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Lattice parameters of talc as measured by a back-reflection
pseudo-Kossel technique
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Abstract

A back-reflection divergent beam method has been developed which enables lattice parame-
ters to be measured with high precision in large single crystals. The method consists of a
double exposure back-reflection technique employing a screen of tungsten wires to obtain
direct ion cosine values of incident and dif fracted beams. The latt ice parameters of talc have
been measured before and after heatins to 700"C.

Introduction

According to Daw et al. (1972), the thermal de-
composition of talc takes place in two well-developed
stages. Below 650oC, approximately 0.6 percent of
the total weight is lost. This is believed to be mechani-
cally-held water, and the activation energy for this
reaction is much lower than that of the second stage,
dehydroxylation, which takes place at 800'C and
above. As part of a study of the kinetics of decompo-
sition, the results of which have been reported by
Varela el al. (1977), lattice-parameter measurements
have been made on single-crystal or lamellar talc
from Ouro Preto, Brazil. While the X-ray powder
diffractometer can give accurate d spacings for the
planes lying parallel to the surface, in this case c sin
p, other reflections are too weak or there is too fpuch
overlapping to yield accurate lattice parameters. The
crystals, however, are too large to use single-crystal
techniques and deform too easily on cutting.

The pseudo-Kossel technique using a source of
divergent X-rays outside the crystal can overcome the
need to cut the crystal and can accommodate large
single crystals. Diff iculties due to inaccurate measure-
ments of crystal-f i lm and crystal-source distances
can be overcome by using a direction cosine method
involving a double exposure.
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Experimental procedure

Pseudo-Kossel back-reflection photographs were
taken with a Rigaku microflex generator employing
CuK radiation. A screen of tungsten wires between
the crystal and the fi lm enabled direction cosines to
be determined by the method of Shrier et al. (1966).
Each fi lm was exposed twice with a displacement of
the cassette by an amount Az measured with a mi-
crometer to 0.01 mm. The precision was estimated to
be *0.02 mm for 90 percent confidence. Coordinates
x and y on the film were measured with an Enraf-
Nonius microdensitometer fitted with a 3X telescope.
Statistical trials showed the highest precision possible
was t0.005 mm for 90 percent confidence, so that
overall precision is determined by the micrometer
reading. The precision of the method is also deter-
mined by fi lm shrinkage, which can be allowed for,
buckling of the fi lm in the cassette, and non-parallel
movement of the cassette.

Bragg angles, interplanar angles, and d spacings
were calculated from the experimentally-determined
direction cosines of the normals to the planes by
using the equations of Shrier et al. (1966).

The talc was in the form of green, foliated crystals
from Ouro Preto, Minas Gerais, Brazil. The analysis
was as follows: MgO : 30.04 percent, SiO2 : 61.13
percent, FeO * FerOe : 3.26 percent, CaO : 0.04
percent, and AlzOs : 0.04 percent. The loss of weight
on heating to l200oC was 4.95 percent. The samples
used were carefully cleaved and were approximately
20 X l0 X 2 mm. They were mounted vertically in a
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Fig l. Double exposure pseudo-Kossel photograph of a talc
crystal (cuK radiation).

goniometer and set parallel to the fi lm cassette. The
specimen-to-target distance was approximately 4 mm
and the specimen-to-fi lm distances were approxi-
mately 60 and 80 for the two exposures.

Heat treatments were in air, the same specimen
being heated at 500o, 600o, 700o, and 800'C for I
hour .

Experimental results

A typical photograph is shown in Figure l. The
lines were indexed by a comparison of d spacing and
hkL1ll interplanar angles with data calculated from
the monoclinic lattice of talc reported by Jcros
(1969).  In  addi t ion,  a compar ison of  in tensi t ies was
made with those calculated from the atomic positions
of the talc lattice from the data of Wyckoff (1968).
The indexing was also confirmed by a computer-
produced plot of the pseudo cones by using estimated
crystal-f i lm and crystal-source distances. A represen-
tative diagram is shown in Figure 2.The equation of
Newman (1970) was used.

In Figure I the discontinuities caused by the tung-
sten wires can be seen, and it should also be noted
that there is a pseudo-mirror plane from 10 o'clock to
4 o'clock. The Kossel results showed, however, that a
tricl inic lattice is correct, confirming the results of
Raynor and Brown (1973).

Data for the l0 planes are shown in Table l. It can
be seen that there is a large imprecision in the values
of d. There are several reasons for this. The values
chosen here are a combination of several (up to 20)

sets of readings of 3 discontinuities. In the case of
talc, it is highly l ikely that the crystal wil l be bent, and
as there is a spread of position from which the dif-
fracted beam originates, the irregularity in the crystal
surface wil l be reflected in the d-spacing values. The
data here are calculated for 90 percent confidence
using the procedure of Harris (1964). In addition,
certain reflections such as 0 0 22 are of low intensity
and the precision of the readings is consequently
lower.

These 10 readings are reduced to 6 by forming a
system of normal equations, taking into account and
weighting those data with higher precision. The 6
equations are then solved for reciprocal and real lat-
t ice parameters by the method of least-squares of
Whittaker et al. (1932).

T a6le 2 shows the final results obtained for the talc
crystals, together with the root mean square residual
values for the 6 lattice parameters. The three un-
treated crystals T6, T3, and T8 show a certain varia-
tion in lattice parameter, the most striking being the
change of the 7 angle from being acute to obtuse.
This parameter, however, is the most imprecise be-
cause cosT* depends on the values of the h and k
indices. Reference to Table I shows that the peaks
used in the analysis all had values of h and k that were
low in comparison to /, thus lowering the precision.

A further interesting observation is that l.he a and b
parameters are lower than those found by all other
workers, while the c value is similar. The a value is
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Fig 2. Calculated pseudo-Kossel curves for talc. Crystal-film =

63 mm. Crystal - target  :  5 mm. Radiat ion :  CuK.
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Table l. Measured d spacings in a talc crystal heated to 700.C (CuKa radiation)
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PIane hkl, In tens i ty
o

d . . "  A
nKl

fnterplanar Angle
(hk [ )  ( oo  22L

1

2

8
9

1 0

4
5
6

2024
I322
r322

3zzz
3 3 2 2
0620
3 3 r 8

3  3 1 8
0620
o022

8 I .  4 1  0 .  2
7 6 .  3 1 0 .  1
7 6 . 2 ! 0 . 2

7 8 . 3 ! O . 2
7 8 . 9 ! 0 . 2
7  5  . 8 ! 0  . 2
7 L . 4 ! 0 . 2

7  I .  9 ! 0  . 2
7  4  . 0 ! 0  . 2
6 4 . I r 0 . 3

1 7 . 0 t 0 . 4
1 7 .  0 !  0 .  5
L 7  . 3 ! 0 . 7

3 1 .  5 t  0 .  4
3 0 .  7 1  0 .  5
3 1 . 5 1 0 . 5
3 1 .  3 1 0 . 5

3 r .  8 1  0 .  4
3 1 . 7 r 0 . 5

0

very strong
strong
strong

medium
medium
medium
medium

medium
medium

weak

0 . 7 7 8 9 1 0 . 0 0 0 5
0  . 7  9 2 7 ! 0 . 0 0 0 4
0 .  7 9 3 3 r 0 . 0 0 0 8

0 . 7 8 6 6 r 0 . 0 0 0 8
0 . 7 8 5 0 j 0 . 0 0 0 7
0 . 7 9 4 6 1 0 . 0 0 0 8
0 . 8 1 2 6 i 0 . 0 0 1 0

0 .  8 1 0 3 1 0 .  0 0 1 0
0 . 8 0 1 3 1 0 . 0 0 0 8
0 . 8 5 6 1 1 0 . 0 0 1 4

consistently below 90o while the B value is closer to
the value of Raynor and Brown (1973) than to that of
other investigators.

Heat treating of the crystal at 500o and 600'C
results in a volume increase, presumably to allow the
water to escape. This volume increase is mainly the
expansion of the a parameter. Further heating to
700'C results in a collapse of the cell to about its
original size.

The values are surprisingly coherent, especially as
allowance has to be made for the following factors.
(l) Talc is a very malleable material, and any dis-
tortion or bending of the surface of the crystal will
result in inaccuracies. The crystal must be set parallel
to the film. Better results would be expected with
harder minerals.
(2) No correction has been made for physical factors
such as absorption. The Bragg angles (Table l) are

above 70o with the exception of the 0 0 22, thus
reducing the error.
(3) In comparing these data with those of others, it
should be noted that their talcs had different chemical
compositions and hence different lattice parameters.

Conclusions

The back-reflection pseudo-Kossel X-ray tech-
nique employing a direction cosine method can be
successfully used for measuring the lattice parameters
of large single crystals.

The first stage of dehydration of talc, up to 600oC,
results in a volume increase of about I percent,
mainly caused by expansion in the"r-direction. There
is a corresponding decrease on further heating to
700"c.

Table 2. Lattice parameters of talc before and after heat treatment

a  ( A ) b  ( A ) c  ( A ) c  s i n B  ( A )  V  ( A ' )

T 6  R o o m  T e n p e r a t u r e

s 0 0 . c

6 0 0 ' c

7 0 0 " c

T 3  R o o m  T e m p e r a t u r e

T 8  R o o m  T e m p e r a t u r e

l ' 1 e a n  V a l  u e  I 6 / I 3 / 1 8

G r u n e r  ( 1 9 3 4 )

t t e n O r i  c t s  ( l  9 3 8 )

J C P 0 S  (  I  9 6 9 )

R a y n o r  &  B r o w n  ( 1  9 7 3 )

L i n d e m a n n  e t  a l  ( l 9 7 5 )

5 . 2 4 1 1 0 . 0 1 7

5 . 2 5 3 1 0 . 0 0 9

5 . 3 1 9 t 0 . 0 1 9

5 . 2 7 9 t 0 . 0 2 7

5 . 2 4 3 ! 0 . 0 2 4

5 . 2 6 1 1 0 . 0 2 5

5 . 2 4 8 ! 0 . 0 2 2

5 . 2 7

5 . 2 8 ! 0 . 0 2

5 . 2 8 -

5  2 0- ' - - 3

5  . 3 2 .

9 . 0 7 0 r 0 . 0 3 3

9 . 1 0 9 1 0 . 0 1 9

9 . 0 3 6 r 0 . 0 3 8

9 . 0 0 0 ! 0 . 0 5 6

9 . 0 6 9 r 0 . 0 3 3

9 .  I  7 0 1 0 . 0 4 4

9 .  I  0 3 1 0 . 0 3 7

9 . 1 2

f . i 2 1 0 . 0 3

a  t q
d

9 . 1 7 9 -

9 . 1 7  ̂

i  8 . 9 2 6 1 0 . 0 1 4

1  8 . 9 4 1  1 0 . 0 0 6

1 8 . 9 2 9 1 0 . 0 1 2

1 8 . 9 3 2 1 0 . 0 1 9

1 8 . 9 3 2 1 0 . 0 1 3

1 8 . 9 5 7 1 0 . 0 1 6
' ] 8 . 9 2 3 1 0 . 0 1 4

1 8 . 8 5

1 8 . 9 2 1 0 . 0 5

1 8 . 9 5 .

l a  o o

1 8 . 9 2 .

9 8 . 5 7 1 0 . 0 8  9 0 . 5 1 0 . 3

9 8 . 3 9 1 0 . 0 4  9 0 . 1 r 0 . 1

9 8 . 3 2 1 0 . 0 8  9 0 . 4 l O . 2

9 8 . 3 6 r 0 . 1 1  9 0 . 7 1 0 . 3

9 8 . 7 8 1 0 . 3 0  8 9 . 4 r 0 . 3

9 8 . 1 7 i 0 . ' , | 0  8 9 . 5 1 0 . 3

9 8 . 5 1 1 0 . 1 6  8 9 . 8 r 0 . 3

1 0 0 ' 5 '  9 0

1 0 0 "  1 5 ' 1 1 5 '  9 0

9 9 . 5  9 0

9 8 . 9 1 3  9 0 . 0 3 5

9 4 . 0 3  9 0 . 5 3

1 8 . 7 2 1 0 . 0 1  8 9 0 1 4
' 1 8 . 7 4 1 0 . 0 1  

8 9 7 1 3

1 8 . 7 3 1 0 . 0 1  9 0 0 1 5

1 8 . 7 3 ! 0 . 0 2  8 9 0 r 7

1 8 . 6 7 r 0 . 0 1  8 8 8 1 5
' I  

8 . 7 6 1 0 . 0 2  8 9 7 ! 6

1 8 . 7 1 1 0 . 0 2  8 9 4 ! 5

I  8 . 5 6  8 9 2

1 8 . 6 2 r 0 . 0 5  8 9 7 1 5
' I  

8 . 6 9 6  9 0 5 1 2

1 8 . 7 6 2  9 t  I  . 5 9

1 8 . 9 7 9  9 t 4

8 9 . 7 5 1 0 . 0 8

8 9 . 7 4 1 0 . 0 5

8 9 . 8 6 1 0 . 0 9

8 9 . 9 2 i 0 .  I  3

8 9 . 8 7 ! 0 . 0 9

8 9 . 9 7 r 0 . 1 3

8 9 . 9 6 i 0 . 1 0

9 0

9 0

9 0

9 0 . 5 7 3

8 2 . 3 2
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