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tillation should be continued. Picric acid maybe substituted for platinum 
chloride, but the resulting crystals are not so characteristic. When no 
precipitate formed at once, examination under the microscope readily 
revealed whether more than mere traces of piperazine were coming over. 

Another reagent giving characteristic crystals with piperazine is bis
muth potassium iodide. The reagent is made by adding enough nitric 
acid to dissolve suspended bismuth nitrate and sufficient potassium iodide 
to give a clear red solution. Slight traces of piperazine salt in faintly 
acid solution give very brilliantly colored garnet crystals with a drop 
of this reagent. The form of the crystals varies from compact prisms 
to the more usual clusters, of feathery needles. The double salt is very 
insoluble and it is hoped ,that it will offer a means of determining piper
azine quantitatively. 

A less delicate, but very definite, micro test for piperazine is the forma
tion of dinitroso piperazine. A drop containing piperazine is acidified 
with hydrochloric acid in excess and flowed into a drop of saturated 
sodium nitrate solution. Slight warming gives characteristic, thin, rhombic, 
colorless plates. 

The aqueous distillate, distinctly, acid with hydrochloric acid, gave 
366 g. of piperazine hydrochloride on evaporation to dryness. The crude 
salt may be recrystallized from dil. alcohol or converted into the free 
base by distilling from sodium hydroxide. 

Anhydrous piperazine is a solid with distinctly caustic properties. 
For this reason it has been marketed in the form of various salts and as 
the hydrate. 

It is sincerely hoped that the information here given may result in the 
manufacture of this greatly needed medicinal preparation by some Amer
ican laboratory. 

PITTSBURGH, PA. 
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In a previous communication1 by Mr. Hatcher and one of us, it was 
shown that the effect of excess of phenol in diminishing the extraction of 
pyridine from benzene solution by dil. sulfuric acid is much more marked 
than is the effect of excess of pyridine in diminishing the extraction of 
phenol by means of sodium hydroxide. The subsequent experiments 
were undertaken in order to elucidate this behavior. 

I t was shown by means of freezing-point curves that phenol forms two 
1 T H I S JOURNAL, 39, 9, 1939 (1917)-
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compounds with pyridine, viz., C6H6OILC6H5N and (C6H6OH^-C6H5N. 
A preliminary study was made of the dissociation of C6H6OHC6H5N in 
benzene solution by means of cryoscopic measurements. This was com
plicated by the fact that phenol and to a lesser extent pyridine are asso
ciated in benzene solution, and that they as well as the undissociated 
pyridine phenate may be associated in the mixtures. As it is clearly 
impossible to evaluate all these factors from depression of freezing-point 
data alone, attempts were made to determine upper and lower limits for 
the degree of dissociation of the pyridine phenate by making plausible 
assumptions as to the simultaneous association taking place, and on these 
assumptions to calculate the degree of dissociation at different dilutions. 
I t would perhaps be safer to speak of these values as the "apparent disso
ciation." 

The assumptions made were 4 in number and as the same assumptions 
are used in the present paper they are here reproduced: 

Assumption I.—The pyridine phenate dissociates into its constituents 
and no association of any kind follows. 

Assumption II.—The pyridine phenate dissociates into its constituents 
and the constituents then associate as if each of them were alone in the 
solvent at the same concentration. 

Assumption III.—As in II, except that the compound itself also asso
ciates in the same manner as the phenol in it would do if the whole of 
the phenol were alone in the solvent. 

Assumption IV.—As in II, except that the compound itself also asso
ciates in the same manner as the pyridine in it would do if the whole of 
the pyridine were alone in the solvent. 

I t was shown that on any of these assumptions the apparent degree 
of dissociation of the pyridine phenate increases rapidly with increasing 
dilution. 

Effect of Excess of the Constituents on the Apparent Dissociation. 
In the present communication a study has been made of the effect of 

excess of phenol and of excess of pyridine on the apparent degree of disso
ciation of the pyridine phenate as determined by the cryoscopic method, 
the results being calculated on the same 4 assumptions as in the earlier 
paper. In all cases the determinations were made on an initial concen
tration of C6H6OH-C6H6N of 3 eg. moles per 100 g. of benzene. To this 
were made, on the one hand, successive additions of phenol, and on the 
other hand, successive additions of pyridine. From the depression of 
freezing point of the benzene for each addition the apparent degree of 
dissociation was calculated. The method of calculation was similar to 
that employed in the earlier paper, making due allowance for the concen
tration of phenol or pyridine added in excess, so that the final equations 
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only need be given, by the solution of which the dissociation was arrived 
at. 

L,et C = Concentration of C6H6OH-C6H5N taken (in (MoIs X io - 2 per) 
100 g. of benzene). 

D — Concentration of phenol or of pyridine added in excess (in the 
same units). 

/3 = degree of dissociation of the compound at equilibrium. 
C = Initial concentration of the single molecules of the compound 

first produced by the dissociation of the assumed associated compound.1 

N = Total number of solute molecules calculated from the depression 
of the freezing point, 

ai = degree of dissociation of the associated phenol. 
«2 = degree of dissociation of the associated pyridine. 

Equations: 
Assumption I.—N = C(i + P) + D. 
Assumption II.—Here we have two sets of equations according to 

whether phenol or pyridine is in excess. 
Phenol in excess. 

N = C + Cp/2 (O1 + «2) + D/2 (1 + a i ) 
where cti = 0.2313 — 0.0318 (CjS + D) 
and a2 = 0.7378 — 0.008 Q32 

Pyridine in excess. 
N = C + Cp/2 (ai + Oi2) + D/2 (1 + a,) 

where ai = 0.2313 — 0.0318CJS. 
and a2 = 0.7378 — 0.008 (C)3 + D) 

These cases give a quadratic equation for one unknown. 

Assumption III.—Phenol in excess. 

C = ^ i - . (a) 

N = C' + C0/2 (2O1 + a2— l) + C/2 (l — 01) + D/2 (l + a i ) (b) 

where ai = 0.2313 — 0.0318 (C'fi + D) 
and 02 = 0.7378 — 0.008 Cft. 

Pyridine in excess. 

C = C* (0) 

N=C' + C'P/2 ( 2 a i + a2 — 1) + C/2 (1 — ax) + D/2 (1 + a2) (b) 

where ai = 0.2313 — 0.0318 Cp. 
and a2 = 0.7378 — 0.008 (C/3 + D) 

1 This is always eliminated in the solution of the simultaneous quadratic equations 
obtained. 

* Vide earlier paper, Loc. cit., p. 1950. 
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Assumption IV.—Phenol in excess. 

N = C' + C'0/2 (ai + 2a2 — l) + C/2 (i — as) + D/i (l + U1) (6) 
where <*i = 0.2313 — 0.0318 (C'fi + D) 
and a2 = 0.7378 — 0.008 C'ft 

Pyridine in excess. 

c = 7T*8=7 (a) 

N = C + C'P/2 («i + 2a2 — I)' -f C/2 (1 — at) + D/2 (1 + a,) (6) 

where ax = 0.2313 — 0.0318 C ft 
and a2 = 0.7378 — 0.008 (C'/J + D). 

Assumptions III and IV yield simultaneous quadratic equations for 
C and jS between which C is eliminated. 

The foregoing equations reduce to the same as those quoted in the 
earlier paper by putting D= 0. 

The results of these determinations are assembled in Table I and are 
shown graphically in Fig. 1. 

In Table I A is the observed depression of freezing point with 3 eg. 
mols of CeH5OH1C5H6N plus the excess of one constituent quoted per 100 
g. of solvent, while the columns headed ft, ft, ft, ft give the value of the 
degree of dissociation on Assumptions I, II, III and IV, respectively. 

P h e n o l in excess 

P y r i d i n e in exces s . . 

D. 

O 

2 .00,3 

3 . 1-2 
5 . I 4 8 

O 

0 . 3 6 9 
I . 307 
2 .412 

4 • 943 

&. 
1-555 
1.827 

2 . 0 3 4 

2 • 363 

1 -555 
1 • f'93 
2 ,069 
2 .526 

3 545 

T A B L E 

N. 

3 . n o 

3 • 654 
4 . 0 6 8 

4 . 7 2 6 

3- HO 

3 . 3 8 6 

4 . 1 3 8 
5 0 5 2 

7 • 090 

I. 

01-

0 .0667 

— 0 . 4 5 0 

— 0 . 7 0 1 

— I . 1 4 0 

0 .0667 

0 . 0 0 6 

— 0 . 0 9 0 
— 0 . 1 2 0 
— 0 . 2 8 4 

ft. 

0 . 0 7 6 

— 0 . 3 8 6 

— 0 . 5 7 8 

0 . 0 7 6 

0 . 0 4 7 

0 . 0 0 6 
— 0 . 0 1 4 

e>. 
0 . 8 5 4 

0 . 7 0 9 

0 . 5 1 4 
0 . 8 0 0 

0 . 8 5 4 

0 . 8 4 5 

0 . 8 3 4 
0 . 8 2 9 

0 . 8 1 3 

/J*. 

o- 354 
— 0 . 1 0 2 

— 0 . 3 1 2 

o . 3 5 4 

0 . 3 2 9 
0 .302 
0 . 2 9 7 

0 . 2 6 8 

The pairs of curves marked I, II, III, IV, in Fig. 1, are those obtained 
on Assumptions I, II, III , IV, respectively. I t will be seen that it is 
immaterial which of these assumptions we make as to simultaneous asso
ciation taking place; excess of phenol depresses the apparent dissociation of 
the pyridine phenate to a much greater extent than does excess of pyri
dine, and that the order of the difference is much the same on any of the 
assumptions. The pair of curves marked W are the results of extrac
tion experiments included for comparison. The upper curve W repre
sents the effect of excess of pyridine on the percentage extraction of phenol 
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by means of sodium Dissociation of C6H6OH1C5H6N. 
hydroxide, starting 
from the compound 
C6H5OH-C5H8N, while 
the lower curve W 
shows the effect of ex
cess of phenol on the 
percentage extraction 
of pyridine by means 
of 2 iV sulfuric acid, 
starting with the same 
compound. The simi
larity of the two ef
fects in the extraction 
experiments to the 
two effects on the ap
parent degree of dis
sociation on any of 
the assumptions made 
will be at once ap
parent. 

I t should be re
marked that in the ex
traction experiments 
the amount of acid or 
alkali used for extrac
tion was the minimum 
amount which would 
just extract the whole 
of the phenol or pyr
idine in absence of the 
other constituent. 

If we consider the scheme of dissociation postulated, viz., 

C6H6OH-C6H6N ^ C6H6OH + C6H6N (Equilibrium 1) 
it will be obvious that the effect of excess of phenol should be the same 
as the effect of excess of pyridine, so that this cannot be the dominant 
equilibrium. 

I t was seen from the freezing-pojnt curves that phenol and pyridine 
also form a second compound, (C6H6OH)2C6H6N. It is conceivable that 
we have here to do with a dissociation, 

(C6H5OH)2-C6H6N Z^H 2C6H6OH + C6H6N (Equilibrium 2). 
In that case we should expect that if excess of pyridine were added the 

2 3 4 S 

Excess phenol or pyridine. 

(MoIs X io~ 2 per 100 g. of solvent.) 

Fig. i. 
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effect would be proportional to the concentration of the pyridine while 
if excess of phenol were added the effect would be proportional to the square 
of the concentration of the phenol. 

I t must be borne in mind, however, that the values of (3 are dependent 
on the scheme of dissociation postulated. A fresh series of determinations 
was therefore made, starting with the compound (CeHBOH)2-CsH6N at 
various concentrations in benzene and the values of the apparent degree 
of dissociation 7 of this compound computed on the same set of assump
tions as to simultaneous association as before. The effect of excess of 
either constituent on the value of 7 was then studied for one initial con
centration of (C6H6OH)21C8H6N of 3 mols X i o - 2 per 100 g. of benzene. 
These determinations involve a new set of equations for the calcula
tion of 7, these equations being worked out on exactly similar lines to 
the equations for (3, given in the earlier paper. The significance of 
the other symbols is the same as before. 
Equations: 

Assumption I.—N = C(i + 27) + D. 
Assumption II.—Phenol in excess. 

N = C + Cy/2 (1 + a oi + «,) + D/2 (1 + «0 

where «1 = 0.2313 — 0.0318 (2C7 + D) 

and at = 0.7378 — 0.008 Cy. 

Pyridine in excess. 

N=C+ Cy/2 (1 + 2«i + a2) + D/2 (1 + Qi2) 

where «1 = 0.2313—'0.0318 X 2C7 
and a2 = 0.7378—0.008 (Cy + D). 

Assumption III.—In this case the values obtained with no excess of either 
constituent gave impossible values, rising rapidly far above unity, thus 
indicating that the actual number of solute molecules was greater than 
could be the case if the phenol in the compound retained its power to 
associate. The corresponding calculations with excess of the constituents 
were therefore omitted. 

The equations with no excess present are as follows: 

C = gfr - 2a i ) (a) 
27 — 2ai7 — I 

N = C - Cy/2 (1 — 4a,. — ai) + C (1 — a,) (b) 
where on = 0.2313—0.0318 X 2 C 7 
and at = 0.7378 — 0.008 Cy 

Assumption IV.—Phenol in excess. 

C = -SfH (a) 
i + oyy — 7 

N = C + Cy («! + a2) + C/2 (1 — Oi2) + D/2 (1 + H1) (6) 
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where 

and 
ai = 0.2313 

«2 = 0.7378 

Pyridine in excess. 

C = 

0.0318 (2C7 + D) 

0.008 Cy. 

Can 
(a) 

1.0 

i + a27 — 7. 

N = C'+Cy (on + Cc2) + C/2 (1 — a») + D/2 (1 + «2) (6) 

where «1 = 0.2313 — 0.0318 X 2 C 7 
and a2 = 0.7378 — 0.008 (Cy + D) 

The equations for the Dissociation of (C8H6OH)2CtH5N. 
special case where no ex
cess of either constituent 
above the amount re
q u i r e d for (C6H6OH)2.-
CjH6N is present are ob
tained from the foregoing 
equations by p u t t i n g 
D = o. 

T h e results obtained 
without excess of the con
stituents for various con
centrations are given in 
Table II and are shown 
graphically in Fig. 2.1 

C is the concentration of 
(C6H6OH)2-C6H6N taken. 

A the observed depres
sion of freezing point. 

7i> 72, 73 and 74 the ap
parent dissociation on the 
various assumptions. 

It will be seen that the 
values of 7 on Assumption 

V 
V 

V 

/ 

/ 

* \ 

/ 

-*-Z7 

-*- Jt 
-*-7 

Cone, in mols X io~2 per 100 g. of solvent. 
Fig. 2. 

I l l lie entirely above unity, while in the other three cases the values fall 
regularly with increasing concentration and appear to be gradually tending 
to approach zero without becoming negative. 

The results for the concentration of 3 eg. mols of the compound per 
100 g. of benzene with various additions of each of the constituents in 
excess are shown in Table III and Fig. 3, the symbols having the same 
significance as before. 

1 The depression of freezing-point data on which these are based were obtained 
last year by Mr. Hatcher but were not then worked up. 
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C. 

0 . 1 8 6 

0 . 2 4 0 

0 . 3 3 8 
0 , 6 1 9 

0 .758 
1 . 2 1 7 

i . 6 8 1 

2 . 0 0 2 

3 . 0 0 2 

3-672 

4 • 364 

5-237 

P y r i d i n e in 

A. 

O. !76 

O . 2 2 7 

O . 2 96 

0 .507 

O.606 

O.919 

I . 2 1 I 

I -4«3 
I . 9 7 0 

2 . 3 2 6 

2 . 6 8 0 

3 - " 4 

P h e n o l i n exrpss 

.V. 

0-352 

' ' ' • 4 5 4 

0 .592 

1 0 1 4 

1 . 2 1 2 

I - 839 
2 .422 

2 , 806 

3-94O 
4 .652 

5 • 360 
6 .228 

T A B L E I I . 

7 1 . 
0 . 4 4 6 

0 . 4 4 6 

0-375 
0 . 3 1 9 

0 . 3 0 0 

O- 256 
0 . 2 2 0 

0 . 2 0 1 

0 . 1 5 6 

0 . 133 
0 . 1 1 4 

0 .095 

T A B L E I I I . 

D. A. 

0 1.960 

1-351 2 . 3 5 6 

3 .289 3 -038 
4 . 7 2 9 3 . 6 1 0 

0 i . 9 6 0 

2 . 3 1 0 2 . 3 9 9 

4 . 1 3 4 2 .698 

5 .581 2 .976 

72. 

0 . 8 3 3 

0 .S29 

0 . 6 9 5 

0 . 5 9 6 

0 . 5 6 4 

0 .482 

0 . 4 2 1 

0 . 3 8 4 

0 , 3 0 1 

0 . 2 5 8 

0 . 2 2 1 

0 • i S3 

N. 

3 . 9 2 0 

4 . 7 1 2 

6 .076 

7 . 2 2 0 

. 3 . 9 2 0 

4 . 7 9 8 

5 - 396 

5-952 

7S-

I 

I 

I 

2 

H 

54 

75 

3 0 

7 1 -

O. 153 
O.060 

— 0 . 0 3 5 
—O.085 

O- 153 
— 0 . 0 8 5 

— 0 . 2 8 9 

— 0 . 4 3 8 

0 

0 

0 

0 

0 

0 

0 

0 

7 

0 . 7 

I 

o . ( 

. 

85 

16 

0 .467 

0 . 3 4 4 

72. 

295 

173 
0 8 2 

064 

295 
168 
049 

0 0 5 

7 1 . 

0 .467 

0 - 3 4 9 
0 . 2 6 0 

0 . 2 4 6 

0 .467 

o . 3 4 7 
0 . 2 4 0 

0 . 1 6 1 

The pairs of curves corresponding to Assumption I both go below zero 
while those for Assumptions II and IV do not, up to the highest concen

tration used. But it will be 
Dissociation of (C6H6OH)2C5H5N. 

1 2 3 4 
Excess phenol or pyridine. 

(Mob X io~2 per 100 g. of solvent. 

Pig- 3-

seen that on these two as
sumptions the initial depres
sions in the' value of 7 
caused by excess of pyridine 
are actually greater than 
those caused by excess of 
phenol. Only when nearly 
4 eg. molecules excess of the 
constituents have been added 
does the depression caused 
by phenol exceed that caused 
by pyridine. A similar set of 
determinations were also car
ried out starting with 1 eg. 
mol of the compound and 
various amounts of the con
stituents in excess. The re
sults were entirely similar to 
the foregoing and the curves 
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of Fig. 3 could equally well be used to represent the results making the 
necessary alteration in the scale for 7. 

It is thus evident that the dissociation 

(C6H6OH)2-C6H5N Z^t 2C6H6OH + C6H6N 

cannot be the dominant equilibrium and taken alone does not represent 
the facts. 

I t is possible, however, to explain both the extraction results and the 
two sets of dissociation determinations in the following way: Let us 
suppose that we start with the compound C6H6OH1C6H6N: 

This dissociates in solution as follows: 

C6H6OH-C6H6N Z^L C6H5OH + C6H6N. 

If we add excess of pyridine the effect in depressing the dissociation will 
be dependent directly on the concentration of the pyridine. If we add 
excess of phenol the effect in the first instance will similarly be dependent 
on the concentration of the phenol, but excess of phenol differs from ex
cess of pyridine in that it promotes a second reaction. 

C6H6OH-C6H6N + C6H6OH ~£± (C6H6OH)2-C6H6N (Equilibrium 3) 

and thus not only depresses the original dissociation in a normal way but 
also removes the compound C6H6OH-C6H6N from the left hand side of that 
equilibrium, thus still further depressing the dissociation and removing 
the free pyridine from the system. 

The system will thus contain not only free pyridine and phenol and 
their associated molecules but also will contain both compounds, C6H6OH.-
C6H6N and (C6H6OH)2-C6H5N, to a greater or less extent. 

The complete quantitative investigation of the equilibria involved is 
clearly impossible, on any assumptions as to association, by means of de
pression of freezing-point data alone. Further data would be necessary, 
such, for instance, as that which might be obtained if we had some solvent 
immiscible with benzene in which only one molecular species would dis
tribute. The case is somewhat analogous to the dissociation of a dibasic 
acid where the hydrogen ion dissociates in two stages. In that case we 
have means of measuring the actual concentration of hydrogen ion. 

It might be suggested that in this case we could get information as to 
the concentration of free pyridine from the extraction experiment, know
ing the hydrolysis of pyridine sulfate, but, unfortunately, both phenol 
and pyridine phenate also dissolve in the aqueous layer, as shown in the 
earlier paper. 

With large excess of pyridine, Equilibrium 1 probably represents the 
conditions fairly correctly, while with large excess of phenol Equilibrium 
2 will be brought more to the fore. The reversal of Equilibrium 3 will 
probably be favored by increasing the dilution of the benzene Solution. 
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Further Extraction Experiments. 
In the experiments quoted in the earlier paper on washing out pyridine 

from benzene in absence of and in presence of phenol, the sulfuric acid 
employed was about 9.6 N, this being the concentration usual in works 
practice. As at this concentration the acid would be largely un-ionized, 
the experiments were repeated with more dilute acid. The result showed 
that as anticipated, much less acid was necessary to effect the complete 
removal of. pyridine from pure benzene solution than when the more 
concentrated acid was employed. 

As will be seen, the effect of addition of phenol on the extraction of the 
pyridine is still very much greater than was the effect of pyridine on the 
extraction of phenol by sodium hydroxide (see Fig. 1). The method was 
exactly the same as in the original experiments except that an improved 
procedure was adopted for the determination of the pyridine. As be
fore the extracted pyridine sulfate was made alkaline with sodium hydrox
ide and distilled into excess of standard sulfuric acid, which was then 
titrated with standard sodium hydroxide, using methyl violet as indi
cator. The improvement consisted in utilizing a more sensitive method 
in determining the end-point. The solution was titrated directly to within 
about one cc. of the end-point and was then divided equally between 
two exactly similar Nessler tubes and the titration finished by running 
two. drops of the standard alkali alternately into one tube and into the 
other until a point was reached when the addition of two drops gave a 
decided change compared to the tube which was two drops behind. Thus 
the point was not taken for the first slight change of nuance but for the 
point of maximum sensitiveness. In this way check experiments never 
differed by as much as 0.1 cc, and as the total amount of acid neutralized 
was of the order of 25 cc. this gives a satisfactory agreement considering 
the weak basic character of pyridine. 

The standard solutions were standardized in the same manner against 
pure pyridine. 

The acid used for extraction was made up roughly 2 AT and its exact 
value in pyridine determined by direct titration. 

i g. pyridine = 6.26 cc. "Extraction acid." 

This proportion is subsequently referred to as "theoretical acid." 
Extraction of Pyridine from Benzene by 2 N Sulfuric Acid.—Five g. of 

pyridine was dissolved in benzene and made up to 100 cc. This was 
washed with "theoretical acid." 

Pyridine extracted 99-5% 

This is sufficiently close to the experimental error, so that theoretical 
acid was used for the extraction in presence of phenol. 

In the previous experiments using 9.6 AT acid it was necessary to em-
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ploy i . 38 times theoretical acid to extract the pyridine completely from 
benzene solution of the same strength. 

The results obtained in presence of phenol using the same concentra
tion of pyridine and the same amount of acid for extraction are given in 
Table IV.. 

Effect of Dilution on the Extraction of Pyridine. 
It has been seen that the apparent dissociation of the pyridine phenate 

compounds becomes greater and approaches unity as the concentration 
of the benzene solution becomes smaller. It would thus appear that the 
differences between excess of phenol and excess of pyridine should tend to 
disappear with greater dilution. 

TABUS IV. 

G. pyridine per 
100 cc. solution. 

5 
5 
5 
3 
3 
3 
I 

I 

I 

Times theo
retical acid. 

I.O 

1.0 

I . 0 

I - 0 5 

I . 0 5 

i . o s 
1.15 

1.15 

1.15 

MoIs phenol per 
mol pyridine. 

0 
2 

4 
0 
2 

4 
0 
2 
4 

% extraction 
pyridine. 

99-5 
81.8 

45-4 
100 .5 

89.7 
63.2 

1 0 0 . 0 

96.0 
90.6 

I 

In order to check this point experiments were carried out on the ex
traction of pyridine in benzene solution in presence of phenol, using smaller 
initial concentration of pyridine. The 
same amounts of pyridine as before were 
taken and diluted to larger volumes be
fore extraction. These results are also 
given in Table IV. Slightly more acid g 
was needed for extraction of pyridine |3 
alone in the greater dilutions used. 

I t is thus evident that the above sup
position is justified as the depression in 
the extraction, caused by 4 molecules of 
phenol per molecule of pyridine is about 
55% w i th a concentration of 5 g. per 
100 cc. and about 9% with a concentra
tion of one g. per 100 cc. This is 
better seen from Fig. 4, in which the ex
traction curve for phenol in presence of 
pyridine is also given, for a concentration 
of 5-95 g- phenol per 100 cc. solution. 
This would also be naturally somewhat 

*5\—-==-_£££ 22S&ZLO/Phenol'. 

*v \ 

"S\ \ °\ \ °\ \ 

MoIs phenol per mol pyridine. 

Fig- 4-
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higher at the lower concentrations, but this could not affect the general 
conclusion as the greatest diminution is only 5%. 

The Cresols and Pyridine.—Tt was shown previously that in the case 
of o-cresol-pyridine only one compound, C7H7OHC5H6N, is formed and 
that in the case of ^-cresol-pyridine two compounds are formed as with 
phenol. No complete freezing-point curves could be obtained with m-cre-
sol-pyridine, so that no conclusions could be reached as to the compounds 
produced. 

It is proposed to extend the extraction experiments to these cases, and 
also to study the effect of excess of the constituents on the dissociation 
of the compounds formed. It might be expected that with o-cresol-
pyridine the effect of excess of pyridine or of the cresol would be the same 
in both these directions, while in the case of ^-cresol we should get results 
similar to the case of phenol. It should be possible further in this way 
to obtain some information as to the compounds produced in the case of 
m-cresol-pyridine. This must be left to a subsequent communication. 

Summary. 
i. The effect of excess of phenol and excess of pyridine on the dissocia

tion of pyridine phenate postulated as 
C6H5OILC5H6N ^ ± C6H6OH + C5H5N 

was studied by the cryoscopic method and it was found that phenol de-
depressed the dissociation much more strongly than did pyridine. 

2. This suggested that the dominant equilibrium might be 

(C6H5OH)2-C6H5N ^ t 2C6H5OH + C5H5N, 
but a study of this dissociation on similar lines showed that the effect 
of excess of phenol on the apparent dissociation was only greater than 
the effect of excess of pyridine with comparatively high additions of 
these. 

3. An explanation of these results and of the extraction results of the 
earlier paper is based on the following equilibria: 

C6H6OH.C5H5N ^ZfI C6H5OH + C5H6N (a) 
C8H6OH.C6H5N + C6H6OH Z^L (C6H6OH)2.C6H6N (6) 

4. I t is shown that the difference between the effect of addition of 
excess of phenol and of excess of pyridine on the extraction experiments 
tends to disappear as the dilution of the benzene solution is increased. 
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