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The vapour pressures, latent heats of
sublimarion and associated entropy
changes of anthraguinone and monoazo
disperse dyes have been obtained by

the transpiration method. These com-
pounds have vapour pressures of 0.0005—
0.193 mmn Hg over the temperature
range of 120-215°C. The heats of sub-
limation are discussed in terms of their
molecular structure.
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Introduction

A knowledge of the vapour pressure and
heat of sublimation of the solid dye is
necessary in studies of the transfer of
disperse dyes onto synthetic polymer
fibres in industrial heat transfer printing.
The disperse dyes may be divided into
two classes, (a) derivatives of anthra-
quinone and (b), derivatives of monoazo
dyes. The vapour pressures of the disperse
dyes have been reported [1], but other
than that, very little information is avail-
able. In this work the transpiration
method [2] has been applied to thirteen
dyes. The vapour pressures, latent heats
of sublimation and associated entropy
changes for these disperse dyes were
measured.

Experimental

The disperse dyes used in this study were
purified by a resublimation method in
vacuo until a constant diagram of DTA
curves was obtained using a Rigaku—
Denki DTA instrument (Standard model).
All samples were then sublimed in the
temperature range in which their vapour
pressures were measured.

Apparatus

The apparatus is shown in Figure 1 and
consisted of a fixed external tube.and a
removable internal tube of pyrex glass.
These are heated electrically, the temper-
ature being controlled to be in the range
of 100-180°C (£ 0.5°C).

Procedures
The apparatus was heated to the temper-
ature required, and was held constant

for at least 30 min. This ensured that the
tubes and contents reached the required
temperature. After charging with
previously  weighed and powdered
material, a stream of nitrogen gas was
passed through the inner part of tube at a
velocity of 28.8 ml min™. It was found
necessary to measure the constant vapour
pressure of the dyes in the temperature
ranges in which their vapour pressures
were to be measured. Figure 2 shows
plots of the vapour pressure of C.I.
Disperse Orange 3 against the velocity of
gas flow at 160°C. These runs were
continued for at least 12 h.
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Figure 2 — Plots of vapour pressure of
C.1. Disperse Orange 3 against velocity of
gas flow at 160°C

Results
The vapour pressures of the dyes studied
here were required in order to obtain
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Figure 1 — Apparatus used for the transpiration method for measurement of

vapour pressure



their heats of sublimation or vapor-
ization. The vapour pressures were calcul-
ated from the decrease in the weight of
the dye after each run, using the follow-
ing equation.
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Where (N, )} is the number of moles of N,
passed through; P, the vapour pressure of
dye; Py, total vapour pressure of nitrogen
and dye; M, the molecular weight of the
dye; W, the decrease in the weight of the
dye after each run, and 7, the temper-
ature of the reaction tube.

The latent heats of sublimation
AH,p, were calculated from the vapour
pressure data by means of the Clausius—
Clapeyron eqn :
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where R is the gas constant, 1.987 cal
deg ' mole™ . The experimental values for
vapour pressure were plotted logarithmic-
ally against 103/T.

The hypothgtical standard state for
AH,  and AS_ - is 1 atm. for the
range of temperatures quoted. ,

Sirictly speaking, the values quoted
for AH ..y are not exact latent heats of
sublimation, since AH°.,, changes with
temperature and equilibrium pressure.
However, over the small temperature
range used,  AH°,,, can be assumed to
represent the latent heats of sublimation
[3]. Figure 3 shows the plots of —log
P(mm Hg) against 10%/T for C.1. Disperse
Orange 3. The gradient was calculated by
the method of least mean squares.
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Figure 3 — Plots of —log Pimm Hg)
against 10°/T for C.I. Disperse Orange 3

TABLE 1

Comparison of Effusion Method with Gas Flow Method

Temp.  Effusion method [5] Gas flow method
C) (mm Hg) (mm Hg)
- (D [4] an*
155 0.00423 0.00687 0.0034 (150°C)
160 0.00628 0.0108 0.0106

*This study

The vapour pressure of C.I. Disperse
Orange 3 at 160°C, is in good agreement
with those results produced by Shimizu
Ohkubo {4] wusing the transpiration
method, but greater than those using the
effusion method [5] (Table 1). With our
method, AH®,,, is 24.6 keal mole™ . The
latent heats of sublimation have been
given by Tsuruoka and Kojima as 31.3
kcal mole™? [5].

The lower results obtained for the
effusion methods, carried out in vacuo,
are probably more correct. The entrain-
ment method requires pre-melting of the
dyes to prevent carry-over of particles
produced during sublimation of the solid.
This is particularly so with acicular
crystals and pre-melting was ‘not been
carried out by the authors,

The latent heats of sublimation may
correspond to the sum of the heats of
formation of the wvarious bonds that
exist in dye—dye interaction.

Discussion
The relevant vapour pressure equations
have been calculated and the latent heats

TABLE 2

Thermodynamic Properties of Disperse Dyes

of sublimation and the constant C of eqn
(2) are listed in Table 2, together with the
standard entropy change associated with
sublimation. The latent heats of sublim-
ation vary with polarity, molecular
volume, and molecular weight of the dyes
[6].

The latent heats of sublimation of
compounds {2) and (3) are compared
with that of (1) (anthraquinone). The
difference between them may be partly
due to the permanent dipole moments of
(2) and (3). We have found the dipole
moments of l-amino-and 1,4-diamino-
anthraquinone to be 1.5 D(3) and 3.71
D(6), respectively, whereas anthraquinone
possesses zero dipole moment [3]. The
hydrogen atom, attached to the nitrogen
in both (2) and (3), is probably bonded
intramolecularly to the neighbouring oxy-
gen atom, as has been suggested by Peters
and Sumner [7] who examined absorp-
tion spectra of mono-substituted amino-
anthraquinones. Another possibility for
the difference between the latent heats of
sublimation of compounds (2) and (3),
and that of anthraquinone may be due to

Dye m.p. AH sup ¢ AS°sup
(°C)  (Kcalmole™) (constant (e.u.)
of eqn (2)) ‘
1 Anthraquinone 285.5 23.5 109 36.8
2 1-Amincanthraquinone 263.5 24.7 10.8 36.0
3 1,4-Diaminoanthraquinone 263-265 29.4 119 41.0
4 1,4,5-Triaminoanthraquinone 252.5-254 16.8 6.07 14.6
5 1,4,5,8-Tetraaminoanthraquinone >285 19.6 0.62 17.1
6 1,4-Diamino-5-nitroanthraquinone 257.5-259 12.0 377 4.1
7 1,4-Dihydroxyanthraquinone 194-195 21.3 9.68 31.1
8 1-Amino-4-anilinoanthraquinone  194—194.5 32.3 129 45.7
9 1-Amino-2-(4’-aminophenoxy)-
4-oxyanthraquinone- 203.5 12.0 3.60 3.4
10 1-Amino-2-phenoxy-4-
oxyanthraquinone 183184 24.8 9.80 316
11 1-Amino-2-(4"-bromophenoxy)- ‘
4-oxyanthraquinone 2172175 39.1 15.5 58.1
12 Sumikalon Yellow F—4GL 168 226 8.74 26.8
13 Sumikalon Yellow E—FG 239 25.2 10.2 333

JSDC  February 1977 53



intermolecular hydrogen bonding bet-
ween terminal —NH, groups, although
one hydrogen atom is used in forming an
intramolecular hydrogen bond.

The latent heats of sublimation of (4)
and (5) are smaller than those of (1), (2)
and (3). The molecular structure model
(steric hindrance of the dye molecule is
comfirmed with the aid of Stuart—
Briegelb models (Mitamura Riken)) of
these disperse dyes suggests that increas-
ing the number of NH, groups in the
disperse dyes increases the distance of
dye—dye molecules because of the steric
hindrance of the NH, groups, especially
in compounds (4) and (5). The effect of
steric hindrance is greater than that of
intermolecular hydrogen bonds, resulting
in the dye—dye distance increasing and
the dye—dye interaction decreasing. This
suggests why the latent heats of sublim-
ation of (4) and (5) are smaller than those
of (2) and (3).

The latent heats of sublimation of (7)
correspond to the value (22.2 keal
mole™ ) obtained by Pacheva and Golomb
[6], which is relatively small. This may be
due to formation of intramolecular
hydrogen bonds between terminal —OH
groups, i.e. the intermolecular hydrogen
bond in the dye—dye interaction prob-
ably does not occur in the case of dye

(7).
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From Tabie. 2, it can be seen that the.

latent heats of sublimation and associated
entropy change of the dyes (6) and (9)
are much smaller than those of the other
dyes.

Green and Jones [8] suggested that
compounds containing the 4'-nitro group
(4-amino-4"-nitrobenzene or 4'-nitro-4-N-
dimethylazobenzene) exist mainly as
dimers in the vapour state at the observed
temperature. This association may be

éxplained in terms of a highly polarizable-

co-planar structure existing in close prox-
imity in the saturated vapour. Although
similar behaviour may occur in the cases
of dyes (6) and (9}, the very small values
obtained cannot be explained by the
above reasons.

Dyes (6) and (9) do not crystallize on
sublimation, but are present in powder
form. It may suggest that the dye—dye
interaction of these dyes is very weak in
the solid state, resulting in the enthalpy
and entropy changes of the dyes being
small. It is very interesting that the values
of the enthalpy and associated entropy of
the sublimation of these dyes is very
similar to those of the melting of metal
dihalides [9].

Further investigations are being
undertaken in order to expand this

explanation of enthalpy and entropy
changes during sublimation.
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