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Variations m Hall voltago m a hydrogenated thin foil of viekol ws
the system looses hydrogen with {nne have been recorded M s
seon that the sym of the charge carricd m o hydrogonated ssmple
romains negative  This fact canuot account for the vign roversal
m thermoemf of those fols It 1s suggostod that the change m mign
ol dn[dE cwrve due 1o surfaco states of chenusorbed hydiogen might
be responsible {or the thevmosm! sgn reverssl

1. INTRODUOCTION

In an carher note (Niggm & Rani 1975) we voported the  effoct. of hydrogen
diffision on the thormoclectrie hehaviow of thim mickel foils subjected to cloctroly-
tic hydrogen diffusion  Such foils loose hydiogen with timo whon left 1o them-
sclves.  During this ont-gassing period the varmtion m theimo oml was rocorded
It was found that the huly hydrogenated sample of nichel foil showed w 1eversal
m sign of the thermoemf  Tor ready relorence those results  are roproduced in
Tig 1. In order to account for this sign revorsal we made use of the thermo
emi formula lor a two hand system (Nigam & Garg 1972)
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7' ig the absolule temperature, £ tho Boltzmann constant, { the Formi enorgy,
n the density of states of the electron in the band whose suffix is added to 2 and
E, the cnergy of the band  The sign 1evorsal could be duo to (a) either the chunge
in sign of dn/dE, (b) o1 due to change m sign of ¢, the charge of carrior ol cloc-
tricity. Thus a Hall Effoct measurement, can decide whother or not the proposi-
tion (L) 1 true. The present note reports these measuroments

2. EXPERTMENTAL

Hall Effect moasuroments wore carried out on 4p foils cut to 5 ¢m <05 em
sizo and subjected to liydrogen diffusion by clectrolysis ws deseribed oarlior
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Fig. 1. Thermo omfl vatristion with {tame for the foil after hydrogenation (cun'/cs for dufferent.
thicknessos aro shown)

Nigam & Rawm (1975) The Hall voltage leads were wires also made of mickel.
The measuring device for the Hall voltage was a potentiometer with a least
count 10-¢ volts The pole pieces were 13 em in diameter with a gap 1-9 em.
A magnetic field 12-3 Kilogauss (max value) could be applied along the foil
thicknoss The current leads were copper wires joined mechanically to tho
samplo A curront of 150 mA wus passod along tho length of the sample from
iwo batteries each of 6 volts connected in parallel.

Our object was to follow the changes m the Hall voltage with tine as the
sample looses hydrogen We carried out the following operations oach time :

a) Zero field (B = 0) transverse voltage was recorded.

b) A field 12-3 Kilogauss was applied and again the transverse voltage
measred.

¢) Fiold was reversod and tho observations (a, b) ropeated
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d) Current was reversed and all {ho above stops @, b. ¢ repoated

It took 5 minutes to take the ahove sot, of oght obsorvations, wlueh were repestod
each time after the micrvuls indicated m Tig 2 Ideally ono ought to stabilize
a forro-magnotic systom for an hour each time an observation is taken  How-
ever for a sample loosing hydrogon with tmue this is too long a patiod  Turther,
a freshly hydrogenated sample 1s not ferro-magnetse but diamagnetic (Bauor
& Schmidbauer 1961)  The field stablisation 1 therefore not necessary - the
beginning

3. Drsoussion

As seon in Fig 2 the Hall voltage remams negative on hydrogen diffusion
We therefore conclude that the sign of the charvge carniers does not change by the
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Fig. 2. Observed varuton n Tl eonstant £ with timo for mekel {ml after hydrogenation

presence of hydrogen  We are thurefore left with the first proposition . A-'hungo
in sign of the gradient dn/dE must be responsible for the reversal m the mgn‘of
the thermo omf.  How Lo asconat for this in mckel (oils where the d-hand l'cnfiﬁmﬂ
partially filled even after lydrogen diffusion * We take shelter of a I‘IP,W 1dc.a.
Tn our recent studics on the eleetrical conduction in I\ydmge—,nn.tfad nickel foils
Nigam & Ram (1977) we huve establishod that tho dn/.dE' curve imi t,].m d-burnd
1% not adequate enough to account for the obsurved v'armtmms. mn rn-usuv'lty with
the time of hydrogen diffusion and that it is essential to Dring mto dm.musqmn
tho surface states formed by the chemisorbed hydrogen T we do this, l.hon.
there is & way out for our difficulty The surface states begin after the Formi
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Javel (Horiutt & Toya 1969)  Tig. 3 shows a tentative diagram whore the dashed
curve roprosents tho proposed surface states  Clearly, if these states dominate
the olectrical propertics of hydrogenated foil (where the surface to volume ratio
1 largo) the (dnjdE) has an opposite sign with respect to the (dn/dE)a_vana. This
indeed scems to account for the sign roversal

Filled part

1 1

fig 3. Density of states curve for d-band, Tho dotted Imes rhows tho tontative (
enrve for surface density of states.

We may mention here one more fact. The Ni-foils used were supplied by
M/s Goudiollow Metuls, Cambiulge, England.  We have later on also usu(;‘\thu
foils supphed hy M/s Vacuum Geschmelze, Hannau, West Germany. Foils\ of
the samo thickness show qualitatively the same variation of thermo eml with
timo of nydiogen outgassmg but the curves corresponding to the latter foils
are a little shilled downwaids  Wae are not aware of the dilferent methods of
preparation of the lods employed by the two firms  Howevor, to look for the
swface effects wo took a surface electron ditfraction pattern. The two foils
have didferent kind of surfaces  The former foils have a prelotrod ortentation
of crystallitos at the surface while the latter show @ random orientation  The
surface states formation does depond on the orientation and for this reason the
two sots of foils will show dufference in magnitude of the sign 1eversal of thermo
eml Tl is ouly a quabtative discugsion  Tho oxisting experimontal data aro
rather too little to give a quantitative theory of this phenomena
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