
'4 �

20 April 1945

FR-2517
I IllilI!l 11111111 lilliitll 11 [li 111 Ill 1111!lf iii
GeigJeTr Couinter- TechniquWes 1For X-Ray
NRL-2517
Uric •assifi: ed Report

NAVAL RESEARCH LAJBORATORY
W1,1ASHINGTON 20, D.C.

00

GEIGZ.R COUNTER TECHiNIQU3 F01. X-RAY
DIFFR.CTIOiN. PART IV DETAIJLD
CONSIDERTION OF EXPRiLJWrD•%L
COINDITIONS

BY

L. S. Birks

Physical Optics Division
Electron Optics Section
Report No. It-2517; Problem No. H-75

Approved by
H. Friedman
Head, Electron Optics Section

Dr. E.O. Hulburt
Superintendent,
Physical Optics Division

A. H. Van Keuren, Rear Admiral, USN
Diractor, Naval Research Laboratory

Humber of Pages
Text: 22
Plates 30

APPROVED FOR PUBLIC
RELEASE. DISTRIBUTION

UNLIMITED

2 •'

4!!

I

S-1G

!



I

ABSTRACT

Detailed consideration is given to the experimental conditions
affecting the results of powder diffraction measurements with the
IQ.iI.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-

,Authorization: The work was conducted under BuShips Project Order

.. No25

This report is a detailed supplement 'to Part I of the series which
described the use of Geiger-counters for-powder diffraction. Earlier
reports in the series are H-2235, H-2246., H-2434.

Part I of the series illustrated how the Geiger counter could be
substituted for photographic film in -&ray powder diffraction. The

"Most satisfactory results were cbtained by using the counter in a
'fqcusing spectrometer arrangement. The basic principles of operation
,?ere treated'in Part- I. There are many factors which influence the
Trecision of measurements made with the instrument and they -are considered

n detail in this report.. Foý tcample:: increaslig the size of- the
imen or, he apertures defining the beam wil cause the position. .s

shape of t6e-diffraction lines to", b6 altered; the method, of specimen
baton 0 ,, 'cause the relative Intensities of various lines to be

eaty changed. To use the ihstr t to fullest advantage it is -

essary to 'valuate the errors .introduced by any particular set of,,'
- rimental conditions. All-the parameters which can be varied, are."

sidered and empirioal data are presented together with theoretical
siderations. This information should enable the users of similar
apment t select the opttconditionS for any given problem.
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MM~ GEOIAETRY OF THE! SPECIIA.E ,AND THE X-RAY B23MA

Before the Geiger counter was employed for X.-.ray diffraction,, it .

had been'found possible to increase the intensity of the diffracted rays

str Iiking the photographic-film by making use of focusing action. This

procedure is similar to the focusing circle conditlons for curved gratings
with visible light. Brentano described the shape which 'a specimen should
-possess In ordier that a beam of X :-rays diverging from a Point source
be diffracted everywhere by the surface and foue gi oa po int y1

Plate 1, Figure 1 is a diagram of the focusing conaition. The -specimen
4surface 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 4

focus are everywhere equal-to 29. Obviously each diffraction line to be
investigated will requirel A different -radius of arc to correspond to it's
particular value of 20.,-I -4

Itwsshown in MIL Report. No. Hý-2235'that in praeticeý witk trhn
deger coutr a ltse e-13i 1 cm, located atapoiael 0w 4~

ar slt sokO ilsasythe -fc'using c oftdit ioni well enough for
M02's problems' in powdrifac on A~ desceribed, In that' reiport' 4 he

source to specimnei aid -specimen to, counter 'distaincbs are made-equAlý.Th

.. ,Counter is 'pivoted about'the speci~men a's axia and the specirmen holdier is,

geared to rotatei at half the 8i~ped of the counter. ,This rotation -t halfr
-angle keeps the flat specimen ii`close an ýappr~oximation -of the arC -ofth

fousn circle as possbe

Since the intensity of diffracted radiation focused fit the Geiger,
uner goes up dir~ectly as the area of the specimen covered by the
eait is desired to' make the area as. large as practicable... As the,

'Lnt of the ,specimen anid divergence of the beam are' Increased., however,.-
fat -specimen is less and less an-approximation of the arc of the

-ouing-cirele, It is therefore necessary to investigate the'errors
oducoq' inito tiie focusng condition by employing -A fa pcmn

- First consider- he shift in position. of the line peak due to the
of the 'specimen being off 'the focusing circle. As shownL in Pla~te 1,

e 2,therays from the - source'to the center of the specimen are
racted, at angle 20 and intersect the circle acain at the counter.
the ends qt the specimen, the riays dliff racted at angle 29 do -not

reecf. on t&~ X-)cuaing circuie'.butrather at an angle * 9. to one sidi as
caed by the"'dlotted'lines. -The'angle 4_0 can be e-Apressed -

'2 * 2i .44

9-- sin .~& 44C) 4 + -0
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444 16ere 20 is the angular divergence-of the beam. The line maximum as
measured by the ccunter will lie between ,the focus point on the circle and
the intersection of the rays from the ends of the specimen. The assumption
is that it lies half way between or at angle A G . In Plate 2 values

"2
of 0- e are plotted against the bragg angle 20. The shift in the maximum

2
is greater at small angles. Of course'if the specimen does not completely

.intercept the beam at small angles, the effective divergence 0 will be
decreased and the shift will be 'less than indicated in Plate 2. Thus the

- effect of a flat ,specimen is to shift the positions of the diffraction
maxima to lower angles by a few minutes of arc.
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A second error in the measured diffraction angle is introduced by the
'. effect- of beam penetration into the specimen. In Plate 3,. Figdre 1, .. x

ftftsents the distance from the specimen surface to the focusing circle.
, a beam of X-rays passes through an absorbing material, its iztensity

Wreduced according to the equation

ditnei maerai o

s. is the distance traveled, the material of bsorption coefficient-
k. 4,The average length of path in the specimen is assumed to ble the
-from which the diffracted' intehsity is midway between the -intensity from
pýint A where" t here is no absorption and point B where there is maxLmum
,_tion. The path is found to'Ve equal to .8x

- - -- sin 9

The problem is to find X for which I is a maximum. Substituting
* equation-(2) is differentiated with respect to x and dl

s8in (3 - dx
u to zero. hen this* is done the value of x - sin e obtains.

fr in angle is A 8 - 2x cos' -where R represents the sourco to
4 4- a -

ft ar•-. pecijmen to counter distances.
Lation becomes

-I
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ysubstituting for x, the
4..4� 4

-... sin `2a

e of the error is
on coefficient, of
acause of the sin

'dependent only on the Bragg angle and 'the
the specimen. This error is small at small
20 term. -As emples of the numerical values
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of the error, calculations were made for Al and Cu specimens .

2G 40 IL 0

Al 10 ,28' Cu 10 .08'
60°1.31 60o .41'

Thus the error introduced by penetration approaches the error
due to a flat specimen for higher values of 20. -,-, -'1

With a cylindrical specimen, the path length in the sanple 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 :
-intensities by an absorption term. The evalyation of the term is complex
but has been attacked graphically by Claasen'. Also in the focusing - - -'

"6ondition if the incident angle and the diffracted angle/dat the specimen
aurface are not equal, Brentano found an absorption correction of the

YIn sin /y in . where y is the area of the beam. It will be,/ / (sin:-) 4 sin., f ) -" .. ..

that-in this investigation,, the absorption-is independent of angle and .
no~corrections to the measured intensities are necessary, On the
trometer Used with the Geiger counter, the specimen is geared to '""
to at half the angle of the cc€untdr. This keeps the incident and .
racted angles equal. In Plate 3, Figure 2, a is-the distance of
ration below the surface, The path length is 2 a'

sin O.
equation (2) let dI be the small amount of intensity diffracted by the
volume dv. For a beam of cross sectional area y, the volumc dv may -'-

xpressed as dv - y da.. The equation dI then becomes - I
sin 0- 4.

-- ( -)

rating we get :-

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

To summarize, the above conditions were simplified by consideringonly the two dimensions in the plane of the spectrometer, The shift inline position due to a flat specimen and due to penetration are negligiblefor most powder measurements. It was shown that with a flat specimen
rotating at half the speed of the counter, no absorption correction factoras a function of angle is necessary.

B

Before extending the conditions to the general three dimensionalcase whore the height of the specimen is considered, a brief explanation
of the apparatus will be given.

The X-ray generating apparatus was the same as employed in NIM,,Report No. H-2235; a 40 K.V. peak, self rectified, 5 ma, air cooled unit."Two types of spectrometer arrangement are shown in Plate 4. In Figure 1,te source is a slit A with the divergence controlled by slit B. Theffracted rays are- focused at the counter slit C. The spectrometer•s used to investigate small slit widths and limits of resolution. Thee to specimen and specimen to counter slit distance is 10 cm. TheLIts" can be vazied from 0 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 focusdwhen viewed at a small angle (less than 10') to the target face, appears
a slit source. The advantage of this arrangement is an increased sourceaensity. HoeYer, the lower limit of effective source width cannot be

/ ontrolled as. well. -The divergence is controlled by slit A and the rays...focused at counter slit B. The effective source width is controlled
v ! 4 4  •varng the agle at which the specimen "sees" the target. The source'4 cimon and specimen to counter slit distance is 15 cm,. Because of theS intensity iost of the line shape determinations and all of the

-tic s canningwas done on this spectrometer.

When a slit source is employed with a specimen of finite hei tjiAhomatics involved in evaluating the errors is too complex. -Therefore
A xesults in th6 section below are from empirical data and a few

OYthiesized curves.

4$4-- Consider first, the effects of changing the apertures defining the
'4riy beam.

.i) As the height of the counter slit is increased, the segment of the4 f tion cone intercepted increases and so the measured intensity. In
5, Figure 1 the plane of the spectrometer bisects the diffraction cone.
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(2) The effect of increasing the source width is illustrated in Plate 7.he line width increase is approximately linear with source width up to
alues of source width- .075" for either the slit source or the focal spotource. The values of width at half maximum go from 14' at .0025" to 33'
-0751".

- (3) The height of the soUrce has a more pronouncod effect on line
iape than does the counter slit• height, Thid is illustrated in Plate 8.
)r the source height not limited (effocztive height approximately 10 mm.)
ie very asynraetry line obtains., -nen the height is limited to 5 mm. the
iymetry disappears.

(.) The divergence of the beam, as was expected, has little effect on
WIe width. Plate, 9 is for the iock salt line at 4510., The divergence
.it width goes from a ratio of l:l1to the source slit up to a ratio of
1-to the source slit, but the width of the line at half maximum remains
ýwant at 15'.

C, Oonsider next the effect of changing the position, shape and extent
-ý•e specimen. If the specimen does not lie on the focusing circle, the
*,will not be brought back to focus on the circle. PlatslO, 11 arebults with the svecimen off the circle defined by the source, the axis of
4tiaon of the specimen and the counter slit. The curves marked (f) in-"Xte that the specimen is outside the circle and those marked(-) indicate
is inside the circle. There is only a slight as7etrYintroduced by

Iiizg. the specimen off the focusing circle by an amount up to .02". Thp

-9-

p

Because the spectrometer is pivoted about the specimen, 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 endb of the slit
intercept the cone before the middle portion does. This causes the
curve to be asy-1. e0try 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 asy.m- tA1r becomes worse as the height is increased, and
the peak is shifted slightly.

Using a counter tube of 15 mm. diameter the height of the slit could
not be increased enough to influence the line shape except at very low angles
.(such as 20 -_ 00).

The dotted lines show the effect of slit width. The narrower the slit," the more accurate is tho measure of Line shaio and %vidth but there is* no shift in peak position as the width is increased.
SIn the extreme, when the slit is wider than the line, the peak pos.i.tion is

' indeterminate.
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apparent effect is grater for the collimated beam bcanuse moving .bhespecimen causes the beam to strike appreciably off center and so changesthe source to specimen and specimen to counter distances. The width at -half maximum is increased by less than 3' of arc for the greatest distanceoff the circle. The positionr of the maximum is shifted due to the factthat the angle from the center of the specimen to the source is changed, 1ý 4From calculations, the change in angle (/,, 6• is 0597' for a specimen 
- 4movement of .01". Thus n 2e should be .194 and direct measurement gives

a value of Z20 -2 .20.

Another factor which may be called "tilting" because it refers to tilting ..the specimen about an axis in the plane of the spectrometer causes anasy_7:,itr7to be introduced in the line shape. VJhen the specimen is tilted, -the axis of the diffraction cone is not parallel to the plane of thespectrometer. This causes the,'counter to move across the cone on a".,chord rather than the' diameter. See Plate 5, Figure 2. - The effect should,be to broaden the line and increase the intensity on the low angle side._Plate 12 indicates thatothis is just what happens when the specimen is -j
Stilted approximately. 10).

; As wmas mentioned,-earlier, when a flat specimen is extended beyond a-ew centimeters in length, it is no longer a good approximation to theVatface of rotatign. To make possible increased intensity through thep j.•e of longer specimens, holders were prepared as follows. The radius of'curature of the focusing circle was determined for 29 every tendegrees.S Aluminum blocks I" wide and 4" .long were milled to these curvatures%. A.shallow groove wls cut in the center of the curved surface leaving aV-0•$.de 1/32" high and 1/16" widb of the correct curvature on. each edge. The'40cimen was smoothed into the groove and scraped down even with the ridges
lpaving a specimen with proper curvatuie for the particular value of 2&..

To investigate the curved specimens it was also necessar7to prepare,A Vecial counter. Jith .a specimen 10 cm. long the divergence of the4Alffractod beam was so great that although it was focused at the counteralt., the most divergent part struck Ithe cathode of the counter withoutPassing through more than a few centýmetors'of the gas. Therefore the6hlY part of the beam contributing to the counting was diffracted by the"ra few centimeters of the specimen. A special counter was constructedhti-brs cath oe, t41"'-•- insde di.ameter. A beryllium window arditted the •!!4ezu., WIth this counter most of the widely divergent beam was absorbed int0h•,•as 'ithout striking the cathode.

Plate 13 compares the results on the UgO line at 430 for a specimen0 "s- 4i .m'. long curved for the 40 position and for a flat specimen 2 cm. long.¶-L--ntensity scale is not the same for the two since the line from theCurved holder was more than four times as intense, duo to the increased area. 4

S~- io -
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The line width at half maximum appears to b, appreciably greater for the
curved specimen. To determine the cause of this broadening, the line was
investigated with film ard the results are shown in Plates 14, 15. First,,
the divergence was adjusted so the beam covered the whole specimen. This .' ,;

is the top pattern of Plate 14. Then the divergence was decreased so
thct only l- cm. of the surface was covered. Throe films vire exposed:
31# 2 pattern for the beam hitting the end of the specimen nearest the X-ray
tube; # 3 for the center of the specimen; and # 4 for the end of the
specimen nearest the Geiger counter. The change in line width is apparent
from the microphotometer traces in Plate 15. The uxplanation for this
change and for the broadening of the line from the curved specimen is seen
from the following. The 10 cm. specimen is so long that the tube end of
the specimen "sees" the target at 160 while the center 'sees it at 90 and
the counter end sees it at 10. Thus the effective. source width is changing, -

and correspondingly the line-width. There is no doubt that with a source
of constant width the line would be just as narrow for the 10 cm. curved
specimen as for the 2 cm. flat one and the intensity increased directly .44

as the area.

To determine the maximum resolution obtainable, recourse was made to the
,spectrometer with" the slit source. Plate 16 shows the width of the diffraction

-ine at half maximum as a function of angle. The resolution, expressed as
.the width of the line at half maximum, is 14' for the k\I, K-, 2 , doublet
-up to 29=- 450. The width then starts to increase until at_ 650 the KV-1 ,

mand K'- 2 lines are resolved. The width of the K-X, line at 651 is 12'
-ut increases rapidly with increasing angle. To-predict what resolution -'
iight be expected with a single crystal, the curves in Plate 17, 18 were -.-

ynthcsizod. Plate 17 shows the K•I, K •2, doublet from roclk salt at
2G-2.- The broad solid lines represent the spread of the lines due to '4-

-,,source slit .003" wide. The dotted lines indicate the spread with a - -
rce slit .001" wide. In Plate 18 synthetic curves wore plotted by -

-uming counter slit widths and integrating the area under the curves of
'te 17 at discreet points. The curve for source slit .003" and counter

t .007" corresponds to the data taken with the Geiger counter in
to 16. Although the width at half maximum is 6½'as compared with 14'

the empirical data, the doublet is not resolved. By decreasing the
6e slit to .&01" and th'4 rcountr slit to .002," the synthetic curve shows .

- thQ doublet. '-hu]d be rusolved. Under experimental conditions, insufficilef
sity is obtained with these slit u idths for accarate measurement.

:4-hThis emcludes the section concerning the effects introduced by

ing the dimensions of the x-ray beam and the position and extent of the -

on. The-next section will consider the methods of preparing the .

•:" ~- ll - .
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-1 blost specimens do not tend to orient in preparation and no
)articular precautions need be taken with them. Some specimens do orient
Ai preparation, however, and special precautions are necessary to obtain
Orrect'relative intensities. Consider rock salt, as an example, It is
4sily cleaved and on grinding might be expected to keep a more or less
bic outline. The electron microscope shows that after prolonged
r ing, the corners of the cubes are rounded off sufficiently so that
*ie is no appreciable tendency to orient. In the case of mica,'

*Ver, no matter how much grinding it receives, the individual
!"icles keep4 a plate like structure due to the extreme ease of cleavage
one plane,

The results obtained by the usual method as described in N.R.L4
pport H-2235 are compared with those obtained by special 'non-orienting
4hods for' some of the' samples below. The original procedure is to-

te a few drops of a solution of nitrocellulose dissolved in amyl
'tate on a microscope slide. approximately 1/10 gram of the specimen

oixed with the solution until a thick paste is formed. The paste
Ispread out with a spatula in a smooth layer covering about a square

-h of the slide. After drying for five minutes, it is ready to be
*ed on the spectromcter. This method is rapid, requiring about ten

MUtes if the specimen does not need to be ground. The spreading
k-A spatula is the step which may cause orientation. Three ways of
plring maturials to avoid orientation have been attempted:

S(��I) The solution is placed on the slide as before. The specimen is
4ed on without being touched after it strikes the slide. This'does

,ive 's. smooth a surface as smearing, but the orientation action of
-smearing is avoided.

0 .12-

N!4

- - 4.4.-..

I"

IV-

PREPARATION OF THE SPECIMEN

A

in powder diffraction, the results are dependent on the condition" of the specimen. The ordinary criteria 'for powder specimens- are that
the particle size be smaller than 10"• centimeters to give smooth
rings, and that the crystalites be randomly oriented to give uniform
intensity around the rings. This chapter will be concerned with the

,orientation effect.

F

''4.4-

[
'4,

4--A

S", 'I
:1

I-- 0 -

i

r



(2) The specimen is diluted with a material which itself does not-tend to orient. MgO is a good diluting agent if it is prepared by heating j-MgCO at 500-I00OoC0 The particles of MgO are small enough and nearly - '• ...sphoeical so that they come between the specimen paiýticles and hol4 themapart in more or loss random orientation, especially if more than 50 ' Ipercent of the volume is if0g. O

(3) The third method may be called loose packing.(4) A 3/1" hole is .4drilled through a strip of brass 1/16" thick. On one side a thin plastic .4film such as 1 mil polystyrene is cemented over the holQ. The specimen ispoured into the cavity and a razor blade used to scrape the material off
level with the brass. No, packing of the specimen is attempted. A pieceof scotch tape is placed across the back opening to keep the spoceaon from
falling out ivnen the holder is in an upright-position. This method may "•~
be employed for some materials which tend to orient and is the best method-
for a diluted specmuon.

B -

-
.4i2 -Several dpocimcns were chosen as examples of orienting particles tostrate the values of the mthods outlined above. The first is leadSoxide. There are two forms of PbO, the 5rellow, rhombic form and the -tetragonal form. The commercial monoxide contains both the yellowthe red. Plate-19 shows several patterns from commercial :aliinkrodt

' The top pittern is for a specimen prepared by sprinkling the materialslide by method # 1. The ASTM index indicates that the rod line at "4':should be stronger than the yellow line at 450. This is seen to bedase, Wvith a specimen smeared on the slide and the X-ray beam strikingher parallel or perpendicular to the direction of smearing, the intensityi is reversed and the yello-i line is stronger. This illustrates thata eaing causes some sort of orientation vwich increases the intensity • Ia.he yellow line or decreases the intensity of the red line. The bottomof the plate shows that relative intensity measurements on-PbO by ':of preparation are probably not reliable. First, the specimen - "-ack loosely in the cell as described in method three, care being -eh not to Jar the h ldor wh lc placing it on the spectrometer. The redyelloL; 7-1 nos at 46 and 45 were investigated. At the extreme right 4-Qines -are of approximately equal intensity at first. Then the holderpped lightly. This causes the red line to become more intense than
Ollow. More vigorous tapping raises the intensity ratio of red toto 3:1. There does not seem to be a particular order to the method,r, since continued tapping may cause the intensity ratio to decrease4roase at random. The intensity of the yellow line could never beup equal t6 the red except by preparing a new specimen. The ,t of the tapping experiment do not fit too well, with what might be
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eXpectod. Tht is, the sprinkled specimen which should be less oriented 7,

than the smeared specimen showed the red line-stronger than the yellow, 7Abut the untapped specimen which should be less oriented than the tappedshowed the yellow stronger than the red. This illustrates the difficultyin obtaining reliable muasures of, the relative intensities of lines from aspecimen which may tend to orient.

The next specimens indicate that it may often be better to decrease Aorientation by breaking up the orienting particles than-by a method vihich •tries to keep them from orienting. The first example is silver acetate.Plate 20 is a micrograph showing the commrcial material. The particlesare long noodles and also flattened giving two possibilities of orientation.
After grinding in a mortar for 5 minutes, they are somewhat broken up. as 'shown in Plate 22. Many particles still appear longer than they are wide . .but. the flat plates are destroyed. After grinding 30 minutes, Plate 22indicates that the particles are Y.ell broken up and show no regular shape.The X-ray patterns in Plate 23 are for the silver acetate. The top patternis' for a loosely packed specimen and shows ve.ry nearly the same orientationas for the smeared specimen in the second pattern. The relative intensities:of the lines from the ASTM index are listed as percentages above the lines.",;_Before- grinding, several lines listed as'6 percent and 3 percent are almost4 intense as the-BO percent line. After 5 par,+ Minutes gn g the intensities-

4.. the 6 and 3, poront lines are appreciably less than the 80 percent line..A•te'-grinding 30 minutes,.the 6 and 3 percent lines are very weak. The'n,,tnsity never does drop to the low, value indicatd, however, and it. ould-'seem that, further. grinding is necessary, It is not feasible with a mortart break the particles up much smaller than shown in Plate '22. Thiscample does prove, however, that better results are obtained by breakingthe particles than by any method of preparation of the original particles.It was indicated from the pattern of4 the specimen ground 30 minutes! thatt theJ-iýlative intensities- of the lines listed. as 6 and 3 percent were still too - Ig~reat.- To determine if this were duo to orientation, a. specimen-was 
.4-repared by dilutingthe ground material with 40. The bottom pattern;if Plate 25 is-the silver acetate line'at 9 29 as. recorded on photographicfil. For .... ],5 centimeter specimen to film distance,-- the rin4 for 9r94d14 havc. a radius of 2.4 centimeters.. Thus the line on the film shouldahýow appreci6able curvature.. That it does not, is good indication that4-, 

isf goodv grinding 
that'xxtoniveorinding and diluting, the silver acetate particles

b 'to ori..nt..

"The final specimei mercuric acetate. It is similar to silveracetate in shape and X-ray patterns are shown in Plate 24. 1cforegrinding, only the mercuric acetate pattern appears. The line at 45 isl4tod in the ASTM index as 8 percent in relative intensity but appears as -t second strongest line of the pattern. After grinding 5 minutes, allt6 lines of the mercurous acetate t•attern appear. This probably-results4 the decomposition of the mercuric acetate on grinding. The mercuric'
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line at 450 is rqduced in intensity and broadened just as for the linesin the silver acetate pattern. Again, further grinding reduces theintensity still more. Another interesting line is the mercuric line at220. It is listed as 24 percent in relative intensity but appears quiteweak in the unground specimen. After 5 minutes grinding, its intensityis increased several fold. 20 minutes of grinding reduces the intensityslightly, but the line is still far more intense than in the unground specimen.In Plato 25 are shown the patterns of the line at 450 recorded onphotographic film. The some effect is soon as on the traces in Plate 24.The line becomes broader and weaker as the material is ground. Thefilm patterns were not made merely to compare with the Gciger countertraces. The possibility existed that the intense line in the ungroundpattern could-be duo to a spotty ring characteristic of large particles.
Thc Geiger counter in passing over one or more of the spots might record

- high 'intensity. The film patternrs show definitely, however, that the ring!is smooth; so the intensity is due entirely to orientation.

Again it has been shown as for the silver acetate that breaking upt he particles reduces the orientation appreciably.

In conclusion it may be said that the method of specimen preparation1s important when the powde. particles tend to orient. Smearing on a.'1 microscope slide is the fastest method but not entirely satisfactory *henthe particles have crystal planes or cleavage -planes as their external"surfaces. Three methods of preparation were described which reduced6 r i o n t a t i n .sI ti b e d s h o w ni c h rgo dc e d. .ontion. It was shown that prolongd ginding is usually the most
•*tlsfactory method. -Loose packing or diluting had very little effect on
4lt plates or long needles.A,]
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MISCELIA;OUS CONSIDERATIONS

A

The \advantages of the particular Geiger counters used at N.R.L.
were described in the previous report H-2235. The action of the countersis illustrated in Plato 26 reproduced from that report. The percentage
absorption in 10 centimeters of gas is plotted against wave length forboth Argon and Krypton at various pressures. The efficiency of the counter
corresponds to the fraction of the K-ray beam absorbed; that is, a counter
absorbing 80 percent of the radiation entering it, is 80 percent efficient.The -wave lengths of the charactoristic radiations from the commonx.-rak

..;_target materials are indicatod. For Cu radiation, a counter filled to 76 cm.ý. Vressure with argon is 87 percent efficient. For Mo radiation, howover,
*Atbesame counter is only 20 percent efficient. If the counter is filled7 th Krypton, it will be 96 percent efficient for 11o.

An interesting result of th-a use of the Geiger counter is the low~b 1~round of the patterns'obtained. The -xplanation lies in the poor
rapn, of the counter to the shorter wave lengths of the cQntinuous

- otrum which has its maximum intensity at some wave length well below"X lines. X-ray filters (such as Ni for Cu radiation)are diosen to
strongly in the neightborhood of the K/ line.- It is not true that
sorption is great for the shorter wave lengths of the continuousIn the case of Ni, the absorption is only 20 percent at -. TAX,•

decreases with decreasing wave length.. This coupled with the high sen-i of photographic film near the silver and bromine absorption edge
j7lengths causes an intense halo near the center of the film pattern.
'the Geiger 6ounter, however, th- efficiency is dovn to 20 percent foron counter filled to 76 centimeters at .7 A.U. and approaches zero fori ý_ .5 A. U. Thus the combination of the Ni filter and the spectralof the Geiger counter minimizes Variation in background intensity

, z' the wholo range of the spectrometer from the direct beam out tofij, , ̀ i's makes it possible to nqeasure low intensity lines which fall
to th. direct beam. It also makes it possible to operate at higher

,*oltage and increase the intensity of the K. 'line without increasingS tnsit -of the background as shorm in Plate 27. On film-the back-
intensity increases so rapidly with increasing vqltagc that tubes are
operated under 45 K.V, With the Geiger counter, the voltage may be

to the limit of the equipment.

~th the alcohol-argon type of counter, a given X-ray-energy willOe'practically the same number of counts no matter where in the volume
S -eountor the beam strikes. With other counter fillings chosen for)igher resolving power, this may not be true. For the particular

aapjoyed in this investigation, the response of the counter isreater when the beam passes close to the wire than *hen it passes close

- 16 -

1: 4 3.6

_1w ~ ' - 44\44 444 4.~

----. 4 .4,



.m : - . ....4

Sto the cathode. Plato 28 indicates the counting rate vs. the distance from -"

the wire. The solid line is for the beam parallel to the wire and the ..
dotted line is for tho beam at an angle of 30 to the wire. For both
cases, the counting rate increases as thr T'ire is approached but the mato'dnum.

.Dunting rcnte is obt.oinod when the beam is 6it a slight argle to the -irc.Thus, while tho intensity o$ the diffraction line oma b& increased by
inoro.eing the slit height, the part pf th. b•n striking nic-ar the cathode
contributes relatively little to the the response.

IB

The circuits employed were the same as those in N.R.L. Report
H-2235. The maximum counting rate is of the order of 2000 counts/sec and
the response is linear with intensity-up to 300 counts/sec. Counting rates
higher than 300 counts/sec must b, corrected for non linearity as shown in - -7SPlate 29i Nei circuits capable of counting as high as 30,000 counts/soc .-.,-having been developed but were not available at the time this investigation ':",--was begun. They will appear in a later report.

The instrument has been provided with a selection of autoniaticC nn speeds from 60 degrees/min to 1/4 degree/mn, A speed of 5
wagree/min was found satisfactory for most scanning and at this speed the

,rr in determining line peak positions is - .05 degree. By counting
i d mscret points for 20 sec intervals instead of recording automatically,Sis possible to determine line peak positions to'- .01 degree.

•' By decreasing the scanning speed, a greater degree of damping may be • ,a, .oyed in the frequency meter circuit giving a correspondingly smoother 4The scanning speeds for the specimens. in Plates 19, 23, 24 are 1/4 4

e/raim. Plato 30 shows patterns of the same specimens as in the threeyipus plates ýut scanned at a speed of 5 degrees/rin. The only .4$fercnce besides the slight added wiggle in the background is that a line
,'b.'as the one at 47 degrees on the silver acetate pattern in Plate 23 is • .

~ar1d d whilo on the same pattern in Plate 30, it might be~49looked.
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'Consideration has been given to the conditions affecting the results A".of X-ray powder diffraction writh the Geiger counter. Some of the conclusions
are listed- below,

1. A flat specimen up to 2 centimeters in length is a satisfactory 
' "approximation to the arc of the focusing circle for routine powderidentification. un c oe w

2. Specimens curved for a particular value of 20 may be extended up 
'.to 10 cerqtimoters with no effect on line shape or position.

3. No "absorption correction factor"-is involved when the 'specimenrotates at half the speed-of the counter.

4. The dimensions of the counter slit have relatively sma4l effecton the line Position but do affect the line width.

- •. The amount of divergence has no effect on line shape or position. long as the specimen is a sufficiently'accurate approximation to the&rc of the focusing circle.

. - 6, For source to specimen distance of less than 15 centimeters, thesourcq slit height should be limited to 5 millimeters in order not to .introduce asycmetr into the line shape.

.7. The line width at half maximum is a linear function of source ,width up to a source width of 2 millimeters. 
- - '1

'4 8. Any tilting of the specimen so that the face is not normal to theplane of the spectrometer causes aspreciable asynwacetry in the line shape.The face should bc normal within 2 .
9. The specimen surface may lie outside or inside the focusing circle .4-by as much as .5 millimeters without changing the line width by more than -.

10. Special precautions are necessary for specimens where theparticles tend to orient. The precautions take two forms: (1) The particlesmay be prevented from orienting by loose packing, diluting or sprinklingthe: "!Woial on a slide, (2) The particle shapes may be changed byPro;lnged grinding so that they no longer tend to 6ricnt. Breaking up
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-t he particles by grinding was shown to be the, better method vhon applicable.

11. A low background intensity is obtained over the whole range of
the spectrometer due to the decroascd efficiency of the Geiger counter

' for the shorter wave lengths of the continuous spcctrum.

12. Automatic scanning and recording of the pattern gives
4 satisfactory results. A speed of 5 degrees/min is useful for most

identification ixork. Slowe.-r speeds such as 1/4 degree/min reduce the
- background variation when very weakI lines are to be recorded.
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