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Introduction

The l?ﬁér memberscf the fatty acid seriss are quite conductive
when they ars dissolved in a material, liks wafer, whish has s high
dislootric oconstant, Thwing (1) atiempted to msasurs the entirs range of
binary mixtures of acetic acid in water bul sncountered considerabls dif=-
fipulty in making capacitance moasurement becauss of ths condusbance
effest, Mixturss containing less than 30% asetic acid gave the most un=
certain results, Thess dlelsoiric constants wers msasursd by the bridge
method which is suitabls Tor conductivs matsrials, Dielesciric constants
of aqueous solutions of various elscirolytes have beon dsisrmined largely
by the resonance and the Furih (2) ellipsoid methods,

Graffunder and Weber (3) had used succesfully, by resistance
compensation, the heterodyns method to measurs the dislectric comnstants
of polar mixturss like: watsr in ethyl alcohol; and, chloroform and
wator in acetone, Akerlof (4) using the resscnancs mothod had determined
the dielostrie consfants of many polar mixtures,

| The dislectric constants of fatty acids had beon determinsd in
non-polar solvents which have a low dielectric oconstant,

However, no dislsotric constant measursment had been made of
fatty acids in a polar material with a hizh disloctric constant, compared
to non~polar materials, like acebtons, It was thought that a parallel
between the action of aceitone on fatty acids and the action of water

on fatty acids would exist, This has recently been demonsirated by
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‘Kateswaram (5) who found a shift in the Raman spectrum when acetis
acid is dissolved in acetons which is comparabls to the Raman
spestrunm shift observed when acstic acid is dissolved in water,

If the acetone, because of its dislestrie constaunt, s
 go%up=%o cause®the fatt& acids to ionize the offect should be ob-
goarved in the resultant disleciric constants and polarizstions of
the mixtures,

It'%ee evident that %=

Somotiow—tige the conductence of the materiel will increase,

Now 3ince the heterodyne method gives questionéble results
when used to msasure conduciivs materials it:anéé#gggﬁgae nesessavy”
e aithefubliminate sr measure the conductance effects whish may
cause serious error in the dislsciric constant determined in this
way. 1The epparatus was 30 designed as to Jdeorsase the condustance
effect, An expression,derived from theorstical considerations, te
correot tho "leak effect" proved to be untenabls, but a graphis relew=
tionship was finally obtained by meking noneconduotive materials arti-
fiocially conductive, This was done by placing a series of different
size resistoras over the ocell and observing the effect on the capsci-
tancs of the ocell,

The work on the binary mixturss was then underteken but in
no case was the conductance so great as to necessitate a capacitance

correction,
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Nevertheless it was later shown that the leak effect is
considerabls even for slightly conducting materials if the apparatus
is of a certain design,

For comparisons with acetone fatty-acid mixtwres, dielectrin

constant and polarizatlions were measured for acetone - benzeme, toluens

and propionaldehyds,



PART I

AN INVESTIGATION OF THE "LEAK EFFECT"

IN MEASURING DIELECTRIC CONSTANTS.
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METHOD AND APPARATUS FOR MEASURING

DIELECTRIC CONSTANTS

SECTION I

The determination of dislectric constants of non-conduck-

ive and conductive materials,

The methods used in measurirg dislsegric constants may be
divided into two groups; thoass used for measuring dielectiris oone
stants of non-conductive materials; and, those employed for conducte
ive materials, There is a certain amount of over-lapping as soms
mstheds can be used, with modification in most cases, for both types
of materials,

Dielsctris oonstanta of non-conductivs materials have been
determined by methods based on three different principles,

1) When the elosotric force acting through a medium is measured
the dieleciric constant may be calculated therefrom by msans of Coulomb's
Law, Silow (6) caiculated'dielectrio constants from the ratis of the
eloctrometer needle angles made by the material and air with a given
potential, This method was improved by Perot (7) and later Carman (8),
Quinoke (9) measured the eleotric force by means of a balance and air
blast, This has also been used by Michaud and Balloul (10).

2) Drude (11) measured dislectric comstants by determining the
velocity of propagation of elociromagnetic waves through a material, A
wave of this nature is inversely proportional to the refractive index

which in turn is directly proportional to the squars root of the dislectrie
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constant of the material through which the wave is moving, This
method has been improved by Holborm (12), Mgsny (13) and Wachemuth
(14). |

3) By me#suring the capacitance of a condenser in soms
material and then empty, the disleciris constant is obtained by
the ratio of the two capacitansces., All methods using this prineiple
employ an alternating ourrent in the condengar, and ars bassd on
tuning,

The~bridgé method for measuring eapaéitances was ussd by
Nernst (15) to arrive at dislasctric constemts, Nernst at firat used
e low frequenocy owrrsut but later employed higher frequencies,
Hertwig (16), and later Joachim (1?) devaloped the high frequency
bridge, |

Deterrmining capaciiles by the rescmence method iz used
chiefly for conducting solutions and will be discussed laters

The heterodyre boat method has been used by'HbrWeé (18),
Ignardi (19), Hojendehl (28), Williame (21 and others (22) for nene
QCmdmcting liquids, |

Dielectric constents of ecnductive meteriels have been
measured by methods which mey be placed in three groupe,

FPurth (2) and others (22), (24), (26), have determined
dielectrioc oonstents of dilute aqueous solutions of strong electroe
lytes by observing the extent of rotation in en electricel field of
an ellipscid which was meade of a materiel with e disleciric constant

Tom

different£$e=the dielectric constent of the liquid thet is to be

measured,
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The Baretier bridge method has been used by Neise /26) to
ressure both eonductiﬁéiand capacitence of electrolytic solutiors,

' To find dleleclric constants of conducting sclutions by the
resorance principle,twc methods of cbteining rescrence have been used .
A circuit may be "tuned" for meximum current, whick cexr be detecied
cn e galveanoreter, arnd determining the capacitence with goed sccuracy:
Nowever consliderable meanipulation and correction is necessery to errive
et the true capesciisnce of the rmateriel in the condenssr, This method
has been used -y Tenk {27;, Falkenbeiy {28), Jerzewski, 1. Wiersbicki
and J. Kamecki (£9) end others (ZC), (31), (32),

Latty end vorkers devised and used s voltage"tuming" method
which eliminates some of the difficulties of the curvent tuning method.
(33) (34),

Sach (35) end Willisms (36) have used the compariiorerescrance
method which acconpliches a comperiscen simulteneovsl:;” of condug’ente end
dielectric constent of two scluticns, a standard and an usknown,

The Heterodyne beat method had beer considered unsatisfactory
for conducting meterials but Graffunder and Weber (3) used e variable
resictance across the cell and adjusted it to give the seme demping
effect a3 ortained with the cocnduotive liquid in the cell, A valve
veltmeter wes employed t0 control the exnergy of the cirecuit and the
varisble resistence was built up from two :ellc tubes giving = chaﬁge
in resistence by edjusting the filament current.

Besices the methods cutlined for meesuring dielectric constants

others (27),(38) heve been used,
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For this investigetion the hetercdyne method was used with

some modificetions to measure capacitsnces of corducting materials,
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APFARATUS.,

The hererodyne beat method for capascitence miasurerents
was used in this work,

Wher two high frequency oscillators of the weouum tube
type are loosel: coupled ‘“roivzh en emplifier, beats of an sudille
frequency may be heard (f the frecuencies of the two oscilletors
are near one ancther, Thé siich of the beet decreasss as the two
oscillstors epproect the =ere frucueney, oni firelly a silew® xoint
is obtained when btoth o=clllabors > srete of the seme fraguemeyr, If
the induotance erl the reaislanve in an oseillating cire ’t 2e kept
constent *en the frequency of th: oseolllatsr w.ill deperd <= on tis
capacitance, Hence by keering oxe cscilletor at a fized frequency en
unknown cepacitence may be msesuved by inserting it into the eircuit
o the second oscillator paralle?! to e standard condemser whlich ey
be reduced uztil bo'l oscilletors are again v.orizing st the sere free
Quercy.

The difference of the two readings on the standsrd candgnsér
being the capeciternce of the unknown, This apparatus has been used by
Smyth (22), Willieme (21) and others (3), (39).

. The osoillaetor circuits as ghown in Fig, 1, are varied
somewhat from these previcusly used (39), The "B" battery was shifted
from itz series position with the plate ccil, L, to e parallel positien,

k
A radio frequenoy 23;; wes placed between the "B" battery end the plste



age

of the tube and condenser thereby decreasing the direct current
voltage on the condenser plates, This gave a strong oscillstion
ard heterodyuing couvld be obteined with fewer harmonics, A six
volt storage batiery was tapped to provide twe volts for the
=23C tubes, The same six volt battery was used for the detector
emplifier unit (A),

Since a large capacitence was desireble in the variable
oscillator (V) to deal wiih somewhat conducting solutions, the ine
ductance had tec be decreased to remain at the same frequency, In
plece of using sixty-four t#i¥s on L, end thirtystwo on Lz the new
induotance coils had six and thirty turns respectively (39), This
gave the circuit a total capacitence of about 10,000 rmf. for the
same frequenoy as the fixed oscillator, The “B"™ battery voltage
was inoreaged from ninety to one hundred and ﬁhirtyafive volts, The
two oscillators were coupled more tigﬁtly by using five hundred and
fifty turns eas compered to four turns. The detector amplifier was
the same as thet described by Smyth (22) and modified by Deluca (39),

When the originel coils of the variable condemser, with
lerger inductance, were placed in the circuit, and a "B" battery of
-one hundred and thirty-five volts,a strong beat could be obteined in -
the loud speaker of the amplifier but resistances of only two thousand
ohms could be put acrose the condensers. With e ninety volt "B" battery
the signal again wes good but the circuit again ceased oscillating,

with parallel resistances smeller then two thousand ohms,
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With the new ceil and the higher "B" wvoltage, resistances
as low as four hundred ohms could be pleced parallel with the conden-
sers, The voltmeter needle deflections were sraller end the null
region wider. neverthelecs,. vedings on the standerd condexser scele
could be dupliceted, |

For an oseillsting cirewlt :itt a high capscitance the series
resistence R in

-
i =

X

ol

2
r

where: ' r is parallel resistences,

L 1is inductisnce,

C is cepacitance,
will be smell ever with 17v resisterce:z ¢ the parellel resisters (r).
Tret 16, more l:islr will be tolcrated by the oscillaeting eircvit with e
high "C" then with a low "7%,

In effect sirce

f = 1
2TV LG
where: £ 1is +the frequency,

"1" nag been made smeall, and

0" has been made lerge,
to retein the same emsll frequency the factor L  becomes small and
therefore srell resistances in parallel give a zmaller equivalent series
resigtance thar with e smell "C" and & large "L",

However, the damping effect D in

D = R

T
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becomes lerger <ue to the srellness of I and hence a certein broade
ress of tuning results, In addition as the "leak" “l:icugh ths cone
denser becomes grester R incresses sr’ thsrefore even greater broade
ening of tuning is observed, |

The stenderd condenser C, of three thousand mmf, (Gererel
Redio Co,, Type 246s)) was pl@ced in the ocenter of a sircular table
eighty inches in disweter and e smell xlricr wﬁs mountec on the end
-of the-main condenser retor shaft, A beam of light waz »uflected
from the mirror and focused ¢nic 2 scels whicr was attached to the
edge of the circular table, Readings to within one millimeter cculd
be taken readily,

It wes latter found thet the range of the stenderd conden-
gor was toc large for the size of the cell condenszer adopted, To
increase the sensitivity of capacitance measurements e nurber of the
condense. pletss were rotated on the ratcor shaft thatugh 1800. Tris
gave the condexser a constant lerge cepacily but the variable capecitiy
was decreesed to twe thouseand mmnf, Later more plstes were rotated and
the range was decreased to sbout one thousand mmf, To avoid body cape-
citences s system of verniers and pulleys was &rrangéd to control the
stenderd condenser fyoi outside the edge of the teble,

For calibretion purposes 02, three variall: parslls) condenw
sers were pleced parallel to the stendard condenser, Two of these con-
densers rad a total capacitence of onme thcusend mmf, The third conden-

ger had a capecitance ¢f only tw:iniy mmf,, aud wes controlled with e



delicete vernier, whick could duplicate fractional varietions of
the stenderd condenser, Ths purpose and xothod of sneration of
Co will be tekemn up under the topic of .calibration,

To deal with condueting soluticms C4 was pleced in series
with the cell, C:, to prevent a leak effect slsc in the standard cone
denser, Thia recessiteted heving C, lerge in order to mininize the
loss of sccuracy in resding on ‘hs standard condenser, Beceuse of
this arrengement it wes required to calculate the true cepscitance
from the stendard condenser reading and the series condenser, This
will be discussed further in Secticn I, (3]

Since the capecitance ¢ the oscilleting circuit had been
mecde large the stemdard condenser was insufficient and hence further
condensers were placed parallel to the standerd condenser tringiry
the totel capecitance up to aboul ten thousend micromicrofareds,

The oscillators and emplifier wsre mounted on metel bases
end each unit together with its "B" batteries was enclosed in e metal
box, The amplifier box was larger than the other two aﬁig separste
compartﬁent wag made in it for the "A" battery.

The leads of Lg and Lg vere run through holes in the melsl
shielding, The metal boxes were grounded and kept cidsed wl:ile reed-

ings were made thereby aveidirg boc; capacitances,
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CIDLDCTRIC CELL

To arrive at the dielectric comsient of e liguil it wes

regegsery to messure tis capacitance of the liouid accwalolr,

Glelevlric cell operating on the principle ¢f a varise
ble condenser was first employed Ly Hubbard (40) and Willierms and |
Krohme. {41), Cuthbertson (42) and Messs used s condenser of seri=
circulsr plstes,

The rator plats: were controlled with e verricr alijuste
ment and when the dielectric constant of a liquid ws: to be detere
mined the condenser vas entirely im:ersed in the liguid, 2y changing
the positicn of the rator plstes with respect to the pletes s new
capaciierce wes meesured, The dielectric constent beiry finelly
detérmined from the slope of the increase in capacitance. However,
since the end effects of 'hs condenser pletes did rc3 ertirely cancel
out and els6 becauge of the difficulty in reproducing ocarscilience
settings this type of cell =g sberdsred, Ths btelelite mounting of
these cells were an additicnal objection since they came in contect
with the lioull inveslipated,

A coaxisl cylinder cell wes designed by Linton (43) end
MAags 80 that the inner oylinder could be substituted with = larger
or smsller cylinder thereby varying the distence between the plates,
To cancel end effects, the height of the liquid in ths cell wms
varied and the dielectric consternt again wac determined by the slope

of the capacitence readings,
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Coaxiel dielectric cells ith fixed ;laic: and calie
brated by means of kmown licuil have been used by S+ (44 amnd
others (39), Akerlcl (4) meesured dielectric constents with a
cell that had twoe flat firmly fixed discs two millimeters apert,

Since in this work binary mixtures of organie acics in
acetone were to be investigated it was therefore thought desirable
to keep the conductance of the dielectric cell as small as possible,

Washbwrn (45) advises the use of elecirocdes of four cen-
timeters dismeter. and three millimeters apert for conductivity
work with pure water and dilute solutions, but for higher concene
trations he recommends electrodes One and cne~half centimeters
dismeter and the same distence apart, The .atio of the electrode
ares t0 the separation distence in the laest case is roughly as one
is to one, In the former cese where smaller conductivities are
encountered the ratio of the area to0 the separation distance is
forty-four is to one, The electrode area distance ratic for the
cell described by Smyth (22) is in the vicinity of seven hundred
is toc ons, A cell of that type would be subject to conductivity
effects in measuring capeciterces,

In the comstruction of the cell used in this werk three
points were kept in mind, First, the resistaence of the soll must
be as high as possille; second, the capecity of the cell must not
be toc smell es considerable error in capacitance meesurements

would ensue; and third, the volume of the cell must be kept at a
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minimum 80 as not to require too much material.
Using the expression for a coaxial condenser
C = 5455 x Ex 103 x1

R
1n.?

wherse: ‘18 capacitance in farads

C
E 1s +the dielectric constant
1 is the length of the larger cylinder
R 1s the inner radius of the larger cylinder
r 1s the outer radius of the smaller cylinder
and assuming E tc be eight the concenser would measure one

hundred mmf. when
R = ¢0e0444x1

TE—CE——

r

If, A is the area ofﬁinside cylinder (not inclu-

ding the ends), and R-r is the distance between the two

cylinders, i
then: A = Area of plate = X
R=-r separation distance

since A =27rl -

R =2 l‘rl“-l”'l- Xr
Substitut;ﬁg and rearranging

211+
Taking different values of (X) the last equation
was solved graphically for 1l. X = 120, was finmnlly selected

as the plate areas distance ratio. This made the coaxial cyl-

inders



of the cell eight centimeters in lengthe. The inside

radius of the cuter cylinder was taken as one centimeter,
which %ade the radius of the solid inner cylinder 0.35 cme
The E = 8 was selected as the mean of the dielectric con-
stants that were to be meaéured. To minimize errors in end
effects, due to the presence in the dielectric field of the
material holding the cylindem in place, perforated pyrex caps
were fitted to the outside of the outer cylinder on elther
ende The inner cylinder had thin threaded shafts extending
through the caps. After the brass parts were lightly gold-
plated the cell was drawn firmly together with the studs from
the inner cylinder. The upper stud was attached to a glass
tube which was made fast in the stopper of the cell. A pla-
tinum wire was attached to the stud in the tube and served
as a cell lead. Another platinum wire was attached to the
side of the outer cylinder, brought up through the stopper
at the top of cell and connected to the ground side of the
oscillating circult. The capacitance cell was suapended

in a container made from one inchglass tubinge A gravity
overflow, stove the upper cap of the cylinders,was made to
keep the liquid level the same in all casess The cell was
drained by gravity. Beslides the leads a stopcocked funnel,

for filling the cell, was passed through the stopper which
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was snugly fitted into the top of the cell container.
The gravity drain and overflow came out of the bottom
of the bathe. A catch bottle was connected to the over-
flow tube to which was attached a calcium chloride tube

to keep moisture from coming in contact with the liquid
in the cell,

The water bdth in which the container and cell
were thermostated at 251:0.0300, was heated with a twenty
watt show case lamp. The temperaturs was regulated with

& toluene -mercury thermoregulatore

The leads from the cell to the switch and from
the switch to the oscillator were encased separately in
glass tubling to prevent alteration in the leads capacity

due to movemente.

To measure the resistance of the solutions in
the cell a wheatstone bridge was used. An alternating
current for the bridge was suppllied by & one thousand
c&cle hummer. Since the telephone produced a poor minit
mum sound point for resistance measurementsy it was re-
placed with the amplifier. The minimum sound point was

then readily obtained by means of the loud speaker of the

ampliflers,
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2e OPERATION OF THE APPARATUS

The oscillators were started at least an
hour before any readings were taken and the room
temperature was kept as constant as possible since
variations in frequencies of the oscillators ensued
with temperature change,

During calibration, frequency alterations
had to be aveoided but during capacitance measurements
of liquids, the dielectric constants*Which were to be
determined, slight changes in frequencies were incon-
sequential because several readings could be taken
from which a mean would be derived,

The double pull double throw switch (S) was
open while the standard condenser was varied to bring
1t to the same frequency as the fixed oscillator which
was oscillating at 730 kilocycles (CKAC)s The null
region was determined with a three volt voltmeter (38).
In rotating the standard condenser thebe are two points
where the voltmeter needle begins to swinge One on either
side of the null region. With the standard condenser set
for 3000 to 1000 mmf. the points were in the vicinity of

Oed cme of each other and could be read to within 0.5 mme.
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cn the scale. When the standard condenser had a range
of 3000 to 2000 mmf. the distance on the scale was about
lel> cme A mean was then taken of the two null point
readings and 1t was subsequently used in arriving at

the capacitance of the material.

When the switch S closed the cellgoscillator
circuilt the standard condenser was rotated until the
two voltmeter r:11 points were obtained and the :cale
readings recorded., A ucan was again obtained. The
capacitance value resulting when the first reading is
subtracted from the second could not be duplicated on
other parts of the scale, It was therefore necessary
to calibrate the standsrd condenser,

Greater ease of getting null point readings
obtained when the thermoregulator was disconnected.
Since around the null region the make and break of the
thermoregulator produced confusingswings in the voltmeter.
This procedure however was only necessary when & resding
was being taken of a material in the celi, and was less

pronounced as the conductance in the cell decreased.

In order to measure the rssistance of the ma-

terial i: the cell the switch (S) was thrown across %o



cpen the cell-oscillator circuilt and to close the cell-
bridge circuit (Fige l.) A bridge resistance box was
used and the resisteance was adjusted until a minimum
sound was obtained from the loud speaker., The resis-
tance was read in ohms off the resistance boxe

The 1000 cycle hummer caused annoyance in
determining the minimum point and was finally put in an
adjacent room and connected to the bridge with long cop-

per wires,



Se CALIBRATION OF THE STANDARD CONDENSER.

The capacitance of a material need not neces-
sarily be in electrical units since only units of the
same kind are required in calculating the dielectric
constant. (Section 1, (4).

Inlthis work two centimeters were taken as a
unit of one on the standard condenser scale, As previous-
1y mentioned readings could be msde on the scsle to within
one-half a millimeter, Actually an insignificant amount
of accuracy wes sacrificed when readings were taken to
within one millimeter, since the error created by this
inaccuracy would produce an error of not more than 0.5+%
in measuring the smallest capacitance, viz.,sir. This
error decreased us the dielectrlc constant of the material
increased, i

As already observed the capacitance of the con-
denser and scale readings are not likely to be in linear
relationship, because the condenser may not be in the
center of the table and also since some of the plates have
been rotated to decreaze the capacitance range of the stan-
dard condenser,

Linton (43) applied corrections and Deluca (39)

calibrated the standard condenser scele with successive
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displacements of the null point and applied deviation
corrections in subsequent measurements.

In this work the calibration was altered
somewhat from the method of Deluca in that the fixed
condenser was kept at e constant frequency. The ori;
ginal purpose was to avoid the variation of capacitance
with frequencye. This precaution was unnecessary since
a ten percent change in frequency alters the original
capacitance only about one tenth of a micromicrofarad.

Since calibration involves the insertion and
removal of a fixed capacitance, it is necessary to sub-
stitute a cepacitance which is equivalent to the amount
of capacitance removed upon withdrawing the fixed condenser.
To do thls the same end positions of the null point were
obtained with a substituant capacitance of Co as for the
small condenser (20 mmf.) which was used for the success-
ive calibration stepse This procedure was followed until
a range sufficliently large for capaclitance measurements
of liquids was obtained. The mean values of each two
readings were plotted against a convenlient unite. In the

first calibration the small filxed condenser was taken to

be twenty units and in the second calibration forty units,



LEFT

5025
56425
62480
69425
75460
81490
88415
94.35
100450
106 460
112475
124.80
130.80
137400
143,10
155450
161475
168405
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FIRST CALIBRATION

TAELE I

SCALE READINGS

RIGHT

50475
56475
63430
69475
76410
82440
88465
94.85

101410

107410

113425

112435

131440

137450

143460

156.00

162425

168460

MEAN
50450
56 ¢ 50
63405
69450
75485
82415
88,40
94460

100.80

106485

113,00

125405

131,10

137425

143.35

155475

162400

168432

UNITS

20
40
60
80
100
120
140
160
180
200
220
240
260
280
300
320
340



As already stated to lncrease the accuracy

of csapacitance measurements three. more condenser plates

were rotated 180°¢ This necessitated a second calibra-

tione

SECOND CALIERATION
TABIE II
SCALE READINGS

LEFT RIGHT MEAN UNITS
53420 54420 53470 0
64450 65475 65413 40
75455 76470 76+12 80
86425 8'7 440 86492 120
96465 97.75 97420 160
106490, 108400 107445 200
117.10 118,15 117465 240
127,10 128,430 127,70 280
137,00 138,10 137,55 320
147,15 148,25 147,70 360
157.20 158430 157,75 400
167445 168,65 168,05 440
178.20 179,40 178.80 480
188,80 190.05 189,43 520

In order to obtain reading accuracy of
0.05 units the mean values of the scale were plotted

against the capacitance units on a graph paper ten
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feet long that had been cut and spliced to give the
slope corresponding to the slope of the calibration
curvee Since the slope of the calibration curve was
generally the same and also since the reading accuracy
used the entire length of the graph paper with only
half the readings necessary, the second half of the
calibration curve was placed with the appropriate units
just below the first half of the calibration curve.

As previocusly mentioned the condenser C4 in
series with the cell gives smaller cell capacitance
values than they actually are. Before C3 can be calculated
elther the units must be converted into mmf. or the con-
denser C4 must be converted into scale readingse The
second alternative was chosen, This was done by usiﬁg
& 100+ 1 mmf, condenser which had been standairdized
with a capacitance bridge.

In the first callbretion when this condenser
was placed parallel to the standard condenser it gave a
displacement of ninety-eight unitse. Since the capacitance
of C4 was 8730 mmf.,, determined again by the capacitance
bridge method, in units C4, was 8560. Error of one percent
in C4 and using large cell capacitances produces error
only in the second decimal place of the true cell capa-

citancee.



Because the standsrd condenser had beer
altered a second value ~f C4 was necessary. This
time the 100+ 1 mmf. condenser gave a deflection of
216 units or C, was equivalent to 18850 unitse

A capscltance in the cell requires a re=-
moval of a certain amount of capacitance from the
standard condenser, From the amount of capacitance

removed from the s tandard condenser it is possible

to calculate the true cell csapacitance by

1 = 1 + 1
ACo C4 Cz

where A Co is the capacitance removed from the stan-

dard condenser.
Solving for Cz ¢

Cz = Acg O4
C4 -NCo

To speed up the evaluation of C5 a number
arbitrary A Cg readings were calculated to give Cgze ACg
was thenplotted against C3z - ACg, From the graph re-
sulting differences could be read to the second decimal

place, The procedure therefore became to find the dif-

ference from.the'graph of A Co and adding #5to A Co

to obtain Cgze
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To show the a&ccuracy and also the necessity

of the calibration curves, capacitance readings were
taken over different parts of the standard condenser
scale and the results compared in units,.

The values below are not used in subsequent

calculationse

TABLE III

FIRST CALIBRATION CURVE (AIR IN CELL).

MEAN SCALE
READING A Co C3
64468 45,20
08 ¢ 34 20650
6 e 34 19.70 19675
7T1le41 66405
65,11 46445
6430 19460 19.65
89,400 121.95
82,88 102,15
6e12 19,80 19.85
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SECOND CALIBRATION CURVE (BENZENE IN CELL)

MEAN SCALE
READING A Gso o
J)
93452 145450
73470 7115
19482 74435 74465
102 455 179.95
_83,10 105455

19.45 74,40 74,70
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4, DIELECTRIC CONSTANT DETERMINATION

A) EXPERIMENTAL PROCEDURE

The purified material, the capacitance of
which was to be determined, was introduced iuto the
cell by means of the stopcocked funnel st the top of
the cell container, The variable oscillator was now
tuned, by removing capacitance from the standard con-
denser, until the two points on either side of the
null region were recorded. The cell was then thrown
out of the oscillator circuilt by the switch (8), and
capacitance was put in with the standard condenser until
the null points were agaln obtained., The mean of the
first two readings amd the last two were then changed
into units from the graphe. The difference of the two
being the capacitance of the material in the cell and
the leads. This procedure was repeated several timese.

It was found that the material in the cell
came to constant temperature within twenty minutes or
half en houre The temperature effect in the capacitance
was very noticeable in the first ten minutes. Since the

temperature of the material placed in the cell was always



- 300/

below 25°C the capacitance decreased as the temperature
of the material in the cell increased. To arrive at a
sultable capacitance a mean of the capacitance values
over a period of time was takene. The capacitance values
observed in the first ten minutes were usually excluded
marked (X) except in cases of low dielsctric materials
where the temperature effect was less apparent,

When the capacitance of ths nmaterial in the
cell was ascertained the liquid was drained and the cell

was washed with Merk, reagent quality,acetone. Dried air
was then aspirated through the cell for five to ten mi-
nutes before a new material was nlaced in the cell.

The binary mixtures, with the exception of
propionaldehyde and acetone were made gravimetrically:10,
20, 30, 40, 50, 60, 70, 80 and 90%.

At first the cell was washed with acetone and
then with the mixture but it wes found that the procedure
already outlined gave satisfactory results. Since the
cell capacity was about 35c.c. at least 40cc.of each mix-

ture were necessary in order to allow some to overflow.
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B) STANDARDIZATION OF THE APPARATUS AND

CALCULATION OF DIELECTRIC CONSTANTS

In as much as the work was done with two
different calibration curves of the stalrierd condenser
two cell standards were found.

Besides this in the last part of the work
with the second calibration curve an additional cell
standardizgtion was made because the apparatus had been
accidentally jolted.

The dielectric constant of & material is given

: c '
by A = E
Co
where : CA 1is the capacitance of the material

Co 1is the capacitance of the cell under vacuum
E is the dielectric constant of the material
Because of the nature of the spparatus it is
impossible to measure the capacitance cp or C, without
also measuring a small capacitance due to the leads. Hence

the capacitance of the material in the cell may be expressed

-
-

as Cp = o3 - °L

where ¢;, 1s the capacitance of the leads.

If the leads to the cell are not moved, and
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they were encased in glass tubing, thelr capacitance
should remaliln the same. They actually do vary slightly
from day to day due to atmospheric conditions but remain
the same for the short period of time that observations
are made. In the first part of the work the variance of
cy, Was not recognized but was taken into acccount with
the second calibration. An attempt was made to keep the
end effects constant by the construction of the cell, The

end effects are also included 1in cge

'

If 03 i1s the capacitance of a2 material A

!
which has a hlgher capacitance than C% of material B then

c ' - 0
- C
A < 03 - CS

"

Now the capacitance is measured with a unit
which is proportional to a fraction of tThe standard capa-

citance unit (viz., farad).

!
Hence: cé z K 03
CA = k CA
CL - k CL
CO = Lk CO
where : cé, Cps  Cp and ¢ are capacltamces in farads

and k is the proportionality factore Similar relationships

exist for c and cB

fn
%)
whence: k Cq or £ = Ep
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Where EA ls the dielectric constant of

the material A,

CA’ Cos CL are capltances in the units

selected.
also C
B - E
where Cg 1s ¢the capacitance in units and Ep

1s the dielectric constant of material B,

Therefore:

If the capacitances of the two materilals
are determined anc the dlelectric constants of the same
materials are known, then C, for the cell can be evalua-
tede.
Beéides air the following ligquids were used
in the standardization of the cell: benzene, ether, methyl
alcohol and in the last stendardizations acetone.

PURIFICATION OF MATERIALS FOR

STANDARDIZATICON OF THE CELL.

Merk's resgent guality benzene, thiophene free,
was sllowed to stand over sodium until effervescence ceased.

The benzene was then fractioned and the portion boiling at
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28042°C. (corr.) was collected and used, The same qua -
1ity of benzene was subsequently used for the acetone-
benzene mlixtures,

The ether was first treated with calcium
chloride, then given a sulphuric acid treatment, distilled,
and placed over sodium wire, When needed the ether was
freshly distillied from sodiume.

Baker's absolute methyl alcohol-special, was
refluxed over lime for fifteen hours and then fraction:
ateds The fraction distilling at 65.5°C. (corr.) was
used and had a resistance of 8000 ohms,

Without the lime treatment this alcohol had
a resistance of 3000 ohms and a slightly higher capacl-
tance of 346,10 units.

Acetones, Merk reagent quality, was purified
according to the method of Akérlof (4) but the capacitance
values were too high for the dielectric constant found by
him., Lower capacitance values were obtained when some
solid potassium permanganate was dissolved in the acetone
and a few drops of concentrated sulphuric acid were added.
However, even this gave capacitance values much too high
to be in agreement with Akerlof dielectric constante

In the first standardization all the liqulids

mentioned above and air were used. For the two standardi-
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'

zations with the second calibration curve only air,

benzens and acetone (E = 19.83) were used.

CAPITANCE OF STANDARD VMATERIALS

CALIBRATION CURVE 1lOele

TABLE 1V
MATERIAL A Cq Cx
Air 19495 20,00
Benzene 33460 33470
Ether 536732 54,08
Methyl Alcohol 330,80 344,410
Acstone 213406 218,580

CAPITANCE CF STANDARD IIATERIALS

- CALIBRATION CURVE Noe2
FIRST STANDARDIZATION

— IABIETY

MATERIAL AC C3

Air (1) 44,50 44460
Alr (2) 45,05 45415
Alr(3) 47,20 47430
Benzene (1) 74,40 74,70
Benzene (2) 75415 7545
Benzene (3) 77 ¢ 40 7770
Acetone (1) 479 .65 " 492,05
Acetone (2) 480435 492,75

Note: 1, 2 and 3 signifies three different days.
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The capacitances of 3 are high because the
Y bath had leaked and wet the cell leads, These values

were both obtained within a period of half an hour.

SECOND STANDARDIZATION

TABLE VI,
MATERIAL figg ' __Eé
Air (1) 44,50 44460
Benzene (1) 744,75 75,05
Benzene (2) 74435 74465
Acetone (1) 481,10 493,50
Acetone (2) 482,90 495,30

CALCULATIONS OF Cq and Cr,

Co was calculated by using the expression:

Co = CS' - 03"
Ep - Ep

Ci, was obtained from C3 for air and G,

s -

882 C, = C3 = Cq
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Co FROM RESULTS OF TABLE IV.

TABLE VII.

“CxT Ta" ‘Materi&lnA Mhﬁerial‘fi 1§;} | Ej Co
04,08 20,00 Ether Alr 4:é04 (46) " 1.006 (47) 10,65
54,08 33670 Ether Benzene 44,204 2¢276 (22) 1057
33.70 20,00 Benzene Alr 24276 1.006 10,78

944,10 54.08 Methyl Alcohol Ether "32.0 (48) 44204 1043

344,10 23470 " " Benzen§ 5240 2e276 10,44

344,10 20,00 " " Air 3240 1.006 10.46

218.60 54,08 Acetons Ether 19.1 ( 4) 4,208 11.03

218,60 33.70 " Bengzene 19.1 2276 10499

218,460 20.00 " Alr 19,1 1.006 10686

(") 4interpolatede.

Taking the mean of the first six values C, = 10.55 and Cy, = 9,45,
From these values of Cy and CL the dlelectric constant of acqtone becomes 19,83,

This value 1s used in the next standardization. (See Part II, Sectiorn II, (1))



Co FROM RESULTS OF TABLE V.

TABLE VIII.

C3! cz" Material A Material B  Eu Ep Co

74¢70 44,60 Benzene (1) Air (1) 2,276 1.006 23470

75445 45,15 " (2) " (2) 24276 1.006 23,77
492,05 44,60 Acetone (1) Air (1) 19,83 1.006 23,77
492,05 74,70 LI (1) Benzene (1) 19.83 20276 23,77 é;
492,75 175.15 " (2y ¢ (2) 19.83 24276 23479 ;
492,75 45,15 " (2) Air (2) 1983 1.006 23,78

7770 47.30 Benzene (3) " (3) 2,276 1.006 23,93

Mean Cg

=z 235480



Co

TABLE IX,

D R Bt ik it

Pl

FROM RESULTS OF TAVLE VI.

Cz! cz" Material A Material B Ep Ep Co

75,05 44.60 Benzene (1) Air (1) 24276 1.006 23.98

495430 74 465 Acetone (2)  Benzens (2) 19.83 2.2765 23496

495430 44,60 Acetone (2) Air (2) 19.83 1.006 23494

493450 75605 Acetone (1) Benzene (1) 19,83 24276 2384 »

'

Mean Cgq, ; 2390 &
The dielectric constant is calculated as follows: .

C3 = C;, = B

Co

Or using Acetone as an example:

-

218660 = 9,45
10455




SECTION II.

CONDUCTANCE IN THE CONDENSER CELL.




1) THECRETICAL CONSIDERATIONS OF AN

OSCILLATING CIRCUIT.

in either the resonance or the heterodyne
method a conductance in the measuring cell is golng
to create an additional capacitance effect which willl
make the cell capacitance greater than its actual ca--
paclitance.

An attempt was made with the help of Professor
He Ge I. Watson to find a capacitance correction for the
leak effect on the basis of oscillating circultse.

The two clrcults:

14 : ]
Rp% T%p = %Rsc -

1 Fig. 2e T S
gre equivalent and hence may D2 represented as above.

Where Rp is resistance in psrallel to the
condenser, or the leak resistance. )

Cp is the true capacitance of the cir-

cuit for a given voltage.

Rg is the effective series resistance
which 1s produced by a parallel resistance Rpe
Cg is the capacitance measured and is

greater than the true capacltance due to the decrease

in voltagee.
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As Rg increases Rp decreases whereby Cs 1s

8180 incressed. Rp can ve measured as conductance

snd Cg as capacitance, but Rg and Cp are unknown.

expressicn 1s therefore regquired that will eliminate

all terms of Rg and solve for Cpe

(1)

Whégg:

where:

(3)

(4)

(5)

(6)

Equating voltage drops (Fige 2.)

I (Rs +_1 ) = Ig = Ir Rp
J wCg ) J W Cp

I = Ip + Ic

w = 21Tf

f 1s the frequencye

An

(Ir+Ic)(Rc+ 1 ) = Ie = Ir Ry

jwc.;)-JWCp
Telking the right hand equation of (3).
Ie = Ir By jwop

Selecting the two ends of (3)

| BT

(Ir + Ic)( Rg + 1 ) Ir BRp
j wCs)
Substituting (4) in (5).
Ir ( 1+ R we,) (Rg+ _1 )
v § p P jwcC )

Rearranging and multiplying out
1 +jw ( Cp Rp + Cgqg Rg) = Wz Cs CP Rsg RP

Equating real and imaginary values in (6)e

it
-
Lp]

jWCst
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(7) L = We Cs Rs Cp Rp
and
Solving (7) for Rg and substituting in (8)
(9) Rp (Cp - Cs)+ - 1 = 0
W< Cp Rp

Multlplying out, (8) becomes a quadratic of

2 2 2 2 2 .
(10) We Cp” Ry = WO O, CgRFL = o
Solving (10) for Cp and simplifyling
(11) Cp = Cg+Cq4 4

Assuming that the expression under the root
slgn remains positive the expression was expandsd to
two terms and simplified.

w2 Cg Ry

To measure Cg 1t was necessary to keep the
leak out of the standard condenser as the standard con-
denser would be affected in a way similar to the cell.
This was done by putting a large condenser C4 1n seriles
with the cell, However, this complicated the problem
3t111 more since now the derived expression did not hold.

To verify the expression by putting a standard condenser
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in parallel with a cell would be futile since the
leak affects it as already pointed out. There was,
therefore, no way, though this was not realized at
the outset, that this expression could be tested ex-
perimentallye.

It was decided that materisls in the cell
would be made artificially conductive by placing non-
inductive and non-capacitive resistances across thé
celle To do this ordinary radio resistors were con- -
nected by means of mercury cups across the cell and the
resistsance was measured with: the wheatstone bridge appa-

ratus., (FigoIo)

2) SOME LEAXK EFFECT RESULTS

If the lesk effect alters the capacitance
then by determining the extent of conductance of a
solution the capacitance correctlion due to the leak
effect can be made,

Severgl materials were placed in the cell and
a series of resistors were placed across the cells The
general shape of the curve when capacitance was plotted
against the reciprocal of the logarithm of the resis-
tance, was the same as in all cases, trhough as it was

found out later it should change slightly with the size



of capacitance of the material in the cells The
change mentioned, however, 1s small and would not

be readily recognized,

LEAK EFFECT ON THE CELL CONDENSER

WITH RESISTANCES (AIR)

TABIE X.
50

RESISTANCE log R C3
0 1995
10,000 12.5 19.95
2,220 1446 20,05
955 16.78 22,20
875 17 .00 22435
800 17 .22 23,60
728 17 o 47 24420
566 18416 27403
483 18463 29.80
419 19407 34405
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BENZENE
TABLE XI.
50
RESISTANCE 1og R C3
Q 33470
10,000 12,5 33470
2,240 14,93 34417
1,495 15,73 34450
956 16477 36 ¢ 35
880 16.98 36650
730 7 047 3817
569 18415 41,07
482 18,63 43467
418 19,07 47455
ETHER
TABLE XII
50
RESISTANCE :j?ffﬁi‘ 23
0 =1.08
10,000 1245 54,08
2,240 IA 35 54.4%
355 16,77 56650
800 17422 57«65
730 17 84"/ 53 440
557 134,17 51.25
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A similar set of results was ohtained
with methyilalcohpl in the cell. When these
results were plotted a8 C3 against ‘%gg“ﬁ a curve
was obtained wlieh was the same in all cases.

(Graph I).

3) BEHAVIOR OF THE LEAK EFFECT

After the series of binary mixture deter-
minations had been completed another attempt was made
to discover the behavior of ‘the "leak effect".

Before the capacitance Cy,had been placed
in series with the cell, resistors were placed across
the cell and instead of getting an increase in capa-
citance in the standard condenser due to the leak ef-
fect, actually a decrease had been observed.

When the fixed osclllator, with a total capa-
city of about five hundred micromicrofarads, was con-
nected with a standard condenser in parallel a totsal
capacltance of about twenty five hundred mmf. resulted.
Resistors were then placed across the cell which was

in parallel with the standard condenser and the follow-

ing results were obtained.



RESISTANCE PARALLEL TQ CELL AND

STANDARD CONDENSER (AIR)

TABLE XIII

RESISTANCE C3 (NO.2 CALIBRATION)
None 4445
2,220 42,5
1,500 3045

1°115 - 4,5

875 - 10,00

800 ' - 1445

The standard condenser is large in capa-
cltance while the capacitance of the cell 1s small,
It was thought that though the resistance does cause
an increase in capacitance in the small condenser the
proportional increase in the large condenser would be
much greater and therefore it would actually be ne-
cessary to take out a part of the standard condenser
to bring the total capacitance of the circult to the
value that it had previously. If this were the case,
then, a cell capacitance which is large compared to

the standard condenser should give a positive capaci-
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tance effect. This was tested in the following
mamner. The large condenser was removed from os-
cillator circuit and a small condenser of five hun-
dred micromicrofarads was put in its place and pa-
rallel to the cell, To have as little of the capa-
citance of the new condenser in the circult as pos-
sible the oscillator was made to interfere with a
radio set on a station in the low capacitance range.
The cell was filled with acetone to give it a large
capacltance*then a resistor was placed across the
celle To again cause the same radlo interference it
was necessary to turn the new condenser in the direc-
tilon of more capacitance. Therefore the lesak effect
causes a greater increase on the larger condenser of
the two condensers wheh they are parallel,

Hence if measurements are made with a con=-
denser in parallel to the remaining capacitance, after
the necessary capacitance for the cell has been removed,

the capacilance :
401 which 1s greater than the capaclitance of the cell, a
negative leak effect will be observed, But if the capa-
citance remaining of the standard condenser is less than

the capacitance of the cell a positive lesk effect will

be observed.
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Still using the fixed oscillator as the
variable one resistors were put across the cell with
the large condenser (8730 mmf.) in series. The leak

effect was magnified considerably.,

SERIES CAPACITANCE 8730 mmf. AID

TOTAL OSCILLATOR CAPACITANCE OF 2500

mmyL e (AIR).

TABLE XIV
RESISTANCE Eé_
none 4'7 «O
2,220 67 ¢S
935 90.0
875 101.0
800 11660

The capacltance C3 has more than doubled
itself in this case. The leak effect is much greater
then with a large oscillator capacitance (Cf. Tables
X, XI and XII).

Using the same total oscillator capaclitance
the series capacitance C4 Was replaced with a capaci-

tance of 3034 mmfe. the leak effect was magnified even

moxree.e



SERIES CAPACLTANCE 3034 mmf. AND

TOTAL OSCILLATOR CAPACITANCE of 2500 mmf.(AIR)

TABLE XV
RESISTANCE C3
None | 4645
10,000 S51l.5
2,220 6le5
1,500 142,5
965 241.5
875 | 2685
800 No oscillation

to
Here the capacitance increased, slx times

the original capacitance of air without a reslistance.
The corresponding ratio increase with air, using 8730
mmf as Cs and a total capacitance of about 10,000 mmf,

in the oscillator is about one and one fifth E=eresses,



PART II

DIELECTRIC CONSTANTS Al'D POLARIZATIONS

OF SOME BINARY ACETCONE LIXTURES.
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SECTION T.

DIELECTRIC AND DIPOLAR PROPERTIES

OF BINARY MIXTURES OF ACETONE

The dielectric constants and polarizations
for many polar materials in non-polar materials heave
been determined (22), Also many dilute solutions of
polar materials in non-polar solvents have been deter-
mined over a temperature range in order to calculate
the dipole moment of th2 yclar material. Dipole mo-
ments have also been calculated from the results ob-
tained with polar solvents.

Drude (49) had determined the dielectric con-
stants of acetone - benzene mixtures using the resonance
method at a frequency of 4 x lO9 cycies. He pointed out
that Silberstein's (50) mixing rule did not hold but
failed to give the results. The dielectric constants
of thls series were therefore redetermihed.

Smyth and Rogers (46) have measured the die-
lectric constants and calculated the polarizations of
benzene - acetlc-and butyric acid mixtures. The die-
lectric constant curves were concave and the polariza-

tion curves were convex with respect to the composition

axise.
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The dielectric constants and che polariza#ion
MIXTUres oF
curves of ,two components which are both polar have not

M IATORES
been studied as extensively as the esses where one of

theﬁgggggsis non=-polar since the relationships are con-
sidered too complicated to interpret (51).

Thwing (1) determined the dielectric constants
of acetic acid - water mixtures;from the nature of the
dlelectric eonstant curve, he argued that hydrates were
formed. The general shape of the curve, however, was
somewhat convexe
| The dielectric constants of acetone - water
mixtures were determined by ;kérlof (4), He observed
a concave dielectric constant curve but the polarizations
of these mixtures gave a linear relationshipe.

Kerr (52) and Graffunder (53) both found that
the dielectric constants of binary mixtures of acetone
and chloroform gave a convex curve in place of a concave
one, which is the general rule for a polar and assocla~-
ted material in a non-polar mediume

The acetone - nitrdbenzene dielectric constant
curve was observed by Graffunder and Heyman (53) to be

convex while the polarization relationship of these com-

ponents was a straight line.
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Since water mlxtures of the fatty acids
would have considerable conductance compared to
the conductance of these acids in non-polar media,
it was thought desireble to use a material with a
moderate dielectric constant, at least at the out-
set, as one of the media, Acetone was selected as
the one component of all the mixtures, which be-

sides having a moderate dielectric constant was
2lso soluble 1n non-polar 12cdla,

In addition to the acetone-fatty acids the
dielectric constants of mixtures of three other ma-

~terials were undertaken for reference purposese
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SECTION II

EXPERIMENTAL RESULTS

THE
>
1) DIELECTRIC CONSTANT OF ACETONE

As previously mentioned acetone purified
according to the method of Rk;rlof (4) was first
usede The fraction boiling between 56.5 and 56.7°C
(corr.) was collected and placed in the celle The
resistance of this acetone was 5,100 ohms and had a
Cz of 227 unitse C.P. Stock acetone was placed over
freshly burned lime and allowed to stand for twenty
four hours, It was then refluxed for twenty-one
hours over’lime, The first fraction collected dis=-
tilled at 5645°C (corr.) and had a capacltance of
224+6 unitse. The se~nd fraction 565 to 55,7°C
(corre.) had a capacitance of 226.5 unitse. The re-
slstance of these portions was about 18,000 ohms.

It was observed,as already stated, that
Ssolld potassium permanganate and a few drops of
sulphuric acid gave acetone with lower capacltance.
The first fraction distilling at 56.4°C (corr.) had

a capaclitance of 221 unitse. The second and “hird
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fractions distilled at 56,35°C (corr.) had a

capacitance of 221.5 units,

Acetone treated in the above manner was
then refluxed for fourteen hours over lime but gave
8 higher capacitance of 230.,5 units.

Merk, reagent quality, acetcne treated with
permenganate and acid distilled at 56.4°C (corr.) had
a8 capacitance of 218,60 units. This acetone capaci=-
tance value was reproduced consistently with other
lots of acetone. Acetone used in subsequent work
was of the same quality and treated in the same way

before being used.

ACETONE CAPACITANCE

TABLE XVI
IDE Doz e
le30 P.M. 213415 218460
2,03 " 213625 21870
2.35 " 21320 218465
2.,45 " 213610 218505
3,00 " 213,05 218.50
3,05 " 213425 218,67C
330 " 212,70 218415
3e37 M 212495 218.40
4,10 " 212,20 218455

Mean 218450



The#results aré from calibration curve

Noe 1  Cp = 10455, Cp = 9.45,



AUTHOR
Drude (54)
Walden (55)

Inte.Critical
Tables (=

Graffhunder (53)5¢)
1]

Kerr (52)

Lunt &Rau (85)

1]

Albright (57)

IJQB.RQSQPQCQTQ (58)

Akerlof (4)
This work

DIELECTRIC CONSTANT OF ACETONE

METHQOD

Audio

Bridge

n

n

1]

He terodyne

n

Heterocdyne

Bridge

Resonance

"

Heterodyne

TABLE XVII

Fe(KC)

3,000
42
872
883

2,000
730

450-500

1" n

95

81=84,5

( (1) interpolated )

TEMP. (C)

190
20°
50°
259

209

(1)

Ee

2667°
2144
1847
19.95

21,3 1 1

2le4
20687
200,389
2042
206€
2044
2074
20.88
19,10
19,83



The dielectric constant for acetone obtained
by most workers is somewhat over twenty. ILunt and Rau
purified thelr acetone only with calecium chloride and
then fractionated, Graffunder used pure lierk acetonse,
but does not describe any particular method of purifi-
éation. Albright mentions that he was not able to get
the same dielectric value as that obtsined by zk;rlof.
Higher dielectric values were obtained with scetone pu-
rified according to method of Rkérlof«mus&:ﬁﬁagggﬁ=ég
Tes—wewlss Acetone so purlfied had a capacitance of 227
which gives an E of 20,62, This vzlue is in keeplng
with other workers. It is thought that the method of
treatment of the acetone is responsible for the Zewer
dielectric constangfgﬁzgm%hat obtained by most workerse.
However, the low dielectric constant as obtained by

Kkérlof 1s probably due to the leak effect already men-

tionede.

2) DIELECTRIC CONSTANTS AND POLARIZATIONS

OF ACETONE - BENZENE MIXTURES.

Acetone and benzene were purified in the manner
already described., The mixtures were made in percentages
of multiples of tene. These and subsequent mixtures were
made in the following way. 125 CC pyrex erlenmeyer
flasks were cleaned with chromic acid, washed and rinsed

with'distilled water and then thoroughly dried over a
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bunsen burner before being used for storing the mix-
tures. The weights necessary to make a given percen-
tage of the first component were placed on the balance
pan after the flask was counterbalanced., The liquid was
poured into the flask until the balance point was nearly
reached then the remainder of the liquid was introduced
with a long medlicine dropper. As soon as the balance
polnt was obtained the weizhts for the sscond component
were placed on the balance pan and the same procedure

was followed in adding thls material. Speed was necessary
to avold acetone evaporation.and also to yrevent the .irzro-
scopic materials from picking up water.

The mixtures for this series were made in suf-
ficient volume to fill the cell twice and to have a few cc
for rinsing the cell between fillings. This procedure,
however, was not necessary as the capacitanCe of the first
and second fillings were in good agreement if the cell were
thoroughly dried after an acetone wash before a second
mixture was placed in ite. All values marked with an (x)
are hot used in obtaining the mean capacitancee.

ACETONE - BENZENE MIXTURES.

TABLE XVIII (a)

90% Acetone and 10% Benzene
Thermostated at 715 P.M.

TIME Co Ca
7el5 PoM. 196,90 201440 (X)
74256 " 197485 202 ¢ 35
7¢35 " 197 .55 202 605
7445 " 197.65 202,15

Mean = 202 e20



TABLE XVIII (b)
80% Acetone and 20% Benzene

Thermostated at 8.45 A.N.

TIME D Co Cs
9420 AJM. 176 ¢ 50 179420
9,30 " 176 460 179+ 30
10445 " 176 425 178.95
12.15 " 175495 178465 (a)
12,17 176,410 178450 (a)
12,20 176 420 178490
Mean 179,10

(a) not used as .ome of the mixture evaporated and
more had to be added. To prevent evaporation in

subsequent work the overflow was closed with a screw

clamp.

TABLE XVIII (c¢)

70% Acetone and 30% Benzene

Thermostated at 125 A.ll.
Time /A Cg C3
1.25 A.Me 157430 160420 (x)
1,53 " 15785 160475
2e10 " 157,90 160480
3400 " 157.60 160450
3410 " 157.60 160,50
3430 " 157440 160430

Mean 160,55



TABLE XVIII (d)

60% Acetone and 40% Benzen:

Thermostated ot 8,00 P.l.

IIME AN Cg C3
Q05 P.lia 138400 14T G0
10.50 " 139.10 141 .40
11.07 139,80 142,10
11,15 139,20 141.50
11,20 139460 141,90
11,20 132430 141.60
Mesn 141.60
TABLE XVIII (e)
50% Acetone end 50% Benzene
Thermostated at 11.40 P.M.
IIME TANIIY} C3
12,15 A.M. 115675 121 .45
1.45 " 120455 | 122425
245 " 120,20 121.20
2.55 " 120435 122,05
3,05 " 120425 121.95

Mesan 121.90



325
4,15
4,30
6420
625

TIME

630
6440
850
8455
9.20

A.M.

n
"

1

A.M.

"

]

TABLE XVIIT (f)

40% acetone and 60% Benzene

Thermostated at 3.25 AMe

N Co Ca
102,05 103,15
101.90 103400
101.80 102,90
101.70 102,80
101.80 102.90

102490

TABLE XVIII (g)

30% Acetone and '70% Benzene

Thermostated at 630 AM.

AN

83425
83445
8308
83430
83415

C3
84,15
84,25
83485
84410

8325

84,05

(x)

(x)



0¢E5 AJM.
10.20 *

11,15 "

TINE

11,18 A.M.
11,37
11.45 "
12,50 B.M.
12,57 "

- B2 =

TABLE XVIII (h)

20% Acetone and 80% Benzene

Thermostated at 955 Al e

A Cp

5185
65480
65,20
6590

TABLE XVIII (1)

Lean

Cg

6635
66 ¢35
6645

6645

6640

10% Acetone and 90% Benzene

Thermostated at 11.18 A.l.

A Co

50605
50,00
50,00
49,90
50,00

L
L8881

Ca

50.35
50430
50430
5020
50,30

50430

(X}

(x)



- 63 -

Beside determining the dielectric constants
of this series of mixtures the polarizations P1,2,were
also calculateds. The polarizations of mixtures is given

by the expression:

P1,2 m.. E =1 ) -f:l M': Te M’?{

———

E+4+2 —3

where

E 1s the dilelectric constant of the miXture
is
fq the mole component with molesgcular weight Iy

fo is the mole fraction of the component with
molescular weight Mo

25
d 1s the density dg

when the polarization of a pure liquid is calculated thils
expression 1s reduced to the €lsusius -« Mosattli equation

P = E -1 1
E + 2 d

The denslty valuesused to evaluate P1,2 were
those obtained from the work of Ebersole (59). The den-
sities (d425) were plotted against the percentages glven
and the percentages necessary for the calculations were
obtained by interpolation. Bingham and Brown (60) de-
termined acetone - benzene mixture densities at twenty
and thirfy degrees. The densities for twenty-five

degrees were obtained by the mean value method and were



found to be in agreement with the densities given by

Ebersole. Acetone - benzene densitlies were measured
o

by Herz (61) at 16 Ce When these values were plot-

ted next to those of Ebersole a parallel relationship
\

was observed. \

The dlelectric constants and\polarizations
are summarized in Table XIX. When the aielectric con=-
stants were plotted against mole fraction a slightly con-
cave curve was obtained (Graph No.2, Curve I), but plot=-
ting polarization against mole fraction gave a convex
curve with respect to the composition axis (GrapheNoeS,

Curve I).



TABLE XIX

DIELECTRIC CONSTANTS AND POLARIZATIONS OF ACETONE - BENZENE MIXTURES

% ACETONE % BENZENE

2
3 Tz €3 a,°° E P1,2
100 00 1.000,0 0.000 218450 Be7862 19.83 63487
90 10 0.9237 0.0768 202420 0.7943 18627 63.94
80 20 0,843 01567 179.10 0.8032 16,08 63491
70 30 0.7582 0.2416 160.55 0.8120 14.32 63622
60 40 0.6686 0.3314  141.60 0.8219 12.52 62 +46
50 50 05735 04265 121.90 0.8292 10.66 61.31
40 60 0.4728 0s8272 102,90 08370 886 5936
30 70 063656 0.6344 84,05 0.8454 707 06 .07
20 80 0.2516 O0.7484 66 .40 0.8547 O¢40 50.83
10 90 0.1300 0.8700 50,30 0.8655 35.87 41.85
00 100 0000 1,0000 33470 0.8736 2e298 2'7.00
1} = mole fraction of acetone Co = 10455
fo = mole fraction of benzens C1, = 945
Ml - 58 005
Mg = 78,05

= GO =



3) DIELECTRIC CONSTANT OQF 1soButyric ACID

Eastman Kodak Co., isoButyric acid was
first fractionated with a Hempel column filled
with 6 mm. glass beads. This gave a wide bolling
range and only a small fraction of the total vol-
ume had a bolling point near the correct value.
However, when the Hempel column, eight inches in
length, was packed with glass single turn helices,
about one millimeter thick and one qﬁarter inch in
diametey,much bettsr fractionatiens could be ob-
tained. On distilling the acid with this column
about one-=half of the acid gave a bolling range of
15345° to 154° C (corre). Since the available volume
of the acid was small the fraction distilling between
110 and 153.5°C was again fractionated. Roughly one-
half of thie volume of acid had the same bolling.range
as the fraction from the first distillation and hence
it was added to 1t.

The dielectric constant of isoButyric acild
was determined twice, once with the first calibration

curve and again with the second calibration curvee.
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isoButyric Acid

TABLE XX (p)

b o2 | Cs
56482 37405
36420 36.45
36 ¢ 35 36460
36 ¢ 30 36465
36445 36470
36 045 36470

lTean 36,670
No time was recorded but the period of
observations was about one and one-half hours.
C1 = 9.45 and Co = 10,55
E = 2.98 for isoButyric acid,

This value was low compared to the inter-

polated value of Piekara (62).

After the standard condenser had been alter-
ed and the Co of the cell determined the dielectric
constant of i1soButyric acid was measured once more.
The day that the measurement had been made some water
had leaked out of the bath and had wet the leads. C3
for air at the outset was 47.75.

hence Cr, = 23.95
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TABIE XX (b)
Thermostated at 11,50 A.if.

TIME N o2 |

12,00 A.M. 86450
12.12 P.I. 86430

1.05 " 86430

1.40 " 86.40
2, 05 " 86435

TABLE XX (c¢)

Ca

A ———

86.20 (x)
86470
86470
86480
86475

86475

DIEIECTRIC COIISTANTS OF isoBUTYRIC ACID

AUTHOR TELP o
Int.Critical Tables 16°
Drude (63) 20°
Piekara & Piekara (62) 250
This work 25°
n it 2 50

( (1) interpolated)

E

2.68
2e65
26717 (1)
2458
2¢64

Though the dielectric constant: observed in this work

1$; lower than the interpolated value of Piekara, it

is comparable conridering that most of Plekara's values

for fatty acids are somewhat higher than those of other

workers ( Cf. (46) ), also Table XXXI (©) )
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4) DIELECTRIC CONSTANUTS OF ACETONE -

1soBUTYRIC ACID MIXTURES.

The isoButyric acid frbm the standardization work
was mixed with acetone according to the procedure already
indicated, Since there was not enough acid to make nine
mixtures the 70 and 50% mixtures were made from the 90 and
80% mixtures by further dilution with acetone. The dielec-
tric constant obtained for the 50% mixture was high compa-
red to the values of the mixtures on either side. Since
all the acid had been used and also since there was some
doubt as to the purity of the miitures remaining, which
were higher than 50% in isoButyric acid, because they had
turned slightly green (the brass cell was only lightly
plated with gold) all the mixtures were collected and
distilled. The column already described was used and a
good portion of the acid was recovered. Precautions were
taken to allow a considerable amount of acid to distill
over before the acid was collected as pure. The acld used
for flushing the distilling apparatus and that collected
had the same boiling range of the acld previously useds
The second run of the 50% acid gave a dielectric value

in agreement with other mixture values of this series.



TIME

2.10 s.m.

2,20 "
2.43 "
2.53 "

3.00 "

CL

1.03 A.M.

1.14 "
1.23 "
1.35 "
1.53 "

-70 -

ACETONE - 1soButyric Acid Mixtures

TABLE XXI (a)

90% Acetone and 10% isoButyric Acid

Thermostated at 2.10 A.M.

= 20.40

Doy

L4490
442.95
4A41.30
Lhl.45
Ll .40

TABLE XX (b)

53
455.40 (x)
453.45 (x)
451.80
451.95
£51.990

451.88

80% Acetone and 20% isoButyric Acid

Thermostated at 1.00 A.M.

CL = 20.40

[. Cp

409.65
408.20
407.90
407.70

407.70

Mean

3
418.55 (x)
417.10 (x)
416.80
416.50
416.60

416.70
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TABLE XXI  (c¢)

70% Acetone and 30% isoButyric Acid
Thermostated at 11.50 P.M.

IIME ZX_Eg_ Cs
11.50 P.M, 370425 37765 (x)
12.00 " 369,00 376440 (x)
12,12 A,M. 370420 377 460
12,20 " 360680 377620
12,30 " 369 .80 377620
12,45 " 360675 377618
377418
Cp, = 20440

The temperature of the thermostat went above

25004%£e first reading, it was, however, corrected

before the third readinge

TABLE XXI (4)

60% Acetone and 40% isoButyric Acid

Thermostated at 735 P.lle

.q"_lh_m_ A Cg CS

7e35 P.M. 332 ¢ 35 338,20 (x)

8,00 " 331 ¢ 35 337 420

8el1l5 " 331405 336 620

840 " 331 640 337 25

Be45 M 331 6€0 337 45
liean 337 « 20

CL = 20.40
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TABLE XXI (e)

50% Acetone and 50% isoButyric Acid

(A repeat) Thermostated at 3.15 A.N.

Ct

20,40

IIME A Ce C3
3415 A.M. 296 40 301.i0 (x)
3.22 M 296 ¢55 301,25
3435 M 295425 299405
3445 " 295.15 299485
Mean - 800,00
Co = 20,40
TABLE XXI (f)
40% Acetone and 60% isoButyric Acid
Thermostated at 5.23 P.,lM.
IIME A Cp Cs
5423 P.M. 260455 264,15 (x)
5.50 " 260465 264425
6415 " 259475 263435
6425 ¥ 259 440 263400
6.30 " 259460 263420
7.03 " 259440 263400
Mean 263405



TIME

9417
9e45
957
10,15
10620

Q
)
]

TIME

335

3455

4422
4,45
4457

C1 =

-73 =

TABLE XXI (g)

30% Acetone and 70% lsoButyric Acid

Thermostated at 9.,17 P.M.

P.M.

n
n
n

A Co

20440

Po.Me

n
"

20+40

216430
215,75
21585
215,65
215,80

Mean

TABLE XXI (h)

Cs

O ——

218,90 (x)

218,25
218435
218415
218430

218425

20% Acetone and 80% isoButyric

Thermostated at 3¢35 P.M.

A

Co

171,90

171.90
171650
171670
171.70

Mean

Cs

173445
173445
173405
173425
173425

173425

Acid

(x)



TIME

1045 PQMQ
2,05 "

2617 "
2.40 M
3610 M

to calculate the polarizations and therefore only
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TABLE XXI

A Co

20440

127400
126480

12680
126.€0
126,70

No density data was avallsble

10% Acetone and 90% isoButyric Acid
Thermostated at 1.45 P.M.

C3
127,85 (X)

127465
127465
127 448
127,55

127,57

the dlelectric constants have been tabulated,

dielectric constants are plbtted against mole frac-
tion giving a concave curve with respect to the com-

position axis.

(S8ee Graphe Noo2 Curve II.)



TABLE XXII.

DIELECTRIC CONSTANTS OF ACETONE - 1SoBUTYRIC ACID MIXTURES.

Z Acetone % isoButyric Acid f f2 C3 E R_(ohms)
100 00 1.0000 0,000 492,05 19.82 10,000
90 10 0,9316  0,0682  451.88 18413 7,400
80 20 048583 041415 416470 16465 8,500
70 30 067795 02206  IV7,.,10 14.¢¢ £, 400
60 40 0.6946 03054 337,20 13.31 10,000
50 50 0.6025 043986 300,00 11.75 14,000 !
40 60 045030  0.4970  263.55 10.22 15,000 X
30 70 0.3939  0.6059 218.25 8431 55,000
20 80 0.2750  0.7250  173.25 6.42 100,000 (approxe)
10 90 041442  0.8558 127457 4451 100,000
00 100 0,0000  1.0000 ‘' 86.73 2 .64 400,000 "
f1 = mole fraction of acetone Cy = 20.40 in all cases
fo= " " " isoButyric Acid

except (") where it 1s 23,95
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5) DIELECTRIC CONSTANT OF BUTYRIC ACID

Before mlxtures were made of butyric acld and acetone
for dlelectric constant measurements, the dielectric con-
stant of butyric acid was determined. The butyric acid
used was obtained from Eastman Kodak Co., and was fraction-
ated with the Hempel column packed with glass helices.
Fractionation with glass beads in the Hempel column gave &
very small portion of acid near the correct boiling point.
Besides when the acid so purified was placed in the cell
the dielectric constant calculated from the capacltance of
the acid was too high compared to the results of other wor-
kers. (46) (62). Using the column with the helices the boil-
ing point remained at 110° for a while and then quickly went
upto the vicinity of the correct boiling point. But with
beads in the column the rise in bolling point was more gra-
dual.

The fraction collected and used distilled between
1620 and 162,7°C (corre) This boiling range is somewhat
lower than that of Smyth and Rogers (46) but 1t is in agree-

ment with the International Criticsl Tables of 162e4°Ce
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BUTYRIC ACID

TABLE XXIII (a)

Thermostated at 7.25 P.M.

TIME A Cg C3

7¢25 PoMa 89,60 90,00 (x)

7440 88.80 8920

7453 " 38495 89435

8407 " 88475 89415

8012 " 88450 88420
ilean 894<C

CL = 20,10 (C3 for air is 43.,90)

DIELECTRIC CONSTANTS OF BUTYRIC ACID.

TABLE XXIII (b)

AUTHOR TEMP . Ee
Piekara & Plekara
(62) 25°C 3,006 (1)
Smyth & Rogers (46) 25°C 2,966 (1)
Int.Critical Tablzs 16°C 2995

n " " 20°C 285
This work 250C 2490

( (1) interpolated)
Though the dielectric constant of butyric acid abserved

is lower than that of Piekara and Biekara, it is comparable

with that of other workers.
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6) THE DIELECTRIC CONSTANTS AND POLARIZATIONS
OF ACETONE ~ BUTYRIC ACID MIXTURES.

The first two mixtures that were made had high resis-
tence and the dielectric constants gave almost a linear
relationship but the subsequent mixtures made from these
gave very low resistances (560 ohms with 10% butyric acid).
Besides the dielectric constants did not fall in line with
the first two mixtures that were measured. Contamination of
some electrolyte was probably responsible for the high con-
ductivitye. Iilevertheless the butyric acld was recovered from
the mixturesas in the case of the isoButyric acld and new
mixtures were made for the remainder of the series. A new
C1 was also found for the last part of the series since
the work was done on another daye

TABLE XXIV (a)

90% Acetone and 10% Butyric Acld

Thermostated at 803 P.M.

TINE A cCo o

8410 P.I. 447,45 458,25 (x)
8430 " 446425 457405
8443 " 445.80 456,60
8.53 " 445,85 456,65

Mean 456677

Cr, = 20440 (C3z for air is 44.20)



TIME

9412
9¢33
9 047

CL:

TIME

4438
4,57
5420
De 3

Cy

P.NM.

"

n

2040

P.M.

n

n

2040
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TABLE XXIV (b)

80% Acetone and 20% Butyric Acid
(This mixture was made for 70% Butyric
Acid and 30% Acetone),

Thermestated at 907 P.MN.
A Cy

o5
415,00 422,20 (x)
412,00 421 420
411.90 421,10
Mean 421.15

TABLE XXIV (c)

70% Acetone and 30% Butyric Acid

Thermostated at $¢32 P.Ma

PaN _EEL. C3
378415 385.80 (x)
376460 384425
376605 383,70
376415 383480

Mean 383490



TIME

7.1C
7 ¢35
7045

TIME

3¢42
4,00
4,15
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TABLE XXIV (d)

60% Acetone and 40% Butyric Acid

Thermostated at 650 P.M,

TAG

P.M.

20440

540,10
340620
340,05

TABLE XXIV (e)

llean

Cs

346425
346 « 35
34620

346 430

50% Acetone and 50% Butyric Acid

Thermostated at 338 P.l.
[ Co

P.M.

2040

306675
306,80
306,90

Mean

C3

311485
311.90
312,00

311490
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TABLE XXIV (f)

40% Acetone and 60% Butyric Acid
Thermostated at 5452 P.M.

- TIME | A Cg

TIME Cs

5458 T Mo 271,05 274,95 (x)

6020 " 270. 45 274435

637 " 270400 273495 -
Mean 274420

CL = 20.40

TABLE XXIV (g)

30% Acetone and 70% Butyric Acid

Thermostated at 235 P.M.

IIME b cp Cx
2¢40 PN 228690 231,70 (x)
2455 " 228,70 231.50
3410 " 228480 231.60
3e22 " 228 040 231 20

Me an 231445

Cr, = 20440
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TABLE XXIV (h)

20% Acetone and 807 Cutyric Acid
Thermostated at 1,40 P.N.
TIME

A Cy Cxz
le43 Po.M. 183410 184,95 (x)
2404 " 182485 184,70
2,20 " 182.85 184,70
liean 184,70
CL = 20610 (Cz for air 1s 43.90)
TABLE XXIV (i)
10% Acetone and 90% Butyric Acid
Thermostated at 1010 A.M.
LIVE A Cq Cs
10610 A.Me 136445 137445
10,20 " 136.10 137010
10.40 " 136,10 137,10
10,83 " 136420 13720
vean 137415
CL, = 20,10
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Density data for the polarization calculations
for acetone = Butyric acid mixtures could not be
found in the literature. The densities of the mix-
tures of this series{had been measured roughly witk a lohr-
Westphal balance. The probable error in these mea-

surements 1s about one percent,

TABLE XXIV (j)

AUTHOR Aceﬁone d4?5 Butyric Acid d425
Kendall (64) 067874 -

Ebersole (59) 0.78862 -
Int.Critical Tables 00,7844 0.9534

This work 0.778 0,047

A density error of one percent will produce an
error of about one percent in the polarizations which
will alter the polarization curve by only a small amounte
If the error is in the same direction and the denslties
are relatively in agreement, then the effect on the

shape of the polarization curve will be even lesse.
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TABLE XXV

ACETONE - BUTYRIC ACID DENSITIES.

% ACETONE | % BUTYRIC AGID 4425
100 00 0,778
90 10 0799
80 20 0.514
70 30 0830
60 40 04848
50 50 04863
40 60 0.881
30 70 04828
20 80 0,915
10 50 0,932
00 100 04847

When the densities are plotted sgainst percentages
of the mixtures an almost linear relationship is observed.
The dielectric constant and polarization results are sum-
marized in Table XXVI and plotted against mole fractions
in Graph Noe.2, Curve III and Graph No.4, Curve III res-

pectively.)



% ACETONE

TABLE XXVI

DIELECTRIC CONSTANTS AND POLARIZATIONS OF ACETONE~BUTYRIC ACID MIXTURES.

100
90
80
70
60

50
40
30
20

10
00

mole fraction of acetone

mole fraction of butyric acid

58405
8806

% BUTYRIC ACID 11 fo

00 1,0000 04000
10 0,9316  0.0682
20 048583 041415
30 0,7795 042206
40 046946  0.3054
50 0.6025 03986
60 0,5030  0.4970
70 043939  0.6059
80 0.2750 047250
90 0.1442  0.8558
100 040000

1.0000

<

C1,

C3

492630
456,77
421.15
382470
346 ¢ 30

511.90

274420
231445
184,70
137,15

89420

= 20,10 except (") where Cp, =

d425 E P1,2

0778 19484 64437
00799 18435 64411
0e81l4 16485 64419
0e830 15424 64432
0.848 13,70 64,03
04863 12426 63619
00881 10468 62464
0.898 8. 88 61.40
04915 6690 57483
04932 4.90 50,78
04947 2490

R (ohms)

104000
10,000

69000
124000
10,000

204000

14,000
70 4000

250 4000
1004000

36405 2004000

20440
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7) DIELECTRIC CONSTANT OF PROPIONIC ACID.

Th+ Schuchardt, Gorlitz Germany, propionic acld
was fractionated twice, The fraction which was used dis-
tilled between 140,2° and 140.7° C (corr.).International
Criticael Tables zive the boiling point of propionic acid
as 140,0°C. The column packed with helices was used for
these fractionations.

PROPIONIC ACID

TABLE XXVII (a)

Thermostated at 2,00 P.M.

e £z C3
2420 P.M. 06415 « 96455
2440 " 96415 96455
2450 " 96425 96475

Mean 06460
C; = 20.10 (C3 of air is 43.90)

DIELECTRIC CONSTANTS OF PROPIONIC ACID

TABLE XXVII (b)

AUTHOR TEMP . E
(62) |
Piekara & Piekara 2590 3316 (1)
InteCritical Tables 17°¢ 321
n " " 19°C 3419
This work 25°¢C 3.21

( (1) interpolated)
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8e) DIELECTRIC CONSTANTS AND PQLARIZATIONS
OF ACETONE - PROPIONIC ACID MIXTURES.

These mixtures were made fromt he acid of the same
lot as thket used in determining the dielectric constant of
propionic acid, a.i¢ the acebone was treated ia tas sy

as previously descr "eds The acetone had a capacitance of

490455 unitse. C3 for air was 43.90.

TABLE XXVIII (a)

90% Acetone and 107 Propionic Acid.
Thermostated at 10,30 P.N.

TIME AC2_ C3

10440 P.XNo 448,595 459435 (x)

11,00 " 447 Q0 45780

11,12 " 446440 457 420

11,22 " 445,20 45660
Mean 457 420

C; = 20410

TABLE XXVIII ()

807 Acetone and 20% Propionic Acid

Thermostated at 9422 P.M.A

TIME A C2 Ca
0e35 PoMe 420425 422.65 (x)
9.50 " 418435 427475
10,00 " 417,80 427420
10,18 " 41835 427677C
llean 427460

CL = 20410



TINE

8035 P.M.
8,55 M
0,05 "

9.10 "

CL = 20,10

TIME

7¢40 P.M.
8,05 "
8617 "

C;, = 20410

TIME

6 .47 P .M.
7413 "
7e23 "

CI, = 20610
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TABLE XXVIII (c)

A C2

337 .85
306 445
. 386480

38660

Mean

TABLE XXVIII (4)

A C2

353445
351.95
35190

Mean

TABLE XXVII1 (e)

A Co

3190690
319600
318,90

Thermostated at 645 P.Me

Mean

70% Acetone and 30% Fropionic Acid.
Thermostated at 835 P.M.

C3

395,90 (x)
394450
394485

394 .65

394,65

60% Acetone and 40% Propionic Acid

Thermostated at 735 P.M.

C3

360.05 (x)
355855
35859

3584¢E0

50% Acetone and 50% Propionic Acid

-
325,40 (x)
324 450

324 ¢40

324445
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TABLE XXVIII (f)

40% Acetone and 60% Propionic Acid

- Thermostated at 11.3C P.M.

TINE! HCo
1137 P.M. 285415
11.48 " 283490
11.57 283¢50
12.10 A.M. 283485
Cy = 20.10

TABLE XXVIII (g)

Mean

Cz

289445 (x)

288420
287,80
2886158

288405

30% Acetone and 704 Propilonic Acid

Thermostated at 5.16 P.ll.

TIME ACo
5¢25 Pule 245,50
5440 " 245410
5455 " 245405
Geld " 245,00
CL = 20,10

TABLE XXVIII (h)

ean

C3

248,70
248,30
248,25
248420

248425

20% Acetone and 80% Propionic Acid

Thermostated at 4420 P.M.

TIME AC2

4422 P.M. 199.15
4443 " 198490
4,58 " 198,80

Mean

Cz

201.25
201 .00

200,90

200,95
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TABLE XXVIII (1)

10% Acetone and 90% Propionic Acid
Thermostated at 3,00 P.M.

TIME b2 C3

3410 P.N. 148425 149450 (x)
3,32 M 148475 150,00
3,57 M 148470 149455

Mean 150,00
Cy, = 20,10
The densities of these mixtures were deter-
mined with the same apparatus as in the case of the acsetone-
butyric acid mixtures.

ACETONE=-PROPICNIC ACID DENSITIES

TABLE XXIX,.

4 25

% ACETONE % PROPIONIC ACID 4
100 00 04778
90 10 04798
80 20 04820
70 30 04835
60 40 04858
50 50 | 0.878
40 60 0.898
30 70 04920
20 80 | 0,940
10 90 069€3

00 100 0.984

The dielectric constant and polarlization results

are summerized in TABLE XXX. The graphic relationship cf die=-
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lectric constant and mole fractions are given in graph No.2
(Curve IV)e Mole fractions are plotted against polarization
in graph No. 4 (Curve IV)e The dielectric constant curve
18 slightly convex and the polarization curve 1s considera-

bly less convex than the polarization curve of butyric acid.



DIELECTRIC CONSTANTS AND POLARIZATIONS OF ACETONE-PROPIONIC ACID MIXTURES.

TABLE XXX.

100
90
80
70
60
50
40
30
20
10

% ACETONE % PROPIONIC ACID f1
00 1.0000
10 0,9198
20 048360
30 047485
40 046566
50 0.5606
60 0.44953
70 PRSI 18)
80 0.2418
90 041241
100 00000

00
£y
fo
M1

Lo

mole fraction of acetone

mole fraction of propionic

5805
74405

fo

o

C3

00000
0.,0801
0.1639
0.,2515
Oe 3433

064393

00,5406
Q54065
0.7082
0.8760
1.C000

acld

49055
457 420
427,60
394,65
308450
324445
288405
243425
200485
150,00

96460

o5
dg

06778

04798
0.820
0835
0.858
0.879
0,898
04220
0940
0963
OeC84

CL =

E Pi,2
19477 63425
18437 63442
17.12  62.09
15,74  61.78
14.22 60436
12,79 59401
11.26 56496

9.53 55,09

7460  51.09

5446  44.74

3421

20610

R (ohms)

104000

7,100
104000
114000
14,000
13,000
25 4000

325000

100,000
> 5004000

31.92 > 5004000
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Oe) DIELECTRIC CONSTANT OF ACETIC ACID.

Because of 1ts hygroscopisity aceiic acid is diffi-
cult to purifye. Smyth and Rogers (46), starting with glacial
acetic acid, crystallized twelve times and finally obtained
acetic acid melting at 1646°Ce The same procaiure of purl-
flcation was attempted. After three crystallizations ﬁhe
melting point of the acid was 15.9°C. Three additional
crystellizations failed to raise the melting point above
15.9°C. Since the crystallizations were made in the winter
time the laboratory windows were opened to bring the tempe-
rature to 10°C, Because of the humidity of the alr sometimes
after a crystaellizetion tl.e melting point of the fracticn
crystallized was acbtually lower than thiat from which the crys-
tallization had taken place.

Since the small column with the helices had given such
excellent fractionations with the other acids, it was decided
to purify the acetlic acid by this method.

General Chemical 99.5% glacial acetic acid was frac-
tionated twice. The final fraction was used for the deter-
mination of the dielectric constant of acetlc acid and the
acetone-acetic acld mixtures distilled between 117.€° and
117+8° C (corr.) Smyth and Rogers (46) fractioned by dis-
tillation the acetic acid that had been crystallized twelve

times and collected the fraction distilling at 117.8°Ce AS

some of the acid purified by crystallization was on hand the
capacitance of it was determined end found to be 231,05 units,

which gave a dielectric constant of 8,83, C3 for air and
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acetone were 45,15 and 492,75 respectively,

ACETIC ACID.

TABLE XXXI (a)

Thermostated at 2607 P.M.

TINE A C2 C3
2,10 P.M. 166410 16765 (x)
2418 " 165480 167435
2445 " 165475 1674 30
2455 " 165,85 167 640
3410 " 166415 167475

w Nean 167,50
Cr = 21.35

DIELECTRIC CONSTANTS OF ACETIC AC1D

TABLE XXXI (b)

AUTHOR TEMP. Eo

(62)
Piekara & Piekara) 25°C. 64476 (1)
Smyth & Rogers (46) 25°9C. 66418 (i)
This,work 259C, 6el4d

( (1) interpolated)

The dielectric constant of acetlc acid from this
work 1s in good agreement with the value obtained by Smyth
and Rogerse The dielectric constants of fatty acids deter-
mined by these suthors are in general lower than those of

Piekars and Piekara.,

10) DIELECTRIC CONSTANTS AND POLARIZATIONS OF
ACETIC ACID. .

These mixtures were weighed out quickly to prevent

absorption of moisture from the atmosphere. Thelr capacitances
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were detewmined within two hours after the solutions had been

made upe
TABLE XXXII (a)
90% Acetone and 10% Acetic Acid
Thermostated at 1.53 P.M.
TIE AC2 C3
200 P.M. 458,25 470,30
2el7 M 459405 470,40
2e40 " 453.8% 470,20
3.10 " 459,10 470440
3425 " 4594E0 470485
Mean 470450
C;, = 21,00 (Cz for ailr = 44,80)
TARLE XXXITI (b)
807 Acetone and 20% Acetic Acid
Thermostated at 1208 P.M.
TIME ACe C3
12,15 P.M, 436,80 447410
12,85 " 435420 445,50
l.10 " 435450 445,80
1 .30 " 436,600 446 430
1.35 " 435480 446410
IMean 445, 90

(x)

(x)



TABLE XXXII (c)

70% Acetone and 30% Acetic Acid

Thermostated at 10630 A.M.

TIME - Cx
10635 A.M. 412,00 421,10 (x)
10,50 410,05 419415
11.07 " 409,70 418480
11.22 " 410425 419430
11,40 " 409490 418,95
11.55 " 408,85 418490
Mean 419,00
C = 21.00
TABLE XXXII (4)
60% Acetone and 40% Acetic Acid
Therﬁostated at 10,05 P.Me.
TIME AC2 Ca
10,08 P.M. 389670 39785, (x)
10,20 " 388420 396 435
10,35 " 38795 396,10
10.50 " 387 65 395480
11.60 " 388425 396 440
11,10 " 387695 396415
Mean 396415

C, =

21635




TIME
7«40

745
8.12
8430
Be45
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TABLE XXXII (e)

50% Acetone and 50% Acetic Acid
Thermostated at 8,50 P,.M.

ACg C3
P.M. 362,10 36910 )x)
" 36115 ZC8615
" 361400 368,00
" 1361410 368410
" 361.05 368405
Mean 368,05
2135
TABLE XXXII (f)
40% Acetone snd 60% Acetic Acid
Thermostated at 735 P.ll.
AC2 C3
P.M. 333410 338,95 (x)
" 331675 337.6C (x)
" 331440 337425
" 331440 337425
" 331430 337415
Mean 337 «20
21,35



TIME
615 P.Me.
6e30 "
7410 M
7425 "

C, = 21,35

TIME

4437 PuM.
4453 "
5.10 1]
5¢35 "
5e40 M
5.50 1]
6400 "

Cy = 21e35

TABLE XXXII (g)

30% Acetone and 70% Acetic Acid

Thermostated at 6615 P.M.

- ACg

305.10
304425
303695
303,80

Mean

TABLE XXXII (h)

20% Azztcne and 80% Acetic Acid

Thermostated at 437 P.Me

AC2
2604858
269..C
269400
270430
270420
269 4C

260495

Mean

C3

310,10 (x)
309,25
308495
30880

309.00

27370 (x)
27300
27295
27420
274410
2734 30
2735485

273660
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TABLE XXXII (i)

10% Acetone and 90% Acetic Acid
Thermostated at 3425 P.M.

TIME A G2 C3

3425 P.M. 324 440 227,10 (x)

3445 " 224,00 226,70

3455 ! 223,90 226460

4,12 " . 223,70 226 440

4,25 " 223,95 226 465
llean 226660

Crp = 21.35

The densities used in calculating the polariza-
tions of acetone-acetic acid mixtures are the interpolated
values of Kendall and Brakeley (64). TLensitlies determined
with the Mohr-Hestphal balance were comparable with those
of Kendall and Brdkeley.

The dielectric constants and polarizations of
this series are summarized in Table XXXIII and the results
are represented graphically Graphe Noe 2 (Curve V) and Graph
Noe 4 (Curve V).

The dielectric constant curve 1s more convex than
the propionic acid curve, which is more convex than the butyric
acid curve. The acetone-acetic acid polarizabticn curve ls less
convex then the acetone-proplonic acid polarization curve,which

is less convex than the acetone-butyric aclid curve.



% ACETONE % ACETIC ACID

100
90
80
70
60
50
40
50
20
10
00

M2

TABLE XXXII1T.

DIELECTRIC CONSTANTS AND POLARIZATIONS OF ACETONE=-ACETIC ACID MIXTURES.‘

00
10
20
30
40
o0
60
70
‘80
90
100

R ( ohms )

£y fo C3 E - 44%% Py o
1,0000 0.0000 492,75 19,81 047874 6357
009030 v 0,0970 470,50 18.89 0.8094 61.65
0.8054 0,1947 “445.90 17.85 0,8347  59.48
0,7068 0.,2931 Y419.05 16473 0.8570  57.48
0.6081 043928 396415 15,75 048830  55.42
045084 044917 368405 14,57 049070 53431
0.4080 0.5919 337,20 13.27 0,9340 50,97
0.3070 0.6929 309.00 12.06 049620  48.58
0s2054 047946 273,60 10.60 0.9900  45.61
0.1030 048968 226,60 8462 1,024 41.93
0,0000 1.0000 167,50 6414 1,0499

mole fraction of acetone

mole fraction of acetic acid

88405

60403

Ci, = 2135 e:ﬁcep’c (*') where

C1

21.00

17 4000

2,900
24,900
34000
54200
54100
6,500

7,100

10,000

26 4000

36625 1404000
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11) THE DIELECTRIC CONSTANT OF PROPIONALDEHYDE

Elmer and Amend, New York, propionaldehyde was
fractionated and the portion distilling between 48°C and 49°C (corr,)
was collected and used. The resistance of the.propionaldehyde
was somewhat lower than that of pure acetone (see Table XXXV)
and dropped from 74500 to 44700 ohms within half an hour.

Partington and CoombeY(65) determined the dipole moment of
proplonaldehyde but did not determine the dlelectric constant
of pure propionaldehyde. The International Critical Tables
give two values for the dielectric constant of propionaldehyde
but neither value is at 25°C. The’values were determined by

Drude and Thwinge.

TABLE XXXIV (&)

PROPIONALDEHYDE

Thermostated at 4,00 P.l.

TIME 40 °s
4,05 P.M. 434,60 ~ 444,80 (x)
4,15 " 427 470 437 €0
44,20 " 427 ¢40 437020
4,30 " 427 « 40 | 437 420

| llean 437 430

Cp = 20.60 (Cp for air is 44.50)

Co = 23.90 (Second standardization)
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DIELECTRIC CONSTANTS OF PROPIONALDEHYDE

TABLE XXXIV (b)

AUTHOR TEMP . | E.
Drude (54) 17°¢ 18,9+ 4
Thwing (66) 14°c 1444
This work 250¢ 17 .44

The dielectric constant determined is in fair
agreement with that of Drude (dielectric constants decrease
as a rule with increase of temperature) but is not compara-
ble with that obtained by Thwinge

12) THE DIELECTRIC CONSTANTS AND POILARIZATIONS
OF ACETONE ~-PROPIONALDEHYDE MIXTURES.

Only a small quantity of propionaldehyde was
available,50 cc, and therefore fewer mixtures were made than
in previous casss. The 80% mixture of proplonaldehyde was used
to make the 60% mixture, which in turn was diluted with acetone
to make the 40% mixture. The 20% proplonaldehyde mixture was
made from pure propionaldehyde. The acetone used for these
mixtures was prepared in the usual way and had a capacitance
0f 49530 and a resistance of 15,000 ohms.

TABLE XXXV (a)

80% ACETONE AND 20% PROPIONALDEHVDE

Thermostated at 10.25 P.M,

TINE AC2 C3
10430 P.M. 472465 484444 (x)
10,42 471,10 483,00
10450 " 470455 482445
10455 " 470,77 482,65
7 489,60 .
COr. = 20.80 Mean 32 e



TIME

.45
9457
10.08
10,18

TIME
8450
9400
9417
9.25

Qa1

CL -

P.M.

1]

n

20,60

P.M.

n
n

"
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TABLE XXXV (b)

465,50
461,30
461,05

461410

TABLE XXXV (c)

Thermostated at 845 P.M.
A C2

454,50
451405
482425

452,10

60% Acetone and 40% Propionaldehyde

Thermostated at 9.40 P.M.
4 Co

Mean

40% Acetone and 60% Propionaldehyde

Mean

Ca

473,90 ()
472470
472445
47240

472,55

Cz

464.50 (X)
462,08

463410

462,55

The temperature dropped 0.2°C between ¢.CO and

and hence the third value was not used in the mean

20460,
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TABLE XXXV (d)
20% Acetone and 80% Propionaldehyde
Thermostated at 8,00 P.1.

TIME ACo

C3
8407 P, 441,30 451,80 (x)
8415 " 443,80 454430 (x)
8430 M 440,70 451,20
8438 M 441,05 451 ¢85
Mean 451,35
Cr = 20460

Because of the similarity of the two materisls:
the densities were assumed to be in linear relationship
and as previously pointed out a one percent error in the
- denslties does not alter the Pj,2 curve apprecilailye.

The dielectric constants and polarizations are Summarized
in Table XXXVI and the results are plotted against mole
fraction in Graphs No. 2 (Curve VI), Graph No. 3 (Curve VI).
Both dielectric constants and polarizations vary almost

linearly with mole fractione.



TABLE XXXVI.

DIELECTRIC CONSTANTS AND POLARIZATIONS OF ACETONE-PROPIONALDEHYDE MIXTURES.

£

f

C

% ACETONE % PROPIONALDEHYDE 3 2 3

100 | 0oC 1.0000 060000 495430
80 20 0.8000 02000 482465
60 40 06000 044000 472455
40 60 0.,4C00 0.6000 452,55
20 80 0s2000  0.8000 451,35
.00 100 0,0000 1.0000 437 ¢« 50
f1 = mole fraction of acetone

f2 « mole fraction of propionaldehyde

M] = 58,05

Mo = 58.05

Rl = 7resistance at the beginning of the determination

resistence at the end of the détermination.

. SR Pro Ry R,
19,86 04787 634,57 15,000 15,000
19.33 04802 62420 5,000 44000
18491 04817 60.85 44000 3,600
18449 04837  59.20 3. 400 3,000
18402  0.853 57486 44400 2 4300
17,44 0.865 56476 74500 44700

Cr = 20460 1
Cq = 28490

- 0T -



13) DIELECTRIC CONSTANT OF TQLUEKNE.

Eerk reagent quality toluene was allowed to stand over
sodium until effervescence ceased, It was then distilled and
the fraction distilling at 110.5°C {corr.) was collected and
used, International Critical Tables give 110.7°C as the boil-
ing point of toluene.

TOLUENE

TABLE XXXVII (a)

THERMOSTATED AT 3.08 P.li.

TIME a4l C3
2,10 P.l. 76 455 76 ¢90
3425 Y 76475 77 10
3,47 " 76420 76 455
4,00 " 76470 77 +Q5
4,05 " 76460 76495

Mean 76 490
ACL - 20420 (C3 for air 1s 44.10)

DIELECTRIC CONSTANTS OF TOLUENE

TABLE XXXVII (b)

AUTHOR | TEMP « E
Schupp (67) 18°¢C 2631
Inte Critical .
Tables (68)(69) 20°¢ 2,387% 5
Int.Critical 000 -
8 F-'o_
"Tables " 2500 o 24376 (x)
Grutzmacher (70) 250¢ | 2,36 (x)
Richards & S.:ipley :
(71)  20°¢C | 2-225
Hyslop & Carman (72)21°C 2o570+_ 0053
Williams (73) 250C 2.37 Z o
This work 25°C | .

( (x) interpolated)
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The dielectric constant obtained for
Eoluene is in very good agreement with the value
of Williams,wh® worked at a similar frequency and

used toluene distilling between 11C.6° and 110.8°C.
The results of the other authors are also in close
agreement with the dielectric constant measured in

this worke.

14) THE DIELECTRIC CONSTANTS AND POLARIZATIONS
QF ACETONE~-TOLUENE IIIXTURES.

The acetone-toluene mixtures were made in the
usual waye. A4n additional mixture was made in this series
to see if any break in the dieleciric constant curve took
place with a dilute tcluene mixture. The acetone-benzene
dielectric constant plotted against percentage gave a con=-
cave curve except in the dilute benzene mixture (10%) the
curve became slightly convexe Cgz for acetone was 493.95
units, and for air 44.10 unitse

TABLE XXXVIII (a)

95% acetone and 5% Toluene

Thermostated at 10,55 P.M.

TIME a Cg 0Oz

11,00 P.M. 463010 T474.55 (x)

11,35 " 461,00 472,45

11.42 " 461,00 472445
llean 472445

C;, = 20420



90% Acetone and 1C% Toluene

Thermostated at 4,30 P,.ll.

TIME A C2 Cz

4432 P.M. 433,00 443,30 (x)
4445 " 436,460 446,90
4,55 " 436,05 446,35
5,00 " 435,65 445,95

C1, = 20,20

TABLE XXXVIII (c)
80% Acetone and 20% Toluene

Thermostated at 510 P.Me.

TIME N C3

5¢12 P.M. 389,45 397460 (x)

535 N 389415 397 4 30

5443 " 388480 396 605

5,50 " 38905 397,20
Mean 397,15

Cp = 20.20

TABLE XXXVIII (&)

70% Acetone and 30% Toluene

Thermostated at 5650 P.l.

TIME Acz Cz

600 P.Me 342,65 348,85 (x)

6el4 M 341675 347 80

6423 " 341655 34775

630 " 341,10 3477 o 30
Mean 347 465

CL = 20,20



TIME
645 P

7405 P
7420 "
7.25 "
7435 "

7445 P
8.15 "
8423 "

Ci, =

oMe

M

20620

oMo

20620

- 108 =

TABLE XXXVIII (e)

60% Acetone and 40% Toluene

Thermostated at 6.40 P.ll.

NS C3
302430 307,30 (x)
301445 306445
302,88 1 307.98
303420 308420
302,85 307 .85
Mean  307.60

TABLE XXXVIII (f)

50% Acetone and 50% Toluene

THERMOSTATED AT 745 P.M.

A°C2 C3
265440 260,10 (x)
263490 26765
264 600 267470
Mean 267670



TIME

8055 PONI.
8455 M

9405 ™"

Cr,
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TABLE XXXVIII (g)

40% Acetone and 60% Toluene

Thermostated at 8.32 P.lM.
N
223,20
222,40
222,55

20420

TABLE XXXVIII (h)

30% Acetone and 70% Toluene

Thermostated at 9.15 P.lM.

C

—9
225,95 (x)

223400

225415
225410

Cs

TIME NNCo
9415 P.M. 183,05
9.35 " 182,20
Q440 " 182450
Mean
CL = 20.20

184,85 (x)
184640
184,30

184435
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TABLE XXXVIII (1)

20% Acetcne and 307 Toluens

Thermostated at S.50 P.l.
AC

TIME - 2 C3

0453 P.M. 145,65 146,90 (x)
10.10 " 145,45 146,70
10,20 " 145,40 146,65

nean 146.6&

C;, = 20.20

TABLE XXXVIII (i)

10% Acetone and $0,. Toluene

Thermostated at 10630 P.l.

TIME | ACp Cs

10,30 P.l. : 109.60 110,20 (x)

10445 " 109445 110.05

10450 " 109435 110,00
Ilean 110.056

Cy = 20420

The densities tabulated below are based on the
density formule of Andersin and Hifn(?é) which was obtained
from the International Critical Tables. Since the constants
of the formula were given only for 13°, 16° and  o50c,
the constants were extropclated to 25°C. With the extropolated
constants the formuls became

25
dg = 0,7855 1+ 0,000726 X

where X is the percentage weight of toluene.
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To check the densities resulting from the extro-
rolation they were plotted beside the d422 densities.

The graphs of the densities at both temperatures
were entirely of the same shape and were parsllel with one
another, The density for Toluene obtained by this formuia
at 25°C is 0,8581, which is in good agreement with 0.8610,

- the density given by Internaticnal Critical Tablese. The
density of acetone also obtained from the formulas sagrees
well with that of Ebersole (59), Kendall and Brokeley (64)

and Bingham and Brown (60.)

TABLE XXXIX
ACETONE - TOLUENE DENSITIES
7 Toluene d425
0 0.7855
5 | 7897
10 07928
20 048000
30 0,8073
40 0.5145
50 0.8218-
60 0.8290
70 048363
80 065436
90 0.8508
100 0.8581

The dielectric constants and polarizations of
acetone~-toluene mixtures are surmarlzed in Table XXXX,

and the dielectric constant and polarizatlion, mole fraction
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relationships are shown in Craphs Nos 2 (Curve VII)
Craph Noe 3 (Curve VII) respectivelye. The dlelectric
constant curve is more concave than previocus dielectric
constant mole fraction relationshipse. Similarly the

polarization curve is more convex than previcus pola-

rizations mole fraction results.



TABLE XXXX
DIELECTRIC CONSTANTS AND POLARIZATIONS OF ACETONE-TOLUENE ACID MIXTURES.

25

% ACETONE % TOLUENE f; I3 Cs E dy Py, p R (ohms)

100 0 1,0000 0,0000 493,95 /19483 0,7855 6375 144000
95 5 049679  0.,0321 472,45 18,92 0.7891 64421 124000
90 10 0.9345 0.0655 446,50 17,83 0.7928 64.52 124500

80 20 0.8639 041361 397.15 15,77 0.8000 65.13 164500
70 30 0,787Z 042127  347.65 13,70 0.8073 65,41 274000
60 40 07040  0.2960 307.60 12,03 0.8145 65.75 234,000
50 50 0.6133  0.3866 267.70 10.36 0.8218 65.60 704000
40 60 0.5140  0.4861 223,10 8,55 0.8290 64443 1004000
30 70 004046 0.5053 184.35 6490 048363 62407 >1004000
20 80 042839 047161 146465 5,31 | 0.5436 57460 »1004000
10 90 0.1498 0.8502 110s 05 3,76 048508 48,99 »>1.00,000
00 100 0s0000  1,0000 76+ 90 2437 0.8581 33.65 »200,00
£q mole fraction of acetone

fo = mole fraction of toluene Cr, = R20.20

Mq

Mg

58400

9206

- 1T -
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1) THE LEAK EFFECT

1t has been shown that two types of errors may arise
because of conductance. When the cell condenser is larger
than the standard condenser then the leak effect will be
posltive., That 1s the capacitance observed for the cell will
be greater than 1t actually 1is,

In the apparatus describe by Linton (43) a standard
condenser of five hundred micromicrofarads was used. Since
thls method did not requlre a standard condenser larger than
the cell a fifteen hundred micromicrofarad cell was employed.
It 1s obvlious that the conductance effect in such an arrange-
ment is going to Zlve values for the capacitance of the mate-
rial which are too high., And therefore the dlslectric con-
stant will also be too high.

However, the fact that the s tandard condenser has a high-
er capacitance than the cell does not mean that in actual mea-
surements the same condition will obtain. Because when the
cell is placed in the circult capacltance must be taken out
with the standard condenser to return to the original fre-
quency. In which case the amount of capacitance remalning
unremoved from the standard condenser may be small while that
removed, because of the insertion of the cell, may be large.
Smyth (22) remarks that capacltance errors may be observed
with conductance up to 100% with methyl alcohol. If the

cell used in that particular measurement was the standard
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cell smployed by that author (22), then the capacitance of
the cell, caiculated om the basis of methyl alcohol and
coaxlal cylinder condenser, 1s about 4,300 mmfd. Now the
standard condenser described by Smyth has a capacitance of
1,500 mmf's It 1is evident that a cell as large as the one
described could not have bsen used. In any event i1t seems
probable that the amount of capaclitance remaining,after a
sufficlent amount has been withdrawn to allow for the cell,
will be smaller than the capacltance of the cell, wherefore,
the anamolous result obtained may be understood.

A negative capacltance effect results when the stan-
dard condenser has a larger capacitance than the cell con-
denser even when the latter 1s placed in circult witﬁwgtan-
dard condenser, As the material in the cell becomes con-
ductive the capacitance of the cell as measured from the
parallel standard condenser will decrease. (See Table XIII).

Akeriof (4) determined the dlelectric constant of ace-
tone and measured a seriss of bilnary mixtures of that com-
pound., As has already been pointed out his dlelectric value
1s considerably lower than that of other authors. (Part II),
Section II,1). The resonance method was used by Akerlof and
in the tank circuit the cell was placed parallel to the stan-
dard condenser. The standard condenser had a capacltance of
1,500 mmf', The cell as already observed consists of two
dlscs. 5 om. in diameter and 2 mm. apart. The capacitance
of the cell empty is 10,2 mmfd. With acetone (using E = 20)
the capacitance would be in the vicinlty of 200 mmfd. This
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value compared to 1,300 mmfd. which would be left in the
standard condenser, indicates that the leak effect due to
conductance would glve a negative result in the standard
condenser. And, therefore, the capacitance values ob-
tained would be too low and the dlelectric vaiues obtained
for materials with some conductance and capacitance below
750 mmfd would also be too lowe. But the greatest error
would be with those having a relatively large conductance
and a small capacltance compared to the remaining capaci-
tance of the standard condenser. Besides the two effects
produced by measuring capacitances wl th the cell and the
standard condenser in parallei, and measursments made with
different condensers in series with the cell and with dif-
farent total capaclties of the oscillator, 1t ls apparent
that apparatus conditions are important factors 1ln measuring
capacitances of materlials even with only a slight conductance,

measurements
Phe Results obtained therefore of dielectric constants$irn—sueh

Oobtained nder the conditions consilered =re thorefore

subject to error, due to the nature of the apparatus.
In this work precautions were taken to avold conductance ef-
fects and hence the dielectric wvalues obtained are based on

pure capacitances of the materiais investigated.

2) BINARY ACETONE MIXTURES.

The measured dielectric constants of the binary mixtures
were compared with the results obtained by calculatlon using
Silberstein's (50) volume mixture rule for dielectric constants,

Deviations from this ruls wers observed in all cases except
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in the case of the acetone-propionaldehyde mixtures whers
about only one percent discrepancy was observed. The ace-
tone-acetic aclid mixtures gave the widest departures from
the mixing rule. Xerr (52) observed that this rule did not
hold for mixtures of benzene and aniline, benzdéldehyde,
M=-cresol and benzyl alcohol.. The second component of these
mixtures 1s 1n all case assoclated in benzene, Thus a sim-
ple explanation is avallable, since Silberstein's formula
includes two assumptions: that the capaclties are directly
additive; and that the molecules of the two components have
no dilselsectric effect on esach other, But associlated mole-
cules are dlpolar and do change even in a non-polar medium,
Marrow (75) and others (76) from X-Ray diffraction of 1i-
quids have shown that a binary mixture does not show the
individuali diffraction intensities of the components, but
rather as a modification and a single llquid.

When a non-polar material 1s mixed with a non-polar
materiai the mixture polarization P1 2 1s a straight line,
and since the molsecules do not affect one another due to the
absence of dipoles, the mixing rule holds. The polarization
curves of polar materials in non-polar liquids display vary-
ing curvatures. The Pl,z curve of benzene-toluens has only
a slight hump.

Dissolving a polar and highly associated materlali like
acetone in benzene, deviations from the mixing rule and the
Py,2 linearity are to be expected. According to Debye dilu-

tion increases the numbser of free dipoOlies and hence causes
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the Pl,z curve to rise in a convex manner from the compo-
sitlon axls,

Upon diluting acetons in a slightly poiar medium,
toluene, a greater curvature of the Pl’z curve was obtalned
than in the case of benzene. The acetone-toluens curve rises
slightly to a maximum wilth decreasing acetone concentration
while the acetone-benzene polarlzation curve has no marked
maximmme, The dipolar effect of the toluene is acting 1n an
additive way to the acetone polarization.

Thus far binary mixtures consi-
Rered have been: one component assoclated; and, the second
unassociated. Fatty acid dissolved in non=polar solvents are
assoclated much as they are in the pure state. Broughton (77)
has shown with cryoscoplec data that the extent of assoclation
of fatty acids decreases slightly with dilution in a polar
medium, cyclohexane,acetic acid exlsts mainly as double mole-
cules in benzene, but with increasing concentration the ﬁbla-
rization rises, In view of Broughton's work more assocla-
tion would be expected to take place as thse mixtures lncrease
1n concentration of acetic acid which, following Smyth's
reasoning, may be due to the formatlion of a more highly
polymerized form possessed of a moment the proportion of
which increased with increasing concentration of acld,

When two polar associated materials are mixed two factors

at least may be expected to affect the P1,2 curves., The extent

and kind of association present will define the number of

dipoles that wili be free to orient themseives in the field

which together with the moment of the molecules willl fix the
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amount of polarlzation that wiil take place.

Assoclation is usually regarded as a result of
coheslve forces., The association which arises from dipoiar
effects is of two types., First, the moleculss may lie side
by side in such a way as to tend to neutralize their dipolar
effect and produce thereby a quadrapolar unit. Again, asso-
ciation may be an end to end alignment wherse dipolar effect
is additive, Finaily, association may be due to Van der
Waal forces the 1limlting condition of which is chemical
union.

Kateswaram (78) observed on examining the Raman spece
trum of acetic acid dissolved in water, in the pure state,
and in a non~pclar medium, benzene, that aqueous acetic acid
shows clear alterations of the Raman spectrum, However, in
the non-pclar solution the Raman specirum remains unaltered.
Increasing the temperature of pureacetic acid produces an
effect similar to dissolving in water., Since association
decreases with rise in temperature it is argued that the
solution in water causes a change in the association of
acetic acid, If a change has taken place 1n the associatlion
of the acld in benzene it was too small to detect.

When two polar and associated compenents are being
diluted one in the other four processes may take place. The
assocliation of both materials may remain the same or both may
changee On the other hand one may change and the second re-

tain its original degree of assoclation, or the reverse,.
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The mixture polarization curve of water-acetone is
a straight 1line (4). Both water and acetone are associated.
But the Raman line of the carbonyl group of acetone in water
1s not effected and the frequency 1s the same in the pure
liquid as in the water (79). The fatty aclds in water do
glve a shift which is not due to the carbonyl group of the
aclde This shift of the Raman frequency suggests a possibi-
1lity of an actual chemical change in the structure of the
substances. It appears probable that most of the fatty
aclds, acetlc may be taken as typlcal, exlst largely as
double molecules, but the presence of two lines of aqueous
acetic acld suggests a single and a double molecule of ace-
tic acid,

Acetone-propionaldehyde give a straight line for the
polarization mixtures. Propionaldehyde and acetone both
have about the same dipole moments, 2.7 (80) and 2.54 {81)

x 1018

respectively. Calculating the extent of assocla-
tion with the Charborski and Langinescu {82) formula for
propionatdehyde, the association was found to be l,5. This
compares favourably with 1,42 the degree of assoclation found
by Stakhorski (83). Other values of assoclation of acetone
are somewhat higher, but using the same formula for finding
the assoclation as used for the propionaldehyde the extent

of association is found to be l.4. Because of the simdlarity

of dipole moments and assoclatlions together with carbonyl

properties a linear Py o relationship, which has been found,
?

might have been expected.
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The Raman spectrum of acetic acid in acetone has
been observed by Kateswaram (S)Véés found to be similar to
the acetic acld-water spectrum, which is not comparable with
the acetlic aeld-besnzense Raman Spectrum,

The dipole moments of the fatty acids,of which the
polarization mixture curves wers calculated, are of the same
order and do not show any marked increase or decrease of mo-
ment in the serlies (84). Broughton (77) has shown that the
extent of assoclation in a non-polar medium of acetic, pro-
pionic, and butyric acids decreases slightly with increasing
moleeular welght,

The magnitude of the dipoles of these aclds do not
geem to bve related to the polarization curves but the degree
of association of the fatty acids, which 1s parallel wlth
their ionization constants, does agree with the results ob-
tained, for the P1,2 curves of the acetone-fatty aclds were
found to decrease in curvature as the molecular weight de-~
creassed and as the association and lonization constant in-

creasede.
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CLAIM OF ORIGINAL WORK,

The leak effect has been investigated and agaratus
conditions are found to be determinative in the measurement
of dlelectrlc constants of materials that have some conduc-
tance,

Two cases have been recognized as due to conductance
with ordinary osclllating circults.

a) When the capacitance remaining in the standard
condenser after the removal of a capacitance equal to the
cell, i1s small compared to the cell capacitance, then the
error in the measurement of the capacitance will be poslitive
and the dilelectric constant calculated therefrom will be too
large.

b) When the capacitance remaining in the standard con-
denser is large compared to the cell, the error in the capa-
citance will be negative and the dielsctric constant will be
too small.,

The apparatus designed was free from these errors and
the extent of the conductance effect on capacitance with this
apparatus was observed.

Dislectric constants of acetonej isoButyric, butyric,
propionic and acetic acids; propionaldehyde and toluene were

redetermined and found to be in good agreement with other

workerss.
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Dielectric constants of acetone-benzene; isoButyric,
butyric, propionic and acetic acids; proplonaidehyde and
toluene binary mixtures used investigated, The polariza-
tions of these mixtures glve information comparable to the

Raman spectrum results,
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