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The relationship between the constitution and the physico-
chemical and dyeing properties of disperse dyes con taining
phthalimide residues has been studied. The influence of the
—NH or —NCH; group in the phthalimide residues on the
thermal and spectral properties of dyes has been investigated.
Their influence on the dyeing process and on the colour and
fastness properties of dyed polyester have also been studied.

INTRODUCTION

For.the last fifteen years, compounds containing heterocyclic
amide systems have been used as intermediates for the
synthesis of pigments. It has been found that the presence of
imidazolone, benzoxazolone, pyridone, phthalimide, etc.
residues in a pigment molecule ensures considerable stability
to the action of solvents and heat at high temperatures in
spite of their relatively low molecular weights [1,2].

Recently a series of patents and papers has been published
on the use of similar compounds, containing heterocyclic
amide systems, for the synthesis of disperse dyes. The use of
pyridone-2 [3], benzimidazolone-2 [4], 1,3-quinazolone-4
(51, naphthalimide (6], and phthalimide 171 derivatives has
been described. In contrast to pigments, unsubstituted hetero-
cyclic amides are not used for the synthesis of disperse dyes,
but their N-alkyl and N-aryl derivatives are. This seemed
surprising because of the advantageous effect of unsubstituted
amide groups on the thermal stability of dyes as well as the
known fact of easier availability and lower price of products
containing an unsubstituted —CO—NH-—group. In the litera-
ture no reasons are given for the use of this particular type of
intermediate for the synthesis of new disperse dyes. It seemed
feasible, therefore, to examine the effect of unsubstituted
and N-substituted heterocyclic amide systems on the physico-
chemical and dyeing properties of the disperse dyes under
consideration.

Dyes containing phthalimide and N-methylphthalimide
residues of Formula 1 were selected for the study, since the
required intermediates and dyes themselves could be easily
prepared.

| — R=H
Il -R=CH,
R'R?=CH,, C,H,, C,H,OH

EXPERIMENTAL

Preparation of Dyes {1)

0.15 mole of 4-aminophthalimide or 4-amino-N-methylphtha-
limide was diazotized in the form of a suspension in 20 ml of
30% HC! and 180 ml of water by adding, dropwise, 12.5 ml
of 4N NaNQ, at a temperature of 0—5°C. After 2—3 h the
solution was neutralized by adding 10 g of sodium acetate
(pH 5—6), and then filtered with an addition of 1 g of activa-
ted carbon. The filtered solution of diazonium salt was added
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to a solution containing 0.05 mole of suitable coupling com-
ponent (N,N-dialkylaniline), 100 ml of water and 10 ml| of
30% HCI. The pH value of the reacting mixture was main-
tained within the range 5—6 by using sadium acetate. After
4--5 h, the precipitated dye was filtered, washed with 200 ml
of water, and dried at 80°C. The dyes were purified by
crystallizing twice from 100 ml of boiling methanol,
and washing with 100 .ml of cyclohexane. The purifide
product was dried at 60°C. The yields and results of ele-
mentary analysis are given in Table 1.

Physico-chemical Properties

The melting points and sublimation temperatures {uncor-
rected) were determined using a Boetius HMPK 05 apparatus.
A glass ring of 11 mm and 5 mm in diameter and height, res-
pectively, was used to measure the sublimation temperature.
The rate of heatingwas adjusted so as to raise the temperature
by 4°C/min at the end of the measurement.

Visible spectra of pyridine solutions of 0.65-6 X 107%
mole/dm> of the dyes were recorded with a Specord UV VIS
spectrophotometer {Zeiss Jena).

I.R. spectra were obtained using a Specord 71—IR spectro-
photometer (Zeiss Jena). The absorption values of samples
were measured in the crystalline form, using powdered mix-
tures with KBr.

Dyeing Procedures

A weighed portion of dye required to prepare a dyebath of
suitable concentration was dissolved in 1 m| of N, N-dimethy!-
formamide. The solution was poured into 20 ml of an
aqueous solution of Dyspergator NNO {a dispersing agent)
at pH 6. The ratio of dispersing agent to dye was 3:7. This
suspension of dye was suitably diluted to give the appropriate
dyeing or padding bath.

(a) Carrier Dyeing at the Boil (about 100°c)

Dyeing was carried out in 100 ml flasks provided with reflux
condensers. The bath contained 25 m} of water with an addi-
tion of 0.5 g of Carrier Gruenau 531. A liquor ratio of 50:1
was used. After dyeing, the polyester knitted fabric sample
was washed with a 5% solution of Sapogen T.

() Dyeing under Pressure at 130°C

This was carried out in a Linitest apparatus (Hanau). A
liquor ratio of 50:1 was used. The bath volume was 200 ml
and the pH value 6. The temperature was raised from 80°C
to 130°C over 30 min and maintained there for 1 h. When
dyeing was completed, the knitted fabric sample was washed as
described previously.

{c) Dyeing by the Thermosol Process
This was carried out in laboratory-scale equipment {Benz—
Zuerich). The pressure of the rollers was 20 kg/cm? and
their speed 30 rev./min. The knitted fabric sample {2 g) was
padded four times in 100 ml of the padding bath containing
the dye suspension, 0.4 g of Lamitex and some acetic acid to
give pH 6. Then, the knitted fabric was dried at a temperature
of 60°C and heated at 200°C for 3 min. Finally, it was
washed as described previously.

Thedye content in the fibre was determined by measuring,
with a Specord UV VIS spectrophotometer, the amount of



TABLE 1

The Yields from the Syntheses of Dyes and Results of Elementary Analysis

R H CHj
Yield Analysis N[%] Yield Analysis N[%]
R! R2
[g] [%] calc. found [g] (%] calc.  found
CH; CH; 13.3 90.5 19.0 19.1 14.7 95.5 18.2 18.1
CyH; C.H; 12.0 74.56 17.4 17.4 14.1 83.9 16.7 16.8
CoH; C;H,0H 16.9 85.8 16.6 16.3 15.8 89.8 15.9 15.8
CH.OH C,H,OH 139 78.5 15.8 15.9 17.6 95.7 15.2 16.0
TABLE 2
Spectral Data of Solutions of Dyes in Pyridine
R
H CH;
R! R2
max emax_3 S Armax €may
[nm]  [dm’mol™'em™) (bm]  [dm’mol™em™]
CH; CH, 442 26100 477 35300
CyH; C,Hs 453 32000 497 32000
C,yH, C,H4OH 488 31900 492 32600
C,H,OH C,H,OH 484 29700 493 32500
TABLE 3
Melting and Sublimation Points of the Dyes
R
H CHj3
Rl R'z Q Q 0, (4}
m.p. [C] sp. [C] mp. [T] s.p. [C]
CH, CH, 232-234 178-180 186—189 160—162
CyH; C,H4 208-211 165—-167 189—191 146—148
C,yH; C,H.OH  239-241 185-187 208-209 159161
CH4OH  CH,OH  206-209 161—-164 131—133 116—-118

dye in the pyridine solution after extraction of a weighed
fibre sample with the solvent.

The fastness properties of the dyeings were determined
according to Polish standards which are not substantially dif-
ferent from the British ones. Fastness to light was measured
using a Xenotest and the sublimation fastness was measured
using a Fixotest (Hanau).

RESULTS AND DISCUSSION

Using 4-aminophthalimide and 4-amino-N-methylphthalimide
as the active components, two series of monoazo dyes were
prepared (I: R=H and il: R=CH,} and their physico-chemical
and dyeing properties were examined.

Comparing the spectra of pyridine solutions of the studied
dves within the visible range, it is seen that the type of coup-
ling agent used affects the colour of the resultant compounds,
causing the colour to change from orange tored. On the other
hand, the type of substituent in the phthalimide residue has
only a slight effect on the colour. The bathochromic effect
noticed in the range of coupling compoenents referred to in
Table 2 is greater for the | series of dyes than for the |1 series.
The mole absorbance is also not as greatly affected (Table 2).

The type of substituents at as nitrogen atom in the phthali-
mide residue affects other physical properties of the dyes —

their melting and sublimation points, and their solubility in
organic solvents.

It is evident from the data in Table 3 that dyes prepared
from N-methylphthalimide (i1) show melting points 20—-50°C
lower than those containing the unsubstituted phthalimide
residue (). Further, their sublimation temperature is 20—40°C
fower. Their solubility in organic solvents is, however, con-
siderably better than that of the analogous derivatives of
phthalimide as confirmed by qualitative experiments. (Quan-
titative measurements were found to be very difficult to carry
out due to the very poor solubility of unsubstituted phthali-
mide derivatives in non-polar soivents, which makes the
preparation of standard solutions impassible).

The L.R. spectra (Tabie 4) show considerable differences
between derivatives of phthalimide and N-methylphthalimide.
The spectra of dyes with no methyl groups in the imide
residue (1) show bands characteristic of the H-banded amide
group (3040—3180 cm™'). These bands are not observed in
the spectra of dyes containing A-methylimide groups. In
addition, the dyes containing free amide groups show quite
distinct hypsochromic effects compared with the bands
characteristic of carbonyl and amide groups.

The observed higher melting and sublimation points, the
lower solubility in organic solvents of the dyes of the phthali-
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TABLE 4

I.R. Spectra of The Dyes (v[{em™])

H CH3
R R? ve-0 Yc-N  PnH Yc-0  Ye-N
o o U e B2 TR e
oo e 2 e 32TS
T
C,H4OH C;H40H 1;178 1322 gégg :;gg 1314

mide series together with the | .R. data suggest that the specific
properties of the dyes under investigation are a result of their
ability to become stable due to their self-association in the
crystalline state as well as in solution in non-polar organic
solvents.

Poor solubility of the studied dyes in non-polar solvents
made the quantitative evaluation of association impossible by
spectrophotometry or by dipole moment measurements. Only
spectrophotometric examination of simple model compounds
was possible. This was carried out previously [8] using
phthalimide and naphthalimide derivatives as examples. The
examinations showed that strong intermolecular interactions
in crystals and in solutions of phthalimide and naphthalimide
took place, which explains the reason for the different
physico-chemical properties of both the dye types under
investigation. These differences considerably affect the
thermal stability and solubility, and thus the dyeing proper-
ties, of the dyes.

It seemed that the thermal stability of a disperse dye
might be of great importance in the high-temperature dyeing
process. Therefore, the behaviour of particular dyes of the
studied group was examined in various dyeing processes.

Dyeings of polyester knitted fabric at 100°C with a carrier,
at 130°C (under pressure 2700 hPa) and by the Thermosol
process were carried out with the prepared dyes.

In the carrier dyeings, the time needed to be achieved bet-
ween equilibrium fibre and dyebath was measured using the
two simplest pairs of dyes. Analyzing the dye uptake curves
(Figure 1), it may be concluded that the dyes containing
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Figure 1 — Uptake curves of dyes ——R'=R*=CH3; ———R'=
R%*=CyHs; OR=H; vR=CH;
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unsubstituted =NH groups exhibit a lower rate of dyeing and
reach a lower dye uptake at equilibrium. The time needed
to reach equilibrium for these dyes is 3—3.5 h, i.e. con-
siderably longer than that for the dyes containing a =N—CHj4
group {2—25h). The maximum dye uptake is about 50
percent less. The Nernst distribution coefficient Ky =cplcg
was also determined, and the results expressed in the form of

CF'\oi e T " T T
{moiekg)
/
60 ”
/

/ |
e !
,( |
ra |
e
e !
e i
- ’\
\
12 14 16 18 Catimeenem)

Figure 2 — Sorption isotherms of dyes (T= 100°c) —R'=
RY=CH,; ———R'=R*=C, Hs; OR=H; YR=CH;
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Figure 3 — Sorption isotherms of dyes (T=130°C) —R!'=
R*=CH;; ———R'=R*=C Hs; ——— R'=C,Hs, R*=C,HaOH;
- R'=R%*=C,H,OH; OR=H,; YR=CH;



TABLE S

Dye Uptake and Degree of Fixation in Thermosol Dyeing

Average  Average degree of fixation
ratio of S [%]
R? R? uptake
of dyes R=H R=CHj
mCH 3/mH
CHj; CH; 1.5 85.5 75.0
CoHs C,H; 1.6 95.5 92.5
CaHs CyH4OH 1.2 93.5 86.5
C:H4 OH  C,H,0OH 1.1 91.6 88.5
TABLE G
Fastness of Dyeings on Polyester Knitted Fabrics
R H CH,

R! R? Light  Sublimation Light Sublimation
CH;, CH, 6 3 6 2
CiHs CiHs 6 4 6 3
CaHs CzHs 6 4--5 6 4
C,HOH  CH,0H 6 5 6 4

sorption isotherms (Figure 2}. The Nernst distribution coef-
ficient for the dyes containihg unsubstituted =NH groups is
about three times less than that for dyes having =N-—-CH,
groups.

The sorption isotherms, shown in a similar diagram
(Figure 3), found for the same dyes when used for dyeing
polyester knitted fabric under pressure suggest a similar
picture. The dyes containing the =NH group show, in general,
the Nernst distribution coefficient several times lower than
that of dyes with an =N—CHj group.

In the padding process the uptake for dyes containing un-
substituted =NH groups (1) is about 10—60% less than that
for the more soluble dyes containing N-alkylamide groups
{l1). However, the degree of fixation of these dyes is 3—10%
higher than the first type (Table 5}. These dves do not sublime
from the fibres on heating, probably owing to their higher
degree of self association or to the fact that they are anchored
to the fibres in a more stable mode due to the hydrogen
bonds between dye and fibre. (It was also observed during the
pyridine extraction that the dyes with unsubstituted =NH
groups were considerably more difficult to remove from
fibre.) Taking into consideration both factors, however, a
better total dyeing yield is obtained in the case of the dyes
containing Al-alkylamide residue (il).

Analyzing the results of the light-fastness measurements of
dyeings on polyester knitted fabric (Table B), it is apparent
that the type of substituent in the phthalimide residue has no
noticeable effect on light fastness. Its value is high in all the
cases. However, this type of substituent affects the subl imation
fastness, which, on polyester, is almost always 1 point higher
tor the dyes containing an =NH group (1) than that for the
dyes containing =NCH; group (I1).

CONCLUSIONS
Te sum up the above considerations one can state that dyes
of Structure 1 show different physicochemical and dyeing
properties depending on whether a hydrogen atom (I} or an
alkyl residue (l1} is on the nitrogen atom in the imide group.
The | series of dyes are considerably affected by hydrogen
bonding and, as a result of this, show higher melting and
sublimation points and produce dyeings of better sublimation
fastness than the 1l serjes. However, at the same time the
former group of dyes exhibit worse dispersability and a con-
siderably lower dyeing yield in all the dyeing procedures
carried out. In spite of the initial assumptions, the use of
dyes containing unsubstituted —NH—CO— systems seems to be
unsuitable even in high-temperature dyeing processes, since
it is probably the first stage of dyeing, that is the padding and
ease of diffusion of non-associated dyes, which affects the final
dyeing result, while fixation during heating plays a secondary
part. Hence, the practical conclusion which arises suggests
that the same intermediates as those used to produce stable
pigments cannot be employed in the manufacture of disperse
dyes.
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