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We present a study of the Raman phonons in X8g;¢gNig 09)4Og under hydrostatic pressure in the
superconducting phase. A comparison with our earlier work on the undopedC¥E2 shows that the
pressure coefficients of two vibrational modes involving oxygen atoms differ significantly from those of the
corresponding modes in the undoped material. These are(theckain mode which shifts 33% faster and the
0(2)-0(3) in-phase mode which shifts 23% slower than the undoped counterparts. The other Raman modes in
the Ni-doped sample shift in a manner similar to the undoped material. The observed behavior ¢f)the O
chain and @)-O(3) in-phase modes in YB& U, odNig 04405 Under pressure and the softening of thé 1w\,
mode frequency with increasing Ni doping suggest that the Ni atoms substitute for the Cu atoms in the chain,
which in turn decreases the compressibility in the vicinity of théNZuchain atom[S0163-182€09)14429-1]

[. INTRODUCTION does with Zn doping. Recently, we reported a Raman-
scattering studfyof Ni- and zZn-doped Y-124, in which we
The double Cu-O chain compounds Y#a,0q (Y-124),  found that Ni mainly substitutes for Cu in chain sites, unlike
where the chains are stacked along ¢taxis, have attracted Zn which mainly substitutes for Cu in the plane sites. The
a great deal of attention in recent years due to their excellerifferent site occupancy may be the reason why supercon-
thermal stability up to about 850°C, in contrast to ductivity on doped Y-124 is destroyed more effectively by
YBa,Cw,0, (Y-123), which becomes oxygen deficient be- Zn than by Ni.
tween 350 and 400 °C. Since the chain atoms in Y-124 are Raman scattering has been used effectively in hifh-
not located at the center of inversion as in Y-123, phononghaterials to probe the local environment of Cu and other
involving vibrations of chain atoms become Raman activedopant atoms substituting for Cu, as evidenced from the
This is particularly advantageous in obtaining structural andnode frequencies and their temperature and pressure depen-
dopant related information for Y-124 from the Raman specdence. There have been a few reports on the Raman spectra
trum. The interest in Y-124 is further enhanced by the largeunder pressure for Y-128Refs. 9-11 and Y-124 (Refs.

increase ofT, under hydrostatic pressu?é,dT,/dP=0.55 12-14. Boley et al** have measured the mode ‘@eisen
K/kbar, which is 10 times that of Y-123. parameters of the five chain and plane Raman modes in

The substitution of Ni and Zn for Cu in Y-123 and Y-124 Y-124. Watanabet al** have discussed the effect of pres-

has been of special interest due to the fact that although Njure on the bonding sites in Y-124, focusing on the differ-
and Zn have similar chemical characteristics, nonmagneti€nces from the Y-123 system. Kakihaeaal™* measured

Zn suppresses,. at a lower doping concentration than mag- the pressure dependence of seven Raman modes and found
netic Ni. Information regarding the site occupancy of the@n anomalous behavior for the low-frequency(Zumode.
dopant atom is important for understanding the difference infhey suggested that this behavior indicates a change in the
the suppression of superconductivity by Ni and Zn doping.electronic state of the Cu(plane. So far, there has been no
Controversial data have been reported for the crystalloteported study of the high-pressure behavior of the Raman
graphic site occupancy of Zn and Ni substituting for Cu. Amodes in doped Y-124. Since our recent Raman-scattering
direct determination of sites and bond lengths is renderegtudie§ on Ni-doped Y-124 gave valuable insight into the
difficult due to the low contrast between neutron- or X-ray-Site substitution of the dOpantS, we undertook a Study of the
scattering factors of Zn and Ni as compared with Cu. MuchRaman scattering in Ni-doped Y-124 under high pressure.
of the literature appears to favor the view that both Zn andl’he main motivation in this work is to observe how the local
Ni preferentially occupy the Q@) sites in the Cu@ compressibility changes the environment near the substitu-
layeré=% in the Y-123 materials, although the possibility of tional sites and its effect on the vibrational modes.

Zn at Cy1) chain sites has also been discussatlith Ni

doping, si_nc.e the structure r_emains orthqrhombic up to a Il. EXPERIMENTAL DETAILS

solubility limit of 10 at. %, as is the case with Zn doping, it

is believed that the Cu-O chains remain intact and that a Raman spectra are measured using triplemate spectrom-
substantial fraction of Ni goes into the Cy@lanes, as it eter equipped with a liquid-nitrogen-cooled charge-coupled
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FIG. 1. Schematic representation of Raman-
active lattice vibrations in Y-124.

0(2) - O(3) out of phase 0O(2) - O(3) in phase 04) Ag (500 enrl) 0(1) Ag (602 carly
Ag (341 cm™!) Ag (436 cmh)
device (CCD) detector and a holographic supernotch filter. IIl. RESULTS AND DISCUSSION

Data were taken in the superconducting phase at 10 K with

an instrumental resolution of about 3 ¢h Pressure studies Figure 1 shows schematically the motion of atoms for the

observed Raman-active vibrational modes. We note that

are conducted in a Merrill-Bassett-type diamond anvil Ce”gwere are three Cu and four O modes associated with the
with cryogenically loaded argon as the pressure medium and_ . . .
¥arlous copper and oxygen atoms in the unit cell. The fre-

ruby fluorescence as the manometer. About 10—-15 mW o . . . .
eith%ar the 488 or 514.5 nm line of an Ataser, focused to a quencies of the Raman modes in Ni-doped Y-124, obtained

: . . fter L ian fi he R li h [
spot size between 30 and @@n, is used to excite the Raman after qrentmaq Its o the xaman in€ shapes, are p otted as
. . . a function of Ni concentration in Fig. 2, where the left and
spectra. Owing to the low scattering efficiency of the

samples, it is necessary to use low-fluorescence diamon flght panels are for the Cu and O modes, respectively. Simi-
pies, y ﬁiar plots of our preliminary data have been published edtlier.

and to divide out the diamond spectra in the pressure datﬂ"he mode frequencies reported in Ref. 8 were read off the

The resultlng_spectra are then fit to Lore_r_1t2|an line shapes Igpectra in contrast to the Lorentzian line shape fits used for
order to obtain the peak frequency positions.

Samples of YBACu,_(Ni,) .05 are prepared by conven- the data in Figs. @ and 2Zb). Thus the results presented

. . . . here are more accurate. We note that the change in the O
tional solid-state reaction followed by high-pressure oxygen 9

. ) o mode frequencies over the 5% Ni doping range is rather
annealing. Appropriate quantities of,®,;, BaO, CuO, and - 1 S
NiO are thoroughly mixed and reacted in air for 24 h at 650’small, 0.5-2.5 cm" (right panel in Fig. 2 On the other

. . and, the frequency of th&; Cu(1) chain mode at 260 cnt
750, and 880 °C, respectively. The reacted powders are welln the undoped Y-124 softens by about 13 ¢rin the range

mixed and cold pressed into pellets. Th?““ pellets are Sirb_—S% of Ni substitution. This softening is seen both in the
tered at 950 °C and annealed at 500 °C in oxygen for 16 h, | and superconducting phaleln contrast, theB
) 39

The sintered ceramic samples are finally annealed at 990 ogorma 1 . .
for 48 h(in a Morris Research model HPD-5010P furnace mode of the_ same @) atom .(31.5 cm )_experlences_ vir-
under an oxygen pressure of 100 bars. tually no shift in frequency,_ |nd_|cat|ng little Change m_the
A Rigaku x-ray diffractometer with CiKa radiation is  Orce constants along t”“i?'reCt'(_)n upon doping. The in-
used to record powder diffraction patterns at room temperaPlan€ Cu2) mode (152 cm'%) exhibits a small softening of
ture. Silicon is used as an internal standard to follow theabout 3 cn* between 0% and 2% Ni doping, beyond which
shifts in peak positions due to substitution at the Cu siteit recovers to the original 0% value. The large shift in the
Lattice parameters are determined from least-squares fits fou(1) A; mode frequency over a small range of Ni concen-
the diffraction lines indexed with the space groAmmm  trations clearly indicates that a substantial fraction of Ni at-
There is no change in the lattice paramétevithin a scatter  oms occupy the chain C1) site. The frequency softening is
of +=0.1%. dc magnetic susceptibility measurements aréound to saturate around 4—5 % Ni doping, indicating that for
made using Quantum Design superconducting quantum irkigher values of Ni doping, a large fraction of the Ni does
terference device(SQUID) magnetometer in the “field- not go into the substitutional sites, but accumulates at the
cooled” mode in an external field of 10 G. The supercon-grain boundaries. The 5% decrease in the frequency of the
ducting transition temperatureT{) where the onset of Cu(l) mode cannot be accounted for in any simplistic har-
diamagnetic signal is observed is found to be 34 K for themonic oscillator model involving changes of masses alone.
YBay(Cuyg 9g\ig.0440g Sample used in this study. Hence we conclude that the force constants and the local
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FIG. 2. Frequencies of the Raman modes associated with Cu &pmsd O atomgb) as a function of Ni concentration The Cyl)
A4 chain mode softens considerably with increasing Ni doping, whereas all other modes exhibit small or no shifts in their frequency. The line
through theB;4 mode frequencies is a guide to the eye. Lines through th{@)@y and Cy2) mode frequencies are fits to a second-order
polynomial and a linear function, respectively.

compressibility around the Ni atom in the chain site havein the superconducting phagat 10 K) under hydrostatic
been reduced. pressure conditions over a range of 0—80 kbar. Vibrations
The small change in the @2) in-plane mode frequency corresponding to the Gl Agy mode at 248 cmt, Cu(l) Bag

as compared to the large change in theXTichain mode  mode at 315 cm?, O(2)-O(3) out-of-phaseA; mode at 342
does not completely rule out the possibility of Ni substitutioncm=1, 0(2)-0(3) in-phaseA, mode at 438 cmt, O(4) apical

in the planes. It is likely that Ni substitutes for Cu in both the oxygenA, mode at 500 cm?, and Q1) chain A, mode at
chain and planes. The chain and plane Cu atoms are in digog ot are followed under pressure at 10 K. The(Qu
ferent crystalline environments, which results in different hy'mode at 146 cmlcould not be observed due to the large

bridization of their electronic states. The asymmetric bondsRayleigh scattering of the ceramic samples within the dia-
in the Cul) A, vibration as compared with the symmetric mond anvil cell

bonds in the Cugplanes could preferentially change force Since our studies are conducted in the superconducting

constants and frequencies of the chain mode. rphase, it is important to know the temperature-induced fre-

Studies of the bond lengths and possible distortions i ) . .
Ni-doped Y-123 have been investigated using extended“€ncy shifts of the Raman mode, in particular to ensure that
pressure data are being acquired in a temperature range

x-ray-absorption fine structutl®&XAFS).'® These studies in- ! ;
dicate that in a sample with=0.033, both C(1) and Cy2) where there is no steep change in the frequency for any of

sites are occupied by Ni and that, to within 15%, the occuih® modes. The temperature dependence of the mode fre-
pancy is uniform. These measurements show that tiig) Ni guencies at 1 bar is shown in Fig. 3. All modes show a
sites appear undistorted, while there is some distortiofardening that commences at 60 K and flatterib.at34 K.
around the N2) sites. The Ni2)-O(4) and Ni2)-Y bond We have found this hardening to be typical of many of the
lengths are slightly longe(5.2% and 2%, respectively Ni-doped samples, with the exception for some of the modes
while the Ni2)-Ba bond is 1.5% shorter. The (4)-O(4) that will be discussed in a different publication. We notice
bond distance remains the same, as do th&)NBa and that the frequency remains flat in the region between 10 K
Ni(2)-O(2) bonds. While EXAFS gives the bond lengths, it and T, for all modes. With the application of pressure, if the
does not provide an indication of the bond’s compressibility,T. of this sample increases, as is typical of pure Y-124, the
which reflects the local environment via the Coulombic forcetemperature-dependent frequency changes which occur
constants. aboveT, (see Fig. 3 would only be shifted to higher tem-

As the results presented in Fig. 2 show a clear indicatiorperature and therefore should not affect our measurements,
of changes in the local compressibility around the chairall of which are carried out at 10 K.
sites, it is interesting to study the pressure dependence of the The Raman spectra under pressure are shown in Fig. 4.
vibrational modes in Ni-doped Y-124. We chose a sampléNe find that, despite weak signals, all peaks except the 146
with x=0.04, for which the doping-induced frequency shift cm ! mode are observed up to 80 kbar. The linewidths of the
and also the Raman signal are high. This sample also reprpeaks are seen to increase slightly with pressure, indicating
sents a concentration at which the frequency shift is close tan inhomogeneity of about 2 kbar at the highest pressures.
the saturation value. Raman modes in this sample are studidthe 1 bar spectrum shows a broad background that extends
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498 in phase i3 earlier? are summarized in Table 1. Also included in this
' ' ' ' e o table are the pressure coefficients obtained in other
@ 3,14
I N‘ °® ® o works'1* at room temperaturénormal statg for undoped
297 L ‘ .... i Y-124. We first compare the frequency shifts obtained in our
... works in the superconducting state of Ni-doped and undoped
] Y-124 (columns 4 and 5 in Table.IWe find that for several
\' o4 of the modes such as the @y mode, theB;, mode, the
496 —— T T 606 0(2)-0(3) out-of-phase mode, and the4) apical mode, the
I pressure-induced frequency shifts are very similar whereas
* . two other modes, viz., the @-O(3) in-phase mode and the
- ® & .‘“000.0 ®% 9 c04 0O(1) chain mode, stand out in their dissimilarity.
T. S@e® o] The 1) chain mode in doped Y-124 shows a 33% in-
® O(1) chain crease in its pressure coefficient when compared to undoped

602 Y-124, namely, 0.56 cm'/kbar in Ni-doped Y-124 at 10 K
as compared to 0.42 criykbar previously reportéd for un-
doped Y-124 in the superconducting state. In contrast, the
FIG. 3. Temperature dependence of the frequencies of Ramapressure coefficient for the(@)-O(3) in-phase mode is 23%

modes in YBa(Cupodip 04405 at 1 bar. The dotted line at 36 kK lower in the doped material than that for undoped Y-124,
representd,, for this sample. namely, 0.33 cmY/kbar in the 4% Ni-doped Y-124 as com-

pared to a value of 0.43 criivkbar in the undoped sample. In

from 200 to 700 cm?. This background does not change comparison the pressure coefficients of all other modes in the
substantially in either shape or intensity with temperatureundoped and 4% Ni-doped Y-124 agree within their uncer-
over the 10-150 K range. Since our samples are ceramictinties. Clearly, the observed changes in the pressure coef-
we conclude that the background arises due to the luminedicients of the @2)-O(3) in-phase mode and the(D chain
cence from impurities and inclusions. The relative magnitudenode in the Ni-doped Y-124 are not coincidental.
of this background does not change much with pressure ei- These differences in pressure coefficients are seen in more
ther, although it appears to be more pronounced in the 200detail in Fig. 5, where we plot the frequency of thélD
400 cm! range at higher pressure, making the(Quand chain and @2)-O(3) in-phase modes as a function of pres-
0(2)-0(3) modes appear superimposed on a broad peak. Fusure. Solid circles represent current data for 4% Ni-doped
thermore, peaks in the 500—700 chrange are seen to ride Y-124 at 10 K and open squares denote data for undoped
on a sloping background at high pressures. Y-124 and 14 K taken from Ref. 12. Solid lines through the

The frequencies of all modes increase linearly with presdata are linear least-squares fits. It can be seen from these
sure and can be fit ta(P)=w(0)+ (dw/dP)P, whereP is  plots that there is a clear difference in the pressure coefficient
in kbar andw is in cm . The pressure shifts of the Raman of these two modes in the 4% Ni-doped sample compared to
modes in the superconducting state of the Ni-doped sampldae undoped sample. In this context it might be interesting to
studied here and those of the undoped Y-124 studiethvestigate a series of samples with different Ni concentra-

0 20 40 60 80 100 120 140
Temperature (K)
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TABLE I. Pressure shift of Raman modes in Ni-doped and undoped Y-124.

o Ni-doped Undoped Undoped Undoped
(cm™)  Y-124[10 K] Y-124[14 K]  Y-124[300 K] Y-124[300 K]
Mode Assignment [10 K] (current work (Boley et al)® (Watanabeet al)®  (Kakihanaet al)¢

Ay Cu(2) 146 0.22-0.02 0.31-0.03'
Ayg Cu(l) 248 0.23-0.03 0.270.03 0.25-0.02 0.22£0.02
Bsg Cu(1) 315 0.340.03 0.33:0.02 0.30:0.04
Ay 0(2)-0(3) 342 0.340.03 0.34-0.03 0.35-0.03 0.32:0.01
out-of-phase
Aq 0(2)-0(3) 438 0.33:0.03 0.43£0.03 nonlinear
in-phase
Ag O(4) 500 0.52:0.03 0.54-0.03 0.45-0.02 0.38:0.02
Ay o) 605 0.56-0.03 0.42:0.03 0.50:0.02 0.49-0.04

aReference 12.
bReference 13.
‘Reference 14.
dLinear fit up to 55 kbar; nonlinearity was seen above 60 kbar.

tions in a future study. A comparison of the frequency versusffected by Ni chain substitution. We find this to be the case
pressure graphs in Ni-doped and undoped Y-124 for the rendeed with the @)-O(3) out-of-phase modéTable | and
maining four modes is shown in Fig. 6. It is evident that theFig. 6), although theB;; mode in the undoped sample was
pressure behavior of these modes is very similar in the dopettho weak to follow under pressure.
and undoped samples. That leaves fourc-axis modes, viz., the Q) chain

An analysis of the YBgCu,Og unit cell reveals how the mode, @2)-O(3) in-phase, @) apical mode, and Q) Ay
response of the lattice to pressure is governed by the locahode. We first discuss the 248 ciCu(1) chain mode
bonds around each atom. Atomic vibrations are sensitive tavhich has an Q) as its neighbor on one side with a bond
bond-bending and bond-stretching force constants. Coulomlength of 1.88 A and an @) on the other side with a bond
force constants for bond bending are approximately one-halength of 1.84 A along the axis (see Fig. 1 We recall that
that of bond stretching. Thus one would expe@ixis bond this is the mode whose frequen@n consequently the local
stretching vibrations to be more strongly affected by pressuréorce constant and compressibilitis affected by a large
because the-axis compressibility is the largest. In compar- amount by Ni dopingFig. 2), indicating that Ni substitutes
ing the Ni-doped to undoped Y-124, vibrations that involvefor Cu(1) in the chain position. Under pressure, however, its
Ni-O bond stretching should be affected more than thefrequency shift is close to that of the undoped material. Ap-
modes involving bond bending. Thus, as shown in Fig. 1, theparently, the positioning of G) between four oxygen at-
Cu(1) B3y mode at 315 cm® with vibrations along thé axis  oms Q4) and (1), one on each side along tleaxis, and
and 2)-O(3) out-of-phase mode at 342 crhwhich prima-  two O(1)’s, one on each side along thexis, holds the atom
rily involves bond bending in the Cu-O plane should not bewith sufficient rigidity that even higher compressibility along
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FIG. 5. Pressure-induced shifts in the fre-
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YBap(Cup_xNix)40g are rather large distances compared to, say, thd)€n(1)
. . . i i i bonds. It is these two modes that show the largest deviation
Cu(l) Ag mode 1 of pressure coefficients from the pristine sample. The in-
phase mode has a smaller pressure coefficient, while the
chain mode has a large pressure coefficient in the doped
material as compared to the undoped sample.

If the Coulomb force constant between Ni-O becomes
smaller than that between Cu-O, it would decrease the fre-
1 320 qguency of the C(Ni) mode, as has been observed, and also

Nidoped oK ® make the bond more compressible. This, in turn, should in-
Undoped, 14K, Boley 00 Cu(l) B3g mode crease the frequency of the associated mode faster than that
o 2 P % o 3'0 6'0 9'0 310 of a stiffer bond owmg.to. the rapid decrease in the related

bond length. Indeed, this is what we observe: thig)@node
frequency increases faster with pressure in the Ni-doped ma-
terial than it does in the pristine sample.

While the Cy1)-O(1) bond compresses faster under pres-
sure, it has the relative effect of stretching th€220(1)
bond, which comes into picture for the(2)-O(3) in-phase
mode vibrations which are along tleeaxis. The net effect of
the increase in the @)-O(3) bond length is to decrease the
force constant and thus cause the frequency of the in-phase
Bridging O(4) mode | 500 mode to change more slowly than in the undoped material.

- s The presence of Ni in the chain sites, which are consid-
0 6 %0 0 30 60 % ered the charge reservoirs, could affect the charge transfer
Pressure (kbars) mechanism differently from its presence in a plane Yite.

FIG. 6. Pressure-induced shifts in the frequencies of the)cu The O-Cu-O network in the charge reservoir may not func-
Ay, Cul) By, out-of-phase (@)-O(3), and Q4) bridging modes. tion as effectively with Ni in random positions. Indeed, the
These modes show similar pressure shifts regardless of whethelestruction of superconductivity may occur less effectively
they are doped or undoped. due to Ni in chain sites than in plane sites and thus provide

an additional mechanism for the lack of suppressio of
the Ni-O bond does not cause its pressure-induced frequenayith Ni doping.
shift to vary greatly from that of undoped YBau,Og. Fur- It is interesting to compare the pressure coefficients of the
thermore, the C(1)-O(1) bonds along thé axis are more Raman modes measured in the superconducting'$tafe
rigid and hence allow a minimal effect on those bonds byundoped Y-124 with those reported by two other grdéips
changes in the axis. The small linear compressibility along in the normal state. We note that there is an overall agree-
the b axis (1x 10 3/GP3 is the key quantity that holds the ment (within the experimental error barsbetween the
Ni/Cu(1) rigid and unaffected by an increased compressibil-pressure-induced frequency shifts of the low-frequency
ity along thec axis. In comparison, the linear compressibility (<350 cnm *)modes in the normal and superconducting sites
along the a and c axes is 2.&10 %GPa and (see Table)l The 2)-O(3) in-phase mod¢at ~438 cni )
5.5x 10" %/GPa, respectivel% was not studied under pressure in Ref. 14 due to its weak

The second mode we discuss is the one at 500'cm intensity and in the work of Watanale al*® the frequency
which is assigned to the (@) apical mode with an @) on  shift of this mode saturates about 60 kbar and the peak splits
one side and a GR) on the other. This vibration involves into two peaks around 80 kbar. This nonlinear pressure be-
stretching of the long and weak @)-O(4) bond (length  havior in the normal state is in sharp contrast to the linear
=2.29 A) and the bending of the @)-O(2) and Q4)-O(3) pressure shift up to 70 kbar observed in our study of the
bonds in the Cu@plane. In addition, it involves the bending superconducting statsee Table | and Fig.)5In the case of
of the O(1)-O(4) bond (length=2.78 A) between the chain the Q4) mode(at ~500 cm'%), the two values reported for
and plane. Since the (@ is bonded to several neighbors, the pressure shift in the normal stat&* do not agree within
most of which are oxygen atoms, one would not expect it tatheir standard deviation and are both lower than the value
be affected appreciably by Ni substitution of the ongBu determined in the superconducting state. The pressure shift
atom, even though that bond is the shortest. Indeed, the presf the Q1) mode frequency is lower in the superconducting
sure coefficients for this mode in the doped and undopedtate than that in the normal state. Although it is tempting to
samples are the same at low temperature within the expereorrelate the differences observed in the normal and super-
mental error(Table ). conducting states for the pressure derivatives of the bridging

Of the remaining modes involving-axis vibrations, the O(4) and chain @1) mode frequencies to the origin of su-
605 ¢t O(1) chain mode has a short bond to the(Dwn  perconductivity in Y-124, definite conclusions can be made
the one side and to the rather distari20atom in the Cu@  only when the same sample is studied in the normal and
plane along thec direction. The 438 cm! O(2)-O(3) in- superconducting states. However, the main observation in
phase mode vibrates against théljoon the one side along  this study, viz, in the 4% Ni-doped Y-124, the(1) chain
and another @)-O(3) plane on the other side, both of which mode shifts faster, the @)-O(3) in-phase mode shifts
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slower than their undoped counterparts, is valid since it iof the Raman modes in the Ni-doped and undoped Y-124 are
meaningful to compare the measurements made by the samederstood in terms of the local environment around each
group in the superconducting states of both these samplesatom. The response of the(®)-0O(3) in-phase mode and the
0O(1) chain mode also support our earlier suggestion of the
IV. CONCLUSIONS chain occupancy for Ni.
} . . The question of how Ni affects the superconducting tran-
Motivated by our earlier studythat showed a substantial sjtion temperature is still an open one. Charge transfer from
change in the Od) mode frequency as a function of Ni he charge reservoiréthe chaing to the CuQ planes is
doping in Y-124, a hydrostatic pressure study was conductegiearly affected by the substitution of Ni into the chains.

on a 4% Ni-doped sample in the superconducting state. Wgyoreover, this charge transfer will be affected by hydrostatic
originally expected the Q@) mode to shift differently in the  ,ressure, and the pressure coefficiert of d T, /d P, will be
Ni-doped rr_laterlal with pressure, but fqund that the r|g|q[tyaffected by Ni doping. There should be two opposing mecha-
of the b-axis bonds overcomes the higher compressibilityyisms that will affectd T, /d P: the decreased charge transfer

along the shorc-axis bonds. However, two other modes, jye to Ni in the C(l) site and the increased efficiency of
namely, the @L) and (2)-O(3) in-phase modes, that vibrate cparge transfer under pressure due to the higtetis com-

against the Ni/C(L) bond are affected by Ni doping in the ,iessipility. At present, we are not aware of studies of

chain sties. The higher C)-O(1) bond compressibility has g1 /dp in Ni-doped Y-124 and are therefore unable to say
the effect of increasing the rate at which the frequency of thg,ich of the two mechanism wins out.

O(1) chain mode hardens under pressure than is the case with
the corresponding mode in pristine Y-124. This higher com-
pressibility results in the relative stretching of th€lO(2)
bond, making the @)-O(3) in-phase mode frequency to in-  This work was supported by U.S. Department of Energy
crease slower under pressure in the Ni-doped Y-124 as conGrant No. DE-FG02-90ER45427 through the Midwest Su-
pared to undoped Y-124. The remaining modes exhibit presperconductivity Consortium. D.J.P. thanks the U.S. Depart-
sure dependences similar to those reported for undopesent of Education for support through Grant No.
Y-124. The differences and similarities in the pressure shift$200A50259.
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