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HEAT CAPACITY OF METALLIC V203 AT HIGH PRESSURE#*

D. B. McWhan and J. P. Remeika
_ Bell Laboratories '
Murray Hill, New Jersey 07974

. : and
" S. D. Bader, B. B. Triplettt and N. E, Phillips
Inorganic Materials Research Division
of the Lawrence Berkeley Laboratory and
. Department of Chemistry, University of California,
’ .Berkeley, California, 94720

Abstract

The heat capacity of V503 has been measured between 0.3 and 10 K

at pressures of 1 and 25 kbar. The results confirm that the very high

electronic heat capacities measured for doped samples are characteristic
of pure V203 in the metallic phase,



O .

gt
LY
E
e
oo
R,

#

L
N

Vanadium>Sesquioxide has a metal to antiferromagnetic insulator
transiticﬁ at 1 atm and 150-160 K. The low temperatﬁre insulating phase
can be suppreSse& by doping [(vl—xTix)203 with x = _0..‘05]1 or by changing
the stoichiometry [vz_x03 with x 0.03]2 or by pressure.3 In the first
two cases, ﬁeat capacity studies at low-temperatureé on the metallic phases

, , . 1,4 .
have revealed very large linear contributions. ’  These have been attri-

buted‘ﬁo the highly correlated nature of a metallic state on the verge of

- localizing to form a Mott insulator. The heat capacity and magnetic suscep-—

tiBilitiEé’%fe in quaiitative agreement with the sbih’fluctuation model
of Brinkman and Ricé.5 However, studies of the ﬁransport properties of
doped metallic phases have shown an anomalously large dependence of the
residual resistivity on doping and this effect is af variance with the

present theory.6 In order to establish whether the enhanced electronic

‘contribution to the heat capacity is an intrinsic property of the metallic

state or a result of doping or changes in stoiéhiometry‘the heat capacity

/

of metallic V203 has been measured at high pressure.

The heat capacity measurements were made by the method used earlier
for cerium7 and'uranium8 except that the pressure cell was redesigned to
achieve the higher pressures that are needed to éﬁppress ;he insulating
bhasé of V2Q3. The sample is ;ontgined in a small piéton cylinder device
in whigh the pressure'is_applied at room temﬁerafu;é in a conventional

press and then retained by é meéhénical clamp. The heat capacity of the

sample plus the cell is then measured in a helium 3 cryostat by the heat

pulse method using calibrated gérmanium thermometéxs. The precision from
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fun to run is of the order of a few tenths of 1% so fhét reasonable
acéuracy is obtained even though the heét capacity of the sample is
small relative to that of the cell.

The heat capacity cell is shown schematically in Fig. 1. In order
to achieQé pressures in excess of 20 kbar the body‘of the cell was
made ofvhardened Berylco 259 and the mushroom shaped piston was made of
tungsten carbide.10 A single insulated electrical lead was addéd using
a'conveﬁtional cone seal so that the resistance of the sample could be
monitored. The cell was prestretched to 28 kbar-ﬁsing a tungsten carbide
end plug.and a soft copper sample and then the inside diameter was bored
to a uniform radius. A crushed crystal sample of V2Q3 (2.93 g), which
was made as described earlier,ll was contained in a teflon sléeve of
0.005 in. wall thickness. The total weight of the assembled cell was
258.6 g. The ﬁressure was increased to 28 kbar and the locking nut
tightened. The resistance of the.sample was measured as a function of
temperature dowﬁ to 4.2K, where the pressure locked in was estimatedlz
ﬁo be 25 kbar. The cell was warmed to room temperature, the pressure released,
and the resistance measured again. The results, which are givén in Fig. 2,
show that some of the sample has transformed to the insulating phase in the
high préssure run. The applied pressure was again>raised to the previous
level and.tﬁe heat capacity measured. A second heat‘capacity measurement
was then made after the pressure was released to an estimated 1 to 2 kbar.

The heat capacity of the empty cell was detefﬁined at 1 and at 25 kbar

by measuring the heat capacity of the cell filled with pure diamond powder,

which has a negligible heat capacity compared with that of the cell,~¥3"

The heat capacity of the cell is shown as the deyiatién from

DY
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C.= A + ) A T (1)
. 14

in Fig. 3. The coefficients in Eq. (1) were obtained by a least squares
fit to the;l kbar data, and the heat capécity of thé_cell was represented
by Eq. (1) and tables that correspondea to the approﬁfiate curve in Fig.
3. For the calculation of the heat capacities of‘the V203 samples, the
héat capacify of the celi as calculated from Eq. (1).was corrected by a
factor foﬁnd by interpolation in the,propef table.

The heat capacitieé of V203 at 1 kbar and at 25 kbar are plotted in
Figs. 4 and 5, respectively, as CT2 vs T3. In both‘figures‘the error bars
indicate the effect of +0.57% error in the total heat éapacity. These fig-
ures demonstrate a fit of the lowést'temﬁerature &ata to C = AT—2 +yT
where the first term is the hypetfine heat capacity and the second term
is the electrénic heat capacity. At 1 kbar A = 7.Q_mJ?K7mole V203 and
y.= 0 within the experimental error. (Becauée the 1- and 25-kbar
~heat capécitieé of the empty cell diverge below éppfoximately'O.SK,
as shown in Fig. 3, we have less. confidence in the accuracy of the
heat capaéity of the cell in that region. The thréeblowest tempera-
ture points in Fig. 4 have therefore been given somewhat lower weight

than the’othefs.) At 25 kbar (Fig. 5) there is a clear appearance

of a large y value and a reduction in A: A = S.O.mJ-K/mole v and y =

203

2
18.2 mJ/K -mole V It is known that there is no magnetic ordering in

203. .
the metallic phase to 4.2 KilSJaﬁd the nonzero vaihe'of A'at 25 kbar sug-
gests, in agreement with the resistivity measureméﬁts, that only part of "

the sample is in the metallic phase. This probably results both from the

marked anisotropy in the stress dependence of the'metai insulator transition



temperature and from the fact that insufficient pressure was retained on

the sample after tightening the locking nut. A pressure of 25 kbar will
probably héve a negligiblé effect on the nuclear hyperfine term A, so

that the ratio of A at high and low pressure can be téken as a measure

of the fraction of the total sample remaining in the'insulating phase.

This giveé'a value of y = (7/2) 18.2 = 63.7 mJ/Kg moie V203 or ¥ = 31.9

mJ/K_2 mole V. The uncertainty in y is obviously high (220%), but it is clear
that Y is veryvlarge‘and of the order of the value.s‘reportedl’4 for

O3 and V 40.2 and 54.4 mJ/l(2 mole V, respectively.

(V9,924,082 1.97%3°
These resﬁlts show that the metallic phase of pure.V203, as well as that
of the doped samples, has a very high electronic heat capacity although
Y is probably somewhat lérger in the doped samples. As suggested previously,
this is evidence of spin fluctuation enhancement in a highly correlated metal
near a Mott tfansitiﬁn from a band to a localized state.

The hyperfine heat capacity of V203 in the insulating phase was meas-
ured previously by AndreéﬁLﬁnghe internal field has also been measured by

v 17
observation of the 51V zero field nuclear resonance and by the inelastic
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spin-flip-scattering of neutrons.  The resulting coefficients, in mJ K/mole

V203, are A = 7.0 + 0.4 (this work), 7.4 * 2.2 (heat capacity, Ref.i%}),

/ e
e

9.035 + 0.008 (NMMR, Ref.17), 8.0 + 1.4 (inelastic neutron scattering, Ref.
15@. Our value is substantially below the NMR result, which should be the
most accurate, but it agrees with the other measuréméhts within the com-
bined expefimental errors. The reason for the discrepancy with the NMR
measurements is not clear. It seems improbable tﬁat it could arise from
samplé—to—sample variation of the intefnal fielq,_and there was no indi-

cation in the heat capacity measurements of long relaxation times that would

vy

T,
T —



lead to an underestimatc of A.
In conclusion we have shown that Y for pure metallic V203 is large
“and also that it is feasible to extend low temperature heat capacity

measurements to the 20 kbar range.

We thank T. F. Smith for helpful discussions and A. L. Stevens and

D. Newhart for technical assistance.
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FIGURE CAPTIONS

Schematic drawing of high preésure heat capacity cell and related
pattsg |

Resisgancé Versus temperature showing paptial suppression of the
inéulatiqg phase.

The heat capacity of the empty cell at 1 and 25 kbar piotted as
deviations from Eq. (1) with the coefficients fitted to the 1 kbar
data.

The heat capacity of V, 0 atxl kbar.

273
The heat capacity of V203 at 25 kbar.
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