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The vapour pressure, latent heat of sublimation and
associated entropy changes of Naphthol AS derivatives
have been obtained using the transpiration method. These
compounds have vapour pressures of between 0.000885
and 0.0711torrat 180°C. Heat of sublimation is discussed in
terms of molecular structure.

INTRODUCTION

A knowledge of vapour pressure and heat of sublimation of
solid dye is necessary in studies of transfer printing on
cotton fabric using Naphthol AS derivatives [1]. In this work
the transpiration method [2] has been applied to eight
Naphthol AS derivatives. The vapour pressures, latent
heats of sublimation and associated entropy changes for
these Naphthol AS derivatives have been determined.

EXPERIMENTAL

The Naphthol AS derivatives (subsequently referred to as
AS derivatives) used in this study were purified from com-
mercial products by reprecipitation using sodium hydrox-
ide and hydrochloric acid, until the melting points of the
samples agreed with those quoted in the literature.

No degradation of the samples was detected using infra-
red spectra, differential thermal analysis and mass spectra
in the temperature range in which their vapour pressures
were measured. Also, the i.r. spectra of solubilised samples
show good agreement with the i.r. spectra of the commer-
cial forms of Naphthol AS.

Apparatus

The apparatus used has been reported previously [2]. The
transpiration apparatus was heated to the temperature
required, which was held constant for at {east 30 min. This
ensured that both the tubes and contents reached the
required temperature. After charging with a known weight
of powdered material, a stream of nitrogen gas was passed
through the inner part of tube at a velocity of 20 ml/min
using an automatic flow controller (Kamishima Co. Ltd).
These runs were continued for at least 12 h. The vapour
pressures were measured in the range in which the weight
losses were independent of flow rate.

RESULTS

The vapour pressures of the dyes studied here were used to
determine their heats of sublimation or vaporisation. The
calculation method has been reported [2].

The entrainment method requires premelting of the dyes
to prevent carry-over of particles produced during subiima-
tion of the solid, particularly with acicular crystals. How-
ever, premelting was not carried out in this study; neverthe-
less, a constant vapour pressure was obtained, indepen-
dent of gas flow, provided an adequate rate of flow was
selected. These results show that the carry-over of particles
of AS derivatives could be neglected. An accuracy of +6%
was achieved in the experiments.
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DISCUSSION

Using the values of vapour pressure obtained latent heats
of sublimation and values of the constant C of Eqn 1 have
been calculated and are listed in Table 1.
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where P=vapour pressure
AH°=standard change of enthalpy
R=gas constant.
The experimental values for vapour pressure were plotted
logarithmically against 10°/T.

The hypothetical standard state for AH°,,, and AS®,,
(standard change of entropy) is 1 atmosphere for the range
of temperatures quoted.

The vapour pressures of AS derivatives were consider-
ably lower than those of the disperse dyes previously inves-
tigated [2]. However, vapour pressure increased with
increasing temperature. At about 200°C the vapour pres-
sure was similar to that of the disperse dyes. Figure 1 shows
the plots of AH® against AS® of AS derivatives together with
those for disperse dyes obtained previously [1]. A nearly
straight line was obtained. The results show that the subli-
mation mechanism is identical with that postulated for the
disperse dyes.
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Figure 1 — Plot of AS® against AH®



TABLE 1

Thermodynamic Properties of C. |. Coupling Components

ONH m’
X
O o P
m

m.p.

Compound X Position (°C)

Mol. AH®

sub Asqwb
wt  (kcal/mol)

{e.u.) C

P at 180°C
{torr)

Naphthoi AS
{C. I. Azoic Coupling
Comp. 2)

Naphtho! AS—E Cl p
{C. I. Azoic Coupling
Comp. 10)

Naphthol AS-RL
(C. I. Azoic Coupling
Comp. 11)

Naphthol AS-BS
(C. 1. Azoic Coupling
Comp. 17)

Naphthol AS-D
(C. |. Azoic Coupling
Comp. 18}

Naphthol AS-OL
(C. |. Azoic Coupling
Comp. 20}

Naphthol AS-BG
(C. I. Azoic Coupling
Comp. 19)

Naphthoi AS—PH
(C. I. Azoic Coupling
Comp. 14)

OCH, Je)

CH, 2]

OCH, 0

OCH,

OCH, o

243-244

258-259

230-231

245-246

195-197

167-168

o, m’ 2(07-208

154-155

263 36.3 59.0 154 0.00652

298 331 47.1 13.2 0.00228

293 35.2 52.3 143 0.00206

308 28.6 36.0 10.7 0.000885

277 31.8 495 13.7 0.0187

293 34.4 56.4 15.2

323 336 52.0 143 001M

307 254 356 107

In general, the molecular weights of AS derivatives were
larger than those of the disperse dyes, similarly the values
of AH° were larger. Consequently, it seems that the
molecules of the AS derivatives have good planarity, owing
to internal hydrogen bonding, (see Figure 2). In the similar
situation, the existence of an internal hydrogen bond bet-
ween a naphthol group and an amido side chain in certain
azo pigments has been shown [3].

Figure 2

The value of AH® of each AS derivative is about 30 kcal/
mol. However, with both agents AS—-BS and AS—PH the AH®
value is smaller than that of other AS derivatives. This is
explained by the presence in these two agents of an NO, or
an OC,H, group, either of which reduces the degree of

planarity.
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