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IWROEOCTIOH

It has bean laioisn for some time that many molecules

possess permanent eleetrie moments due to the separation

cf t e positive and negative charges within the taolecule,

or the attachment at acne point on the molecule, of a

radical carrying a charge.

In surface active materials. In many oases, these

molecules orient themselves In sueh a way that the charges

are perpendicular, or nearis so, to the surface with all

like charges oriented In the same manner.

This affect should be capable of measurement. It has

bean measured many times as a potential difference across

the interface of the liquid In question. However, it

aaaas that this orientin;- affect of the molecules possess*

ing such electric menents should also be capable of taeas-

urement due to the effect they should have upon a condenser

at the Interface.

The literature available on the subject scons to show

that no such measurements have been made. All the work

has dealt with the potential difference across the Inter-

face rather than capacitance effects at such an Interface.



It la the purpose of this thesis to attempt to devise a

method ecpable of Baking web aeaauretionts due to the ca-

paeltanee effects at oriented liquid surfaces, present some

of the possibilities of the apparatus am. a limited anount

of data on such effects at the surfaces of liquid solutions.

1SB0HY

Faraday first discovered that the attraction or re-

pulsion between two electric charges varies with the nature

of the intervening Daterlal called the dielectric. If

<i! and q$ represent two charges which are separated by a

distance d, the force of attraction or repulsion, f, is

given by the equation f = 1 . ^1^8. where £ is a specific

property of the nedlua called the dielectric c aetant.

the dielectric constant of air has been taken as unity.

Debye (1029) In suanarlslng the work on polar mole-

cules attributes the dielectric constant to two factors,

lirst, it depends on the Induced polarity, which Is the

polarisation or separation of tho negative and positive

charges within the molecules when an electrical field Is

applied to the material, and second, to a permanent polar-

isation or separation of the positive and negative else-



tricity due tc th« molecular structure.

Thla permanent separation of charges give* the mole-

cule a permanent electric moment uhioh la a measurable

quantity. The moment due to the application oi en electric

field nay be detemlned alao but any change in temperature

or any force which will cause an agitatlor of the mole-

cules sill ehange the electric noaant due to such e-ffeeta*

Qjua, any permanent electrical polarity may be calculated

by a calculation of the dielectric conatant of the material

at several different temperatures and thua account for the

amount of the dielectric conatant that la dependent upon

the permanent sat of the churgea and the amount dependent

upon the eeparatlo. due to the electrical field. The

electric cement of many aoleculee hea been measured and

many data are available regarding the moments of different

materials.

It has been known for eoise time that the capacity of

a condenaer la affected by the nature of the medium between

the plates. The formula for the capacity of a condenaer

contains a term* K, which la, in reality, a measure of aueh

affects. ThiB formula is given aa C • KA . la which A la
If

the area of the plates and d la the distance between them*

If a material which exhibits polar properties is



plated between the plates of a condenser and one plate la

charged positively, with the other nerative, the BOleeules

orient themselves so that the positive charges are pointed

toward the plate that has the negative charge. Sosse of the

negative charges on the plate will he neutralised by la-

ductlor. and the condenser can be then nade to take a still

larger charge on the platea* The capacity of the condenser

has been increased because of t o polar effect of the

»lecules. If we then measure the capacity of the con-

denser and coapare the capacity with the reading taken In

air we nay calculate the dielectric constant. I reus the

asasure of the dielectric constant the dlpole moment may

be calculated by the Debyc (1029) equati

The largely accepted neans of measuring such « change

In capacity has been to measure the capacity of the eom»

denser In air and in the material under Investigation.

The dielectric constant is then found by the ratio Cjjc,

where Cx Is the capacity In the material and C is the

capacity In air.

The measurement of capacity Bay be accomplished In two

ways* First, by the usual capacity bridge, a method for

measuring capselty In vary oach the saxe Banner that we

saaaure resistance with the Vheatstone bridge, second, by



tualn e circuit to rosonance, and third, by the heterodyne

beat method.

The heterodyne beat method has been developed to a

nigh degree of perfection by KiUlans and Teissberger

(1925), Cllltaffle (1950) and S^yth (1031) ana le quite sat-

isfactory for dielectric ocnstanta that do not approach

too high a value* The method has the advantage of being

eaey to handle, reliable and quite rapid. Because of

these facts, as well as she adaptability of this type of

apparatus for t ie present investigation. It has been chosen,

with a few notifications, aa the nethoti of measuring the

changes in capacity.

The theory back of the heterodyne beat method nay be

explained by the following. The frequency of an electron

tube oscillator Is determined by certain circuit values.

These include the capacity of the condenser, the inductance

and resistance of the circuit. If the resistance and in-

ductance are fixed, any change in frequency must come from

a change In capacitance. Thus, if we have two oscillators,

one oscillating at a frequency of 1,000,000 cycles and an-

other at 1,001,000, a beat note of 1,000 cycles will be

beard. Tills frequency is in the audible range and may be

heard in a pair of headphones. If we Increase the capacity



of the oscillator operating at a frequency of 1,301,000

cycles tie beat note will ba lowered and aa the capacity

la Increased even more the boat note will become Iowa*

and lower until no beat will ba heard in the phones. lur-

ther inereaaln of capacity will again cause a best note

to appear, and the plteh will gradually rise. The pol t

at which no sound Is audible, between the two beats on

either aide, will ba the point at whleh the tee oscilla-

tors will be tuned to the sane frequency. By proper ad-

justments this position of aero beat nay ba nede to occur

at a point. The condensers nay thus be adjusted at the

point which gives silence and the capacity neasured, then

the materiel under Investigation nay be placed between the

plates and again the oscillator nay be tuned to alienee

and this capacity determined. With these readings the

dielectric constant nay then be calculated.

any polar nolecules have also been chown to exhibit

orientation at liquid surfseas both In adsorbed films as

well aa nononolecular fllna of insoluble conponnde.

A greet deal of our knowledge of

be credited to Barhlns, Rldecl,

Aden aa wall as others. This work, up to 1930, bee

placed in convenient font for study by Aden (1930).



works point to the can* conclusion In the eases

of many compound* t That filne are oriented. In such

aaterlols. In the suriaee of liquids so that one charge la

•hove the surface with the other charge oriented Into the

liquid. If auch la the case, then a condenser at the

Interface, with one plate lnetedlately above the surface,

and with the liquid acting aa the lower plate, should ex-

hibit a change In capacity due to the effects the chargea

In the surface layer hare on the condenser at the Interface*

Slnoe we already know the dlpole momenta of many of

these materials It scene that there abculd be aoae rela-

tion existing between than and the capacity of such an

i-'terfseial condenser. If there is any measurable **—»aj»

In capacity, the change could be neaeured by the heterodyne

beat method and results tabulated In an attempt to deter-

mine if auch a netbod can be successfully used tc inves-

tigate phenomena at liquid eurfaces.

although the effect on the capacity would doubtless

be very snail, it appears that the maaaurenant of such

effects could be made. If proper precautions are ueed to

have correct circuit value* In the oscillators sad the

usual precautions taken In handling the aurfaee fllma.

Providing then, that careful work and proper preeau-



tions are talten in tbo handling of the material and ap-

paratus. It appears, theoretically at least, that there

should be changes In capacity or an lnterfaelal condenser

because of monoaclocula r films of sore materials containing

dlpole moments, ant! that such capacitance affects could be

useful In a study of surface phenomena*

APPARATUS

The apparatus designed consisted of two oscillators

(figures 1 and £) and an experimental condenser so ar-

ranged that a liquid could be used as one plate of the

condenser.

The one oscillator (figure 1), which we shall call

the transmitting oscillator In this paper, was designed

In order to provide a definite fixed frequency of oscil-

lation and, at the sane time, be variable enough to allow

its use for later experiments in measuring dielectric Con-

stanta*

The aeeond oscillator, which we shell call the re-

ceiving oscillator. Is connected to the experimental con-

denser and also has a pair of headphones in the plate cir-

cuit In order to provide s means of tuning the two oscil-



lators to rescrance. It will be noticed that outside the

addition of the experimental condenser end the headphones

la the one, the oscillator circuits ere the saae. The

circuit constants of both circuits ere also Identical.

fbe oscillators ware constructed on wood baseboards,

ualnc heavy copper for the panels. The batteries were

also mounted directly on the baseboard. The receiving

oscillator was shielded except for the bottom, the trans-

mitting oscillator was net shielded* All wiring waa dona

with number 14 copper wire, leads ware made short and 01-

rent. The construction waa made as rigid aa possible

mechanically in order to prevent any possible change In

fre<iueney due to vibration of the wiring or .parts. The

coils were covered with balcelite varnish and mounted solid-

ly on stand-off insulators.

Both coils, I^ and Lg, were wound on the sane font,

three Inches in diameter, and sada of balcelite. The coil:

ware elose wound with about one-half inch of apace between

them and both were wound in the asise direction. This pre-

caution is necessary in order to insure oscillation. An-

other precaution necessary to insure oscillation waa to

connect the outside terninal of Lj to the grid and the out-

side of &g to tilt plate. 80 trouble waa experienced making



Ox « 0.00035 mfd.

C£ • 0.0001 nf'U.

- type 30 tube

l\ - 100,000 ohms

He - SO obne

S,£ « toggle switches

A S volt A battery

B - 48 volt B battery

Lx - 85 turns So* 2£ c»e*o« on S Inch coll Ions

Lg - 44 turns 86* 28 e.c.c. on 3 Inch coll lorn

rir. 1. '.franaalttlng oscillator.
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these circuits oscillate. The type 30 tub* required only

46 volts of B-battery in order to oscillate in this type

of circuit. After the coils had been wounc anti touted they

were given too coate af baizelite varaiBh la make them rigid

and to prevent their beine affected by any change in the

Moisture content of the air.

The email condenser, Cg, of the receiving oscillator,

ia equipped with a national Vernier dial capable of reading

tenths of dial divisions. This reading Is necessary in

order to measure the snail uilierencee In capacity at the

surface of the liquid In the experimental condenser. Con-

denser Cj of the receiving oscillator was not equipped

with such a dial because it was not used for the measure

-

raents at the liquid surface but was used merely to tune the

transmitting oscillator to a point where it would oscillate

The experimental condenser, Cx, of the receiving os-

cillator, was made froa a piece of plate rises. The glees

was covered with tinfoil and the tinfoil smoothed out ani

oamented in pleee with shellac, thinned with a little al-

cohol, ior a support three aet screws were soldered to

pieces of copper bent in the shape of an Inverted U. These

copper pleees were then cemented to the upper side of the



plate flirffTi Tbla arrangement oace It easy tc level tha

plate over the liquid and also to lower the plate to bring

It eloaer to the liquid. Vary small copper projections

ware also cemented to the plate in such a way that they

would not come in contact with the tinfoil but would serve

ea a means of measuring the distance to the liquid surface.

This aada it possible to remove the plate, change tha

H,!, and then eat the plate in the ease position, rela-

tive to the liquid surface, as before.

The liquid itself acted as the lower plate of the

condenser. This was placed in a pyrex dlah. Contact waa

made to the liquid tlirou;;.: an electrode made of nlehroma

wire sealed in a glass tube. Evan with the uae of eon-

ductlvity water, it was found that the liquid acted aa

the lower surface and a submerged metal plate showed no

effect on the capacity of the condenser until it

brought very near the surface.

after tha apparatus had been constructed and tested

for oscillation the next step was that of calibration. Tha

condensers in tha receiving oscillator ware calibrated for

capacity and tha transmitting oscillator waa calibrated for
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The calibration of the condensers was dona with the

aid of * General Electric capacity bridge* The calibra-

tion curves of condensers C^ end C£ are ohoca In figures

S end 4 respectively. Condenser Cj erne not a straight

line capacity condenser* as a result the calibration of

eapacity against dial reading doss act show a straight

line* The eallbratlcn curve of C2 la a straight line.

Condenser C£ la the eondeoser that was used for all ds-

teminetiona of changes In capacity. The usual precau-

tion of reversing the leads to the condenser from the

bridge was taken In order to take In account any possible

capacitance effects between the leads. After the curve

had been drawn for Cg the change in capacity per -ial

division was calculated and this factor was then used In

detenalnlng capacity changes In later experiments*

The tranenittlne oseiUstor was calibrated for fre-

quency range with a General Electric weveoetcr. This wss

dons only so that a frequency eouK be used which could

not possibly interfere with any receivers in the neighbor-

hood. The frequency plotted against the dial readings

is shown In figure 5.

After the apparatus hsd been calibrated trials
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with clstlllet. water to determine If the plate of the

experimental condenser could be reooved end then replaced

without ciisturbin-. the settlor or the eondenser. This

was found poeelble within 0.1 dial division, further

cheeks were made tc see If liquid oould be removed and

then replaced with no ehange in readings. Thle waa also

found poeelble within pine or ninue 0.1 dial divisions.

She plate of the experimental condenser was always

set within 2 am. of the liquid. This was possible by

first placing the plate over MM liquid and then gradtf

ally lower!; place by adjusting the set screws*

The points that were cemented in place on the eondenser

plate served as a means of regulatin?- the distance above

the surface for a series of successive readings*

Several different natorials were then placed on dis-

tilled water, by means of a glass rod. and the nhsngac

in capacity determined. These materials included oleic

acid, bensaldahyde, palmitic acid, stearic acid, mineral

oil, o, a and p dinltrobenaene and p-nltrophenol. Pal-

mltic ant stearic acid, mineral oil and the dinltrohen-

senea were first dissolved in bensene in order to allow

them to spread over the surface.

Clelc acid waa then placed over a weak salt solution



capacitance changes acted, cielc acid was alao triad

on eeek solutions of Ca<0H)8 end llaOH of approximately the

sane normality

•

Othar capacitance an acta noted and cheeked daring

the course of the experimenta included t the effect of a

submerged copper plate on the capacity of the experimen-

tal condenser, the affect of rlpplee on the surface of

tea solution, the condensation oi Taper on the plate of

t;:e experimental condenser, the effect of solutions of

electrolytes, the affect of changing leads to the exper-

imental condenser, the rate of diffusion of a drop of aalt

solution, the rate of spreading of oleic acid and the af-

fect of addiajr more surface active naterlal after a mono-

aoleeulcr layer had already been placed on the surface.

During the course of all experimental work special

precautions vers talcon t< uaa pure matorlols and to keep

the surfaces free of contamination while readings were

being taken. All pieces of apparatus eomin- in contact

with the liquid were carefully cleaned after each trial.
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iron the calibration of condenser C£ , (figure 4), the

in capacity per dial division say be calculatee,

the change being 0.2 nsafd per division. This is tao fac-

tor used in all calculations in the following tables. It

will be noticed that a ratio between the total capacity

and the chango In oapacity has been given in each ease,

this has been done in order for us to have a basis of coo-

perloon for the data in the different trials.

As has been suggested previously, several blank

trials were made, reaoving the condenser plate and then

replacing It. Six trials ware oade| three showed e ehange

of 0.1 dial division, the other three showed no change.

Hext, the plate was left In place and the liquid re-

moved fro:.: the pyrex tray with a siphon. The liquid was

then replaced, being aeesured each time with a voluaetric

i'laek. Six trials were made in this ease, two showed a

change of 0.1 dial division while the other four showed

Those data indicate a very slight tendency

greater accuracy when the plate is left untouched and the



m

liquid nwnc. this is not possible, however* when a

ilia iius been eepcoited because It 1 e necessary to clean

the dish and the nichrome electrode after each trial.

The first readings taken were of oleic acid spread

oa distilled eater* She results are shown in table 1«

Several trials were also made on conductivity water* The

results were the same as on distilled water* Tap water

was alec used is the liquid* In this ease the results

varied a great deal. Indicating changes due to the salts

In the water, rietilled water, therefore, was used in

all eases.

Tabic 1. Change in capacity caused by oleic acid on dis-
tilled water.

Total C s 42 esafd.

tOlele AC t reviationa
Zero .added s tlff.t
46.8 I 47.0 : 0.2 : 0.04 : 0.00005 1 0.00061
43.1 I 48.4 t O.S I 0.06 t 0.00143 t 0.00003
50.4 l 50.7 s 0.3 S 0.06 t 0.00143 J 0.00005
45*5 t 45.9 t 0.4 s 0.03 l 0.00190 J 0.00044
54.0 : 54.3 1 0.3 } 0.06 t 0.00143 1 0.00003
50*0 I 50.4 t 0.4 t 0.08 t 0.00190 : 0.00044
47.2 | 47*5 t 0.3 t 0.06 s 0.00143 : 0.00003
48*9 t 49*3 t 0.4 t 0.08 t 0.00190 1 0.00044
45*7 t 40.0 : 0.3 t 0.06 t 0.00142 J 0.00003
«e*a > 50.0 t o*2 i 0.04 l 0.00095 > 0.00051
50.3 I 50*6 t 0*3 t 0.06 t 0.00143 t 0.00003
46*9 t 47.2 t 0.3 I

4s]
Av. C 0.00146

0.06 f 0.00143 t 0.00009

AW. dev. 0.00021
Eatoeiae dev. 0.00081



Tables 2 and S ahow tea results of sproadln; - oleic

acl<! on sn HaCl solution. These readings were taken In an

effort to determine if any of the capacity changes noted

on distilled water tore doe to increased conductivity of

water, the theory Xing that the Ionization of the

HaCl woult: effectively cover an. slirht ionization of the

oleic nolo. The results are the saiae as on distilled

water, indicating that the results eru not due to such

effects. The solution had to be very dilute in order for

the epparsfrus tt oscillate. Vlien the capacity

great the receiver went out of oscillation.

Table 2. Change in capacity caused by oleic acid on a
dilute i.'aCl solution.

Conditions! HaCl (eoncn. 0.04 m/l)
Total C = 45 vasi .

Zero
lOleie
:a<.. e. t ilff.t (AC) :

A :

•Deviations

MM
C1.4
00.7
59.8
59.9
59.8

t 60.5
l 61.7
1 01.1

t 60.1
« 60.1

t 0.5 t

t 0.3 i

t 0.4 *

t O.S <

I 0.2 l

1 0.3 1

0.06
o.oa
o.oa
0.04
o.o-:

0.06

1

:

:

t

:

:

0.00135
0.00135
0.00170
0.00009
0.00089
0.00135

!

:

S

:

t

0.00008
0.00008
0.00051
0.00038
0.00038
0.00003

A 0.00127

Av. dev.
Ijctreae dev.

0.00086
0.00051



Table 3. Chang* in capacity eeuaed by oleic add on
dilute HaCl solution.

Conditions! :aCl (concn. O.OB gn/1)
Total C = 43 HBfd.

jOlele At_

Zero todded t Eiff.t { AC) t c iDoviationa

62.9 I 63.8 l 0*3 t 0.06 t 0.00139 l 0.00008
54.3 I 54.4 t 0.1 I 0.0S I 0.00047 I 0.00084
04.8 I 55.1 t 0.3 t O.Oo t 0.00139 t 0.00008
48*9 I 49.3 l 0.4 I 0.08 t 0.00186 t 0.00066
48.4 t 48.7 f 0.3 t 0.06 I 0.00139 t 0.00006
68.7 t 63.0 t 0.3 t 0.06 I 0.00139 t 0.00008

Av. 4£ 0.00131

Av. dov. 0.00088
dov. 0.00084

Table 4 also gives indication of the changea in capac-

ity belnc duo to the electric taoaont of the molecule rather

any ionization or dissolving of the sold. In this

a drop of oleic aoid was placed on the surfno* of

distilled voter and the reading taken, than another drop

was placed on the surface. There was no further change

in capacity. It appears that the film fonaed with the

first drop covered the entire tray anU that equilibrium

had been oatablished between the film snd the water. If

there hod boon any possible changes duo to the acid's

dissolving or ionising in the water it soens likely that



further addition of oleic acid would have caused further

changes In capacity* Such was not tine case*

Table 4. Change In capacity due to a second drop of
oleic acid.

silrst drop liiecond drop:Iurther
Zero >of acid i riff.: (AC) tof acid i change In C

•lei t 47.0 t 0.2 t 0.04 t 47.0 ( 0.00
40.1 * 48.4 t 0.3 J 0.06 l 48,4 i 0.00
50.4 * S0.7 t 0.3 f 0.0G I 50.7 t 0.00
45.5 t 4S.9 1 0.4 1 o.oa * 45.9 I 0.00
54.0 t 54.5 f 0.3 t 0.06 t 54.3 < 0.00

text oleic acid was placed on the surface of an

0.0021 8 Ca(0B)
2

solution. The Ca(0H)2 was titrated with

a standard acid solution to determine its normality. The

capacity chenees in this case were much greater than those

found for oleic acid on distilled water, or on a salt so-

lution. Blodgett (1935) found, when collectIng films of

long chain fatty acids on alkaline solutions, that the

salt of the acid was act' -.ally deposited, rather than the

acid itself. Tims It appears probable that In this case

calcium oleate was formed. The results being what they

are (about elsht times aa great as on distilled water)

would lead us to believe that such is the ease.

another Interest' ,<; feature of the work with the

Ca(0H)£ solution was the noticeable change In beet note



caused by the fonsation or calcium carbonate at the sur-

face of t e liquid* This caused a grcdual decrease In the

capacity of the experimental condenser* The explanation

very likely voulc be that as the calcium carbonate was

being forawd ions were being taken frost the liquid* Thus

the conductivity of the liquid decreased and as a result

the capacity of the condenser also decreases. It was found

that by blowing across the liquid the rate of change of the

beat note coulc: be inoreasec.

Table 5* Change in capacity of oleic acid on weak
Ca(QH) 2 solution.

Conditions: solr. 0*0021 R Ca(0fl)
fi

Total C s 06 ami

(Oleic A
Zero taddad i Llff.t ( 4< ) : • Deviations

40.5 t 45.5 t 2.0 | 0*56 1 0*0066 l 0.0020
46.5 I 51.2 t 4.9 t 0*80 * 0.0116 I 0.002G
51.0 I 64.7 l 3.7 I 0.74 t 0.0007 I 0.0001
48*8 I 52.9 1 4.1 I 0.02 t 0.0096 I 0.0011
62*5 I 55.0 t £.5 t 0.50 I 0.0059 t 0.0017
47*7 t 50.0 I 3.1 t 0.62 t 0.007? I 0.0013
52.2 t 56.0 I 3.0 I 0.76 t 0.0Q07 I 0.0 01
46.0 t 50.4 I 4.4 t 0*88 t 0.0104 t 0.0010 .

AT. 4C 0.0086

Aw. dev. 0*0016
Extreme dev. 0.0029

An KaOH solution, afl approximately the aaate normality

as the Ca(0B)g, was prepared next. This solution.



titrated, showed e normality oi 0.0018. dale acid was

plaeed on this solution. The results indicate a

in capacity about three-fourths aa great as in the

or the Ca(0B)g. It Is very likely that the sodium salt

of oleic acid Is formed in this ease. It would appear,

however, that ths change In capacity should be at least as

greet as in the ease of the c*(0H)g solution. The dif-

ference is probably found in ths different solubilities of

the calcine and sodium oleate, the sodium oleate being the

ore soluble. It Is likely that the polar group of the

sodium oleate would therefore jrall the t oleoule that much

farther Into the liquid and by doing so, remove the charge

that much farther from the condenser plate.

The solubility theory is further strengthened by a

noticeable effect in the beat note after the oleic acid

has been added* The beat note rapidly approached a max-

imum and then started a gradual decrease in value, indi-

cating a possible removal of the molecules from the vicin-

ity of the surface ot the solution where they would, of

course, have a rroater effect on the capacity cf the con-
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Table 6. Change In capacity or oleic acle on a
solution*

Conditional aoln. 0.0018 5 SaOE
Total = 42 nmfd.

lOleie A
. ero seeded t Biff .t ( AC) I : ioviatlona

49*0 t 61.4 t 1.5 t 0.50 I 0.0071 : 0.0007
49.0 t 50.7 f 1,1 t 0.22 t 0.0052 t 0.0012
45*5 I 46.7 f 1*4 3 0.28 t 0.0006 t 0.0002
49.7 I 51.4 t 1.7 t 0.54 t 0.0031 f 0.0017
53.0 t 54.0 t 1.0 : 0.20 C 0.0043 t 0.0024
51.2 t 82.5 : 1.5 > 0.26 I 0.0 65 t 0.0001

AV. 4C 0.0084

AT. dov. 0.0010
ixtreoa dov. 0.0024

Another oaterial chocked on distilled water was

benealdehyde. Bansaldehydc has an electric moment of ap-

proximately the saete value as oleic add* The change In

oapacit; was approximately the eame.

An affect noticeable in the ease of bvaseldehyde was

a decrease in the beat note soon after reaching a peak.

This affect may ha due to two causes. liret, bensalceayde

has a fairly hi-h vapor pressure and it may have evapo-

rated rather rapidly, second, it stay have been oxidised

into bensoic acid and dissolved into the liquid. She

results are shown in the following table.
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Table 7. •an li —1% due to benaaldehyde on die-
tilled water.

Total C s 45 safd.

tBeaaaldehydo AC
Zero i added ff.l (AC) i T tDeviations

54.0 i 54.5 t 0.5 i 0.00 t 0.00199 : MM
50.1 i 50.3 1 0.2 t 0.04 1 0.00093 t 0.00052
50.9 t 51.1 t 0.2 t 0.04 1 0.00095 I 0.00062
48.4 t t 0.2 t 0.04 i 0.00093 1 0.00052
49.8 1 50.3 I 0.5 1 0.10 t 0.00237 1 0.00092

1 Mafl t 0.4 t 0.08 t 0.00190 t 0.00045
49*4 t 49.7 t 0.5 t 0.06 t 0.00199 t 0.00006
50.2 t 50.6 t 0.4 t 0.0 t 0.00190 t 0.00045
48.7 t j.l 1 0.4 1 0.08 1 0.O0190 t 0.00045
51.3 I 51.0 I 0.5 1 0.00 t 0.00139 t 0.00006
50.6 t 50.Q t 0.2 t 0.04 t 0.0093 1 0.00052

Av. 4C 0.00145T
At* dev. 0.0CX>
Extreme dav. 0.0009B

Palmitic anu stearic acids, and mineral oil vara also

plaoad on a dietllled water surface. All three materials

ware d 3. asolved In lllWII 1 i order to give ' the., a uetli;^

for apreaulng. Ti>a affects of mineral oil and palmitic

acids «axe two. Stearic aeld showed a very allg t change

In baat acta, but not mnragE to measure.

The reaulte son probably be sxplained by a cotnperiaon

of their electric moaente with that of other meterlala

measured. In the case of mineral oil the electric moment

la aero. The electric moments of 1 Ion Bhaln fatty

acide aa determined by Schulman and Rldenl (1950) have
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values approximately one-tenth m grsst as oleic aeid and

benzaluehyde, • value, which, if we ore correct In assuming

the electric moment to cause t::e change in capacity, would

be beyond the llalte of sensitivity of the apparatus uaed.

Five trials were made with mineral oil and eix each

were aade on palmitic ana stearic ar

The next mat«rlal tested was p-nitrophenol, a oom-

pound which, according to Smyth (1931), has an electric

moment of 5.0 x 10 e.s.u. This material, however* is

slightly soluble* The results, when it was placed on dls-

tlllac! ccizr, from a bensene solution, are shown in table

8.

Table 8. Changs in capacity dus to p-nitropheriol on dis-
tillsd water.

Total C s 42 mmfd.

tp-nitrophenol 40
sjsjaj : eddsd 1 Diff. t A )l V tlsviatlona
47.3 t 48.0 I 0.7 J 0.14 1 0.00333 1 0.00012
81.0 t 51.8 1 0.3 : 0.10 t 0.00331 t 0.00060
«M t 50.3 1 0.7 s o.i-: 1 0.00333 I 0.00012
--.. t 50.1 ( 0.6 : 0.12 t 0.00280 f 0.00035
50.4 t 51.1 I 0.7 t 0.14 t 0.00333 1 0.00012
_ A . t 48.8 t 0.6 : 0.12 J 0.00286 f 0.00035
50.7 t 51.4 1 0.7 t 0.14 t 0.00333 t .00012
49.9 t 5C. t 0.0 i 0.12 t 0. O230 » 0.00036

**• 4_ 0.00321

Av. dev. 0.00027

: xtrerae dev. 0.00060



It was thought that soma of the change la capacity

noted nuat have boon due to ita solubility In the oater.

In order to obtain a cheek on tale theory the p-nltrophenol

was placed on a salt solution* The change in capacity in

this ease was not as large as in the case of the distilled

water solution* The result* seen to indicate that the

solubilities of materials have a deeldad affect on capaci-

tance changes.

Table 0* Chang* In capacity due to p-nitrophenol on a weak
KaCl solution,

ccncn. SaCl 0.04^/1
Total C S 60 naafd.

»p-nltr©phenol AC
Zero < added t Biff. : (4; )t t Deviations

60*8 l 70.0 t 0.2 t 0.04 J 0.000671 0.00006
66*5 I 66.6 t 0.3 t 0.06 I O.OOlUOl 0.00089
69.9 t 60.2 t 0.3 t 0.06 f 0.00100: 0.00089
61.3 I 31*8 t 0.2 I 0.04 I 0.000u7» 0.00006
60.6 t 60.6 I 0.1 f 0.02 | 0.00033. 0.000S7
67.6 3 67*3 t 0.2 t 0.04 t 0.00067: 0.00006
66*3 t 66.5 t 0.2 t 0.04 t 0.00067. 0.0O006

Av. 4C 0.000714C

Av. dev. 0.00016
Extrec* dev. 0.00037

In order to obtain a cheek of son* kind en materials

having approximately the sane structure, but having dif-

ferent electric Bonents, c-, a- sad p-dlnltrobenaene were

all testec on distilled water.

The results on o-dlnitroben*ene are shown in table 10.
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the change* In capacity ware fairly constant for all

trials. The dinltrobeniene was spread free a benzene so-

lution and the result of adding more than two drops of

solution vaa also checied In this ease. Share was no

further change In capacity noted. After the benzene had

evaporated, the o-dlnltrobenaene was left on the surface

In anall groups of crystals, lncleatlng that equilibrium

with the water had been estebllshed before the further

addition of the dinitrobensene.

Table 10. Change la capacity due to o-dinitrobensene on
distilled weter.

Total C s ii. as..

jo«dinltrobensene iDevia-
Zero t added «tiff. t ( nr ): a ttiona

50.2 1 50.6
51.7 i 52.0
50.1 t SG.5
55.1 :

49.4 t 49.8
48.8 t 49.1
50.3 f 50.7
51.1 1 51.
53.3 t 53.7
«3.o l 49.0

t 0.4 l 0.08 t 0.00190 1 0.00000
1 0.3 8 O.Od » 0.00148 1 0.00047
1 0.4 t 0.08 t 0.00190 1 0.00000
t 0.5 t 0.10 t 0.00233 t 0.00048
1 0.4 t 0.08 t 0.00190 1 0.00000
1 0.3 1 0.00 t 0.00143 t 0.00047
1 0.4 | 0.08 t 0.00190 1 0.00000
f 0.5 t 0.10 l 0.00£58 t 0.00048
1 0.4 t 0.08 t 0.00190 I 0.00000
1 0.4 t 0.08 t 0.00190 t 0.00000

Av. £f 0.00190
I

Av. dev. 0.00019
Extreme dev. 0.00040

B-dlnltrobensene wee the next material tested. The

changes in capacity noted in this ease were alnoet as large

ee in the ease of the orfchc compound. It would seem, accord-*
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tog to the electric moments of the two materials, that the

Changs In opacity of the Mtt compound would only b«

•bout one-half that of the ortho compound. Bowever, the

m-dinitrobeneene la more soluble In water then the o-dinl-

trobenaene. It nay be that the Increased conductivity due

to thla difference In aolublllty may have caused the

change to be as large as In the caae of o-dlnitrobenaene«

Another explanation may be possible. oth these com-

pounds orient themselves on the surface in much the Tteir

manner, that is, with the bensene ring vertical, or nearly

so. This would mean that in each oeae, the area occupied

per molecule would be about tin same. Then we would have

just as many electrical charges in a given area, in each

case. It may be that the nu Ma* of electrical charge*

present la affectinc the capacity of the condenser fully

as much as the electric moment itself

.



Table 11. ciiange In capacity due to a-tilnitrobensane ea
distilled water.

Total C • 44 as.:.

tm-cilnitrobeneene iLevla-
Zero t addad ft. t (Ar)» w ttionaT

:0.00181t0.0001558. 3 1 53.2 | 0.4 l

45.7 t 46.2 t 0. -.0.002^10.00088
66.0 1 63.5 t O.S I 0.0- lO.OOlSotO.OOOSO
66.8 1 87.2 t 0.4 t 0.0(3 lO.OOlolsO.00015
46*9 1 40.2 t 0.3 : 0.06 |0.0013'J!0.00030
68.5 t 68.9 t 0.4 t 0.08 tO.OOldltO.00015
52.1 I 62.4 t O.S t 10.00080
54.7 t 66.0 t 0.3 t 0.0c I0.001S6 10.00030
52. E 1 52.7 t 0*4 t 0.08 tO .00131 «0.00016

Av. AC 0.00166

Av. dev. 0.00027
Extreme dev. 0.0006*

The last of this eerles of eoopounus, p-cilultroben-

eene, «as tested next. With this material, a series of

deteminatlrna, showed very little change in capacity. A

elicit change In beat note was heard* but it eas too small

a change to aeaeure. The position of the HOg groupa is

auch that the electric moaent is eero. It also causes the

molecule to lie flat on the surface of the water. Both of

these factors probably contribute to effect noted.



Table 12. Change la capacity due to p-dinitrcbenjsene on
distilled water*

Total C * 42 B3Ef .

:p-dinltroben-
Zero tsene added i K A .

48.8 l <::. i [ 0.0 : 0.00
49.1 l 49.1 0.0 : 0.00

. t 47.6 ! 0.0 : 0.00
•- . <: ... i 0.0 : 0.00
46.9 1 1 46.9 0.0 : 0.00

1 *»*f 0.0 : 0.00
4B.5 -. ... I t 0.0 : 0.00
• . t 4o.9 0.1 : 0.0£
50.1 1 50.1 t 0.0 t 0.00
49.9 49.0 I 0.0 : 0.00
48.3 1 48.9 ! 0.1 : 0.02
47.7 1 47.3 ! 0.1 : 0.02

. i «»«1 1 0.0 1 0.00
45.9 ! 45.9 l l 0.0 : 0.00

Secauae a-dinitrobensene was slightly soluble It was

dissolved In distilled water to make a saturated solution.

"Ehla solution was then placed In the pyrex dish, the con-

denser plate lowered in place, and the reading taken. The

solution was then diluted cne-half and another reading

taken and any change in capacity from that of t e saturated

solution noted. It will be recalled that removing solution

and them replacin- it coult be done with little error. It

is therefore probable that the few slight changes noted

due to experimental error.

Hext the solution was diluted tc a proportion cf one

to four anc the total change in capacity again noted.
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iinally, dlatilled water was placed In the dish and the

reading taken. The total change In capacity from the sat-

urated solution to the distilled water la shoes. These

ehangee are of the esse order as those obtained by placing

the m-dlnitrcbensene on the water from the bensene solu-

tion. Evidently equilibrium had been established in the

care of the bensene solution* The results are shown In

the following table.

Table 13. Change in capacity of a saturated solution of
m-einitrobenaene when diluted with distilled water.

ciiluted li llttt*4I istillei
Zero t 1-2 f A 1-4 t AC J aJMv t AC

47.7 I 47.7 t 0.0 t 47.5 f 0.21 47.4 t 0.3
Met : 49.9 t 0.0 t !..- t 0.8

1

49.5 I 0.4
50.4 J 50.3 t 0.1 I 50.1 ( O.St 50.0 t 0.4

t 51.0 t 0.1 t 51.7 1 Ml U«4 t 0.S
46*6 t 46.0 t 0.0 f 46.4 * O.St 46.3 t 0.3
4,. 1 4a .7 i 0.1 t 40.5 t 0.3

1

•L .• t 0.4
64.4 1 54.4 l 0.0 t 54.2 t 0.2t 54.2 1 0.2
87.1 t 57.1 1 0.0 t 56.9 1 0.2: M« t 0.3

In table 14 an attempt has been made to determine how

much of the capacity changes noted were due to an in creased

conductivity of the distilled water when a material was

plaoed on the surface. This table shows the effect of a

saturated solution of the surface active material as com-

pared with distilled water. In order to make these read-

tags a conductivity cell was comectec |a the receiving
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oscillator In place of the experimental condenser.

In capacity were then noted for the different saturated

solutions as coopered with distilled water*

these chances are men aore sensitive than would be

:he ease with the experiaental condenser. In this ease,

both plates were sulaaergod in the liquid. In the exper-

imental condenser there is en air gap of about 1 urn be-

tween the liquid surface end the upper plate. These

readings cannot then be used quantitatively but do give

us an indication of the materials which were affected by

such changes in capacity.
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Table 14. Change In capacitance due to aolublllt? of
aurface active material.

HgO reading! Material addadt Raading 1 AC

21.3 ale acid

1 21.3
1 21.3
t 21.4

1 21.1
1 21.0
! £1.3

t 0.0
t 0.0
f 0.1
t 0.0
l -0.2
1 -0.3
t 0.0

21.5 tFalmltlc acid

i 21.3

1 21.4
£1.3
1.3

t 0.0
! 0.1
t 0.1
t 0.0
1 0.0
• -0.1

21,3 tstaarlc acid i

I 21.1
£1.3
21.4
21,4
i.3
1.0 1

1 -0.2
1 0.0
1 0.1

0.1
I 0.0
' -0.3

21.5 iBanaalciehyda i

u.
21.9 j

8t.0 i

21.8 1

) 0.3
0.1

l 0.4
0.5

1 0.3

Ufl tp-nitropfcenol 1

22.1 1

22.0 1

22.2 1

21.9 l

22.2 i

t 0.6
0.5
0.7
0.4M
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Table 14. continued*

iigO reading 1 Bater5.nl ocLe^i Hwadine I £>C

..J.., t 0.0
£1*5 : -0.1

to-ulnitroben- t LI .3 : 0.2
MM : 21, : o.o

a.

7

t 0.1

21. i o.e
tt«t t 0.3

tm-dinitroben- 1 21.7 t 0.1
Ec-e » 21.9 t 0.3

21. • : 0,2

21.6 1 0.0
21*4 » -0.2

ip«dlnltroben- s £1.9 I 0.3
MM : U.7 1 0.1

I 0.0
2X.7 1 0.1

out

wu*

n«a

Tables 15, 16 end 17 present date on ether effects

noted during the eouree of the experimental work. ••

Interested In knowing the effeet of a suooerged plate

tr^e capacStance of the experimental eondenaer. A copper

plate was plaeed in the bottom of the dish and contact

made to it rather then to the liquid itself. The results

clearly show that tills submergeu plate has no effect upon

the total capacity of the experimental condenser. The

liquid surface, then, must act as the lower plate of the

It was noticed t!iat oleic acid, when spread on water,

did not reach equilibrium at once. This effect may be due
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to the tie* needed for the acid to spread. It mould be

interesting tc note mien tine effects elth other insoluble

materials aa compared with their spreading coefllclents.

Time has not permitted any further investigation of such

effects.

ISmu a material, such as salt. Is placed In a solu-

tion, the capacity immediately increases, changing at a

rather stead-/ rate. This effect was also timed. Una drop

of salt solution was placed on the distilled water and the

time necessary tc reach equilibrium was determined. This

doss not necessarily mean that diffusion is complete in

this length of tine. It simply Indicates that the dif-

fusion had progressed far enough so that any further dif-

fusion had nc noticeable effect on the capacity of the

lnterfaclal condenser.

Table IE. Fffeet of a submerged plate on capacity.

Plate out i Plate in t Change

ttefl l sftwt 1 0.1
<.:... t co.o 1 0.1
48.5 1 48*5 1 0.0

48.6 i 1 0.0
49.5 40.S i 0.0
50.6 50.7 | 0.1



Table 16. Time for the
acid to become constant*

In capacity due to oleic

Zero t Oleic I Change t Tl::e(E«c

Mel
4a .1
50.4
46.5
M*0

47.0
•:;,.:

50.7
45.9
m *i

o.r
0.3
0.3
0.4
0.3

I
V
6
I
f

Table 17. Time fop the capacity change to
in the case or electrolytes.

constant

Sero i Sari added i Changs * Tlaetminutes & seconds)

1 ..'. 1.1 1 8»S0
60.3

1

51.7 t 1.4 1 1 9100
46.61 : .i i 1 1.5 t 9ll5
63.21 |4«4 1 l.£ 1 8130
49.9: ttt.fi 1 1.3 ! (3:45

Table 18 attempta to combine all the data obtained

Into one convenient form. The electric mcnents of the

Materials investigated are also shown. The data given are

the averages of the several trials together with tha av-

erage deviations.

The results indicate that 4C/C, the change in capacity

divided by the total capacity, bears some definite rela-

tion to the electric moment.
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Tabic 18* Average results compared «lth tiie electric
MMttt

: 1 leetrie
_4ite;ial l Bubatrate A |SJ BHii

IX 10"^
Oleic acid
Olele acid
Oleic aeld
Oleic aeld
Olele acid

t . -5 willed "i,-

.o5/i)
ica(
lSaOH(0.0018H)

t0.00146X21
tO.OOlt i

•y10U28
.*16G

t0.0064Qxl00

i

t

:

>

:

(1)

Bansaldehyde tdlstllled HgO tO.001*5x41 : 2.76 (2)

Palmitic aeld Idlstllled %0 tO.OOOOO t 0.26 (S)

Stearic acid tdlstllled ligO tO.OOOOO 1 0.25 (S)

Mineral oil tdlstllled BgO . . 000 : 0.00

p-nitropiienol tclstllled HO
2

t0.00521x27 1 5.00 (2)

p-nltrophenol iSaCl (0.04(71) to.ooo7iaie t

o-dlnltrobensene tdlstllled HgC t0.00190xl9 : 6.00 (4)

atxllnltrobensene tdlatilled HgO tO.00166X27 : 5.70 (4)

p-dlnltrcbenaeae tdlstUled ilgO tO.OOOOO : 0.00 (4)

(1) uuaetalla ant, Perrln(1835)
(8) Sayth (19S1)
(5) Sohulman and Riueal (1930)
(4) Vllliaae (1950)

the relationship between a< /c a) be aejaa to mm
better advantage In dlgure I*

There Is considerable discrepancy In some •J the re«

suits* These are likely due to the several factors aen-

tloned before that affected the •apaelty of the condenser

along with the electric aooent. It Is very likely that





tliese factors appear In the graph. The data shown in the

graph are those taken on a aisfcllled- water surface* The

date on the p-r 5 trcphenol she* tliat a great deal of the

change noted was due to the solubility of the neterial.

Evan with these factors present, it appears, froia the Ha-

lted data presentee, that IM eleotrlc isoaent lias a vary

definite influence upon the ehengee la capacity, as de-

termined by the aethou describee In this paper.

coiciot:!

a •

1. u'!:e electric accent in a aonoioolec lax film

on eater affects t:.e capacity cf an interfaaial condenser

£. The heterodyne heat nethci- nay he used to detar-

alne such changes in capacity.

5. Ctx;er factors, such as ionization, solubility,

diffusion, eondeneatior, of vapor, evaporation, and acci-

dental contamination, also afleet tiie capacity of the la*

terfacial condenser.

4, In order to Bake an accurate, quantitative study

of the surface effects, the factors laontloned in 3 would

have to be accurately controlled.

5. Other effects capable of bein^ detected by such

a aethod include: rate of formation cf a precipitate, the



rate of diffusion of an electrolyte throug.; the solution

•ad rate of spreading of a surface active material.

6. It appears likely that the electric moment of the

oleeule. Its surface orientation, anc its slse should ef-

fect the capacity of the condenser,

7. It Is probable, that a method such as described,

could be refined to the point at which the electric charges

of molecules could be quantitatively studied. This study

woulc eall for a precise control of the several factors

that appear to affect the capacity of the lnterfaclal eoa-

MMMB

An apparatus, consisting of two radio frequency os-

cillators, was constructed. These were arranged so that

any changes In capacity at an experimental condenser could

be detected. The experimental condenser consisted of a

glass plate covered with tinfoil and arranged so that it

eoulo be lowered tMmr tim liquid surface. The liquid

acted as the lower plate of the condenser. The apparatus

was then used to determine changes in capacity due to nsono-

molocular films on liquid surfaces.

The method of noting changes in capacity was the faall-
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iar heterodyne beat luethoc. Changes In capacity of the

order of 0.2 saafds. coulc be detected.

the shejifjis In capacity due tc filns of oleic acid,

palmitic scic, stearic acid, mineral oil, ber,Baldefcyde,

p-nitrophenol end o-, o» ano p-dinitroben»sne were deter-

mined.

Vater was the eomaon liquid medium used although oleic

acid was placed on HaCl solution and also weak solutions of

XaOH an;. Ca(0K)£ . P-:\itroph*nol was also checked on a

solution*

Variable factors were controlled as nearl: as possible.

of these factorc included solubility, evaporation,

rate of spreading, rate of diffusion end condensation of

vapors aa wall as some effects due to slight ionisation of

the Materials.

The results indicate that a aethod such as described

cculu, with certain refinements, be used to study Quanti-

tatively Bony of the electrical effects of liquid Furfaacs

including the electric moment. The results given, although

largely qualitative in nature, indicate quite positive

shangss In capacity due to the dlpole moment of surface

active films of monooolecular thickness.
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