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X-Ray powder photographs obtained in a Guinier type focusing
camera of 80 mm diameter (transmission position) often permit the
calculation of interplanar spacings and unit cell dimensions with
considerable accuracy provided that an internal standard is admixed
with the powder specimens. The procedure is rapid and simple. The
high accuracy obtained in the low-angle region is particularly valuable
when applying analytical methods for indexing powder patterns.

Accuracy in powder data is of great importance in many instances of X-ray
diffraction studies, e. g. when indexing complicated patterns by analytical
methods 2. Access to accurate interplanar spacings and unit cell dimensions
has been essential also in connection with studies carried out by members of
the present research team on some series of closely related, discrete phases
giving very similar X-ray patterns (homologous series of oxides of transition
elements) 34, The information thus needed has to a large extent been obtained
from powder photographs.

The determination of interplaenar spacings and unit cell dimensions with
the highest degree of accuracy is a complicated task 1,2. Quite often, however,
a more modest degree of accuracy in the interplanar spacings values is required
and for such cases the employment of a Guinier focusing camera® has been
found to give, by a simple and rapid procedure, results satisfactory for most
needs.

The two Guinier camera sets used in the present investigation were built
according to a design by Professor G. Hagg, Uppsala, at the workshop of the
Chemistry Department, Research Institute of National Defence (FOA 1)
through the kind permission of the head of the Department, Professor G.
Ljunggren. The delicate adjustment of the camera sets, which were designed
for taking transmission photographs with CuKe radiation, was carried out by
Dr. J. Osterlof of this Institute. One of the cameras, intended for precision
measurements, utilizes strictly monochromatized CuKe, radiation, while the
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Fig. 1. Guinier focusing camera (transmission position).

other, used for ordinary work and with somewhat higher intensity, employs the
CuK(a, + a,) doublet. The diameter of the film cylinder is 80 mm. The
exposure times are generally rather short, being about 30 min for substances of
high symmetry and simple structure.

A condition for the camera to give sharp interference lines on the film is
that the powder sample is situated on the cylinder defined by the film (cf.
Fig. 1). In the actual procedure, the sample is stuck to a piece of thin Scotch
tape which is attached to a flat metal ring rotated in a plane tangent to the
focusing cylinder. A minor deviation of the sample from the correct site
causes & slight broadening of the interference lines and considerable displace-
ments of their positions on the film. Thus, if the sample is moved outwards
da at right angles to the tangent plane, the position (s) of the interference
line on the film will shift towards increasing s by an amount 4s = F(0,a) - 4a,
where € is the Bragg angle and « the angle between the incident beam and the
normal to the powder specimen. Fig. 2 gives a representation of the quotient
ds/da as a function of @ when a is given the value, 35° of the actual camera
sets. It is obvious that, with this method of mounting the specimen, accurate
© values for the reflexions cannot be obtained by straight-forward measure-
ments of the distances scws between the positions on the film of the primary
beam and the reflexions.

Admixture of an internal standard with accurately known lattice dimen-
sions makes it possible to correlate for each individual exposure the readings
on the film sons with the @ values of the standard. This is advantageously done
by determining for every reflexion of the standard substance the difference
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Fig. 2. Relation between line displacement (4s) and sample displacement (4a) asa
function of diffraction angle (@).

As = §°—sqs, Where s° represents the value calculated for a nominal value 7°
chosen for the camera radius. By plotting As against sops, @ correction curve
is obtained which is of a form analogous to that given in Fig. 2 if the camera
is truly cylindrical and correctly adjusted. Within the limits given by the
accuracy of the readings, this function corresponds to a line As = const X Sope.

The use of admixed standard substances in X-ray powder work has been
discussed by Bacon ¢, Andrews 7 and Parrish 8. For the present investigation,
use was generally made of a potassium chloride standard (Analar, British
Drug Houses) the lattice parameter and linear expansion coefficient of which
have been determined by Hambling ?, a = 6.2930 A (25°C) and g = 3.37 X
10-5/°C. After grinding and recrystallization at 600°C for one hour, this sub-
stance gave powder interferences of good quality. Seven reflexions of suitable
intensity and distribution appear within the diffraction range of the Guinier
cameras used.

Other standard substances may be preferable for special purposes. Thus,
when studying phases displaying solid solubility, addition of a pure component
as a standard may make possible very accurate measurements of the changes
of the lattice parameters accompanying the solution phenomenon, provided
that the changes are large enough to give good resolution of corresponding
lines. For very accurate determinations of absolute cell dimensions, it may
sometimes be advisable to use a standard giving more reflexions than those
obtained from potassium chloride in order to be able to fix the correction line
As = const X S.ps More accurately.

When evaluating the films an automatic correction for film shrinkage was
obtained according to Hégg 10 by printing a scale (graduated to 0.1 mm) on
the film prior to development. The films were measured in a projection com-
parator obtained by slightly modifying an ordinary 35 mm “Prado”’’ projector.
The high quality of the Guinier photographs allowed a linear magnification as
high as 7 or 8 times to be used. )

Following a procedure introduced by Osterlof 1!, the measurement of the
reflexions was made not, as has usually been the case, on the maximum den-

Acta Chem. Scand. 11 (1957) No. 9



1580

WESTMAN AND MAGNELI

Table 1. Guinier powder pattern of Hg,TeO,. CuKa, radiation. acbe = 13.3921+0.0013 A.

Intensity Zht 8in%Eobe 8in*Ocalc (8iN*Oobs —8iNOcate) X 10  8°—gcale mm
m 14 0.046307 0.046312 — b —0.002
w 16 0.052964 0.052978 —14 —0.005
8 18 0.059541 0.059544 -3 —0.001
8 20 0.066188 0.066160 +28 +0.009
m 24 0.079411 0.079392 +19 +0.006
vw 30 0.099238 0.099240 — 2 —0.001
vw 34 0.112446 0.112472 —26 —0.006
vw 38 0.125692 0.125704 —12 —0.003
w 40 0.132321 0.132319 + 2 +0.000
m 46 0.152170 0.152187 + 3 +0.001
w 54 0.178701 0.178631 +70 +0.014
w 56 0.185184 0.185247 —63 —0.013
W 62 0.205118 0.205095 +23 +0.0056
vw 64 0.211628 0.211711 —83 —0.016
w 66 0.218313 0.218327 —14 —0.003
w 68 0.225017 0.224943 +74 +0.014
vw 70 0.231582 0.231559 +23 +0.004

VW 78 0.258013 0.258023 —10 —0.002
w 80 0.264659 0.264639 +20 +0.004
vw 82 0.271316 0.271255 +61 +0.011
w 86 0.284484 0.284487 — 3 —0.001
vw 88 0.291125 0.291103 +22 +0.004
w 94 0.310940 0.310951 —11 —0.002
vw 96 0.317498 0.317567 —69 —0.012
w 104 0.344053 0.344031 +22 +0.004
vw 106 0.350618 0.350647 —29 —0.005
vw 110 0.3639356 0.363879 + 566 +0.009
vw 116 0.383669 0.383726 —57 —0.009

S vw 118 0.390325 0.390342 —17 —0.003

sity but on the very sharp high-angle edge of the lines. Provided that the
lines are of good quality and that their intensities are not very high or too low,
this method has been found to give very good results. It is essential that
the reflexions of the test substance and of the standard are similar in their

sharpness.

The usefulness of the camera for accurate work was tested by studying the

photographs of several

substances. All the exposures were made at about

20°C. For several of the test substances, accurate lattice parameters at this
temperature have been reported in the literature or could be calculated from
data obtained at other temperatures and the values for the thermal coefficient.

Table 2. Lattice parameters for some cubic substances obtained from Guinier powder

Substance
Al
Pb(NO,),
T1Br
NaCl

photographs.

Qobs (20°C) ant (21°C) Reference
4.0492+0.0004 A  4.04922 8, 14
7.8560+0.0012 &  7.8562 8
3.9846-+0.0006 A  3.98506 14
5.6396+0.0008 A  5.64006 8
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Table 3. Guinier powder pafbern of MoO,. CuKa, radiation. Lattice parameters found
3.9628+40.0009 A

a =
b = 13.8554+0.004 A
. ¢ = 3.6964+0.0008 A
Intensity hkl - 8in*@obs 8in’®calc  (sin?@obs —8iN?Gcarc) X 10%
w 020 0.01246 0.01236 +10
vs 110 0.04094 0.04087 + 7
m 040 0.04948 = 0.04945 + 3
m 120 0.05025 0.05014 +11
vs 021 0.05586 0.05578 4+ 8
vw 130 0.06566 0.06560 + 6
m 101 0.08122 0.08120 + 2
8 111 0.08432 0.08429 + 3
vw 041 0.09282 0.09287 — &
vw 060 0.11122 0.11126 — 4
vw 150 0.11507 0.11505 + 2
vw 141 0.13055 0.13065 —10
m 200 0.15113 0.15112 + 1
m 210 0.15428 0.15421 + 7
8 002 0.17361 0.17368 -1
vw 022 0.18605 0.18605 4+ 0
w 221 0.20684 0.20691 — 17
m 112 0.21444 0.21456 —12
w 171 0.23264 0.23264 4+ 0
w 081 0.24122 0.24122 + 0
vw 062 0.28494 0.28495 — 1
vw - 152 0.28880 0.28873 + 7
vw 212 0.32787 0.32790 — 3
w 232 0.35259 0.35262 — 3
vw 023 0.40324 0.40315 + 9

Table 4. Guinier powder. pattern of Ti;0,. CuKa, radiation. Lattice parameters fbund

a = 5569 A, b = 7120 A, ¢ = 8.865 A
e = 97.55°8 = 112.34°, y = 108.50°

Intensity hkl 8in2@obs 8in?@calc.  (8in?E@obs —8iN*Ocalc) X 108
vw 001 0.00973 0.00962 . +11
w 101 0.02194 0.02189 + 6
vw 100 0.02665 0.02664 + 1
st 102 0.03643 0.03638 + b
vw 101 0.05063 0.05061 + 2
v st 120 0.05226 0.05224 4+ 2
vw 021 0.05294 - . 0.05294 + 0
w 020 ~  0.05676 0.05674 + 2
w 121 0.06091 0.06091 + O
v st 121 0.06278 0.06279 — 1
w 022 0.06841 0.06837.. + 4
v st 103 0.07010 0.07011 — 1
m 021 0.07986 0.07978 + 8
st 201 - 0.08737 . 0.08744 =1
vw 122 0.08886 0.08882 4
st 102 0.09384 0.09382 + 2
8t 121 0.09633 0.09635 C—2
VW . 220 .. 0.10081 0.10100 —19
m 023 - 0:.10297 0.10303 — 6
w 200 0.10654 0.10654 '+ 0
w 222 0.10867 0.10887 —-20

Acta Chem. Scand. 11 (1957) No. 9



1502 WESTMAN AND MAGNELI

The cylindrical form and the adjustment of the camera were checked by
means of the diagram obtained from mercuric tellurate, Hg,TeO,. According
to Hégg and Holmberg %, this substance is cubic with the cube edge equal to
13.4 A." A sample prepared according to Hutchins 1 was kindly lent by Pro-
fessor Hégg. The powder photograph (Table 1) indicated that the form and
adjustment of the camera were perfect. The 29 observed reflexions give the
relative value of the lattice parameter to 40.004 %, (confidence limits for
95 9, probability). The absolute value for the parameter, given in Table 1,
lacks significance due to the inadequate knowledge of the purity of the sample.
The differences between the s values corresponding to sin?@ups and sin2@ .,
given in the column s°—sqy. of Table 1, show that the error in the readings is
of the magnitude of 0.01 mm. The use of a vernier for the film measurements
thus seems warranted. However, it ought to be emphasized that the maximum
error of the scale printed on the film is also of this magnitude 2°.

Table 2 gives lattice parameters obtained for samples of aluminium (99.999,
pure), thallous bromide (British Drug Houses), sodium chloride (Merck, Analy-
tical reagent) and lead nitrate (Riedel — E. de Haén p.a.). The influence of
refraction has been considered when warranted. The confidence limits are
given for 95 9, probability. The agreement with precision data reported in
the literature is satisfactory. It is evident that the accuracy obtained is high
enough to require that the temperature is maintained constant to within about
=+ 1°C during the exposure. .

Lattice parameters may also be obtained with a considerable degree of
accuracy for substances of symmetry lower than cubic. This is illustrated in
Tables 3 and 4 which give the powder patterns of orthorhombic molybdenum
trioxide (C. P., Baker’s Analyzed) and triclinic pentatitanium enneaoxide
%Iepared from titanium metal and titanium dioxide, both of high purity) ¢

e very satisfactory agreement between observed and calculated values of
sin?@ clearly suggests the suitability of Guinier camera data for the analytical
methods of indexing powder patterns.

The camera with CuK(e,-+a,) radiation has also been found to give data
of rather high accuracy although it does not completely match the CuKa,
camera in this respect. The superposition or close vicinity of the a; and ay
reflexions and the shift of their relative position (@g,—q, negative for 6<14.3°
and positive for higher values of ) makes it somewhat difficult to apply the
Osterlsf measuring technique within extensive parts of the diffraction range.
However, measurements of the sharp «, reflexion edge for € values below 14.3°,
of the «, reflexion edge for unresolved doublets at higher values of @ and of
the edges of both components for well resolved doublets have been found to
give results which compare favourably with those obtained from measure-
ments on the maximum density of the lines.
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