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Dipole monients are one of the recent tools usod by physsÏ 
chemists In studying structure and properties of molecules. 

This thesi8 WSS undertaken to: (1) determIne the dipole moment 
of the amino bonzoic acids; (2) study the properties of the carbon dsulfe-chloroform mixtures; (3) to chock possible transIt4n 
ponts in para dioblorobenzene and pars toluidine. 

The determination and calculation of dipole moments is done 
b uso of the Pebyo modifIcatIon of the C1aususa'Mossott1. equation, 
which may be derived on a purely theoretical basis so that it 
applies to dilute solutions. 

The heterodyne beat method was used for ioasurng dielectric 
constants, and the electronic polarization was eliminated by xe'actIv 
index measurements, _______ 

foaults for the amino benzoic acids aro the first carried out 
in a non'-polar solvent. The results gave the moments 1.51, 2.70, 
3.51 Debye units for the ortho, nieta, and para acids respectivelv, 
These values do not check with those calculated by vector addition 
of group moments, be!n higher than the calculated value in each 
case, The d5ecrepancy may be explained by postulating an inductive 
effect across the benzene nucleus, as 4n the case of nitroariline. 

The results on the carbon dIsulfdechloroform mixtures, In 
conjunction with other known phjsical çroporties of the system, show 
that there s no compound formaton between the carbon disulftde 
and chloroform. Chloroform is associated in the pure stato, and 
dissociated when it Is m4ed with carbon disulfde. The sssoctation 
is probably of a parallel dipole association type, in which the 
dpoles of the chloroform mutually counteract each other, thereby 
reducing the polarization. 

No transitIon points were fo'nd for ethor para dlchlorobenzone 
or para toluidi1ie, although transitIon temperatures are listed in 
the InternatIonal Critical Tables. It la probable that the oriinal 
work dono on those compounds as carried out by using a questionable 



technique. Transitions of the rotation to vibration type are 
easily detected by dtelectric constant varieton, and although 
suspected transiton temperatures may have been of a different 
typo, it is probable that they do not exist. 
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STUDIES ON DIELECTRIC POLARIZATION: 
(1) THE AMINO BENZOIC ACIDS; 

(2) CARBON DISULF1DE - CIIOROFOBM MIXTURES; 
(3) PARA DICHLOROBENZENE AND PARA TOLUIDINE 

INTRODUCTION 

The measurement of dielectrIc polarizatIon and dipole 

moments has In recent years furnished the chemist wIth a 

powerful tool for studying molecular structure, molecular 

interaction, and properties of solutions and solIds. 

The first attempt to describe the dielectrIc constant 

as an atomic or molecular property was due to Clausius and 

Mossotti (3, 25, 29). In their treatment the actual volume 

occupIed by the molecule .s related to the dielectric 

constant, considering the molecules as conducting spheres. 

The introduction of the electron theory however, has 

changed the picture into one in which the molecule is 

considered as a system of positive and negative electricity 

which are bound torether by quasi-elastic forces, with 

the center of the positive charges at the same point wIthin 

the molecule as the center of the negative charges for 

non-polar molecules, and with these centers not coinci- 

dent for polar molecules. 

The properties of pure liquids have been discussed 

by Debyo (4). BindIng forces are here strong enouíh to 

restrict rotation of the molecules and the liquId assumes 

a quasi crystalline structure. The calculation of these 
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forces has been used In explaining such phenomena as 

X-ray scattering, association, specific heats, and other 

propert les. 

The establishing of a structural arrangement of 

groups In a molecule has been one of the principal achieve- 

ments of the d ., polar molecule theory. Among the many 

structures so established have been: the snmetrlcal 

structure for methane, carbon totrachioride, and analag- 

ous compounds; the pyramidal structure for ammonia, 

phosphine, and phosphorous trichioride; the trlanglar 

structure for water and sulfur dioxide; the plane structure 

for beuzene and napthalene. 

The distinction between the existence of covalent and 

electrovalent bonds in certain molecules has been estab- 

lished. For example, the moments of gaseous hydrogen 

chloride is 1.03 Debye units. If the covalent bond were 

present, the molecule would be electrically symmetrical 

and the moment would be zero; but if te elootrovalont 

bond were present, the moment has been calculated to be 3.]. 

Debye units. Hence the actual condition is somewhere 

between these two states 

DIelectric constant data have boon used for the detoc- 

tion of resonance in molecules. If it is possible for a 

molecule to exist In two electronic states, often its 

actual state is somewhere intermediate to these two, and 



variitIon .n the dpo1e moment over that calculated w111 

show the presence of this phenomenon. 

Wjman (36) has dIscussed the dielectric properties 

of solutIons of dipolar ions, or zwitterions. The corn- 

pounds forming them are al:uost wholly insoluble in non- 

polar solvents, and the solubility seems to decrease with 

the dielectric constant. In pola' solvents, the amino 

acids were shown to be present in the dpolar form. 

Molecular assocIations both between like molecules 

and unlike molecules may be obeerved by dielectric polari- 

zatlon studies (9). If the Interaction Is of a dipole 

association type rather than due to Van Der Waal's forces, 

5t can be detected by dielectric polarization studIes. In 

sorne cases (8, 2, 7) a defTnite reaction appears to 

occur between the solvent and solute resultinc in a mole- 

cular compound. Hammick, Norris, and Sutton (18) have 

criticised E arp and Glasstone1s reasoning and suçcest thab 

te work should be carried out in a third Inert solvent, 

but obtain somewhat the same result.s by this procedure. 

Srnyth (12) has discussed the application of dielectrIc 

constant studies to the detection of transition points in 

solids. These transitIon points involve a change from 

free rotation of a molecule to a restricted vibration. 

Among the revIews whIch have been presented has been 

the symposIum by the Faraday Society (6), in which the 



relation between the dipole moment and the fo11oing has 

been discussed: cohesion, size of molecules, associat1on 

of lIquIds, propertIes of puro liquids, ionic binding, 

intra-rnolecular forces, valency angles, and stereoóhomlstry. 

Another more elementary review by French (14) has 

applied the concept of the polar molecule and dIpole moment 

to: coordination compounds, boilIng points of liquids, 

solubility, melting points, and sublimation. 

The purpose of this thesis is threefold: 

1. To present experImental data and calculations for the 

dIpole moments of the amIno benzoic acids, using for the 

first time the non-polar solvent dioxane, to comparo these 

with calculated values, and to relate thorn to the molecular 

configuration and known properties of these compounds. 

2. To present experImental data on carbon disuif ide-chlora- 

form mixtures and to relate these to other known physical 

properties to determine what type of nteraction occurs 

between molecules in this mixture. 

3. To present data on the temperature varIatIon of the 

dielectric constant of the solids para dichlorobenzone and 

para toluidine in order to determine if a transition occurs 

In the solid state just be10 the melting point. 



Part II 

THEORETICAL 



THE ORET IC A L 

The essentIal measurement In the determination of 

dipole moments and d . electric polarization is the determina- 

tion of the dielectric con$tant. Faradai Th 1837 first 

gave a good picture of this property when he pointed out 

that particles of matter In an electric field would assume 

positive and negative points, or become polarized by 

induction in the electric field. This would give rise to 

a field which would oppose and partially neutralize the 

applied field, lessening the potential drop across the 

condenser for a given charge. Hence the higher the 

dIelectric constant, the greater the capacity of the con- 

denser. The dielectrIc constant is usually expressed 

relative to a vacuum as unity, since the capacIty would be 

least when the condenser is evacuated. 

The present molecular theory gives the picture ol' 

the molecule as consisting of electrons and nuclei in a 

state of vibration about certain points In apace. At any 

particular time these charges may not be uniformly dIs- 

tributed and hence possess what is known as a dipole moment 

measured by the product of the charge and the distance 

apart. Experimental data then give an average dipole 

moment of a molecule. For those molecules with a center 

of s3?mmetry the dipole moment is usually zero, such as 

hydrogen, nItrogen, methane, carbon dlsulfide, and others. 



Most molecules however possess a finite dipole moment. 

Since the charge on the electron is 4.77 x 10-10 e.s.u. 

and the dIstance apart of atoms is of the order of 10-8 Cm, 

it might be expected that the dipole moments would have 

the order of io8 ólectrostatic units, whIch Is found to 

be the case. Ordinarily they are expressed as Debye Units, 

one Debye unit being equal to i x electrostatic 

units. 

Any molecule when placed In an electrIc field wIll 

become polarized by induction, and both the electrons and 

atomic nuclei wIll become dIsplaced from their average 

positions. ThIs will result in the induced moments ME and 

MA. If a unit field induces the moments and 

respectively, thon for a non-polar molecule in a field 

with strength F, the average moment for all molecules 

M= (vrF (1) 

If a molecule with a permanent dipole moment Is placed 

in the field, it will tend to orient Itself so that its 

moment 1s opposed to te field. This orlentstion Is 

opposed by thermal agitation so that an equIlIbrium will 

be set up with a slIght excess of molecules aligned with 

the field. This will correspond to a further moment whose 

average value _s also proportional to the field strength, 
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and is known as the orientation polarIzation. 

The evaluation of the orIentation polarization Is due 

to Debye ( 5). A molecule In a field of Intensity F has 

a potential energy 

U=-MF 

In a group of molecules, 1f no electrical field Is impress- 

ed, the dipoles will have a random orientation in dIrec- 

tions, The number in a given solId angle d is Ad where 

A is a constant depending on the number of molecules con- 

sidered. In a field of intensIty F this number will be 

Ae U#ScT where U F Gos e 

(where? Is the absolute value of the dipole moment). The 

average moment of one molecule in the dIrection of the 

field is given by 

M0 = fAe cosecie (2) 

¡Ae'kTDS de 
with e taken over all possible directions. then the 

fractionjiF/kT Is small, this can be sImplified to 

(3) 
M0 ,uZF/hT 



r.' 
LJ 

From (1) and (3) the total average moment due to a 

molecule in an electrostatic field is 

M= (j/RT) F (4) 

where k is the Boltzmann constant. 

In order to make , v and p obtainable by experi- 
mental procedures, rn/F must be replaced by data wh1. ch can 

be easily detorm4ned. This is dono by using the Mossotti- 

Clausius Relation. (3,25,29) An outline of the development 

of this relation follows. 

The electric field intensity F acting on a single 

molecule may be considered by assuming a unit positive 

charge in the medIum to be enclosed by a small sphere, 

which is large as compared to molecular sizes, but quite 

small relative to the distance apart of the plates. The 

force acting may be consIdered as having three components, 

F=F1 Fa+F3 (5) 

F1 is the force due to the charges of surface dens1tyon 

the plates, so that 

F, =4TIq- (6) 

F2, the force duo to polarization of the material outside 



the small sphere, may be calculated by assuming all the 

material to be removed from the sphere. It is actually the 

force due to the layers of induced charge on the materIal 

plus the force exerted by the charge on the surface of 

the small spherical cavity, and from electrostatic theory 

is shown to be 

Fa41TI+4T1I/3 (7) 

where I is the eloctrlc moment per unit volume. F3, the 

force due to the material insIde the small sphere, is not 

easily obtäined, but has been shown to be zero in cubical 

crystals and lIquids where the molecules are oriented at 

random in the absence of an externally applied field. 

Hence, assuming F3 = O, then 

F=4Tra--4TrI+4TrI/3 (8) 

It is also shown from electrical theory that 

-f- 4Trq--41T1 E 

where E is the electrIc intensity acting on a unit charge 

placed in the electric field. Substituting this In 

equation (8) we have 

F= E4T11/3 



The electric moment per unit volume I is equal to run, 

the number of molecules per cubic centimeter multiplied by 

the moment of each molecule. Hence 

I=nm=(CONST.)nF=(CONST)n(E+4T11/S)9 

Electrostatic theory then gives us the following 

picture: If a small cylindrical cavity of small cross 

section with its axis in the direction of the field of 

force is cut through the field, a unit charge will be acted 

on by the force E or the electric intensIty. If a section 

of this cylinder is cut out by two platos perpendicular to 

the field of force, the unit charge will be acted on by a 
force which is called the electrIc displacement, D. D is 

greater than B because of the induced charge on the two 

plane surfaces, the relatIon being 

D= E4-1TI (10) 

The dIelectrIc constant is also given by the relation 

e = D/E (11) 

SubstItuting these relations In equation (9) and simpli- 

f ying, 

e-i 3 (12) CON3T = 
¿1--n-n 
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also from equation (9) 

CONSTqnM/aFM/F (13) 

hence 

M 6-I 3 
= s 

(14) p e-e. 4Trr 

n can be calculated from Avogadro's Number N, the molecular 

weight M, and the density d 

n = Nd/M (15) 

hence 

M e-i 3M 
S (16) 

F 6+2. 41TNd 
but from equation (4) 

M/F=(rE4- j/3kT) (17) 

By substitution and rearrangement, the complete equation 

for the dielectrlc polarization becomes 

e-s M 4-TIN 
(rE +'A1/3kT) (18) 

82. d 3 

The quantity on the left sIde s known as the 

molecular polarIzatIon and has the dimensions of a volume. 
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The right side of the equation consIsts of three terms 

called the electronic polarization, the atomic polarlza- 

tion and the orientation polarization. 

Determination and Calculation of Dipole Moments 

In order to measure the orientation polarization, and 

hence the permanent dipole moment, the other two must first 

be eliminated. 

The electronic polarization may be eliminated by use 

of the relation of Maxwell that the square of the refrac- 

tive index s equal to the dielectrIc constant. This 

equation holds for non-polar substances, but not for those 

possessing a finIte dipole moment. ßence we may use the 

relation for electronic polarization, P, 

M 

fl2Z d 
= (19) 

This may then be substituted in our general equation 

for the electronic polarization. 

The atomic polarization is difficult to measure, but 

by freezing the material under consideration, the mole- 

cules can no longer rotate, and the orientation polari- 

zation may be eliminated. From the value of the total 

polarization as determined by the dielectric constant 

measurements and the eloctronlo polarIzation from rofrac- 

tive index measurements, the atomic polarizatIon may be 
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evaluated. It has been found for a large number of or- 

ganic molecules that this seldom exceeds 5cc, and usually 

10% of the electronic polarization s added to take care 

of this term. 

In order to obtain the polarization of a cpound, and 

minimize the effect of one molecule on another, the 

measurements may be made In dilute solutions and extrapo- 

lated to zero concentration. Uso must therefore be made of 

the relation 

P12 = + P2N2 (20) 

where P12 Is the polarizatIon of the solutIon, P1 of the 

solvent, and P2 of the solute. P1 may be determined on 

the pure eolvent by use of equation (18), using 

e-t M 

e2. d (21) 

For the solution, the molecular weight wIll be an average 

molecular weight, and the equation 

e-i M1N1 +MzNa 
= (22) 

. e. d 

Having determined P1 and P12, P2 may be calculated from 

equation 20. 

Having determined this for several concentratIons, 

the polarIzation Is plotted against concentration and 
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extrápolated to zero concentratIon. The valuo of P2 so 

obtained Is used In calculating the dipole moment. 

If, in equatIon (18), actual values for the constants 

are substituted, simplificatIon and solution for ji 

gives the following formula for the dipole moment 

(23) 

Since the calculations for several solutions using 

equatIon (22) are quite tedious, an equation using 

oecifIc polarization may be used, as proposed by Sugden, 

(34), in which the specific polarization Is given by 

e-i 
P= 

e-f-a. d 
(24) 

and from a mIxture, the polarization of the solute may be 

calculated from 

PI*-Pl % PMapz=Mz(pi+ 
' (25) 

where w Is the weight fraction of the solute in the solu- 

tion. Replacing e by n2 and polarizations by specific 

refraction, the electronic polarization may be calculated 
using exactly analogous formulas. 



Sumniari of Calculations for Dpo1e Moments: 

For solvent 

For soluti ori 

For solute 

e-1 I I- 
e+a d 

e-s 

e+z 

Pa::: M(p1f PsaPi) 
w 
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Plot P2 against N2, extrapolate to zero concentration 

to obtain 

For solvent 

ri-i ___ - 
n'1-a d 

For solution 

I ___ s- 
flaa d 

For solute 

) w 
add lO to R2 to get Pß + A 

).tQ.QIZ7xßO8YF-PE-F)T e. s.u. 
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Die1octrc Properties of Solids 

If a given molecule were unable to rotate freely in 

an electric field, the dIe1ectr.c constant would be low 

even though it did possess a permanent dipole moment. 

Such would be the case if a substance were in the solId 

state, so that the dielectric constant of' a compound should 

drop on solidification. An examle of thIs Is nitromethane 

whose dipole moment is large. (31) The dielectric constant 

of this material drops from about 44 at the melting point 

to about 3 on solidification. 

Certain molecules, hoxever, are able to rotate in 

the crystal even after crystallizatIon. This problem 

may be illustrated by considering the following: Turning 

a molecule through an angle e from exact alignment with 

an electric fIeld will increase Its potential energy by 

an amount V, whIch may be represented by 

V * V0 (1 - cos 8 ) 

where V0 is the original energy. When the molecule Is 

rotated through an angle of 1600, the increase will be 

2v0. The thermal energy of the molecule will cause It to 

oscIllate about the position where 8 is zero, and If this 

energy ïs great enough, free rotation will set in. 

Paulthg (8) has given a theoretical treatment of this 

phenomena, showing that it accounts for transitions ob- 
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served In certain solIds by specific heat measurements, and 

predicting that die1ectrc constant measurements should 

show thIs fact. Fowler (13) further treated the problem, 

predIcting that the transition would be gradual. The 

theoretical treatment given by these authors does not give 

quantitative agreement with experimental data, but sorne 

features do give qualitative agreement. Both have failed 

to take account of the fact that when a molecule passes 

the energy hump and begins to rotate, it will weaken the 

forces which lt exerts on its neighbors, so the effect 

should be cumulative, and the transition quIte sharp. 

Dielectric constant data on ice (21) show it to retain 

rotation of molecules below the froozng point. Errera 

and Slack (10) have found the dielectric behavior of 

several sa1 hydrates to be similar to that of ice. 

Metiil sulfate sbows a drop in dIelectric constant from 

64 to 12 on so1idificaton at 241.7° K, and another drop 

from 8 to 3 at 203° K. Morgan (26) änd hs co-workers 
have shown such transItions in heavier molecules such as 

d-camphor, borneol, bornj1 chloride and others. 

The potential barrier which a molecule must pass in 

order to begin rotation is the important factor in 

determining rotation or non-rotation of a molecule, as well 

as the shape of the molecule. Usually, the transition 

occurs almost as s]..arply as melting because of the 
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eaken1ng of intermolecular forces. In some cases a 

second transition occurs. This is probably due to rota- 

tion setting in first around only one axis, followed by 

the transition in which the whole molecule rotates (32,24). 

A molecule in which all the atoms 11e in a straight 

ilno may rotate easily around this line as an axis, but as 

such rotation involves only small energy relations, lt 

will have a negligible effect on ordInary properties. If 

the molecule possesses a high dipole moment, the internal 

field wIll be quite strong, and the molecule will need 

considerable thermal energy to start free rotation. Hence 

no transition would be expected. 

Dielectric Properties of Binary Mixtures 

The propertIes of binary mIxtures depends partly on 

forces which may exist between like molecules of each 

component, and partly those which occur between unlike 

molecules of the two components. If these forces are 

strong enough, association may occur (9). 

This association may result either from the presence 

of permanent dipoles in the solutIon or from Van Der Waal's 

forces. These two kinds may be described as: 

(1) Dipolar molecular association whIch must be 

ascribed t the electrostatic forces of the permanent 

dipoles in the molecules. These forces will be determined 



b the size and position of the dipole in the molecule and 

the form of the molecule Itself. 

(2) Non-polar molecular association of non-polar mole- 

cules, caused by forces of smaller range similar to those 

responsible for the formation of homopolar molecules. 

These two forms may exist together and information 

concerning their sum may be given by vi scosity, surface 

tension, and vapor pressure measurements. Dielectric 

polarization experiments however, can give definite informa- 

tion only about dipolar associations. Hence the oembina- 

tion of dielectric polarIzation measurements with measure- 

ments of other physical properties should allow an inter- 

pretation of the type of assoclstlon present. 

As has been mentoned before the total polarizatIon 

consists of three parts: electronic atomic 

and orientation polarization due to the presence of a 

permanent dipole In the molecule. Association of' mole- 

cules has very lIttle effect on the value of E and 

since those quantities are nearly additive for most mole- 

cules. 

In the case of a non-polar molecule where the sum of 

PE and A represents the total polarIzation, any 

associatIon that might occur would not be measurable by 

polarization experiments. 

If, on the other hand, polar molecules are present, 



assocIation of the molecules 11 result n a definite 

change in the orientation polarIzation. PolarIzation 

measurements should then give an indicatIon of the polar 

association. 

In the case of a binary mixture of lIquids, there 

are three sets of condItions possible: 

1. The molecules of both components are non-polar. 

In this case the polarization-concentration curve is rep- 

resented by a nearly straight line and any association 

present will not be shown by polarization measurements. 

Other physical properties may vary considerably from 

a straight line relationship. The vapor pressure curvo 

wIll show a maximum if molecular association exists since 

diluting an associated substance will decrease the degree 

of association and hence increase the number of "free" 

molecules. The viscosIty curve however, will show a mini- 

mum, sInce the greater the number of free molecules the 

less the forces of cohesion and hence the decrease in the 

viscos it y. 

2. The molecules of one component are polar, those of 

the second component non-polar. Here the polarIzation 

curves may be straight or convex. The convex curve will 

furnish data to make an estImate of the degree of associa- 

tion, assumIng that at infinite dilution the particles are 

free and monomolecular. 
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Measurements on other physical properties give results 

comparable to the polarization experiments. The vapor 

pressure and viscos1t, for example, show the same type 

of vsrlation as with the fIrst type of mixture. 

3. The molecules of both components are polar. The 

polarIzatIon curves are here hard to interpret, since any 

associatIon may be between either like molecules or unlike 

molecules. If assocIation between unlike molecules occur, 
the polarization curve would show a maximum, while curves 

such as vapor pressure should show a minimum. Hence to 

interpret this type of mixture, other physical properties 
besides polarization must be taken into consideration. 



PART III 

EXPER IMEN TAL 



EXPERIMENTAL 

Apparatus for DetermInation of Dielectric Constant 

For the determination of the dielectric constant, the 

essential experiment carried out its to determine the capa- 

cIty of a condenser frst with air between the plates and 

then with the solution under consideration between the 

plates. To do 1hIs, the method used was the "heterodyne 

beat method" (29), whIch depends on the following: The 

frequency of an electron tube oscillator depends upon the 

resistance, inductance, and capacitance in the circuit. If 

In the circuit there are two capacitances in parallel, 

one a calIbrated condenser and the other the condenser 

used in the experiments, the frequency could be brought to 

a certain value by use of the variable condenser. Then if 

the condenser used for the experiments (the dIelectric eel)) 

were placed in the solution whose dIelectric constant is 

desired so that the solution was between the plates, the 

capacity would change, and hence the frequency of the 

oscillator. This could be brought back to its original 

value by changing the calibrated condenser, and the change 

In capacity here would be due to the change in capacity of 

the dielectric cell. From this the dielectric constant 

could be calculated, knowing the capacity of the cell when 

aIr is the material between the plates. 
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In order to estb1ish a given frequencj in the os- 

dilator, a second oscillator .s used whose frequency Is 

f Ixed by means of a quartz crystal, arid the output of both 

oscIllators fed through an amplifier and to a loud speaker. 

The note heard will be the heterodyne beat note between 

the two oscillators and can be adjusted to Inaudibility. 

Since this point is not very sharp, the note can be corn- 

pared with a microphone hummer and a more accurate adjust- 

ment made. 

The accompanying diagrams show the actual cIrcuits 

used. The two oscIllators were placed about 25 feet apart 

with their coupling coils at right angles. All unIts were 

carefully shielded and no stray capacity effects were 

noticed In the operatIon of the apparatus. Both oscilla- 

tors used type 12-A power tubes. The output of the fixed 

oscIllator was maintained at a maximum by adjustIng the 

varIable condenser C1 untIl a minimum plate current was 

shown on a milliammeter inserted in the circuit. 

The venable oscillator contained, in addition to the 

precision condenser and dIelectric cell, a 

condenser which was used to adjust the fro 

the readings would all be within the scale 

condenser. A condenser was also placed in 

precision condenser to broaden the tuning. 

fixed mica condenser and was calIbrated 1n 

variable air 

auency so that 

of the precIsion 

serles with the 

This was a 

terms of the 
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precision condenser, giving a valuo of 281.63 P? F. 
The precision condenser was a type 222-L General Radio 

Company condenser of about 1500 u u F capacIty with 1500 

scale divisions, each of whIch could be estimated to a 

tenth. 

The dielectric cell was a small radIo type variable 

condenser with brass plates whIch were gold plated. This 

was mounted with stops so that the position of the rotor 

could be accurately placed at a maximum and minimum value. 

The movable plates were grounded as in all condensers 

used in the apparatus. The condenser was f Itted into a 

100 cc. beaker whose top was cut off and ground smooth, 

and this dipped into a constant temperature bath, the top 

of the dIelectrIc cell being held on by screws to keep any 

moisture from enterIng the solution. The leads were fixed, 

heavy wires, so that there was no change in capacity on 

removing and reconnecting the condenser. By usIng the two 

stops, any capacity due to the leads was elIminated, and 

only the capacity change due to the solution was measured. 

The amplifier was a resistance coupled 3 stage ampli-. 

fier using two type 50 tubes in the first two stages and a 

type 01-A tübe in the output stage. Two rheostats wore 

placed in the filament circuits of the two type 40 tubes 

and the power tube respectively. 

All readIngs on the precision condenser were taken 
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at about the same position on the scale, since prelimnar? 

work showed that better experimental checks could be 

obtained in this manner. The batteries were connected for 

an hour before readings were taken, and room temperature 

was maintained nearly constant. 

In obtaining readIngs, the dielectric condenser was 

first placed In the maximum position, and the precision 

condenser adjusted to a convenient scale reading, usually 

7.0. Zero boat with the microphone hummer was then ob- 

tamed by adjusting the variable air condenser. The 

dielectrIc condenser was then changed to the maximum 

position and zero beat again obtained by use of the preci- 

sIon condeaser. The readings gave the capacities which 

were substituted in the following formula for the system 

of condensers: 

where 

cD= 
c (C -c) 
(Gp' +CF)(Cp+CF) 

CD = difference In capacity between the open and 

closed position of rotor. 

CF capacIty of fixed condenser In series with precl- 

sIen condenser. Value = 281.63 ji ji F 

C? = capacIty of precisIon condenser in fIrst position. 

CPI = capacity of precIsion condenser in second position. 
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Readings such as the above were first nade with the 

dielectric cell filled with air and this value then used 

in calculating the dielectrIc constant, e. 

CD with solution between plates ____________________ 
CD with air between plates 

Each reading was checked several tImos and several 

different series of readIngs were taken using a slightly 

different range of the precision condenser. All readings 

checked within O.1 of the mean. Temperatures of the 

solution was held b the constant temperature bath to 

25° C ± .O2. 

For the measurements on the solida, the cell used 

consisted of two heavy circular brass plates which formed 

one terminal of the condenser, between whIch two cakes of 

the material under study were hold, Between the cakes 

was placed a sheet of tInfoil, and this formed the other 

terminal of the condenser. The condenser was held together 

by two small bolts passing through both plates, the top of 

which contained a small spring, thus maintaining contact 

throughout the temperature changes. Short, heavy leads 

were used to minimize any change In capacity due to move- 

ments in the leads. For this condenser, the capacity was 

determined by disconnecting the dielectrIc condenser, 

setting the precIsIon condenser to zero beat, and then 

connecting the condenser and taking another set of readings. 
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Denstty and Refractive Index Measurements 

All denstties cere measured In a pyoriometer of about 

20cc ca)acit1 similar to that described by Gilbert and 

Stark (16, 33). It was filled through the capillary by 

inserting a smaller capillary tube and forcing the solution 

in under pressure of air which had been passed through a 

soda-line drying tower. It was calibrated by using 

freshly boiled, distilled water and all weights were 

corrected for the air displaced. Temperature was regulated 

by the constant temperature bath as described above. 

Refractive indices were measured by a Bausch and Lomb 

dipping refractometer at 25°. In all the work, the 

dielectric constant was determined first, followed by 

density and refractive index measurements on the same 

solution. Care was taken to minimize loss by evaporatIon 

of the solvent. 

Preparation of Samples 

All solutions were made up by weight In a glass 

stoppered 50cc florence flask. The weights used were cali- 

brated agaInst a set of Bureau of Standards weights, and 

all the weights of materIals used were corrected for the 

air displaced. 
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PurIfication of Conpounds 

Dioxane: Eastman's best grade of l-4 dioxane was 

refiuxed with Sodium Hydroxide for 10 hours, and then 

partially fractionated, discarding the first and last 

fractions which distilled. ThIs was then refluxed with 

metallic sodium until the metal remained bright on standing. 

This was accomplished in about 10 hours. During the 

refluxing a calcium chloride dr'Ing tube was connected to 

the open end of the condenser to prevent any further 

moisture entering the system. The dioxane was thon dis- 

tilled, the first and last fractions again being discarded. 

The material was used as soon as possible after purifica- 

tion, nover more than a few hours elapsing between the time 

of preparation and its use. enever it was necessary 

to preparo a new quantity, the dielectrIc constant, density 

and refractive index vas redetermined, and these values 

used in the calculations, since the polarization values are 

very sensitive to changes in these quantities, especially 

the dielectrIc constant. The following physical constants 

vere obtained: M.P. 11.7°C.,- n 1.41990, 

e25 2.2266$, d5 1.02681. 

Carbon disuif Ido: Chemically pure carbon disuif Ido 

was dried over calcium chloride overnight, thon poured off 

and partially fractionated. This was then refluxed over 

phosphorous pentoxide for eight to ten hours and again 
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distilled. The product obtained had the following phys- 

cal constants: B.P. = 46.3°C, 1.25521, e25 2.64790. 

Chloroform: Eastman's best grade of chloroform was 

purified by following the same procedure as given above 

for the carbon disulfide. The product obtained had the 

following physical constants. 13.P. 61.3° 0, 

d5 1.47984, e25= 4.78639. 

0-Aminobenzole Acid: Eastman's best grade of this ac 

was boiled with charcoal several times and crystallized 

three times from water. It was found that the product 

had a better color if the crystals were filtered off while 

the solution was still warm. The product had a melting 

point of 144-145° C. (Corrected) 

m-Amnobenzoic Acid: Eastman's best grade of thIs 

acId was recrystallized from water three tImes. The first 

crystals separating out were discarded, the remainder 

having a better color. The melting point of the product 

was 173-174° C. (Corrected) 

p-Aminobenzoic acid: Eastman's best grade of this 

acid. was boiled with charcoal several times, and then re- 

crystallized three tImes from water. As with the meta 

compound, the first crystals separating out were discarded. 

The melting point of the product was 187-188°C. (Corrected) 

Para tolu-idine and para dichlorobenzene: Eastman's 

best grade of these compounds were used without further 
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purificati. on. Cakes of these compounds about 5 cm. in 

diameter and 2mm. thick were prepared by pressing the 

crystals In a cylinder under a pressure of about 20,000 

pounds per square inch. 

Symbolism Used 

= Mol fraction of solvent 

= Mol fraction of solute 

25 
e Dielectric constant at 25 C. 

25 
Density at 25°C compared to water at 4°C. 

¿5 
= RefractIve index at 25° C using D line of sodium. 

P12 = Molar polarization of aolution. 

pl Molar polarization of solvent. 

P2 = Molar polarization of solute. 

P2= Molar polarization of solute at infinite dilution. 

/1 = DIpole moment. 
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TABLE I 

Ortho amino benzoic acid 

25 25 25 
N2 e d4 P2 

0.000000 2.23025 1.02689 1.41990 

0.005101 2.24795 1.02857 1.42143 90.0 

0.012868 2.26766 1.03134 1.42356 82.7 

0.020991 2.28782 1.03406 1.42581 80.3 

TABLE II 

Meta amino benzoic acid 

N2 
25 25 

d4 
25 

P2 

0.000000 2.22662 1.02681 1.41990 

0.002963 2.26603 1.02817 1.42101 188.8 

0.006905 2.30146 1.02933 1.42181 183.5 

0.009591 2.32697 1.03029 1.42256 177.6 



N2 

0.000000 

0.006280 

0.014378 

0.019724 

TABLE III 

Para amino benzole acId 

25 25 25 
e d4 riD 

2.22662 

2.33950 

2.47570 

2. 55689 

1.02681 

1.02933 

1.03234 

1.03436 

1 

1.41990 

1.42190 

1.424b7 

1. 42624 

P2 

291.2 

280.1 

267.4 

Additional constants for previous compounds. 

Substance p2 R2 E A 

o-amino benzoic acid 91.5 39.7 43.7 1.51 

rn-amino benzoic acid 194,5 39.0 42.9 2.70 

p-amino benzoic acid 301.5 40.6 44.7 3.51 
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TABLE V 

Carbon disulfide-chioroforin nixtures 

25° 25° 
N2 e d P12 P1 P2 

0.00000 4.78639 1.47984 45.02 

0.07062 4.63585 1.46595 43.48 45.15 23.19 

0.13819 4.50048 1.45217 42.15 45.46 24.25 

0.29937 4.15425 1.41818 38.46 45.71 23.11 

0.33636 4.05473 1.41045 37.53 45.65 22.75 

0,44381t 3.82695 1.38709 35.04 45.84 22.53 

0.63940 3.41020 1.43219 30.45 46.30 22.22 

0.751470 3.16282 1.31650 27.71 46.49 21.99 

0.87007 2.91107 1.28758 24.71 46.15 21.03 

0.94838 2.75376 1.26833 22.79 46.49 21.59 

1.00000 2.34790 1.25521 21.50 
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TABLE VI 

Para Toluidine 

T (°C) Capacity (,p,pF) 

18 46.2 

20 46.5 

22 46.9 

24 47.4 

26 47.9 

28 48.8 

Table VII 

Para Dlehlorobenzene 

T (°C) Capacity (,jiF) 

20 116.8 

25 117.9 

30 118.9 



PART IV 

DISCUSSION 
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Key to Fig. i 

X = One-thousand kilocycle Eliley quartz crystal. 

R1:Three megohm fIxed resistor. 

C1 500 m.rn.f. variable air condenser. 

C2 =0.5 m.f. by-pass condenser. 

L Three inch. coil of twenty turns 

Key to Fig. 2 

R1=lOO,000 ohm fxed carbon resistor. 

C1 281.63 rn.m.f. mica condenser. 

C2Generai Radio Type 222-L precision condónsor. 

C3 = Dielectric cell. 

C4 =500 m.m.f. variable air condenser. 

C5 =0.006 m.f. mica fixed condenser. 

C6 =0.00005 m.f. mica fixed condenser. 

L1= Three Inch coil of sixteen turns. 

L2=Three inch coil of twenty turns. 

Key to Fïg. 3 

R1R3. 0.25 mogohm carbon resistor. 
R2R4=5 megohin carbon resistor. 

C = 0.01 m.f. mica fixed condenser 

Ci=O.00025 m.f. mica fixed condenser. 

L Three inch coil of eight turns. 

H Electrically driven tuning fork. 

L.S. Loud speaker. 



DISCUSS ION 

The amino benzoie acids 

In examining the dipole moments of organic compounds, 

it has been found that the resultant dipole moment of a 

great mans molecules depends on the polar group in the 

molecule. Wben molecules contaIn more than one polar grou 

the resultant moment i,. s the sum of the values for the 

varIous groups. Since the dipole moment is a directional 

quantity, t Is necessari to make this the vectorial sum. 

ThIs is not quantitativelj true for all compounds due to 

the inductive effects and the nearness of other polar 

groups, but is often used to check the possibility of ab- 

normal effects in the molecule. Values for the varIous 

groups attached to the benzene nucleus have been assigned, 
and it is of significance to check the calculated value 

for the amino benzoic acids with the values determined in 

the present work. 

In general, if m1 and ri2 represent the group moments 

of two groups substituted in the benzene ring, and 9 is the 

anglo at which the directions of the moments are inclined, 

the vector sum of the two dipoles, and hence the dipole 

moment of the compound Is given by 

.,U{,41-44+&MIMt cose 
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In the benzene ring, which is assumed to be flat, these 

angles are 600, 120°, and 1800 for the ortho, meta, and 

para substitution products respectively. The values for 

the amino group and carboxyl group are -1.5 and -0.9 

respectively. The following table shows the values de- 

termined in the present work and those calculated by 

vector addition. 

ortho amino benzoie acid 

meta amino benzoic acid 

para amino benzoic acId 

ji (obs.) (cale.) 

1.51 1.31 

2.70 2.10 

3.51 2.40 

ExaminatIon of this table shows considerable dis- 

crepancy between the observed and calculated values, and 

an explanation must be sought. Estermann ¿'ii) has determined 

the moments of the methyl esters of these acIds and ob- 

taiiied the values 1.0, 2.4, and 3.3 for the ortho, mcta, 

and para esters respectively. This agrees fairly well with 

calculated values of the acids. 

Hedestrand(l9)has studied water solutions of these 

three acds and finds that they are predominantly in the 

dlpolar or zeitterion forms. However, In a non-polar 

solvent such as dioxane they should be entirely in the 

ordInary molecular form. Further, much higher moments than 

those found would occur if any zwitterions were present. 
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An explanation for the discrepancy between calcu- 

lated and experimentally observed values is afforded by 

the fact that abnormal results occur in many cases where 

the amino group is attached to the benzene nucleus, and 

also in many cases where the oxygen atom Is present in a 

substituent group. For example, the moment of para 

nitroaniline is 7.1, while the calculated value is 5.4 

(20). 

These abnormal results are attrIbuted partially to 

the fact that the substituents do not lie in the same 

plane as the benzene nucleus. The resultant moment is 

then not equal to that calculated from vector addition of 

group moments. However, this does not yet explain all 

the discrepancy. 

The very large deviation of nItro anilIne has been 

attributed to an inductive effect across the benzene 

nucleus. Since there is a strongly positive group on one 

end and a strongly negative group on the other, It could 

be expected that inductive effects may occur. This would 

mean that the electrons In the nucleus would tend to be 

shifted slightly in the direction of' the nitro group. 

If such were the case, the replacement of one of 

these groups with a slightly weaker group should result 

in a decreased abnormal behavior. Such Is the case with 

the amino benzoic acids, the strongly electronegative 
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nItro group being replaced by a less negative earboxyl 

group. An examination of the relative differences between 

calculated and observed results for nitroaniline and the 

amino bonzolc acids show that the acIds are defInitely 

less abnormal, as might be expected. 

It should be emphasized also that this inductive 

effect does not mean a complete transfer of electrons from 

one atom to the next. Such a change would result in a 

moment of several times that found. However, a definIte 

amount of induction is quite clearly shown. 

There is no considerable possibility of association 

occurring in dioxane solutIons of these acids, since 

preliminary work on the molecular weight by freezing poInt 

measurements showed the acIds to be present in monomolecu- 

lar form. Dioxane has been used in other work(35)(2'7) 

and It has been shown that assocIatIon does not occur, but 

that dissociation will actually take place with molecules 

which are normally associated.. 

The results here obtained and tabulated for the amino 

benzoic acIds represent new data and have not heretofore 

been determined in a non-polar solvent. 

Carbon dlsuif ide-chloroform mixtures 

In discussing the properties of this mixture, It is 

desirable first to examine the other known physical 



properties of this systeni and consider what might be 

concluded concerning molecular interaction either between 

like molecules or unlike molecules. 

Guthrle (17) has measured the vapor pressure of 

mixtures of carbon disulfide and chloroform and finds that 

a considerable digression from lInearity occurs. The 

vapor pressure curve shows a decided maximum and it could 

therefore be concluded that an Increase In the number of 

free molecules results from mixing these two liquids. It 

is also to be inferred that this increase comes from 

dissociation of one or both of the components into sIngle 

molecules. The distinction between which one is diss-. 

ociating or whether both dissocIate cannot be made from 

the curve. 

SpecIfic heat measurements (22) gIve a curve wIth a 

dec.ded maximum. This would be expected from a mixture in 

whIch one of the ciponents has dissociated on mixing. 

The heat spent here on Intra-molecular work wIll be less 

than with the unmixed liquids, and hence the specIfic 

heat will be lower. 

The conclusIons from these experImental studies 

serve to shcw that a dissociation of an aggregate occurs 

when the two components aro mixed. Which of the two com- 

ponents Is assocIated in the pure state is not indicated. 

Table five shows the measurements made In this work, 
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and curves four, five, and six show the results in graphi- 

cal form. 

It can be noticed in curve four that the dielectric 

constant is a straight line function of the concentration. 

In curve five, density can be seen to dIgress slightly 

from exact linearity, and curve six shows that the polari- 

zation is slightly greater for the mixtures than solution 

laws would predict. Also plotted in curve six are the 

polarization of the IndivIdual components, each of which 

are straIght line functions of the concentrations. 

Fruhwirth and Mayer-Pitsch (15) in discussing the 

dielectrIc properties of binary mixtures predict that if 

one component shows dipole association, the polarization 

of the mixtures will be greater than calculated, and less 

if one molecule is associated in chains. 

If carbon disulfide were associated, the polarization 

experiments would not show it, but sInce the polarization 

of the mixture is slightly above linearIty, it appears 

that the chloroform molecules are assocIated, and that the 

association is of a dipole association type. 

There are several ways in which this association may 

occur: 

1. The dipoles may line up wIth the negative end of 

one next to the positive end of the next. This would 

correspond to polarization in a chain, and the dissocIation 
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of this complex on mixing with another component would 

cause a decrease In total polarization since the polari- 

zation of one such particle would be much greater than a 

monomolecular particle. 

2. The dipoles may assocIate so that they are 

parrallel with each other with the positive and negative 

end of each counteracting the oppositely charged end of 

its neighbor. If such were the case, on mixIng with another 

component which dissociates the complex, the result would 

be the formation of two particles with a definite dipole 

moment from one wIth a zero dipole moment. Hence the 

polarIzation of the mixture should show a rise over that 

calculated for an ideal solutIon. 

3. The dipoles may form triangular complexes con- 

taThing three molecules, or even square complexes contaIn- 

ing four molecules; all complexes having a zero dipole 

moment. These would have the same effect on the polari- 

zation as type two above. 

In the case of chloroform, it is apparent that the 

association must be of the type 2 or 3, ince the polari- 

zation curve for the mIxture deviabe. so slightly from 

lInearIty, it I quite doubtful If it goes any further 

than typo two. If cnplexes were formed containing three 

or four molecules, the single molecules would first form 

the dimerlc type, and since the experimental data indicates 
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on1 a ver small amount of associatIon, there would not 

be enough of these present to further associate. 

The possibI1itj of carbon disulflde being associated 

Is not very strong, since it is a non-polar molecule, and 

hence would have no appreciable electrical Induction on 

neIghboring molecules. 

The work on this system was undertaken for the purpose 
of determining whether or not chloroform will combine 

with carbon disulfide to form a molecular compound as it 

does wIth ether (7). In this compound a hydrogen bond is 

postulated between the oxygen atom of the ether and the 

carbon atom of the chloroform molecule. The results show, 

on chloroform-carbon d .. sulfide mixtures, that it as improb- 

able that such a compound foxns. ThIs is in hariiony wIth 

experiments by Zeliholfer, Copley, and Marvel (38) in which 

they studied the solubility of haloforms in donor solvents. 

They concludo that hydrogen bonds, In whIch the sulfur 

atom Is a member, do not form. 

Para dlchlorobenzene and para toluldine 

Beck and Ebbinhaus Cl) found a possible transition 

point in solId para dichlorobenzene at 28° C. The method 

used was to allow the liquid to solidify In a tube; at 

the temperature of the apparent transitIon the material 

appeared to pull away from the sides of the tube and crack. 
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Other unpublished work done in this laboratory by Gilbert 

and Stone, using dilatometric methods, gave somewhat 

indefinite results but appeared to check the transition 

tempersture. A transItion poInt for para toluidine was 

also detected by Beck and Ebbinghaus at 22° C., using the 

same method. 

The meltin point of para dichlorobenzone is 53 C. 

and for para toluidine 450 C. It must be noted that the 

difference between the melting point and transition point 

found is nearly the same, 250 for para dichlorobenzene and 

for para toluidIne. 

If the energy hump which these molecules must pass 

in order to bein free rotation were about the same, It 

would be expected that the transition temperature would be 

at about the same temperature distance from the meltIng 

point, as was found. The molecules of these two mpounds 

have nearly the same shape and size, but their dipole 

moments are not equal. Para dichlorobenzene has a zero 

moment, whIle that of para toluidine Is 1.65 Dobye units 

(12). 

Since para toluidine has a much higher dipole moment, 

the potential barrier whIch It must pass would be con- 

siderably greater, and hence it seems unlikely for a 

transition point to occur at so nearly the same temperature 

for the two compounds. 
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Curve VII shows the temperature variation of the 

capacIty of the cell used, and shows quite clearly that, as 

far as dielectrIc constant measurements are concerned, no 

transition occurs in the solids. In the case of para 

dichlorobenzene, the capacIty changed 1.75% from 200 to 

30°, while pare toluidine changed 5.356 from 18° to 28°. 

In each case the range of temperatures used Included the 

suspected transition point, and in both cases the change was 

practically linear. 

These measurements show that there is no transition 

point of the rotation to ibration type, although it does 

not preclude some other type of transition. 

The origInal work might easily be explained merely 

as a case of the shrinking of the material on coolIng, 

since as mentioned before, the transition occurred at 

nearly the same temperature difference below the melting 

poInt. Even If the transition had been of another type 

besides that sought, such as a change In crystalline form, 

it might have conceivably been shown up by the dielectric 

constant variation. 

Since these transition points are recorded In the 

International CritIcal Tables (23) the evidence here obtain 

ed is of value In Indicating that there is considerable 

doubt concerning the actual existence of such transitions. 



PART V 

SUMMARY 



SUMMARY 

Data and calculations are presented for the calcula- 

tion of the dipole moments of the amino benzoic acids, 

using for the first time the non-polar solvent dioxane in 

which the acids are soluble. 

The experimentally determIned results do not check 

wIth calculated results based on vector addition of group 

moments, and the abnormal results have been attributed to 

Induction across the benzene nucleus. 

Data for the density, dielectric constant, and 

dielectric polarization have been presented for the system 

chloroform-carbon disulfide, and the results compared 

with other known physical properties of this system. It 

is indicated that chloroform is associated slightly in 

the pure state, but that on mixing wIth carbon disuif ido 

any molecular clusters dissociate. Possible ways in which 

it may associate are discussed. 

Data on the temperature variatIon of the dielectric 

constant of the solids para dlchlorobenzene and para 

toluldlne have been presented, and It has been shown that 

transition points of the rotation to vibratIon type do 

not occur at temperatures suggested by other workers. 
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