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Studies on Optical Absorption Spectra of VO** Ions in PbO-B,0;
and R,0-PbO-B,0;(R=K or Na)Glasses and Bonding Mode of
Pb Atoms in these Glasses
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The optical absorption spectra of VO* ions dissolved in PbO-B,0, and R,0- PbO- B,0, glasses (R=K or Na) have been
measured. By using the spectral results, the bonding mode of Pb in the glasses has been discussed. Judging from the depend-
ence of peak position for BY-E¥% transition on the glass composition, it is suggested that although Pb behaves as a network
modifier in the glasses, a part of Pb contributes to the formation of glass network. This relation is discussed on the basis of
the relation between the peak wave number and ratio of four-coordinated B atoms to the total B atoms (N,;). On the
assumption that the Pb ratio used in the formation of the glass network is a(x—0. 2) in xPb(1—x)B,O, glasses and (x+
y—0.2) in xR,OyPbO(1—x—y)B,0, glasses, the value of a is calculated to be 2. 04. [Received December 29, 1985]

PbO-B,0, glasses, R,0-PbO-B,0, glasses, Glass structure, Optical spectra,
tor, Bonding mode (Pb and R (=K and Na))
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. # = T Vi, Ve VSt o 3 B ETFEiE LD, BEROK
R,0-B,O, 27 A (R:7TNVHYEBETF) IZBWL FMDOVBREFEFTEELHAHAIENRINTVS.

T, TVAVEAEOELICHEY, 3EMATHE (B,)
AR #E (B) OHFEHAENENT S LA
HANTWVWA., §/4b5, Bray 5P 3 DOXRDOH T A
IZ2WTD NMRICEBHFEMRICBNT, ROBRE
HWEXuOFs B, 0AMBEET S, ROBEDHENE
ELIZB, OEIENEBINT 5D, ZOBRED 30~40
mol% ##Z 5 & B, DEIEHBPICE L BHE LTWA.
* 72, PbO-B,O, A7 2B TH, Bray 5¥Y0
NMR o filERIC L5 &, POOBEOE(LIZHE ST
B, & B, 0FHEHENELT B, T4b5, PO 20
mol% F I Pb-O# 834 A v HETHE2DITB D
RS & 03 18nd 2 5,
S>hT Pb-OEanHEFHELRL 572012 B, OFFE
HE5EHF0EMULD., B, QEEKERKRIZESDIT
PbO50mol% <, #DEFHU B, 0EEHEAST
HZACHRME 5 EBEREE LUTIE NI, Cy, V, Co,
Mo, Fe s EpnHWHLNTWAEMN, acd VEZRHWT
Ba, 77 AMBXFERTOEVIC & 5 EHFHC Rl
PIMNEETHAHEPAOHNTNBEYY,
K O Kakabadse 5812 k5 &, Vidh s 2

Kuman®,

Johnston”,

HiZ PbO S HBHSEMT 51

V,0s ZEI0L 12 Na,0-B,0, 321225 T Bamford® i,
BILBERSKTERU 25 ADE1E Na,0 S E0iEinic
HENEVREL S, LDFEVREELD, BTERKT
i3 Na,0O BOBEIMIZ L > THEWEFED SEBORE, HIC
HOEBREELHAEMEL TV S.

AT 507 13480 NHVO, 2 &@mH & LTHEL
1A DRIBERT T AIZONT, 32DV C,y
XFRDEALFHHIC VO DIETHEFL, ThitgEo<
KRN AR MDY — 7 ORI » 5 T A
BEICHTAIMALEOINEI EERLTVS.

Az iz, PbO-B,0, 2% ¢ R,0-Pb0-B,0, % (R
=KorNa) ¥ 2% NHVO, cEHEEBL, 77 AhD
VO 4 AV ONBIWARYZ hNWVERITEST S EI2ED
WX & — 7 WH OB % BN, 7 A0 K7 F
DR BB RO DOFEREIZONWTEE L.

2. EBAHZE
PbO-B,0, ## 7 # (PbO =20~40mol%), K
PbO & B,0,ENHAE1:4 &ED RO EHREE
X412 R,0-PbO-B,0; 247 A %#{E8 L1, 5 AD
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Ex & L PbO, H,BO,, K,CO,, Na,CO, ¥ NH,VO,
DREHEAK AN, TS5 ADESICEL T, BiE
BOZREZ LKRAELKE, A3 2IFICAN, SIC
REAREBESI T4 900°C T 3 FERBR L, A
<AL, 2o, HEFlo NHVO, 2 V,0, & L
TO05wt% LB EHICEIMULI. 208, MKZ X

VAR LA L, B3N 4mm, HEEH4cm
DOATAMRE U, WEAZFEL 2%, KRINAXRT v
ZRIE LT,

FHFIR AR 7 b E AR UVIDEC-420 RIR U
590 Bl & LY, IE¥ 4000~ 32000 cm ! O EPH THIE L
1z.

3. & =B
Pb0O-B,0, & % f R,0-PbO-B,0, % # 7 Z &
NH VO, iU 47 A0 &1, PbO RO R0 &H
BEASRBHN N E S 3 RETH HH, PbO RU R0
SHEHENSHEINT 2 ZEKRENSEILZY, DOVITIEXENE
Brisn,
FHRUL AR 7 M vDRFEFE L TR I Pb0O-2 B,0,

Table1. The results of optical absorption spectra
observed for R,0-Pb0-B,0, glasses (R=Na, K) con-
taining VO?®* ions.

Batch composition (mol%)  [Peak wave number
(8% Xx trans.)
Na20 K20 Pb0 | Bz0s (cm™)
0 - 20 80 13350
4 - 19.2 76.8 12397
8 - 18.4 73.6 n7n
12 - 17.6 70.4 11378
16 - 16.8 67.2 11525
0 4 19.2 76.8 12471
0 8 18.4 73.6 12014
0 12 17.6 70.4 11762
0 16 16.8 67.2 11881
2
S Pb0O-2B203 « 0.5wt% V,0s
g
=
u
I | | | |
10000 20000 30000
Wave number (cm™')
Fig.1. Absorption spectra of Pb0O-2B,0, and

Pb0O-:2 B,0;40.5wt% V,0, glasses.

H. KOGAetal. 12

T b )y I AN T AEENIZNELVO, 25K-ML 45
ADEEERT. NHVO, 25U 2459 2 T3,
11000 cm ™! {5t (E,) B T¥ 17000 cm™ i (E,) i ¥ —
TEFEODZODRIN Y FrRHonsb. ZhsdE,
RUE, D¢ — 7 FBOMERKIC & 521t % PbO-B,0, &
AT ROV TIEE2 12, (100—x)(PbO-4 B,0,) +
2RO # I A2 2V TIER 3 KUK T ITRY. K2 RO
3&0, PORU RO SEHFEDOHEMEELIZ, E 1

VEEITEERM A~ 7 b9 5. F1, E, 13 PO RU,
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Fig.2. Variation of the peak wave number of VO**

absorption for PbO-B,0,
added to all glasses,
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Fig.3. Variation of the peak wave number of VO?*

absorption for (100— x) (PbO-4 B,0,) +xR,0 glasses.
0.5wt% V,0; is added to all glasses.
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ROEEENHHIEEZLLHLEDIDICEHBEAA~
37 5. B, Pb0-B,0, ZK U R,0-Pb0-B,0,
XH T AT, BITRU AR LD PbO R U R0 %
BN T ATIEBPRSY FOBENSIERICTEL L5120
- BORENTEL P>,

‘ . * K

4.1 BE—-7DRE

BADB,O, ZHFAHD VICEBHBINARY b
OHFRO"ERADEBICTHE, AR TEL NI
PR AR N IVOBIPSY Fg VO (LES 6D TH
0, Co WO FHHIZH TS VO 0N FiE
ANF-EARITHEOT, EEEMOBNE,
B¥-EX BBIC, SEEH ORI E, 13 Bf-B¥ B I4E
BTx5d. nb, XHFEOHN T AT, PbO KU R,0 &
BFENWEL 85 E VO [ZED Iy RABIHRD &
AEDONLL BN, ZNEVD +4h5 +5A
DEBEICESsbDEEXH NS, AT, WIS
3 R,0-B,0, ## 5 2 (R=Li, Na, K, Cs) dhp
VO 12 LB MBI AR Vil Bf =AY BRIUERE &
NABBPRNNY FOVY—27 2|EL TV 5B MO,
PbO-B,0, K& O R,0-PbO-B,0, %45 2 I 1 =
IRUTEHBI A RS bvh HHlT 5 &, Bf=AF B
DL Pb2t 1085 < RYL Y — 27 (45000 cm ™)™ J
CS5liD VICESSBINEELZ DG 2RIRE LT
WhTnsEEZONS.

4,2 VO ORI E — 7 DELIZDWVWT

T H 1, VO iz k5 R,0-B,0, % (R=Li, Na,
K, Cs)Y B o KF-B,0, 2V E@®mH 7 A DY A~
7 MVOBFRICBWT, B-EFEBICER I N DR
WY — 7 DIEFEERAD Y 7 FORRD, H5 AMEE
ETOBERFICBI S nETEREOEKIIHS L
EFRLTWVWAS., M2 &k PbO-B,0O; R4 5 AT,
PO & HEOMMIZE> T BF-EX BRICKEB LK
E, oV — 7 BEIMEHEBEMA~BEHE /Y7 haRT. 2
NI 7 AMBREHROERD n BEFEEOHEK, ¢
bt nBFOREICHFSZUES 4B AT RDE
mcEsbnEEZSNS. £, K2 T PbO 30~
40mol% ICHh I TE, O — 7 EDY 7 FDEIEGHH
SLTHWBHDIZ, Phboigaotatommncksso
T, SENATRED ARMNETZNOELOEEPBA
THIOTHHEEZOND., KIZ, 3D Y v7
2 DK H PbO-4B,0, T R,OEGHEABILa LA
FATIE, ROGHEBOHINC LS 77 AMB/ES
OBED 7 BFHEEOHEK, 34bb4RMNATRED
wmicksbnEEZHNAE. Tz, RO M¥H 10
mol% Ll Fics & E, O — 7 BEA O »aiEm%
R0, K20 PbO-B,0, R4 7 A04 LR Pb
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OREEOHEHEDOEINTITIE U 72 3 BefiA 7 RO 4 Bz
AIRENOEBEGEORPICEBBDEZLLNS.

4.3 B¥-EX:BREICLBE—7EEM N EOBFE
T 51 VO iz & 5 R,0-B,0, %, KF-B,0, &,
K,0-ALO,-B,0, %2 K 0¥ K,0-AlF,-B,0, £ O &%
BHTADHEINANRZ L kv, BF-EX*BERICES
V- MBOH I AMRIC L B2 BET L, 20%1t
AT AMBRBETOMRIRFIC n BEF2RElLs ¢
HREFHOGHEHAZTRT NEEBERNIO D&
ZRLE®, $ubs, RO-B,0, % & KF-B,0, 2D
BEICIE, CASDHIFTARICPNT n BT #EEL
SEHBIETHIARMNAVERIITHLILD, VT
AHO 3ENATHR (By) & 4EMATER (B) &
SLKHRARYZBIINT S B, 08 & %27 Ne=2B/
(XB;+2B,) ffiz Nfa~ LT, ¥, K,0-AlLO,-
B,0, % & K,0-AlF,-B,0, A0 B I, » BETORIE
LICFS LEBRTHEVPAlE B, ORFHTHAE
m o5, (IB+XAL/(XB+ 2B, +3Al) # Nfi& L
TENTAHRDB-EX BRIZ LB -7 & (AWF
BT B E ) O NEKEEEZHFEN, WThoHT A
ROBEL BFEIBRBICLARNE-7UER E,
(em™) ¥ 5 &,

N=2.38X10"XE3—6.01X10°XE;?
+5.10X10°XE;'—14. 22 (1)t
THELUTEBE UIn. ko THETAR®D (1) RaH
iz PbO-B,0, % f R,0-PbO-B,0, 245 A D#ErE i
DNTEERTH L LT 5.

PbO-B,0, 2D # 7 2T, {KIZ Pb R ¥ E &4
A4 ELTDOHESLED, PbO K54 XTH 3 AT
roF# (By) o4BAYFE (B) (LicdE5LT0s
bortdsE, xPbO(1—2x)B,0, DMEKDIFE, N E
3 (ZB)/(XB:+2B,) 252 5R

N=1T (2)

TEIIENTES, (2) RTk-TEKDIZNEHER
NY—-7 E\fHOEAMEEOBFREZRT ER4HICT
Oy bLzEO &I Iz, KFED (1) Xp s oshig
LdE-Ex0E LI RBONSE. ZOTNIEPD
HFOREHAMEZBLEP S 1212HDLDTH D E
Zxaoh, ThEEELT (2) REBETH2LEND
%.

1713 R,0-MO-B,0, % (R,0 &7 V) &@EE(L
M, MO W7 nhY) TESEREY) 77 A>T
T MO R D A% TS AMBAEEDEBICED
h, oo (100—A4)% 7 B, ® B {bicfFbh ME
BRI E LTRAES LD E L, A DEIEMIC

(1) RBETHEEBIC DLW TR EREEKICODVWTESE
LIt TH 5.
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Fig.4. The wave number of B¥-E¥* transition band

vs. N calculated from Eq. (2) in PbO-B,0, glasses
(The curve in figure is cited from Ref, 13)).

R,0 & MO 0 AEEBIZEMIT 5 L0 & LT 2R,0yMO
(1—x—y)B,0, DEROHE,

o=@ty (o HhlER) (3)
THEBPL o, WHERELEYME LRSS

MO K5 A RBREEHOMEET LD » BF 2 IE1E
fbtxtdbDE LT NEERkDSE, (1) RO
B — 7% NEORIFEAS LS EXNBELTWAS.
&> T PbO-B,0, 245 204 3 PbO g4 % MO
MO ERBEEIEIBEVETHEELT N EICET AR
ZRD e, (1) Xodh#E < E, X N EORRE% %
Tl TERNL 1.

Bray 5% % 3 NMR #iIiEic £ v, xPbO(1—x)B,0,
OMKDHF 5 2%, PbO 20mol% % i3 PbO m4y ik
MEEHBIEME LR B, EBRICEDKD N
B x/(1—x) & &<—FUL, PbO »s20mol % LI |
I3 % & PbO B 0-—HAMBERB{LmE LTRES
O, ZOHEEPOEHYOEmMBICHAITAELT
W5 (EHEHIE2.0). #2 ¢, xPbO(1—x)B,0, ®
WO I 2 TIMEERBIL)E LTRS %5 PbO
Roy% A% ELcex, (3) A%

=a(z=02) (£>0.2) (4)
TRIIENTED., £5T N fi 13,
_x—ax(x—0.2)
B 1—x (5 )

LB, RICNfEZKHBI1I24720, PbO-B,0, 24
7AD%E, BRE—-7 E EIBBKAEHICA- T
PbJRY (Pbue) BICHLHEAZI B ENEZLN,
ZTDELE Phue JHF2 B, LA 7 AMBREHD 2

H. KOGAetal. 14

BFEZRELIE2 L9 2RFRE2ERLTCVEEDE
T5H5E,EDEED N L, N=(2B,+ X Pbue)/ (B,
+2 B+ Phne) 2525 E LT,

x—% x(x—0.2)

N= (6)

1-x+%x(m—0.2)

E %, —F, Phoo RFH B, CAME r EF 4 BT
L2 L BRFHEZERLTVEDETHE, £
DEED NEIE, N=3B,/(XB,+XB,+YPbpe) &
0,

N=_X—ax (x—0.2)

1—x+§xu—am

L%, (6) AKY (7) KEAVWT NEixRknz &
&, EVEE NEDBRIE (6) ROBE =3.56, (7)
KOG a=2.04 D, & (1) ROMBERS £ < —
B9 (5. (7)) REAOLEZORPITEY a=
2.04 13X Bray 55RO 1B 2.0 LRICETH B, Lo
T PbO-B,0, 247 2 T3HHTD BF-EX BRI L 2%
WE— 7% N EICBT 2 i % 5k U2 8a, PbO
575 20mol% Ll Eic e s & 70t el LT
PbO 53 O— R B S OMEIETIZH T % 2 B
TZIFREAIED L) BFEFHREERLTVL £
rTEEIC, B E<ERERENHECX S,

XIZ R,0-PbO-B,0; 245 2iz> 7, REFHKE
e LTiIR5# 5 PbO S5 OREHER O 2 0|4
PWR,O RO PO BIZED &S ITHKTFET B HHRIEE 15
5.

2 27T, R,0-PbO-B,0, %45 2thcd Pb EFIC
PNT, MiAAR 4 B EB OO TR D L T

(7)
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Fig.5. The wave number of B¥-E* transition band

vs. N calculated from Eq. (7) in PbO-B,0, glasses
{The curve in figure is cited from Ref. 13)).
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15 HEHAE,

Watd 5.

H Ud Pb ¥4 R,0-PbO-B,0, 247 AT 2 il
DORTRETME AR 4 RABEHRZERL T0dET
i, ROES BT DHAEREZMELDLEEAH
ns.

!
R?|—0—Pb—0— (1)

0

/N

l 20

0

. |
2R ~O—P'b—0— ()

0
|

T80 5 Phpe 78 (1) O34 [ROPDO,] Bt %, (11)
DA [RPbO,) AR T 5 & LIBETH 5.

9, (1) oBEIF 7 AWEMEGHO P 12
BO, I » BT OIERENICHFSGTHELIcEET
bV, COLEDNEFEX T N=(ZB,)/(ZB;+
S B+ Pbua) &%, 2 ¢ xR,0yPbO(1—2—y)
B, O, DA T 21250 T (4) RiclEY T 35L& L
T

A/100=alx+y—0.2) (8)
EHOVT NEZKRDZEXRONEL S,
x+y—ay(x+y—0.2)

1—x— y+% ay (x+y—0.2)

[ROPLO,] & (9)

Fr, () OBEEFT 7 AMBEEHO Pb E1H

BO, B EREBEIC n ETORENICESTHE LI E X

Thad. ZDOEED N HFERXE N=(ZB,+2Pbye)

/(2Bs+XB,+3XPby) &5, #2 T xR,0yPbO(1

—x—y)B,O D H T 2izHo0T, (8) XAEHWLT
Ntz RkDd 5 ERDOANE S 5.

N:

x+y—% ey (x+y—0.2)
N:

1—x— y+% ay(x+y—0.2)

[R.PbO,] # (10)

(9) ARV (10) XizbBLT, PbO-B,0, % H I 2
TR LN a=2.04 ZH y(PbO-4 B,0O,) + xNa,0
HH T AR y(Pb0:4 B,0;) +xK,0 ZH 5 212>
TNzERD, ThoEHT 20 B-EXBRICLS
E— 271 (E,) OBRZETORS 12 dh#g &3t o
THE6 RORE7 12T,

IhosORICLEBE, ROGHEBM 12moly Fik %
TUETOMBEOFEEN RO, T2b5 R0 2K
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Fig.6. The wave number of B¥-E¥* transition band
vs. N calculated from Eq. (9) and Eq. (10) in

K,0-PbO-B,0, glasses (The curve in figure is cited
from Ref. 13)).

O Eq.(7), a:Eq.(9), & :Eq.(10)
16000
T
§ 14000 —
< -
a
5
£ 12000 [—
¢ MA
r;u —
10000 —
0 0.2 04 0.6
N
Fig.7. The wave number of B¥-E* transition band

vs. N calculated from Eq. (9) and Eq. (10) in
Na,0-PbO-B,0, glasses (The curve in figure is cited
from Ref. 13)).

O:Eq.(7), & :Eq.(9), & :Eq.(10)

12mol% F =i R,0-PbO-B,0, 24 5 2h THAEK
BitE L TIRSES PbO R OH 513 2.04(x+y—
0.2) Titlansg. £ (9) K& (10) Kic-0 T,
FOBEMERETAE (9) ROHHBEVBEEMNIR
WZE LD, FO5EREIL PbO-B,0, 5 2di & [H
FIZ Phoo B AT D » BT OIEBEICEHF ST
LSRR [ROPDO,] a o TAEEZNIEA
N7 MNVOMBURTFHE N RRE T X 5.

5. # 1&
PbO-B,0, %% ¥ R,0-PbO-B,0, % (R=K or Na)
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T ARD VO £ 4 v DORBINARZ bV EBREL,
o AMBERRNE — 7 BB EDBEFREZRANDL E L G
12, INHDROHT T ARITE T 5K EORNIEELL
BRUOROFEEREBIZOWVWT, Y- E Nz
DU THRE UHEREENTAEROITELTH B,

(1) VO* £ + v OEE¥BORIX E, 13 Bf-EX &
BIZ, SEEMORIE, X BX-BF BRICEE X h,
PO RO RO EHFEDHMME & HICE, 3EZICER
BN, E, 3BBEH~T 7 + 3 5.

(ii) PbO-B,0; %# 5 Ak BF-Er*BRICERBX
NBBNY—2 E, » PbO EHEH 20mol% L\ iz
5 &, PbO o@mic il U THBERRRILY E L TR
HEAHICAY, COPbEFIAI AMBKAT O™
RBEFICBI S n BT 2IERHELT 5.

(i) R,0-PbO-B,0, ZHF A ix, #I AMWH
xR, O0yPbO(1—x—y)B,0, &4 5 &, xH12mol% L)
TTE P RFOUBBERBILHE LTBMT 5. B

(A%) ERORTHEBP SN B.
A/100=2.04(x+y—0.2)

7)
8)
9)
10)
11)
12)

13)
14)

H. KOGA etal. 16
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