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The total-energy calculations are carried out to obtain the axial rati) (variation with compression for
cadmium. We find two anomalies as compared to a single anomsvgt= 0.85 observed in the experimental
data. The first anomaly &t/V,=0.95 is due to electronic topological transitidTT) and correlates well with
the anomaly observed in the existing resistivity data. We find th@rbital overlap, coupled with transfer of
electrons fromd to s states as the cause of second anomaly. This observation is in contrast to the existing
understanding in zinc, where tlega anomaly is attributed to the destruction of a giant Kohn anomaly by ETT.
Nondestruction of giant Kohn anomaly in cadmium at high pressures is in disagreement with the current view
in the literature that its Fermi surface is identical to that of z[80163-18207)02044-4

Zn and Cd metals have been the subject of intense theg@honongi.e.,q=0), and can be very pronounced. The main
retical and experimental investigations, mainly because thejocus of the recent studies has been to relate the observed
crystallize in hexagonal closed packédttp structure with  experimental anomalies to the destruction of giant Kohn
unusually largec/a ratios (¢/a=1.856 for Zn and 1.886 for anomaly due to electronic topological transitd(ETT) un-

Cd) and hence many of their solid state properties are highlyer pressure. In a recent low-temperatufe=@.2 K), high-
anisotropict™ The application of pressure affects the bond-pressure Mesbauer experiment on Zn, Potzef al® ob-

ing anisotropy, and hence alters a variety of physicakerved that the Lamb-Mossbauer factaMF) drops off
phenomend:’ One of the main changes occurs in the topol-sharply at a pressure of 6.6 GPa. As the LMF is more sen-
ogy of Fermi surface, which causes changes in transport angitive to low-frequency phonons, it was argued that softening
other physical properties. Under ambient conditions, Cd hasf the low-frequency acoustic and optical phonons is the
almost identical Fermi surface topology as that of Zn excepteason for abrupt decrease in LMF. Poteelal® also find
that the horizontal arms of the second band hole surface iom their scalar relativistic linear augmented plane wave
pinched off to separate the sections near the lateral zong APW) calculations that at a pressure of 6.6 GPa, an ETT
edges, and the third band electron sheet needles aKthe occurs that destroys the giant Kohn anomaly and causes
points in the Brillouin zongBZ) are absent.As these fea- changes in the phonon spectrum. Thussktmauer experi-
tures of the Fermi surface sheets of Zn appear in Cd undenents suggest that the lattice dynamics of Zn are strongly
pressure at about 1.7 and 3.5 GPa, respectiitlys pres- influenced by ETT at high pressure. This is further supported
ently thought that Cd should undergo similar changes as Zby the recent inelastic neutron scattering studies of Morgan
under compression but at higher pressures. et all® from single crystals of Zn under pressure at room

A significant feature of Cd and Zn is the presence of giantemperature, which clearly show that a phonon softening oc-
Kohn anomaly at ambient pressure. A giant Kohn anomalycurs at a pressure of 9 GPa due to the collapse of the giant
can occur if for a certain reciprocal lattice vect@p, the ~ Kohn anomaly via ETT. Very recently the measurements of
Fermi surface lies in a local band gdpwith 2ke=G, for ~ c/a values of Zn have been made by Takenfuram high-
some Fermi surface radiukz. As a consequence, the precision powder diffraction experiments involving state of
anomaly occurs at long-wavelength acoustic and optiche art techniques consisting of diamond anvil cell, synchro-
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tron radiation, and imaging plate. He finds excellent correla- FIG. 2. Thec/a variation with V/V, for cadmium. The solid
tion between the measured and our previous theoreticahe is calculated from total-energy calculations and is compared
estimate¥' of c/a values. The presence of tleéa anomaly  with two experimental data sefs- - - : Lynch et al. (Ref. 12 ;
under pressure as predicted by us has been confirmed expe#-: Schulteet al. (Ref. 14].
mentally and our findings of relating it to the electronic tran-
sition have been supported by Poteglal® In fact the rela-  displayed in Fig. 1. It is seen that the ASA values of total
tive volume (V//V,, V, being the volume at normal pressure energy do not show a minimum. This is because the ASA
range where the/a anomaly occurs is in agreement with the total energy functional includes only the-0 contribution to
destruction of the giant Kohn anomaly. the total intercellular Coulomb interaction and that vanishes

Due to the intense activities in relating the destruction offor monoatomic solids. In order to improve upon this ap-
the giant Kohn anomaly to the observed anomalies in Zn, theroximation, the intercellular interaction in muffin-tin
present work on a similar metal Cd is aimed at studyingapproximation’i8 was computed in a manner discussed in our
whether thec/a anomaly observed in Lynckt al’s*?> and  earlier studie¥ on Zn. This correction term as shown in Fig.
Takemura'$® data is related to the vanishing of the giant 1 when added to ASA values of total energy gave a mini-
Kohn anomaly under pressure. As the energy dispersive xnum atc/a=1.65. However, it has been well establistett
ray diffraction work of Schulte, Nikolaenko, and Holzagfel that this correction term may not always be adequate. We
and neutron inelastic scattering work by Morgetral 1° have  therefore adjusted it to reproduce the experimentalvalue
created doubt about the presence of ¢he anomaly in Zn, of 1.886 at normal pressure. This parameter of the muffin-tin
the present work is also partly aimed at theoretical calculacorrection term was then kept fixed for all other compres-
tions of c/a under compression for Cd, which has an elec-sions. At normal pressure, our calculated electronic structure
tronic structure similar to Zn at ambient conditiond/e find  agrees well with the available experimental and theoretical
that the giant Kohn anomaly in Cd persists at high pressuresiata ®1%?on Cd, and also displays some of the well-known
in contrast to Zn, and the cause of the anomaly indfe
ratio observed in the experimental data\dV,=0.85 and 1.90
around 10 GPa is not its destruction following ETT. In ad- —eo— LMTO Calculation ///

//
1

dition, we find a weak anomaly in the axial ratio around ——— Takemura et al
VIV,=0.95 due to the ETT in agreement with resistance
anomaly at 3.5 GP&Our present studies reveal that Fermi
surface changes in Cd under pressure are not identical to
those of Zn.

We employed the scalar-relativistic linear muffin-tin or- L1170
bital (LMTO) method® within the local density approxima- ©
tion (LDA) for self-consistent electronic structure studies. A N
frozen core with 41'%s? valence configuration is taken with
Barth-Hedin exchange correlatiSrand withs, p, d, andf 160
components retained in the angular momentum expansion of
the muffin-tin orbitals. The calculations included the com-

1.80 -

bined corrections to the atomic sphere approximation 150 s l ] ]

(ASA).Y The c/a ratio is obtained by finding the minimum 050 060 070 080 090 100

of total energy at each volume. The calculations for Cd using v/ Vg

462k points in the BZ at each compression were carried out

in hcp structure by varying the/a ratio from 1.9 to its ideal FIG. 3. The calculated/a variation as compared with the re-

value 1.63. The results of such calculation¥A¥,=1.0 are  cent imaging plate experimental data of Takem{Raf. 13.
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L mer’s datd? show a strong anomaly. Oura values are seen
1 Zinc to compare better with Lynch and Drickamer's datthan
V/Vo = 0.8 that of Schulte, Nicolaenko, and Holzaptélhich does not
> show the anomaly. We have further compared, in Fig. 3, the
0.5+ c/a values with high precision imaging-plate-based powder

diffraction data of Takemur& Ourc/a values correlate very
well with his data though there is no clear indication of the
first anomaly in his datd The second anomaly occurs at
V/Vy=0.85 and is in excellent agreement with the experi-
mental results. The/a value at this anomaly is 1.7 and is in
fair agreement with Takemura’s vafideof /3. It may be
noted that our calculations give slightly high&ia values at
05 higher compressions and tend to approach the idéal
value of 1.63 for the hcp structure.

In order to find the possible connection of theda

L, Cadni anomaly with the destruction of giant Kohn anomédiyie to
admium ETT at theL point), we have studied variations of FS topol-
_ V/Vy = 0.8 ogy around thé&. point in various directions. Figure 4 depicts

the electron energy bands near the FS along th¢ direc-
tion for (@) Zn and(b) Cd at the compression &f/V,=0.8,
as all the anomalies of experimental data occur below this
compression, and reveals the contrasting features in Zn and
Cd about the destruction of the giant Kohn anomaly. In Cd,
the Fermi level Eg), which is in the so-called local band
gap at thelL point of BZ surface at normal pressufeot
shown in the figures, see Ref. 1 for detgilsontinues to
remain so at high compressioffswhereas it is clearly seen
-0.5 in Zn that thelL level in the vicinity ofE¢ that is unoccupied
(b) L H at normal compressio(see Ref. 1 moves down across the
Fermi level [Fig. 4(@] thus destroying the giant Kohn
FIG. 4. Electron energy bands along the symmetry lifl on anomaly. This qualitatively contrasting nature of the varia-
the BZ boundary surface fd@) zinc, and(b) cadmium. Both the  {jopy i the relevant. point energy level with respect & is
ﬁ?}'g“(;gts'ﬁgz ‘l’i‘:]e;eing?ggteez ?#; ig:r?]'ﬁtg%vo'“me raid/o=08. ot expected to change in a more accurate full potential cal-
' culation, or by applying corrections to LDA through the gen-

features of the pressure variation of the Fermi surface topol‘-eral'ze.d gr§d|ent appr.oxn'rjatmn. b Of” calculations
ogy. For example, the linking of the horizontal arms of theapply 'F’e_”“c‘?" approximations for Zn and Cd; _the nature Of.
second band hole Fermi surface as observed in de Haas-v Va”a_“of‘ in Zn, mentioned aboye, agrees V.V'th the experi-
Alphen (dHVA) experimentg, which is also associated with mental findings and the full potential calculatlénghe cla

the peak in the thermoelectric power dataround 1.7 GPa values are comparable for Zn and Cd,' and more importantly,
pressure. Secondly, the appearance ofitigoint needle in the c/_a values decrease towards the ideal value unde_r com-
the third zone electron sheet of the Fermi surface, whictPression, and hence the ASA results become more reliable at

gives an anomaly in the pressure dependence of resistivity §9Ner pressures. Hence, at least in Cd, dfe anomaly at

of compression with experimental data of Lynehal2and  tronic structure calculations show a continuous, though slow

Schulteet al** Our calculations show two anomalies in the transfer of electrons frord to s,p states due to the relative
variation of c/a as a function of compression. The first shifts and broadenings of these bands. In the region of the
anomaly is around//V,=0.95 and seems to be absent in @anomaly the 4 bandwidth increases rapidly and a change of
both the experimental data sets depicted in the figure. Howd €V from its value at normal pressure is seen. Also, about
ever, as pointed out earlier, an anomaly in the resistivity dat®.1 electron/atom is transferred fratnto the more delocal-
had been reported at 3.5 GPa presSused also our own ized s-p states. This causes the turnover in the-phirtial
resistivity and thermoelectric power measurements confirnpressure from negativéilled band to positive contribution
the existence of this anomaly. The details of these experiaround this anomaly. This observation is similar to our find-
mental results will be published elsewhéfén fact our elec-  ings in indium?® but is not significant in Zn in the region of
tronic structure calculations as a function of compression ree/a anomaly.

veal that around this pressure tHg level moves from an In summary, we simulated the axial ratio variation with
unoccupied to an occupied state, and this ETT had also begmessure for Cd and found that its variation shows anomalies.
correctly given as the explanation in Ref. 6 for the ap-We have shown that the main anomaly observed around
pearence of needles in their dHVA experiments. The second/V,=0.85 is not due to the destruction of the giant Kohn
c/a anomaly occurs af/VV,=0.85 where Lynch and Dricka- anomaly at thd. point of the BZ, which is in contrast to the
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current understanding in Zn. Our calculations show that the The authors are extremely grateful to Dr. K. Takemura for
value ofc/a at this anomaly in Cd is 1.7. Also, we obtain a providing us with his high precisioo/a data prior to publi-

weaker anomaly around/V,=0.95 (c/a=1.82), which has cation. We sincerely acknowledge many fruitful discussions

not been observed experimentally, and hence, more elaborajgy pr. S.K. Sikka and Dr. R. Chidambaram during the
experimental investigations and careful analysis around this, rse of the work.

compression would be useful.
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