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(1) WEARa—F4 AR ELND BETERILSH O LROEE X, Cr,0, T 10mol%,
Mn,0; © 20mol%, Fe,0; T 45mol%, CoO T 45mol%, NiO ¢ 55mol%, CuO T 45mol%
THY, ZOBECRIBES 0.2~0.5pm 0= —F ¢ v J D 565nm (NDOFBEREK L 2
ZEE) OFBRE, Cr T 81%, Mn T 68%, Fe T 63%, Co Ti2ig0%, Ni ¢ 59%, Cu
T %% Thol.

(2) BBRARAALDa—T 4 v VEPTORTFEECBMREDZ L A LT, BERTELL
7 SiO, # 5 2R CORFMROERMRELFLTHSE 2 L2307 L L—2OBBTRICO
WTHBREFED 5 WIEMREO 5D 584 (RE) 3, BETELLILLDLFE—TixAd-
fe. A= 4V PHERTs v A3 6EALO Cr*t, <3 ik 6 BRI Mn®, gkix 6Bz Fe't,
28V M ABIO Cot*, =y iz 6 BRI Nit*, 8k 6 BRI Cutt & LTHETS 2 LA
Bt (1982 % 9 A 3 HZHD)

Optical Absorption of Transition Element Oxide-Silica Coating
Films Prepared by Sol-Gel Method
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The valence and coordination of the transition element in the transition element oxide-silica
coating films prepared by sol-gel method were examined by measuring the optical absorption
spectra and compared with those found in the silica glass containing a transition element
oxide prepared by Schultz by flame-hydrolysis at high temperatures. The following results
were obtained :

(1) The maximum possible content of a transition element oxide for obtaining homoge-
neous film was 10mol% for Cr.0;, 20mol% for Mn,O;, 45 mol% for Fe,0;, 45 mol% for
CoO, 55mol% for NiO and 45mol% for CuO. The optical transmittance at 555nm of the
homogeneously colored 0.2~0.5 um thick {films with strongest absorption was 81% for Cr,
68% for Mn, 63% for Fe, almost 0% for Co, 59% for Ni and 95% for Cu.

(2) The valence and coordination of a transition element in the films were similar to
those found in silica glass prepared at high temperatures. However, the concentration of a
transition element showing a certain valence and coordination was not equal to that found
in silica glass prepared at high temperatures. It was found that chromium is present as
Cr** in octahedral site, manganese as Mn?* in octahedral site, iron as Fe®* in octahedral
site, cobalt as Co?* in tetrahedral site, nickel as Ni** in octahedral site and copper as Cu?*
in octahedral site. [Received September 3, 1982]
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HIAGBETRICL > TERTEY, 20&EHE &
IRARZ V) BZBBITHEA A v ol BEFERVE
FOREBIZ X » TELF 322, Schultz?® (34 OBBT
REBUEAYVY IV TR KRMKSREICE - THE
BTERML, 20XRBINZR7 MICESHWCEBSTE
A F v DRFERCERMREE B2 HELY BB
TREGUV VAT TAE S VI VETHERL, 20X
WX Z BB Lie. 7272 LB S ORIE T3 BB THE DEE
X 0.01~0.5wt% T/Hh&ELK, ERBRARZ bV
Mn & CoizonTULIFRENTWARY. Schréder® i3
Bx OBBITEBRIMEZ S YV AT IR a-F o)
[EE SN NETER L 720, BETHREOTRIMELRIY
ARY MK ORFECEMRBIZONWTERRELTY
. —RiC S A F LB I, BRTH I R X
2a—F 4 TR TES. ERBBECT 2T
ERRERHR LT FIRICTE, BREICEZ LD b
SNICEBROBE TR ESUEAT TR EEZZLNT
&5 LHBEND. LELIRETORETIE, Yol
DWEEDOEBBTRTEEES 2 L AAREMNIADL T
Sh T,
EHEDOBENZ, W IRERE SNV NETHE- 2
EBEETI—FT 4 U TBLRE-T, FIRDER
CHETEBMMREB/IZLTHE. 20dELD
BREREEAOBETIE LT 4 ¥ SIEORITR <
7 MVERIETAZLICE T, BBEEAF L OEF
EROEAIREBZ T, BRTHENIZVY HH T2
DERTTHEA F v OREB L kL 1.

2. X B K5 &%

=T R, R OARE BREROER~DOH
AR, BARER O L BAD 3 BEEOERIC X - THEHL
7.

BRI, vYVvarsrszhxvFficoy ) -
(95%) , ZKEKRUEREZ ML 30 FUEHZALT
WERBEREL, ZORINCEBETHEOMEERELZ ML
T PRBFALTER2CHEBIT TP L. BT
FROWEE L LT, #HERE 0 Cr(NOy,;-9H,0, Mn
(NOy) 5+6 H,0, Fe (NOy),+6 H,0, Co(NOy),+6 H,0, Ni
(NOy);+3H,0 BV Cu(NOy,-6 H,0 # FH L7 &
BHOBBTROBRE T, BILWCHEL T 5mol% 2
O BEDOHRAAFIREIC 2 2R E T S5mol% BEiz 1
&gk ThoOEKR OSL, BYETRIBE K 10
mol%, 20mol%, 30mol% Db DOFAMMR, e
DEROBICHBERREZE 1 ITRT. 72720 Co D3

A1x 5mol% DHWRITE T 227 ML RBE LB
FT23DT, 5mol% BERELELLDETELE.

a—F a4y TRERE Y—-FARY I I2HO
BMBERR T4 FH S22 Bz, BREBFKRCBEL
2%, BEE—F—32FWT 2.8mm/s DFEE CEEIC
l&E LT, ENCH1ISMKEBL CREZERSER. £
Dt 500°C T 1RFRMAL, A CHB L.

RN R ~2 7 kvid, Varian #:8 Cary 14 El43%3%
EfizED, a—F4 07 1L T RVWRSA FF52%
SRERBE LTHIE L7z, W IEERIX 300~1600nm,
BREEEEEIT 1nm/s & L7

a—F 4 v IEOEEER, /NREFFEFRS SE-3B # 5
EREERAERZANWTHEL. N5vr% Lok
fibgt 2 B REICEESE, 20RO 0N ERE
FREXDZFEZFALTWS. Ko EREERE IR
L.

KRIZX VRIRART M A DORBERVIEE S, £
EEICRIT 5 EHEEEE A (Practical absorptivity)®
REHELZ.

A=logu/ID/t-C (1)
ZZT In BEE 1 COFEBRESITRVWELOER
B, C IBBTHEBRCHOER %, t Za—F4v 7
EDOES (em) Th3. EARGFEITEEICLER 2
—F A TBEOEENETE R otk nER Las
ofc. A BHER % Y7 oRNERLTEY, &
AT VTRED A BRDBZLik-T, F—0F
BRI TORNARETES. Eea—F 10
ROBEOBEZ WET5 iz, NORRBEREKRL

Table 1. Composition of starting solution
for colored coating films.

Coloring Oxide composition Salt used Filn

element No. (mols) Formula Quentity thickness

(9) (um)

Cr Crlo lOCr203~905102 Cr(N03)3'9H20 6.4 0.35

Cr20 20Cr203-805102 14.4 0.30

Mn Mnlo 10Mn203'905102 Mn(N03)3~6H20 4.6 0.24

Mn20  20Mn,04-80Si0, 10.3 0.37

Mn30 30Mn,0;-705i0, 17.7 0.36

Fe Fel0 10Fe,03:905i0, Fe(NO3)3-9H,0 6.5 0.32

Fe20 20Fe2‘03-805102 14.5 0.36

Fe30 30Fe203-705i02 25.0 0.50

Co Colo0 10C00~905i02 Co(N03)2-6H20 2.3 0.25

Cols 15C00-855i02 3.7 0.30

Co20 20CDO~805102 5.2 0.30

Co25 25C00-75510, 7.0 0.24

Co30 30C00-705i02 2.0 0.20

Ni Nil0 10Ni0-90sioO, Ni(NOj),-6H,0 2.3 0.34

Niz20 20Ni0~805102 5.2 0.34

Ni3o 30Ni0-708i02 2.0 0.40

Cu Culo 10Cu0~90$i02 Cu(N03)2-3H20 1.9 0.43

Cu20 20Cu0-BOSi02 4.3 0.60

Cu3o 30@0-705102 7.4 0.52

The solutions were composed of 15g Si(OC2H5)4, 24g C,HZOH
{95%), 109 HZO’ 0.2g HC1l (35%) and a salt.
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/2% 555nm DOFBEREP - Table 5. Optical absotption due to cobalt.
Absorbing Co in coating Co in fused [Co(HZO)GIZI) Co2+ inlfno
species and film silica in solution crystal
3. X B & R related Mols of CoO (0.13 wtt)
@2,\,7 &:_—3_-‘7‘—4’ yy“ﬂ%@&qlx ,\°7 ]‘/V%?T'\"?—- transitions 10 20 30
Roftihiziz, Q) NTRENDECRILY 1wts 4 . i ocia (rm) {nm) (nm) (am)
) DRI & FHTERARRBE PN L oTHB. F72[X - hedral site
4 4
P TS . s -~ 1234
i, KRR ICX > Ty H 7R IcowT B~ D
N R . - T3 885
Schultz #3HsE L72BRILR 27 AP BB TR L. .
) . . -3 610 625
R2~TIZRBIRA R MARCEDBNBRIRE— 7 D - L
. . - Ti 5 515
FRL, WY KES -y OREERT. UTES tes
Co in tetra-~
m%@’ﬂ:%@ﬁﬁ:a @Cﬁ%ﬁfﬂ'ﬁ’{é hedral site
. 4 4
3-1 Crzoa"lez Hi D il r% 1700
. . . . 4 1500 1500 1500 1720
WA =7 bV &2 BT iR/3. Cr,O, @ EE 2R 10 - Ta® 1230 1250 1300 1458
1351
mol% T DRFAICTIITEN CRERELEL, 650 ~ ‘e 850 &0 —  6es &
N . . 510 500 —— 557
- o =%
nm, 410nm KU 370 nm fHLIRRI E— 7 BBHD DI riveneiciea L e
380 400 440
Table 2. Optical absorption due to chromium.
Absorbing Cr in coating Cr in fused [c;:(H?_o)G]3+ [cr(;{zo)alz* Table s. Optical absorption due to nickel.
species and £ilm silica®) in solution™ in solution
related Mol of Cry0; (0.012 wts) Absorhing Ni in coating Ni in fused [Ni(H,0)g1%"
transitions 10 20 species and film silica®) in solution
(rm) (nm) (o) (nm) related Molt of NiO (0,40 wts)
nm, :
¢ in octa- transitions 10 20 30
hedral site (nm) (nm) (nm)
‘G='n  ss0 650 625 575 wi2* in octa-
4 hedral site
IZ(F) 410 410 460 410 3 3,
2+ . IE — rg 1400 1300 1600 1176
Cr in octa-
hedral site -’n 710 720 730 741
TB-T 719 -5 560 560 560 649
Unidentified 370 370 - BIZ(P’ 450 470 400 410 395
Ni2+ in tetra-
. . hedral site
Table 3. Optical absorption due to manganese. 3 N
I" —_ 1" (p) 650
4 4 525
Absorbing Mn in coating Mn in fused '[Mn(320)5}3+ [Mn(H20)6]2+ Unidentified 730
species and £ilm silicaz) in solution™ in solutionl)
related MolR of Mn203 {0.12 wty)
t. iti . .
rensitions Table 7. Optical absorption due to copper.
s (nm) (nm) (nm) (nm)
+ .
Mn™" in octa- Absorbing Cu in coating Cu in fused [Cu(Hzo)Gl2+
hedral site species and £ilm silica! in solution
SB - 51':,’ 470 470 500 460 476 related Mols of Cuo (0.10 wtg)
2+ transitions 10 20 30
Mn' in complex
of octahedral {nm) (nm) (nm)
and tetrahedral Cuz+ in octa-
sites hedral site
‘n-"nm 330 336 22 790 790 780 794
cut Strong U.V.
absorption
Table 4. Optical absorption due to iron. Unidentified 410 500 470

5. Cr,0y DEERE L 2512200 TEHRIMNRDORIR

Absorbing Fe in coating Fe in fused [Fe(H20)513+ [Fe(H20)6]2+
species and £ilm silica in solution in solution
related Molg of Fe203 (0.28 wtg)
transitions 10 20 30
(nm) {nm} (nm) (nm})
Fe3+ in octa-
hedral site
i = ‘3@ 810 850 810 793
Fe?* in tetra-
hedral site
5. S
=1 1100 961
Unidentified 1356 1550 1300 850
1700

B Y, WEFRREMA O > TEARILY DR

PLIBEEY T2 Y ORI T i b bEABRKRESIRE R
5. Cr,0; DEHEN 15mol% DLEICR B L/AEN
BEDFARBEL, 2—7 1 VIIRIRBCAEN
Zipole. WRTLOLDORWERTEIZLDODY L,

Cr.O, ﬁﬁ%biﬁ%glﬂ 10mol% DIED 555 nm @

ERIZBITAEELX 81% Th ot
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Fig. 1. Optical absorption spectra of
chromium containing film.

Cr 10 : 10 Cr,0,+90 SiO,

Cr 20 : 20 Cr,0,-80 SiO,

Cr(S) : Schultz’s data®

300
Mn

200 F Mn30

Mn 20

100+
Mni10

Practical absorptivity (cm“ wt°/o‘1)

Mn(S)\
500 1000 1500
Wavelength(nm)

Fig. 2. Optical absorption spectra of
manganese containing film.

Mn 10 : 10 Mn,0,+90 SiO,

Mn 20 : 20 Mn,0,-80 SiO,

Mn 30 : 30 Mn,O,+70 SiO,

Mn(S) : Schultz’s data®

3.2 Mn,0.,-SiO, f& :

Tz 27 M AEE 2 IR ﬁmﬁmr&wfﬁé
PHOBAEE L. BARCEZREBRDOTE
WHEHBICETRELSLEIHL, EEFOV aVF—T
»5 500nm LI LRI E— 7 B3FH BB, Mn D
SHEEPHETICoOh THEERRERICh Iz » TERAK
FMARBABERT B, ZHREMBORIRPAEL 2B
zkk, 500nm fHEOBRRAREICHRLSRY, FOT
Z 2 500nm XY HERIBEEICER > T 2D TH
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Fig. 3. Optical absorption spectra of
iron containing film,

Fe 10 : 10 Fe, 0,90 SiO,

Fe 20 : 20 Fe,0,-80 SiO,

Fe 30 : 30 Fe,0,+70 Si0,

Fe(S) : Schultz’s data®

%. Mn,0, EM 25mol% &3 L/NERITAEIE
U, BIRFCARFEH TR oTe. HETL DL DRWED
TERLOD 5B, Mn,O, EEEFKDEV 20mol%
DELD 555nm OFEERT 68% Th ol

3.3 Fe,0,-Si0, &
TR Ry MAER B IRY. RIEATRAEEL
7z. 800 nm fHEK U 1300~1500 nm {22 Fh AWK
RS 3. EloEIMNTIKERBINBEEDLN, O
I 1k Fe,Oy DEMETIZORTREL 2D, FIHER
ROSERAICETRESRIBLTWS. ThbbiE
T TIL, Fe OIMENRKE L 231z oh TERAR
AR E 2B, Fe,0p OIRIMED 45mol% =T
BLdbohnwWHERERE LN, 50mol% ULk iz
2% LHPWERPAT, BICIRIMESHET LEO—E
Bz OERTR>TIHEEL.. DODORWERTE
DN HH Fe,Os SBEVE LSV 45mol% DL DD
555nm DOFWERIX 63% ThHoTz.

3.4 Co0-8Si0; B

B4 IR R Ry MR M L o e ERRE
iz, CoO SHED 10mol%, 15mol%, 20 mol%
oW TIIER, 25mol%, 30 mol% iz > W T AR D
HEY TN THS. Bz CoO EHEN 5~15mol%
DBREIFARREEEEL, 20mol% Ll Lichz L
W BE % HOTEBG» L EB/ACEL, FiC
40mol% LI k23 LRIRIEDFENIE LAY 0 D
Lpotz. CoO SGHEMN 20mol% LLT DR TIZH 400
nm, #}500nm, #J 580 nm, #J 650 nm, 1200~1250 nm
Bt 1400~1450nm {2 EFADDE— 7 BB H LS.
THiIRF L 25mol% LI bR i 750 nm TRV IRIR
BE, FIZEIMBOWIL S KE 23 IcHRFEOF
— ZBBEY X5 TRLRY 400am & 750 nm DOIRIR
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Fig. 4. Optical absorption spectra of
cobalt containing film.

Co 10 : 10 Co0O-90 SiO,

Co 15 : 15 Co0-85 SiO,

Co 20 : 20 CoO-80 SiO,

Co 25 : 25 Co0O-75 SiO,

Co 30 : 30 CoO-70 Si0O,

Co(S) : Schultz’s data®

RFOR@Eebhs X oickh-T, HERERSECOR
> T EABRKBRELKE S A>TS. CO EFHE H»
45mol% ETIZHETLLDARAWEIE LT, 50
mol% LlEick 3 LIEDREIC LbAE LEN-ER0T
olz. CO EERVBFELELSLLORVWENELN
Jz 45mol% DL DD 555nm DFERIFIELOL 5
12T 0% Thotz. £F 35mol% @ EIXREENK
0% LBILEL, ~—7I7—R¥ELI.

3.5 NiO-SiO, &

R 5 BN AR7 FLvERT. BB CREAREH
Ul nifiges (e 22 L7k 400~470nm, 560
nm, 720nm fHE&U 1300~1600nm ZFh Fh —2
FOF EOORNE -2 BB bhS. NiO OFFE
BT L, BIBOTERKE L A2 Y REFERLSENE
HARARE N RELS 2B, 30mol® LIEDEIR, KRE
CEBEYE L. 55mol%d FTHETRL DRV
PELNR, 60mol% LIEich3 & EICiTARPAE
UAREHIZE -7z, 55mol%s DE®D 555nm @ FiER
i 59% Thoiz.

3.6 CuO-SiO, &

K6 BN R Ry M vERT. BRIIBEATRERAEE
L7z, 400~500nm & 790 nm FHFE & 2 BRIR £ — 7 2338
DohE. EEMFORRE— 7 D32, CuO &F
BT ohT RERMCBE L. CulO SHEN
45mol% EFTIXHETLLORWENE LN, 50
mol% LI Eiz7 5 & EOKFIC 4 7 72 ¥ T HEEICH]
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Practical absorptivity (em  wis)

5w 1000 1500
Wavelength (nm)
Fig. 5. Optical absorption spectra of

nickel containing film.
Ni 10 : 10 NiO-90 SiO,
Ni 20 : 20 NiO-80 SiO,
Ni 30 : 30 NiO-70 SiO,
Ni(S) : Schultz’s data®
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1)
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50t
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i
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Practical absorptivity (cm
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Fig. 6. Optical absorption spectra of
copper containing film.

Cu 10 : 10 Cu0-90 Si0,

Cu 20 : 20 Cu0-80 SiO,

Cu 30 : 30 CuO-70 SiO,

Cu(S) : Schultz’s data®

V2B LR TEIEARBH O & LK. 45
mol% DED 5656 nm DFEERIX 5% Tholz.

4. E ®

4,1 JFBIZDOIT

Ka—7 4 »VROWERIT, BBITROBPNEY DS
RBELDEICRZ ERELELE. Thbb, EHh
REBAERVVENRPAELZY, DEVREFARIKEL
BILEY LIz, 20X 5 ICEBRME LIV Bl
THREZE, MABELRCL>TERLTRER YL
FLLR—THB LiZEX VWD, RED—OREBES
BRBEHOWHEEZ LN S.

BTSN X 5%, WETLLORWERTERLZLDODH
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LR LESEOBETRERINT S Z LR TE RIS
7% 555nm DFWERL, K1 RLEX>ELRTR
BEDOBEEA 0.2~0.5 ym TRHHODTHE N LEELS L,
HEBWEENEOREELS. B, L VEWE
EBREBBITX, I—-FA S ERVELTEEREL T
HIER .

4.2 A FVOEFERUELIRE

(a) &4 B &

650 nm FHERUY 410 nm FHEDRIN E— 7 13, KE
WD Cr £ F 0 DRIA Y AP LHEET53 L, 7
NEGEMD Ce** A 2D Ty Ty BERV ‘[, —>
T(F) BRICHELTRY &2), #7529z 68N
D Cr** AF BB P35 FBERUVRIRE— 7
DOLER, KRIKDREETHER LI Y BT FZFD
Ce*t A A DIRP LPITWS. a—F 4 U IIIRIRRY
VHRETE Cr A AVIEMEREEL TR Y, 5000C o
MBI X > TEBRBIZEBILLTWB Z LD, Z OHNEL
LTV ) AHZABERIC Cr PAVRADLEEZEZD
hs.

(b) 2 v HY

—IZ Mn®** 3 F 52 T 450~500nm |2 I —
[y BRICL2HE—DRIRE— 7 2K-TRY 6 ME
LBV, OB T T ADERIZE > TEFET S
2, YU HHIFTABTIE 460nm FAETHBDD, KE
BRTix 500 nm I ' — 7 D ¥ B FERFR O BRIE
BdH3. Zhix 460nm L YV EFEEEMCFE->TW3
A, EPREBRE—-7ZRDLNL TN R2NWDT, 6FAL
O Mn* 2XB3b0LEZLNS.

Mn** ORI E— 7%, 330nm » 5T 430nm I
HBLEINTNWE?. KERTERD O BIMNEH,» L]
FIRE B O KRS ARRIUL, Mn* X 3RIROTZEL b
EZ2bNBBHELNTRV.

ABIE CE L7z Mn® ORIROREE R, KBhks
RETCERENTZY Y B H 52 LHRTED TREW.
TDZ kX, EBT AR FeHREEEE LCEMNL
ey VA H AT, KRIKSBETERLEELOX
DLEL DEED Mn 2 Mn* L LTHFETS LR
RLTWS., 2Dz did, —BRk ¥F52 FoBESBTE
X, WoRBIEBETE- VBB OKRENIRE &
FFD) 1225 EnIEED HOHHATES. KRk
MR TIE BIRADOT, Mn i3 AES Mot LLTH
T RAPIZEEITAS, ST NETR KBRS OT, Mn®
ELTEVELFETEDLITTHS.

(e) &

LRI DOIRANBRIUZ, K RIAR S s TR L 72 v
YIHTRARBT NI Y T ABET 72 THLR DO T
BYY, 4EMO Fe* OBWBHRNE cLdbol
IhTWn3BP. Ui L FREBRORIN T EIMK ORI
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EFRHEVIEEINICKREL, TEIRHEKICE TEY H
L, %7z Fe OFMEIETIZON TR 2 >2TWBD
T, BEWMBERIELUAOERLELX RS,

800nm DRIRE— 7%, KRIKIMELE TR L 72
YYAHTFRT 80nm izHxBhB Feb* DRI — 7
XT3 b0 Ebh3. Zov—7i3, ERICER
BRETITIIVI ) rABREN 5 RY TEREDLRATWA
. Fe 3@HEHY 72 H T Fe** & Fe** ORI D
FFHizE L 50, ZERTIINEEBL ©HEKE
(B00°C) TfFotzz Lh D, Mn D4 L [FERE Fert b
Fe** DA BRFED Fe** filichH-oTn3 &%
bhd. ZORIUIAEERF D Fe A4 ORIND &1
B3 L, 6ENID Fe**t @ I, -G BBIck?
LolELLNS.

Fe,O; # 30mol% Etea—F 1 L VIEDOERKINA R
kViZiZ, 1300~1500 nm (2 )5 { FHVWIRIE 338D Hh
5%, Fe OWMENZHITOBHAIE, = OWIEF
MBHY X5TiIEARY. TAI ) rABET 20—
AR T2 OBAIC S 1000 nm AT EW IR H3ER
HoRTREY, &6 zh% 1000nm XY BEEM
=27 %KF72 Fe** OINOTETHHLELTNS
B, KERTEDLNIZLDONRZINLFE—DLDOTHS
NE D PIEBETIZR .

(d) ani b

CoO #NEAS 20 mol% LAT DHFEITD b s 500
nm, 580 nm, 650nm fHED '— 7 ik, VAT NLVETHE
L7z Co2ELL Y I I AEARIEOVWTHHEESHh
TW5a. HESORZD=>DE— 27 % Si0, BEHO
4FND CoA At LB LELTWD. —FFKEMK
DRRGTEMLU Co 280V W I 2HFICHIZER
CEER=2D RN — 7 BRED LR TSR, Schu-
1tz h b0 5 bR LREERO b D% 4 EAL0CoH
ksl Tna.

BE 66BN D Co?t DRTIRIN A R7 Vi, *,
-y B, [~ BREKRV) ‘I, ~',P) BRI
XB3WEBHY, zD5H 0, —T,(P) BRI=Z>D
=7 i TnWs. BALO T RIS WKEIK BT
i, ThboBEBICEIC—7iFhFh 1234nm,
625nm KUt 515nm, 488 nm, 465nm ZFEH L TV
30, zhicst U 4BALD Co*t DR RINR <27 b L
12ix, L=l &S, L, -1, BBRY T,—*T,
P BBRICESCBRE—7235 0, flziE ZnO #E&
B T, - (F) BRICESS Zo0 v—-o»
1200~1800nm iz, ‘I, = ‘I (P) B 12 XS &R
Zoihni e — 7 A 550~650nm IZEH LN TS,

DX HiZ6BHLD Co*t & ARHLD Co*t TIIEIL
DZINVF =R b FrLPER>TWRWEDIZH
WIZEIZ BRI R =7 b VESRTAS, 4B OBAIT 6K
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REDBEICHS, FHERO= St — 78k E
WEMIzH VP, iz 1200nm PLEOEHEMICL=
CHNTe—EDE— 7 BFEETZ L IR H B &
EERTHEONTRILA R b viZ, FIERICBWTKEA
B D AFALO Co** DFALIEER CMEBIRE>0E
— 7BV, Eie 1200nm DLEICHER LR bk
ZOoDE—=r R oT, Zhig .- (F) BRI
B3E2ITHhi =7 DS BIRERAIO=ZSLED LR
50T, a—F 4 /ERT Co*t 34BN THEETS
LEZDRB.
3mmn&w7mmn_mw6néﬁmt 7,
B 51 Schultz® ik o THEShTELT, %7 Co
ERDMOMEKOT TR THLRWEEShTHnARN., 20
ZODRIRE— 712 onTit, CoO HED 25mol%
BB LR OT 2 PRI HBRO=20 -7 2 BRI
B ol T2 d bHEFEEXATEBADIRL
BT LR, RERD Co ORENERDTEWT & A2
5, CoAF L ESKLDTRL, FlxiEHrH L Co
DL B L DT LEZ bR PEHETIER
A
c(e) = v
Wonr—2705b NiO OIFIESHETIZ>h TR
BOTER X A58 400~470 nm DOIRULE, Mo < o Ni
RPERETH IR RRBHLATE YD, 6D N+
k3L EhTnwa. #id 560 nm, 720 nm, 1300~1600
nm D=Z2DRIT T vw— FTHY & 5 Tldhns,
1 HEVYORERSERTS L, 73T 6 BT O Niz*
KERLTWS bEZLNE, /2 Ni 440k a—
T4 U VBERFTCRBEFELTR Y, BB IcKEE
PETEZLID, YAFXAETERMLZa—F 1)
JRIZINTY, KBRS RRETIER L2 7 % LRk
i, Ni A0 307ABEPIAVIAKZ6EME LS
EEZOND. TR UKRRIKRSEETER LYY »
B 5 ARETE, Nitt O—#iz 4EMTOEETSY. +
2B 500~650 nm (2 H VM IZ FREE A EIAREE OWRIY £ —
IHRBEELABRIE ShTWwWa, Z0ZL3RILY Y d
BHFATH->Th, SAFNEL KBIASEED X
HIZIERIE DEWZ L 5T Ni 432 DF Y OERALEE
BERRZZLERLTNS.
. (f) 8
© 790nm fHEDMWRIRE— 7 1%, fio Cu 28N
SADELITRDLNTEY?, 6EMD Cu?t D
- BRICERLTWS. Ll KRk #EE T
EflEh: Cu 280 LY I H TR T2 ORINAEE
HENTRLY,. BIRICOHZRERBRIRBEFEETS.
Schultz® 1%, zhixv )V #F F2HT Cu B2fHTiE
REUETHEEL TS THE L LTS, Z0%
A LED Mn DFE LR, KRIKDEE T &R
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WS DERFEO Cut BEETHY, YAFn
W R E L2V O THRETFED Cut BEE
ThHLEZLNS.

e Torad v FEMFERRS L LICARRTIE, 400
~500nm [ZFHWRINABH HRTNER, 2OV F
i1, Cu?*t nEERED Jahn Teller é}% BER 35 L
EhTna. o

YRR L 2B RINA R7 T, $00EEHS
PEBITLREBRY OWRIME DAL S IERIMR O S
RN OEIMCER U CHEMAER % Yz ) ol E T
FTEATEEREIC RET EOBEREEIZD O S.
T DIEERIME ORI DR Ims, BRlIicEmE iz
B TR 2 v FE UTIHL, zhiSNegst
B RHE T EORINOSEAENEEL TS LD LR
bh 3 BHE TR .

5. #& &
BT ARV FEHRBEELE L, BEECI o TH
F 2R Eiz Cr,0,-Si0, %, Mn,0,~Si0O, %, Fe,O-
Si0, %, Co0O-Si0, %, NiO-SiO, %, CuO-SiO, %D
BEa—7 4 v JERERML, BRREEELTEBT
FAF v OREERIT LR OFERE B

(1) SiO, & 10mol% FT? Cr,0 20mol% F
T?D Mn,O,, 45mol% F T® Fe,O,, 46mol% £ TD
CoO, 55mol% F T» NiO Xix 45mol% T CuO
Lo RBHETLDORWa—F 4 v IER B &
RTEBTRBIYOEHEERPHERDO L DO 555nm @
FHRRIL, 81% (Cr,0,-Si0,), 68% (Mn,0,-Si0,), 63%
(Fe,0,-S10,), 0% (Co0-Si0,), 59% (NiO-Si0,), 95%
(Cu0-810,) THot=.

(2) WA RZ hvdxb, Cr, Mn, Fe, Co, Ni, Cu
i a—-F 4 v SRR R 6B G, 6FALO
Mn®**, 6FfLD Fe*, 4FfLD Co®t, 6FEMNHLD Nit,
6EALD Cutt L LTHETEZ Mg ok,

(3) K a—F4rrED3b, Cc L Mn &5
CIEOFE TR O EAIEE, KRR FEETIER L7
Cr XU Mn 3 80v YV AH FRZOVWTELRTWS
FERLEPITRE Y, 5000C £ TOMBTHER LY Y B A
FRAGBERTE- T TR LPUBER LB Lo
7z. 7z Fe, Ni, Cu #&EETE, 7NV VA8
WH S22 CREELNTWABRERLETED, Td
Y ELEICFTLN 7R LEE, FEIAERFmAICHE
BT eyl
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AUSA PRFIREESHOEE LK

B e - BR)IB R - LR T3 - B R T R
(, FIRLRESCE TRHHTN)
* SRR

HLEEBRIZEL—ED A Y 71 FELAEY Ln,GeBe,O, (Ln=Y, La, Pr, Sm, Gd, Dy,
Er) 28R L%k BERXBEHFRE?D, hdbOEMEITTAYSA VeEETHY, 2
Mgt PA2om WBT3 oL BAHLML R ole. CuKa #% v Tk XGETIEG OmE 2 2 5
v PEEE (15°<20<L100°, x5 v 7R 0.05°) THIEL, TurrA @izl oon
DB OFEREE LI Lz, c ORIIBMCH I/ LEHAA AL DT 7 7 4 FIREICHE
LTEL 2B, (e aBiOBES b T % /A FIGEICHIE LT BeO; 4K I L— 72h& iz
BIDICEL 5. ABIETHEN LAY 74 VEHEAH OB O 8 B DRI LAY &t
RTOFHRIVPNEN. FEEE SRR CRHEHREEE Rz L2350, Zhbofk
a¥nt 4.8K ¥ CRESHEBL RIS o7 : (1982 4E 9 F 30 HZAD

Structures and Magnetic Properties of Rare Earth Compounds
in the Melilite Group

Yasuo OCHI, Hideki MORIKAWA, Fumiyuki MARUMO and Hiroshi NOZAKI*

Research Laboratory of Engineering Materials, Tokyo Institute of Technology
4259, Nagatsuta Midori-ku, Yokohama-shi 227
. \* National Institute for Research in Inorganic Materials

A series of new rare earth compounds Ln,GeBe,O; (Ln=Y, La, Pr, Sm, Gd, Dy and Er)
have been synthesized. With Cu K¢ radiations, 1701 powder X-ray diffraction data were col-
lected for each of these compounds by a step scan method with a step interval of 0.05° in
20, and the structure analysis of the compounds was carried out by the powder pattern
fitting method. Atomic coordinates and isotropic temperature factors were determined by
using the least-squares program PFLS-M. The crystals have tetragonal melilite structures
composed of layers of GeO, and BeO, tetrahedra parallel to (001) and rare earth ions
connecting the layers along the c-axis. The c-value decreased with decrease in the ionic
radius of the rare earth ions between the layers, showing a typical lanthanoid contraction.

The a-axis which is parallel to layers also contacted, since the size of the Be,O, double
pyramids became smaller with decreasing ionic radius of the rare earth ions. Comparing
eight-fold coordination sites at interlayers in the present compounds with other melilites,
the former was less distorted than the latter. Though the rare earth compounds usually
show the magnetic transitions at low temperatures, the present compounds showed paramag-
netism down to 4.8 K : : : ) . [Received September 30, 1982]
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