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INTRODUCTI ON




One of the chief criteria for the ideality of a solution. is its

~ adherence to Raoult's law. 1In the literature can be found many

papers concerning the theoretical and experimental deviations of
liquid solutions from this criterion. The same source, however,
shows not only that very little has been published on the deviations

from ideality of solid solutions but that even less experimental work

has been done to verify any theories or predictions made. Moreover

H. Seltz (36), who has done most of the theoretical work in this
field, makes the umsupported statement that positive deviations prob-
ably do not occur in the solid state. A desire to investigate
Seltz's staﬁement and deviations from ideality of solid solutions in
general, by means of measurement of their vapor pressures, formed the
- basis énd purpose of this research problem, The measurement of the
total vapor pressﬁre of the solid.solution was chosen as the method of
approach to this problem, for from the total vapor pressure curves the
. partial vapor pressure curves of the components may be calculated.

The activities and thus the deviations from Reoult's law can be readily

obtained from the partial vavor pressure curves.
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Ydeal and Non-Ideal Liquid Solutions

A soclution may be defined as =ny homogeneous phase whose composition
may be varied within limits (18). This definition does not make eny
assumption as to the state of a2ggregation and is therefore equally applic-
able to gaseous, liquid and solid solutions. Thue, any homogeneous phese
of two or more compoﬁents mey be regarded as a solution.

The ideal solution is a convenient standard to which all other
solutions may be compared, but to which very few solutions met'with in
practice compare clbsely. When two liquids form an ideal solution
V; = Vi and Hy = ﬁ&, where V; and H; are the molar volume and molar heat
content, respectively, of the pure i'th component and the Vi and ﬁivare the
corresponding partial molar volume and heat eontent of the same component
in solution. Purther, all properties of the solution such as vepor press-—.
‘ure, density and viscbsity, may be calculated from the properties of the
two éomponents by applying.standard relations known as the lawé of ideal
solutions, These are the laws of van't Hoff, the modified form of this
law proposed by Morse and Frazer, the law of Raoult §r the law of Henry.
They are all essentially for the infinitely dilute solution, For a
solution of finite concentration,however, oﬁe,but not all, of these laws can
be chosen to define the ideal solution. G.N. Lewis (19) originally stated
that the law which holds for the greatest number of substances over the
widest limits of concentration and which is therefore the most fundamental,
is the law of Raoult, That ig, at constant pressure and temperature, the
partial pressure of any component in an ideal solution is proportional to
its mole fraction. This is expressed by

- [}
P; =Py Nj
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where p; is the partial pressure of the i'th component in solution,
pio the vapor pressure of the pure i'th component and N3y the mole
fraction of the ilth coﬁponent in the solution. If any solution can
be shown to obey this léw, that isesufficient criterion to establish
it as an idesl one.

Deviations from the laws of ideal solutions must be attributed to
interaction of the moleéules‘of the components in the solution. In
the non-ideal sélution the force between two kinds of molecules is
either one of excess attraction or excess tepulsion. To make possible
the application of the exact thermodynamic relations of ideal solutions
to non-ideal solutions, G.N. Lewis (21) invented the concepts of
fugacity and activity. The fugacity is & measure of the escaping tend-
ency of a component in solution while the activity is the ratio between
the fugscity of = component in some given state to its fugecity in some
arbitrarily chosen standard state, at the same temperature. These
functions serve only to bbing experimental results into agreement with

~the laws of ideal solutions.

Ideal snd Non-Ideal Solid Solutions

A solid solution may be considered as analogous to a liquid
solution, its distinguishing feature beiﬁg the possession of c¢rystalline
structure. The crystalline structure of solid componénts infiuences
their miseibility in the solid state; only those substances having éimQ
ilar crystalline structure are able to form solid solutions in all prop-
ortions or what is known as an “isomorphous serieg", This stateﬁent has

been borne out by recent X-ray érystallographic work (2).




All solids exhibit an escaping tendency; every solid gives rise to

' a vapor pressure, although it may be very small. It is conceivable,
theﬁ, that a solid phase may be formed consisting of two or more comp=-
onents and which obeys Rsoult's 1gw. Such an association of solids is
an idegl solid solution. Guggenheim (12) has recently stated that much
of the treatment and equations derived for liquid solutions is directly

applicable to solid solutions. Thus for example, the Gibbs-Duhem and

Dﬁhem—Margules equations would be expected to hold for solid solutions.

Guggenheim further states that a solid solution is precisely analogous
to a liquid solution,only the emphasis should be placed on the activity
rather then on the partial vepor pressure because of the relative
“involatility of most solid solutions. Therefore, the criterion of
ideality in a solid solution is analogous to the criterion in the liquid
solution. Thus, the criterion for a solid solution is adherence td
Raoult's law written in the form of

a; = a,° Ni.

where a; is the activity of the i'th component in the given solution, ai°

is the activity of the pure solid ilth component and N; is the mole

fraction of the i'th component in solution.

Thermodynamics of Ideal and Non-Ideal Solid Solutions.

For the phase trénsformation of liquid solution to solid solution it

should be possible to derive a relation between the composition of the
coexisting liquid and soiid and the heat content of the system. Such a
“relation wduld-permit the calculation of the relative positions of the
liquidus and solidus curves for the well known temperature - composition

phase diagram,
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Ven't Hoff's law of freezing point depression is applicable only to
an ideal’solutién from which pure solvent alone freezes out. It is
therefore useless in those cases where solid solutions are formed since
solute and solvent free?é out together in this event.

~ For very dilute solid solutions, Rothmund (32) has derived an
expression relating composition of liquid and solid phases with temper-
ature, on the assumption that the solid solution obeys Reoult's law and
“that the heat of fusion of the solid is constant over the temperature
range considered. In a discussion of the lens—shaped figure common in
temperature~composition diegrams, ven Lear (16) introduced equations for
- the ligquidus and sélidus cﬁrves of ideal and non-ideal solid solutions
which are applicable for all concentrations in the liquid and solid
solutions. Other equations for'the gsolidus and liguidus curves, based
on somewhat similar assumptions, are those derived more recently by
Seltz (35), using the concepts of activity énd fugacity introduced by
G.N. Lewis (21) for ideal liquid solutions. The latter equations were
derived for coexisting solid and liquid solutions both of which obey
Raoult's law, and do not taﬁe into account the change of heats of fusion
with temperature.

In another and later publication (36), Seltz extends his equations
to non-ideal sclutions, This extension was confined to binary systems
"which show complete solid miscibility and so only derives the conditions

under which Roozeboom's types I, II and IIi of solid solutions arise.

In doing this the puré solid phase is taken as the reference state (unit
activity at every temperature) and three cases =re considered. = In each
case the A component melts at a lower temperature than does the B

acomponent,




-aAéao

(1) Positive Deviations in the Liquid - Negative in the Solid:

When the compenent in the liquid solutions shows positive
and in the solid solutions negative deviation from Reoult's law
the phase disgram for the system will have e maximum, with the

liquidus and solidus curves coincident at this point.

(2) Negative Deviations in Both Phases - More Marked in the Solid

than in the Liquid:

(2) The phase diagram has & maximum as in case (1), if, in
the plot of activity versus mole fraction, the curve representing
the activity of the A component in the liquid solution does not
fall completely below the curve of the activity of the A comp-.
onent in the solid solution when the melting point of the B comp-
onent is reached.

(b) Should, however, the curve representing the activity of _
the A component in the liquid solution fall below that for the Ai
component in the solid solution before Tp, the melting point of
pure component B, hes been reached, no maximum will eppsar. All
the points on the liquidus and solidus curves will lie between
TB and TA’ the melting point of pure component A. The resulting
phese diagram, however, will have both curves displaced above the

curves celculated on the basis of perfect solution behavior.

(3) Negative Deviations in both Phases = More Marked in the Liquid

than in the Seclid:
(2) If at T, (the melting point of the lower melting comp-
onent) the activity curve for the B component in the liquid

solution does not fall completely above the activity curve for
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B component in the solid solution, then the phase diagram will
ghow a minimum,

(b) The other possibility for deviations  this type is
that the activity curve for B component in liquid solution falls
completely above thevactivity curve for the B component in the
solid solution at the melting voint TA’ This condition gives
rise to liquidué and solidus curves lying entirely‘between Ty
and TB’ but displaced below the curves for perfect solution

. behaevior,

As the besis of the preceding treatment, however, Seltz mekes the
unqualified statement that "In a continuous series of solid solutions it
ig doubtful that éositive déviations from Raoult's law will ever occur;
the general nature and properties of such solutions would probably give
rise to negative deviations . . . . . " We doubt, however, the validity
of this statement, in view of the well;established existence of partial
miseibility in the solid state, find it difficult to believe that positive
deviations cannot exist in solid solutions. This belief is further
supported by the direct experimental work of F.W. Kister (15).

It is thus seen that, as stated earlier, Seltz!s treatment accounts
for Roozeboom!s types I, II and III. His discussién, however, does‘not
include the sﬁecial case of type I described by Ruer (33), namely that in
‘binary systems where the components form a continuous series of solid

solutions, ligquidus and solidus curves show 2 point of inflection.,

The Calculation of Partial Vapor Pressures from the Total Vapor Pressure.
When this proBlem was first undertaken we thoﬁght there woul@ not be

sufficient time available to permit analysis of the vepor phase and thus

determination of the partial pressure curves. These curves, however,

could be obtained by calculation from the total pressures corresponding to
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a given mole fraction, a calculation which would indeed be simple if the

Margules equation could only be integrated . . . viz.

(=) / (3%%) C R

s Ts P, T,

where Pys Py = the partial pressures of the two constituents in the
vapor in equilibrium with the liquid containing the mole Ffractions
Na end Nb’ respectively, of these constituents.
This ig a differential equation containing two dependent variables pp and
Py and is therefore indeterminete. The iitergture contains various
solutions of it, all involving the use of constents or approximations.
Lewis and Murphee (20) have devised a method of computing the
vapor compositions of binary mixtures from total pressure determinations
alone. This is accomplished through a stép-wise integration of the

Duhem-MargulesAequation, when the latter is written:
- din 2y - - lex = él‘u |
d1n P, X Rin (1-x)

where x = the composition of a component in the liqﬁid phase.

i

 Integrating this equation and expressing it in terms of the vapor compos-

ition y of the same component yields:

(1-e-b) log %:11 - a log ¥, - log P, = log P,
T2 N
whe?e b = X5=%q , 8 o= % - X =Xy 7,
¥o=¥1 Vo=V

and Pl’ P2 = the total pressures for itwo successive trisls, 1 and

2.

(1)

(2)




This method does not assume Raoult's law for eny concentration and gives

an accuracy of plus or minus two percent over a ten percent range on the‘
calculated cUrves, The constants & and b are determined by two methods,
the first being by direct measurement of values of total pressures.
Although the second is based upon the initial slope of the total pressure-
composition curve, the constants are determined to correspond guantitat-
ively with the chosen experimental point on the total pressure curve. In
consequence, inaccuracy in determination of the initial slope has little
influence on the computed result.

Porter (28) integreted the Duhem-Margules equation, dealing only with

the first powers, to obtain the expression for the partial pressures

pa-m)?
1

2
B(1L=-N))
= ) 2
Pp. = D N e

vhere plo, p2° = the partial pressures of the pure
components.,

e = the naperian base
. B = & constant
_ Equations (4) and (5) may be extended to ternary solutions,

Beatty and Calingaert (3) showed that a good preliminary indication
of the reliability of partial pressure date can be gained directly by
inspection, using a few simple corollaries of the Dﬁhem-Margules equation.

Zawidzki (42) integrated the Duhem-Margules equation to give a power

geries with three or more arbitrary constants, namely

(4)

(5)
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log py (1 = x) = A¥Bx 402 4 Dx3 4 evnnnnns (6)
P, %

and with it partial pressure curves were drawn and compared with exper-

imental date,

An empirical equationt

e = P10 = o0 log py (1 - x) )
dx log pyo = log pyo P ‘

has been used by Rosanoff, Bacon and Schulze (30). This requires an
equation of P in terms of x which is obtained empirically from the data
using arbitrary constants. The partial pressures have also been obtained
from the P curve by Marshall (24) using e trial and error graphical method
‘founded on the Duhem~Margules equation and P = Py + P, + seeeesPp
Margules (23) has recommended the following functions of x for

representing the partial pressures of binary mixtures determined isotherm-

ally:
dg ) fo'4 ' 3 °<1+ 4 4
) = (1 -X) + _55. (l - X) + yr (1 - X) (8)
Pl = pl xe
B, . B By -
. = %2 + -5i % + T X4 . (9)
pl - pz. (I—X)e

where ® and B are constants
Mergules himself, and later Zawidzki, carried the exponents only to the
third power of x and 1-x. The results of Rosanoff and Easléy (31)
indicate that it is necessary and sufficient to add the fourth power and
the corresponding constants ©(; and By. Wohl (41) has proposed a special

[

four and five suffix Margules-type eguation which eppears promising
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A semi-empirical expression has been found by Levy (22) which
closely avpproximates observed experimental results for a variety of
mixtures. Levyfé treatment is based on the thermodynamic definition
of the activity coefficients'Vi and V& of the components of a binery

liquid solution which are defined as followss

£° x f2°(1—x)

where fl, f_ = the fugacities of components whose mole

2

Practions are x and l-x,.

flo, f2° = the fugacities in the arbitrarily chosen

standard stete.
Then, assuming that the vapors behave as perfect gases, which is usually

the cege at ordinary temperstures and pressures, Py = f} and plo = flo

so that:

Vi=

]

Y = D

2 2
where Dy, Dy = the partial pressures of components in
the mixture

p1° p2° = the vapor pressures of the pure

components.
Equation (8) and (9) mey be rewritten as:

¥ = %2 (1-x)?2 +%3 (1225 4 veirrnn
2 3

1
=Y,

"
ﬂﬂ&?

%2 *., Eéi <3 + .‘...........

These equations apply to a wide range of mixtures as shown by Zawidzki,

and their application is based on the assumption that the two-term

° x p,0(1-x) (11) |
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Margules expansion is an adeguate solution for the Duhem equation.
I3

Margules gives the relation between the{constants as Tollows:
-4
B, = 2+% Py = -
To evaluate the constants ons determines the tangents to the total presgs-

ure curve at each end. The Mergules relationship then is:

(o]

In (To + p2°) - Ilnpy

s

€« %
2 : 3

2 6

where T, =(§_13) T, = (g_lg)
dx] x = o dx/ x =1

in (plo ¥ Tl) - 1n p,°

ko]
N

To obviate the error in measuring the slope, Levy derives the following

expressions for T, and Ty

T s P~ o
° “_“_Egm at x = 0
X
T - PO = P
1 0 at x =
1 -x

Then to calculate the partial pressure curves, one measures two values
"of P at very small values of x and l-x. Thus from (17) and (18) T, end
T, are obtained. With these latter values o{ and B are then obtained
from (14), (15) and (16). Solving forYl and Y5 in (12) and (13) and
using (11) one calculates the partial pressures.

Redlich and Kister (29) gave a set of equations, assuming small
deviations from ideality, which maey be applied to calculation of‘partial
presgures. Ebert, Tschamler and Wdchter (11) have proposed a new
equation to replace the Margules solution of the Duhem~Margules equation.
This equation reportedly represents more adequately the experimental data

and extends the relastion to all phases of a two-component systen.

(14)

(15)

(16)

(17)

oy |
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A graphical method by which the Duhem-Margules equation can be

integréted exactly is provosed by Orlicek (27). It permits determin-

ation of the activity coefiicients from measurements of the total vapor

pressure., No assumption was made on the functional relation between

concentration and

activity coefficient. FPurther, the method is prim-

arily suited for non~ideal solutions that show a very great deviation

from ideal properties.

An excellent paper by Carlson and Colburn (8) summarizes and

compares the work of van Laar (17), Margules (23) and Scatchard and

Hermer (34). The comparison wes made by revising the equations of the

latter four men such that the constents in their equations became

identical, Thus the van Lear equations were written:

log vl =

the Margules:

1
og V/l

1o “(,
g 2

A log V;

Kl-i' Axl) 2
Bx

2

(2B - 4) x22 ¥ 2

2

(24 -B) %,

and the Scetchard-Hammer equations:

log Yi -

log Y

2 -

A_2_B_‘£1-1) z2 -
AV, 2

2
B(2AV2 - 1) 2" -
BV,

where V1, V2 = the molar volumes

. Z = volume fraction of the

for component one-

v
Zl- Xy Vi
xlvl 4 x2 V2

-_—B
2
14 sz
Ax1

(A - B) x25

2B fzg - i) Zl

components, i.et

(19)
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For convenience in calculation, the constants in equations (19) and (20)

have been solved simultaneously to give, for the van Laar equations:

1ogvl(1 v x, log YZ 2
%y log Y7 | (22)

103{?(1-& x 1ogY1 2

A

to
]

1

Xs log 721

and for the Margules equationst

A = (x2 - xl) log Yl + 2 log Y2

X2 X
2 1

- (23)

B = (xl-xz) log{% + 210gfl

2
* : %

Carlson and Colburn stated that when the A/B fatio departs consid=-
erably from unity that the vaen Lear and Margules equations differ the
most. When the ratio A/B is less than one we use the Margules equations
and when it is greater, the van Laar equations. The clue as to which
set of equations to use apparently follows from the vﬁlues of the molar
volumes. If the ratio for the two components in the system is approx-
imately equal to, or greater than two to one, we use the van Lear
equations.

‘Further;‘on the assumption that activity does not change with temp-
erature, Carlson and Colburn gave a method for the calculation, from
total pressure, of the activity coefficient and thus the partiel pressure,

Their equations are:?

wl = P - Y2 p2° X2 vzvz P - {1 Plo Xl ' (24)
[+ [] .
Py K Py %




Subscripts: 1 = the component of the binary mixture

with the lowest boiling point.

'

2, 3ees = the components with progressively
higher boiling points.
The use f equation (24) is based on the fact that as X, approaches one,
approaches one, and therefore an approximate activity coefficient may
be calculated for component one, assuming o= 1. The apparent activity

coefficients are then plotted on semi-log paper and extrapolated to find-:

the terminal values of the activity coefficient, whose logarithms are

the constents in the van Laar or Margules eguations.
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"Hollmen (13) measured the vapor pressures of solid solutions of
alums and salt hydrates by an indirect method in which the solid solutions
'were allowed to stand over sulphuriec acid until equilibrium was establish~
ed. Kruyt (14) measured the course of the three-phase line in the systenm
p—-dibromobenzene~p~dichlorobenzene. The partial pressures of
p~dibromobenzene and p=~dichlorobenzene over solid solutions of both were
obtained by Kidster (15) using the air-saturation method and analysis of the
vapor phase for_each.component. Our work, and that of Kélster was done at
49.1%. in anticipgtion that further work done on this‘prgblem would
include measuremenfs of the total pressure of all three binary systems
composed of p-dibromobenzene, p-dichlorobenzene, p-~bromochlorocbenzene.
Kllsterts investigations showed slight positive deviations along the
pédibrémobenzene partial preséure curve. Speranski (37) measured the
vapor pressure of.solid solutions of B-naphthol in naphthelene, only one
component, the navhthalene, being volatile. This same author, usiﬁg a
tensimeter, measured the totsl pressurss, at various temperatures, for the
binary systems p-bromchlorobenzene — p-dibromobenzene and pédibromobenzene
~ p-dichlorobenzene. The result of this latter investigation also showed

positive deviations in the system p-~dibromobenzene = p-dichlorobenzene,




CHOICE OF THE PROBLEM
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From the preceding section ¢f this thesis, the theoretical reasons
behind the choice of the research problem are obvious, What substances
coulsc:nd were used in the problem, however, hsve not, as yet, been
considered. It is clear that the substances constituting the solid

solutione should have a relatively high vapor pressure, that is, several

millimeters at the temperature of experimentetion. Further, it is

desirable that the components form a complete series of solid solutions
over the required temperature range.

On first consideration it was felt that certain halides or naphih—
alene derivatives would be suitable. The latter class was rejected,'for,
~if further work done on this problem included snalysis of the vapor phase,
an accurate quantitative determination of the éomponents would prove

difficul+t, Professor J.H. Hildebrand of ihe University of Californisa
had, in the meantime, indicated by private communication that, because of
their molecular symmetry, he would be pleased to see work done on the
“tetrahalides of the group IV elements. This class of compounds was also
rejected as they had very low vapor pressures.

It was found (as has been discussed) that previous work in our field

of investigation had been done using the dihalogenated benzenes,
p-dichlorobenzene, p-dibromobenzene and p-bromochlorobenzene. These sub~-
stances had been found to have vapor pressures of between two and six
millimetres and formed complete series qf solid solutions. Further,; the
ternary temperature~composition model for these three éomponents hed been
investigated by Campbell and Prodan (7) at the University of Mznitoba.
Thus for the reasons stated, and, as asccurate potentiometric methods of
analysis for the halogens bromine and chlorine were knowg, the dihelogen~

ated benzenes were chosen as the components of the solid solutions.



THERMAL

ANALYSIS




- 18 -

Types and Interpretations of Cooling Curves.

The trensformation of any liquid to a solid is accompanied by a
change in the energy content of the systenm, the change manifesting
itself by an evolution of heat. '~ The method of thermal analysis is
any thermometric method by which this temperature of transformation
may be measured. |

Suppose that a single substance is heated to thirty degrees above
its melting point and then allowed to cool under room conditions.
According to Newton's law of cooling the rate at which the liquid cools
will be proportional to the difference between the room temperature and
the temperature of the liguid. vShoﬁld the temperature of the liquid
be measured at fixed time intervals, the plot of the temperature versus
time will have the appearasnce of Fig. la, Such & plot is called a
cooling curve. Wer;_avtransformation to teke place a corresponding
break in the cooling curve would be chgerved. For the liguid-solid
transformation of a pure substance the first appearance of solid, bar-
ring supercooling, marks the freezing point and here the‘temperature
must remein constant until all the liguid has changed'to solid. At
this temperature the system becomes invariant, for, according to the
phagse rule, F = C <« P 4 2, the system is isobarically invariant as there

'is one component in two phases at constant pressure. This invariance
is depicted on thé cooling curve by a "halt", represented by the hori-
‘zontal portion f m in Fig. 1b, When the tfansformation is complete the
system is no longer invariant, the solid begins cooling rapidly along

m p and then more slowly in accordance with Newton's law.

When "ideal" or "linear" rather than "free" or "Newtonian' cooling
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is utilized, that is, when the rate of loss of heat by radiation from
the environment is made constant (thus permitting a cooling rate
independent of the nature of the material examined) the cooling curve
representing a single substance ; has - the form of Fig. lec. For
a liquid solution of two or more components from which a solid solut-
ion is deposited on freezing the transformation temperature does not
remain constant because of the continuous composition chenge in the
solid and liquid phases. The lineér cooling curve for such a system
is shown in Fig. 1d and the slope of the portion £'mf thereof is con-

stant from the freezing point T. to the melting poin£ T2, where a sharp

1
break‘in the curve marks the disappearance of the liquid phase. The
solid solution cools repidly from m" to p" finally assuming & cooling
rate equal to that of the environment at é". The analogous free_cool-
ing curve, Fig. le, like that of a pure coﬁponent, has a pronounced
curvéture as the freezing neers completion. A sharp break in Fig, le
is not observed because the amount of heat liberated by the last small
portion of solidifying liquid is insufficient to compensate for the
heet lost to the surroundings by radiation. Purthermore, the thermo-~
meter bulb at this time is surrounded by & solid which cools faster
than the ligquid by virtue of its lower specific heat. |

The phenomenon of supercooling is observed in almost ali the
instances cited, this effect being represented by the small depressions
at T, f"; £''' on curves 1lb, 14, le. The precision of a freezing
point measurement is greatly affected by the extent of supercooling,

particularly viscous melts and those possessing poor thermsl conductiv-

ity. Severe supercooling can be avoided by inoculation of the melt .




with a fragment of the crystellizing substance just before solidification

of the melt commences.

Criteria of Purity.

Experimental work done by Le Chatelier (18) shows that the "halt® on
the temperature-time graph will accurately determine the freezing point
of either a pure constituent or a fused mixture. Tammann (38) has shown

that the extensions of portions of the curves £'"" w'" and p"' w'? inter-

sect et the true melting point, Fig. le. Most authorities conclude,

therefore, that as long as f''m''tand ¢ 'V’ m'" have a reasonably linear
portion, it is possible to arrive a2t melting points which may be duplic~
ated. It is obvious that for a pure substance the freezing and melting
poiﬁts should be identicel. | When, however, they are not identical, a
freezing point interval exists, For the highest degree of purity of a
substance it can be seen that not just a "reasonably linear portion' is
desirable, but that the melting point range should be negligibly small or
at least within the error of the determination. With these views in
mind the freezing range was chosen as the criterion of purity for the

dihalogenated benzenes.
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Melting Point Avparatus

It was hoped that the melting point range might also be used as a
eriterion of purity. Semples of dihalqgenaéed benzene were placed in
a melting point capillary in a Thiele tube filled with mineral oil and
melting points determined. Inability to hold the temperaﬁure steady
with an open flame at the melting point as well as {0 maintain uniform
temperature rise resulted in this method being discarded. Electric
heating was tried using a‘Fisher-melting point apparatus, but this, too,
" was discarded Eecause the thermometer was read only in tenths of a
degree, and the heating could not be controlled accurately., A trial
was then made using an electric furnace into which wag inserted = thermo-
meter, attached to a melting pcint.tube containing some of the sanmple.
Through a small opening in the side of the furnace the crystals could be
observed by means of reflected light and a magnifying lens. The current
in the furnace was controlled by two rheostats, one fine and one coarse
in setting. The entire apparatus'was enclosed in & metal cebinet with
glass windows thus eliminating fluctuations in temperature resulting from
cair drafté. This method of obtaining melting points alsc hed to be
discarded. as the sample commenced to "sweat" obscuring the true melting
voint.  PFurther, both "sweating® and-melting always proceeded from the
top to the bottom of thé sample despite several attempts to obviate this
trouble, Having met with nothing but failure the method of melting
point range as a criterion of purity was rejected and fhat of the freezing

point range investigated thoroughly and successfully,




- 20 -

Method of Stirring Melts.

It was realized at the outset of this research problem that, in the
determination of & cooling curve, a method of stirfing the cooling
systen would have to be used which employed the vrineciple of a closed
system., This is necessary as the components are very volatile and would
easily sublime, so changing the composition of the remeining mixture. For
the pure substances, however, it was thought that hand stirring would
sﬁffice. This was done by means of a brass stirrer bent around a thermo=-
meter which was centrally located in the test tube containiﬁg the melt,
The method was rejected for the following reasons. First, the thermo-
meter bqlb and stem soon became éncrusted with & thin layer of the
crystallizing substance which prohibited good thermal conductance. Second,
as solidification progressed beyond the half-way sfage ﬁhe crystale inter-
fered with the smooth movement of the stirrer and the resﬁlting vibration
made readings very inaccurate. Third, the resulis obtained by this method
of stirring were often not reproducible,

It was then decided to use the appsratus described by Campbell and
Prodan (7) inwhich efficient stirring is obtained by employing a fluctuating
current of dry air. Several weeks were spent in modifying end adjusting
this apparatus to the desired efficiency of stirring because the diameter
of the glass tubing, the volume of the enclosed system, the mercury levels
and the type of piston used were all found to be rgther critical. .The
complete stirring assembly is shown ih Fig. 2 and in Plate 1. |

The reciprocating mechanism consisted of e motor, a set of pulleys
and a vertical action reciprocator. '~ Attached to tﬁe one~quarter horse

power motor (1) was a one and a half inch pulley (2), which  ran to a set
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Plate (1),
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of pulleys of diameters five inches (3) and two and one half inches (4)
which in turn ran an eight-inch pulley (5). The body of the reciprocator
(6), was msde of brass bent to shape. The steel drive shaft (7) ren in a
bronze bearing (8) end was joined to a brass fly wheel (9). The latter
wes two and three-eighths inches in diameter and hed holes drilled in it
one~half, five-eighths, one, and one and three gquarters inches from the
centre to which the connecting rod (10) could be fastened and thus its
amplitude varied. The four-inch connecting rod,pivoted on the fly wheel
and on the four and one-half inch vertical steel shaft (11), transmitted
the power from the fly wheel to the glass stirrer shaft (12). The
' stirrer bearing (13) was made from a solid brass rod through which a hole
had been carefully drilled so as to obtain@close fitting but smoothly
Nogerating bearing.

A three-eighths inch internal diameter glass cylinder (14) of twelve
and three quarter inches in length contained the one-quarter inch glass
piston. Over the lower end of this piston were two smooth rubber washers
three-quarter inches and one and one-eighth inches and which were one-
eighth of an inch apart. A piece of rubber'éressure tubing (15) connect-

ed the cylinder to a second piece of glass tubing (16) which, in turn, was

joined to & long tube of smaller bore (17), having as one outlet a T-joint -

closed by a clamp on an attached length of rubber tubing (18). When the
U-tube and reciprocating mechanism were clamped'to g suiteble atand the
U-tube was filled with clean, dry mercury to a height of eight and one-
half inches above the pressure tubing'in the right hand erm, The top end
of the tube (17) was connected by mesns of rubber tubing to a mercury trap

(19) and thence to the stirring tube (20), located adjacent to the thermo-
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meter (21) which was centred in the main container (22). A three hole
number nine rubber stopoer (27), previously boiled in sodium hydroxide,
was inserted into the top of this latter container, The stirring tubs
consisted simply of & glass-tube: of three-=gighths inch internal dia--
metey, the immersed orifice of which was constricted slightly. An»outlet

tube (23) consisting of a four=inch length of one-sighth inch-bore glass

tubing, was connected to a U-tube (24) by a short length of rubber tubing.

Sulphuric acid was used to £ill the U-tube (24) because of its hygroscopic

nature and because it offered less resistance to the oscillating eir
current within the closed system then did mercury. The environment of
fhe stirring tube conéisted of a four-litre beaker (25) filled with water
end stirred by en electric stirrer (26).

As the piston oscillated in the cylinder at & rate of approximately
Pour revolutions per second, the mercury in the U-tube was forced to
oscillate in resonance with it. The oscillation of the mercury column in

tube (16) produced a sympathetic oscillation of the air in the system

which was transferred to the liquid in the stirring tube (20). The throw

of the reciprocating mechanism was fixed so that the fused melt oscillated

a distance of one and one-half to two inches in the stirring tube. The

position of the liguid level in fube (20) could be easily adjusted by
altering the eir pressure within the system through tube (18). Usually,

when the piston reached bottom dead centre, the liquid level was at the

orifice of the stirring tube,
The positioning of the orifice of the stirring tube was criticel. For
.best results it was immersed two-thirds of the total depth of the melt.

The thermometer bulb was.then placed one-quarter inch below the orifice.
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As the freezing process approached cémpletion the liquid in the
stirring tube slowly solidified end finelly sealed the orifice or some
higher point in the tube. The cessation of stirring action was detected
vby the graduelly diminishing amplitude of the oscillations in tube (20)
or (24) and their ultimate disappeérance.

Loss through the stirring tube was very slight. The outlet tube
(23), however, always collected.a sublimate which could be returned to
tﬁe—body of the melt if necessary by removing the connecting rubber tubing
and scraping the deposit down with a glass rod or heavy copper wire.
Collection of sublimate in the tube (23) was actually en advantage, since
by tapping the outside of the tube at the proper instant the melt in the

container could be seeded and therefore supercooling avoided.

Purification of Substances.

. The meterialsused, namely p-dichlorobenzene and p-bromochlorobenzene,
were obtained both from the British Drug House and Eastman Kodak Compeny.
Though the latter firm supplied approximately two-thirds of the diha16~
genated benzenes, materials from both firme were mixed together before
purification commenced. In order to ascertain their degree of purity
cooling curves_were obtained for the impure p-dichlorobenzeng and
pubroméchlorobenzene. These are given in Fig, 3.

As an initial step in their purification each of the materials was
distilled once from dilute sodium hydroxide to remove acidic organic
impurities and once from dilute sulphuric acid to remove basic organic
impurities. Cooling curves determined on portions of the resulting meter-
ials indicated that they were as yet in an impure state. Several diffi-

culties were encountered in these steam distillations as 2 result of the




Al 1]

RNBBE

[P A

11

N

£

LN

Y

q

5

OHO

PN

Sohod

ek

HOQOD

A
A
g

{

SloleveTs

BONO,

HDOO!

-

3
. it/ A3 :
- i
. g : _
3 . BENEREN i - +
..... AEn=gte 6 & 5o S8
1 ] 4
1 ¥, 1
D '
{1 " SRESARNSE EgNa
1 T
S
H I WK ke i
M N N WR AR U v Uk D I W vt L N 4 -
f *
Ne) [
Sk
1 Wil
1] i1 6 RN -
: ! ;
T REEN BN : |
i 4 . 7 :
R NN it -
e e . . Frbrche Fr
1 T 1 H H Seidad il I +
! + M :
} ; "
chetl |
H i
o ne z

Jobeied

Tt

HUGHES OWENS ‘314G 20x20

.
B




- 26 =

low melting point of the comppnents and their high voletility. The high
volatility mede it advisable to use an all glass epparatus employing dry
ground-glass joints. Further, the receiving flask not only had to be
immersed in a cooling bath but had to be fitted with two condensers to
trap the vapors that failed to cqndense. Plugging of condensers was a
common source of trouble and_therefore all wefe fitted with connections
for hot as well as for cold water. At the first signs of plugging, hot
water was run through the condensers and the adhering solid melted.

Separation of ortho and mete-isomers from the desired'para isomers
was effected in -both cases by successive recrystallizations from ethyl
alcohol. The cooling curves fér samples of the p-dichlorobenzene and
p-bromochlorpbenzene after three such recrystallizations are shown in
Figs. 4 and 5. It can be obgserved that even at this stare ﬁ state of
purity hed not been reached. The impurity was thought to be traces of
ﬁnremoved elcohol. To remove these traces, the recrystallized product
wes placed in a vacuum desiccator, and allowed to stand under reduced.
pressure for a period varying from twelve to twenty-four hours. A cool-
ing curve for the reéulting substance indicated no increase in the .purity.
Attempts to remove the adhering alcohol were then made by centrifuging
ten-gram samples, four at a time, and for thirty minutes. The centri-
fuged produgt;aisd showed no signs of increasing purity as determined by &
cooling curve.

It was then decided to try fractionation. A pariial take~cff fract-
“ionating column, twenty-two inches in iéngth, was constructed. Thelcentral
column wes filled‘with glass helices and enclosed in a concentric glass

jacket, Between the jacket and the column was strung a heating element,
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the voltage ‘across which was controlled by a Variac,. A thermometer wes
cemented to the outside of the fractionating column so as to ascertain the
temperature inside the jacket and thus‘the approximate temperature offhe
column. In order to prevent the cooled products from freezing and there-
fore plugging the take-off arm of the distillation head, it too was elect~
fically heated. As a result of this heating, the dihelogenated benzene
was in the molten state when it entered the receiving flask, There it had
to be rapidiy cooled, or, because of its high volatility, loss through
veporization would have been nearly twenty per cent. As it was desirous
to have a constant temperasture of distillation, the latter was operated by
a Varisc—-controlled "Glass Col® heating jacket. The column was found to
fréctionate efficiently when operating on a four to oné ratio.

This column was first used to reflux and then distii geveral litres of
ethyl alcohol from potassium hydroxide in order to remove any aldehydic or
ketonic impurities. The dihalogenated benzenes which had been recrystall-
ized from ninety-five per cent ethyl alcohol were now recrystallized from
the purified alcohel and then fractionated,the fraction retained being that
which came off over a .60° (.range. Cooling curves were determined on
samples of the resulting products. They showed that though the p-dichloro-
benzene was pure, the p-bromochlqrobenzene as'yet.did not freeze at a
constént temperature and thus was impure. Two successive recrystalliz—
ations and distillations were necessary before the cooling curve for the
p~bromochlorobenzene, Fig. 5, showed the desired purity.

Further expérimentation showed that a steam distillation from ecid and
alkali followed by a fractionation, then fractionsal reCrystallization from

alcohol and finally another fractionation were sufficient treatment for the






p-dichlorobenzene to give the desired purity, Fig. 4, It is to be noted
that three alcoholic recrystallizations foi this substance before the

final fractionation seemed to increase the purity. However, the loss of
products through the recrystallizations hardly offset the slight increasé
in purity (if any). Once having the cooling curves for each stage of
purification the question immediately arose as to what was the freezing
renge and by what amount had it decreased. The sccepted method of deter-
mining the freezing interval would have been to draw lines joining A to B
and C to D, Fig. 5, and producing these lines to meet at P. The differ-
ence between the ordinates of A and P would be the freezing point interval.
It can be séen that for some of the p-dichlorobenzene curves this method is
not applicable, for, once gupercooling is broken, the curve goes up in &
stepwise fashion to a2 maximum and down in the same manner. For these
curves, drawing an average line A~B was considered, Fig. 4,vwhere the
freezing point range is taken as plus or minus ths difference between the
highest group of identical readings and the average deviation line, that is
the distance X-Y. This method had to be rejected however, for as the
-dihelogenated benzenes froze, they not only did so inwards from the wealls
but, because of the oscillation of the compressed air column and the impart—
ed wave motion of the liquid surface, they built upwards with a concave
surface, Thus the thermometer bulb, regardless of the initial amount of
substance present became partially exposed after two-thirds of the solution
-had frozen. It is clear that once part of the bulb is exposed further
readings cannot be used in determining the freezing point interval. The
asterisks below each curve in Fig. 5 show at what point in the freezing

process the bulb of the thermometer first became exposed. Not only did
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the thermometer become exposed during the last stage of freezing, but
often the stirrer became plugged with crystals freezing out of solution.
A descripiion of the phenomenon as taken from my notebook reads as
followst

¥The first heavy crystals appear one-third down from the top of the
gtirring tube. They are deposited as a result of the splash in this
tube and thej continue to extend in area until two inches from the bottom
of the stirring tube. Fine crystals appear in the remeinder of the stir-
ring tube. The crystal layer thickens in the central one-third portion
of tle tube. Amplitude Qf stirring decreases, thermometer bulb just.
commencing to be expoéed. Container still holds one-third to one-quarter
of its original liguid content".

Upon closer inspection of all the cooling curves, it was observed that
though neither of the methods of estimating purity could be applied to both
substances in going from one purification step to another, the first and
accepted method could be applied to the curves for the final purified prod-
ucts. For p-dichlorobenzene the freezing point was found to be 52,990 C.,
after stem cbrrection and celibration with a stendard thermometer, The
freezine point range was .00 of a degrée C., while the accuracy in the
thermometer readings was plus or minus .02° C. For the p-bromochloroBehzene
‘the melting point, after correction, wes 64.82° ¢., with a freezing point
range of .06° C. and sgain an sccuracy in the thermometer readings of pius
or minus .02° C.

For the remaining curves only the method of visuel inspection could be
uzed to ascertain by what degree the purity had increased at each step of

purification. That is, one could only observe when disregarding small or




irregular temperature fluctuations that the curves approach more and more

the idezl curve for a pure substance.

The Avparstus for Pressure Measurement.

(2) The Construction

A static method of measuring the total vapor pressures was used in this
investigation. As difficulty was anticipated in finding a suitable stop-
coék lubricent, it was decided not to take measurementsby eny method which
“involved a tensimeter.‘ An apparatus was therefore constructed as shown in
Fig. 6 and Plate 2,

The flask (1) contained the substance whose vapor pressure was coinz to

" be messured. A steel bracket (2), which was hinged at the top, thus per-

mitting it té be swung back and therefore free from the flaslk, supported the
latter at the ground-gless joint (3) (standerd teper 20/40).  Above this

~ joint was a sharp reverse bend in the glass tubing. This.consﬁituted a
trap for solid which.spattered during the degessing process (to be deécribed
later). The vacuum line then continued to the mercury menometer (&4).
Silicone oil had been considered, but rejected és the manometriec liquid, for
tests had shown that it absorbed the dihalogenated'benzene vepors, The
mercury in the menometer was raised and lowered from its reservoir (5)-
(sssuming a vacuum in the system) by mesns of the three-way stop-cock (6),
which was open to the air through one connection (7) and 1led to an efficient
water aspirator through the other (8). On the low pressure" side of the
manometer was a vapor-trap (9) fitted with a ground-glass joiht (standard
taper 20/40) so as to permit removal and thereforé cleaning.v From the wvapor
trap the high vacuum line led to a McLeod geuge (10). The stop-cock (11)

was incorporated in the system in order that air and water vapor need not be
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admitted into the gauge every time the remasinder of the vacuum sysiem was
opened to the atmosphere. From the T-joint (12), the vacuum line ran to =
three-way stop-cock (13) with mercury seal. -One arm of this was open to
the atmbsphere; the other led to a Cenco high vacuum pump (14). A
mercury seal stop-cock (15) was joined to this latter arm in order thet,
while the stop-cock closed the evacuated system from the atmosphere, air
could be let into the pump before turning it off. The.drying tube (16)
contained a glass wool plug (17) and a layer of anhydrous calecium chloride
(18) above it.as did-also tube (25). This helped to reduce, to a small
extent, the amount éf moisture drawn into the system whenever it was open=~
ed ﬁo atmospheric pressure.

The appafatus and electrical circuit necessary to maintain e constent
temperature bafh around the flask (1) is not shown in Pig., 6. This, how-
ever, consisted of a sealed mercury thermoregulator and relay sensitive to
f .02°0 C.; a three hundred-watt water immersion heater, an electric stirrer,
a low-lag heater (nine-inch carbon filament light bulb) and a thermometer.
These pieces of equipment, excluding the relay switch, were ciamped inside
“the feit insulated glass watér bath (19), of .786 cubic feet capacity.

The constant temperature bath was supported by a three-legged wooden
stand sixteen inches in height, which stood on another circular stand three
inches in height. The purpose. of these two stands may be explained as
follows: During thé degassing process it was necessary 1o remove the constsnt
temperature bath. Removal of the stand (20) permitted the lowering of the
bath below the level of the apparatus contained within it. The lowered bath
rested on the circular stand (21), the purpose of which was to permit the

removal of your fingers from between it, the teble and the surrounding stands




Plate (2),
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which supportéd the apparatus above,

(b) The External Heating Circuit.

As a result of the high volatility of the substances whose vapor
pressures were being measured,the temperature éradient between the water
bath and the room caused tﬁem to sublime from the flask onto the walls of
the manometer and connecting tubing. Thus this latter section of the
appafatus had to be wrapped with a nichrome wire spiral heating coil (22)
and kept at a temperature of approximately sixty-five degrees centigrade.
Because of this heating, the mercury when raised in the manometer expend-
ed and therefore necessitated a volume correction. fo do this the den-
sity and thus the temperature of the mercury column had to be known
accurately for a given current passing through the heating coil. A
thermometer, therefore, was lowered into the mercury column through the
tube (23) (which was later semled) and the temperature measured for various
current strengths.

The heating coil had to be extended down to, and a little below, the
‘surface of the water bath_in order to prevent sublimation. The water,
being a'conductor, therefore carried a potential of one huﬁdred and twenty

"volts. Thus, when handling apparatus in the bath, care was taken that the
knifeswitch (24) was open. To reduce this stray voltage, the wires near
and below the surface of the water were painted with Glyptel.

(c) 8top-Cock Lubricants.

When the apparatus was originally coﬁstructed, the flask (1) was
designed as shown in the inset, (a), Fig., 6. Purthermore, all ground-
g;ass surfaces were lubricated with a good grade of Cenco High Vacuum
grease,.this being the best grease produced.by;theacompéhy Pyl T Naems s

temperatures of 10-20° c. above room temperature. It was
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found that when the temperature of the external circuit was raised to
above fifty degrees centigrade part of the lubricant on-the ground-glass
joint (b) (see inset,Fig. 6), bubbled or distilled away and, if the joint
was kept below fifty degrees'centigrade, that the material in the flask
gublimed onto the inside walls. Further, during the degassing of the
sample;'the lubricant on the stopper (c) was leached by the hot dihalo-
genated benzene vapors and'spattering liquid, Thus, the apparatus was
modified to that shown in Fig. 6.

For this new design a lubricant was needed that would not distil at
temperatures up to fifty degrees centigrade, that was not water-soluble
énd that would not be leached by the hot dihalogenated benzene vapors,
Thdugh the second qualification‘was not complied with, lubricants prepared
from glycerol were tried. Dextrin, mannitol and what wes hoped to be
anhydrous glycerol, were mixed together in varying proportions to form
a series of lubricants. When used on the ground-glass surfaces (5),>
Fig. 6, a thin coating of Plicene vacuum wax was spread on the top of the
joint in order thathhe lubricant would be protected from the wéter._ All

lubricants prepared from these three substances had to be rejected ﬁecause
"of what appeared to be 2 distillation of the glycerol out of the joint.
As glycerol hes s very low vapor pressure at fifty degrees centigrade, it
was considered that that which hadbbeen prepared had not been anhydrous,
Ahy pressure readings obtained using this lubricant, therefore, would be
~too high by an undetermined amount. A secondary effect resulting from
this distillation of the lubricant was the difficultj of separating the

ground-glass surfaces which had a tendency to "freeze" together.




- 54 -

Dr. Puddington, of the Nstionsl Research Council wes now consulted
and he forwarded two samples of lubricants that had been found effective
in resisting atteck by dihalogenated benzenss. One of these semples
consisted of 2 mixture of seventy-two percent anhydrous glycerol and
twenty-eight percent silica. This wes tested and found as unsstisfactory
a8 the previous lubricants., The second sample, called Perfluorolube and
prepared by Du Pont a2lso had to be discarded as the lubricant flowed down-
ward at the temperature of fifty degrees centigrade and the joinf invari-
ably froze, | |

Even though the silicone oils were known to ebsorb the vapors of the
dihalogenated benzenes, it was decided to try a silicone stop-cock grease,
namely that menufactured by the Dow Corning Corporation. It was not water-
goluble and had a ﬁegligible vapor pressure up to & temperature of two
hundred degrees ceﬁtigrade. Tfials using only a three-eighths inch band
on the upper end of the ground-glass joint proved satisfactory. As the
bottom half of the joint was dry eand as such a thin £ilm of lubricant was
present, it was assumed that the amount of vapor absorbed by the grease

would be negligible,

Degassing of the Sample,

Once a sample was introduced into the flask (1), Fig.6, removal of air
ffom the system and of occluded air from within the solid‘was accomplished
as follows: Oné Dewsr flask containing a mixture of dry ice and acetone
was raised around ﬂhe flask (1) while another was placed around the vapor
trap (9). vAfter the sampie had been thoroughly frozen the entire system
was evacuated, the mercury raised in the manometer, and the current in the

external heating cireuit turned on. With the Dewar now removed from
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around the flask the substances were gently heated until completely
molten. This melting was accompanied by very violent bumping of the
solid and liquid. When all the solid had been melied the liquid was
again frozen, care being teken thatbair bubbles were not trapped in the
cooling melt. The freezing mixture was kept around the flask until all
the material that had spattered in heating sublimed back onto the bulk
of the materiel, The mercury in the menometer was then lowered and any
air liberated during the liquefection pumped off. This operation was
repeated two or three times.

Seversl determinations were made in order to ascertain whether or
not there was a detectable change in the composition of the solid
solution as a result of the degassing process. Within the error of the
measurements, the composition of the sample before and after degassing

was found in all instences to be the same,

Measurements of Pressure

In order to exclude any gaseous contaminants that might exert an
appreciable vapor pressure, the flask (1) Fig. 6, wes filled with the
pure'substancés (for example p-dichlorobenzene) as follows: The flask
which hed been thoroughly cleaned and dried, was immersed up to the neck
and thus clamped in a freezing mixture. For a fifteen minute period
clean and dry nitrogen gas was passed through the cold flask. Then, as
the nitrogen continued to pass through the flask, liquid p-dichloro-
benzene was poured from its gless container, where it had been melted
- while the container was as yet stoppered, through a funnel and into the
bottom of the flask. There, without vaporization or sublimaﬂion, it

rapidly froze while the p-dichlorobenzene remained at a temperature below
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approximately =30° O., the flesk was removed from the freezing mixture and
fitted on to the ground-glass joint (3). The sample and system were then
degassed asg described in the preceding section.
Before takihg o vapor pressure reading, the leveling device on the
cathetometer was checked for reliability. With the "leveling bubble"
accurately centred, the cathetometer was focused firsf on one and theﬁ the

other arm of a mercury manometer open to the atmosphere. As the catheto-

meter reading for both arms of the manometer did not agree, shims were

placed under the "ﬁil level? and adjusted until the bubble was centred for
successive readinés of the two mercury levels, The cathetometer for sn-
undetermined reéson, however, did not keep this adjustment. . Thus before
taking e vapor pressure reading the cathetometer was leveled by placing the
"open' menometer directly in front of the manometer (4) Fig, 6, and adjust-
ing the cathetometer until identical readings were obtained for both arms
of the "open" menometer, Then the latter manometer was removed leaving
the cathetometer leveled and in position for the vapor pressure readings.
With “'ec degassed sample of p~dichlorobenzene in the flesk and with

the cathetometer leveled, a series of pressure readings were made and an

average taken. The sample was then left overnight at 49.10° C. and a
pressure measurement taken the following morning. All values ohtained were
found to be approximately four hundred and fifty percent higher than the

value given in the Internstional Critical Tables.

P-dichlorobenzene exists in at least two forms, (4), (40), the revers-
ible transformation occurring at = temperature below 40° ¢. It was consid-
~ered, as the sample had been frozen during degassing, that the metastable

form might as yet be present. To eliminate this possibility, the constant
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temperature bath was filled with water heated to sixty-five to seventy
degrees centigrade. The p-dichlorobenzene melted =%t this temperature
and then froze as the temperature fell to the value where the constant
temperafure controls were agein connected. Pressure readings, extending
over a two day period, were then taken.

The values obtained varied from one another by approximately two
millimeters. The variance was found to be the result of sublimation of
the p-dichlorobenzene onto the upper walls of the reverse bend above the
ground-glass joint (3), Fig. 6. This sublimetion occurred during the
night, when as a result of evaporation of water, the liquid level in the
constant temperature bath fell below the last spiral of the external heat-
ing coil (22). It was hoped that by adding two gallons of glycerine to
the water in the bath thet the rate of evaporstion would be reduced. The
rete was reduced, but not sufficiently to prevent small smounts of suBlim—
ation overnight. A constant level water bath was then constructed and
connected to the constant temperature bath by mesns of a siphon. This
kept at all times ihe water level in the constant temperature bath at the
reguired height.

With the difficultj of water evaporation obviated, vapor pressure
.readings were taken over a two day period for the p-dichlorobenzene., The
semple was then twice degassed and pressure readings again taken several
times a day for three successive deys.

No further vapor pressure readings were taken as the time allotted

for this research project had by now elapsed.
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Freezing Points

The freézing point of p-dichlorobenzene has been reported by various
authors: Bruni (5) gives the freezing point as 52.7° C.; Kister (15),
1 52.7° C.s Nagornow (25), 52.8° C.; Narbutt (26), 52.9° C.; Kruyt (14),
5%,0° C.; Speranski (37), 53.1° C. An accurate freezing point determin-
ation was reported by Cooper (9) who used a large mass of the dihalogenated
benzene contained in a tall cylinder with a totally immersed National
Bureau of Standarde certified thermometer. His value was 53.13 ¥t 020 ¢.
Cempbell and Proden (7) found the freezing point to be 55.08 ¥ ,02° 6. The
value of the freezing point as determined in this investigation was 52.99 T
.02° 0. This is in fairly good agreement with Proden's, Narbuttls and
Kruyt's results. |

With regard to the freezing point of p-bromochlorobenzene the literat-
“ure does not show good egresment. Narbutt (26) prepared 8 quantity of
p~brom§chlorobenzene which he claimed froze sharply at 64.6° C. without
visible evidence of a freezing range. Cam?bell and Proden (7) found the
freezing point to be 64.58 ¥ o7° ¢C. By bromination of chlorobenzene,
Auwers (1) and Bruni (5) obtained products melting at 67° C.  Speranski
(37), however, employing the same method, obteined for his material a freez-
ing point of 64.7° C. Analysis by the Carius method indicated a purity of
99.68%. This same author also prepared a quahtity of p-bromochlorobenzene
by diazotization of p-bromaniline; the product froze at 64.7° ¢. The value
of 64,82 i’.05° C wes found in this investigation for the freezing point.
The difference in the freezing points quoted was probably the result of
small differences in the purity of the substances, for the precision of the

recent work would seem to be about the same.
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Vapor Pressure of the Pure Components.

Kuster (15), from en average of seven trials found the vapor pressure

of p-dichlorobenzene to be 5.23 mm. at 49.1° C.  Speranski's data (37)

wereinterpolated to 49.1° C.to give a value of 6.12 mm. Our value for the
vapor pressure at 49.10° C. varied considerebly, as discussed, until the

experimental procedure for determining the vepor pressure was refined.

The following table gives the value of the vapor pressure for coriesponding

vapor pressure determinations.

Trial Experimentel Conditions . Vapor
‘ Pressure
| (o,
1 The sample after being degassed twice. oh,02 * .06
2 Repeat of trial 1, aefter 24 hours had elapsed. 23.34 1 .08
3 The same sample after a further degassing, 23,71 ¢ 02

freezing at the temperature of the water bath
and standing in the system for 3 hours so as
to obtein equilibrium.

ide
.
o
o]

4 Repeat of trial 3, after 24 hours had elapsed. 21.94

2

5 A new gample, degassed twice, allowed to freeze 21.57
at the temperature of the water bath end stend
in the system for 3 hours so as to obtain
equilibriunm. :

6 The same sample after g further degassing, 22.05 + .06
freezing at the temperature of the water bath
and standing in the system for 3 hours so as
to obtein equilibrium,

7 v The same sample after a further degassing, 19.98 + .02
freezing at the temperature of the water bath
and stending in the system for 3 hours so as
to obtain equilibrium.

8 Repeat of trial 7 after 24 hours had elapsed. 19.51 %

!

.

o
N

9 Repeat of trial 7 after 36 hours had elapsed. 19.58

4=
.

Q
N

10 " Repeat of trial 7 after 48 hours had elapsed. 19.07 + .06
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Trial Experimental Conditions Vapor
Pregsure
. %.
11 Repeat of trial 7 after 54 hours had elapsed. 19.24 + .07
12 Repeat of trial 7 after 57 hours had elapsed. 19.44 £ ,06
13 . The same sample after a further degassing, 19.42 2 13

freezing at the temperature of the water bath
and standing in the system for 3 hours so as
to obtain equilibrium,

14 The same sample after 24 hours had elapsed. 19.20
15 The same sample after 27 hours had elapsed. 19.05
16 v‘The same sample after 28 hours had elepsed. 19.05
17 ' The same sample after 29 hours had elapsed. 19.04
18 ' The same sample after 30 hours had elapsed. 19.04
v19 The same gauwple after 31 hours had elapsed. 18.94
20 The same sample after 32 hours had elapsed. 18.94
21 The same sample after 5] hours had elapsed. 19.23
22 | The same sample after 54 hours had elapsed. | 19,41
23 The same semple after 57 hours had elapsed; - 19.07

It can be seen thét it is impossible to state definitely what is the
vapor pressure of the p~dichlorobenzene, In our opinion, however, the
most probable value is the average of the low values, that is 19.02 + .06
mm, or 18.79 £ .06 mm, when corrected for the’temperature of the meroury
column. At equilibrium, variaﬁiona in room temperaiure\should have no
effect on the vapor pressure of the substance in the system. Warming up
of the room, however, would reguire some of the vapor in the system to

condense into solid in order to maintain constent pressure. =~ Were there a

lag in this condensation process, temporary high values would result, ..o

Further, it is hard to see how our method could give > low resultsh”frwj

e e—
Pl
e CITA
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As the value of 18.79 mm. for the vapor pressure veried widely from that
of K#ster and that of Speranski a more.thorough search of the literature
was ﬁade. We found a paper referring to measurements made on
p-dichlorobenzene by the Dow Chemical Company (10) in 1938. It partially
substﬁntiated the work of Kilster and Speranski in thet it gave the vapor
pressure of molten p-dichlorobenzene as 10 mm. at 54.,8% C, This value,

however, is very unreliable, for it was obtained by determining vapor

'pressures from between 126 mm. and one atmosphere and extrapolating these

values by meens of e "Cox Chart" down to 10 mm. Until the time of
cessation of this research project, no reason could be found to cast doubt
either on our method of measuring the vapor pressures o; the results
obtained.

Though time was not available to check the result, Speranskils date
(37) were extrapolated to give a value of 2.10 mm. for the vapor pressure.

of pure p-bromochlorobenzene at 49.1° C.
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Though not based on date resulting from this ressarch problem, the
foet that positive deviations do exist in solid solutions has been indicat-
ed. Should further work definitely confirm their existence it should be

nossible 4o write a theoreticel paperbparalleling that of Seltz's (36).

This would include the three further cases that would arise 2s a result of
N

the existence of positive deviations in solid solutions and should, if

. S8eltz's theories are sound, again give a theoretical basis for the five

types of solid solutions as classified by Roozeboom.

It should be clear, were further work 4o be done on this problem using
the appfoach ag given in this thesis, that the apparatus should be modified,
A means of withdrawing a vapor sample from the system for analysis should be

neorporated. Further, the constant temperature bath should be enlasrged in

ot

order'to include the sample flask, = shortened manometer, a mercury reserv-—
oir and connecting glass tubing.

In conclusion, it should‘be observed that this is a relatively new
field of physical chemistry. The fact that in this project substances are
used which have a relatively high vépor pressure does not restrict studies
in this field to solids of this nature. The literature contains severai

methods for the accurate determination of the vapor pressures of relatively

involatile solids. Several of these methods permit én analysis of the |,
vapor above the solid -~ a desirable feature for the elucidation of the prob-

lems of the solid state,
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