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T, reduction in Sr-substituted Y(Ba,_,Sr,),Cus;0,_ 5 investigated by %3®Cu nuclear
guadrupole resonance
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We report®35%Cu nuclear quadrupole resonar®QR) spectra of Sr-substituted Y (Ba,Sr),Cu;0,_ 5 at
room temperature. The chemical pressure effect associated with Sr substitution leads to the results that the
planar C2) NQR signals are shifted to higher frequencies and the chait) QR signals are shifted to
lower frequencies. With Sr substitution, ti&®Cu NQR linewidths increase significantly for both the(2u
plane site and Q) chain site, and a new Cu NQR peak appears, which we expect, originates from partial
oxygen disorder in the CuQchain layers. We expect th@t reduction with Sr substitution in Y123 is due to
carrier inhomogeneous distribution and localization caused by the partial oxygen disorder in thenauO
layers, or the suppression of the resonant tunneling between the @aes.
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I. INTRODUCTION the chemical pressure effect on the charge carrier behavior in
detail.

The pressure dependence of the transition temper@ture ~ NQR experiment provides a powerful tool for probing the
of copper oxide high-temperature superconductbfBSC's) local electronic and magnetic properties on the selected atom
is of fundamental interest for elucidating the microscopicsite. The electronic information in HTSC’s can be obtained
mechanism of the superconductivity. It is generally believedPy the measurement of NQR frequeney at the copper
that one of the key parameters controlling thevalues is SIS, which is very sen5|g|\6/e to the local charge density. In
the charge carrier concentration in the Gu@anes, and itis this work, we performed™*Cu NQR measurements on a
postulated that the application of high pressure leads to theres of Y(Ba_,Sk),Cus0;—; powder samples withx

change of carrier concentration resulting in the pressure d&/arying from 0 to 0.6. Our experiments provide more infor-

pendence of,.! However, some groups suggest that an ag/nation about the microstructure modification and the change

ditional variable, perhaps the effective paring interaction,Of local carriers due to S substitution.
might be important:®> Such an effective paring interaction
might be shown by the scaling relationship betwd@erand
the buckling angle of the CuOplanes*® The above two Ceramic samples of Y(BaSr),Cu0,_ s with x=0,
effects might play important roles in the descriptionTgfin 0.02, 0.05, 0.1, 0.2, 0.4, and 0.6 were prepared using the
the case of the external pressure or the internal pressueandard solid state reaction methddll samples were ex-
(chemical pressuje amined to be single phased by powder x-ray diffraction using
The external pressure effect of, in YBa,Cu;O,_s Cu Ka radiation. The superconducting transition tempera-
(Y123) has been extensively studied and the widely accepturesT determined by the standard four-probe dc resistivity
ted result is the pressure enhanced carrier transfer from theeasurements for Y(Ba,Sr),CusO;_ 5 with x=0, 0.02,
CuQ, chain layers to the Cupp|anes]; A similar result 0.05, 0.1, 0.2, 0.4, and 0.6 are 91, 90, 88, 85, 83, 80, and 78
has also been observed in Yf&a,0g (Y124) and be- K, respectively. NQR experiments were performed on a
haves as a frequency shift in nuclear quadrupole resonan&uker AVANCE (DSX) 400 high-power pulsed Fourier
(NQR) experiment§. Meanwhile, many groups®® focus transform nuclear magnetic resonar@bwlR) spectrometer,
on the divalent Sf-doped Y(Ba_,Sr),CkO, 5 and and experimental details were described in an earlier gdper.

Y(Ba; _,Sr),Cu,Og superconductors, where the chemical

pressure effect can be studied due to the smaller-radius ion Il RESULTS AND DISCUSSIONS

sPt substitution for B&". Structural refinements of a vari- 16 superconducting transition temperatifizeis shown
ety of samples in the Y(Ba St),CusO7- 5 System suggest  for each sample in Fig. 1. We can see clearly fiatirops
that the decrease of; for increasing chemical pressure rather quickly. This is different than the result of
might be due to the decrease of the relaxation of the Ba/S‘V(Bal,XSrX)ZCu‘;Og, whereT, increases slightly or is nearly
layer strain’® In another aspect, the thermoelectric powerindependent of Sr conteM® 16 This difference will be dis-
(TEP) study for Y(Bg _,Sr,),Cuz0;_ s implicates a charge cussed in detail later.

redistribution between the Cy@hains and Cu@planes° We show in Fig. 2 the Cu NQR spectra for a series of
Our internal friction study suggests that Sr-substitution re-Y(Ba; _,Sr),Cu;0;_s samples in the frequency range
sults in a modification of the dynamic behavior of the 18—-25 MHz. For the sample witk=0, the two main peaks
carrierst* Then it is important for further research to study at 22.23 and 20.55 MHz are the NQR signals of copper on
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FIG. 1. The superconducting transition temperatures for differ-
ent Sr concentrations in Y(Ba,Sr,),Cu0;_ 5.

the chain site®3Cu(1), and %°Cu(1), with fourfold oxygen
coordinate, respectively. With increasing Sr content, these
83Cu(1), and ®°Cu(1), NQR spectra are shifted toward
lower frequencies, and the linewidths increase.

The Cu NQR spectra in the frequency range 25-34 MHz
are given in Fig. 3. The spectrum of undoped ¥88;0;_
in this range mainly shows two NQR peaks at 31.20 and
28.87 MHz, which have been assigned $8Cu(2) and
Cu(2) in the Cu@ plane, respectively. We note that 31.20
MHz ®Cu(2) peak has a trace of small peak around 30
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FIG. 2. 38%Cu(1) NQR spectra of Y(Ba_ ,Sr,),Cu0;_ 5 (X

=0, 0.02, 0.05, 0.1, 0.2, 0.4, and D& room temperature. Results
have been normalized to nearly eql&Cu peak height.

FIG. 3. 538%Cu NQR spectra of Y(Ba.,Sr,),Cu0;_ 5 (x=0,
0.02, 0.05, 0.1, 0.2, 0.4, and 0.8 the frequency range 25-34
MHz at room temperature. Results have been normalized to nearly
equal 3Cu peak height.

to the Cu NQR signals accompanying the local lower oxygen
content!® During the Sr substitution, th&*®Cu(2) NQR
spectra are shifted toward higher frequencies and linewidths
increase, and a new Cu NQR shoulder peak appears at the
lower frequency side of the @2) signal.

Usually, the NQR frequencyyg, is related to the electric
field gradient(EFG) by

eQV, 1
o= n N 1+g7

whereeQ is the nuclear electric quadrupole momen, the
maximum principal component of the EFG tensor, anthe
asymmetry parameter defined as=(V,—V,,)/V,, with
|V,4=|V,y|=|Vy,l. Both theoretical calculation and experi-
mental results indicate that the NQR frequengy of the
planar copper is proportional to the charge density at the Cu
site in the Cu@ planes?®~2* At the same time, some theo-
retical and experimental results show that carrier density de-
pendence of NQR frequenay, is also roughly valid for the
fourfold coordinated CW) sitel”?42%

With Sr substitution in Y123, the planar () NQR spec-
tra are shifted to higher frequencies, and the chaifilCu
NQR spectra are shifted to lower frequencies, which is simi-
lar to the case for Sr substituted Y1¥4This result of NQR
frequencyvq shift suggests that holes increase on th¢2Cu
site and decrease on the @usite. In addition, the C2) and
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Cu(l) NQR frequency shifts are caused by the chemical 8.5

i . . . YBaSrCu, O, a
pressure effect since this long range effect associated with . 3T
small ion Sr substitution leads to the change of EFG at Cu 8.0+
sites on both Cu@planes and CuQchains which contrib- - 1 —
utes to the frequency shift. Then NQR frequengyshift in §’ 7.5 .
our work indicates that the chemical pressure enhances the g ]
carrier transfer from the CuQOchain layers to the CuQ o 7.04
planes. Such enhancement due to the Sr substitution in the = 0.0 005 040 045 050 055 030 055
single crystal YBag,ShodfCUsO; has been suggested by _-E Oxygen Content &
Horvatic et al?® This result is similar to the case for the E [v@®a_5r).000. @e010) b
external pressure. It has been reported that the application of ssd " J—
external pressure to cuprate superconductors induces hole ] "~
transfer from C(l) to Cu2) in Y123 (Ref. 1) and Y1243 8.0 .\)/
which results in the increase of superconducting transition o7 T @ ___ o
temperatureT,. The enhancement of hole transfer is also 75
seen by the increase of NQR frequengy[Cu(2)]) and 00 01 02 03 04 05 06 07
decrease ofo[ Cu(1)] under external pressure in Y154t Strontium Content X

is well known that Cu@ planes play the key role to the - :
development of the superconductivity and hole density is an, m']: IOG); 4'ezh§0\r']?2stt'?:rs\?fB:'Serngk"n%a?nﬂz ?;&EGS%LC@OE;TS;
important factor for highT.. Then theT, reduction by Sr yg -0

T . e - in Y(Ba;_,Sr,),Cus0;_ 5 (b). The buckling angles are calculated
substitution in Y123 is not due to the modification of averageby the formula arccoa/(2x | gyeoy) (0pen squareand arccod/(2

carrier density investigated by the present NQR experimentxlcljzoa) (solid circle), wherel o p0pandl czo0zare the bond length

In another_ aspect, We_ note that the NQR line v_vidth_s o(fl(tu_ of Cu202 and Cu203, respectively,andb are the lattice param-
and Cy2) increase with Sr substitution. The site disorder iNgters taken from Ref. 7.

the (Ba/SpO layers caused by Sr substitution may partly
contribute to the increase of line widths. In Y124, Sr substi-
tution shows little effect orT.. A natural inference is that
the site disorder ifiBa/SpO layers caused by Sr substitution
affectsT, much less® We expect that it is also true in Y123,
i.e., the effect of(Ba/SpO layers disorder off . is also less
prominent in Y123.

The T, variation of the compound Y123 as a function of
Sr substitution is different from that of Y124. With increas-
ing Sr content, T, clearly decreases in Y123, but increases

: 14 ; 15

e mmgonca o 5 o V.23 QU il of O signls appears o eafCu and=Ct

and Y'124 shows Ie,ss C(C)nsiztent with the result for the exterr;gdeuS with Sr sgbstltutmn, Iocated_ th? about 30.6 MHz for

nal pressure where both compounds have a posTiyde- Cu nucleus. This s_houl_der peak |nd|cate_zs that a possible
endence of the external pressife3 4 Therefore it is new kind of copper site with d.|fferent chem.|cal environment

P P X ' appeared when Sr was substituted for Ba in Y123. We men-

natural to consider that the differefii, dependence of Sr .. ; :
content in Y123 and Y124 is due to something caused by Stlon that this new peak has not been observed in the NQR

. . o ey ) e Spectra of Sr substituted Y12%Furthermore, we expect that
Impurity sqbsﬂtuhon, n add|t|on_to the modlf_lcatlon of av- this new peak in Sr substituted Y123 might reveal the under-
erage carrier density and the site disorder in (Ba/S)0 I?/z_i‘ing mechanism for different response to Sr substitution

layers discussed above. The microstructure studies reveali Y123 and Y124. The occurrence of similar extra peak has

C‘Zﬁ;if 3 I2|7n 'Iqhki)setwr?)?/?éeagcrj] t::ﬁ k;l;;l ﬂ'tn\?v:n?ées(:zéhetﬁg%_ been observed when Ba atoms were substituted by triva-
P X b P Y y lent rare earth as in Pr,Ba,_,CusO;, s (Ref. 25 or in

trinsic variable ofT.. The early powder neutron diffraction LaBa,Cu;Os ;.2 and it is attributed to fivefold oxygen co-

\?\/I:a/ec?anm%%r:a?neﬁé ng:féﬁl?;gj(gggele?fg;rgﬁaggcmuI;At/ir(')'gh Theordinate copper in the chains. The presence of extra oxygen
buckling angle of Cug planes for Y(Ba. ,Sk),CtsOr_ s atoms located on the(®) sites is due to the charge compen-

. N sation. Such fivefold oxygen coordinate (@Cualso could be
Setr%efj‘fvf\gtrg)r(]t_g' Olsr?'c%r?t'egfsfé ;Tg fgr.:iaig‘?; }"a a consequence of the presence of £@roups near the
\‘llv(la) rles ective)l(ygThe results for diffev;len'lt oxIg en contentChainsgg However, the presence of extra oxygen doping can-

' P . . : Y9 not be invoked in our samples as no charge compensation is
are consistent with the proportional relationship betw&gn

. . ="' necessary when B4 atoms are substituted by Zr. We
and the buckling angle of Cuplanes in the underdoping : : :
range, while the buckling angles of Y(BaSr),CtO;. 5 must mention that no high oxygen pressure was used in the

. i i sample synthesis here, otherwise the oxygen content of
with Sr content show the opposite tendency alongattexis  samples will increase and then fivefold oxygen coordinated

andb axis. The reason for these opposite results aﬁ)agis Cu(1) sites could be present in Sr substituted Y$23he

andb axis is not clear at present and we note that it has no
relation to the orthorhombicity(b—a)/(a+b)] which is
nearly constant as a variable of Sr contéffhen no simple
relation betweer . and the buckling angles can be obtained.
This result made the discussion @f reduction from the
aspect of buckling angles more difficult and no direct results
can be given. Then we want to discuss Theeduction by Sr
substitution in Y123 from another aspect.

In Fig. 3, a new NQR shoulder peak at the lower fre-
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new peak in our experiment is neither due to fivefold oxygencarrier transport more efficient than that in plane. THen
coordinated C(1), nor due to C(R) just located above three- reduction for Sr substituted Y123 might be better derived
fold oxygen coordinated G),?® as no clear change of the from the scenario of the resonant tunneling mecharifsim,
threefold Cuyl) NQR signals has been found in our NQR which the resonant tunneling between the Guianes will
spectra. Above deduction is also consistent with the resulbe suppressed by the oxygen disorder in the chain layers, and
that the orthorhombicity is nearly constant as Sr content vareonsequentlyT. decreases. At present, the results of Sr-
ies. substituted Y123 polycrystal show that in plane resistivity is
Then we attribute the new copper NQR peak to other kindess sensitive to Sr content for high Sr concentratfoA.
of structure modification. The neutron diffraction measure+yrtherc axis resistivity measurement will be needed to test
ments show a progressive structural deformation, deviatioghe apove speculation.
of the position of chain layer @) from theb axis with Sr
substitution’ Consequently, it will lead to the stuctural dis-
order in the CuQ chain layer. Such stuctural disorder will
contribute to the broadening of NQR spectra both for two e found that a new Cu NQR shoulder peak appeared in
copper isotope Q) peaks and G@) peaks in addition to  Sr substituted YBg&Cu;0,_ 5 (Y123) and it is related to par-
the contribution of site disorder iBa/SpO layers discussed tial oxygen disorder in the CuCchain layers. The chemical
above. @4) site disorder might also contribute to the new pressure effect associated with Sr substitution leads to the
NQR peak at the lower frequency side of the(®uwsignal.  results that the NQR spectra for planar (Buand chain
The effect of the CuQchain layer on the electronic prop- Cu(1) are shifted toward opposite directions with Sr substi-
erty has been studied by angle resolved photoemission spegition which evidences the enhancement of carrier transfer
tra (ARPES, which demonstrates a definite hybridization in from Cu1) to Cu2). We expect thafl, reduction with Sr
the one-electron spectra of chains and planeBhen the  substitution in Y123 is due to the carrier inhomogeneous
partial oxygen disorder caused by Sr substitution will affectdistribution and partial localization in the CyCplanes
the electronic property of the Cy(lanes. The natural re- caused by partial oxygen disorder in the Gusbain layers,

sults are the carrier inhomogeneous distribution and partiadr the suppression of the resonant tunneling between,CuO
localization. Consequently, the superconducting transitiorplanes.

temperaturel . decreases. We note that no such oxygen dis-
order in the chain layers was found in Sr substituted Y124,
Then no such additional oxygen disorder effect contributes to
TC dependence Of Sr SubStitutiOl’l in Y124. Maybe thIS iS the We are happy to acknow|edge Dr. L| Afor he|pfu| discus_
reason whyT, is suppressed with Sr substitution in Y123 sjons and Wang X. M. for parts of the experiment test. This
and less shifted in Y124T, reduction due to such oxygen work was supported by the Ministry of Science and Technol-
disorder might also be understood from another aspect. Thggy of China (Grant No. NKBRSF-G19990646 X.N.Y.
partial oxygen disorder in the chain layers reduc@xis  would like to thank Motorola for financial support.

IV. CONCLUSION
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