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SoIid+Iiquid equilibrium data for o-, n:-, and ~phenylene-diamines with 
naphthols, nitrophenoIs, phenol and hydroxybenzenes have been reported earlier’-5. 
In this paper we report the solidtliquid equilibrium data of phenyienediamines with 
phenylenediamines and phenols with dihydroxybenzenes- Solid+liquid phase 
d&rams provide information6 regarding the presence or absence of compound 
formation between the components in the solid phase. 

.MateriaLs ant-i methods 

o-, m- and p-phenylenediamines (B.D.H.) were treated with activated charcoaI 
and f&tionaIly crystallized from aIcoho1. Phenol (A-R.), catecho1, rcsorcinol and 
hydroquinone (B.D_H.) were fractionally crystaIli7& from aIcoho1. 

The purities of the purified sampIes were checked by thin-layer chromatography 
and by determining the melting temperatures, which agreed to within +O_I K with 
the values reported in Iiterature7-8. 

The soIid+Iiquid equilibrium data were obtained by the thaw-melt method’-’ *_ 
The pure components were weighed to a prepare mixture of definite com- 

position. This was taken in a glass tube which was seaIed afterwards. The mixture 
was heated just above the melting temperature of the higher component in order to 
prevent vaporization- The tube was suddenly chiIIed and broken. The solid mass was 
very finely ground. This process was repeated three to four times. The mixture was 
taken in a specially desigued capillary tube fitted with a mechauical stirrer and placed 
in an oil bath- The bath liquid was continuously stirred, heating and cooling rates 
were controlled to within 0.1 K min- ‘. The measured temperatul3zs were corrected 
for +&e emergent stem of the thermometer. Stem correction is given by 

S=O.O0016n(r’-2) 

wherenistbeIen_gthofexposedmenzvycoIumnintermsofxaledegrees,t’isthe 
temperature of the bath and I is the average temperature of the emergent stem. 



The messured temperatures were correct to within 0.1 K. The solid+liquid 
eq@ibrium results were rechecked by the method of thermaI analysiss2 and were 
found to agree within 0.1 K with the corresponding values obtained by thaw-melt 
method. The reproduciiility of the resuhs was found to be 0.1 K. 

RESULTS 

The soiid+iiquid cquiiibrium resuhs of o-phenyIenediamine+m-phenyIene- 
diamines, fp-phenylenediamine, m-phenyleuediamiue +p-phenyienediamine, 
phenol +catechoI, + resorcinol, and + hydroquinone are reported in Table 1 and are 
plotted iu Figs. l-6. 

SOLID AND EQUILIBRIUM RESULTS FOR VARIOUS MIXTURES 

x 7zlll7 runp. 
00 

X lkm Iemp. 
(R) 

Mdring temp. 
ml 

x nvpIlalyIalaIiaminc+(1 -x) t&lulyI~hmme 
o.aKKI - 376.15 
O-0825 314.15 367.25 

02322 314.15 36215 
0.2XX 314.15 351.15 
0.3852 314.15 343.25 
0.4601 314.15 337.15 
0.5824 314.15 326.45 

xppElalyIaiaiia!miRc +(1-x) ujhaayiataiiamim 

omal - 376.15 
0.1031 354.75 368.25 
0.1987 354.75 361.55 
0.2762 354.75 356.85 
0.3448 354.75 359.35 
0.4009 355.15 365.55 
0.4638 354.i5 371.75 
0-1 354.75 375.45 

x mphalyI~+<I -x) pphcnyi&~ 
o.oooO - 413.15 
0.0448 320.15 411.25 
0.1209 320.15 408.15 
0.2605 320.15 393.95 
0.3501 320.15 380.65 
0.4090 320.15 376.75 
0.5085 320.15 35295 

(1-x) pIlaAol+x cac&oI 
o.aloO - 316.15 
0.0766 306.75 311.25 
0.1147 306.75 3QP.65 
0.1413 306.75 308.85 

0.6444 314.15 321.35 
0.7025 314.15 316.95 
0.7750 314.15 316.65 
0.8301 314.15 322.05 
0.8890 314.15 327.15 
0.9502 314.15 32225 
1.m - 33695 

0.5638 354.75 
0.613Q 354.75 
0.6967 354.75 
O-7571 354.75 
0.8139 354.75 
0.8934 354.75 
0.934 1 354.75 
I.oooo - 

380.55 
384.45 
391.05 
395.45 
40035 
406.35 
410.05 
413.15 

0.5651 
0.6750 
0.7302 
0.8140 
0.8853 
0.9605 
I.oooo 

334.15 
324.10 
320.25 
330.65 
333.35 
33535 
336.95 

o.5027 31x.75 
0.5836 306.75 
0.6390 306.75 
0.6938 306.75 

340.45 
348.85 
355.45 
359.15 



325 

TABLE 1 (COIIZCIU~~ 

x mow remp. 
WI 

X 7Xow femp. 
(K) 

Metring remp. 
(0 

(I -x) phcnol+x catcchol 
o-1927 306-75 
O-2641 306-7s 
O-3041 306.75 
0.3732 306.75 
O-4540 306-75 

(I -x) phenol ix rcsorcinol 
o-OOOO - 
O-0863 303.55 
0.1146 303.55 
0.1402 30355 
O-1936 30355 
02448 303.55 
OXMO 30355 
0.3833 303.55 
0.4910 303-55 

31255 
317.75 
323.85 
32s25 
33x75 

316-15 O-5620 
31055 0.6266 
307-45 0.703 1 
304-35 O-1738 
31O_IS OS41 
316.05 0.8938 
323.40 G.9341 
330.55 0.3545 
340.65 l.omO 

X-hydroquinone+(l -x) phenol 
o-OinO - 316-15 
OB514 293.35 311.65 
0_0995 293.35 308.25 
O-1750 29335 296.35 
0.2525 29335 347_85 
l_oOOo - 
0_3515 29335 378.35 
O-4956 29335 39825 

O-7478 
0_7902 
0.8311 
0.8996 
l_OOOO 

05205 
05905 
0.7356 
OXi 
O-9902 

I-OOOO 

303.55 347.45 
303.55 355.05 
303ss 3s9_IS 
303-55 366-36 
30355 370_9s 
303.55 374.55 
303.55 378.45 
303.55 379-75 
- 383.15 

293-35 41265 
293-35 42335 
29335 433.25 
293.35 437-75 
293-35 ‘440-0s 

- 

364.45 
367.95 
369-85 
373.25 
378.05 

44695 

- 1 i 

f 
i 

Pi& 1. Phase diagram of x c+phcnyIened-~ mmine+<l-x) mpha~ykneaiaminc o-0, Mdting 
Laxlpcramre; o-_c3. thawtanplsalre 



1 
a1 02 0.3 a4 05 06 0.7 &r-&T 

Fig. 2. Phase diagram of x p-phenylenediamine f (1 -x) o-phenylenediamine. O-O, Melting 
temperature; r]--_O, thaw temperature. 
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Fig, 3. Phase diagram of x m-phenylenediamine+(l -x) p-phenylenediamine. O--Q* Melting 
temperature; CJ-Cl, thaw temperature. 
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Fig. 4. l%dse diagram of x cateohoi*(l -x) phenol. O-_O, Melting temperature; Cl--a, thaw 
temperature. 
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Fig. 5. Phase diagram of x resorcinoli-(I -A) phenol. O-0, Melting temperature; u--u, thaw 
temperature. 
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Fig. 6. Phase diagram of x phenol+(l -x) hydroquinone. O-0, Melting temperature; Cl-U, 
thaw temperature. 

DISCUSSION 

It is evident from Figs, l-6 that eutectic type phase diagrams are formed in 
these systems indicating that no new compounds are formed in these mixtures. The 
activity coefficients can be calculated from the phase diagrams using the relation’j: 

-Inx,y, = y (l/T- l/T,“) 
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where Xi is the mole ftion, A& the heat of fusion, R the gas con&ant, Tand c are 
the melting tcmpcratue of the mixtunt and the pure component_ The activity coeffi- 
cients of pheno1 +hydroquinone mixtures have. been caIcuIated and are recorded in 
Table 2 In the mixtures of o-phenylenediarnine i m-phenyfenediamine, +p-phenylene 
diamine, ~p~yIencdiamine~p_phenyIenediamine, the components have approxi- 
mately the same size, the same molar volume and the same -NH2 groups. The 

TABLE 2 

Am COEFJ=ICIENT FOR THE MDCl-URE OF 
x HYDROQUINONE+(I -x) PHENOL 

X ;Tmrp, (Q Acficify x 7-a~. (K) Aclirify 
co&ciuIr c4rpcicr 

0.0514 31215 0.8074 0.7915 437.75 0.4160 
0.0995 308.15 0.4674 0.8000 438.15 0.4279 
0.5205 412.65 0.0099 0.8501 444x45 0.5883 
0.5994 423.35 0.0553 0.9902 443.15 0.7633 
0.7731 433.25 O.zz? 

components differ in the positions of -NH2 groups only. It is expected that there 
should be no attractions between the components of these mixtures, and only 
dispersion forces may be present and no new compound may he formed in these 
mixtures. In the mixtures of phenol+catechol, + resorcinol, and + hydroquinone the 
components differ in sixes and molar volumes. It is expected that no attractive forces 
are operating between the components of these mixtures. It is expected that dispersion 
forces may be present between the components of these mixtures due to the presence 
of the -OH group in phenol and -OH groups in catechol, rcsorcinol, and hydro- 
quinone. It is probable that no new compound may be present in these mixtures and 
eutectic type phase diagrams are formed. 
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