:‘3;9&»&:

WAY Sler ) soled @ a0l b a5y dlors

%,

-t
LT

&;f’(

50 31,3 pgr )b S (59 SN U8l g (Sl ol (515 dmwlono

¥ s Ao s | g owlog bl poli < Sdlo L fies

)1917-" ul)-o-> W olKisly c&)d ag)f A
Ol —Aeiie ¢ w939 oKty (S jb 09,5 Y

AYANY ol asend il s ¢ AY/Y/YS allie 3L ,8)

s>

o el by s 50 S €55 el gy 3 olitl b Sluwlone sl 435 )5 adllan 3,50 uso ply S 53 (SKet) iy (5 sl llia (0
BB b g Sl ol ol ol 435 o] (GGA) €l aasd s s b o 5 5055 S5 iy (DFT) JISs (o5 &5 g > (FP-LAPW)

0 500 sladdyy 5l odel Cand (6555 (225

GGAJSs s 4 ka5 FP-LAPW (gl bl ¢ g S ksl 2 glS Loy

B L e sl S5 s Sl eslinal L JUSS18
adlles | Saon = ol ol Sl eslinel 5 e S
Ly sl s 4 551 BB (6l o 5l 5 s gl
s Al s S S 0 s o el sy
slaoslhs o Sonp A g(0) =6,(0) + &(@) (5
iy Sl eslial L [V e8] uhSen 5 lw ol o
-l Ses - oL il L TB-LMTO
30 sed aalllas |y o gL lls 25w 6 (Barth-Hedin)
o=l s aS A s (s gl Al | E(@) () e Dle
Sl Bl 5 Sl joly s s ss 68l Sl
Sy bl sy g2 Slaesls Lol dlows
5 LSS 508 gl edd ailome sl o oge SslES

)a% ws&ﬁtu‘bﬁﬁjtﬁ)uﬁbuh}:&x&ﬂ

\ Ceperley- Alder

Aodlo .Y
Sl 8 Gl At (Sool s 3l 1SS ek SULS
BaTiOr A3l s 3 O3l glaslo, Kol 5 5l
YL las jsaal o VY2°C (o,58 sbos b STl 0
I 53l (2K 55 S skl sl VT °C
el JU ST 58 lyls VY2 °C L5 0 °Cps sl 53 &S
Ol b (6, Se3lul Jols BaTiOr (55 o e Dlallas
[F0] Sl Lol Y] X anil Cds il V] 503
SNl ol (gl Slids Jold oman 5 L3L
DUk S Skl 6 e [PIASL o ol S
S el Lt VIS arlms (s3la a4 psly
(Bagayoko) 8 8L ahows 4 p 0ol Sl Sl ol s
A aloes [V @] 5L es 5 (saha)ale 5 [A] NS
5L s 1, BaTiOr s 831 ksl [5LLSen 5 S 5 LS



\SJLQ.ZT.’.Q.U::

PSS DT S WO U DU 1 | e [0 g K ¢A

borperal, SO ol oppsn s i slelis
AT s 4 Ll 5l 5 e Sl slenlb ples 5 AS e
slals sl Slwle 53 e sl byl 51 S
6J—C§°)|"\—" dfﬁ)}l&@fﬂbh g)"‘ @‘&JQU 65J.>|
)‘Abb&"ﬂ‘})ﬂ%jﬂd@l{#w}mb}b}ﬁ“
MWQL):JM&JEJ%‘U&&@)?)Q&H{J;&
sl au BaTiOr asl ol (65 Sl adaw cpl gl 0 S
ww:)ﬂﬁé\ﬁgswv»;_ébb\;ﬂwéw
L;buv)e;-g;‘y):u_if@b_mﬁb_}w\oubbﬁ
Ol yetd b s 5500 Slewlwe 4ol )5 558 e el 3555
o;\.};)}fu)}aubd:budawjbj‘r_?&wﬁéj}\

Pyt

SOl iy .Y
3 S osba pxSe 5B el bk S ) el
V) 5 AT Carlos andllas il gl 3 eslizal b (g ks
Pm-Ym L2 o5 S @ Glate 5 xS SO SI L 56 V0
Sl ISl S ol e ol e () ) i o
@/ /0)a 38 e T o Shhee)a OLSs s Ba o5l oS
¢laobase Liogars S e aw 53 058t oShaw 5 (4/0
Al S 3 (/0 e /0)ay (v /O /D) a (/0 /0
DN et viovau S cob
B edd Lo sl LSS el ) Sl eslial b Sl
Sasa JSs LR s s BB il b
— P Jeeily Ll el o o B L s S
el WIENYK-+Y 1310 5 b 5 [VV ] (Perdew)  Saocen
el 5 sla sl b3l 4 Slloms ol VA ]l 4 S
NGV PR W
Goin =V/VA s Ryr(Ti)=V/4 au, Ryr(O)=\/Aau ,
Ryr(Ba)=Y/Yau ,Gpax =) ¥, RKppay =V
g Sl eslinal GUIS 4l opl 6 pl e a5 L
Al Ll (ol = (Saen il aloe sl 15 8

) U Olyn anglin (sl las 03,51 a3 bl 4

el Al 0 s e U ST 56

JolS il Sllons il 510 g 3 Il
Sl ol Gl 8 anlone G plnsl byl 55 10 a5
Sheslial L 1y cllows cpl Lo il o 23 050 0L Slls
el Joily S35 (o 5 gt ol ;5 S FP-LAPW 5,
SULS Ly o Gl Sy ol 53 peals plonil 555 o
ls e a5l WVl Ll s s

30 (Ko 33T sl Sl w s Sl Sl e,
S Bl Aol 55 55 e e, S s 3l J;L:,a s
s S S sl ls a6 58 4 S
ik Sl eslinal b oGSl (g5 b lerms 2 5 2005 (i
daod g Sl 55k S (6ol Dbl s s (Sl ol
Olgme as ot laas 5 Sal gl ik (cii- s .ol
S Gl b e Sl 2 Al e
o GRS 5 (e s B b Slae U s 3L
e O30l &2 5ls s 0 28l 5SL aglie 5o A6 =5
Oy e Yo Ly e 3y ol 55 0l 5l 5 ol S S
Ry s 8 i slelse Lan 53 55 (58 ke
Wy 58 E= 6 FIE o an S SO (6o GU&‘Y
©> B oty e DBl ol S e 3 e
s Sl 5 o SIS 51 3L ldis c8(@) (S
Aol s e 4 (Kubo-Greenwood) 355:p S— 555 Jse
IA]

=il S adaly e SOl s 1 Ak Cad
S 5=l S bl iy il e s 4 K5 S



A

e 5650 gl Sl S ksl 5 (Kol ol g ambw

\E;L«.ﬁgm.\l.?

FP-LAPW FP-LAPW FP-LAPW e b &P pseudopotential
GGAss GGAQ LDA [vasa] | [DILDAL | [x..q] [1e]
a (au) v/0 v/8) ai VIOV /%0 VI08 V/f05
B(Gpa) VAA/SYYS VAY/SYVY VEO/NVY N 140 - -
B'(Gpa) —Y/VAL¥ —\/AVA —V/AVFY - - - -
k(m'/N) omxy T o/fxy " saxy $rxy e T onxy 7t - -
Ey(Ry) SVAFYA/SY SVAFEY/SF SVAFVA/AQ - - - -

O Sl e Jae Grie 5 sk b S (9550 s
s Bl anS k5 b e JB B g3 LS
Glaesls LY Jsu= o C,L:J o=l L A lie c»lb FRs%4
Wodr ol 3ol sl e O, K5 (gl 5 o o
Bl el e 3 (ST ke &S 355 o0 sl
2 a8 5 Al e 05 5 o palie o
S palie b e 5 BB Nl s JB B
b aS Cd 0T S S cpmen (s nl 3l o
I o L s FP-LAPW iy, 5 eslinal L a5 (glases
ol Sl o sl 5l 2eS ol sdal e 4 a4
oS ledins s S sy () 53 e S 4l
Byhe by

Sl Col o pd e sdalin ) Jsdr 53 45 55k Oles
ot o 8 Ly s FP-LAPW 555 5l eslizal L &S
S5 e ldie 4 v_mj S & (GGARS) sl
2l G (Gile LA Ol 1) ol LS el

23 Mam Il o 5 B sl b e S
S el OF Sl Jsr (pl el ol o 1 Y5
Loas Y= o Lgy & plod 53 Lgadl p alols RER CE Y
£ 4 ar s Doy Llodd a8 4l ol ) ealina
LaS GV (Gl gmdsn rod 5 M3l OLSS 88
o Sl Bl Wlodd ailms (g b oS ol 51 eslina
Jeeily sl ool a8 g5 sl ol 1 2033
i gl an Les 5 o atnly (St = oS
ls v.<.:.w

O ol e S S ke Sliale 48 gy 8
s e Smige ;o SV S a5 s S el o B
M@J_gb&jﬁ-wj@u b el gl s ls GGAAYP
Sl sl gy Gl gy Sl 550 50 (6,8

.M;docmu:qﬁajyéujlé);fﬁthutﬁs@jfﬁl

=Wy
S olsh g (g il HUs Ly -l
Jal aeb s eslaral 5550 k LG slaws (g s Sy ol 5o

k-mesh S 5l eslecul L ol as cul Fon ol o5l
o=l sl asl Jals dales 5y ke Yoo U Gilas < VXVXY
)\JgjqL‘\Sﬁ\é.}\.})\}é)f\dufb&‘@w\c.u
s a2l Kes 0 Sy eV s s
w‘@@uu@pbﬂjbﬁﬂéuﬁbgj‘ﬁ
ol 8l 33,8 A lee AL 0 At (g AL (gl S
e glgeaz> I3l an BaTiOr 4l S (6551 ¢ sk
lﬁ)w\c.k.p;wbm;)}»ﬁL;\f_vj.abdv.?&a_é\}b\
)J.bﬂ&bb\i&i))L;Jwv»g‘}})béﬁ&&bmﬁ
é}u.':_w‘ L ‘JJJ\ 4&_)L.~dl>=ﬁ 43.‘.«1) UJ»‘ )J .))ML.;& é.}\.} d}fb)jﬂ
L;\ﬁv_?&pdjf\@ljoﬁujy@bdabuj\
VS\-)J (T dj.)_» M.(.:_QW g_,al.?g(;d_km LgL@.:_LJEJJJ)



\SJLQ.&T:’#%.U»'

PSS DT S WO U DU 1 | e [0 g K

0

S el UL Gl AU e ) e abol g s 5 e lle Y g

FP-LAPW | FP-LAPW | FP-LAPW | FP-LAPW | FP-LAPW | FP-LAPW
GGA4s GGA4s GGA4) GGA4) LDA LDA (A] o
sk el s bl AL s bl RFSRCNN s el
Ba-O O/ YY O/FOYA O/ YY O/FOYA O/ YY O/TOYA OFOYA
Ti-O Y/VO YIVAO YINO YIVAO Y/IVO Y/VAO Y/VAY
O-Ti Y/vO YIVAD Y/VO YIVAD Y/vO Y/VAO Y/vay
(S DUl el gl il Slen 8 53 Ba L 4 e ¥ gl
FP-LAPW | FP-LAPW FP-LAPW FP-LAPW | FP-LAPW |FP-LAPW
GGAass GGAss GGAx GGAx LDA LDA
A bl s bl A bl s bl G et L s bl
Ba ks, o8 o8 of o8 o8 o8
Ba 6';.‘ ;,,_;.—;,_téu aJS Jsl; 5L OY/+ YT OY/+ YT QY/+ 2 YYY OY/+ e YYY 0Y/44v4s 01/44v4#
Ba 6‘,-.' 0 3x8 5L FO/AFAYYT\V FO/AOVVVY YO/AFA0 YO/AVYF+q YO/AFEYTA YO/ANEYSA
Ba Sy V»N\} 5L FINOYANY FIVFEYOV lZAINAA £/YYAAY) FIAYYPNY FINYENY
Ba g1, - pable oS 5l ool 5L Y/A4A 5 T/24AY 5 Y/A45AFA Y/A45A8 F/oavYY A And
Ba sl - ol oS 2ol 5 1 Sl g pes OF/+ e+ Y4 OF/+ Y4 0F/+ 2+ Y4 OF/v 2 Y4 0F/++ 414 OF/+ 2+ Y4
LM ax 0 0 0 0 0 0
(smSe DUl e sl gl il Slen 8 53 T 1L 452 F g
FP-LAPW | FP-LAPW | FP-LAPW FP-LAPW | FP-LAPW | FP-LAPW
GGAss GGAss GGA4 GGA LDA LDA
R T e s bl s bl Gk et s et
Ti )5 5t Yy YY YY YY YY YY
Ti 1, - oadle o8 J1s 50 (VAR AR (VAR AR V4/YYYVR V4/YYYVR Y4/ FVY (EVARYEY%s
Ti Sl oyxe L Vo/eVVEYQ )+ /+4QYVAY \ o/ VEVY ARVARAYNN G Vo/eAQNEY ARTARERFA
Ti gl V5 L LANaaial 4/1 YAYYQ 4/VFS A 4/+40YY¥ 4/ YVOFQ 4/+4V054
Ti sl o= ole oS 5l ol L Y/VVA Y Y/VVA Y Y/VVYYO Y/VVYYO Y/VAYS « Y/VAY¥
Ti Gl ool o8 ol 5 J513 5L ¢ peme YY/eeN¥ YY/eru ¥ Y/ N¥ Y/ N¥ YY/ean )Y YY/eeN¥
LM max 0 0 0 0 0 0

S b Al S e ) S s S g ATBTOTT 0T S
S A3 Oks (Sld 5 O3St 1P sldbesl (O gl e
olas Vs 5L 5 s ST, 0k V15 sl sl golae
T IS ! <=l>,=31 Slesles wblﬁ.sbjfva\‘jljz.é
LF P-LAPW s, o)l i 534S 05 S amd Ol oo
el i Glediny b aslis 5o aBlpend ol Slew 8
e e s 4 L5 e TBALMTO 5 50 JEs

.Jj.w

Sl Fie sl oS ol pl e Slaloe ol 51 ]
Lot L, plad 3 5 ol o33 01 g SMde 4 p sl
30l Glead! 5 5L a5 03 sk e 5 el OLSS
Slowlme (55 B3 53 Ll a0 5 F T ) eS|
=5l slre 1S o3 summe 53 iVl el QL —s
oo OlE o L e ) Sl iliend g 3 ilia

Jsa b 5l Ol sl & o ol by oot s Ba VT T,V



o oS 5B 50 p gl Ok 5o S sl 5 (Sl ol g5 g B el

\E;L«.ﬁgm.\l.?

(oS DU sl sl e Slew 8 55 O 1L w2 0 d g

FP-LAPW | FP-LAPW |FP-LAPW | FP-LAPW | FP-LAPW |FP-LAPW
GGA96 GGA96 GGA91 GGA91 LDA LDA
SA Ll | s cull |l | s el | el | s bl
O ks, A A A A A A
O Gl o omdle oS s 5L | V/AYYYA Y/ YVYA V/eYag. v/ Yas V/eYE0 V/eYE0
O lpozae sl | V/TAVIT | V/FQQFY | 1/YAAVE | VFTAGAY | /RO VYEAY O
O Gl Vs 5L | OVESOYY | OVIVITY L OVEAVYY | OV IV | OVVYOYA | O/FFYAYD
O (lp = omdle o S 5l ol L | +/ARTVY /ASYVY ASEY ASEY +/AVYFQY +/AVYQY
O Gln ool oS ol 5 J51s Sl paame | AZeeenY VARERR Aoy Mevesy YARERR VARERR
LM 2 $ 2 $ $
Al e s Sl Sl Sailay ghols a3 5 )] Sl (olgd-o

Sl e g ol 534S cl ol J.<4L”g G sl
6 ol L (Sal Saile) pn cliins sl (Sl
Sl e T Gl &S 5l oS el S
Sl s il aS osgdmee )l s Sl e g3255
s Cl_» Lol s o5, a8 ol L Ol ol S (115
s Ly e Ol ol (ose 53 5 el 5SUI 21 sl
Ol 355 51 g i ¥ 30 5355 o Joks 0555
sl (63,00 BLS 31 il 055 9 6550 ST pm . Las e
Shls as olgsish 5 S o Joae Blad osle LIl S
Csmo d esle 5 Lpd e ol LBl el BBl (655
L Sl STl 6o 12U gt e g LS 0 Jos S
Al e [YT] e il b acslie LB 5 355 TeV s
Slestical U 60(@) 56(0) Gl m odosl cws 4 oly =
s slaesls b g bd (5L [AQ oo slaesls
BB Le b ol il (Reg ) gy () v Sy 51
033l o ol YEV s> 3 a8 oo slaesls Loaslis
S Slansls SIS st & e slaesls ke 5
2 S e Lo gl nSe 56 6l cpl by o
03 Ol e 1A a5l [A ] LS 5 alu HLS' L e Lo
S8 FP-LAPW. iy, 45 &8 5w (i § yores
Ime 5 Ree (gl ool Comns a2 olie b s oo

yls

oBsLu as =2l (‘L?L}\ L Js sl dﬁ@ dooles Lo
il Sos gl L S 48 LS Sl 5
5L gl 0T eV 1y sVl Wl sl JAA ] 55l Wlesls
[Y] 5 eV o Jlis 5l a8 oS sy5] s 4 onSa
) s do Ll ;;K’?)’ odal s 0 glaals .o
P P ey e KA AF PR ESI (‘f-)lf vJ\PéL@_:Jb-.QMJ
S e O35St o SIP Ll as Jls o s yls Jl 3
U reV oy esgdoms 53 5 Lsls Vg S8 YL 5 Slodas
Lt L (658 Ol o 5 Sl 03 (550 55 TV
Sols ol Y’J\d
53> WIENYK asb 5 3leslaul b ool s o Sl &5
S 2L i e Dl add osls QLAY 5 Y sla IS
X0 eV XY eV sy Sn e 15 S S
¥/X eV s oysl ey =54 AD eV NV OV eV
d- 145 4 OYP 3l 5 TiVd-tyy 5l 45 4 OYP 31 148 aasin
S Sy ads il e Tabaiys 55 8 oS AL e Tive,
Al e T ek 5> Tivd-e, 15 4 OYP 5l 518 s & 50
[0]—r s b ol slesls 3 5l 30 s ,lis
Js VL S 5 5l b g8 5 sl g rie 5L
L sy 55 0o Yl 53,0 il sloly 51 oyl
Ll o 50 o glaas 50 e o5l o s c»lb

53 S5l el g 10 sl YU sledls s G148 5 it



\;)L&-\:Lr;.b.ftv\l’:

PSS DT S WO U DU 1 | e [0 g K oy

N p
g °F // \\ \
5 / \ \
E 015 / \
~/ (N A /
/v \ / |
0.1 / \ / \ |
/ \ /
I / I
0.05 v\ | / \
/ \v4 \ / \
0 / L B
0 2 4 6 8 10 12 14
Energy [eV]
()
16 .
-
14 A~ /,/
SN/
12 // A%
/,
/
1 S
5 Y
@ /
5 os /
s o
© s //Av‘/
'
y e
S/
0.2 //
s
yd
% 2 4 5 s 10 12 14
Energy [sV]
(&)

e BaTiOy 8l $55) o St S, ¥ JS3
.Reo « Suil;, i cwd

12.D C Langreth and J P Perdew, Phys. Rev. B21 (1980)
5469.

13.D C Langreth and J P Perdew, Phys. Rev. B15 (1997)
2884.

14. D Balzar, H Ledbetter, P W Stephens, E T Park and J
L Routbort, Phys. Rev. B59 (1999) 5.

15.R D King-Smith and D Vanderbilt, Phys. Rev. B49
(1994) 5828.

16.R E Cohen and H Krakaure, Phys. Rev. B42 (1990)
6416.

17.] P Perdew and A Zunger, Phys. Rev .B 23 5 (1981)
48.

18. P Blaha, K Schwarz, WIEN2k, Vienna University Of
Technology Austria (2002).

19.P H Ghosez, X Gonze and J P Michenaud,
Ferroelectric 153 (1994) 91-96.

20.P-Pertosa and F M Michel-calendini, Phys. Rev. B17,
2 (1978) 11.

21.P H Ghosez, X Gonze and J P Michenaud,
Ferroelectric 164 (1995) 113-121.

22.C Manuel, Phys. Rev. A 140 (1965) 651.

Re_eps_zz
o
o
-
)
!

Energy [eV]

()

Im_eps 2z
°

o o <
]
—_

Energy [eV]

)

.&i}:ﬁ\é;@u‘Img‘dnﬁym(yj&ifﬁ\@cu

&1y

1. W G Spitzer et al., Phys. Rev. 126 (1962)1710; J L
Servoin et al., Phys. Rev. B 22 (1980) 5501.

2. P Pertosa et al., Phys. Rev. B 18 (1978) 5177.

3. P G Perkins and D M Winter, J. Phys. C 16 (1983)
3481.

4. M Cardona, Phys. Rev. A140 (1965) 651

5. D Bauerle, W Braun, G Sprussel and EE Koch, Phys.
B 29 (1978) 179.

6. T Mitsui and W B Westphal, Phys. Rev. 124 (1961)
1354.

7. D Bagayoko, GL Zhao, J D Fan and J] T Wang, J.
Phys. Condens Matter 10 (1998) 5645-5655; S Shah
and T P Sinha et al., Phys. Rev B 62 (2000-I) 8828.

8. D Bagayoko, GL Zhao, J D Fan and J T Wang, J.
Phys. Condens. Matter 10 (1998) 5645-5655.

9. S Shah and T P Sinha et al., Phys. Rev B 62 (2000-I)
8828.

10.S Saha et al., J. Phys. Condens. Matter 12 (2000)
3325.

11.S H Wemple, Phys. Rev. B 2 (1970) 79.



