Powder data for some brown pigments
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‘ The X-ray powder diffraction data are given for a group of brown pigments, produced from the "as received’
colorants. together with information on the source of the material and comments on the patterns.

INTRODUCTION

Some lime ago the Journal published an article [1]
pointing out the value of X-ray powder diffraction analysis
in colour chemistry. In this the author urged those who had
suitable data to report it as "the technique stands or falls by
the amount of suitable, reliable and accurate powder data
that is available’. Since then further articles have been
published in which have been reported powder data
obtained from crushed single crystals [2-6]. The advantage
of this method are that the original colorant. as produced.
may not be chemically pure and. if it is, it may not be
crystallographically pure (i.e. it may contain more than one
polymorph). Recrystallisation will produce crystallogra-
phically pure malerial and will probably improve the
chemical purily at the same time. However, this methaod
suffers from one great disadvantage: the colorant must be
crystallised. a difficult (sometimes impossible) and time-
consuming procedure, and if all erystallographic data on
colorants is produced in this manner it will take a long time
for a suitable data file 1o be produced.

The alternative is 1o obtain the diffraction data from the
“as received” colorant; this will be quicker but the data may
not be as reliable. In practice this is often done and some
60 patterns of paint pigments produced in this way have
recently been reported [7]. Effectively the reliability is
enhanced by the production of several patterns from
different investigators. preferably of colorants from differ-
ent sources. If under these conditions the patterns agree
then the overall reliability is increased: when patterns do
not agree this could be due to the presence of different
polymorphs. but such data should be viewed with some
scepticisnt.

This note includes data for a group of brown pigments
produced from the “as received’ colorants. together with
comments on the source of the material. in the hope that
other workers will be encouraged to publish their results.

EXPERIMENTAL

The X-ray patterns were obtained in two ways. {irst using
filminan 11.46 cm diameter Debye-Scherrer camera and
filtered cobalt radiation (CoK, = 1.79021 A) and also
using a powder diffractometer and filtered copper radia-
tion (CuK, = 1.54178 A). With one exception (C1
Pigment Brown 2), the diffractometer data has been
preferred. In the case where the camera data has been
preferred the films were photometered to obtain the
intensities. However. it must be remembered that the
geometries of these two techniques are different and the
measured intensities are dependent upon this. and as a
result upon #. the Bragg angle.

For a photographic recording using the
Debye-Scherrer camera the intensity obtained is related 1o
0 as follows:
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while for a diffractometer it is related by:

/- 1+ cos? @ 1
2 sin 8 cos 0

Specifically. for the same wavelength, camera intensities
are a product of (2 sin 8} ! and the counter intensities, and
this means that camera intensities are relatively enhanced
at low values of 8. This still applies when different radia-
tions are used. provided that the wavelengths are not too
dissimilar.

It must also be remembered that., with any X-ray
apparatus, there is a minimumn Bragg angle (8 ). and
hence # maximum value of interplanar spacing. that can
be measured. This will vary. depending on the type of
radiation andl the apparatus used. and there remains some
uncertainty as to whether there are further diffraction lines
of longer spacing than this limit.

In the present work for the powder diffractometer 6
was 3.5°. corresponding to an interplanar spacing of
12.6 A with CuK radiation. while for the Debye-Scherrer
camera 6 was 2.45°. corresponding to an interplanar
spacing of 21.0 A with CoK|, radiation.

Tables 1-6 list the interplanar spacings (d | ) and rela-
tive intensity (I}, scaled to a maximum of 100. of the brown
pigments studied.

POWDER DATA

C.1. Pigment Brown 1 (C.I. 12480}

The initial material was Novofil Brown GR (HOE). an
aqueous dispersion of C.1. Pigment Brown 1 dried in an
oven at 30-C. The patltern is given in Table 1.

C.I. Pigment Brown 2 (C 1. 12071).

Here two samples were studied. Lake Brown BRA (NSK)
and Para Brown 169 (HC). The pattern from the former
showed relatively poaor crystallinity but the latter contained
a common pattern with Lake Brown BRA together with
the paitern of =C.L Pigment Red 1 [8]. This is probably
due to the fact that C.I. Pigment Brown 2 is a copper
complex derived from C.1. Pigment Red 1. The pattern
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reported in Table 2 is that from Lake Brown BRA. in spite
of its poorer crystallinity. The pattern was recorded on a
Debye-Scherrer camera as the diffractometer available
could not detect diffraction lines from spacings greater
than approximately 13 A.

TABLE 1

X-ray powder data for C.1. Pigment Brown 1

d, ! d,. !
11.09 22 3.341 100
9.36 7 3.226 81
8.27 13 3.104 32
7.45 7 3.043 25
6.40 33 2.998 14
6.10 28 2.931 16
5.70 51 2.868 13
5.40 28 2.836 12
513 26 2780 7
4.71 35 2.462 14
4.46 46 2426 9
4.19 35 2117 9
3.96 49 2.071 10
3.88 55 2.056 13
3.64 72 2.043 16
3.466 61 1.958 6

C.I. Pigment Brown 22

The initial material was Microsol Brown 2R {CGY). a
solution of C.I, Pigment Brown 22 dried in an oven at
30°C. The data are given in Table 3.

TABLE 2

Powder data for C.I. Pigment Brown 2

d’)hh I s ]
13.24 100 3.60 27
10.40 29 3432 24
856 12 3.342 18
6.39 53 3228 22
553 20) 3.063 3
4.40 17 2.908 3]
4.00 14 2.654 3
3.72 38 2.477 5

C.1. Pigment Brown 23

The initial material was Cromophthal Brown 5R (CGY).
Users of this pattern should be aware that there is a broad
poorly defined diffraction band between d = 3.59 and
3.345A; several peaks were resolved in this band but the
number could vary depending on the crystallinity of the
specimen and on the resclution of the apparatus. The data
are given in Table 4.
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TABLE 3

X-ray powder data for C.I. Pigment Brown 22

d,. I d,. I
11.93 10 3.059 15
8.84 8 2.933 13
6.85 16 2.879 13
6.57 23 2.720 6
6.34 19 2 633 4
2.77 12 2.557 5
5.47 11 2.490 4
5.08 23 2.367 4
4.31 29 2.196 5
4.01 43 2155 12
3.86 37 2.079 5
3.70 47 2006 5
3.62 40 1.927 2
3.418 37 1.866 4
3.308 100 1.849 3
3.198 55

The data for this pigment have already been reported [9]
using a Debye-Scherrer camera. The two patterns are in
a reasonable agreement, provided allowance is made (a)
for the enhancement of low-angle intensities for camera
data and (b) for the better resolution of a diffractometer.

C.I. Pigment Brown 24 (C.]. 77310)

The initial material was Light Yellow 3R (BAY). According
to the manufacturer the composition of this pigment is by
weight 85% TiO,, 10% Sb,0,, 5% Cr,0,. equivalent to a
molecular composition (Ti, , Sb,, ,,Cr, ,,)O, and it has a
rutile structure. The present data confirm this. The inter-
planar spacings are slightly larger than the equivalent ones
in rutile itself. but the differences are small {Table 5).

C.I. Pigment Brown 29 (Cl 77500)
The initial material was Sicopal Brown K2795 (BASF).

TABLE 4

X-ray powder data for C.1. Pigment Brown 23

d,. I} " /
10.02 32 3.422 91
6.64 77 3.345 100
573 41 3.056 19
5.31 19 2.823 8
518 11 2631 3
4.72 16 2.422 9
4 66 21 2.209 6
420 17 2.098 6
3.82 38 2.067 7
372 24 1.977 6
3.59 30 1.916 6
3.493 68




TABLE b TABLE 6

X-ray powder data for C.I. Pigment Brown 24 X-ray powder data for C.I. Pigment Brown 38
d. I hii d,. I hkl d, i d, |
3.423 100 110 1.307 1 311 12.52 17 3.169 17
2.495 45 101 1.248 2 202 10.58 6 3.1106 16
2.299 o] 200 1.204 1 212 9.22 7 3.049 15
2.162 19 111 1.172 5 321 7.70 15 2.970 4
2.057 8 210 1.150 3 400 6.40 55 2.904 3
1.692 58 211 1.126 1 410 582 9 2.800 3
1.626 19 220 1.097 5 222 5.17 15 2741 4
1.486 6 002 1.084 3 330 4.94 6 2.561 4
1454 10 310 1.044 5] 411 4.55 5 2.505 3
1.362 20 301 1.040 5 312 4.15 6 2417 5
1.351 7 112 1.029 4 420 3.74 17 2.358 2
] e 366 44 2.288 4
3.57 29 2.219 9]
3.484 100 2.178 9
The data obtained from the sample were indistinguishable 3.971 69 2102 a

from that for (Fe  .Cr )0, which has aiready been

reported [10] so it will not be reporred again here.

C.I. Pigment Brown 31

The initial material was Sicopal Brown K2595 (BASF).

The pattern from the material could be interpreted as

being derived from a mixture of zinc ferrite {ZnFe,O,))

together with a small amount of zinc oxide. The pattern for REFERENCES

zinc ferrite has already been reported [11]. 1. A Whitaker. . S.D.C.. 102 {1986) 66
2. A Whitaker. J S D.C.. 102 {1986) 109
N 3. A Whitaker. JS.D.C.. 102 {1986) 136.
C.1. Pigment Brown 38 4. A Whitaker. J.5.0.C.. 103 {1987} 270.
The initial material was Paliogen Brown K2683 (BASF}, 5. A Whitaker. J.5.D.C.. 104 (1988) 225.
and the data are given in Table 6. . A Whitaker. J.5.D.C.. 105 {1989 218,
7. CJ Curry. D F Rendie and A Rogers. J. Forensic Sci. 22 (1982)

173: further reported in the Powder Diffraction File (published by
the International Centre for Diffraction Data). card nos. 36-1783
to 36-1806 and 36-1850 to 36-1986.
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