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A STUDY QF THE BINARY SYSTEMS

SALICYLIC AC ID-BIFPHENYL AND SALICYLIC ACID-D I HENYLAMINE

INTRODUCTION

In the courss of the investigation of the solubility
equilibrium in binary mixtures, it was found by Andrews, Kohman and
Johnstan (1) 'thnt the method and apparatus commonly used for this
type of work was insufficiently aecurate for this study. It was
necessary to re~design the whole apparatus and to oonsider the theory
underlying the method as a means of evaluating the results sorrectly.
A detailed discussion is given by Andrews, Kohman and Johnston in
their study of solubility relation of isomeric organic sompounds.

The familiar method of taking time~tempesrature curves was
used, A thermocouple was used as the heat measuring instrument ine
stead of the usual mersury thermometer, sinco it has a small heat
capaoity, a emall lag, and oonducts as little heat sway from the
solution as is posaible. Another advantage of the thermooouple is
that smaller amounts of materisl may be used, With s large amount of
material there will be differences of tempersture throughout the mess,
and the heat set free by the transition of the outer layers is transe
forred slowly to the thermometer., A Leeds and Northrup type K
potentiometer and standard oell were used for voltage measurements,

8inoe in this experiment it was found that ssalicylic acid
has a tendensy to volatilize when heated, it wns necessary to analyze
each sample after the cooling ourve had been determined,
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THE RELATION BET-HBN CHFOSITIOH ABD HELTIHG i GIKT? OF MIXTURLS

In this stwudy the solubilitiss, eutectic temperatures
snd eutestic ocompositioms are compared with valuos oslou’ated for
perfeot golutions from the equation given by Hashburn (14)

it « ;12 ay d ¥ «H 1
.:R;Tw%._ £ (1)

whore alisis the moleoular heat of fusion of tho solvent at absolute
tempersture T, X is the gas econstant, and N is the nele frastion of
the solvent,
This sare equation las been also derived by LeChatelicr
(7) and Sehroder (10.). In deriving this equation, it is assumed that
there is no assoeiation or digsociation of the components and thut there
is vo formation of a compound or solid solution, It iz elso assumed
that the laws of ideal solutions are valid, Dell and Sawyer (&) show
the validity of this relationship with & study of lowering of the froese
ing point by trienitroenesylens by the nitrotoluenss, It is aseumed
that this equation is used under conditions when oHe is conatant, lowe
over, a8 pointed ocut bWy Vant lioff that at the melting point the liquid
has a groater specific heat than the solid, If we cssumed that this
differenss is fally constant over noderste temperature rsnges, then
sH®aH, ¢#4C 27 (2)
where AH is the heat of fusion at any temperature, -l _ the heat of fusion
at the melting point of the pure component, AC is the difference in the



molecular heat contents of liquid and solid, and AT the depression of
the freezing point due to the addition of the second component,
If it is assumed that 4 H is constant, the above differential

oquation may be inteprated and we pet

log, Ns= -AH;(TQ - T? (%)
o

where T, is melting point of pure substance and T the melting point in
the presenne of the second component.

This formula is given by Baud and Gay (3) in another form.

T =Xkl logyg ¥ (4)
vhich beeomes ldentical with Equation § if

Ke» RT, (6)
~HTogyp

Wagshburn (13) has tested the validity of the formule by studies of
binary mixtures of benzene, birhenyl and naphthalene,

Since the literature presents no data for the heat of fusion of
salicylic acid, a ocalculated velue was used (JHr » 7570 cal.)*. This
value was calculated by Equation 3 by using an observed value of T at N
mole fraction., The hest of fusion for biphenyl is 4020 cel, (14) and the
heat of fusion for diphenylamine is 4263.6 cal, (6)., The freezing points
for the mixtures containing salicylic acid are caleculeted, using Equation 3,
and shown in Tebles I amd II,

Equation 3 has also been derived thermodynamiceally by Lewis and

Randall (8).

* See Appendix I for calaulation.



INTERFRETAT IOR OF TIME-TEMFERATURE CURVES

For a Single Substance

The form of the timeetemperature curve for the period of
freesing of a single pure substance is given in Fip, 1, the dotted part
representing the case where there is no supercooling of the material.

The temperature of & mass of a pure liquid, surrounded by a
shield cooling at e uniform rate (RS), falle along AB to C, at which
crystalligation begins to take place, The heat of crystallization
ralges the temperature to that of the true equilibrium between solid and
liquid; end the ourve is horizontal along DE, When the mess is completely
crystallized at E, the effective temperature head is relatively large,
and the mass begins to cool rapidly, until it reaches the poimt F, and
gradually becomes parallel again to RS,

It is interesting tc note here that the degree of purity of the
sample can bo observed due to the fect that the pure component will
follow the theoretieal curve umisually closely., In this case the
diphenylenine and biphenyl freeszing points remained reletively constant
over an interval of four to five mimutes, If the sample contains an
impurity, the initial temperature of freesing will 1ikely be depressed,
the temperature falls off as freezing progresses and the concentretion
of the impurity in the soclution increases. ihite (156) has given a thorough
discussion of this matter and of its usefulmose as a means of estimating

the amcunt of the impurity.
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Figure l.,~ Timeetemperature ocurve for single substance.



Daring tie last quarter of freezing intervel, the
tomperature may full ofi more rapidly, but this is to be attributed
partially to noneideal conditioms, It is likely that the last
fraction erystallizing camnot supply heut to the thermoelement and
its surroundings fast enough to maintain the true equilibrium
temperature,

Avdyrews, Kohman and Johnston (1) showed that the time rate
of heat loss by the material in similar epparatus is proportional to
the effective temperature head, in ascordence with lewton's law, ty
making obsorwatims of the eooling rute of liquid naphthalene under
varicus hoads, It wag, therefore, justifisble to use this law in the
interpretation of tims~temperature curves observed in this type of
apparatus,

lewbton's law mey be written:

% k' (9, -0,

where @, is temperasture of shield, 6, is the temperature of the nelt,
t 48 time, axd K' is a constemt for the particular seteu; and material,
if H is t%he heat content of the melt, and C is the heat capasity,

dH 8 Cd@ by definitién, amd %‘g w OK' (0, = 9, ). In this case umler
disoussion, C can be ocnsidered to be constant over the temperature
interwval, and taking the heut eapaeity of the solid to be equal to that
of the 1liquid; therefore, the heat of melting ie independent of thw

tenperature, Therefore, w can use K in the plaoe of CK*, the heat loss
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Figure 2.- Time-temperature curve for pure diphenylamine.



from A to B is
~al®lpet, @kl (6, = @,)dt

The temperature of the shield 94 end the tempersture of
the material 6, ere recorded at regular intervnls of time, and
plotted as shown in Fig, 13 the area umder th-.,oum ABRLY npr«mﬁu
the integral, and, therefore, the heat loss of the material. Also,
its heat capaoity, in ecoling from A to B, is proportiomal to ABLY,
By similar ressoning, the hoat loss from B to F is proportionmal to the
area BCDEFHL; here agein area BFilL correspomdis to the heat oepacity,
and BCDEF to its latent heat of freosing,

Thus, it is possible to ealoulate the heat capaoity amd
hoat of fusion from timsetemperature ourves, if desired,

As s example, the data for pure diphenylamine are plotted
as s:own in Fig, 2, The data was cbtained from this experiment,
For a Binayy Mixture

A binary mixture cools similarly along AF (Fig, 3, until
the componenmt X begins (in absemce of underecoling) to separate at i,
whon there is a change in direetion (slong the ewrve iD) tut no hori-
sontal portiam of the curve, The heat set free now causes the mte of
oooling of the melt to change in a perfeetly definite way, because to
any tSemperature belew ! there corresponds e definite composition of
the residual liquid, henee & definite smount of the couponent has
orystellised and a definite total asount of heat has been set free, ihe
omposition of the residunl liquid approaches thet of the eutectio as
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Figure 3.~ Timsetempersture curve for binary nixture,



w 10 =

the euteotlio temperature is «pproached; at that tewperature the
liquid still remaining belmwes as a pure sudbstance,

liowover, in aotual experimentation thore is usually scwe
underosoling, Vhen orywtallisation is induced, at C, equilibrium
betweon X and solution is soon atiained and maintained thereafter,
and the heat set free raises the tempersbure rapidly to & maxiram D,
beyorst which it then fulls off as before, a state of equilibrium being
waintained, The eomposition of the liquid phase at D differs from that
of the original solution dy the proportion of X which has been
orystallised; this must be corrected, 7The usual methods of making this
correotion are not based upon sound prineiples anxd are unsatisfaotory,
Since this method is based upon Newton's law, it must be interpreted
socordingly.

In prosesding elong the curve from B te U the system passes
from solution at 91 to mixture of solution with n mols molid X, again
at 9;; and the heat lost ly the cooling mixture is nl, where L is the
molal heat of fusion of X, But the hest lost is also, as we have seen,
proportional to the ares BDJL, If, for the given mixture of X end ¥,
@, be the real equilibrium tewperature, the gystem pusses from a state
of aquilibriw at i (8,) through an unstable region %o equilibrium
agein et D (93), For this small range of composition the equilibrium
oconcentration of X is prastiocally s limear funstion of the tempersture;
that is, the lowering of equilibrium temperature is proportional to n,
the (mmll) mumber of wols of X whioh then have separated, lience, this
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lowering; namely (6, - 61) » is proportional to nlL and, therefore,
to the area CDJL, Hemoe, by varying aligihtly the point C at which
the mixture begins to orystallige, both this ares and the maxiram D
(8,) will ohsnge correspondingly; end, the several values of ©
plotted ageinst those of the wres will lie on a streight line; end,
also it can be seen timt this lime extrapolated to zero ares
corresponda to n ® O; that is, the perticular polut so obtained is
the equilibrius teupersture O, sorresponding to the known initial
ommposition of the solution,

This method has beon used in the determination of the
solubility diagram of & mumbey of systems (1) and its escurasy hes been
proven by comparigon with other methods of attaek,

The older method of interpretatiom, sweh as used by Bell and
Horty (4), is not as ascurate. They considered the line DE to be linear,
then produced it back to meet AB, then assumed thet this point of intere
section repressnted the freezing poinmt of this solution, 4is shown in
Fige 4, with different degrees of undercocling of s solution, verying
values are obtained, This method has been questionsd in several pepers
(1) (9)(11).
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TERMITRATURE BEAT»LOS! CUHVES

In order to obtain an asourate value of ¢, the ten~
persture at which X tends rirst to orystallise, for any given
solution, it suffices to tale two or three ecocling curves on that
solution, inooulabing 1t at elightly different temperatwres, to
note in euoh oass the maximm temperature O,; to measurs ths ares
BCDJL in eushense; to plot this ares against 6 and Shen extra-
polate te zero ares which sorresponds o the true value @,, as in
Fig. 6.
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OBJECT OF IWWESTIGATION

This study was undertaken in order to investigate the
systems salioylic acidebiphenyl and salicyliec aeid«diphenylanine,
It was desired to know whether there is any compound formation in
either of the two systems, snd if simple solutions result, to
deternine the ideality of sweh solutions,
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EXVERIMENT AL } ROCLIURE

iurification of lnterials
Diphenylamine was reorystallized sewverul times from 559

othyl aloohol, The final produet melts at 53,19 C which conforms
with the acospted valus, The salieoylic eeid was C,), grade from
Baker Chemical Company end did not require further purification,
having a melting point of 169,2° C, The biphenyl was purified by
reorystallisation from alechol until & melting point of 60,4° C was
finally obtaimed,

Apperatus

The apparatius as llustrated in 1ig. 6 consists of s
2 x 18 on test tube (1) whioh comteins the ssxple (i), This is ene
closed in anir jacket (A) which is suspended in the oilebath (0) in
vesker (B), The alestrisad wovor (1) tums the glass stirrer (0)
in order to keep the oil-bath «t an even tewperature throughowt, Ine
to the test tube (T) is placed the thermooouple elerent (@) which s
to measure tho tempersture of the melt, Tho thermoselewent (0,) is
in the air juolet (A), The leads of the hot humetion of two themo-
couples go to the twoeway ewiteh (S) which 1s inserted for the cone
veniences of making alternate reedings swiftly, The ocold jumetion of
each of the thermosouples is placed in the thermos bottle (C) in craoked

ice, and lept at §° C., these leads fostemed direetly to the nepative
pole of the potentiomster (i),



Readings weye talen at one-mimite intervales umtil within
the range of the freezing point and then taken at ome-hulf-minmute

intervals, For each sample, three "rums" were made,
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Figure €.~ Freezing point apperstus,
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METHODS OF ANALYSES

Determination of Salioylic Aeid
The sample containing salioylic acid was first dissolved

in ethyl aleohol and then five drops of thymol blue indicator were
sdded, The sample was titrated to a bluish green "end point",
using /10 NaOH., This gave the grams of salieylic acid present

(1 oe N/10 NaOH » ,0135808 grams salisylic acid),

Determination of Diphenylemine

In this method, the total nitrogen (2) was determined and
then the grams of diphenylsmine oaloulated, First, the sample was
weighed and transferred to & Kjedahl flaask, 30 oc of Hzloq contal ne
ing 1 g. of salioylic aoid were added and shalen until thoroughly
mixed and allowed to stand, shaking frequently, for at least 30
minutes or until eomplete soln resulted, 5 g. of "88205 were added
and the soln heated for § minutes; it was then cooled, 10 g. K;80,
added, and heated very gently until foaming oeased. The heat was ine-
oreased until the acid boiled briskly and digested for a time after
the mixing was colorless or mearly so.

After cooling, it was diluted with about 200 ec of HgO and
a littles gramulated zine added to prevemt bumping. Sufficient NeOH
solution was added to make the reaotion strongly alkaline, pouring it
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down the sidc of the flask so that it did not mix at once with the
aeid solution, The flask was connested to the condenser by means of
8 kjeldahl conneeting bulb, teking care that the tip of the condenser
extended below the surfase of the standard acid in the receiver; the
contents were mixed by deking amd digtilled until all Ii‘fﬂs had passed
over into & weasured quantity of the standard aoid, This was then
titrated with standard alkeli solution, using wethyl red as imdicator,
1 oo of standard N/10 HC1 soln is equivalent to ,01€919 gma. of
diphenylamine. Yrom this, the percent or mole fraction of the swmyle
may Lo easily caloulated,



TREATLENY OF DATA

The data, both observed and ealoulated vealues, for
the systems saligyliec seidebiphenyl, and salioylic acide
diphenylamine are shown respectively in Tadbles I and II,

The theoretiocal solubility ourves for salieylis moid,
biphenyl amd diphenylemime (14) are plotted in Fig, 7. Figs, 8
and 9 are the curves for the experimenbal walues of Tables I and II,

There 48 no compound formstion in either system, It is
noted that the experimental curve for the salieylic acidebiphenyl
systen followed very closely to the theoretical curve, The sali-
oylic acid-diphenylemine curve does not ast as ideally as did the
salioylic aoid-biphenyl system, Vhile the theorstioal euteatie
for selieylic aoid-biphenyl is 66,1° C at a mole fractiom of ,023,
the observed eutestic was found to be 67,69 C at 903 mole fruotiom,
For the system salicylio asidediphenylamine is 52,49 C at ,976 wmole
fraotion, the obeerved eutectic wes 48,5° C at ,923 mole fraotiom,
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Table I, The System: Salicylic :scideiiphenyl

Mole Freesing ioint Lutootis
Fraction | Ubserved OC Taloulated o0 |
1,000 68,38 69,8
<876 68,8 67.6 67,8
504 68,2 716
+881 69,7 76,2
+T48 00,8 100,8 67.6
041 116.3 114.2 6744
«561 124,9 123.2
«318 142,1 141,38
«177 149,86 161,11
Oe 169,2 160,.2

Table II, The System: Salioylic AcideDiphonylamine

lole Freesing Foimt Luteotio
Frastion Observed °C Calouluted oC
1,000 83,1 88,1
« 9638 51,6 50,1 46.4
#8682 62,6 78,6 48,5
«863 72,6 797
.ﬁ? 93.8 9608 %.?
598 117,2 118.3
«487 126,7 127.8
«388 132.6 136.4
«368 136.8 188,56
« 287 140,8 148,.3
o264 143,2 148.2
114 151.4 163,38
#0838 157.3 167,83
Q. 166.2 150,2
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SUMMARY ARD COMCLUSIONS

1. From o study of the system salioylie soide
biphenyl it was conoluded that there was no oompound formation
in tho gystem, The solution is wery mearly ideal, having an
euteotiec temperature of 67,6° C at a mole frection of ,908 for
the biprhenyl.

2, Tiw systenm salioylie ecidediphenylemine wus
studied snd no compound formetion was found to be present, The
system is not as ideal as the salioylis soidebiphenyl system,
ut follows the ideal solution ocurve fairly well, The aysten
has an euteotie tempsrature of 48,5° C at ,926 mole fraotion of
diphsnylamive ,
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AFENDIX I

The Caloulstion of the lolecular lest of rusion for Salicylic icid

kquation 3, page 8, wes used in the celoulation of the wolecular
hoat of fusion of salioylic acid,

logg ki = -4? g'fé’s - 2‘2
°

whers To is the melting point of the pure sallicylic and T the observed
melting point in the presence of the seoond component, R is the gas
constant and X ig mole fraction of the salioylic aeid, From observations
it was found that the melting point is 1567.,3° C at a mole froction of
«962; thorefore subgtituting those valuesz in equation 3

To » 169.2° ¢ » 432,20 Kk R® 1,885
T ® 157,39 C ® 450,80 K e 062
logy (o962) ® =alle (432,2 « 430,35

» L w

changing to the base 10

#3)

log,, (,962) ® s Tlp (432,2 = 450
NG (439, %

<.

«43438

allp ® 7670 eal,
Iherefore, the noleculsr heat of fusion for calieylic aeid is found to De
7470 oal, from an cbserved melting point,
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ACFEEDIX IX

THE DATA POR THE FREUECIWe OINT CURVE OF DIVEERYLASTIE AB
PLOTTED IN FIGURE 28

2ime Time
Gian,) | ®°C | e°c (am) | ®o¢ | g0

0 66,40 16 5145 1

046 52,2 ° 56 48

1 63,5 | I 16 50.5

1,8 - 50,8 _ _ 37,0

2 50,7 7 )

2.5 46,9 37.8 |

3.5 47.2 ‘

4 5646 19 49,4

4.5 45,9 36,00

3 5646 20 49.4

5,8 I

6 53,21 21 48,9

€,6 44,3 36,6
A 1 = 73 -+

745 45,2 I 3646

B 6240 ) 47.0

3.5 G?..O A‘ 3’&.6 :

] ! 1 46,4

10 82,5 28 44,3

10,86 ©f 40,4 _ 84,4

11 83,1 26 %5.8 1
%.s | 63,0 30,6 34,4

551 - ' 42,2

12,6 |  68.1 39,8 T 3545
18 a1 28 41,6 _

15,5 LN | 88,0

14 52.8 , 37.8




Al FERDIX II1

THE DATA F(R THE HbaTeLOBS CUMVEB OF SALICYLIC
ACID, SAMILE CONTATEING ,114 UOLE GRACTIORN
DIVIENYLAKINE A8 I'LOTTED IN FIGURE B,

Heat Loss | 8 O C
un {irea)
1 IR 8 i 151,(2
2 20 | 1806
5 28 1508
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