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By interpretation of X-ray diffraction patterns it has been
found that C.I. Pigment Yellow 5 (u-| 1-hydroxy-
ethylidenelacetanilide-a-azo-2'-nitrobenzene)) is
dimorphic, both forms being available commercially. The
single-crystal data and X-ray powder pattern are reported
for one form (termed «) and the powder pattern has been
indexed from the single-crystal unit cell dimensions. The
second form () has only been obtained as a powder, and
the powder pattern is reported. This form changes to the
a-form by recrystallisation from toluene.

INTRODUCTION

There are several cases of pigments being polymorphic,
probably the best known are those of copper
phthalocyanine and linear trans-guinacridone. However,
polymorphs can also occurin azo pigments [ 1,2] and can be
impaortant since the colour and other physical properties
may be different with the various forms.

It is also possible that different manufacturers may pro-
duce different polymorphs of the same pigment due to
variations in conditions (e.g. temperature or pH) in the
manufacturing process. Hence, if a consumer changes his
supplier he may obtain a pigment with different properties.

Originally X-ray studies were undertaken of single cryst-
als of C.I. Pigment Yellow 5{C.). 11660} (Figure 1}, recrystal-
lised from hot toluene, with a view to determining the
crystal structure. At an advanced stage in the work it was
found that the commercial specimen used, Hansa Yellow
5G, was not pure C.I. Pigment Yellow 5 but a mixed crystal
of C.I. Pigment Yellow 5 and C.I. Pigment Yeltow 1 (C.I.
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11680) (Figure 2} in approximately equal molecular propor-
tions.
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Figure 1 — C.l. Pigment Yellow §
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Figure 2 — C.1. Pigment Yellow 7

Because of this a pure specimen of C.I. Pigment Yeilow 5
was prepared in the laboratory and again single crystais
were obtained from hot toluene. However, X-ray powder
diffraction data obtained from the as-received sample and
the recrystallised specimen were completely different,
indicating that there were two polymorphs. The recrystal-
lised polymorph was designated a, while the as-received
polymorph was designated g.

In order to determine which of these, or other,
polymorphs were produced commercially, further samples
of C.I. Pigment Yellow 5 were obtained by contacting the
manufacturers listed in Colour Index, Volume 5 (Revised
1975). As a result the samples analysed were Hansa Yellow
5G {HQE) {as-received and recrystallised), X-1954 Toner
{CGY) and Sanyo Fast Yellow 5G {SCW)}.

EXPERIMENTAL
Single crystals were obtained from two of the samples by
making a saturated solution of the appropriate pigment in
toluene at 85°C. This was placed in an oven and the temper-
ature raised to 95°C to ensure that the pigment was com-
pletely dissolved. The solution was then slowly cooled to
room temperature. For Hansa Yellow 5G this period was
ane week while for the laboratory-made specimen it was
two weeks.

Single crystals of the recrystallised specimens were
examined optically, and also using various single-crystal

TABLE 1

X-ray Powder Data for a-Form of C.L. Pigment Yellow 5

X-ray diffraction techniques (Laue and Weissenberg
photographs, and four-circle diffractometer). Densities
were obtained by flotation in mixtures of benzene and tri-
chlorcethylene.

X-ray patterns of all six specimens (as-received and
recrystallised where appropriate) were obtained using an
11.46 cm diameter Debye—Scherrer camera and filtered
cobalt radiation (CoK,  =1.79020 A); certain of the films
were micro-photometered.

RESULTS

Laboratory-prepared Sample («-Form)
This was recrystallised from toluene.

Optical Examination

Most crystals were needle shaped up to 3x0.4x0.4 mm in
size, but some were blades up to 3x0.5x0.3 mm; the latter
showed a monoclinic aspect, with a monoclinic angle of
about 119°. No twins were observed.

The crystals exhibited oblique extinction on the blade
face, but the extinctions were not sharp. One extinction was
about 29° from the length in the obtuse angle. This made
the other extinction direction approximately along the edge
of the crystal.

In addition the crystals were pleochroic. With the plane of
polarisation parailel to the length of the crystal the colour
was greenish-yellow, while with plane of polarisation per-
pendicular to the length the colour had an orange tinge.

X-ray Examination

Laue photographs confirmed that the crystals belonged to
the monoclinic system with the unique axis (5) parallel to
the thickness of the biade. The a and ¢ axes were originally
defined by the morphotogy of the crystal, the a axis being
taken as parallel tothe length of the blade. With this orienta-
tion the faces of the holosymmetric needle-shaped crystails
were { 100} and {011}, while for the blades the faces were
{100}, {010} and {011}.

Weissenberg photographs were taken about a and b
axes with filtered copper radiation; from these, approxi-
mate cell dimensions and systematic absences were
determined (h0/ absent when / is odd, 0k0 absentwhen k is
odd).

dobs hi! dcalc ! dobs hk! calc / dobs hki dcalc / dobs hk! dcalc /
10.07 020 10.015 100 202 3. 3282 2513 162 2.508 12 ;332 1.966%
9.01 011 8946 33 3318 (212 3.283, 85 ~ 080 2.504 1.963 {0,10,1 1.964 6
7.1 021 7.076 42 231 3.265 2379 3 180 2.373 . 154 1.951
6.29 111 6316 14 061 3.166 : 262 2.357 1.911  1,10,0 1.934 2*
031 5.552 3.162 {222 3.158% 49 172 2.286 145 1.888
5.57 g 121 55435 29 3052 3. 126} 2281 270 2.267 i 5 1.868 3412 1.863 s
5.02 002 4999 44 3038 160 3.045 11 2209 182 2.200 3 283 1.861
012 4.850 ;241 2.998 2,167 163 2>159£ 164 1.857
478b {121 4788 > 30 2992 {033 2.982 5 233 2.141 1.834 352 1.830 7
131 4.713 232 2.978 2118 313:_1 2.119 . §055 1.789}
451 041 4.477 15 071 2751 : 191 2111 1.788 {413 1.779 3
425 131 4.223 6 2748 {123 2.725 i 9 164 2.017 273 1.774
200 3.715 250 2.724 0,10,0 2.003 165 1.740
3.70 3 211 3.679 2 a7 e 3171 2629) 2014 Soga 2001 ' V¥ 2102 1716 6
210 3.653 ) 233 2.568 282 2.001 1,652 ?414_1 1.658
3498 220 3.483 5 : 424 1.641
1.618 434 1.614 2*

b Broad diffuse band

* Visible by eye, but too weak to measure on photometer, intensity given is half weakest measured
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The results of these observations were: a=7.68+0.08 A,
b=20.0920.20 A,c=11.51+£0.12 A, =119+ 2°, space group
P2,/¢. The observed density (D) was 1.420+0.005 g/cm?.

The intensity measurements for determining the crystal
structure were made on an automatic diffractometer of the
National X-ray Crystallographic Service. This was pro-
grammed to give a different unit cell, one that gave 3 closer
to 90°.

The results of these observations were:

a =7.593+0.002 A V = 1520.6+0.5 A
b = 20.029+0.004 A Z =4
c =10.217+£0.002 A D, = 1.426+0.001 g/cm?

# = 101.87=0.02° Space group P2,/n

Transforming these observations to the orientation of
the morphological cell gives c=11.408+0.004 A and
B=118.79=0.05°, in good agreement with the photographic
data. The observed and calculated densities were also in
good agreement.

The X-ray powder pattern is given in Table 1. The Miller
indices given are based on the unit cell from diffractometer
data. The problem of multiple indexing was reduced by
reference to single-crystal intensities.

Laboratory-prepared Sample {As-received)

This was the S-form; its X-ray powder pattern is given in
Table 2. As the sample had been laboratory prepared it was
probably chemically pure, but it was not analysed.
Although it couid not be proved that it was crystallographi-
cally pure (i.e. it consisted of only one polymorph), there
was no evidence that itcontained any of the «-form, and the
subsequent observations suggest that it was probably a
single phase (see below).

TABLE 2

X-ray Powder Data for 8-Form of C.I. Pigment Yellow 5

dobs / dobs /
10.18 100 2.883 5
9.47 8 2.648 4
7.23 5 2.5986 5
6.70 62 2.546 13
6.30 9 2.290 6
5.20 27 2231 7
4,76 60 2.210 7
4.60 19 217 4
4.36 25 2.105 7
4.17 3 2.034 15
3.89 48 2.016 13
3.70 9 1.973 5
3.659 10 1.903 7
3.475 34 1.855 6
3.339 12 1.756 4
3.252 100 1.734 7
3.146 18 1.688 5
3.064 22 1.627 7
2.958 5 1.599 4

Hansa Yellow 5G

Optical Examination
In the sample recrystallised from toluene most crystals
were again needle shaped, but some were blades, the latter
exhibiting a monoclinic aspect with a monoclinic angle of
about 120°, However, mirror twinning across the (100)
plane was common.

The crystals also exhibited oblique extinction, but in this

case one extinction was about 25° from the length in the
obtuse angle. This was confirmed by the fact that other
extinction direction was about 6° from the edge in the
obtuse angle.

Observations on the pleochroic nature were the same as
for the laboratory-prepared specimen.

X-ray Examination

Laue photographs confirmed that the crystals were mono-
clinic with the unique axis (b) paraliel to the thickness of the
blade, again 2 and ¢ were originally defined with regard to
the morphology of the crystal with a parallel to the length.
With this orientation the forms for both the needle- and
blade-shaped crystais were the same as for the
laboratory-prepared sample.

Weissenberg photographs were taken about the 2 and &
axes with filtered copper radiation; from these approxi-
mate cell dimensions and systematic absences (h0/ absent
when / is odd, 0k0 absent when k is odd).

The results of these observations were: a=7.62+0.08 A,
b=20.16+0.20 A, c=11.87+0.12 A, 3= 120+ 2°, space group
P2,/c. The observed density (D) was 1.405+0.005 g/cm®.

As previously, the cell dimensions were redetermined on
an automatic diffractometer as part of the crystal structure
determination. The resuits of these observations were:

a =7567£0.001 A V =1577.5+0.6 A3

b 20.420+0.003 A Z =4

c 10.345+0.001 A D, = 1.374+0.001 g/cm?®

B =99.29+0.07° Space group P2,/n

It

Transforming these observations to the orientation of
the morphological cell gives ¢=11.789+0.002A and
8=120.00=0.02°, in good agreement with the photographic
data. However, the observed and calculated densities are in
very poor agreement.

At a later stage of the crystal structure determination [3] it
was concluded that Hansa Yellow 5G was composed of
mixed crystals of «-C.1. Pigment Yellow 5 and C... Pigment
Yellow 1. On this assumption the observed density meas-
urement corresponds to a proportion of 49+ 5% of C.I. Pig-
ment Yellow 1. The final crystal structure determination
suggested that the best value to fit the single-crystal diffrac-
tion data was 53=1% C.|. Pigment Yellow 1][3].

The X-ray powder pattern is very similar but not identical
to that for the laboratory-prepared specimen. In view of the
fact that the molecular proportions in a mixed crystal may
vary and thus affect the powder pattern, it was thought that
no useful purpose would be served by reporting this pat-
tern.

Comparison of Commercial and Laboratory Samples

A comparison of the X-ray powder patterns from all six
samples showed that they could be divided into two major
groups. There were four patterns in one group, equivalent
to the a-form, and two in the other. The three patternsin the
first group obtained from commercial products (Hansa Yel-
tow 5@, as-received and recrystallised, and X-1954 Yeliow
Toner) were either very similar or identical to that from the
laboratory-prepared a-form (Table 1).

The two specimens of Hansa Yeliow 5G gave identical
patterns with respect to diffraction line positions, but the
recrystallised sample had better crystallinity. The patterns
from these were very similar but not identical to that given
in Table 1, the most obvious difference concerned the trip-
let of lines at 5.02, 4.78 and 4.51 A. In the laboratory-
prepared sample the intensity of the line at 4.51 A was the
weakest of the three, while faor Hansa Yellow 5G its strength
was intermediate between the other two. In addition the
line at 6.29 A, although still weak, was more obvious in
Hansa Yellow 5G. There appeared to be no discernible
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difference between the pattern from the laboratory-
prepared specimen (recrystallised) and X-1954 Yellow
Toner.

The ceil dimensions of the laboratory-made specimen
and Hansa Yetlow 5G were found to be similar to each
other, in addition the powder patterns were very similar.
This suggests that the structures are the same and that a
solid solution exists from «a-C.l. Pigment Yellow & to Hansa
Yellow 5G (53% C.I. Pigment Yellow 1, 47% «-C.I. Pigment
Yellow 5).

The cell dimensions of C.l. Pigment Yellow 1[4] are also
similar to those of «-C.l. Pigment Yellow 5 and it is possible
that a solid solution may exist between Hansa Yellow bG
and C.1. Pigment Yellow 1. However, the powder patterns of
these two pigments are only approximately similar, there
are clearly discernible differences, far more noticeable than
those between Hansa Yellow 5G and «-C.I. Pigment Yel-
low 5.

TABLE 3

Interpretation of X-ray Diffraction Patterns {As-received
Specimens Unless Stated Otherwise)

Sample Interpretation

Laboratory-prepared specimen
{recrystallised)

X-1954 Yellow Toner a-Farm only detected

Hansa Yellow 5G }Identical patterns which

Hansa Yellow 5G (recrystallised) 3 appear very similar to a-form

Laboratory-prepared specimen  8-form only*

Sanyo Fast Yellow 5G B-form+trace unknown

impurity

a-Form only detected

*Assumned to be crystallographically pure

The two samples in the second group gave patterns
which were virtually identical to each other, with two or
three very faint extra diffraction lines in Sanyo Fast Yellow
compared with the as-received laboratory sample. This
very close similarity suggests that the laboratory sample is
probably crystallographically pure, since it would appear
unlikely that two samples prepared independently in dif-
ferent laboratories would be identically impure.

The interpretation of the patterns is given in Table 3.

CONCLUSIONS
There would appear to be two polymorphs of C.I. Pigment
Yellow 5 and both are commercially available.
Apparentiy a-C.l. Pigment Yellow 5 forms a mixed crystal
with C.l. Pigment Yellow 1 with an approximate composi-
tion 47:53. The fact that the cell dimensions and powder
pattern do not change very much between this mixed
crystal and a-C.1. Pigment Yellow 5 suggests that itis prob-
able that a solid solution exists across this range of com-
position.

I would like to acknowledge the sampies given by the
various manufacturers. | also wish to thank Dr D Patterson
of the University of Leeds for providing a laboratory-
prepared specimen of C.I. Pigment Yellow b.
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