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Raman Specira of Glassy PbO-GeO, and PbO-B,0; Systems

Ryozo OYAMADA and Hisao HAGIWARA*

(Faculty of BEducation, Nagasaki University, Nagasaki-shi, 852>
* Agano Institute of Technology, Yokohama-shi, 221

Raman spectra of glassy PbO-GeO, and PbO-B,0, systems were measured and analyzed.
For pure glassy GeO,, several bands were observed at 300~600 (peak position: 410), 760,
860 and 970 cm~'. The bands at 410, 760 and 860 cm™ were assigned respectively to v,
v, and v, mode of the vibration of the tetrahedral GeO, which has 74 symmetry. For
PbO-GeO, system a new band appeared at 750~850 cm™ and it could be separated into
two bands by the polarization analysis. One of these new bands, the band of higher
energy, corresponding to the band at 860cm™ of glassy GeO,, was found to shift toward
a lower wavenumber with increasing PbO content. The wavenumber of this band showed
a nearly constant value in the neighbourhood of PbO-GeO, composition. The similar
shift of another band of lower energy was also found. The fact might be related to the
6-folded coordination of Ge in tetragonal GeO, (rutile type). Such a trend of band shift-
ing found in Raman spectra is similar to that of the infrared absorption spectra previously
reported by the authors. - ' S : .
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For pure glassy B,O;, several bands were also observed at 450, 650, 806, 1260 and 1470
cm™. The bands at 650, 806, 1260 and 1470 cm™* were assigned respectively to v,’, v,’, vy,
and v, mode of the vibration of the triangular BO, which is D, symmetry. For PbO-
B,O, system, the bands at 1260 and 1470 cm™* were united into a broad band and showed
the shift toward a lower wavenumber with increasing PbO content, e.g. 1350 cm™ for
PbO 30mol% and 1245cm™ for PbO 70mol%, suggesting the effect of the interaction
between Pb** ion and BO; group. A new band appeared at 1000~1150 cm™, and could be
assigned to v; mode of BO, tetrahedral structure (7'q symmetry). The intensity of this
band increased up to about PbO 50mol%, and then decreased with further increase of
PbO. The fact might be related to the number of BO, structural units which are found
in the system.

Based on the above assignments, we estimated the force constants in GeO, and BO; stru-
ctural units by GF matrix method. The values of f;, fy and fry for GeO, were 5.45,
0.55 and 0.13 (mdyn/A) and for BO, were 6.13, 0.80 and 0.76 (mdyn/A), respectively.
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2 VAN ORI B e v, FHBIX, Sz PbO-
Si0, BH T AN < v HHBERIZONWT, fMoHEE
DORIERER L Bk LT, 2ot L BEoBREE
FEL7, ARG T, BROXSICH T AR E
B L CTHBR TR A A v OENEDENT 2 & H bR T
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B A/ BEREOS S, BO, O BRO =FHEFH
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PbO-B,0; ZH T2\ TEx bh 3 BO, HEH
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Fig. 1. Raman spectra of glassy PbO-GeO, system.
Dotted lines show the spectra of the pola-
rization measurement. Numerals in the
figure show PbO mol%. The positions of
Raman bands for trigonal GeO, crystal (a)
assigned by Scott'® and those for glassy
PbO-GeO, system (b, ¢, d) reported by
Morozov et al.?® are ‘also shown.
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Fig. 2. Relationship between the positions of the
peak maxima of two kinds of the high-
wave number bands and composition of
glassy PbO-GeO, system. The composi-
tions of the compounds of this system are
also shown.
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1z, Scott {2k 3 12lem™ ZHE+ 53 FidAER
RS T, BICEFERD 760 cm™ IR B A
¥ FiX Scott OFFERICIIR/D bR, (7, ARERO
300~600 cm™ DOEPHIZ Scott T XL AEED A FO¥
BHIET 20, €~ 7 fED 410cm™ jZHET 5 8
v Kk Scott OfERICITRAD DR V.

Kz, AfEG % Morozov LOFERE (M 1b) & ke
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900 cm™ (& — 7 fir {8 860 cm™) ? < ¥ K KUt 970
cm™ D 3 Fix, Morozov & DFEETIIFHFRh 820
~860cm™ KX 97ecm™ LAY, FhRFEHLRS.
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DEBOHRICERT A bDEEZONS. Kic, 5
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THHZL) TE-T, EROXd LiEPEFSLO
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EEZRTRER LRV, FOREBWTHEME TAER
BThbs Thowz, B bBR/X iz, RFETI
GeO, BEHEMICE S TRHROBRMF LTS .
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DAY RObEh2ER Y BBH LS. 860cm™
DAY R, BRo X iz GeO, BEHA 2E 2 254
ik, AR LRk GeO, IREND vy £— KRB S
né.Lmbﬁﬁ%,ﬁl*m¥—M®ﬂVFm,&mt
WWEBZFRWRRES&E GeO, » I <3y FHZ

B shT, itﬁm%fﬁ#tﬁwﬁﬁﬁmiﬁvf
THALPIZTEZ é:7b>’C*%f£7b}o7L

iz 410cm™ KR 760cm™ OS5 < 0 K ORE
BFEZITHORATWREVWDT, ZORBE{T-7.

¥, GeO, 1RH) 0 ARSI O v £— Fico
WT CO, ZBHREN" % & L, GeF, EB® v, £~ F
(738em™)%® i RS ELHE (Ge-F & Ge-O @
JIOREEFE—LEE) 21T L, i E— FOEREL
T 767.5cm™ 3ES>h5. Zhix biEo 760cm™ »
BELFE-ETE. Ll -T, TO0 K GeO,
REo v, E—FRBTE3L0LBbhs. %7k,
410ecm™ » R v Rz ThGeO, izBiF 5 GeO, IBHED
vy T—F (415em™) KR UGeO, iz 1T % GeO, IES)
D v, F—F @l0em™) R FORBD BT L,
GeO, RED v, T—FTh3 EEZLNS.

3.1.2 PbO-GeO, H5 X PbO E{?ﬁjjuﬁﬁ’ =,
GeO T 2D 410 cm‘1 &U 760(:111‘l DA R, R
%mﬁﬁbf%mt IHARHAREL 22D, BEIZERT

. ¥72 GeO, 520 500cm™ fHFEIZE 2R3
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Kb, PbO BEOCHEMIME > THETS. Thbof
Bn5t, PbO JEEE 30 B 40mol% Oz~ h®
Morozov & DFER® (K 1lc, d) LHERT 3 L, 1SiE%
EBRD LS. L LR Morozov & 0#éE T,
PbO {&EF 10mol% < 815cm™ Hbhi Ay K28,
ZORE R BUCHEIN L7235, PbO JEEE 45 mol% To
TMTem™ FTCVT7 b T5Ld50 (Hle,dizBiFs
800 cm™, 790 e A131) %), AKER TrIKE I BE OB
mEEEs b o 7. Eiz, PbO EBEE 40mol% 128
7% 632em™ (M1d) oY FLARRECEAED DI
oz,

K1z T, PbO JEEE 30mol% » 815em™ 75,
PbO BEE 60mol% @ 780cm™ ¥ Ty 7 ++ 53K
X, RAEREICLY 2RO FIzaEFT 52 & 38

bhic. ORI, HKiiHE LIRS Ro
REDE—HTE. CO2@BOAVEFDS L, BHTZXL

X~ R, FEREoRe LT, GeO,
HS5 2D 860cm™ D vy E— Rz T30 Bb
ha, 2oz AXF—[loAr Fid, K2iRLIZX

5 MR 2B &R L, BAA(LEH PbO-GeO,
DHFRFTEE mol% ORITIL, IRIE—ERE LR 5. F
7o, B R AEF o] Fik, PbO B 30mol% »
780 cm™ 5, PbO BE 60mol® @ 728cm™ F T
Y7 RL, BZRAX—@SL FOov 7 L ERRAEN
BT, IhSOREY 7 o[, RO

BV TROONEEEY 7 M EFRTH S,

100 em™ fHED A2 Fix PbO 23dmE iz e,
LLBEDLNBEN, ZORXVFRRL26ELRD LI
PbO BEE DI - T Z OME R BT 5. Ei,
130em™ Dy Fps PbO HEEMl (60 mol%) THb
hiz. Zhix PbO-SiO, % 4 5 2 DFEE' L EDR%E
> TBDT, PbO-GeO, F & PbO-SIO, % & THZ
AEEREVRAED L ETFRTEL0LELLND.

P EORER D B PbO-GeO, %4 F A1, HicEED
ML L7e PbO-Si0, ZOHEA™ & [FAkkIc, GeO, B
Pre Pb*r A4 L L OMEAERIC X - TEETHZ LM
T&5. Thbb, PbO oFMicky, GeO, #1752
D GeO, BfrHEtE X 254 24 U, FExtayic RhiZ GeO,
BEIOXFER BN S . 4 FERENC BT 2 &M
TWENIERAFMEIC R T 500 T, DX 5 ICHFHER
HBhaZ ey, ®—F (760cm™) OFEET 2 HETH
ArHeE&EZOLNS. EEAKRE) v, T—F (Al0em™)
R OSEtFMibiEiES) vs E— F (860cm™) %, Pb*t ¢
FrORBYZT T, MIEIAHEL 2D GBS EK
VIR LOLEXLNDN, FERET v— Fhakd
W TEAV), BEMERER~ 7 b5 b0l
EZ2on5. M2 TEDLNDS v T— FOREENEE
—E L 2 BT, BAE(LEY PbO-GeO, ixbitt
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BT Emb, ZOMBRMETEY T 2 BENZ DAY
OBELEMEE bbb 0 LEL DRSS, ZOREHIT
Morozov & DFRARIZ L % FERDICBWTH B bR
5.

—HIEEERD A Fix, GeO, v VEHREIORE
Tl4em™ (JFHE 14 pm)™ 12305 %, ZORKRIHTEHO
HRIROFERICBNTLRBO L. k7, KR TR
PbO {BEE 60 mol% Zikz 2 & #' 7 R REBRTEILL L
250, RU 4 FHEBERM 25K PbO-Si0, T
i3 PbO #BEE 80mol% FTHIFARELARS. Z0X
5 72 ¥E 1z PbO-GeO, % T3 B #1E 2R+ % GeO,
HEEEATR PbO BE 60 mol ¥ LA E T3 87 - 7248
BERDIDTRERNEEZLNS. LEEB-T, LA
Loz LEEBZEDLED L, ERH T2 TIX PO BE
2 60 mol % izyr3< &, 68N Ge JRF DA kEE
ZBVERLDZDTERVHEBbRS.

3.2 PbO-B,0, £H35 X

PbO-B,0; ZHIFRADF = R 27 ML OfHEFI%
B3Rk Lz, AT, 400cm™ XV B EE Ao =~
7 M, IREEBIO R RS MO 3fEDORRE TESEL
bDTHD. FlosBo-Diz, Krogh-Moe? z k
> T Boroxol F#IRENCRE Shiz B.O; #5205
v v R OEBAEE R O EEHIOoR Lz,

42X, PbO BEECHT 5 lﬂjmﬁtﬁl DAUEDOE
— 7B OBEILEF &R L.

3.2.1 B,0, 5%  B,0, #5 xTit, 806cm™
ICIEFIHRNS <o N KR8 b h, 72 450, 650,
1260 KX 1470cm™ i3 v Kbz, 2hhos
v KOfIEix, Boroxol B#&ic ks 5 = LA R L
?3?§%[E‘:LTV\5 3). Lz - T, BO; 52
&z BO, Brhs 3 #54 L7z Boroxol B % 23KHED
HMThdLEZLNS.

—7, EAREAEE L LT BO; KU BO, HAr
b B0y H7REEZ-BAEICIE, F0IESROR
Bix, 1R LEEIREZBRLTWED, ZORE
X, X C®» Moore 520z X 5T, FRIMRIFIL AL Ko

Table 1. Assignment of infrared absorption and
Raman bands for B,0, (Adams).
Wavelength ~ Wavenumber .
(ﬂm) (cm“ Mode Actlve
6.9 1449 Vs IR, R
8.0 1250 V5 IR, R
8.3 1205 20, IR, R
9.5 1053 Vs IR, R
10.6 944 V3 IR, R
11.3 885 Vi R
12.5 800 Vi R
13.9 719 . . Ve . IR
vi:BOs, vi:BO,, IR:Infrared, R: Raman
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5 BF; REIOESHEOIFEVEFBRLTELOR, #
D% Adams »¥ 12X - T BO, I8 % ZE L TEEX
niebDTH3B

BRTB L5 ,PbO B E 72 4izid, Boroxol
B < h, BO; Bifr L Pb* 4 /MEE{’E% 233
EBENB. %7, PbO-2B,0; kit 4 RArA Y
EnbBbDEOMIEIRBHY, Ledi-T BO, K
MNOTFHEEEZDUERDS. 22T, HWERTHS
LiFEZONBHR, AWFZE ©it Boroxol BHoHAK
fir& LTo BO; Bfir, 7 4 ffizk o BO, Bifi
"o, BROEBERLEDLZ L L LK.

Adams 5DIRE (F1) #2BEBIcTB L, ZhbD
RNy R0 95, 1260cm™ KX 1470em™ D5 <Ny
Kix BO; &80 vy’ T—FizlRBTX, 650cm™ 0
~ v Rk BO,; IRE0 v, E— FizlgBT&sL®
zbN5. 2, Adams 5%, £1 0 1250cm™ KX
1449 cm™ DAY FOFHHEE 1350 cm™ % 2 EHEE
RS v’ T—FELRARLY, BAVFRZhoxS
YUy hLZZBDLEEZTWS X5 Ths. AFERTIE,
Z O EE 1365 cm™ L2 5.

806 cm™ DN Rk, #1 OREICHEZT BO, EH)
Dy E— FNIZHEYT 5. LHrL, 2D Fit Boroxol
BRROEM S5~ AU FTH B0, 2Rz, BO,
WL o Xt EERE) ¢ = —F) ohoEke LT,
Boroxol “Hi#%ic 817 5 B-O fhEiESio o Bk 6.5
mdyn/A® EF\3 L, BBROFBIC L - T BO, #EH)
Dy F—FLLT 82.8cm™ RNESNS. Lizdi-
T, HWIERITix 806 cm™ i BO, I8 v, =— K &
T5%D %, BOIREID v/ E— FL&Ex5HREINE
S5iBbhs.

3.2.2 PbO-B,0, R#H SR  PbOpRME hizsh
£, BO; #1520 1260cm™ K1 1470 e~ CE k%%
1365 cm™) izwhis T A EESERIC, Tue— RSV R
BHbi, PbO MEF 30mol® Tk AL Ko E—2ik
1330 em™ THB. oY Fix, PO BEOBEMICEE
> T PbO #E 70mol% ¢ 1250 cm™ % CIEH &R~
V7 MT5. MAIWR LI 5T, Z 0l BA S
&% PbO-2 B,O, 1z}t % MARRAHE D ¥k mol % o fifH
T}, BE—EBEZTT. £/, aAdikgt 5PbO-4
B.O; KU 2PbO-B,O; fAOFHETY, R0—E R

BT, ZOWEEY T PO, FARK I S 2 R
BO; vy’ E—F) OEEY 7 ORI L —E+ 5.

B,O; #5 RizBiF% 806cm™ D T+ AL Fig,
PbO BEOHEMICHE - T BB EBIT2 L BRohs.
E7z PbO pifmaEn54.B3»bRoh3 k51,
%‘?LV"@%&/}/ F23 1000~1150 cm™ (2Hbh b. &
DAY Fix, PbO A 0~50 mol% DT>
SMEAZHET XY ICR LN, #0% PbO BEER#EN+ 2
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Fig. 3. Raman spectra of grassy PbO-B,0; system.
Spectra at the wavenumber over 400 cm™
were recorded with the sensitivity three
times of those at the wavenumber under
400 cm™'. Numerals in the figure show
PbO mol%. The positions of Raman
bands for boroxol skeleton assigned by
Krogh-Moe are also shown in the upper
part of the figure.
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Fig. 4. Relationship between the position of the
peak maximum of the high-wavenumber
band and composition of glassy PbO-
B,O; system. The compositions of the
compounds of this system are also shown.
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- THET 3. 2B, 90~130cm iR icEbh %
F Loy RO PbO-Si0, ZoHA i
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Table 2. Force constants (fy, fy, frs) calculated
for GeQO, and BO, vibrations. The force
constants for SiO, vibration are also
shown for referring to the others (va-
lues obtained previously by authors).

(mdyn/A)
Force const. fr fs frs
GeOy 5.45 0.55 0.13
BO; 6.13 0.80 0.76
SiO, 5.89 0.51 0.11

BRESICHEOHOREIC X ZHEERANEEE L.
Wilson ol 2 AuviuX, Ta a0 GeO, @
EBHO GROF <Y v 7 20EFRIX, LTFO X5 7%
EXPMETERE) A, B, KO3 EMERE F. Blicsd
TRbTZLNTXS.
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Algg (Gy) = (20) (2)
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G, Go, —( —8 ngen/3 2 poo®
+16 .IA"Gepz/3
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