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diffraction pattern.

Pigment Yellow G583 (nominally C.1. Pigment Yellow 6) has been compared with another version of C.I.
Pigment Yellow 6 (Recolite Fast Yellow 3G) and the colour and the X-ray powder diffraction pattern have been
found to be different. Density measurements, crystal structure analysis and chemical analysis have shown that
the former is a mixed crystal of 60 mol% C.1. Pigment Yellow 6 and 40 mol% C.I. Pigment Yellow 5. Pigment
Yellow G583 was then compared crystallographically with a series of similar pigments, and it has been
concluded that the structure of C.I. Pigment Yellow 6 is different to that of all the others. Regardless of
composition, Pigment Yellow G583 is a mixed crystal of C.I. Pigment Yellow 6 molecules in an a-C.I. Pigment
Yellow 5 lattice and not vice versa. This does not necessarily make Pigment Yellow G583 a poor pigment, but a
change of composition may cause the crystal lattice to become that of C.I. Pigment Yellow 6, changing the
phuysical properties. The only way in which a change of crystal structure can be detected is (o examine the X-ray

INTRODUCTION

The value of X-ray crystallography to the coloration
industries has already been discussed [1], in particular it
has been pointed out that its usefulness is considerable in
the examination of mixed crystals or solid soluticns. A
mixed crystal is a crystal in which different molecules {or
ions) occupy the lattice sites at random, and a sclid
solution is where this effect cccurs over range of
composition.

Crystaliographically a mixed crystal is a different
compound to either of its component molecules, and its
physical properties, e.g. colour, fastness to light and
solvents, may be different to either of the components, In
this sense it is completely different to a mixture of
pigments, where the resultant properties are in some way
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additives of the individual compounds and where such
properties as light fastness may be different for each
component, thus leading to a change of colour with time.

An example of a mixed crystal involving acetoacet-
anilide azo pigments, Hansa Yellow 5G (HOE), was
reported previously [1]. Since then another example has
come to light. This is worth reporting because it is a
commercial pigment that also displays an unexpected
feature.

During a programme of work to determine the crystal
structure of a series of acetoacetanilide azo pigments, the
crystal structure of C.I. Pigment Yellow 6 (Figure 1, R=Cl)
in the form of Recolite Fast Yellow 3G (RCL) was
successfully determined [2] and proved to be the hydra-
zone tautomer. In addition its X-ray powder pattern was



reported [3]. During further investigation samples of
Pigment Yellow G583 (HC) (also claimed to be Cl
Pigment Yellow 6) were examined. Two differences were
evident immediately when compared with Recolite Fast
Yellow 3G. The colour was different and an examination
of the X-ray powder patterns indicated that the crystal
structures were different, giving rise to the speculation that
commercially available C.1. Pigment Yellow 6 existed in
two different polymorphs.

However, the complete story was found to be more
complicated.
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figure 1 - C.I. Pigment Yellow 6 and related pigments (see text)

COMPARISON OF PIGMENT YELLOW G583 WITH
RECOLITE FAST YELLOW 3G

Colour

Comparing the colour by eye, in the bulk both were
yellow, but Recolite Fast Yellow 3G had a slight but
definite greenish tinge compared with Pigment Yellow
G583. In the form of single crystals (much too large to be
used as pigments) the difference in colour was more
obvious. Recolite Fast Yellow 3G was orange-yellow,
while Pigment Yellow G583 is noticeably orange.

X-ray powder diffraction pattern

The powder pattern of Recolite Fast Yellow 3G (as C.1.
Pigment Yellow 6) has already been reported {3]. But a
comparison of the photometer traces of the diffraction
patterns (Figure 2) shows that that of Pigment Yellow
G583 is completely different to that of Recolite Fast
Yellow 3G, and it was noticed that the former was much
more similar to the trace for o-C.I. Pigment Yellow 5 [4]
{Figure 1, R=H}.

Density of crystal

It is normal during crystal structure determination to
measure the density of crystal (Do} and compare it with
that calculated from the X-ray data (1,). The calculated
density is obtained by dividing the weight of the unit cell
contents by the unit cell volume. The agreement between
these two values is a measure of the reliability of the X-ray
work and is usually fairly good.

For Recolite Fast Yellow 3G{3] Dy=1.527+0.005
g/cm? and D,=1527+0.001g/cm3, while for Pig-
ment Yellow G583 Dp=1.447+0.005g/em® and D,=
1.510+0.001 g/cm3[5]. The very poor agreement for the
latter was attributed to its being a mixed crystal. On this
assumption, the other component would most probably
be a related pigment molecule of similar size and shape,
either C.I. Pigment Yellow 1 (Figure 1, R=CHj3) or C 1.
Pigment Yellow 5 (Figure 1, R=H). On this assumption
the observed density corresponds to a molecular propor-
tion of 0.74=0.06 of C.I. Pigment Yellow 1 in C..
Pigment Yellow 6, or 0.44+0.03 of C 1. Pigment Yellow 5
in C.I. Pigment Yellow 6.
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Figure 2 - Photometer traces from X-ray diffraction patterns of
(a) Recolite Fast Yellow 3G, (b} Pigment Yellow G583 and (c)
a-C.I. Pigment Yellow 5 {filtered cobalt radiation)

Crystal structure determination

The crystal structures of both Recolite Fast Yellow 3G [2]
and Pigment Yellow G583 [5] have been determined. It is
common, at the end of the determination, to plot the
electron density of the molecule and this has been done
for both of the pigments (Figures 3 and 4), projected
down the a axis. The most noticeable point about these
two electron density maps is that for Recolite Fast Yellow
3G the chlorine peak is much larger than any other, which
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would be expected. In Pigment Yellow G583 the chlorine
peak is comparable in height to those for the oxygen
atoms. As a result the computer calculations were
changed to allow the proportion of chlorine present to be
one of the variable parameters, and these calculations
gave a final value of 0.605+0.003 as the proportion of a
chlorine atom present in each molecule of Pigment
Yellow G583. In addition the calculations indicated that
the second molecule in the mixed crystal could not be C.1.
Pigment Yellow 1 but presumably C.1. Pigment Yellow 5.
On this assumption, the value of 0.605:+0.003 compares
very well with the value of 0.56+0.03 obtained from the
density measurements. The calculated value can also be
used to give an alternative density (D.) of 1.453+0.001
g/cm?, in far better agreement with the observed density.

Figure 3 — A composite electron density map of Recolite Fast
Yellow 3G calculated on sections through atomic peaks; the
molecule is projected down the a axis, with contouring at
intervals of 2e per A3, the outermost contour being at the first
interval

Figure 4 — A composite electron density map of Pigment Yellow
G583 (for key see Figure 3)
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Chemical analysis for chlorine

Unfortuately there were insufficient single crystals of
Pigment Yellow G583 remaining to allow for a chemical
analysis for chlorine and so this was carried out on the
commercial pigment. The value obtained was 4.1+
0.3wt% chlorine, equivalent to a proportion of 042+
0.03 of C.1. Pigment Yellow 6. This confirms that Pigment
Yellow G583 is a mixed crystal, but the value is lower than
the other two previously mentioned; this may be due to
the purifying effect of recrystallisation. Hence it appears
that Pigment Yellow G583 is a mixed crystal of approxi-
mately 60 mol% C.I. Pigment Yellow 6 and 40 mol% C.1.
Pigment Yellow 5.

A chemical analysis for chlorine in commercial Recolite
Fast Yellow 3G powder (performed by the same
laboratories) gave a value of 9.1+=0.3wt% chlorine,
equivalent to a molecular proportion of .93+0.03 of C.1.
Pigment Yellow 6. This suggests that this specimen was
substantially pure.

Comparison with some other acetoacetanilide azo
pigments

The crystal structures of several acetoacetanilide azo
pigments are similar and have been commented upon
previously. Mez [6] stated that C.I. Pigment Yellow 1 and
C.I. Pigment Yellow 6 are isomorphous. Some evidence
has been found to support this view, but other findings
contradict it, so it was concluded that the two structures
are not, strictly speaking, isomorphous[7]. On the other
hand Paulus [8] agreed with Mez [6]. Subsequently it was
claimed [9] that Hansa Yellow 5G (a mixed crystal of
47mol% C.I. Pigment Yellow 5 and 53mol% C.L
Pigment Yeliow 1) is isomorphous with C.I. Pigment
Yellow 1, and still later [10] that a-C.1. Pigment Yellow 5 is
isomorphous with C.I. Pigment Yellow 1. Now there is
Pigment Yellow G583, a mixed crystal of 60 mol% C.I
Pigment Yellow 6 and 40 mol% C.I. Pigment Yellow 5, to
consider. In view of the fact that, indirectly, it has been
concluded that the crystal structures of C.I. Pigment
Yellow 6 and «-C.l. Pigment Yellow 5 are not iso-
morphous, the question is whether Pigment Yellow G583
is isomorphous with either of these or whether, because
of its intermediate composition, its crystal structure is
intermediate. This gives rise to the possibility of a solid
solution existing throughout the composition range.

When the most accurate cell dimensions and axial ratios
of these pigments are considered (Table 1) differences can
be seen between these compounds. The most noticeable
is that C.I. Pigment Yellow 6 stands apart from the cthers;
the values of a and b are smaller than even those for
a-C.I. Pigment Yellow 5, a smaller molecule; the values of
¢ and B are significantly larger and the axial ratios are
somewhat different, particularly b:c.

Again it is noticeable when inspecting the X-ray powder
patterns that four are fairly similar but the one from C.1.
Pigment Yellow 6 is obviously different to the others
(Table 1). (In addition to the patterns from C.I. Pigment
Yellow 6[3] and «-C.1. Pigment Yellow 5(4], that from
C.I. Pigment Yellow 1 [11] has also been reported.)

Thus both these criteria of the X-ray diffraction from the
series of pigments suggest that C.I. Pigment Yellow 6 is
not isomorphous with the other four. This is supported by
an inspection of the unit cell volumes of the two series
(Table 1). In one series a hydrogen atom {«-C.1. Pigment



TABLE 1

Cell dimensions and axial ratios of some related acetoacetanilide azo pigments

Pigmentt® a b c B 1% abc Ref.
C.I. Pigment Yellow 6 7.462 19568 11.175 10596 1569.0 0.38134:1:0.57109 2]
Pigment Yellow G583 7572 20366 10.413 98.89 15865 0.37234:1:.0.51205 (5]
C.I. Pigment Yellow 5 7.593 20029 10217 10187 1520.6 0.37910:1:0.51011 [10]
Hansa Yellow 5G 7.567 20420 10.345 9926 15775 0.37057:1:0.50661 [9]
C.1 Pigment Yellow 1 7.598 20375 10440 98.18 15998 0.37291:1:0.51239 17

(a) The unit cell in al! cases is P2/n

Yellow 5) is replaced by a methyl group (C.I. Pigment
Yellow 1), with Hansa Yellow 5G (47 mol% C.I. Pigment
Yellow 5, 53mol% C.I Pigment Yellow 1) as an
intermediate, and in doing so the unit cell volume
increases through the series, as would be expected. In the
other series a hydrogen atom is replaced by a chlorine
atom, but the cell volume increases from o-C.I. Pigment
Yellow 5 to Pigment Yellow G583 (40 mol% C 1. Pigment
Yellow 5, 60mol% C.I. Pigment Yellow 6) and then
decreases to C.[. Pigment Yellow 6. This decrease is
unexpected considering the relative sizes of hydrogen and
chlorine.

In terms of molecular packing within the crystal
structure all the molecules are essentially planar and are
stacked in columns parallel to the a axis of the lattice. The
angles between the molecular plane and the column axis
have been calculated and so have the angles between the
molecular plane and the unique {b} axis of the unit cell
(Table 2). In both cases the angles indicate that the
molecules of C.I. Pigment Yellow 6 are stacked slightly
differently to all the others, both within the column of
molecules and with respect to the unique axis of the
crystallographic cell. Thus the detailed crystal structure
confirms that the structure of Pigment Yellow G583 is
isomorphous with a-C.1. Pigment Yellow 5, as well as with
Hansa Yellow 5G and C.I. Pigment Yellow 1, but C.I.
Pigment Yellow 6 is not isomorphous with the others.

TABLE 2

Angles between the normal to the weighted least
squares molecular plane and the column axis of
packing (a) and the unique axis of the crystal (b}

Column axis Unique axis

Pigment of packing® of crystal® Ref.
C.1. Pigment Yellow 6 27.00° 72.24° [2]
Pigment Yellow G583 28.82° 85.34° [5])
C.1. Pigment Yellow 5 29.58° 79.59° [10]
Hansa Yellow 5G 29.22¢° 85.35° 9]
C.I Pigment Yellow 1 26.50° 86.26° 7]
C.1. Pigment Yellow 1 29.45° 86.54° [15]
C.1. Pigment Yellow 1 29.41° 86.52° [8]

ta) All these angles were calculated using the same program. PARST[16], which
not only calculated the angles between the weighted least squares plane of the
molecule but also the exors; the original references used different programs
{usually not weighted) and this gave slightly different values for the angles

Thus in the case of Pigment Yellow G583 the parent
lattice is that of «-C.I. Pigment Yellow 5 (in spite of it
being the minority constituent) and molecules of C.I.
Pigment Yellow 6 replace some (most) of those of C.I
Pigment Yellow 5 at random. So, in spite of its
composition, Pigment Yellow G583 should be thought of

as a mixed crystal of C.I. Pigment Yellow 6 (60 mol%) in
«-C.I. Pigment Yellow 5 (40 mol%) rather than vice versa.
The chemical composition is intermediate between C.1.
Pigment Yellow 6 and C I. Pigment Yellow 5, but nearer
the former. Crystallographically (and it must be remem-
bered that pigments colour as minute crystals) it is closer
to a-C.I. Pigment Yellow 5 than to C.I. Pigment Yellow 6
and its physical properties will be modified accordingly. In
addition a solid sclution probably exists between this
composition and «-C.I. Pigment Yellow 5 and does not
exist between this composition and C.I. Pigment Yellow
6.

The fact that C.I. Pigment Yellow 6 is not isomorphous
with the others mentioned in this study is because the
molecules are not striclly the same shape (ie. the
proportional change in size of the molecule, as one atom
is replaced by another, is not the same in all directions).
Therefore when hydrogen is progressively replaced by
chlorine at some stage the molecules will repack to fill
minimum volume; this occurs at a composition between
that of Pigment Yellow G583 and C.I. Pigment Yellow 6.

Kitaigorodski [12] uses the term ‘molecular isomorph-
ism’ for the similarity in shape as one atom in a molecule
is replaced by a similar one, and he points out that
molecular isomorphism does not necessarily result in
‘crystal isomorphism’. He gives several other examples
where this occurs.

A caveat

Of course being a mixed crystal does not necessarily
mean that Pigment Yellow G583 is not a good pigment.
The customer is not interested in the crystal lattice; colour,
and fastness to light, heat and solvents are far more
important to the application properties. In fact, the
properties of a mixed crystal may be superior to those
of the pure components. Two patents have been
filed [13.14] that cover a whole series of solid solutions
involving quinacridone, dichloroquinacridone, dimethyl-
quinacridone, difluoroquinacridone and dimethoxyquin-
acridone; it is claimed that in these cases the solid
solutions show superior light fastness compared with
quinactidones themselves. Thus being a mixed crystal
does not, in itself, make Pigment Yellow G583 an inferior
pigment.

However, the physical properties could change with
composition and so, unless the quality control is good,
these properties could vary between batches of pigments.
In the case of Pigment Yellow G583 this could be worse if
the change of composition ‘switched’ the parent crystal
structure from «-C.1. Pigment Yellow 5 to C.I. Pigment
Yellow 6, and this will happen at some intermediate
composition as the chlorine content increases.
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Certainly somebody accustomed to using a pure CL.
Pigment Yellow 6 may find that the phuysical properties
are different if he changes to using a mixed crystal with a
different crystal structure. The only way in which he can
check whether the crystal structure has changed is to
obtain the X-ray diffraction pattern.

The author would like to thank Dr D Patterson of the
Department of Colour Chemistry and Dyeing, University
of Leeds, and Horace Cory and Co. for the samples of
Recolite Fast Yellow 3G and Pigment Yellow G583
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