. 1:Then relaxation occurred the sur­

face pressure fell i n a regular manner with the pressure-time 
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curve reflecting in a very remarkable way the shape of the 

~-rcompression curve. Breaks in the slope indicating the 

presence of phase transitions obtained on compression also 

appeared on the relaxation curve and in many cases the change 

is slope a9peared at a surface pressure very close to the 

surface pressure of the transition on compression. After the 

relaxation was allm·red t o proceed for sorne time, decom­

pression of the film led to the same~-~relations obtained 

originally on the compression curves at higher areas per mole­

cule. The curves for stearic acid and 12 hydroxy stearic 

acid in which the relaxation process occurred and the curve 

for 10 phenyl stearic acid in ~~hich no relaxation effect was 

obtained are given in Fi~ure 42. 

The relaxation effect may have its origin in the 

way in vrhich the polar head groups and hydrocarbon chains 

are arranged in compressed monolayers. Ho,.rever if molecular 

packing alone is the cause of this relaxation phenomenon one 

must conclude that the condensed phases of unimolecular films 

are non-equilibrium states. ~ith sufficiently slow rates of com­

pression the condensed phases "trould not appear on the isotherm, 

rather collapse would occur in the expanded films. This 

interpretation is in part substantiated by the fact that 

collapse occurred. at higher and higher pressures in the con­

densed film as t he rate of co~pre s sion was increased. 
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The same experimental facts would however be 

satisfied by the for:nation of multilayer islands in regions 

of the film. The molecules forming the multilayers are 

effectively removed from the interface and the fil~ simply 

shows the changes associated with expansion, the effective 

number of molecules in the monolayer portion of the film is 

decreasing as multilayer formation progresses. If this 

explanation is true then the process of collapse in monolayers 

is open to quantitative or at least semi-quantitative study 

on the film balance. Surface potential measurements made by 

scanning the whole surface during the relaxation process 

should be capable of revealing the formation of progressively 

more and more multilayer regions. The failure of 10 PSA to 

sho\v this relaxation effect may be the result of the inability 

of this acid to form multilayers at the surface pressures 

attained in this work. The failure of this acid to form the 

multilayer may in turn be a consequence of the large aromatic 

substituent hindering the ordered packing of the molecules 

which may be necessary for multilayer formation. 

(c) The effect of the size and chemical nature of the 

substituent on the'T(-cr isotherms. 

The affect of the size and che~ical nature of sub­

stituents in the hydrocarbon chain of stearic acid was 

strikingly illustrated in the present "~:mrk. A :nethyl 
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substituent at the 2 or 3 position in the hydrocarbon chain 

did not essentially chanGe the shape of the isoth2rm from 

that obtE.~_n :)d for stearic acid itself. The isotherm 'V'Tas 

simply shifted to larger areas per ~oleculc arid thus account­

in6 for the presence of t!'le short si de ch<'- in. An ethyl sub-

stituent in the 3 position hov;ever had a much more profound 

effect on the sha pe of the isotherm. ~ith this ~u~stituent 

no superliq~id phase as obtained at the sane te~perature 

"Vlith SA, anpeared in the isotherm; the fil-:n re:'1ain2d in the 

liquid condensed phase. Evidently a two car~on side chain at 

the 3 pos i tion reduced the a.pp:roe.ch of t he hyJroc3.:rbon chains 

sufficiently to prGvent the intermolecular attractive forces 

fro~ beco2in~ sufficiently lar~e to cau~e condensation to the 

superliquicl ph2se at the te::1perature used. T~is eff : ct was 

even more pronounced ~hen an aro~atic substituent ~~s ~resent 

at the 10 posit ion in t ha hydrocarbon c~~ in. ~~en polar 

gro·c1ps such a~ the hydrox~· or keto group ·,rerç introduced in 

thC C{::J. in, r: O'.IreV::) r, CO!ldenseJ fi l ms >"le r e rC3 C1.ily o":;t .:: ined On 

co~1pression 3.t t:;e te:.1perature of t ~ce ·sxperimsnts. In the c L< se 

of 12 HSA t he isother:-n •tras shifted to sl ~ _ _;'~-:tly lm.-re r area s per 

molecule tha.n for stoaric acid itself . 2videntl7 the prs scnce 

of the hyriroxy t;roup in the L~·dro c~rbon c:-... 3 in res'J.lts i:-1 a 

:=;eneraJ. contraC'tion of tLc fib1 in the condensed phas.2. This 

ma; be rel ~ted t0 t he ,assibility of weak ~ydrocen bond 
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formation between the hydroxy groups in the hydrocarbon chains. 

Undoubtedly 12 KSA shows a behaviour similar to that of 12 HSA. 

However t~e abnormally low areas per molecule obtained with 

films of this acid can only be explained by asswning partial 

collapse or partial solution of the acid in the substrate. 

Similar abnormally low areas per molecule have previously 

been obtained for diketo stearic acids (117). 
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V sr~S3STIONS FOR FUTITHER ~DRK 

For the studies of substrats concentration 

dependance in the isotopie exchange rc~c t ion, the KI con­

centrations were only c~ose a)proximations. This was con­

sidered adequate hecause of tl1e co~plete l a ck of ~no~led~e 

of the surf~. ce :;.ctivity coefficients Jf ~)oth l:I and E~l. 

However a more precise kno' . .rled.;e of the substrate concentra­

tian and a method for deterQinin: t he activity of the KI in 

the surface region at t hose hi~h concentrat ions ~ay do much 

to clarify t tc exchan~c ~echani sm. 

The inter0stin; relation between pH and surface 

:-'Otenti:; l found L \ the present 1.-vork and the r E:lZLtion bet•:.reen 

e):che.n..;_;2 r 2te constant and pH found by R.a'·Jinovitch (104) 

sYould be inve st i:_;~~.t ed fnrth er. Zxchan,ze re.;;.ct ions _r::erformed 

at constant surf~ce potential rct~cr than const2nt surface 

pres f': u.r e r:ü._;h t l)rov e :.1o st int erestin~ , ps rt iculo.rl:r if a. 

relation a))ears t'l etv.-een surf2. ce potential ë nd exchmï~e rate. 

~elcxation studies in filMs just below the r egion 

of colla pse sh:n:.ld "tJe extended. ":.... means of s cannin:; the sur­

face wit t the ~oloniŒn electrode should be i ncorporat ed in 

the apparatus to assist in this study a.nd in a :1ore dete iled 

study of the phenomenon of coll 3.pse i tself. 

A s tudy of the isotopie iodine exchan~e reaction 
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in an inert nitrozen atmosphere woulà remcve the complication 

of air oxidation of the iodide ion in the substrate and the 

simultaneous chanse in pH occurring vrhile the exchange is in 

progress. 

The exchancie reaction stuà.ies should be extended 

to other positions than the~ position in stearic acid. By 

such an extension the relative reaction rates of isotopie 

exchange as a function of position in the hydrocarbon chain 

could be obtained. 

The study of isotopie iodine exchange reactions 

using stearic acid derivatives containing various substituents 

in the ~ position with the iodine atom would be an interesting 

and profitable study. The steric hinderance to exchange of 

such substituents could be evaluated from an investigation of 

this type. 

The study of the film properties of chain sub­

stituted steâric acids should be extended to a systematic 

investigation of the effect of substituent groups of various 

kinds on the~-<T"and tN-(Jcurves as a function of position in 

the hydrocarbon tail. 

A detailed investigation of the relaxation phe­

nomenon in the chain substituted acids should be initiated 

to make it possible to interpret the effect in a quantitative 

manner. 
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The ano:·volous "hump" in the'il'-crïsother:n of 12 : r s;~ 

should be studied i n gre2t3r detail. 3y increasinL the 

S nY'Isl.'t;,r;+,. o +' -"- 1-, "' c-l'r.,~C"' balanCP. "'1.·-;,1.'1-::..,.. "h,., )S 11 1"""''' be · ... - 1!. ..... ., .... v j ..._ u __ _ .._ . . 'l ~ ._, _ ,_ .., ..;) - "• L.... 1 _.._ ' l .~ :.:1uJ 

found with ether ncids. 

The rea son for the unusually loi:/ a rea s pc r :îlole-

culs obt~ined ~ith 12 rs~ stould ~e est~blishe ~ . Surface 

pot enti2l ~-:ee. sur i.Jments ''1i~ht 3ssi::;t in t r: is ·.;orl{ il" d3t3ct -

i nG a ny p~rtial colla ? se of t~e fil~ . The u se o f ~l cctrolyt e s 

in t .:: ;:; su'o::t:-;te rni;:~t be usoè to di·üni::~: t ~~ u solubility of 

t !,, e ,;)c1.' ,"' · n .. I , , .• 1.··,1 .· +.·1 ,.,rrf-{j".; ..- ,·: tt·:·, rm"" o+' 
L \.A. ..J,. ·"- ........ ~.J ""'" . U \... • .._ ..L ·- -- 1 ... - • . • ...J -· 

in lin';) \Ii t~1 t!:o se foun-::. : : ~· t :.:; ether st :;o. rie .::_ ~i d do ri v-

ativcG. 
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VI SUNNARY AND CONTRIBUTIONS TO KNOiïJLEDGE 

(1) Exchange reactions between active AIS mono1ayer 

and substrate KI were investigated at 25°C for concentrations 

of KI in the range 0.25 N to 2 N and at pH • 2 and 3. It 

was observed that the exchange rate increases direct1y as the 

concentration of the substrate KI. The order of the reaction 

with respect to the substrate was approximately 0.5 on the 

basis of the present study. 

(2) Exchange reaction between an active AIS monolayer 

and 1.0 N substrate KI were investigated at 25°C and 17.3°C 

with simultaneous measurements of surface potential. The 

higher exchange rate at 25°C was attributed to the closer 

proximity to the surface of the I 131 atom of AIS acid. 

The high negative surface potential during a study 

of collapsed film exchange indicated that the r131 in the 

stearic acid was orientated away from the surface, thereby 

decreasing the exchange rate. 

(3) Surface potential measurements have been made of a 

monolayer of AIS on 1.0 N KI substrate at 25°C, of varying 

pH. A maximum wa s attained in av-pH curves at 50 12 per 

molecule between pH = 2.6 and 3.2. This maximum in surface 

potential parallels that obtained by Rabinovitch (104), for 

reaction velocity as a function of pH. 



1 ' i. 5 i 
..._1 , ,-, 
..._. , L;._. f '-i l ·•, •. ( . 

- ,..!.. ..J- ... . ._• 

to stearic e.ci-::1. 

(6) 

- 125 -

of stc&rir:' 

.. . ~ f".~ . :"" · ~ v ·~-;· T"!d~d · r ·+- 1.-_ t, ~ - . ; ("V1 !-:-· -:-- r-r. c . .~ .n _ --·-l-· - -· ·- _ __ •. 1l.· . . , _. ~ .. n . _ -- ~ '- :in the 

acid e. G. 12 HSA and 12 KS~, ~he fil~ is hici ly ~xpanded 

per molecule tll.3.n are films Q:f' :::;t .::·::,ric e.cid • 

. ( 7) 
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