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Pb0O-Ga,0; #W 28 F99 R 728 Fodtr] Yol g4 b 2xdMd 233 45 K 599 EX-
AFS AHMEA L B9 A2 2338 EXAFS ~RERC2NE 44L& ZF RDF(radial distribution
function)ol A F = )27} sk Jehd o™ o) o) -3t AF o 2R E Tk Algkyl EXAFS M &d) 9%
Aoz EAbiedr), o|2RE ZE-2ET AZE ¥ 313 A, Wi9lFE ~2.7908 & 3 gt whEba] PhO-
Ga0; FE oA ZEL Ga0, APHAE FAlstn 2 Al Al O& AlEA g Al 7)) ofde] BAH G TRl AN
29l YEL thEn JdH AMHAE EXHS TR Al £ §F o2 EAste Ao gt

ABSTRACT

Ga K-edge EXAFS spectra of PbO-Ga,0; glasses were recorded at liquid nitrogen temperature and analyz-
ed in order to quantitatively understand the medium-range-order arrangement around gallium in the glasses.
The second peak was generated from a backscattering of the neighbor galliums and the Ga-Ga distance is
~3.13 A with Ga coordination number of ~2.7. Therefore, GaQ, tetrahedra are connected through the cor-
ner-sharing mode and form their own clusters made of the tetrahedra sharing more than 3 corners while
some chains or rings are also present. These connection schemes of the GaQ, tetrahedra are believed to
form the substantial part of the network structure.
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oAbs 4 WY 2ES Ze AR Y AF-AAT A%
o]0l 1.83 AXT} 71 A= Jeldch. Ajt Holrl Ao
2 ol& F¢] shle A9 AtA(three-coordinated
oxygen)®] B4 wEo]u'Y oM =243 4§ K
F5 o] EXAFS #£43 PbGa,0, 24 &Sl =%
Fzole] ¥ E Tk g Atihe E2AE el
Aot @9, ol2e ¢ LIl F5¢2 EXAFS 2
XANES(X-ray absorption near edge structure) 2%
g B4 A7, §2ldA PY’" Fel 24 P02 PhO,
2 gAske Aoz deix ok’

A3t ube} o] okt B WhHES il &
W ZEe HIFH vl vlad A EdE ey
AR = GaO, AFHAY] AF Je, & FA 2 wild
e BRI e Aduoltt wEA 2 dAFeAe
AH A4 XA AT ZE K T2 EXAFS
HERD E45 551 GaO, AFEAS] 942 & et
szl sttt FAA o2, EXAFS ~A9EAS Fald
st d& 4 U 2F ol F99 RDF(radial
distribution function)oll*} GaOQ, AVAAZte] A2 e}
o et AEE k= F WA A BME A =d)
Ao olE HdiAME FHA =ulE (photoelectron
momentum)®] & G HdllA] kAol EXAFS ~#HEHo]
dasly] o] 8] AA dAh LxoM AHEHS &
Aol 74 AR & 854 7Qdke FAMEE
dA 3] FAA AL

2. ALY

2.1, AjH "=

(x)PbO-(1-x)Ga, 0214 x7F 242} 0.7, 0.75, 0.8 B¥
%9 2402 99.9% TX yellow PbO%} f-Ga,0:5 A
Fold 10 g9 2FES HEUT 4 2SS HME &
7 & o8-8l 1000°CeiA 1583 fAlstd &3
3 BF B Ro] FYAA FelE AzskArh of
o, Ao ¥e Frz Qsle] 15¥79] vlw3 Fe
E& A2 #d% A8 AZRI) 7Y F
& dxl2l 24 300°CoA 1 A7 SR8l 2Wstad Ul
5 2L ojghA 7 Al BlH e X-A 3H BN Hy
Az AHLe AgE2 v 3d Hdg 2y @
H, EXAFS ¥44] 8& AlHe 2 2148 PbGa0, 2
AL 247 99.9% 52 PbO9t Ga 0.5 1:1 vHl&E
Egslad WF wrholA 1300°Cell A 5417 ] &
LAl 2lsla Azalda X-A 34 4¥EL 53
o A% AAEE Felsldnt.

2.2. EXAFS AHER &5

XA &4 2HEHE gAlole] Siberian Synch-
rotron Radiation Centerd] VEPP-3 A%3e] EX-
AFS A& Wellel A &), A49 J& Axe]
7Hs At AFge 27 2.0 GeV, 120 mASTE %
Hejol AMAHE 4F K F5D0149 edge step®] 0.5~
1.00] H=% & "Hio|Zo] =Xt F] AlHe
X- &4 29Ede 93 A4 2244 Si11D ¥
& o] 83t o]F A% ¥333]H 7l (double crystal mono-
chromator) & AHE-3le] £33} R =2 S3elgtth o] o,
iR A Helgt AgS ANk 1z x3l9g A As
drh. £37)e] s4e Ta 24 whgte] LI, LI, LT &
TEHE AHES BAsigon ZE K F5dolAe ¥
s & 2eVoldrh dAlFe] AxE o2 5%%t
AF 95% 99719 ion chamber® &3 sl F33
o] A% ol2& 100%2} ion chamber& AFH-81 T},

23. EXAFS AHER B

FA ou]A] he] X-H 5 AHEQogRY F
A welEl (k) 9] EXAFS 73 ~2HEA (k)2
32, "o} =3, Asdg S AR
23 OA 7)ol 3] EXAFS ~FERS Hste ¢
AHERS o] &3l BNS A=t 2F k)l
7V AARM k'3 % 34424 Hanning (W)
2 33 & Feld HEg o] 43l RDFE F3th
o] uf, Feloll W] WY k. T kn= 22 3.010.1
A’ 145102 A2 23U F S5 v F
£ k 99A g Felo Mg Al B3I truncation
ripple @34& 7+AA|7]0, 3 RDFERE o Fad
HE-S £3la] 54 992 EXAFS ~HE=4S 253
o] f-835HA AFRdETh £ 954 A}-8-& Hanning 3
S T8 2on® Dk1# D28 25 1.0A'2 1%
il

W(K) =

rlo
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[ Ak—k,,+0.5Dk1
sin?| ———=——— |, k_ ~0.5Dk1<k<k_ +0.5Dk1

2Dk1
1.0, k. +0.5Dk1<k<k_ -0.5Dk2
mk-k_, +0.5Dk2
cos? ——2]—);2*“— , km“—O.SDkZ <k< kmx+0.5Dk2

Ga-Ga &7 Ga-Pb %29] ]84l EXAFS 29 EH
2 FEFF6 code”& ol &3la] Altsit. ol2ig A4t
& E8) 942 EXAFS 249 E8 9| g}34 -2 PbGa0, 2
Ao ~UEHI vpale] golalgon o]mEE AL

overall amplitude scaling factor(S)2 #8219 AdE
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d B ALgeldn) Z2E RDFAA F i a7t
HBtE ok 25~3.6 A G tisted ¥AG H2Abe
 (nonlinear least-squares fitting) S &-88} W9+
(N,)), 2% Zol(R) 2 Debye-Waller 22H )& 78
o}, FAzte] g U3 kg 27A o84 EX-
AFS ~H|E 2 olej o} o] TRHL

N,
9=

sin(2kR + (k) + 8, (k)

2R.
JF (k) exp(—2k26?) exp (—m'—]

gl HelA Fk)e ol % dxtol] ojak Fub Ateh(back
scattering)®] Zxoln, A(k)E electron mean free
pathZX% A Zgolla viekgd b o Eoff dA¥sE
&42 2AF ot} £, s ol ARTH
WA sle 94k o] E(phase shift), §; (k) F4 At
A4k ol Fot}. A7 AAEL o|EHoR A shssl
o g TF A|HS o] 4skd ol & HAstmEM 1)
7o} AHol) g A AAEL B AFE + 3
o} 2, A3 22 Fgd AdEe BE IAES f
2le} AR st FUsA 2 L1 o EXAFS &
e 22 Fod A8 4 vAdy FAixsH £H
£ UWXAFS 3.0 Z2138%g Alg-st9 o).

g o

dx Ah x4 23T ZF K F5ee EX-
AFS 29 EH S A2 23 ~HEH T} vlwsiy
tHFigs. 1(a)-(c)). 2ol EHT 29Ex]L % 12
A'RE 250 27t F23) AstEE v AL
A ZARe ~HEFL % 15 AR E FEE Mk
oz AE g e AdAEH Hsto] FAEHAUTH of
= Z2 g8 74 AR 94 g%9] tadd 71dg
o} S, AN 233 PbGa,0, AR 2HERE
(Fig. 1d) H27 739 EXAFS 4159 1 ohg 7
Ae] EXAFS A5 7ke] 7Hde] EAete 2% 5/ &
JEdg Jehdw, Az gge w5 feld HlE
o et

e 2 Aedd 238 f29) EXAFS A9 EH ]
Feld ¥WE A2 Fig. 20 Jehiio}. 29 A+,
Falo] W A7t AeHT) A Lex A 53
25-3.6 A 492 & HA v Fedre A B
o|x] gzt A&l EgistAl vElT. PbGa),
ARl ASE oA EH3 EXAFS ~gEHO R
HE] 94L& RDF AoiME ¥ ¥Rl w3rt B84 o
Ehed, ol dutdo g Aol ¥ AeHc)
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Fig. 1. k>-weighted x(k) spectra from three glasses
with the composition of (a) 70Pb0-30Ga,0,,
(b) 75Pb0-25Ga0; (¢) 80PbO-20Gay0; and
crystalline standard of (d) PbGa,O, Solid
lines and dotted lines represent the spectra re-
corded at liquid nitrogen and room tem-
perature, respectively.

A fuld e 2EAM ) 27] wFolth

FEFF6 code2RE]l AXE o229 Ga-Ga 27
Ga-Pb %2l EXAFS A9 E3 & o]83la] ZF RDFd
Jehte = ¥ 332 R-spacedld EA 3T} o
o}, W28 energy origin shift(4E,), i14=(N), 2
g Zol(R) 2 Debye-Waller 97Ho)E BH 3>
o, 7 A5 R-factor 2 Bttt R-factors A
#x|o} o|8x]9] }E A¥A ] Ar|2 FASL ol
}.” Table 10 B 3} felol thatd 242}t Ga-Ga AT
Ga-Pb %2 A gatod BA3 AE YeERIATh $4,
= WA gz BAAIY R-factore 3 WA a9 2
F-abas B o] R-factor 0t 2 kS vEhiSlt. o]
£ 5 WA H=e M Zo) x =g 71 Ao AF
glo] BAxte] Tk A (multiple scattering)ol 2
3 YEg Wol W7] wjFo|y EXAFS ~HEY £
A dutdloz Jehle Adboln), 3, AT upet
o] #2l2] Debye-Waller Q1A= A&l gt -
& & e

WY Joa4sHe TUT 2dstels ZE RDFY
= WA f=30) A{EH o] WAV} BEN 9F A=
AARRE I Adso] AR E 2HE 7
k. B4 Wl 2.4-3.6 A Alolo|M A&HA 9} Ga-
Ga %e] o|8AE o Fuld Hgs ~HEHIS Fig.
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Fig. 2. Magnitude of Fourier transform of k’-weight-
ed x(k) spectra for (a) 70PbO-30Ga,0, (b)
75Pb0-25Gaz0;, (¢) 80Pb0-20Ga,0; glasses re-
corded at liquid nitrogen temperature and the
standard crystal (d) PbGa,0; recorded at
room temperature. Phase shifts were not cor-
rected. The arrow indicates a satellite peak
generated from the main Ga-O correlation
peak.

3o EAlStATE FAA 2y aeoixe AHEY B
%o] Gaussian FHYE & 5 Ut ¥4, Ga-Ga % 2
Ga-Pb % 25 2% Zoje ~3.13A22 Z zlo]7} QL
21t Table 1) R B}9} 2Zo] Ga-Pb %o A%
o] Ml21971 10 o)) HE ARl gl 2RE U
ERAATE B3, Ga-Ga %S o] 83 BAo] Ga-Pb &
o]-8-3t A M} 28 R-factor A& YERIRL). o)==
5E] 2§ RDFY) Yehle T WA 3E Ga-Ga %ol
N FEE @3 &S & 5 ok 89, Ga-Gat &
g Aol (=313 )& 2% A1RAVE BAHE THste
A% 5 A AbaAe F4ed fxshs ZAE3te] Al
—H Oz‘\s}u}-q)
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Fig. 3. Fourier-filtered k’x(k) spectrum of the next-
nearest neighbor shell located between 2.5
and 3.6 A for (a) 70PbO-30Ga,0;, (b) 75PbO-
25(;8203, (C) SOPbO-ZOGaZO;; and (d) PbG3.204.
Only the real part of EXAFS function was
presented. Solid lines and open circles are
from the experimental data and the fitted
data of Ga-Ga pair, respectively. Note that
the y-axis scale of (d) is different from the
others and a significantly reduced damping fac-
tor inherent in (d) shifts the center of the en-
velop to higher photoelectron momentum side.
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Table 1. Results of Fitting on the Next-nearest Neighbor Peak of Ga in Partial Radial Distribution Functions,
AE; is Within -2~3 eV in All Cases. Numbers in the Parenthesis are the Estimated Uncertainties

COmpOSition PbG8204 70Pb0'30G3203 75Pb0'25G3.203 80Pb0'20G3203
crystal glass glass glass
variable Ga-Ga Ga-Pb Ga-Ga Ga-Pb Ga-Ga Ga-Pb Ga-Ga Ga-Pb
R-factor 0.03 0.06 0.03 0.17 0.03 0.09 0.02 0.06
bond length 3.12 3.10 3.14 3.13 3.13 3.14 3.13 3.137

(A) (0.02) (0.02) (0.04) (0.04) (0.03) (0.03) (0.03) (0.02)

o 2.0 29 2.7 14.3 2.8 11.3 2.6 114
coordination number | (greq) | (13) (0.6) (6.3) (0.8) (3.6) (0.6 (3.0)
Debye-Waller factor | 0.003 0.007 0.017 0.021 0.016 0.020 0.015 0.019
(A% (0.001) (0.004) (0.006) (0.007) (0.005) (0.005) (0.004) (0.004)

2 Ao 23 uAE A5 EXAFS ~HELH e
FHA 2" gho] 2k 12 A7 o] oA et ejnjy} gl
oh g2y A 24 £ 8 EXAFS 2 Ed L 74
ARRE A4 FANML AR QEl] o Yo FHA)
=Y 94971x) Fojg 5 ok £ AL 3T
A A o]de] AHERE PEdle B B¥s)
= e 9dEs wE Y U FE 12 PYRE
%28 2 4 9ok EXAFS ~2#ER02RE AL 5
= Debye-Waller S12b= 722 Qlxle} A& 9lxle]
Folny, FA L E RS I AFL FALG F
e B2 Debye-Waller IS A fAEe +23
FAMERA HE 5 g

EXAFS E4ozxnyg oL
(structural parameter)®] S5 BAd 2 &3= AT
FA3 FA 2oy GG Fol| 9Jste] AF AL
w24 fitting variable?] 571 EolUd £ A{=
7t Aol g 2123 F gl T2 AR HAS ) o
HAZAT F, 25~3.6 A ) AA Yehte F WA
93E Ga-Ga %7 Ga-Pb %oz FA fittingdh=
e Aoz HE3 F24 AxE Ay Sl vt
2Aslx] gr}. @9, B AlHo 2 ALE-3 PbGa0, 2
ol F A 93 Ga-Ga A& g5 Ga-Ph %<
g Uhﬂlﬂ Roz fdgn) ol vhgu} ol e

rm

e 724 A%
%

T A JE F(E B398 3= dokFig. 4). & &
9 F 4 "d‘ AEL FRz malE 2o vl w A
3 WA WEE Boht Fe BE S 2YE v
Wtk wEbA Ga-Phiel E2AE 74§ Felo gt

RDFZdelA 5 WA Jl A BAE 28 /A 2
o} AA R, ddRog de AR fojo T W I
9] 2eke(Fig. 2) 29 28-S 53l grEoizl Ga-
Ga %3 Ga-Pb 2 RDF & Ga-Ga %3} o] 8AMgHS
o+ 4= 9JtHFig. 5). E3 Table 19 Vephd vle}l 2o
Pbe] ¥l 97} 10 o]Ate] Bl 8]@ 4R At} el
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Fig. 4. Photoelectron momentum dependency of back-
scattering amplitude. Note that the amplitude
envelop for Ga is similar to Gaussian lineshape
in the k range of 3 and 15 A™ but it is not the
case for Ph.

s Ao ] fo] Ga-Pde &4 7154 g ¢
& Aoz HrlEh tSol, PhGa0, 23N H2Y
Ga-Ga ZolE 2 313 A28 #al9 F A 73 95
9 X3Pt Ga-Ph Asle F 3.3A0= & AolE v
Ehfn ek weba] B A de 2F RDFO
T W 3] u]X)= Ga-Pb %9 9 A gl
Aoz wetd
Miyaji =] =3 5}
X PbO-Ga,0, ©]4 &7

242 A BAozXE g
& Ga-Ga Al Ga-Pb
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Fig. 5. Magnitude of Fourier transform obtained
from a simulation. Energy origin shift, Debye-
Waller factor and bhond distance were as-
sumed to be 0 eV, 0 A® and 3.13 A, respec-
tively. Fourier transform was carried out
between 3 and 15 A™. Lineshape for the Ga-

Pb pair is considerably distorted.

A 742 ~3.13 A% ~3.5 Aol ey 8 ~
HEZ| = th9] pair correlation W&o vl 9} 420
g B R o} o] Brbgsiich vhH, B o] EX-
AFS #4X= RDFY ¥ ¥iA 9737} @A) Ga-Ga
Aol AP AEAE g3 gloud WAdFE folstA
AR 5 itk 9, ok 3.5 Aol HAEE= Ga-Ph &S
vl sl WAae e AL Fu 4kt 2 EF g Ad
o] 9% 2 4 ujdey FAMR A% A ] 59
deo g E AFoA Z4g EXAFS A EHAM=
Uehix] e Aoz AztEcy.

PbGa,0, A¥W 25 APH A=
six-membered ring& /43 ringt Ga-Ga
313 A, ¥i9FE 201 B d3els 237 o
Al BE% AEE el EXAFS 283 24 Ax,
Ga-Ga Hol= o 3.13 A°Uth kA o) Aol JX
A T 25 AMEAY Ga-Ga Zeld shgech w3l
ojel gt ZAH2] WSt 2.6~2.82 He® Hol f]o
A ZE AEAE A NG e BREE BRete
Pl (cluster} & B4sl DB AlE(chain) Ei=
4 (ring) & FAske Ao g gk ol Ga0, AF
VAR o) Fojd 4F A ZAE 93 AYgH 2
ot ~dEH 0| B Avtel U A gt

BN o2

[l

S, PbO-Ga,0, o484 Hele] PEE 71Z o
7R AT ARg Fgeled BE o] 76T 5

3k PhO-Ga,0, 29 72 &4 1153

At FE oM AP ZES GaO, AFRAE B8
o, & PbOsu PhO,E EAET). GaO, AFAE Al
N ooldel BEAHE Ffehe wEe s
AreE T B | dHEAle ZAUE Fhet
PbSIO; 2 & thE A o) WlE 2 AR AHEE 84
g,

54 E

28 K 359 48 EXAFS A9 e S o] 83l
PbO-Gagog Faul ZE AME xﬂ7u AA Aefo wet
o] EAslgtt. 4% RDFY % ¥4 93 ol %ste
ZdEozie A4E EXAFS 23 E 91 9o Ga-
GaZt Zolx= ¢F 313 A, ¥l < 2,
B geldA ZEe 48R =
ZE AFHAE A ) o) ide = Xl*é—%
g dAdsin A% AiAle
= g83ygo g =30},
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