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Electron Density Distributions and Superconducting
Transition in High-7, Oxides

Satoshi SASAKI

Research Laboratory of Engineering Materials, Tokyo Institute of Technology

This paper presents an electron-density study of TI-2212 superconductors ‘above and
below the superconducting transition temperature.- Anomalous redistribution of electron
density is observed by the difference-Fourier mapping of synchrotron x-ray diffraction
data. The existence of charge carriers is discussed with in-plane and out-of-plane
characters on the basis of difference electron-densities and interatomic distances. :
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Fig.1  Electronic phase diagram of the cuprate super-

conductors.
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Fig.2 Polyhedral representation of the crystal structures of Tl;Ba,Ca,-;Cu,

Ogua (n=1, 2, 3)
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Fig.3 Atomic absorption coefficients of Tl and Ba
atoms.
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Fig.4 Photographs of (a) a four-circle diffractometer
with a cold-gas nozzle and (b) the cooling
system at BL-10A.
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Table 1 Fractional atomic coordinates of TI-2212 ; Ca
at (0, 0, 0). Standard deviation in parenthesis.

Atom 'x ©y  z[104K] z [120K] z [296K]
TI 05 05 021322(2) 0.21326(1)  0.21334(1)
Ba 0 0 0.12077(2) 0.12065(1)  0.12086(1)
Cu 05 05 005335(2) 0.05337(1)  0.05348(1)
0(1) 0 05 005247(5) 0.05233(4)  0.05259(4)
0(2) 05 05 01457(1)  0.14505(7)  0.14495(7)
0(3) 05 05 02821(2)  02817(1)  0.2817(1)
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Fig6 Ap(r) maps at (a) 104K and (b) 120K of
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dashed lines represent positive and negative
values, respectively ; zero contour is omitted
(intervals=0.4e/A®).
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Fig.7  TlOs octahedron and CuOs pyramid in T1-2212.

e HeEH2E  (19954)
fEIRBEAERHTE ) 572, BT 22 &
3, ZOEEBRTIRETNEELTHIE 0D,
XERTEHMHTE R WIREBIZH 200 Th 2,

7. NU RFIERE DLbE
/N NS Fermi FRAKICSEST A BT
W5, ZODdmEimtBIE Iz U T3 Fermiifi

{b) 120 K
(b)
Fig.8 Ap(r) maps passing through Cu atoms

(z=0.05335) on (001) at (a) 104K and (b) 120K.
The contouring is the same as in Fig.6.
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Fig.9 Charge density plots from the LAPW band
calculations at the [ state on (110) for
Ti-2212". Contour intervals are 107 %e/a.

185

By — v ERO—EEIRT, FHZOQ)DED
TTHNZE | s5E S NIy — U ETEICEE N S
CLRERICET S, N TOBETEEIMITIE
HDIcE AP, Ap (DB Y — TR
B FRisE WAmNREIS TV 50Y, K10 D
Cu-O(D)HTO/N v FEIRBEMNEREXTIE, Cu-
O dpo DREFEETH 2 It O(DRF DTN
MO TNZDONEREFICR 6N 5,

DI & BFEERITERA KT 5 &, ciils
[zido Ny N (SBENEEEER) TH 507,
CuO,HNTIHHENFNEBAZCRE->TV S
TEDTREIN S,

8. [RFFIEREOREREM
SR REEEEE BT OISR U 7o A 18 5
b2 TR CTBbON TV 5, FHCHBREEN DI,

“Cu-0(2), TI-0(2), TI-)D & EHEEAEzET

PEREDIRBARFE T 5, B 1LITARERIYS 1

Fig.10 Charge density plots from the band calcu-
lations on (010) and (001) for TI-2212'",
Strong Fermi surface nesting is seen along
[100] and [010] for the Cu-O dpo bands.
Contour intervals are 2 X 10 %e/a.
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Fig.11 Temperature dependency of interatomic dis-
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HE N A p (v) OIRBAKFED, BEEED 5
WIEBIEEIC B < B B SR T DB FIRREDEAL
ARG 5 2 EICE BT TH D, B
BHlE5 @ TI- 0(2) - CuBB R EN ST D Ap (r)
2k, OB TFIREOE LI L THE L
EEZON B,

LIE, TRt TOMERNETOERAHELL
FHEE LA AT &I, XHHEWT TR - 22y
W nicb o LR o0 &0 S Hliad
D, BiREEEORE L EFERESMOENE
RO o0& D 0, SROMEER T
BynERoiiuiadbe, Lrl, F+ U7
IRE—E DS ﬁme&fﬂ(X@(hﬁﬁw@
TFEENMICEN bR &E, %
HI-oTWAIETHYHALTHB &I,
APFLOREB IO fE—, FHALHE, hEEX
@%E&@%ﬂﬂ%fﬁmbmt%@f%%oﬁ

WA B TED D & L,

10. #E (FEREESEEFEE)

BorniI D0 Clalfrizmid s U < i b
N5 (EBERER ., JoHEmAEHHT 2L, [
Hri OBEIRIEA BELAE DB FELTH D Fourier
LRl T2 08I N5, T TR,
Schrodinger D RN SHFE LT, #B—Bomil
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Lz EE D O BB R T
#H 5,

. SEITE — LD AS X R ko DS 5 & 330
D, Ik(BWHROA) &k, HRENCT # b v RHED
BIGEEZL D, T4 M E—LAESE = -04
JOtERIEB=V XA (VA=0) L TRT L%, BE
R TDNY MURT ¥ v b AlE Maxwell 558
N VA-(1/cD0%A/0t2=012hE D ZDHERD
RS B XARIZ LA, t) = Ajexp(iwt-ikys
r)Cd» 5%,

T, WER LEEAS & O ELE TR
L, ETRETOBBHEREEZEL THSL, ABHHK
DOIEFIHE, TxLF—EE v b | ng, 0, 0,>
EXRIVF—REIEEE,2HWTH | n, 0, 0,>=
Ino 01, 0> E, &RDOT I ENTE, —F, X
ABBIDOFEEIRERIZH 2B TIIRENZ ML TH,
| Uo>= |V >E&FTD, COH & HA D
K5%RE, NI b T o OBEEREI ST
N, BTV v VHRREIEELTEILT 5 (I
MAESTEER) . H 2WHE &R & O ALE
HAaETEL, t>t6, TOLEDFEH=H,+ H.+
H' 1%, Schrodinger HFET

BTHEERELT

H|U>=¢h)d|V>/dt (A1)
IS | U>=|Te> |n, 0,0.>THD, K
BRI S SANTIUSH U HoDEERBI & 15 5, #5
R, KARITOT7 + kv 1 OHERISHIG L
X HRRE 2RI T 5, —BTROLE, HIL,
ASHE OB YM T 52X MULRT Vv b
LEEBOHBETT

H=-em ' (4°p)+(2m)'e?A* (A2)

EEIANTED, 172U, Wife,
» 50

BRI A I D AT (ADROMAES 2 &
3, Tt< G TORE v b | U0 >=[n>exp

HemT



188

{(GR)Et) DY, t>t,T| V() >=2Z | ¥, () >
()15 ] B cn(t) Z WL HIEM &
Schrédinger FEEEN S B W T T ETH 5, (A
%

SHI|V.O>c,)=(GR)Z| T, >de,)/dt (A3)
EEXHEL, REXI MUV, >= |V, 0,1,

> DR OB & UTIE, AS 7+
M UDEELE — LCH O SN AHERIKE 5,
ADXOMZNZ <, | 2T THENT 5,
L<YIHI|W, >c, = (ih) L<W,|W,>dc,{t) /dt
=(th)dct)/dt (A4)

o DI 1E exp {GR) T Ett 2OV T,

de;(t)/dt= (ih) ' Zexp{(th) (E~E,)t}
<f l H®) |n>c,(t)
=(th) 'L expliovnt) H,® c, )  (AD)

EFET B, B OWTRES L, ffl e, (0 THed
ERE

ci(t)=(ih) "'/ Zpexpliowmt’ ) Hint') co(t) dt’
= ih'*fzf[z exp (1w ot ) K@) {calto) +
"o () Cn () dt"}]
(A6)

) Enexp (1womt") H

ZDAORZ, ci(t)=1, c(te)=0THKEILL

FEEHd 5 & Born %155,

cit)=(h) ", Zexp (iwst YH (1) dt
+(1h) 2 dt [, 21" Sexp(iw,t’)
x H (t)expliwyt" ) H (") +- - (AT)

(ADEE 1IHIZ, YRR i SRR f D&
ZFRU, B2IHE, i oHEREnIZER L

WAtk BeBsHE2E  (19954)
% nh o fICERT 2EEEZR LTS, B3TE
13, 3BREGETNOERTAHTH S, — o
B IR CTEYE &R E OBV DI
2590 & LT, Born#lBH (AT D 1 ITHD A% 4K
9 (EB—Born ¥,
HELARD R B & ik 13 & %1213, Bom
UE R OLIE T LT B, XZpd
EITId, WAL DB RIR A A SR D IR BaEL
TEHEWMZ 5 ENTE D, ZOK, HillicHS
?5@@@@ﬂ@%zw@&&m%o

ci(t)=(ih) ' fexpliwgt') x
<¥, 0, 1,/2m)"!
:(ih)_lfexp(iw];t')< WCBXD {Z (k lmko)

e?AY W, 1, 0,>dt
T} | Vo>
{<0o, Lila a’[1o, 0,>+<0y, 1,la’a’|1,, 0,>}

exp{—i(wo—w,)t'}
x(goV) ' (h/2w)(e*/ 2m) (e, €,)dt’

=C[F(k, k) explivgt) exp{-i(w,w,)t }dt
(A8)
Z Z_T, F(kl, ko) = <1P'C ] eXp {l (k]"k())' ]‘}

| V>0 Fll, k) BEEURIEEL, RF v
vbq =k -k ZB8T % 3RL T — ) LWL 1L
%o a La'id T 4 b ORI AR B L7
BF, FESHEHE (o5 tEFTTH B, Th=C=
2 (i)' (e (h/2w)(e%/2m) (e, €,), V:
HEAADOHEL, e - mERT, (e/eo)': J@#T
BThb, TDAIE Dirac D S BEH VT
&5 &,

¢r=CF(k,, ko) 210 (0~ (wo—w))) (A9)

L1855, IREBIDEIZHINREE L IREETD T R
IWF—E£THD, HIELETIRE  DRHEIREN &
N5, BFHEEMT CEEEELERB LT3
DTHELTHIREEAOZL LT W EE LTI, 8]
B, k]l =w/c=w/c= kil THB, ki-k
=q=s& UT, I OBBHHEAE KT+ 5
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CH<Wolexpli(k,~ko) 1} | W,>|*=C*F(s)|?

(A10)

L1 %, F(s) I3MERTTH 5,

ZETHRTE, NEOBETOME NIV =T
¥ DEE TGS DA T -> TE D, BT 1D
A CERHELToZEALETE S LAKEIT
EVET B L, HERTR

F(s)=<Wy| Zexp{i(k,~ko) 1;}|¥,> (i=1,N)
=Nf, [,V (x,, 00,1, 0, T, Ty)
xexp (s 1)) Uolr, 0,1y, 0;,°1s, O4)
x dv,do, - dv,do; --dv,do, (All)

LRENB, —F, EFELOLTHAROK
BT

p(r):Nf T .qu()*(rlv 01" ' 'rn» Un)
xWo(r), 0, Ty, 0n)doy - -dvado, (A12)

cELENTESL, (AIDKREWALDEDNS, H
GLRNE (RERT) &BTEE ORIRT
F(s)=N/f,p(r)exp (is'1;) dv (A13)
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