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l Neutron Diffraction on HIFAR
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“‘ By T. M. Sc|bine*

A brief account of the use of neutron diffraction as a complementary technique to X-raydiffraction in crystallographic analysis is given. The spectrometers to be installed on HIFARare described and the experimental limitations of the technique discussed.

INTRODUCTION isotropically.
Neutron diffraction has become an estab- The freedom of neutron diffraction from thelished technique for the study of solids but necessity to make assumptions about the formit will probably always remain a complementary factor gives it an advantage over X-ray dif-technique to X-ray diffraction. In all inves- fraction in some applications particularly intigations of atomic arrangement it is essential investigtions of the degree of ordering in alloysto obtain rst all the information which can and in the study of gases and liquids.

be Obtained by X-ray methods There are three main applications for whichThis paper discusses the particular cases neutron diraction has decided advantages.where neutron diffraction gives information
unobtainable by X-rays and describes the neut- De|'@=l'i°I\ 07 H9111’ <I*°I\'I$ in theron diraction apparatus to be installed on PI'¢$e"=e 0‘ |\e¢VY <Il'°m$HIFAR. No attempt is made to review the The atomic scattering factor for X-rays in-literature or to discuss the theory of neutron creases regularly throughout the periodic tablediffraction as these have been fully covered in because of the continual increase in the num-a recent book (Bacon 1955) and in many pub- ber of extra-nuclear electrons. The ratio oflications, e.g., Wollan and Shull (1956), Bacon the scattering factors for heavy atoms and lightand Lonsdale (1953). atoms is generally of the order of thirty or

"SE5 OF "MR0" PIFFRACTION ityhiititttifoniietoi‘tf£‘2§$‘le LttitititiéfIn investigating the structure of solids by termg yfactor the observed spectra are very
g§;éaYi'n€gn§i%-2592fb€gg15di%1fa;2§uE';ec1zg:itig1;f: insensitive to 'the positions of the light atoms.
determined experimentally and the atomic ar- The .s°attermg fa‘°€°r €°rdne’tm'°ns’ hgwev‘?rangements deduced from these measurements. Whne It 3' smal.S ea y Increase. He °The positions of the spectra are determined mcrease m n“§1ea‘rhis‘e' depelzds mamilg :2- - - - - - resonance effec s w c seem o varyby the unit cell dimensions and their 1I1l16l'lS1l}1}I arbitrary from atom to atom As
by the positions of the atoms in the unit ce .
and by the manner in which the incident risult 2? l1}eutgin sztteggg fggs af°§acta61§radiation interacts with the individual atoms. af°g‘5 36 gufh Y. t ft. f th diffractionIt is the process of scattering radiation by ° or an .e.m e S 165 ° 9 t .b t.
atoms which is very dierent for neutrons and spectra are sensmve t° an the °°n n u mgX-rays and gives rise to the special uses of at°ms'neutron (115;-a¢tiOn_ The heav_y metal hydrides and carbideshavet b th 1 t - 1 d been examined by neutrons and the positionsX-rays are sca tered y e eec ronic c ou . .

- - of the light atoms, which cannot be locatedaround the nucleus while in most cases the b f d St d. f h dm bondsneutrons are scattered by the nucleus alone. Y ‘rays’ mm ' . u ‘es ° Y tg fThe important exception to this is the case have been ‘Fade m .many subs ances’ . orf th t- - hi h ie additional example, sodium sesquicarbonate, o-resorcinolo e magne ic ions w c gv .scattering because of the interaction between nd benZe1:e- “Sing neutrons t° 1°°ate thetheir unbalanced electron Sp1IlS and the spin Ydmgen 3' °m5' '

of the neutron. This exception will be dis- Differentiation bet-ween atoms of
Cllssed 19~l-'-6I‘- neighbouring atomic number

The atomic scattering factor for X-rays is Because of the apparently random variationmarkedly angularly dependent, falling o of neutron scattering factors with atomic num-according to a form factor with increasing ber, ordering of alloys of elements closeangle between the incident and scattered radia-V together in the periodic table can be detected.tion. This occurs because the X-ray wave- Thus ordering in alloys like FeCo and Mn,,Ni,length is about the same as the linear dimen- undetectable by X-rays, can be easily found.sions of the electron cloud with the result that However, ordering in Cu,Au, which is easilyradiation scattered from different parts of the shown by X-rays, cannot be found by neutronsatom is in phase only in the forward direction. since copper and gold happen to have identicalThe neutron waylelength, however, is very much scattering factors.
greater than t e linear dimensions of the . .
nucleus so the nucleus may be regarded as a M°9"°"° s°°"°'"'9 to . ma- The interaction between the a mic 3-point scatterer and the neutrons are scattered netic moment and the spin at the neutrons

‘Australian Atomic Energy Commission Research provldes the only dlrect method of dfter;:nm-' B-Establishment. Manuscrlpt received March 17, 1958. ing the magnetic State of 3 materla - n
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paramagnetic material the atomic magnetic Re;g|ug||
mments are 1‘aI1d°m1Y °1‘ient9»ted and ¢°m' Because of the low ux the monochromatisa-
pletely uncoupled so the magnetic scattering is tion cannot be very strict. At present specimens
completely incoherent and contributes only to of lower symmetry than tetmgonal cannot be
the ba0kEI‘0l1!1d- examined as powders because of overlapping

However, in ferromagnetic, antiferromagnetic Of th lines. Again it is 1101196 that the higher
and ferrimagnetic substances coherence ap- intensity from HIFAR will make more rigorous
pears between amplitudes scattered from the collimation D°$$h°1e and resmutieh equal 3°
ordered magnetic moments giving rise to dif- that Of X-ray meth0ds Obfainabla

fraction peaks‘ Experimental methods
If the meghetie uh-it eeh is the same Size Neutron diraction data are much more

as the structure unit cell the magnetic dif- laborious to collect than X_ra$', data Phot0_
freeheh Peeks Wih eeiheiee with the hheleer graphic techniques are at present unsatisfactory
Peeks ehe the tetel intensity Wm he the sum and all information must be collected by coun-
°t the hheleer and meghetie ihtehsitieh In ters. The weight of the counter and shielding
some substances the magnetic cell has twice (N 2 cw” means that the counter must be
the dhhehstehs _°f the hheleer eeh end the restricted to movement in the horizontal plane.
hhlghetle heheetlehs Qeehr at shpehlettlee pest‘ This restricts examination to one layer line
t1°h5- Th15_ eeehrs» fer example» 1h the e'ht1' unless the crystal can be adjusted to bring each
fen'°1heghet1e exldes MhO- N10 ehd C°o- layer in turn into the plane of the counter.

'_I‘1‘1e _IY1a8T1eti0 intellsitles depend 011 the Because only one reection can be exam-
°I‘1eI1tat1_011_ Of the magnetlc m°m9r1t$ 1‘e1at1l{e ined at a, time the collection of single crystal
t° the 1{1e1de1_"~t and Scattered beams 5° 11? 15 data is a laborious process. A reasonable esti-
possible m principle to determine the orienta- mate of the time taken is one hour for each
til-‘>115 Of the magnetic m0mB!11JS relative to the reection. It is unlikely that this time will
crystallographic axes. In practice this deter- be 1-educed_
mination is complicated by domain effects. The counter covers the same region in one

Since the interaction is between the electron traverse as an X-ray powder pattern but since
and the neutron there is a magnetic form factor the diracted spectrum is only detected while
expressing the fall off in magnetic scattering the counter passes through the Debye-Scherrer
factor with angle. However, unlike the X-ray ring only a small fraction of the diffracted
case where the form factor is due to all the neutrons are recorded. To compensate for this
electrons in the atom, the magnetic form fac- long exposure times are necessary. The average
tor comes only from the electrons which con- time is about 12 hours and in many cases it
tribute to the atomic magnetic moment. There- is necessary to average over several patterns.
fore the magnetic form factor can be inverted _

to give the radial distribution of the magnetic e°°'<§'°""<' "'*@"='*Y
a 3 electrons in the a|;Qm_ When a crystal contains an element having

nuclear spin or a mixture of isotopes then
|_|M|-|-A-|-|°N5 Q; NEUTRON D|FFRAc‘|'|QN there is_a different scattering cross-section for

i The limitations on neutron diffraction arise ea-ch spm State 8'-nd for each-isotope’ TI-us

['j\;'-»\- ,
~;/ll =.. .

= A
,.-;i\;~‘;_;;‘ ‘ . /

f h 1 t mixture of scattering cross-sections gives rise
3,1I1'lOSt completely I‘OII1 15 8 IE a ively 10W to a high incoherent background which can be

uxes .a’va'11ab1e' .s1m11e'.r dlhecumes do h°t very troublesome. The incoherent scattering is

°f qhehte Per “hit area ih 3' hermel x're7 in many cases single crystal methods must be
- occur in X-ray diffraction since the number partlcularly high ln hydrogenous materlals and

I 1’ gs
heem is greater than that in e’ heutreh beam used or the hydrogen replaced by deuterium.
by a factor of 10‘. A compromise has always

1'§‘z"‘f'i»°‘%2.:.
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to be made between an incident beam in- |=A¢||_|1'|55 QN |-|||=AR
tense enough to give observable diffraction The;-ma1 neutrons from a pile have 3, Max-

* speetra ehd resethtleh geed ehehgh t° Prevent wellian energy distribution with the peak at
considerable overlappmg of the spectra. approximately 1_5A~_ The experimental 3,1-_

some of the mare serious limitations are rangement for neutron diraction consists of a.

listed bg]Qw_ The numerical values given apply OO11i1‘I'l3,t01‘ t0 6Xlil'B,Cl7 9. parallel beam f1'OlI1 the
to reactors with a maximum thermal ux of Pile, a m0I10<=1'11'0m1i-1901‘ to $618011 a beam Of

I. l ~.~. .
~~ 101» neutrons em-I sec,-1, monochromatic neutrons and a spectrometercl 5.
K < ~ of
\ An attempt is made to assess the improve- carrying the specimerf and counter’
. ment whlch wlll be gamed by using HEAR The collimator size is chosen to give the best
i’ L
H 1

l * 2
'v .1
a

v

c
~‘ . § 2 x 5 mm. and powder specimens of about 7 ected is near the peak of the distribution curve.

' cc. On HIFAR it is hoped to reduce the size The crystals used are copper, lead and calcium
ti . ‘ of single specimens to 2 x 2 x 2 mm. uoride, giving wavelengths of 0.81A°, 1.09A°
pt» .. W
£4 1‘

rl‘
1

V3 i R It is not possible to use very small crystals. The monochromator consists of a large single

where the thermal ux ln the holes used compromise between intensity and resolution.
4 for neutron diraction is '7 x 10“ neutrons It is essehttelly e steel tube 5 feet lehg with 9'

cm_, sec__1_ cross-section of about 2 by 1 inches. With
J ' I‘ these collimator dimensions the angular spreadif specimen 5;" in the incident beam is about 5°.

Single crystals must be of the order of 2 by crystal orientated so that the wavelength re-
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The second spectrometer is a single crystal
instrument with a two to one ratio between

counter rotation and crystal rotation. Since

the counting rates for single crystals are much
higher than for powders and the line width is

governed by the specimen and not by the reso-

lution of the instrument, a much smaller

counter can be used and a specimen-to-counter
distance of about 6 inches.

The method of recording the data will de-

pend on the steadiness of the ux from
HIFAR. Two methods can be used.

(i) The neutron pulses from the counter can
be fed through a ratemeter on to a pen

recorder and a continuous chart record
obtained. .

interval when a certain number of counts
'2 a --‘ (ii) The counter can be moved a set angular

/ R

LET

ueuraou BEAM

PILE

SHIELDING
MONOCHROMATING cavsnr
l5OWDER_ SPECIMEN

smote cnvsm. SPECIMEN

courrren
ammo on FUEL suamsur
STORAGE BLOCK

FIGURE l: Plan view of spectrometers installed
The instruments described in this paper will be

on pile foce.

° t‘ve1 Wavelengths on the
and 1.20A respec i y.
short wavelength side of the peak are chosen

. . . th
to keep the second order contamination in e

have accumulated in a monitor placed in
the beam from the monochromator. The
number of counts received by the counter
during this interval can be printed on

tape.
The high penetrating power of neutrons

makes neutron diraction at high and low tem-

peratures 3, simple matter, since reasonably

thick furnaces and dewar asks are transparent
to neutrons.

The layout of apparatus at the pile face is

shown in Figure I.
The whole apparatus must be adequately

shielded to prevent unwanted neutrons enter-

ing the counter and to enable the operator to

remain at the pile face for long periods with-
out danger. On HIFAR the radiation level in
the working area will be 1 maximum permissible
level.

CONCLUSION

operating early in 1959. Initial work will be

single crystal studies of the antiferromagnetic
oxides NiO and C00 and powder studies of

ceramic systems, but spectrometer time will be

available for other problems.
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The author wishes to thank Dr. G. E. Bacon

cent. and the staff of the Neutron Diffraction Group

Two spectrometers will be installed on at 1-1arwe11 for their help in planning the
'1iti HIFAR.

HIFAR. The rst is a powder spectrometer. To neutron diffraction faci es on

obtain adequate resolution and low background
the specimen-to-counter distance must be large R5F5R5N¢55

and the counter wen shielded" The specj_n1en- BACON, G. E" 1955, N8l1l2Z‘O11 Diffraction, °.U.P.

to-counter distance is about 5 feet and the BAGON. G- E-- and LONSDAI-E. K- 1953- Rea P1021"-

baickground -sh9u1d be about 30 counts per E O and SHULL G C 1956 Pro ress

Imnut'e' Thls mstrument cannot be used for in Nuclear,Engineering, Series ‘V Vol. 2, 121726. ion-

single crystal work.
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