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A MODIFIED GRAPHICAL METHOD OF ABSORPTION CORRECTION
FOR THE DISPLACEMENT OF LINES IN A POWDER PHOTOGRAPH

K. VrswaN.q.rHAN,l Dept. of Geology and'

Geophysi'cs, Uniaersity of Madros, Indi,a.

While working on the problem "Optical, chemical and s-rav studies of

the mineral suites of some South Indian rocks," the author had to take

a number of powder photographs and calculate the interpianar spacings

and cell dimensions. It was found that the most important sil icate min-

erals, such as garnets, pyroxenes and amphiboles' have fairl l ' large l inear

absorption coemcients, rr, and hence can be called, foilowing Peiset et al.

(1955), "stronglv absorbing specimens." Because of strong absorption,

these substances give rise to errors in the measured Bragg angles owing

to the displacement of powder lines. The aim of the present paper is to

show that the graphical method, suggested by Azaroff and Buerger
(1958) can be slightly modified for these "strongl1' absorbing specimens"

and that this method gives more accurate values than that of Ramberg

and Devore (1951).

In the course of this investigation all the polvder photographs were

taken in a 114.7 mm Seifert camera. Both Cu-Ka and FeKa radiations

were used. The powder was packed in a Lindemann tube' whose wall

thickness was very small. Much attention was not paid to the intensities

of the l ines. Only comparative intensities of the l ines were taken into

1 Present address: Institut fiir Kristallographie und Petrographie ETH, Ztirich, switzer-

land.
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account to enabie comparison with other data and indexing of the lines.
But all the usual precautions were taken to measure accurately the dis-
tances between the l ines. The correction for shrinkage was applied in the
same manner as suggested by Ramberg and Devore (1951).

Peisser et al. (1955) recommend the use of Lindemann tubes with a
diameter less than 0.5 mm in order to minimise the errors due to the
absorption of the specimen. This worked out well for garnets which give
very intense reflections and whose high-angie lines could be easily in-
dexed. But in the case of pyroxenes and amphiboles only very few lines
were observed and even they tended to merge in the background. Since
a large number of observations of powder l ines are required to determine
accurately the cell dimensions from a powder photograph, Lindemann
tubes with larger diameters, e.g., 1 mm, had to be used for these ferro-
magnesian minerals. This correspondingly increased the errors due to the
displacement of powder l ines (see Buerger, 1942; Klug and Alexander,
1954;  Peiser  et  a l .1955).

An attempt was made to correct for this error using Ramberg and
Devore's method, which is here briefly described: First the distance be_
tween corresponding powder l ines is measured and corrected for shrink-
age. Supposing the corrected distance is X, then the Bragg angle d is
given by (X-L)/4 where L:r(lf cos 20,), r being the radius of the
specimen and d' the measured glancing angle. Before applying to various
minerals the accuracy of this method was tested with potassium chlo-
ride' whose cell dimensions have been accurately determined (ASTM
Card No. .1-0587). It was found that especially in the region of low Bragg
angles, there was a discrepancl' between the values, arrived at by using
the formula mentioned above and the values carcurated for the respec-
tive planes, using the cell dimensions given. Tables r and II show the
discrepancy in the values. This is considered a serious handicap especially
when one has to index the powder i ines in the high-angle region, using
the values of the lower Bragg angles.

When potassium chloride was used as an internal standard, only a few
of the most intense lines of the substance (e.g. pyroxene or amphibole)
were seen, though all the l ines of potassium chloride were observed. To
surmount this difficulty, two Lindemann tubes having the same diam-
eter were taken, one fi l led with potassium chloride and the other packed
with potassium chloride and a pyroxene and exposed to f-rays. rt was
found that the net displacement of the corresponding lines of potassium
chloride in the two photographs was the same within the limit of experi-
mental error. Again, a powder specimen of lead nitrate (rinear absorption
coefficient for cu-Ka 1040 cm-1) having the diameter 1 mm was found
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Tanrr L Bn.tcc ANor-ns lon KCI

Specimen diameter 1.0 mm. Radiation Cu-Ka

Calculated from
Corrected u''ith
graph (Fig. 1)Measured

14" 30'
20 35
25 21
29 37
33 29
37 06
47 31
.50 59
54 32

Measured

ASTM Card

14" 1t',
20  17
25 07
29 2l
. ' J  I t

36 53
47 20
50 48
54 2l

12 '
18

22
1 A

52
19
A ,

2 l

Corrected with
graph (Fig. 2)

Corrected with

Ramberg's formula

14' 16',
20 22
25 12
29 26
33 19
36 56
41 17
50 47
54 22

Corrected with

Ramberg's formula

14"
20
25
29
33
36
47
50
54

to show the same amount of displacement as that of potassium chloride

(linear absorption coeffi.cient for Cu-Ka 247 crrr'-L) of the same diam-

eter, for equal glancing angles. This indicates that once the l inear

absorption coefficient exceeds a particular value, the displacement of

powder lines does not depend upon /, and hence any shift observed must

be attributed to differing specimen thicknesses.

It was observed that, when a Lindemann tube of a diameter 1 mm was

used, the powder lines were sharp for potassium chioride as well as for

the minerals. The failure to observe the broadening of the powder lines

and the observation of a displacement of the same depending upon the

diameter of the specimen convey the impression that the r-rays are

Tasrn II. Bnacc ANcrns ron KCI

Specimen diameter 1.10 mm. Radiation Cu-Ka

Calculated from

ASTM Card

14" 36',
20 39
25 28
29 42
.t.t J+

37 12
4 I  J J

51 ot
54 34

14" 1l'
20 17
25 07
29 2l
33 14
36 53
47 20
50 48
54 2l

14" 12'
20 16
25 06
29 2l
33  15
36 s2+
47 18
50 49
54 20

14" 20'
20 25
25 15
29 28
33 23
37 01+
47 27
50 57
54 29
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reflected practicallv at the surface of the specimens of these ,,strongly

absorbing substances." This seems to be in keeping with the statement
of Peiser et al. (1955, p. 93) that for the strongly absorbing specimens ,.rhe

position of maximum intensity in anv normallv accessible arc is almost
identical with the position of the high angle edge of a corresponding arc,
produced b1, a specimen of the same radius, but with a p value approach-
ing zero." Klug and Alexander (1954) also make a sim.ilar observation.
On the basis of this observation it is assumed that absorption is prac-
tically complete in the case of these strongly absorbing substances.

Azaroff and Buerger state that i i  the product,pr.r for different speci-
mens is kept constant, the absorption of the difierent samples is the
same and that the spacing errors for all these specimens wil l also be the
same. This implies that a powder specimen of potassium chloride
(pr for Cu-Ka 247 cm-r) must have a radius four times that of a powder
specimen of lead nitrate (pr for Cu-Ka 1040 cm-l), if i t must show the
same displacement for equal glancing angles. This is found to be contra-
dictory to the above-mentioned observations, rvhich show that speci-
mens of potassium chloride and iead nitrate produce the same amount
of error, if their radii are the same. This seems to indicate that this
method cannot be applied to strongly absorbing samples, in the case of
which absorption is practically complete.

rt is now found that once the absorption coefficient exceeds a certain
value, the absorption errors in the measured glancing angles depend on
the diameter of the specimen. rt is therefore concluded that if the radii
of the specimens of these samples are kept constant, then they must show
the same amount of error. Hence a graph (Fig. 1) is drawn for potassium
chloride having the diameter 1 mm by following the procedure of Azaroff
and Buerger. The ratio

R :
sin 0 theoretical

sin 0 experimental

is first determined for it. A plot of R against

1 fg'- u *j" il
2  L s i n g  '  

0  J

was made and a straight l ine graph was obtained. Next the observed g
values of the pyroxenes and amphiboles, having the same diameter 1 mm
were corrected, using this graph. The graph was checked once again
by another photograph of potassium chlorid.e with a diameter 0.98 mm.
The glancing angles measured and those corrected with the graph (Fig.
1) and with Ramberg-Devore's formula are given in Table I. The pro-
cedure was repeated with potassium chloride with a specimen diameter
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Fro. 1. Correction graph for diameter :0.98 * .02 mm.
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Fro. 2. Correction graph for diameter:1'10+.02 mm'
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T,c'lrp IIL Bnacc ANcr.e ron pb(NOs):

Specimen diameter 0.96 mm. Radiation Cu-Ka

Calculated from

1479

Measured Corrected rvith
graph (Fig. 1)

11 '  22 '
16 09
19 01
re s3+
23 09+
? (  , r 1 L

26 04
28 45+
30 40
33 42
35 30
s6 04+

Corrected with
Ramberg's formula

11' 26',
t6  14
19 06
t9 59
23 14
25 26
26 08
28 50
30 46
33 47+
3s 3.5+
36 09

11" 40'
16 27
19 t9
20 1 l
2s 26
25 38
26 20
29 01
30 56
JJ 5d

35 45
36 19

ASTM Card

11' 19'
16 07
19 00
19 53
23 07
25 20
26 02
2 8 M
30 39
33 43
35 29
36 04,

1.10 mm and the corresponding values are given in Table rr and the cor-
responding graph is given in Fig.2.

Thus this method enabled the author to overcome two diff icurties:
1. The error due to the displacement of the lines especially in the region of low-glancing

angles.
2. The inability to get a number of intense lines from an amphibole or a pyroxene, when

potassium chloride is mixed with it as an internal standard.

rn order to test the validity of this graph for other substances, a lead
nitrate specimen with a diameter 0.96 mm was exposed to cu-Ka radia-

T,{ern IV. Bnncc Amcr-r ron pb(NO:)z

Specimen diameter 0 96 mm. Radiation Fe-Ka

Calculated from
Measured

ASTM Card

12" 20,
20 24+
24 08+
? <  1 7

29 s2+
32 30+
33 27+
37 0e+
39 50;

Corrected with
Ramberg's formula

Corrected with
graph (Fig. 1)

12"
20
24
25

29
32
33
J /

40

40
M
28
36
51
47
44
25
05

12"  2 t ,
20 27
24 r1+
2s 19+
2e 34+
32 3r+
33 29
37 12
39 51

12" 26',
20 31+
24 ls+
25 24+
29 40
32 37
33 34
37 t6
s9 s6+
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tion and the glancing angles were measured and corrected using the cor-

responding graph (Fig. 1). The measured values, the corrected values

and the values calculated for the respective planes using the cell dimen-

sions (given in ASTM Card No. 6-0151) are presented in Tabie III. It is

evident from it that the graphical method gives better values.

In order to test the validit;- of the graph (Fig. 1) for other targets, the

same procedure was repeated $,ith iead nitrate (measured diameter,

0.96 mm) using Fe-Ko radiation. Tabie IV presents the measured

values, the corrected values and the calculated values of the glancing

angles.

CoNcr-usroNs

These tabies show that the graphical method is more accurate (par-

ticularly for low angles) than Ramberg and Devore's method, though

the latter is simpler.
In the case of strongly absorbing substances, the absorption can be

assumed to be practically complete. If the absorption is incomplete, then

the absorption error wil l dif ier as a function of pr and a curve of the sort

suggested by Azaroff and Buerger must be constructed'

These two graphs of correction can be applied to ali radiations, pro-

vided the substance is strongly absorbing in that radiation'
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