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NMR and NQR study of Ca-substituted superconducting YBaCu,Og
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We report a set of nuclear quadrupole resonafd®R) measurements including a spin-echo double-
resonancéSEDOR) experiment which provides convincing evidence that the additional chain Cu NQR line in
Ca-substituted YBsCu,Og does stem from chain Cu sites disturbed by the “impurity” Ca ions. From an
analysis of signal intensities we conclude that “impurity” Ca ions, responsible for the additional line, substitute
Y3+, At high Ca doping, the concentration of the substituted Y siés,is appreciably smaller than the
nominal Ca concentratio, Since it isx’ which is responsible for a direct increase of the hole charge-carrier
concentrationp, effects connected with the increasenafuch as the planar Cu spin-lattice relaxation rate, the
NQR frequency, and the magnetic shift are only weakly dependent orhus, the substantial increase of
T. with x suggests that, besides the increase,dther effects have to play a role in tfig enhancement. One
such effect might be the opening of the spin pseudogap. At 150 K, both the main and additional Cu NQR lines
in nominal YBa ¢Ca, ;Cu,Og show distinctly anomalies not seen in pure Y,Bai,Og that point out the Ca
doping induced structural phase transition recently observed in specific-heat, elastic-neutron-scattering, and
x-ray-diffraction measurements.

I. INTRODUCTION problem by performing new NQR, nuclear magnetic reso-

nance (NMR) as well spin-echo double-resonance

The superconducting transition temperatligeof the par-  (SEDOR experiments in old and new Ca-substituted

tially Ca-substituted YBgCu,Og increases from about 81 K YBa,Cu,Og samples. We were also stimulated by recent
up to 91 K*2 The highesfT,, is achieved in compounds with observations of anomalies in the elastic constant and the spe-

nominal chemical composition YBaCa, ,Cu,Og (Ref. 3 cific heat® and in the temperature dependence of lattice

1 AR parameters® around T'=150 K in C&"-substituted
or Y 4Cap,Ba,Cu,Og." To understand this substantia},

enhancement it is crucial to know which of the two different YB22CUsOs, that are possibly caused by a second-order
ions, Y3* or Ba2* the C&* is substituting. Recently, we structural phase transition, even though there is no change

had intensively investigated this problem by Cu nuclearObserVed in crystal symmetfy.

quadrupole resonand®QR).® Based on the analysis of an

“additional” chain copper Cl) NQR line, which appears Il. EXPERIMENT

through Ca substitution, we concluded that the major fraction

of Ca occupies the Ba site. A similar conclusion was reached The samples were prepared by heating up to 1000 °C un-

on grounds of electron-energy-loss investigatibnshich ~ der high oxygen pressuifea mixture of oxides with nominal

have shown almost no change of hole carrier concentratiophemical composition YBa ,Ca,Cu,Og (x=0, 0.02, 0.05,

in Ca-substituted YBgCu,Og as compared to the pure com- Q.l). X—ray d|ffr§ct|on revealed a single-phase polycrystal-

pound implying that C&* is replacing the isovalent B4 . line material without observable .traces of YZEB.J3O7_ or
From other investigatiorshowever, it is known that in Y 288CU7015-5. Tc was determined by dc magnetic sus-

contrast to the Ca substitution, the?Srreplacement of the ceptibility measurements in a 0.9 m_T magnetic f|eld._ The

isovalent B&* does not chang@&, at all. Another argument g?esqucexailrtﬁsaglse (I)btamed from the field-cooled experiment

against the substitution of Ba by Ca?™ is their big differ- ' : .

egce in size. If the involved i>c/Jnic radiig2+ (19.]42 A, For the NQR and SEDOR experiments, we us_ed unori-

foer (1.26 A, rees (112 A andrys: (1.02 A are com- ented powder samples, whereas the NMR experiment was

ared one notices that whikg 2+ andr are still some- done on ec-axis oriented powder sample.
P . o Bat se All measurements were carried out by using standard
what compatible, the mismatch betweegz+ and rce+

could pose a problem, such that one would rather expect ulsed spectrometers and the signal-to-noise ratio was im-
Ca ion replacing the more matching Y instead of the huge B%‘roved by the phase alternating add-subtract spin-echo accu-

ion. In addition, by C&" replacing Y*3 the charge carrier u':%t:aorlllglghgé%ugEDOR were done in zero external field
concentration in the Cu@planes would increase thus ex- '
plaining in a natural way th&. enhancement of the origi-
nally underdoped YB&Cu,Og.

In a number of recent investigation$ there is growing
evidence that Ca potentially substitutes Y rather than Ba in  x 0 0.02 0.05 0.10
YBa,Cu,Og. To reconcile the opposite views concerning T, (K) 81 82 88 91
the site Ca occupies in YB&u,Og we decided to revisit the

TABLE I. T, values of the nominal YBa ,Ca,Cu,Og samples
used in the experiments.
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FIG. 1. Temperature dependence of ch&itu(1) NQR fre- FIG. 2. Temperature dependence of ch&fGu(1) spin-lattice

quencies in YBaCu,Og (A) and YBa (Cay:CusOg (@, ML;  relaxation rate, I,, in YBa,Cu,Og (A) and YBa, {Cag ;Cu,Op
O, AL). ML and AL stand formain and additional line. In Ca- (@, ML; O, AL).
substituted YBaCu,Og, a phase transition occurs at temperature
T
their values differ.vq and 1T, of the ML are almost the

. . . . h i f the chdi
The spectra were obtained either by Fourier transformaﬂo@?rgjr:SYtBszg?j:ce)s;pondmg parameters of the chat) Gue

of the spin echo or by scanning the frequency in discrete (i) vo and 1T, of both the ML and AL in
Q 1

steps and integrating the spin-echo signal. The spin-IatticQBal «Cag 1Cu404 show distinctly an anomaly at 150 K not

irr?\llae)ﬁzittl)%rjretg\e;é%, pvlﬁsr’e dse(;tg[lrghnceed %eNﬁisuswgs tr;)eer:c,een in pure YBaCu,Og, that points out to the doping in-
formed in an external magnetic fielBy, of 9.03 T and the duced structural phase transition recently observed in spe-

. . . _cific heat® elastic neutron scatterirfgand x-ray diffractio’
spectra were obtained by Fourier transformation of the SPiN aasurements & y

ecrlm. I . d liahtl From (i) and (ii) it is obvious that the ML and AL are

o e e 0 9" iimatelyconnected,and the AL capro s fom ‘tck
P . . ing faults” as proposed by Macet al?

sequently small sampleso achieve, if necessary, very short

pulses and thus broad spectral excitation. To prevent spark-

ing we kept the probe head in nitrogen gas at a pressure of 3

B. Chain Cu spin-echo double resonance
bars.

To remove any doubts that the AL and ML come from Cu
sites that are close neighbors we performed a spin-echo
Ill. RESULTS AND DISCUSSION double resonancéSEDOR experiment that involves simul-
taneously the AL Cu nuclear spin ¢ping and the ML Cu
nuclear spins $ sping.

At first, we performed a set of measurements to provide The SEDOR experiment proceeds as follojsse the in-
convincing evidence, that thedditional Cu line (AL ), which  set in upper part of Fig.)3We perform a spin-echo experi-
appears about 600 kHz above thain chain Cyl) line  ment on nuclear spii, by applying an«/2-7-7 radio-
(ML) in Ca-substituted YBgCu,Og,>"* does indeed stem frequency pulse sequence at thg of | and observing the
from chain Cu sites disturbed by the “impurity” Ca ions. echo of thel spins;r denotes the time separation of the two
In Fig. 1 we present precise results for the temperatur@ulses. In addition, we apply, at time after thear/2 pulse,
dependence of the AL and ML frequency from anothers pulse at the frequency of sp® This pulse flips
YBa; «Cug 1Cu,0g in comparison with corresponding i  the S spin and thus changes the local field producedat
data obtained from pure YB&u,Og. Figure 2 shows the |. Hence the echo formation df is disturbed and conse-
spin-lattice relaxation rate, T{, measured on the same AL quently the echo reduced. The whole experiment works only
and ML compared again with I{ of Cu(l) in pure if the spinsl andS are coupled, meaning they have to be
YBa,Cu,Og. Two issues concerning the AL and ML are close neighbors. We have performed a similar experiment in
obvious from the figures, namely, the following. Y ,Ba,Cu;0,5. 12

(i) The NQR frequencies;q, and relaxation rates of the We have employed two standard pulsed NQR spectrom-
two lines exhibit the same temperature dependence, howeveters with appropriate modifications for the double-

A. Chain Cu NQR frequency and relaxation time
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FIG. 3. SEDOR spectrunte) and NQR spectruntb) of chain
83Cu(1) sites in YBg Ca, ;Cu,Og at 100 K. The spin echo of the
83Cu(1) AL (1 spin is observed. The reduction of the spin echo is
the strongest when the flip pulse frequency matche$3@e(1) ML
(S spin) frequency. The inset if@) shows the used SEDOR pulse
sequence.

FIG. 4. Intensity ratioR, , of the additional and main Cu line vs
the Ca concentratiorg, per YBaCu,Og chemical formula unit.
For the explanation of the different symbols see the text.

different Cy1) sites and thus the intensity of lines they form
depends also on the distribution of Ca. We distinguish two

resonance experiments. We have chosen the one-coil radiBpssibilities: the Ca is either uniformly distributed without
frequency arrangement keepingand 7. constant ¢ = 300 clustermg or its Q|str|but|on is completely rar_1d0_m.
us, 7 = 290 wg) 1415 We will now discuss three cases of substitution:

Figure 3 presents the essential experimental result. The (!_) Ca2+|(_)ns replace exclusn_/ely the hlgher-valean

lower part shows the %Cul) NQR spectrum of (i) Ca2 ions replace exclusively the |sovaI§nt Ba

4 . : 5 +
YBa; Cay 1Cu,0O45 powder at 100 K with its maigML) and (CIZ") C‘T’l E'Onr? (s:ub_stltu;e pa_rtlﬁlly Bza alnd YCI: )
additional line(AL). The upper part displays the reduction of . ase(i). ach Ca ion has eight equiva ent( )unea_\rest
the I (AL) spin-echo when the flip pulse is applied. The neighbors. By simple counting the following expressions for
reduction is the strongest when the flip pulse frequenc ,_can be deducedR,=4x_/(1_—4_x) for unl_form and
matches the spii® (ML) frequency. This positive SEDOR '_4X/(1TX) for random dlstr|but|9nx denoting th.e Ca
effect clearly demonstrates that the Cu spins of the AL angoncentration per YBzCu,Og chemical formula unit. As

ML are coupled, presumably through direct dipolar coupling.]?(;(rps;t;?)’( the two expressions yield practically the s&ne

Such a coupling is, of course, only possible if the sites de- . . .
livering the AL and ML are close neighbors located, for in- C@Selil). The number of equivalent C1j nearest neigh-
stance, on the same double chain. bors around each Ga reduces to four. Consequently, the
previous R, expressions change in thatis replaced by
X/2.
C. Intensity ratio of the additional and main chain Cu line Case(“' ) The observed Sing|e AL comes from amSiteS
After we have firmly established that the AL arises from that are nearest neighbors either to Ca at Y site or to Ca at Ba
chain Cuy1) sites which are disturbed by the substituting Casite. We assume that whatever Ca does not contribute to the

ions, we turn our attention to the intensity raRpof the AL AL leaves Cil) undisturbed. The correspondifty is going
and ML. This ratio depends strongly on the lattice site the C40 be somewhere between the values for céesnd (ii).

ion occupies and on the origin and the extent of the distur- Figure 4 depictsR; vs x for cases(i) and (i), with a
bance. In order to proceed, we make the following assumpuniform and a random Ca distributions. The diagram in-
tions concerning the origin of the different lines. The AL cludes for each sampl§ (i=1,2,3) with nominal concen-
comes from those Q) sites that are quadrupolarly dis- trationx;=0.10,0.05,0.02, a horizontal hatched bar that rep-
turbed nearest neighbors to a single Ca ion. ThélCsites  resents the experimental ram,exgtbetween the AL and ML
without a Ca ion as a nearest neighbor deliver the quasihtensity corrected byuzQ(ML)/VQ(AL) =0.94. The thick-
undisturbed ML, that behaves more or less as th€l)dine  ness of the bar corresponds to Ree,,, error limits whereas

in pure YBa,Cu,Og (see Figs. 1 and)2The leftover C(l) its length equals to the samples As one can notice, all
sites having two or more Ca ions as nearest neighbors, are ¢hree bars do not touch thR(x) curves calculated for
the other hand so much disturbed that theg lines get YBa,_,Ca,Cu,Og [case(ii)]. Within the scope of our as-
wiped out from the observed NQR spectrum. The number ofumptions, this eliminates the possibility that Zacould
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TABLE I1l. Parameters of the nominal YBa,Ca,Cu,Og
samples used in the experiments.

Sample S

0.10
0.0626)
0.292)

S

0.05
0.0353)
0.161)

S

0.02
0.0191)
0.0815)

X
X!

RI ,expt

replace exclusively B&". On the other hand, the fact
that S; touches the R/(x) curves calculated for

Y ;_,Ba,Ca,Cu,Og [case(i)] tells us that forx=0.02 the
AL has to arise from C{1) sites disturbed by Ca at Y site.
The fact thatS, andS; cross theR,(x) curves calculated for

Y ,_4Ba,Ca,Cu,Og4 reveals that with increasing Ca does
replace Y only partially. The corresponding partial amount,
let us name i’, is represented through the doubly hatched

area. In Table Il we collect the relevant parameters of the

different samples.
The R, analysis shows that actually ca¢ié) applies,
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FIG. 5. Temperature dependence of the total magnetic shift,

where the major part of Ca replaces Y and the rest presunk . = of the planar C(2) in the c-axis oriented powder of
ably substitutes Ba. In accordance with this finding, theyBa, (Ca,,Cu,0; (®), YBa,Cu,Og (dashed ling from Ref. 18

proper description of Ca-substituted YR2u,0g should
read Y; _,,Ca, ,Ba, ,Cu,Og with X" +y equal tox, the

and YBaCu3z0; (dotted ling from Ref. 19, for thec L B orien-
tation.

nominal Ca content. By this new description the chemical

formula YBg; {Cay1Cu,Og of our x=0.10 sample having
x"=0.062 should be corrected toy¥sBa; gsLag 1CU4O5.

substitution as well the substitution itself do not affect the
orbital shift of CuY2), which we therefore take the same in all

The evidence that at high doping levels Ca replaces also B@ree compounds.
besides Y has been found in recent extensive x-ray structure Comparing now the three sets of shift data in Fig. 5 re-

refinement investigations by Schwet al®

veals thatK,, in YBa; CayCu,Og, similar to K,, in

As an important I’esu|t, |t thus turned out that, at h|gh CaYBaZCu4O8, decreases with decreasing temperature, a Sig_

doping, the concentration of substituted Y sites, is appre-
ciably smaller than the nomina. Since it isx’ which is

nature that the compound is still underdoped, even though
with a doping level somewhat higher than in YR2u,Og.

responsible for a direct increase of the hole charge carrigtrom Fig. 5 it is also apparent that the doping level in

concentrationn, one can understand why the increasenof

YBa; Cap1Cu,Og is definitely much lower than in

and the effects connected with it, as for instance the planayga,Cu,0,. This fact then raises the question: why do

Cu(2) spin-lattice relaxation rat€ and the magnetic shift,
are so weakly dependent an

D. Planar Cu Knight shift

The planar C(2) Knight shift Ky, in Y-Ba-Cu-O is a
sensitive indicator ofi in the CuG, planes. With increasing
n, Kgpinincreases as well as changes its temperature depe
dence. To check how Ca doping influendes,, we mea-
sured the temperature dependence of the total magnetic sh
Kap Of the c-axis oriented powdek=0.10 sample for the
cL By orientation.K,, was determined from thé&3Cu(2)
central line by the same fitting procedure as used in Refs. 1
and 18 taking into account, of course, the changepand
the linewidth through Ca doping.

The final results together with the correspondifig, data
from YBa,Cu3;05 (Ref. 19 and YBa,Cu,Og4 (Ref. 18 are
presented in Fig. 5. As it is well knowrK ., consists of a

both compounds have almost the sam& It seems that,
besides the increase of other effects have to play a role in
the T, enhancement. The minimal increasenothrough Ca
doping, as revealed by the shift data, is in qualitative agree-
ment with the result from ouR, analysis.

n- E. Effect of Ca doping onwvg and T, of planar Cu

Since C&™, as theR, analysis has shown, predominantly
(fccupies the Y site it should, due to the missing charge,
strongly influence the electric field gradidi@-G) and hence
vq of the rather closely positioned @) in the nearby
CuO, plane. The estimations based on a point charge model
using for Cu an antishielding Sternheimer factor
(1— vy..)=~20 show, however, that due to geometrical rea-
sons,vq of the eight C@2), which are the nearest neighbors
to the C&" “impurity,” decreasesonly by 0.4 MHz (the
statement, in Ref. 3, that, increases in this case, is incor-

temperature independent orbital and temperature dependetgich. For the 16 C(2) next nearest neighbors which are

spin part(Knight shift) Kgy,. Further, it is known from pre-
vious NMR studies that in the limits of error bars the orbital
shifts of YBa,Cu;0, and YBaCu,Og are the same, even
though then values in their CuQ planes are quite different.
Having this in mind, we assume that the changea dify Ca

almost twice as distant from G4 than the nearest ones,
vq decreases by 0.23 MHz, a value not much less than the
previous 0.4 MHz.

The experimentaf35%Cu(2) NQR lines in Ca-substituted
YBa,Cu,Og4 exhibit two features, a bulge on the low-
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frequency side of the line that grows withand a frequency
shift of the peak of the line toward the higher frequenci¥s.
For thex=0.10 compound, this frequency shift amounts to 1.21 YB0,oCa5Cus0y 7 L e
approximately 0.1 MHz with respect to @) vq in pure
YBa,Cu,Og. The position of the bulge on the low fre-
guency side of the line is in qualitative agreement with the
estimated frequency decrease of@uhat are nearest neigh-
bors to the C&" “impurity” at the Y 3% site.

It is an experimental fact that the planar Gy in
Y-Ba-Cu-O increases with growing with a slope of ap-
proximately 23 MHz/hole/Cd’ To get the positive fre-
guency shift due to tha increase in thex=0.10 sample we
have to take into account also the estimate6.23 MHz
which the 16 next nearest @), that essentially deliver the - / \..~ .
bulk of the NQR line, experience directly from the “impu- _e—® o
rity” Ca?*. The shift we are interested in is then equal to oLt ! ! -
0.33 MHz which corresponds tdn~0.014 hole/C(2) in 30 31 32 33
the x=0.10 compound. ThisAn compares well with the Frequency (MHz)

0.015 hole/C(R2) one gets in case the’=0.0626) holes,
introduced by the ¥* substitution through Ca', distribute FIG. 6. ¥Ba NQR spectrum from YBagCay ;Cu,O4 at 160 K.
equally over the two planes and the double chain. Inset: the temperature dependence of tH&Ba line’s peak in

As already apparent frofd, results, also the change of YBa1¢Ca1Cu,05 (®) and YB&,Cu,Op (dashed lingfrom Ref.
Cu(2) v due to Ca substitution indicates only a modest21. T_he arrow shows the phase transition temperaftiren Ca-
increase ofn for the optimalx=0.10 whenT, reaches its Substituted YBaCu,Og.
maximum. This once again supports the notion that besides
the increase of still other effects have to be involved in the etersa andb amounts to no more than 0.025%his reduc-
observedT, enhancement. tion of the lattice parameters can account for the observed

Finally, what is the effect of Ca substitution on @u drop of vo at T', as can be easily estimated from the31/
T,? It is well known for pure YBaCu,Og4 that (T;T)"!  dependence of the EFG on the distance of an ionic point
reaches a maximum at a temperatlifeand that the drop of charge.

(T,T) ! at lower temperatures is connected with the open- Less clear is another anomaly we discerrTat namely

ing of a spin pseudo gap. At temperatures abbve 1/T, of  the ratio of the IF, values of AL and ML. This ratio dimin-
Cu(2) almost does not change by Ca substitufldrt could  ishes from the constant value 1(2laboveT’ to the con-

be that the partial substitution of Y by Ca, as demonstrategtant value 1.14) belowT'. The problem, to begin with, is
by Kepin: ¥q @ndR;, does not increase sufficiently to be  that we do not understand why the AL relaxes faster than the
detected in I, Cu(2) aboveT*. ML. The C&" “impurity” which is responsible for the AL

Interesting, however, is that* definitely decreases with formation, sits at the Y site and is thus quite distant from the
rising Ca content.There are hints that the formation of the chain Cul). It seems that the influence of the €aimpurity
spin pseudo gap might be influenced by the interplane couento Cu1) is indirect and has to be mediated by the bridging
pling in double-layer Y-Ba-Cu-O compounés.One can apex oxygen which can easily effect the EFG and the mag-
imagine then that Ca at Y sites disturbs the interplane couretic hyperfine coupling of Q). The later parameter is
pling and thus lower§*. If true this could offer an expla- operative in the C(1) spin-lattice relaxation and may change
nation for the unusually strong increaseTofat rather mod- at T'. This speculation gets support from a recent x-ray
est increase oh. On the other handT* is very close to structural stud$? which reveals an anomaly in the bond
T’ so that a possible interdependence between them mighgngth of the apex oxygen at'.
exist. Further measurements, for instance on Y, could help to To find out more about the transition &t we wanted to
clear some of these open questions. see how it does affect the Ba ion. For this purpose we made
some preliminary measurements looking at the temperature
dependence of the NQR spectrum dndof naturally abun-
dant **Ba in the most studied YBgaCa, ;Cu,Og sample.

As mentioned in the Introducti6n’®and also seen in the The preliminary results are presented in Figs. 6 and 7.
temperature dependence af, and T, of both the AL and The Ca doping broadens th€’Ba NQR line which in
ML, a small but sharp change of various material parameteraddition gets a broad base with smeared structsee Fig.
appears al’ = 150 K in Ca-substituted YB#u,Og4 for x ~ 6). There is no well-separated additional line as in thélCu
= 0.025. Sincel’ remains constant for values in the range case. The temperature dependence of the frequency of the
0.025-0.1C, whereT, rises almost 10 K, it is questionable !*Ba line’s peak can be seen in the inset of Fig(f@ll
whether there is a link between the transitioniTatand the circles together with the data for pure YB&u,Og (dashed
superconducting properties. Most of the parameter anomalidime) from Ref. 21. There is hardly a difference between the
at T' are indeed minute. For instance, the steplike relativdwo sets of data as well no anomaly appear$‘at
decrease ofq of both AL and ML is only about 0.06%see The same is valid for T/, of the central part of the
Fig. 1). Similarly, the relative shrinking of the lattice param- *'Ba NQR line (Fig. 7). The corresponding data in pure

100 200

0.8 T (K)

0.4

NQR Intensity (arb.units)
T
| Sy
.\.\
—
I
e
1

F. Phase transition at 150 K
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tional Cul) line, AL, which appears about 600 kHz above

12 ' ' the main chain C{1) line, ML, in Ca-substituted
- 3734 NQR % . YBa,Cu,0g,%'? does indeed stem from chain Cu sites dis-
oL e } VB, Can .CU.O B turbed by the “impurity” Ca ions. Through an analysis of the
o 197704 TTa 8 ) intensity ratio of the chain Cu AL and MIR,, we conclude
T ---YBa,Cu,0q /7] that the “impurity” Ca ions, responsible for the AL, substi-
sl b ;o tute Y3+,
. +/ In addition, theR, analysis has shown that at high Ca
| + // | doping, the concentration of the substituted Y sites, is
:* 6| / . appreciably smaller than the nominal Ca concentration,
> L $ B | Since it isx” which is responsible for a direct increase of the
V/ hole charge carrier concentratiom, one can on one hand
ar o . T understand why the increase mfand the effects connected
L .// 4 with it, as for instance the planar @) spin lattice relaxation
0 ot T rate, v and the magnetic shift, are so weakly dependent on
i A~ i X.
o - l 8 On the other hand, the substantial increasd ofvith x
0 . . suggests that, besides the increase,aéther effects have to
50 100 150 200 play a role in theT . enhancement. One of such effects might
Temperature (K) be the opening of the spin pseudo gap as revealed by the

maximum of C@2) (T,T) ! at temperaturd*. With rising
FIG. 7. Temperature dependence of f#i@a spin-lattice relax- Ca contentT* definitely decrease’sThere are hints that the
ation rate, 1T, , of the central @) and the base partY) of the  formation of the spin pseudo gap might be influenced by the
137Ba NQR line in YBa ¢Ca,:Cu,Og compared to'*Ba 1/T; in  interplane coupling in double layer Y-Ba-Cu-O
YBa,Cu,0g (dashed lingfrom Ref. 21. compound$? Thus, one can imagine that Ca at Y sites, be-
sides increasing, could also disturb the interplane coupling
YBa,Cu,Og are again taken from Ref. 21. We observe,and so lowerT* which in turn would boost the increase of
however, that the base part of tHé'Ba line relaxes faster T.. This, of course, is only a speculation that needs to be
than the central part which is less disturbed by quadrupolamore substantiated.
interactions. From Ba NQR studies in pure Y&a,Oq At T’, vq and 1T, of both the main and additional C)
(Ref. 21 we know that the Ba spin-lattice relaxation is dueline in YBa, (Cay,Cu,Og show distinctly anomalies not
to phonons and thus predominantly of quadrupolar origin. Atseen in pure YBaCu,Og, that point out the Ca doping in-
the moment we do not know whether the additional relax-duced structural phase transition recently observed in spe-
ation the base part in YBaCa, ;Cu,Oyg is experiencing, is cific heat® elastic neutron scattering, and x-ray diffracfidn
of quadrupolar or magnetic origin. Measurements on theneasurements. However, most of the anomalies observed at
13%Ba can clarify this question. T’ are indeed minute. Therefore, the inability to see them in
The inability to see any anomaly inTy and vq of 1T, and vq of *¥™Ba in YBa Cay,Cu,Og probably just
137Ba in YBay ¢Cay1Cu40g, Of course, does not necessarily lies in the insufficient precision of the collectdd’Ba NQR
mean that Ba does not experience the transitioR’ atProb-  data.
ably, the anomaly is too small to be discerned in the less
precise Ba NQR data.
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