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DOPING HOLE CONCENTRATION AND 7,  IN Bu- AND Ph-
SUBSTITUTED Bi — Sr—Ca - Cu -0 COMPOUNDS

Nguyen Huy Sinh
Cryvogenie Laboratory, Faculty of Physies, Colleege of Natural -1 VNUH

The relation between T¢- and doping concentration can be controlled by the sub-
stitution of ions Ba for Sr. Ca and ions Pb for Bi-contained superconductors. The liguid
mitrogen guenching P2 doped samples showed Te - slight higher than that of furnace-cooled
samples. The T reached maximum values at optimnm holes concentration and there are
changed by doping holes from one compound to another. The parabolic dependence of 7T,

on the doping coneentration may be universal in many high-7.- supercondnctors cuprates
1. Introduction

There is currently great interest in the relation between 7o and the density of
holes in the Cuy planes in the p-type high- 7¢- cuprate superconductors. For samples of
Lay  Sr,CuQy (211). the Ty has been presented as a fanetion of total hole concentration
as given by S content [1]. The total holes concentration may be replaced by the density
of holes per C'uOy plane, assuming that the holes are coufined to the C'uOQ; layers, In
Y BayCuy O, (123) the holes are distributed over the C'u@) chains (2]. The phase diagram
for Y Ba('uy0, shows a broad dome-shaped curve with a maximum 7 of 90K, The
auestion s a similar relation holds for the bismuth-containing cuprate superconductors?
To this end we investigated the T, of BSCCO-type compounds as a function of holes
concentration.

It is found that the substitntion of C'a and Sr by a (34) 1ons eause a decrease of
the hole concentration in C'u@;, plane in the BiySroCaC'uyO, 4 [3]. The behavior of T,
versus doping holes on C'uy plane for several materials were also investigated. Usnally
this showed decrease in T¢- at high doping concentration [4]. The distance between the
two C'u0)y layers is correlated to the values of Ti+ has been reported in ref. [5]. This paper

presents some results of studies on the following superconducting cormpounds.

BiSr, ., Ba,CaCuz0,(0.0 < r <050); BiSrCoy_,Ba,C'u0,(0.0 <0 < 0.50);
Bir. Ph.SraCaCuy0,(0.0 < 0 < 0.60):  Biy_, Pb,.SryCayCuyO,(0.0 < r < 0.60):
The variation of T, - with doping hole concentration in these svstems was perforied.

There is a comparison between our results with those of the others in some high-7;-
superconducting cuprates,
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2. Lxperimental

he <anmples were prepared by solid state reaction method from starting powder-
oxiddes of 130,60, SrC O CaC Oy BaC'O4 PHO and Cu@. The mixed powder was dried
at 1007 for 1 howr inair, then gronnded and cold pressed into the pellets. These pellets
were sintered at S0 for AN howrs and annealed at 520"C for the same thne in air and
then cooled ma furnace. The same the other samples were prepared by guenching from

~107CT o guid nitrogen
3. Results and discussion

Some onr results of resistivity measurements on 81 - Sr - Cla — Clu — O samples of
Seoand Cla- substitnted by Bu element have been reported inref. |6 These experimen-
tal data showed that the superconductors were appeared in all composition of @ < (0.35 for
DSy Ba, CaCusO, and BiSrCay Ba,Cu; 0O, compounds. The metallic property of
13:5r) , Ba,CaCuy O, compound deereased by decreased o but it was happende only in
the temperature range about 120K for BiSrCay_, Ba,Cuy(), compounds. 1t s possible
that the change of metallic ratio of Sr: C'a was originated for change of metallie property
in those componnds,

The  resnlts  of  resistivity  measurements  for  BiSr, Ba,CaC'uyO, and
130850Cay, Ba, Cus O, componnds with 0.0 < o+ < 0.50 showed that the superconduc-
Livity was appeared in all compositions of 0.0 < < 0.35. The metallic property of
13i8Sr,  Ba,CaCuyO, componnds decreased by increasing & in the temperature range
above 120/ also it s found that in the compounds with 0.0 < » < 0.35 at least two
stuperconducting phases exist. There are superconducting transition temperatures of 8-
0K for the lower phases and of 115 — 120K for the higher T phases. The maxinnun
value of 1o for the higher 7, phases is observed around o = 0,20 — (.25 and 0.20 - 0.30
for 1Sy, Ba,CaCuyQ, and 13:5rC'a; Ba,CaC'u, 0, respectively.

The T+ valne of the lower phase is nearly unchanged. By incrcasing o the resistiv-
ity enrves of the BirSrg go Bag 40CaCusO, and BiSry s Bag 4nClaCluy O, compounds were
strongly changed. At compounds of = 0,40 the resistivity curves exhibites semiconductor-
ke beliaviour, The acsuseeptibility  measurement of  BiSry , Ba,CaC'uy0, and
BiSrCay . Ba, CupO, compounds also indicated that the obtained transition temper-
atures were sitilarly in resistivity measnrements. The superconducting signal is smedged
at = 0.35 and is completely vanished at @ > 0.40. The diamagnetic fraction is largest
at around o = 0.25 and decreases by increasing r.

It can be suggested that the hole coneentration in C'uQ;y plane reached the optimum
value at around .+ = 0.20 — 0.30. The results of X-ray diffraction have indicated that the
snperconducting peaks of the samples with 2 < 0.30 could be identified with tetragonal
structure. Their Tattice parameters were very close to those of 2212- phase. It is found
that the a- and ¢- axis slightly inereased by increasing . This is possibility that the
ditferonce in ionic radins between Ca, Sroand Ba(C'a®t < Sr?t < Ba?t) is the reason of
this efect. This is given conclusion that the substitution of e?" ions larger than Sr="
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aned Ca”' lons may coutribite to an expansion of the lattice parameters inonnit, However
the dnvestigated samples with hmited doping concentration the tetragonal strocture ha
not vet modulation in these componunds,

Dependence of Ph-substitution for I3iin Bi — Sr—Ca ~ Clu — O (2212) and (2223
compounds has been studied. The variation of 7. with doping hole concentration o
Ph for BV was presented in table ], These obtained results showed that for the
cooled by furnace and quenchied into liquid nitrogen samples of 1o Ph,Sra€Cal (),
aned Baa  Ph SeoClasCuO, with o= 0.00 - 0.60, we obtained the maxinnmg values o
T in the componnds at v~ 0.20 - 0.80 by resistivity and acsusceptibility measurement
NRD patterns showed that in the supercondneting 2212- and 2223- phases have tetragona
strunctures. The lattices constants of these samples were obtained from X -ray diffraction
It is observed the lattice coustants of the liguid nitrogen quenched samples were slightly
large than those of the cooled samples by furnace in air for the both mentioned systes
According to rel. [7]. the hole concentration can be altered by action substitution. Fo
example. When V' substituted for Ce? and La*t for Sr2t . the hole coucentration
shonld be reduceed, while substituting 262 for B0%* it should be inereased. In the hotl
cases. our results were indicated that 7, - shonld reached maximum value by inereasing s
and then decrease upon further doping. This character is accompanying by the change o
videney of Cluin the compounds. According to the authors of ref. [8] the variation of 7,
with o can not by simply explained by the dnll change in the formal ("u-valeney, rather
it appeared to be corvelated with the variation of the formal Bi- valeney, too.

Table 1. The dependence of transition temperature on the doping hole concentrations with /¢, tor

(2223)and 7> for (2212) superconducting phases.

! """" Samples Composition Cooled by funace Quenched in liquid nitrogen

(x) Te(K) T A(K) Te(K) Tes(K)
B, PbSHCaCusO, | 0.00 103 83 112 85.5
(2212) 0.10 109 84 115 84
0.20 112 RS 116 86
0.30 117 86 120 86
.40 1S 84 | 117 87.5
(.50 | 107 82 113 85
! (.60 :i _los 1 83 1o | B6S
U Bi, PbSHLCaCuO, | 000 | 12 | 82 s 7
{2223) 0.10 | 1135 85 16 85
| 020 | 1155 84.5 18 86.5
' ' 0.30 [ 1145 86 117 9()
| 0.40 ‘ 113.5 84 116 R6
,_ 0.50 112 83 114 | 86

| 060 | 110 825 | W2 | 8

The parabolic behaviors of 1 with doping, hole concentrations have heen demon
strated in fignre. la comparing with resnlts in ref, 5] in Hgure 1he In the B/— comtaine

stperconductors, the holes are confined to the )y ovbital in the C'u0), plane. Therefore
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wovaration of holes by substitntion in f3- contained superconducting will be leading
wintion of Tooas a function of holes concentration in Ca€2, plane, With increasing, holes
et vadton {0 reached to maxinnn valine and stavts to decrease at the highe lin|lit|:_f,
vels. Apart from this. the varving, of hole concentration usually accompanied by new
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Yig. la Dependence of TC on the doping  Fig. b Plot of Ti of superconducting cuprates
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: e agamnst the doping hole concentrations.
USr Ba, CaCuO, () “k RIEE

351, L Ba, CaCu:0), (V). La>. Sr,Cu(), (=), BiPbSr, . La, . CuO (A).
315, Pb. SroCaCus>0O, Cooled by furnace («) Bi:Sr., La,CuO (V)

312 Ph.Sr-CaCu-0, Quenched in nitrogen (o) Bi;Ca; (NA.Y)SrCuyOy (D)

3. Ph SraCasCusO, Cooled by furnace (A) Y, CaBa,Cu0p and Y (La,CuiO)y (o)

30 PhSECaCu-0, Quenched i nitrogen (o) BiPbSr-Y . Ca,CuyO, ()

nnmary: In the  both  investigated  svstems  of  BiSry | Ba, CaC'uy (), and
(SeCay  Ba,Cus0), we found that the superconductor-semiconductor transition at
000 and the Bae®' jons caused the expansion in lattice paramceters. For the syvs
ms of Biy_, Ph, SryCaCuyO, and Biy_, Pb,SroCasCuyQ,, the Tee values and lattice
rmneters of the quenched in liguid nitrogen slightly higher than that of cooled samples
frirnace.  The supercondncting transition temperatures (T} starts to decrease with
reasing doping concentration () after reaching maxinnun value at optimum hole con-
ntration and 7, dependence on hole coneentration as o function of parabolic behavior.
I conclusion, the 1o has parabolic dependence on the doped hole concentration
i be nniversal in the superconducting cuprates with maximum values of 70+ vinving
mnone componnd to the another (igure 1) But the presence of holes is not egnate for
perconductivity, Teis explained for this there is not only interested o the change of €C'u -
leney, bt also the variation of the 13- valeney, In other word. the electron correlation
tween the O, holes and Cud electrons mnst be taken into acconnt
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TAP CHI KHOA HOC DHQGHN, KHTN, t XVil, n''3 - 2001

NONG DO LO TRONG VA NHIET DO CHUYEN PHA SIEU DAN 7.
TRONG CAC HOP CHAT Bi — Sr — Ca— Cu — O THAY THE Pb VA Ba
Nguven Huy Sinh
Bo mon Vir Iy Nhiét do thap, Khoa Var Iy
Dai hoc Khoa hoc T nhién - PHQG HN

Bai bdo néu lén moi quan hé gitia nhiét do chuyén pha siéu dan (NDCPSD) 7,

vi nong do 16 trong thong qua qud trinh pha tap cic ion Ba cho Sr.C'a va I'b cho 13
trong mot s6 hop chat siéu din nhi¢t do cao (SDNDC) chira Bismuth. Két qua cho thay
cac mau pha tap 7’6 duoe 161 trong Nit long ¢6 NDCPSD (7;-) 16n hon so vai NDCPSD
cua cic miau duoc 1am nguoi theo 10, & nhimg nong pha tap cao, siéu dian co thé bien

mat.

Gia tri 1, dat duoc cue dai khi nong do 16 trong 101 tu trong timg hop chat. Da

tm duoc su phu thuoe caa NDCPSD 7, viao nong do pha tap ¢ dang parabol. Cé the
cho rang dac trung nay la quy luat chung cho hiu hét cic chat SDNDC.



