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LINE BROADENING IN X-RAY DIFFRACTION PATTERNS
OF THE VANADIUM-HYDROGEHN SYSTEM

- Iptroduotion ~
When Hydrogen was taken up by body-sentered subdie
Vanadium metal, an anisotropie expansion to a body-centersd

tetragonal lattiee has been reported. (1)
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(1) Amulf J. Maeland -J. Fhys. Chem. §8 ,3187 ,(1864)

It is diffiocult to aecount for the observed expansion
if hydrogen oecupies only tetrahedral iunterstiees and
there is no eonvineing evidence that oetahedral inter-
stices are involved, (3)

The problem could be resolved by neutron-diffraction
but ezperimental observations by Hardeastle,(3)

g e B e e R e e R e e e

{2) X. Bardeastle, unpubli shed results

and a study of the possibly ecomparable TaH, by Wallace (4)
(4) #.B.Wallase ~ J.Chem.Phys. 38, 6, 2156-2164 (1961)

haveinot let to useful results, partly because of the con~
plexity of the diffraction patterns and partly because of




the assumption that oetahedral sites are not oecupied.
Objectives
It wag desired to investigate the breadths of the
tetragonally distorted cubie phase X-ray diffraction lines
of various vanadium hydrides and to compare these with the
eorresponding lines of the pure metﬁl. Then one could as~
certain whether certain lines corresponding to certain
planes in the eorystal, were broadened more than others,and
it was also hoped that from these observations some idea
of the positions of the hydrogen in the tetragonally dis-
torted body eentered cubie lattice could be obtained.
Also it was hoped initially that accurate quantitative
measuréements of the line broadening ecould be carried ous.
A.J. Maeland (1) investigated the change in lattice
parameters with hydrogen content in nonstoichiometrie
hydrides of ¥anadium via X-ray diffraection using the powder
method with a :-Btrammanis.’ ..o eylindrical camera. His eol-
leetion of films from bis study were left with Dr. T.R.P.
Gibb of Tufts University and these filus were used in
my observations. udaeland observed that between stoichio-

metries V-H __and V-H 46& b.c.c. ocubie phase and a b.c.t.

05
phase exist together and that at room temperature the

ecubic phase disappears at V-H 46" At higher temperatures

the subic phase appears at stoichiometries up town V-H g -

Aecordingly, on some films the breadths of body centered




cubie diffraction planes were measursd and compared with
the breadths of the pure metal, while on some high H eontent
films at room temperature b.e.t. planes are compared to cor-
responding planes in the body eentered cubie pure vanadium
lattioce.

Initially a photometer available in the laboratory was
uged to record the widths of the lines, but it was fownd
that the machine gave variabic results for the same line on
different days and t0ok mueh time to measure one film.
Therefore this procedure was abandoned and recourse was
made to visually measuring the breadths of the seven eubie
phase lines for many different films. To aeccomplish this,
& box with a white glass illuminated field was employed
with a movable steel support for the film and a rider on
the support with magnifying glass and measuring device.

Sinee it was necessary to measure the line breadths
vi sﬁally only an approximate value for the breadths was
obtained. There can be errors of measurement and with some
faint lines it is extremely diffioult for the eye to judge
where the line ends and the field begins., However, the
majority of lines were measured to % .01 mm. Over the
average of a large number of films, however, any trends

ghould. become apparent.




emall particle size or stress or disorder in the metal. (5)

lts) N. F. Hott and H.Jores "The Theory of the Froperties oi'
etals and Alloys" Olarendon Press, Oxford 1936,

Since partiole size causes broadening only for particle d,ia.-'_'
meters below 1000 A* and the particles in the V metal used
are eoarn' acoording to na&l_and' s artiele (1),line broadening
in these Tilms should then be due to strehs and disovder in
the metal. Any mechanical stress in the metal should he an-
nealed out vpen heating to form the hydride, therefore any
broadening observed in the hydrides diffraction lines must be
due to stress and disorder caused by hydrogen atoms slightly
distorting the lattice. A plane in the erystal greatly dis-
torted by hydrogen atome should bs subgtantially brozdened.
The results of the measurements are tabulated in the
figures, Bach cubie phase line is numbered and the Miller
indiess of the plane it represents are given. It is seen that

lines 3, 2 and 1 often were obscured due to secattered radia~-

tion darkening the fronit reflection region of the films. Ther

fore results from these lines are less reliable. It is seen ‘-[
that there is no gemeral trend of increased broadening with
'inereasing hydrogen content bub that broadening does ooceur

LY

in most lines with respeet %o vanadium metal lines.




Also teuperature differences have little effeet on
the breadth of the lines. Rough pereentage broaden-
ings of the lines relative to vanadium are given

on the third data page.

From these data the most notieeable trend is
that line 5, the 311 plane, is substantially more
broadened than 2l) the others. Lines four and
one are less broadensd than the others but these
results are less eertain due o many obseoured lines.
The single most consistent feature of the data
iz the greater broadening of the line eorrespond-
ing to the 311 plane,




BREADTHS FOR VANADIUM HYDRIBES DIFFRACTION LINSES COMPARED TO PURE
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The greater broadening of the 211 plane relative to
the others leads us to speculate about the positions of
the hrd‘rogoa atoms in the lattiee., In a body centered
eubie lattice the hydrogen atoms san osoupy either oocta-
hedral or tetrahedral sites, In a b.e.c. unit eell
there are 24 tetrahedral and 18 ootahedral sites.

(8) (oee diagram one).
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(8) T.R.F. Gibb Jr.~J.Phys.Chem., §8, 1096,(1964).

A greet broadening would seem %o indicate that
hydrogens are in eertain cetahedral or tetrahedral sites.
Let us now tabulate the oetahedral and tetrahedral points
for the various planes in one unit eell. {See diagrams).

211 <31
110 &
233 3
321 1
310 i
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fetahedral (+) and tetrshedral (=) points in
B.0.0. unit oell. { ®ot all pﬂih‘bs are shosn

on every f808).

piffraction planes in Yanadium b.e.0, lattice
showing cetahedral end tetrahedral intersections.




| 3 . : ; 2 i & +
. 4 I M R B s s RN | B e e e a
wh o el -
: : \ e S
f _ &




220

N

J ~




#ith just the pereentage broadening information one

ecznnot unequivoeally distinguish between celahedral and
tetrahedral omsupation or betwesn face-faeme or edge-edge
site restriotione in ocotahedrsl ocoupation. The faet that
20 many appreeiably broadened diffraetion lines are from
planes interseeting only oetahedral points at first seems
to indéeate ootahedral cemupanoy in the lattiee. We must,
howevar, raél&salthat the ocetshedral and tetrahedral sites
for hydrogen in %the lattice are not mere mathematiesl
pointa, Both the intorstitial atomie and the hydridie
model (8) for vanadium hydrides treal the hydrogen in the
lattice 28 a small shaxe of eleatron density. PFor the in-
terstitial model the radius of the hydrogen sphere is ,585 A°
for 4 geordination and €0 & for & coordinstion, In the
hydridie model the H hes a radius of 1.32 s*(whieh inereases
withfeeordSnatian number) therefore no matier whieh model is
used, distortion of planes interssating only oetahedral
points does not necessarily indioate oetahedral ccoupation
sinee a hydrogen in 2 neighboring tetrahedral site whose
eleotron eloud interseoted the plane in gusgtion eould dise
toxt the lattice along the direotion of that plane,

Roberts' WK, study (7)
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(7) Roberts, B, Phys. Rev, 300 1257 (1955)




of the V Dy7 system indicates that the deuteriums are a, q'
apart. This feet would support oetahedeal ocoupation if the
hydrogen sites were mers geometrie points, sinece no cowmbina-
tion of ontahedral and tetrahedral sites in & b.e.o.lattice
is geparated by that geometry., However with the hydrogen
poseessing a finite atomie radiuvs, this simple argument
bresks down, Sueli éonsiderations ‘wake any meaningful correla-
tion betweon the rough average brosdeming of the diffraetion
lines and oectahedral or tetrahedral cueupancy nend dubjous,
For example, the broadened 311 line could result from dis-
torticn of the plane by hydrogen oseupying the oetahedral
site in that plane or by hrdrogdn from a neighboring tetza~
hedeal site distorting the plane by overlap, sinee the
hydregen hag a finite sige,

Kaively, we might expeet the greatest percentage lattice
deformation and grestest line brosdening in the planes with
the densest packing and smallest area in the unit eell. In
the planes of greater area wne could praediet thad the stress
deformation of the V lattiee along the plane would be less
than for those of smaller area sinee the stress from the
hydrogen would tend to fall off at greater distances from
the hydrogen. Sueh a econolusion would be valid, however,
r;ml.y {f the same number of hydrogems were moting to distort
pash plane, and only if interastion with electron elouds
from nejghboring sites were the sase, Clearly $his camnot




te assumed since some of the larger planes can acrommodate

two hydrogens on opposite faces or edges even when consider-
ing bulky B~ 4ons, That this effeet is not applicable is
also seen with the densely packed and small aréa %11, 310
and 321 planes all of which interseot only 1 oectahedral
point and no tetrahedral points. The 211 plane is evidently
distorted more than the other twn.' It seems futile to
speculate at present as t0 the cause for this ginne we
know neither the configuration of hydrogen in the lattice
nor the degree to whioh electron density from hydrogens
adjacent to the planes may affect the distortion.




