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Absorption spectra of Ni?* ions in PbO-B,0;-R,0 (R=Na or/and K) glasses containing NiO
and their IR absorption spectra and refractive indices were measured. The ligand field strength
and the Racah’s B parameter were calculated from the absorption wavenumbers of Ni** ions. The
effect of alkali metal oxide contents and of the ratio of PbO/B,0, on the state of Ni** ions and
glass structure was discussed on the basis of these results. Intensity of IR absorption spectra
around 900 cm™' of these glasses was decreased with increasing alkali content, suggesting that a
part of BO, units was transformed to BO, units with increasing alkali content. The refractive
indices of those glasses decreased with increasing alkali content. This was ascribed to the
decrease of the ratio of Pb?* with increasing alkali content. The variation of refractive indices
of mixed alkali glasses with alkali ratio showed no clear mixed effect. The ligand field strength
calculated from the absorption spectra of Ni?* shifted toward high wavenumber with increasing
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alkali content in single alkali glasses,

R. OYAMADA etal, 54

and the variation became small with increasing PbO

content. In mixed alkali glasses the variation of refractivity with that of alkali content indicated
1 :1. Racah’s B parameter in 84 (PbO-2 B,0,) + xK,0 + (16 — x) Na,0O glasses and 76 (PbO-2
B,0;) + xK,0 + (24- x) Na,0 glasses shifted toward low wavenumber with increasing K,O

content.
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T ARIZIRIMUL 2 BSR4+ v, FRAREEIC
Ko THAREZERTSEEZ SN, THAHBEA AL O
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ARG N Vi» & BT FIESREE K O Racah B /35 A —
7 —mBHL, BICRMERN, BIrR28ELT, 2h
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+(N—x)Na,0+0.5 wt % NiO(N RO x=24, 20, 16,
9), 83.1(PbO-B,0,)+ xK,0+ (N —x)Na,0+0.5 wt
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~31300 cm™) OHPHTREIE U 1z, KRIMBRIN AR 2 b
W&, B RIERRSY 287 RIS REEERT A AL, 400~4000
em™ OFEFAT KBrikZAWTHE L. BITRILEE
BRUFFRS, V-6 BlzH», RAMRAERICEVEH LS.
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DESNTVBE)VYDIRIRY — 713, KRDHF AT
TREPHEIBEALBRIINE D 12,

B2, B3 E4iZ, = b) vy 7 2ABENFN PO 2
B,0,, Pb0O-B,0,, 3PbO-2B,0, DELEDHE —~T L A
DHIAhO N2 QRN -7 DT VA Y SHEEICK

1. Pb0-23203 + 0.5 wt% Nio
2. }’b0~'5203 + 0.5 wt% Nio

3. 3Pb0-23203 + 0.5 wt% Nio
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Fig.1. Absorption spectra of Ni** ions in PbO-B,0,

glasses.
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Fig.2. Variation of the absorption peak wave number

of Ni** for (100—x)(PbO-2 B,0,) +xR,0 glasses with
alkali metal oxide contents.
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Fig.3. Variation of the absorption peak wave number

of Ni** for (100—x)(PbO-B,0;) + xR,0 glasses with

alkali metal oxide contents.
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Fig.4. Variation of the absorption peak wave number

of Ni** for (100—x)(3Pb0-2B,0,)+ xR,0 glasses

with alkali metal oxide contents,

< M)y 7 A PbO-2B,0, 084S (K2), 7TILh
VEBEOEMIZHED y ¥ — 7 3ERKAIAN, » RO
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Fig.5. Variation of the absorption peak wavenumber
of Ni** for 76(PbO-2 B,0,)+xK,0+ (24—x)Na,0

glasses with alkali metal oxide contents.
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w I FEF—EL, BEEEI~NDI»IZY 7 MERL, n
FEF—ED, H5IENa,0 OB A ITEEEAIA~Y 7
hERT ZEMNED LN

RICRETNVH)HZ AD N QIRIRE — 27 DT I
A ERRICHT 2EDHIE LT, 76(PbO-2 B,0;)
+ xK,0 + (24 — x)Ka,0, K U 84(PbO-B,0,)+ xK,0
+(16—x)Na,O B 7 7 R D#ER = £ £ 1nH 5,
6ICRT. CNOEDHTITAD u, n RE 1 D IO —
213 K,0/(K,0+Na,0) HoZticttn, #0H M
NOE1DEZORYE— I FREBALER» ST NI
WA T Y 7 PT A EBRD LN
COEBE,IPHSDTNIE, RSIKRLUIZAKDIES, u
¥ K,0/(K,0+Na,0) D1l #50.6 ¥ ¢ F 5~ 370
em™ ) X 0.6 (fPIE T EFTAN150cm™Y, X 0.5 fHiE
T150em™ 2y, FhAFENRAMELRLUKZ. K6 TR
Uz oBEaiciE, v, w& b1z K,0/(K,0+Na,0)
HE@EH 0.5 HETTAHNE60cm™ O RAANDT hH
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Fig.6. Variation of the absorption peakwave number

of Ni** for 84(Pb0O-B,0,)+ xK,0+ (16 —x)Na,0 glas-
ses with alkali metal oxide contents.
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Fig.7. Infrared transmission spectra in (100—x)

(Pb0O-2 B,0,)+xR,0 glasses.

l.
Fig. 8. Normal modes of vibration of BO,,

AR KOG EAR B,Os OFAFRA RS b, ARBEEK
HOBEANTIESEOBPUSY REL DI EPAIONT

B0, AFRICE VB SNIFMRR AR FVOIE
ORIV Y Ri, ShoBELOG-RLDEEZXDH
hs.

FHE 5813 PbO-B,0s R4 7 ADKRINBIN AN T b
WAEBRIE L, B0 75 AT BO, BN TERMNTH D,
2 iz PbO Esinx 7z #41218, PbO A 50 mol%
i % © BO, AN L T 1< & & 2, PbO ZEsHN
LBICE N S 770~1000 cm ™" (Zh 4 T DO Y
v Fid, PbO RSO mol % $ THEAML, ZDER
EWMBTHE LY, ORI F% BO, BALICE
HEHIBHHLOELTWVAS.

LitoEA FESEILTHE, KRATADT0~
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1100 cm ™! OFMERIP NV R, 4K,0DE &N
900 cm ™! ¥ PbO-2 B,O, N A5 K,0 BEDHE K &
EBIIBE-S>TVNDEIEE, TAUHYRMEOEKIC
EoTHITARDOLEKOBEDK PRI THIEEEE
beE2LE, ARFTIATIETIVAY)EBEOHEINIC
£V, BO, BT O—#845 BO; BALICE L L TV H D
LEZLND. BBRIMBRINANRY frcid, KO &
Na,O it kafmXFIERICTH S, REBETIVAHY
HF 2R LT HEROERP R ONS.

3.3 EBiFE

PbO-B,0,-R,0 Z# 7 2 D @rL %# X102, PbO-
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Fig.9. Normal modes of vibration of BO,.
2.00
¢ (100-X) (3Pb0-2B,0,) + XR,0 O R=K
® R=Na
1.90
(lOO—X)(PbO-BZOB) + XR,0
o
e
1.80
C (100~X) (Pb0'23203) + XR20
1.70
0 5 10 15 20
R,0 (mole % )
Fig.10. Variation of the refractive index for PbO-

B,0,-R,0 glasses containing NiO.
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R R IE—M I D Lorentz-Lorentz DR, T & 3 1,

WERTOSMmIRRE, H 7 ADHESLEELBERE
HLHoTW5b.

n—1_R

n+2 V (1)

2T, nldBITER, RIS FEI. VI TETH 5.
ZORKY, PTRIFPKREL LD D, H5VEHTE
WS BENEBITERPKREL 25 LT 5. THEY
k&, BT I ATREDHTIBIFIHELTHED
FEORKEVWDIX0"THY, BESEA 4 ORI
O OFBICIEL N HBHOIEWUMES K ENITEKRSE
{1235LEZBZZ6NZ0DT, HFEEMEDS 4 v EITOK
DEBBADZFN LV HREL, EFBRIEHOL NS T
ZIFER T ADIFIRITIEKRE V. BB+ D
A4 VERHBBTE, TREEDA 4 v EFOREMNE
O ORMOEZDOIEGFEOHEIMNIZ L >T, #T7AD
ST BTSN T 5.

LRSS, KEFTIATET VN ) EHRBOHE
IMCHEODFRITSEL, BITESHENT 5 L8bhsd
A5, MI0WKRT LI ICBIFRIIETLTCHS, Thid
KEDH T AIZIE, 44+ VBITOMA K E L Pb* gy
FhcHo (Pb*:11.65 B** :0.05, Na*:0.7, K*
12.85) T A ) EREEDEME & biZ, P 0#HE&
BRD LB S—-FRE B LDERDNS. 12,

1.70
<
1.66 >
0 0.5 1
K;0/(K;0+Na,0)
Fig.11. Variation of the refractive index for

80(PbO-2 B,B,)+ xK,0+ (20— x)Na,0 glasses
containing NiO.

1.82
1.78 | ?
0 0.5 1
Kzo / ( Kzo + Nazo )
Fig.12. Variation of the refractive index for

84(PbO- BZQ3)+xK20+(16—x)Na,O glasses
containing NiO,
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K*ofnNat kb A4 v FEHREOD, (K:
1.38A, Na*:1.02A), HFEHFHEL, EHFEIL K
EEU T IADHEB Nat DFhLbRKa<nsl &
BFEINEN, KEROFIF2ATENa 25 H T 2
OBEDBIFESKE o1, Zhid, Na,0 2&5G%n
KODFE&EL VL PV ORENKEIBBE1:HTHS
EBbhb.

71, KROBRETIVH Y F T ADBITROE(NE R
5& (K11, 12), Tuh)EELOEILE & HICiF
FEBEELERL, BETILVAIVHRIZFIEAER
HoHNE P o1,

4. £ £

4.1 BEHMFHEE

B TR0 X % R9 10 Da i BT AR b
WDy ELTRKOED, HHVIE L KT v 2HOTH
T-BEHOFHRD» HBL I EHLTEXHDY, ZOBE
Te(F) LA D L~ (Eg(D)) &EEELTW
5120 v DEVPFETCEZVWESATNADTY, T
10Dq 2R8It 45 & %13y 210Dq & L THWTHE
WA,

AROBE—TUHYHTADHE (K2~K4), 7
VA ) EEBOHENICH N 10 De 3BEFESEMZR L,
FoEmogl&E, KoBe» NaoFE LD KE<,
FHEUTNMH)EEBTCRET S L, PbO d|&H
KENWEXIZIZ10DqOEEB/NENVWZ EBED LN
tz. Z®10Dq @Mz >N TiE, {ETES ™ D Na,0O-
ALO-B,0, ZH 5 ATOETINVAVHABRTOER .S
EZILshHE, I AOMEBEIBIEs A THLL, 8
B chR@gahTOr Ni* 5, LORELMNEZ LS
ki nstovThbEEIHOND. T d Ni** gk
DRFEICE Y » OBBUENBOX ¥ v THIEN - 12
ZEERIET B, TAVIConTIEKENaTig, K
DA A VERPKE L, HEBEOFICEDRELF
E45t0sEZLNS. £12PODEIGHKEVLE
10 Dq OZALA/NZ 0D, H T A{LHEHDOEN P S
55 EHIC, PoOgEPRE L EMEBENHES
NTHY, FHWBIALEBEOHIZT VAP A->TN
<DT, MEASTIUANEEROENICHEVLERZR
T nslstaendbollfiahnsg.

BETNHYH T ADHAED10Dg D&, THh
AL USL HAEED P R EZHOTVS. COTA
~DNSEFThiE, I ApTcK & Nat BRET S
EICKkY, BEEBEAWIETIEEP DT LEN LN
LB TNBIEERTHDEEZLHND.

4.2 Racah() B/NXTA—2—

dEBEBFEO s —u vy HEER%2/RY Racah ® B/%35
A= =%, FOMMNP> OHBA 4 VIREIZB TS
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i (1030cm™!) EHANT, ZORDPOEEPKENEZ
EHEEEUEPRKENIEARBRTHLDTHH & X
n®, BOMIELIFITRTIRIC n RO w E— 7 D%
RALTKSHB ZENTE B,
B=(1—2 v 15— 1)/35 »—9 v) (2)
xR,0(100—x)PbO-2B,0, #5207 NVh ) EFE
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Fig.13. Variation of Recah’s B parameter of Ni?*

tons for PbO-B,0,-R,0 glasses.
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Fig.14. Variation of Racah’ B parameter of Ni** ions
in 76(Pb0O-2 B,0,) + xK,0+ (24— x)Na,O glasses.
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Fig.15. Variation of Racah’s B parameter of Ni**

ions in 84(Pb0-B,0,)+ xK,0+ (16— x)Na,O glasses.
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1245 BOMOEREZRIZICRLE. LY BD
BRET7TLUH)EEEOEMCEVEFICEIL (<
) 7 28 PbO-2B,0, 04, K,0=24mol% T —
390 cm !, Na,0 24 mol % ©—140cm~'; PbO-B,0; ®
B4, K,0=16mol% T —45cm~!, Na,0=16mol %
T—30cm™), WL HEEE K DEHEN NaDFE
Db K&, £12PODEEMKEVE EITIE BOHE
OEAL/NS V. ZhHDZEE)E10Dg D&k E £ <
WELTWD., Lzh-T, TvhVESHEEBREINCES
B/3F % — 7 — O E, Nitv RO EEEE N5
DOENBEIERERBTLEDEEZILND.

BETNA)RIEEEST T ADBEOEFHICHT S
BOHEOEOH E LT, 76(PbO-2B,0;) + xK,0+
(24 — x) Na,O & 84 (PbO-B,0;) + xK,0 + (16 — x)
Na,0 D#BEOH T A>T, #hFhEH14, E15
WIZRULT. BBR14IRLUERD 7T 24N, B
OF{LEHEVMET L. BOEETIVAYE
BHOBITHEY, FEANIL SATRER » s dhii % H#
NWTW5d (HUOHKROEHA, BER2»H5DT NI
K,0/(K,0+Na,0) LofEH 0.6 D& & +65cm™), &
nigA s 2 K & Nat lRAET A &Ik, Nit
SERDHEREEHDOEEN DI PP H/NS LT

L EERTHDEEZZOND.
4.3 7IH)EBRRUEALOETLIZLZIBEE
{Eic>W\WT

KAHT T AD NI OHJUNARTZ F LD — 7B
DMK EN X, FES® 0 R,0-B,0; %, fEfESYD
Na,0-ALO,-B,0, & C¥, ¥— 7 NBEMBTNVHNER
BOBIZH U THRAMESPH/NMEZFF > TEIEL TS
DT L, HEBHBHETH LD T, KRO T 7 ZAOHMK
I EABERLI BN TH L EBbhd. AUHE
OERMBIZ OV TIE, FIMPR AT bV DRIERR Y
5, TLVHYEBBOEIMICHED 4 By RO—EH
3MMAYEIIELTEILOEEZ SN S, NP DR
MBIz WTIE, FIK6EMTHAEEEZ HN, 4B
DN izkBEx3nb uid, ROM20mol% Ll ED
EX I IR LN, BERTV. Lo TAR
DHI AL, Paul 5205 K,0-B,0, ZHF AIZBW
THEIZARMNBEDOART PVERT &9 2EEEOKE
WEBREIFEELZVEEZONS.

TLUh)EFEOEINICHES 10 Dg oEMmx, B/Y
FGA—F—ORPIE, v+ v 7 AN PbO-2B0, IF
AT, TVHVEEENPZVERIIEETHH. Thid
Duffy® & Na,0-B,0, 5 2 D& T v A ) HAKTDE
BEBREILITHE, MEHBEK P L VBIEINT,
B,Os D k> sE#iA 4+ v WERLTWASZHIT,
Ni* R ORESEEREEKT 2 EICERT LD
EEZOLNSD.
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BETNVHVGT T ADEFE, €—I7MER B/ST X —
YT NA)ERLOEREE I, BFEE,LSDT
MIZTNhBZEPFEH SN, Ahmed 590D (30—x)
Nazo : szO 70 Bzos D7 ADOHBINBIEDEREF
R SEASR SN, £, BITRLT VAV ER
HoZbE EHITEBHEEERUIZ. e s, K
FOH T ADNBIRF VBRI, BET VD VSR
BHEVOHBEICEM P - 1.

5 # B

NiO # & ¢ PbO- B,0,-R,0 (R=K, Na) R O
PbO-B,04-K,0-Na,0 245 212> T, #F XD
Ni* £ v ORBPWART b, FIRIRA R b
BRUORBHRICRIFI TN EBBILHOHELZFH
1. BoREERIIRDOES> TH 5.

(1) PbO-B,0,-R,O0ZH I AT, 6fHD Ni**
KEBHEDERDODNDE v, w, s D=2DRIRY — 7 H
Tovoh, TLHYEEBOEMIIEN, v dBEK
B~ v RO i HEEBBEIAY 7 b A EEAPR SN
12, ThiZPbODEEMN KRS O EZITIIEEMLNE
Mol INHDE—7 DEBOELE B/ST A~ —
DOEL» 5, TLH)EREEOEMIZLY, #7 AMA
BEPE S LT NI ORN THBREROCREESY
MY 5 LR S~z PbO-B,0,-K,0-Na,0
JHTAT, Y= RO BT X—F—I3BEHRMED
HEHIMIIITNEIENTED LN,

(2) FAMBIRARZ bOBIETIE, TVAVEER
BOBIMI XY, 4B6AYRO—E 3RChILd 5.

(3) PbO-B,0,-R,0 (R=K, Na) ZH 37 AT,
TNHY) ERBOBIMICHEVBIIRBIIET UL, Jhid
A4 VEIFOENKE VPO 4 4 OHEEVHEAT B
ZEILEBLDEEZEZ SN S, PbO-B,0,-K,0-Na,0
RHT AT, ThHVERGLROBIIE,, BIrEiL
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