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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)
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{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,
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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.
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#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.
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PART II

iggnetie suseeptibility Effeects on
Removal of Hydrogen !rem,é Phase
palladium Hydride.
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The author wishes to extend his
deep appreciation to Professor
T.R.,P. Gibb Jr., without whose
patient guidance this paper
would not have been possible.




For demedes it has been known that the magnetiec sus~

ceptibility of Pd decreases as hydrogen is absorbed and
reaches zero at approx. Pd H  to PaH , (8). '
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(8) D.P.Swith "Hydrogen in Metals" University of
Mhicago Press, Chicago, Illinois (1948)

.

I% has also been known for many years that at Pd HS.08.
The Fd metal expands 5s & phase termede® that is only
slightly greater in lattice parameter, and this phase co-
exists with a seeond 4 phase of parameter approximately
4.02 & up to stoichiometry.i Pd H o whereupon the # phase
appears solely. (8) Thus it was necessary to explain why
the & phase was diamagnetic and the familiar band theory(5),
was the wost satisfactory at explaining the effeet, Accord-
in;g to this explanation the portion of the density of
states surve for Pd to the right of the Fermi level shows
that Pd lacks spproximately .55 electron in its d band.
When Hé is absorbed the eleetron from the hydrogen is
donated to the d band therefore at hydride composition of
aprroximately Pd 3 55 there should be no unpaired electron
gpin in the 4 band and the substance should be dinm.a.gmﬂe

However Michel and Gallissot (g) removed all of the

. R

(8) A.lichel and M.Gallissot:Coupt.Rend.208 434 (1939)
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hydrogen *W %’ palladium hydride #ith a high voltage
devise at room tmma ané chserved no ineoreanse in suse
eaptibility, !’m they postulsted that volume effects i
the 1attl.e¢. nt filuﬂs 0f & hold in the 4 band was respone
aibla for thﬂ &uuu in sagnetic susceptibility.

T.RP, Gibb :r.-{w} aoted that if one extrapolates the

B - e = N e Sl ow W
T.R.P, Gibg &r. *Lattisne-Distenstion and the Kagnetie Suge-

eeptibility of Pallodium Hydride®- Tufte Univ, 1966, to be
lished
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rve of paramsgnetio Busoeptibility ve., relative volume

f the unit cell the value at which pure palladium becomes
ismagnetie is surprisingly elosé $0 $he relative voluue of
he 4 phame lattice. T,R.P. Gibb and W,a, Horder attempted
o aonfiru the resulte of iichel and Gallissot and their

sulte were narivlally eontirmed. AuoOrdingly 4n this inves-
gation Dr. R.J. Roy snd myeelf wished to prepars puve $
hage hydride and pump off hydrogen to some skolehiometyy
elow 74 -H. 6 rithout farming any & Phase and #ished 60 obw
exve if the magnetis suzeoptivility romained songtant, A
ero paramsgnetle susseptibility at hydirogen contents lower
that of P4 g would refute the band theoxy explanation

f this affeet, and reinforoe Hiohel and Gallissot and

« R. 7. Givb's  spemlations. 17 it wers iupossible
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to prevent formation ofé~ phase we at lesst desized to obe
tain a greph of magnetie susoeptibility vs. stoichiometry
on gesorpiien that would show s lower susoeptibility then
the corre wen&ng stoichiometry on absorption, Such would
infer that the desorption stolehiometry had a greater per-
santage of aimctiaﬂ phase tHah the eorresponding abe
sorption stoiehiomstry.

The hydrides were mimana with the hipdeide synthe-
ais line fllustzated snd deseribed in the Figure 2. Tank
hydrogen was passed through a eatalytie Deoxo purifier and
drierite before entering the system, The vacuum system
pould be evacuated t6 10™° um, In the attempted esrlier
synthgagsa U Hy getter was used to generate the Hy but 4%
beeame very slugzish $o0 ocharge and wag finally sbandoned.
The early attempted ayntheses employed an approximztely
200 ml reaction tube and a mebal boat for holding the pallay
‘dium, “hen fha gynthesized hydrides were transferred in
the inert atmosphers box t¢ an anzlysis tube, the loek had
to0 be evesuated with the hydride exposed. This proceduxe
was found to remove nearly =ll of the hydrogen from the
sample due to the hydrides spprecisble equilibrium pressure
in 2 vacuum 2% 7. . Subseguent analysis of these samples
showed np H o evolved and X-ray powder pattorns showed only
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Hydride Synthesis Line

Key:
dain B, gorage buld
Hy inlet
lieleod gauge
Rough veouws pump
falibrated H, storage bulb
Oold traps
dercury diffusion pump
uain vacwam line
Reagtion tube
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«Ziphase present, To overcome these difficulties the reso~
tion tube shown in the bhydride apparatus wes designed. It

contained four protruding eapillaries, three for X-ray anals
yees and the fourth, larger in diamater, for nagnetis sus-
eeptibility measurements., The advantage of the spparatus
iz that magnetie umwms way be made in an Ba atnog~-
phers and X-ray sanples may be sealed off without exposing
‘the hydeide to the vaouum of an inert atmosphere box. Suse
naﬁtibiuty measuresents were taken with an apparatus dese
sxibed in the Literature (11). etz 09% .8 mieron Pd used,

{11) #.A.Norder, Rev,Sei.lnstr. 3} 846~351 (1960).
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The P4 filinge were passed through a serssn slongside a
wagnet %o remove any iron filings present., In order %o re=
move oxides from the surface of the samples, esoh weighed
sample Qa;n treated with & preliminary voluwe of i!a

to form Ha0 at gobu temperapure with any oxygen present as
oxide, The samples weres then degaesed at 100° to o pnsmv

of 16‘*5 mm, Every sample so treated formed noticeable

anountsof 330 end evolved heat when first expostd to dried
hydrogen even though the reaction chamber was evacusted to

10”5 um, before the first admittence of gas, Thus the pallf=
diun did eontain an sppreciable oxide film, It was found
through trial and error with preliminary samples that Pd




absorbs negligible smounte of xaat %, but that absorption
i¢ approsiable at 60 to 80P, Thus ssch weighed and previous
ly deoxidized Pd sauple was sxposed to Ba in the remstisa
tube from » ealibrated wolume of the vasuux ifne, The %em-
perature was yaised to 100°0.and $he resction tube sllowed %o
eool at about 10°an hour t0 r.t. The stoiohjometries were
ealeunlated from observing pressure changes ns is deseribed
in & following ssetion. Using this procedurs it was possiblel
%o prepare hydrides of stolchiomdtries very elose to the

¥

limiting ratiocof Pd g? at .4,
sn fateresting obaarvation iz that an heattng,wymallp
sintering oocours when #d metal is heated above 200%¢. and -
that sowe sintering wecurs even ad 80" to wG‘e.aurs.ng hydri de
ing of the P4 samples., Juoh Behavier is guite surprising oonr
sidering the high (over 1500°C ) melting point of #d. Dus %o
this behavior the hydrides in the special reagtion tube vere
in the .hm of a porous cske aftcr the resctions. Sinee the
wees couldn't be broken up munuelly without exposure to air,
it wea vibrated within the tube., 2 loudspeaker was used as
the vibrator, It was modified Ly cementing a plastie Lollow
eylinder to the moving portion 86 that the plasiie eylinder
agitated the tube. An eudie oscillator and amplifiecr pm&M
vibration of the proper frequeney 2o that the porous nass
“within the tube was reduced $o powder afts» sbout two days
of vibration. 8ueh prooedure was nesessery in order for the




roastion tgbe.
fnother interesting observation is the intensity of the

exothermis resotion when the hydrides are oxposed to air.
Zater is lmmediately formed and g9 much hest ig evolved that
small particles glow in the veaetion tube, The resotion
eould be due either to oxygen resasting direetly with the
nydride, or o metaliie Fd catalysing the resotion between a#
and Hy evolved from the surface of the hydride.
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The volume of two secbions of the vacuum system
wag obtained by expsnding a known pressure and cali-
bratel volm; known caiib:atéa bult yx 988.9 wl.
The following formula was used: (12)

FRRE g P I T . T T

(13) Hayes, H, M.S8.Thesis, Tufts University, 19867

V1 = wunknown volume

Pe = Pressure in ecalibrated flask before
expansion

Pl:‘ Pregsure in calibrated flask + unknown
volume after expansion

%= Volume of calibrated flask

hy< ecorrection for volume taken up by the
Hg.

b= 7 2 (3-50)= .2837 (h-50)
h being height in em of the Hg.

Oalibrated volumeg
Volume 4+ 5 + 7 + 8 4+ 13 (see Figure 2 )

= 923.7 ml
Volume of reaction tube L= 49.4 ml.




The stolchiometry of the hydride may be computed
during the 'earnthasu by observing the deorcase in pressure
as the known volume of hydrogen is admitted to the resction
chanben All pressure readings must of course be made at
the same Semperature (room temperature in these muns).

Py¥yw (V4 Vg +¥y) ¥,
_Pl and ’ff. pressure snd volume in ecalibrated system,
Pge pressure in system -~ psaction tube after resclion

,vﬁ Vaot= ¥y = total effective volume after remotiom
¥, = known volums reaction tube

?s = volume ﬁa absorbed by P4 at Pa presoiye
and 298 . K tesperature.

_% ‘N:?s

v‘a Volume absorbed at S8.7.P,
31‘4' Vgud = equivelents H, absorbed

¥ 107 mi/eculy
3 % equivalents Pd

Stodehiouetrys 2d ll?
-




In order to take the hydrogen out of the sample under

mild enouzh conditions to allow some survivel of thed phase
on desorption, the sample was eéwa&d repeatedly to 3 eali-
brated line under vacuum next to the magnetie suseeptibility
apparatus (V of line= 1718 ml). By reading with a2 manometer
the pressure on the line when the emua_‘lwd gystem is ex~
posged to the reaction tube, we can caleulate the volume re-
leaged by the samﬁle and from this the sgtoichiometry of the
hydride in the reaction tube, After the number of expensionp
came to 2 totel of at least 1 em pressure the hydrides were
placed in the magnetic suseceptibility side~arm of the reac-
tion tube and the suscepiibility messured.

Due to experimental difficulties, accidents, and a time
1imit on this thesis there was time for only one run with a
dismagnetie phydride: sample. ' One early sample showed ap-
preciable paramegnetism (1,714 x 10"&ep. 5. s/g )although the
stotchiometry eame to FQ H. 5 and therefore it was discarded
The stopnock popped on another promising sample thus greatly
delaying coupilation of data.

In the semple that wee finally studied 3.3538 g of Pd
sbsorbed 171.9 ml of HB et 8.7.P. corresponding to a stoi-

chiometry of Fd H.. .. The sample was subjected to vibrattoﬁ
to break down the porous mass. Susceptibility measurements




showed the substance $0 be diamagnetie as is predioted in
211 the litersture on magnetic effects of the Pai, systen(s,
The results of the data are ghom in &he fortheoming table,

sorrection is made in the first reading for the pressure of
Hp initislly over the Pd #.606 (28,5 ml at S,7.P.)] The
nressures obbained upon expansion into the ealidbrated sys~
- gom wers quite high b first dbut after 30 expensions the
prescure of the H, vecame negligible. The total caloulated
volume given oil by Wam swaplt ) aspesd quite well
with the known tobal voluwe of Hg et 0.7.7. (200.4ul),

eonsmé:ma the limited sccureoy of zeading the wenoweber.
The most striking part of the data ie the result that
the hydride yemains dlamegnetic at least until awaehamtqa
pd H,3. This effect strongly indicates that under the wild
soniditions of evaoualion asployed hers the diemagnetied

phess is slow %o break down to paramagnetic > and thexefor
at stoishiometries at least to Fd H.5 The dismagnetiod
exists soledy. Unfortunately sinee this Ul wae originally
meant to be & tyial and I did not know what behavior would
be observed, X-ray pletures wers Aot taken daying the zun
%o configs this. It io hexd %o expluin dismagnetiss for

stolehiomesrien <. in any other way Though since $he 7=
phass, whieh ie only slightly distended P4 metol, ie
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uncuestionably parsmagnetie, Pumping off substantial guan-
tities of H, without shanging the susespiibility conflrms
the work of Miohel and Gallissot (8)., This observation
alao tends o support lattice dietension of P4 as proposed
by Gibb (10) as the reason for %he drop in sugeeptibility
as H, 18 sbesrbed, It is not consistent with the proposal
that £illing of the spproximately .8 hole in the 4 band
eauses the drep in parapagnotism,because were this the case
pumping hydrogen off from stoiehiometry .6 on down would
remove apin pairing hydrogen eleotrons from the w eam:lnq
an appresiable parsmagnetioc moment in the range (.8 to .3)
shezs the hydride was found %o be dismegnetie.

The aceowpanying graph jlivstyates these observations
pioterinlly. The large inarease in magnetle sasoeptibility
on desorpbion Trom P4 Hio to Pd Hg indicates that in this
range eonsiderable defect f phase has broken down to<C phase.
= A tworphase systen probably existe between PAS o5
and Pd M. The relatively slight inereases in magnobic
suseeptibility in this region indieate that comparatively
sunll smounts off phase are breaking down to«- phase. 1%
1s not known whether the relatively great inopesse in sus-
peptibility followed by suzaller inereases is & result of
the experimental oonditlons OF due to & fundamental phase

change in the lattice in this stolehiometrio region, ALl
samples were treated under the same temperature (room) and




%R fXea ws B [ ¥4 for degaseing P4 Higag
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| of lower suseeptibility then the pure P4 metal. Sueh an

spproximately the same vacuum (.05 mm). Sinece long periods
were oftm required %o ealibrate the magnetie susceptibility
apparatus, several times the sauple was left overnight between
evacuations. Such an interval may have allowed more § phase
to decompose deve in the region betwesn Pd iy ond P4 .y
if the rate of conversion were slow, :_tt-'is impossible to say
i'mm one preliminary run why the susoeptibility varies as it
does aftersS phase is fizst formed. Furthez rums should be
conducted with variances in temperature and time between
taking .susceptihility measurements t0 aseertain if these
factors are signifieant.

As the smount of hydrogen in the sample approaches zero
we would expeot more and more defectd phase to decompose Lo.C
until a limiting value ofeC tof exists in the pure metal.
Sueh & value probably is temperature and reaction condition
dependert sinee Michel and Gallissob (9) elaim t¢ have abtaineg
pure Pd with 100% # phase at -40°C. They used a high voltage
discharge to remove the hydrogen at this temperature. It is
known that desorption at higher temperatures and other draetiL
conditions produces appreciasble VS phase. If any A rhase
survived under the conditions of this experiment jin the de-
gassed pzlladimm ¢ we would expeet the degassed metal to be

effect is observed in this experiment as is seen from the
graph. 7%e must remember, however, that small smounts of




4]

e

uneveoush ed H; ~ remaining in ‘the Bd -~ algy could lower
gne suseeptilility somewhat. X-zuy ensiysis of the degaaus
gemple showed strongecs phase lines and thres very feind
lines in the fromt zeflection rogiom that ot first were
thougat to bej# phass. Accurate oalculations nowever gave
%‘f 4,3 & not® ¥.03 therefore the nature of this phase is
Sinee nof phose was detec;ted and since the unknown
{mpurity is evidently present in very guwall quantity the
Jou suceeptibility can probably be atiributed to residusl
hydrogen. This eonclusion is by no mesng certain however,
the low hydrogen stoiobiomebyy pegion of the graph ig some-
ghat insweurate due 1o the low hydregen pressures and the
difficuliy of reading them acourately. This insccuracy in

no way Getrsots, however, from the nwore acourately dateMnT

gtoichiometries from e Ii.eé to Fd H,Iﬁ. The results in ¢hi
region support the dependence of magnotle susecpiibility on

the Fd-Fd distance, and coebs doubd om the dott end Jones
explenation for the magnelic behavior (B)., Sinee only one
sm wes made, one uust regard theas resulte a8 tendative,
Mors runs should be undertaken %o aseerbain ot whot stolehiln

ometry Gthe sugeeptibility inoreases from zepo as hydrogen i

Semoved from Pd B> g . The effect of varying temperature

tine betwesn desorpilons, and what effect very gisall an
of hydrogen have on the susceptibility of palladive metal,
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'he Magnetic Susceptibility of
alladium Hydride

\r: The linear decrease of the paramagnetic sus-
eptibility of palladium as it absorbs hydrogen is well
known.! The portion of the density of states curve to
the right of the Fermi level is usually drawn to indicate
that palladium lacks about 0.55 electron to fill the
d level. It has been suggested? that hydrogen donates
its electron to fill this d level so that when the spins are
paired, the substance should become diamagnetic.
This latter is observed experimentally but at a composi-
tion variously reported but close to PdHy.s rather than
PdH, . If the above explanation is correct, it
hould be possible to obtain a linear increase in sus-
ptibility as hydrogen is removed from PdH.g.e.
his was attempted® by a high-voltage method for
tracting hydrogen without heating the sample and
was claimed that all the hydrogen could be removed
ithout any change in the magnetic susceptibility.
‘hese results were not confirmed by Lewis, el al.,*
using an electrolytic method for removing hydrogen
ut were partially confimed in this laboratory® using
he high-voltage method.

In the present series of experiments diamagnetic and
'slightly paramagnetic samples of palladium hydride
were prepared from very fine (0.80-x) palladium metal
powder, by alternately heating and cooling the metal
in pure hydrogen (obtained by evolution from UHj),
at a temperature which never exceeded 200° above
vhich the powder sinters. These samples evolved hy-
drogen at room temperature when the hydrogen pres-
bire above them fell below 18 mm. The magnetic
usceptibility of samples of palladium hydride was con-
tinuously compared to that of a standard (Mohr's
salt), while small measured quantities of hydrogen were
removed from the sample, in an apparatus which has
been described previously.® The results are shown in
Figure 1. Curves 1 and 2 show that it is possible to
femove a large fraction of the hydrogen from diamag-
petic palladium hydride and from palladium hydride
which is sl”ightly paramagnetic owing to an initial lower

1 L L L L
o al 0z 0.3 .4 05 08 or 08
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Figure 1. The effect of absorption and desorption of
hydrogen on the paramagnetic susceptibility of palladium.

hydrogen content, without changing the susceptibility
(xg). Curves 3 and 4 for the absorption of hydrogen
by palladium are taken from Smith.! It thusappears
that the band theory explanation is not tenable for the
desorption of hydrogen from palladium hydride and it
may be that lattice expansion plays a more important
role than was formerly thought. Further experimental
and theoretical work is in progress.
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