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Detailed consideration is given to the experimental conditions

affecting the results of powder diffraction measurements with the N
N.R.L. Geiger counter spectrometer. These conditions include the shape

and position of the specimen, the size of the apertures defining the

beam, the method of preparation of the specimen, the characteristics of

the Geiger counter, and the speed of automatic scanning.
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INTRODUCTION _

Authorigzation: The work was conducted under BuShips Project Order
‘o 2571}5. g

T This report is a detailed supplement 4o Part I of the series which
. described the use.of Geiger-counters for’ powder diffractlon. - Barlier
reports in the series are H-2235 , H=2246, H-2b,34 o

- Part T of the series illustrated how the Geiger counter could be
substituted for photographic film in Y%ray powder diffraction. The
st satlsfac’cory results were obtained by using the counter in 2 -
qcusmg spectrometer arrangement, The basic principles of. operation
yere treated in Part-I., There are many factors which influence the - . .
ecision of measurements made with the instrument and they .are considered
‘detail in this report. For ‘example: increasirig .the size of the - -
imen or the apertures deﬁ.ning the- beam will cause the positions
shape. of the diffraction lines +o'be altered; the method of -specimen
paration miy cause the relative intensities of various lines to be B
atly changed, To use the iristrument to fullest advantage it'is "
essary to - evaluate the errors-introdiced by any particular set. of
perimental -conditions, All-the paiatieters which can be varied are
sidered and empirical data are presénted together with t/heoretical
siderations. This information 'should enable the users of simllar :
pment té select the opt.mnn condj.tions for any given problem. W R
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o THT GEOUETRY OF THE SPECIMEN AND THE X-RAY BEAM
' Y S : .

Before the Geiger counter was employed for X~ray diffraction; it -
had been found possible to increase the intensity of the diffracted rays
striking the photographic film by making use of focusing action. This '
procedure is similar to the focusing circle conditions for curved gratings
with visible light, Brentano described the shape which a specimen should
_possess in order that a beam of X:-rays diverging from a point source _
be diffracted everywhere by the surface and focused again to a point.(l)
Plate 1, Figure 1 is a diagram of the focusing condition. The specimen

. surface is the figure of rotation of the arc of a circle. The radius of
. the arc is chosen so that the angles inscribed in the arc from source to

‘particular value of 20, . . e S « SRR

.. Tt was shown in NRL Report.No, H-2235 that in practice with the . == °
Geiger counter, a flat speciinen-1 x 1 em. located at’ approximately 10 ém,
, ,‘rnﬁ & s1it ‘source will satisfy the focusing condition well enough for’ .. -
Y most problems' in powder diffractdon. As described in that report, the .

_source %o ‘specimen and specimen fo: counter distances are made equals The
‘counter “is pivoted about the apecimen as axis and the specimen holder is .

nvestigated will require a different radius of arc to correspond to its
’ . . 4._.,‘ 4 i - . ) P

angle koeps. the f],atrs'pec'imen.'a;é"é’rlpsqan"app;fg:dmatibn\ of the arc of the - -

ocusing circle as possible, ~ "~ - . . o,

. : Since the intensity of diffracted radiation focused at the Geiger -
5 ter goes up directly as the area of the specimen covered by the '~
pean, it is'desired to make the area as. large ds practicable.. As the. -~ '
gxtent of the specimen and divergence of the beam are increased, however,:
he flat specimen is less and less an approximation of the arc of the

otusing circle, It is therefore necessary to investigate the’errors
ftroducod into ,’f,'he focusing condition by employing a flat specimen..

First consider the shift in position of the line peak due to the
of ‘the specimen being off ‘the focusing circle. As shown in Plate 1, '
e 2, the rays from the source to the center of the specimen are :
acted at angle 20 and intersect the circle again at the counter.
he ends gf the specimen, the rays diffracted at angle 28 do not”
rsect. on the focusing circie butrather at an angle /, © to one side. as
ated by the dotted lines. -The angle 4@ can be expressed P

N

' il ' 2 ¢a
£ 9=sin” (6 +0) -8 (&~
v ‘sin_zv(o - 0) - sin” (6 - 9)

N s . .
. . . A

focus are everywhere equal to 20. Obviously each diffraction line to be . = -

geared to rotate ‘at half the speed of ‘the counter. - This rotation at half™ .

RN
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\measured by the coaunter will lie between .the focus po:mt on the circle and

--’61‘ ‘.‘f‘: © are 'plotted agé.inst the Bragg a.r}gle' 20,  The shift in t.he maxinum

'ubere 20 is the angular dlvergence of the béam. The line maximum as = L

the intersection of the rays from the ends of the specimen. The assumption:
‘is that it lies half way between or at angle 4 6 . In Plate 2 values

SRR B a6 AR R B S IKEAAGE

=5 o
is greater at small angles. of course\ if the specimen does not completely . -
;- 4ntercept the beam at small angles, the effective divergénce zd will be
decreased and the shift will be less than indicated in Plate Z. . Thus the
- ;effect of a flat specimen is to shift the positions of the dlffractlon
maxlma to lower a.ngles by a few minutes of arc, .

N

A second error in the measured diffraction angle is 1ntroduced by t.he
eifect of beam penetratlon into the specimen. In Plate- 3, Flgure 1, -

: The average length of path in t.he specimen is assumed to be the e
¥om which the diffracted intensity is midway between the 1ntensity from ‘
oint A whefe there is no absorption and point B where there is maximum = °
ption, The path 1s found to be equal to 8 .
- - . sin @

‘I‘he problem is to find x for ‘Vhich I is a maximum, Substit.ut:mg _
8x Cy equat:.on (2) 1s differentiated mth reSpect to x and a
(¢} dx

When thls 15 dorxe the value of X = sin 6 obtams.
. i~ B 103/"/ '
Gv - 2x cos 8 vmere R represents the sourcc to

o =2
n anc bJecﬁnen to counber distances. By ;su_bst:.tuting ‘for x’,- the
atlonbccomes w O R

due of the error is dependent only on the Bra.gg a.ngle a.nd the
on coefficient of the specimen. This error is small at small . -
ﬁecause of thc 8in 20 term. v As examplee of the numencal values s




of the error, calculations were made for Al and Cu specimens

26 Y- , 2 a0
° , o
Al 10, 281 Cu 10 .08? .
60 : 1.3" 60° WAL

Thus the error introduced by penetration approaches the error
due to a flat specimen for higher values of 20.

.

With a cylindrical specimen, the path length in the sample varies
as a function of the Bragg angle, This causes the absorption to vary from one
.diffraction line to the next., It is necessary then to correct measured
intensitices by an absorption term, The evalitition of the term is complex
but has bcen attacked- graphically by Claascn 4A1so in the focusing _
ondition if the incident anc,le )and the diffracted angle,5 at the specimen -
urface are nct/cqual, Brentano' found an absorption correction of the
orm yl, sin /2 where y is the arca of the beam. It will be
A< (sin™™ + sin, @) -
own that in this 1nvest1gatlon, the absorptlon is indep»nden’c. of angle and
“no. corrections to the mea.suru.d intensities are necessa.ry, On the
éctromcter tised with the Geiger countg.r, the specimen is geared to
tate at half the angle of the counter, This keeps the incident and
_fractc.d angles equal, In Plate 3, Figure 2, a is the distance of

stration below the surface, The path length is 28 .

: . sino
equation (2) let. dI be the small amount of intensity diffracted by the
volume dv, For a beam of cross sectional arca y, the volumc dv may
<‘expressed as dv - Y da- . The equation dI then bccomcs
; sin & -

S - 2pLl | @)
CdI=I e e #——- du,

P . \ 44,7'

o AIOM?». Gf{’z_‘fﬁ")

réfing we ge‘;:« v; | o | L/a/o

j:J_th '; . f | |

2 -

(6)
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- Since the angie & does not enter in any term of the intensity cquation,
no absorption correction as a function of angle is necessary.

To summarize; the - above conditions were s;mplifiéd by considering

_only the two dimensions in the plane of the spectrometer, The shift in

line position due to a flat specimen and duc to penetration are negligible
for most powder measurements, It was shown that with a flat specimen
rotating at half the speed of the counter, no absorption correction factor
as a function of angle is necessary. ‘

B

Before extending the conditions to the general threc dimensional
casc where the height of the specimen is considered, a brief explanation
of the apparatus will be .given. ) - : -

The A-ray generatirng apparatus was the same as employed in NRI

Report No. H-2235; a 40 K.V. peak, sclf rectificd, 5 ma, air cooled unit,
Two typcs of spectrometer arrangement arc shown in Plate 4, 1In Figure 1, -
;Ege gource is a slit A with the divergence -controlled by slit B. The

ffracted rays are focused at the counter §lit C. The spectrometer
wag-used to investigate small slit widths and limits of resolution. The

ource to speeimen and specimen to counter slit distance is 10 cms The
‘81its can be varied from O to .050" with a fixed height of .3",” In Figure

the source is the,focal spot of the x-ray tube. This is a line focus

d when viewed at a small angle (less than 10°) to the target face, appears

a'slitfsourp¢, The advantage of this arrangement is an inercased source

! Howeyer, the lower limit of cffecctive source width cannot be
trolled as. well, ~The divergence is controlled by slit A and the rays
focused at counter slit B. The effcctive source width is controlled
yarying the angle at which the specimen "sees" the target. Thc scurce
' #pecimen and specimen to counter slit distance is 15 cm,. -Becanse of the
jereased intensity most of the line shape determinations and all of the

matic scanning was done on this spectrometer.

<:When a slit source is employed with a specimen of finite height, the
iomatics involved in evaluating the errors is too complex, ° Therefore
Xesults in the scotion below are from empirical data and a few
thesized curves, ‘

’ intercepted increases
5, Figure 1 the plane




Because the spectrometer is pivoted about the spocimen, the line of motion
of the Geiger counter is normal to the cone of diffraction when it intersects
.it. However, if the slit is tall, the upper and lower cnds of the slit
intercept the cone before the middle portion docs. This causes the
curve to be asy..22tiy with increased intensity on the low angle side.
Plate 6 shows synthesized curves for variations in counter slit height
and width. The simplifying assumption is that the diffraction ring is .1 mm,
wide and of uniform intensity. - The solid lines show the effect of increasing
slit height. The asymoiry becomes worse as the height is increased, and
the peak is shifted slightly.

Using a counter tubc of 15 mm. diameter the height of the slit could

not be incrcased enough to influence the line shape except at very low angles
(such as 26 = 10°%).

-’

The dotted lines show the effect of slit width. The nmarrower the slit,

. the morc.accurate is tho measuré of line shapc and width but there is '
‘0o shift in pcak position as the width is incrcascd, :

. In the extreme, when the slit is wider than the line, the peak position is

indeterminate. . C o

- (2) The effect of increasing the source width is illustrated in Plate 7.
‘The line width increase is approximatcly linear with socurce width up to
alues of source width .,O75" for either the slit seurcc or the. focal spot
source, The values of width at half maximum go from 14' at .0025" to 330
'.t .075"' . - . o 4 ' ’

A v
i} .

(3) The height of the scurce has a more pronounced coffect on line
hape than docs the counter slity height, This is illustratcd in Plate 8..
‘ar the source height not limited (effective height approximately 10 mm. )
the very 2symuetty line obtains. - Then the height is limited to. 5 mm. the
symetry disappears, . , ‘ : 3

- (L) The divergence. of the beam, as was cxpected has little effoct on
+ne width, Plate 9 is for the fock salt linc at 453°. The divergence
1it width gocs from a ratio of 1:17to the source slit up to a ratio of
to the source slit, but the width of the linc at half maximum remains
stant at 15¢, C -7 SR ‘ ' -

Consider next the cffect of changing the position, shape and extent

the specimen. If the speeimen does not lic on the foecusing circle, the
will not be brought back to focus on the circle., Plate10, 11 are

ts with the specimen off the circle defined by the source, the axis of

ion of the spccimen and the counter slit. The curves marked &) in-

¢ that the specimen is oﬁt_sidc the circle and those marked (~) indicate

5 insidc the circle. There is only a slight asyimetry introduced by

PA -

.the specimen off the focusing circle by an amount up to .02", The
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apparent cffect is greater for the collimated beam becausc moving btte
speeinen causes the beam to strike appreciably off center and so changes
the source to specimen and specimen to counter distances. Thc width at
half maximum is increased by less than 3' of are for the greatest distance
off the circle. The position of the maximum is shifted duc to the fact
that the anglc from the center of the specimen to the source is changed,
From calculations, the change in angle (/- 63 is ,097° for a specimen
movement of ,01M,  Thus 226 should be +194" and direct mcasurcment gives
a value of /220 = .20, . : : '

Another factor which may be called "tilting" because it refers to tilting

the speeimen about an axis in the planc of the spectrameter causes an
asymctryto be introduced in the linc shape, When the specimen is tilted,
‘the axis of the diffraction cone is not parallel to the planc of the
. spectromecter., This causes the counter to move across the cone on a
“.schord rather than the diameter, Sec Plato 5, Figurc 2.- The effect should
--be to broaden the line and inercasc the intonsity on the low angle side.
.Plate 12 indicates that this is just what happens when the specimen is
o otilted approad.mately. 10, ‘ : :

-\~ As was mentioned.carlier, when a flat specimen is extended beyond a
qw centimeters in length, it is no longer a good approximation to -the ‘
gurface of rotation, To make possible increcased intensity through the ,
380 ‘of longer spccimens, holders were prepared as follows. The radius of
‘turvature of the foeusing circle was determined for 2 every ten degrees,
., Aluminum blocks I" wide and 4" long were milled to these curvaturess A
~shallow groove was cut in the center of the curved surface leaving a

T4dge 1/32% high and 1/16" widv of the correot curvature on. cach edge. The |

‘dpecimen was smoothed into the groove and scraped down even with the ridges
I’eav:mg & specimen with proper curvature for the particular value of 28.

: -To investigate the eurved specimens it was also
& 8pecial counter. Vith a specimen 10 cm, long the divergence of the
diffracted beam vas so great that although it was focused at the counter
ag;igﬁ,“the most divergent part struckithe cathode of the counter without
Passing through more than a few centimeters of ‘the gas. Thercfore the
¥ part of the beam contributing to the ‘counting was diffracted by the
al fow centimeters of the specimen. A spccial counter was constructed
“brass.cathode, 4" inside dismeter. A beryllium window admitted the
- ¥ith this counter mest of the widely divergent beam was absorbed in
Without striking the cathode, ‘ : -

necessary to preparc

: _ : d for a flat specimen 2 om. long.
ftensity scale is not the same for the two since the linc from the

‘holder was more than four times as intense, duc to the increcased arca.

’
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The linc width at half maximum appecars.to bg apprcciably greater for the

curved specimen. - To determine the cause of this'broadcning, the line was

investigated with film and the results arc shown in Platcs 1k, 15. First,

the divergencc was adjusted so thc beam covered the whole specimen. This .

is the top pattcrn of Plate 14. Then the divergence was doecrcascd so T

thct only 1% em. of the surface was covercd, Three films were cxposed: :
+2 pattcrn “for the beam hitting the cnd of thc specimen ncarest the Z-ray

tube, # 3 for the center of the specimen; and # 4 for the end of the

spccimen nearest the Geiger countor. The change in linc width is apparcnt

from the microphotomcter traces in Plate 15. The cxplanstion for this

changc and for the broadening of the line from the curved specimen is seen

from the following. The 10 em,- sp»cxmen is so long that the tube ond of .

the speeimen "asces™ the target at 16° while thc center sces it at 9 and .

the counter ond socs it at 1°. Thus the effective. source width is changing,

and correspondingly the line-width. There is no doubt that with a saurce . -

of -constant width the line would be just as narrow for the 10 cm. curved L

spucimen as for the 2 cm. flat onc and the intonsity incrcascd directly

as the arcs,

ey
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To dotermine the maximum resolution obtalnabl@, recoursc was made to the ,
spoctrometer with the slit source. Plate 16 shows the width of the dlffraction .
line at half maximum as a functitn of angle. The resolution, cxpressed as '“
the width of the linc at half maximum, is 14' for the kx;, K- 2 doublct
up to 29' L5°, The width then starts to inercasc uatil at 659, the Kxj,
and X lanS are resolved. The width of the KJ(l line at 656 is 12t
hut 1ncrpases rapidly with increasing angle., To- predlct what resolution
might be expected with a single crystal the curves in Plate 17, 18 were
ynthusizcd. Platc 17 shows the Ky, doublet from rock sali at

32° 20. The broad 'solid lincs represent tﬁe sprcad of the linecs due to
source slit ,003" wide, The dottcd lines indicate the spread with a

rec slit 001 widc, In Plate 18 synthetic curves were plotted by

'n ng counter slit widths and integrating the arca under the curves of ‘
te 17 at disercot points. Th¢ curve for sourcc slit 003" and counter RS
t ,007" corrusponds to the data taken with thc Geiger counter in '
be 16,  Although the width at half maximum is 65" as campared with 14!

the cmpirical data, the doublet is not resolved, By decrecasing the

~ca slit to ,0Q0LM and thy rountcr slit to ~OOR! the synthetic curve shows
"the doublet ghould be resolved, Under experimental conditions, insufficier
fsity 1s obtaincd with these st zlaths for accuratbe measurement

This cdncIudcs the section concurning tbe effects introduced by

P?ing the dimensions of the x-ray bcam and the position and cxtent of the

eimen, Thq\pext scction will consider the methods of preparing the
cn. T .
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I . PREPARATION OF THE SPECIMEN | ’

A

. In powder diffraction, the results are dependent on the condition -
" of the spceimen, The ordinary criteg%a‘for powder specimens- are that
" the particle size be smaller than 10 centimeters to give smooth
rings, and that the crystalites be randemly oriented to give uniform

. intensity around the rings, This chapter will be concerned with the _
., orientation effect. . ’

) liost speeimens do not tend to orient in preparation and no
articular precautions need be taken with them, Some spceimens do orient
in proparation, however, and special precautions are necessary to obtain
correct relative intensities, Consider rock salt, as an cxample, It is
easily cleaved and on grinding might be expected to kcep a more or less
abic outline., The clectron microscope shows that after prolonged _
inding, the corners of the cubes are rounded off sufficiently so that -
jithe is no appreciable tendency to oricnt. In the case of mica, '
ever, no mattcr how much grinding it receives, the individual
ticles keep.a platc like structurc duc to the extreme ease of ‘cleavage
one plane, ‘ ' o D

I

The results obtained by thc usual method as deseribed in N.R.Lq
port H-2235 are comparcd with those obtained by special non-oricnting
ods for' some of the samples bclow. . The original procedurc is to*

ace a few drops of a solution of nitroccllulosc dissolved in amyl

state on a microscope slide. Approximately 1/10 gram of the specimen

mixed with the solution until a thick paste is formed, The paste

Spread out with a spatula’in a smooth layer covering about a square
of the slide, After drying for five minutes, it is rcady to be

od on thc specctrometer, This method is rapid, requiring about ten
cs if the speeimen does not need to be ground. The spreading

a spatula‘is the stop which may cause oricntation, Throc ways of

ing matorials to avoid orientation havc been attempted:

(1) The solution is placed on the slide as before. The spccimen is
led on without being touched after it strikes the slide. This doos
i ve gs- smooth a surface as smearing, but the orfentation action of
‘gzﬁgmcaring'is avoided. '




(2) The specimen is diluted with a material which itsclf does not
" tend to orient. Mg0 is a good diluting agont if it is prepared by heating
- .'MgC0, at 500-1000° C. The particles of Mg0 are small cnough and nearly
' sphogical so that they come between the specimen particles and hold them

apart in morc or loss random oricntation, espocially if morc than 50
percent of the volums is ig0. 4

(3) The third method may be called loose packing.(4) A 3/L" hole is
drilled through a strip of brass 1/16" thick, On onc side a thin plastie
film such as 1 mil polystyrene is cemented over the hole, The spceimen is

 pourcd into the cavity and a razor blade used to scrape the material off
level with the brass, Wo packing of the specimen is attempted, 4 picece
of scotch tapc is placed across the back opening to keep the specimen from
falling out when the holder is in an upright position. This method nay

be cmployed for some materiels which tend to orient and is the best method:
for a diluted specimcn, : - '

B - .

. Scveral specimens were chosen as cxamples ‘of oricnting particles to
ustrate the values of the methods outlined above. The first is lcad
oxide, - There arc two forms of PoQ, the yellow, rhombic form and the
) tetragonal-fbrm.f The commcrcial monoxide contains both the yellow
d the rod. Plate 19 shows scveral patterns from commereial>iinllinkrodt
b0+ The top pattern is for a spceimen prepared by sprinkling thc matcrial
f1the slide by mothod # 1. The ASTIl indcx indicates that the Tod linc at
should be stronger than the yellow line at 45°. This is seen to be
Case, With a specimen smeared on the slide and the X-ray beam striking
ner parallel or perpendicilar to the direction of smcaring, the intensity

is reoverscd and the yellow linc is stronger. This illustrates that
smearirng causes somc sort of orientatién which increascs the intensity
the yellow line or docrcases the intensity of the red linc. The bottom
tarn of the plate shows that relative intensity measuroments on-Pb0 by
method of preparation are probably not rcliablec. First, the specimgn
packed Zoosely -in the cell as deseribed in method three, carc being
en not to jar the hglder‘whglc Placing it on the spectrometer, The red
yellow lincs at 46 and L5 were investigated. At the extrome rizht
1in¢s~are of approximatcly cqual intensity at first. Then the holder
épped lightly, ‘This causes the red line to bceome more intensc than -
ellow, " lorc vigorsus tapping raiscs the intensity ratio of red to
W'to 3:1. There docs not seam to bo a particular order to thc method,

r, since continucd tapping may cause the intensity ratio to dcercase
Grease at random.  The intensity of the yellow linc could never be
AL up equal t6 the red except by preparing a new specimen, The
Its of the tapping cxperiment do not fit too well/with what might be

-

.
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oxpected.,  Thel is, the sprinkled specimen which should be less oriented
than the smcared specimen showed the red linc stronger than the yellow,
" but the untapped specimen which should be less oricented than the tapped
showcd the yellow stronger than the red. This illustrates the difficulty
; in obtaining reliable mcasurcs ofithe relative intensities of lines from a
;- specimen which may tend to oricnt.

i The next specimens indicate that it may often be better to decrease
i orientation by breaking up the oricnting particles than by a method vhich
trics to kecep them from orienting., The first example is silver acetate,
Plate 20 is a micrograph showing the commercial material. The particles
arc long nccdles and also flattoned giving two possibilities of oricntation,
After grinding in a mortar for 5 minutes, thoy are somewhat broken up, as
shown in Platc 21, Many particles still appear ldnger then they arc wide,
.-but. the flat plates arc destroyed. Aftcr grinding 30 minutes, Plate 22
indicatcs that the particles arc well broken up and show no regular shape.
- .-The X-ray patterns in Platc 23 arc for the silver acetaté. The top pattern
s {or a looscly packed spceimen and shows very nearly thc same orientation
. -as for the smcared specimen in the second pattern. The relative intensities

efore grinding, several lincs listed as 6 perecent and 3 percent arc almost

§¢ the 6 and 3 percent lines arc appreciably less then the 80 percent line,
ter-grinding 30 minutes, the 6 and 3 percent lines arc very weak, The -

ntensity never does drop to the low, valuec indicated, however, and it would

yoom that further grinding is necessary, It is not feasible with a mortar

0 broak the particles up much smaller than shown in Plate 22, This

.. 8xample docs prove, however, that better results arc obtained by breaking

8P the particles than by any method of preparation of the original particles,

kIﬁ,waS'indicated'from the pattern of the specimen ground 30 minutes’ that! the

_relative intensitics of the linecs listed.as 6 and 3 percont werc still too

8reat. To determinc if this were due to oricntation, a spccimen was

- “prepared by diluting the ground matcrial with g0, The bottom pattern

~ ©f Plate 25 iz the silver acctate line at 9° 20 as. recorded on photographic

#ilm,  For » 15 centimeter specimen to film distance, the ring for 9
8§led heve 2 radius of 2,4 centimeters. . Thus the line on tho film should
OW appreciable curvature, That it does not, is good indication that

nafter extensive grinding and diluting, the silver acctatc particles
to oriint. O - | -

¥

“4ipe* The final speeimen is. mercuric acctatc, It is similar to silver
agetate in shape and %-ray patterns are shown in Platc 24, Before
: grindihg, only the mercurie acetate pattoern appears, The line at 45° is

: ¢d in the ASTM index as 8 pereent in relative intonsity but appears as
sccond strongest linc of the pattern. After grinding 5 minutes, all
Yines of the mereurous acetate pattern appear, This probably results

inding. The mercurie

of the lines from the ASTM index are listed as percentages above the lines, =/ .-

38 intcnse as the 80 percent line. Aftor 5 minutes grinding, the intcnsities
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" photographic film, The same cffect is scen as on the traces in Plete 24,

. “high 'intcnsity.

line at ASO is rgduced in intensity and broadened just as for the lincs
in the silver acctate pattern. Again, further grinding reduces the
in%cnsity still morc, Another intcrosting line is the mercurie line at
22°, Tt is listed as 24 purcent in rclative intensity but appears quite
weak in the unground specimen. Aftor 5 minutos grinding, its intcnsity
is inercascd scveral fold., 20 minutes of grinding reduces the intensity
slightly, but the linc is still far morc intcnsc than in the unground speccimen,
In Platc 25 are shown the patterns of the line at 45° recorded on

The linc becomes broeder and weaker as the material is ground., The
film patterns were not made merely to camparc with the Geiger counter
traccs. The possibility oxisted that the intense line in the unground
pettern could be duc to a spotty ring characteristic of large particles.
The Geiger counter in passing over one or more of the spots might rccord
The film patterns show definitely, however, that the ring

is smooth; so the intensity is duc cntircly to oricntation,

Again it has bocn shown as for the silver scotate that breaking up ’
the particles reducos the orientation appreciably, : -

Y

" In conclusion it may be said thet the meﬁhod of specimcn prcparatioh

s i@portant when the powdetr perticles tend to oricent,

Smearing on a.

Mmicroscope: slide is the fastest metho
he particles have crystal plancs or

d but not entirc
cleavage plancs

ly satisfactory when
as their external

rfaces, Three methods of preparation wore described which rcduced
oricntetion, It was shown that prolonged grinding is usually thc most

Satisfactory method, - Loosc packing or diluting had very little effcct on
£3at plates or long needles, , L ‘ e
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4 ;o : ' MISCELLANEOUS CONSIDERATIONS

S

. The advantages of the particular Geiger counters used at N.R.IL. Vs
 were described in the previous report H-2235. The action of the counters ‘
is illustrated in Platc 26 rcproduced from that report. The percentage
absorption in 10 centimeters of gas is plotted against wave length for
‘both Argon and Krypton at various pressurcs, The efficiency of the counter
corrcsponds to the fraction of the Irray beam absorbcd; thet is, a countcr
- cbsorbing 80 percent of the radiation entering it, is 80 percent efficient,
The wave lengths of the characteristic radiations from the common ¥, .~ray ‘
targot materials are indicatod. For Cu radiation, a counter filled to 76 cm,
3@sure with argon is 87 percent efficient. ' For o radiation, howcver,
Tac same counter is only 20 percent efficient, If the counter is filled
¥ith Krypton, it will be 96 percent efficient for lo. )

- An'interesting result of ths use of the Geiger counter is the low
iBcKzround of ‘the patternsobtained, The -explanation lics in the poor -,
sponsc of the cainter to the shorter wave lengths of the continuous
pattrum which has its maximum intensity at some wave length well below™ PR
% K:» lincs, - X-ray filters (such as Ni for Cu radiation) arc chosen to T
b strongly in the ncightborhood of the K/° line, - It is not true that
absorption is grcat for the shorter wave lengths of the continuous v
sctrum, In the casc of Ni, the absorption is only 29 percent at N = T AL
hd decreases with decreasing wave length,. This coupled with the high sen~ ‘
ivity of photographic film near the silver and brominc absorption edge
v lengths causes an intense halo ncar the centor of the film pattern,
thé Geiger counter, however, the- efficicncy is down to 20 percent for
rgon ‘counter filled to 76 centimcters at .7 A.U, end approaches zecro for
«5 A.U. Thus the combination of the Ni filter and the spectral
ponsc of the Geiger counter minimizes variation in background intcnsity
he whole range of the spectrometer from the dircet beam out to -

°, ihis mekos it possible to measure low intensity lincs which fall
to the dircet beam., It also makes it possiblc to operate at higher
ltage and incrcasc the intensity of the X < line without increasing
ensity of the background as shovm in Plate 27, On film -the back-
tensity increases so rapidly with increasing veltagc that tubcs are -
y. operated under 45 K.V, With the Geigor counter, the voltage may be -
1 to the limit of the equipment, : T )

;. ¥ith the alcohol-argon type of counter, a given Xeray cnergy will A
Xitice practically the same number of counts no matter where in the volume
counter the beem strikes, With other counter £illings chosen for
‘higher resolving power, this may not be true. For the particular

ployed in- this investigation, the response of the counter is
reater when the boam passos close to the wire than when it passecs close




‘-

.

to the cathode. Platc 28 indicatcs the counting ratc vs., the distance
the wire, The sb6lid line is for the beam parallel to the wirc and the

from

otted linc is for the beam at an angle of 3° to the wire. For both

- cases, the counting rate increcases as the wire is approschud but the mescinum
»ounting rete is obtrined when the boam is st a slizht angle to the wrdre.

- Thus, whilc the inteasity of the diffraction Linc mey be increased by
incronsing the slit hoight, the part of the bumm striking ncar the cathode
contributes relatively little to the the response,

-

The circuits cmployed were the same as thosc in N.R.L. Rcport
H-2235. The maximum counting rete is of the order of 2000 counts/sce and
/the response is lincar with intensity up to 300 counts/sce, Counting ratocs
- higher than 300 counts/sce must be correeted. for non lincarity as shown in
Plate 29. New circuits capablc of counting as high as 30,000 counts/sce
having ‘been developed but were not available at the time this investigation
‘was begun. They will appear in a later rcport, o '

" 'The instrument has been provided with a selcction of automatic
ing spocds from 60 degrees/min to 1/4 degrec/min, A spced of 5 ,
ccs/min wes found satisfactory for most scanning and at this spced the
etror in detormining linc peak positions is = .05 degree, By counting .

b discrcet points for 20 sce intorvals instoad of recording automatically,
38 possible to determing linc peak positions to = +01 degree., '

By decrcasing the scanning specd, a grester degrec of damping nay be
Joyed in the frequency meter circuit giving a corrcspondingly smoother
¢, The scanning specds for the spccimens in Plates 19, 23, 24 arelfy
efuin. Plztc 30 shows patterns of the same spceimens as in the three
vlous plates 'Btllt"scann'cd at a speed of 5 degrees/min., The only - .
ffercnee besides the slight added wiggle in the background is that a line
-6s the one at 47 dogrees on the silver acctate pattern in Plate 23 is
arly defined, while on the samc pattern in Platc 30, it might be
tlooked, ‘ . .

v
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SUMMARY

- Consideration has been given to the conditions affccting the rosults

©f X-ray powder diffraction with the Geiger counter, Some of the conclusions
arc listed. balow, .

1. A flat specimen up to 2 centimeters in le
approximation to the arc of the focusing circle fo
identification, :

ngth is a satisfactory
r routinc powder

2. Speccimens curved for a particular value of 20 may he extcnded up
to 10 centimcters with no effcct on line shape or 'position, g

, 3. No "a'bs‘or'ptionv correction factor" is involved when the ‘specimen
' rotates at half the speed-of the counter, R

, 4. The dimensions of the counter slit have relatively small effcet
- on the line position but do affect the linc width. .

"~ - 3. The amount of divcrgence has o effeet on line shape or position
‘.as long as .the specimen is a sufficicntly ‘accurate approximation to the
-&rc ‘of the focusing circle, L SR

... b, For source to specimon distance of less than 15 centime
/8ource slit height should be limited to

introduce asymmetry into the line shape, -

ters, the
5 millimefc,crs in order not to -

{7, The lihc width at half maximum is a lincar function of source
width up to a source width of 2 millimeters,

CoAi 8, Any tilting of the specimen ‘so that the face is not normal to the
- plan¢ of the spectramcter causes agpreciable asymaetry in the line shape,
The face should be normal within 2°, ‘

9+ The specimen surface may lie outside or inside the focusing circle
by as much as +5 millimetors without changing the linc width by morc than

| R -

3' X . L

S 10, ‘Specia], Precautions arc necessary for specimens where the
particles tend to ortont, The prcecautions take two forms: (1) The particles
nay be prevented from oricnting by loosc packing, diluting or sprinkling
the matorial on a slide; (2) The particle shapes may be changed by

prol_.anged grinding so that they no longer tend to dricnt. Breaking up

t

‘

- 18 -




particles by grinding was shown to be the.better method when applicable,

, .. 11. A low background ihtensity is obtained over the whole range of
.. thce spectrometer due to the deercascd efficicncy of the Geiger countur
for the shorter wave lengths of the contlnuous spectrun,

~ . . 12, Automatic scanning and recording of the pattcrn gives

- satisfactory results. 4 speed of 5 degrees/min is uscful for most
‘identification work. SloWer speeds such as 1/4 degrec/min reduce ‘the
backgronnd variation when very weak llnps are to be rceorded.

N

vl
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