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Effects of Additives on the Growth of SnQ, Crystals
by Vapor Phase Reaction Method
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Abstract

SnO, needle crystals doped with Cr, V and Sb were successfully grown from the
mixture of SnO, and tin metal powders by vapor phase reaction method. When
doping additives are not reduced by tin metal, crystal growth occurred as well as in
the case without additives, because the formation of SnO vapor can not be disturbed
by the additives. The colors of crystals with Sb, V and Cr were grayish blue, yellow
and light purple, respectively. The growth direction of these SnQ, crystals was along
the a-axis. The crystals with Sb showed a metallic conduction, while that with V
showed a semiconductive conduction.

1. #&

i

SHBEEIC L 2EEROBTRAFECEL T, B OBENLIRTETVS, Zh
BOFER TR O LA H5C3SHES LY ©hh, RIFABERPEL DI, &
B L MR EALE L L5, ZhbBOHEk LGNS, &, BLEIEYSHEMEE
HEATAZ LWL 0,50, K LB E T L BAMRORSH b HBENERECE 2
30mm Ll o EFR e SnO, $HRERIPE SR, 5102 DRI S0 REHMT 5 & IKE
BOREMNMELN D Z &, T V0 MEARINT % L HEOFHRBERVPBORD 2 &, BX
CZh boghkEEfIcovT2, 3 OWEYIE L RO CIBE s L s

AIAE T Sn0, K L& B K & DRESWITHE 2« DE{LY (Shy0s, V05, Cr0s CuO,
PbO, ZnO, MnO,) %ML & o T, AMEH:, SRREXHEERFL, SbeEshn
7egtiRiE S ORI oW THERE LR 2 RE T 5,
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2. % B&

kD SnO,, &EH & L O LB, IR RO EREY A, BRERIC
BT, REESE L THED 2 EE O~ 87 mm ¢ X 72 mm ¥ X O 65 mm ¢ X 54 mm DR
A AL, BE oM 30g o, #EOHIEICIT 15 g OFEHEA ¥ (SnO,.+Sn+ Hind)
AN TESY L TRV JEBHE A @ Sn0,/Sn kit 75/25~67/33 OFEF & LT, 455 B H2E
BELTEI—RT v F LBERMEEBAWICESRF 26 L, FORTEDORE12007C, 1250°C,
1300C) CHR L THHBEKIF ICFERESGHOA - e a2 A L, 2KEHEFL ¢, Sno,
fhdh A AR S R BIF AT D U LT,

AR LTk d i oW TIIBRBEEBIE, X BE, X BEERZEEL Y 1 + v~ 7 EEJIE,
EPMA ¥k X O'BESKEIBIE 2T\, £ OMR % BekEt L 7o,

3. BRBIUEBE

3.1 4 Bt E
Sn0, L@ L DREGWH HER L 28RS 13 1200°C, 1250°C 3 & U8 1300°C D& ISR E

1 7wma%F—7L7%Sn0, %t
IS A RN

2 7wk F—7 17 Sn0, REFRERD
EPMA 247 (300 fi5, 230 4)
(@) RHETFHERE
(b) SHLG%%{Q

ERWT WTFRGEERY TRUR LI X 5 WO B LR, H5WIET L IO
HIEZHEE LT, 2 DEAHICH LT Sb0sY V.05 3 X 08 Cr,0; & zhZh 3 ~10 wt %#in L
A, BiFickiERnN B bhi, (Sn0, 70% +Sn 30%)97% +Cr.05 3% DR\ T 1200°C,
2 RERIINEL L 7B A O RAEROREYR 1 /R L1, LaLisis, CuO, PbO, ZnO kL OF
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MnO, 7¢ &% %I LIS35E 1M RER TR B L REL - DT, Zh b ok iz SnO,
HEROEREYHFTWE30EFE 2 bR, BohiRERORV-$ D40 mmEETHDY,
RERRILI0~40 p BETH -7z, M2 1L, M1 ERLECr0, #HEMULCRALERL
7= SnO, FRgtikis ik o EPMA 48711 X % ST FHB 5 (300 5, £2 30 1) 3 X U° SnLa $1£(300
5, B30 p)BRLI, BOIce RS L Sh.O; BB S IIREERTHD, V,0s 0BE& 11
B, 2o lr0; oBERIBREETH -1,

3.2 &R RKIT

COXHEHEMDEM LB EORBRED, TORMOBEIC L Y RIS Lil, FKRE
WRIETH D, TOEBRIIC OV TERYTT - 7o, S0, L& B &L DREW» Ltk fs e
BT BRIGIR D@ TH B, £,

Sn0,(s) +Sn(1) =2 SnO(g) (1)
DG L b, Sn0 DIEGHFEEL, RO L UG L TS0, FR1ERT52 (1)K
» SnO RS HBHIE 72, SnO, R I h MGEETHET AL D EE X bR D, FD
ER R I SO 2T L, SnO, RO EINFEINL»E 5ol BLEETH
&R E BN ORITHICKESEREND, BT, BIENT-4%BT, ThboK
SRR Lie, R THGICEM O 5 b, FRICELICBNENT -2 BAFTE b Ok
PbO, Cry0s, BLOZnO D 3BETH - wDTY ZhbBARENH & LTEETS, LITL,
DTl Iic B Z2ny 7 — 2 11T~ CRIGIRE 1200C BT AETH 5,

T3, SBHIC X 5 Sn0, OBILFGE T A1) 1c 1% SnO L E o\ Ty, Platteeuw
B2 X AEBRIRE D B,

log Ps,0=—13160 T+10.775 (2)
Z oA BT RIGRE 1200C BT 5 Psa0=69.5 mmHg 3%, Z ofEx A TkoBiT
&h

AG = —RTInk, (3
WEXOBAH= 1 F - L RD B &,

NG 15000 = — 25 keal

ETs o T
WICERH I L 5 PO ORTOBEOBER = A ¥ B e kDD &,

Sn) +0,(g) =5n0,(s) AG 12000c = — 66 kcal (4)

2 PO =2Pb(D+0.(g) AG e = 35 keal (5)

2 PoO()+5Sn(1)=2 Pb({) +5n0.(s) AG 5000 = — 31 kcal (6)
wiz, Cri0 OBITIZOVTIL, (R EWFE DS

2/3 Cry0,(s) =4/3 Cr(s) +0,(g) AG’ 12000 = 117 keal 7
BFIELND,

2/3 Cr,05(s) +Sn() =4/3 Cr(s) +Sn0,(s) AG200c= 51 keal (8)
ZnO B L Ty, QR @ h

2 Zn0(s) =2 Zn(g) +0.(g) AG 1000 = 80 kcal (9)
WP ELR 5,

2Zn0(s)+Sn()=27Zn(g) +5Sn0,(s) AG 100 = 14 keal ao

PbO L &BHORIGDEH = 3 4 ¥ —Zi6)R 25 —3Lkeal £7gh, (DRDOBEH=F 1+ —
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Bl AG moec=—25keal & b KELADMEELDLOT, FEHRFIPDO 2EMT5 L, (DR
DTGV U TR DRI HEST 35 7203, )R ORIEH T 530 T SnO; $E 8RR L 7o -
7oh D EHEINS5,Mn0, kL U CuO "zﬁﬁiju L& d SnO, &R AVER L icds - Bl
PbO o4& LR HFERCORORIGHHE IR LI L 53 D EHEI N5,

Cry0s %G L7356 12 S0, #E 5L A VER Lo B i, QX TRLA L 518, AG e =51 keal
EREREDEEL ey, Cr0s 3&BHIC X h BIC I i e, CrOs 2N L TH DG
PFEINNI LB EELBLND,SD,0; 35 O V,0: 8L 78581 SnO, & aE R
LicEREY Cr.0; 0BG ERRCHATE 5,

Zn0 DBE L, 100 L 21, AG 00 =14 keal &—[EIF DfE & s - 7o D€, Zn0O DN X
0 Sn0; HEAEDOERBIPE IR O EFEINAD, KBS0, HHEBbhitd -1,
FOBAIIZE STV, Zn0 & SnO; o CEERMEE SR » T ¥ A Cx 1 ELYH
T AEE T Zn,Sn0, 7~ 2MER T B 1o, (R ORISHIH T bR IO T EHE IR,

3.3 i VN

Bl OBE X SERE L, Sn0, 04D &2 —vEiRLE, i X HEEE
BERIVTVA VW IEENS, TOREFACOVTHEREE LR, M3 Rd L 51k, a
FEEHE>THELTWA I EBRBHLNR - T,

Sb20s, V.05 3 & OV Cr0s FII L A2% 0 B8 507 Sn0, RERERFRSTH T v F 2 v,
AT ARLIUZ v AOSAREY EPMA 41 X 0 BIE LICHERYR 4~ 8 1R L7, K4
TR A I 2 T T\ DR 7 SnO, PSR OO DR EZ TR LI DTH D, 88 I OBHE

PEFETCIEE—ICAH LT WA I ERR LT3, ks, BESMAHEOLMCELIE
WIEDIEARZ b — 2 -~ DUEIBRL T AD T EHM IR BED, Lo
VR - T e, X5 03 SbOs I L7358 OO ORETH 505, 556X OBRILEEY
=AML TADI LT, 7Yy FE v 3IBARERE—EamLTE), 2o & EsH
DFR (K6 —(@)) Lb—FHT52, DXL, 7vFEy iR —oMLEBERIIKRDL S
TE 2R D, BRI EI L 7z ShOs 1SR BT Sh,0:!Y o tEkIT 21, Sh¥* DA +
VHEREAE S DBEC0.94 AV THLEDT, 6EMOBEICIII LI RERERL DT
Sn** OEF0.83AN L HKEVDT, TDF F T Sn0, dizEBE Lz w2, SnO Bk & h
T Sn0, fEEHPER T A, RRICELIh T+ v EE0.75A o S w4+ 5 &, Sn0O,
PREETED L 51/eh? Litdi-> T, SnO, 21 ERT 5B, BRERECETNE A
i, TR S TS DAERBLEHT 20T, Sn0, hicEE T2 7 Vv FEVvELELL T,
B Te A s s Toh D EHEE I NG,

B7THEIVRSIZTRTLN V.05 31 UCr0s FIN LEEE D SnO, R 0B OBETH
B0, AFUYARIUZ A ThIS S HERLTEY, BOVMOERE (K6 —0b)k
X)) E—FT 5,

ESREIEICL B L, AFo sz VY L L TSn0, FizBEBE IR TED, 7 r 2 3B RER
Cr* FLTCRIBEh TV A0 L#HEINS, SE™, V¥ BIVC* o1+ v ERIIFhTh
0.75A, 0.73A, BXUV0.76ATHy, \WFhd Sn" D 0.83A L v/hELTC AVKESITH
0T, S ONERG BRI LD EE 22BN, Lo L, SO, &2 TLBhfi U705,
JRFERHEICL » TERTIZEE LS 83X OV 2RIETS &, TAER0.4wt %R L00.7
wt % &b, ERESYHCHERMLZShb IOV oE2.3wt%LLE (Sb0;, VO 4 1LT3
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a / (10/0)

3 SnO, FEHHKHE S O HREIT A

B 4 SnO, gt 4k 5 &k » EPMA
5 ¥

1904

o=

™ B 6 r—-sv o EPMA 4
j (@)7 v v% F— 711 Sn0, Rtk
ian D SbL. #2448 (300 f%, £ 190 &)
A e W S B0 T (B3 F 2y A% ¥ — 7 L1 SnO, Rghik
el st g O A RO VK. 88 (500 15, £ 36 1)
()7 m &% F—7 L%k SnO, RétikfE
s CrKe #2158 (300 f%, 301

~10 wt %2 BHE LI i th<% &, b DB THHDT, ZhbLOEBEER, HiNL B
B OBRICEFTIEIECKEEEL TS0 EE L LR,

DO« DB LTI L IcEHREE SR D 5 BT V.05 I LB 4 oW TOBESIESIE
150°C~400°C T1ZZz O BIERRE OB AL T, R KRT X 5 BT s0T, F&E
BHIEE L& 2 b b, FOEFRHSIEEL=F L ¥ — %KD B &, 13T 3 ~4 kcal/mole &7 D,
Z OfEIEEER® € SnO, g RO W TE S -{E 2 ~3 kcal/mole LA TEMTAE L, &
72 Sb0s 2 EIN L 72/ 0s b AR L 7c SnO, SREPIREE & 13, BEHRY THE Lick 5 & BRI EM %
= s



46 BT e R 8 - NPEERSE « HIRET - FEE— 6
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T SFC Ak Y-Sk
Sn0, % R # & o

EPMA 4-#7
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150
10° _
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—O— (heating)
=0~ (cooling)
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1000/T (°K)

9 SFCw AR N -7 L7 Sn0, Rt
KA S OB DR E K
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4. %

L ExEad5 e, Sn0, t&BHOEAY, I DRAMCE« OB HNL 2% H
DOfERERCEEL T, B LB »EBHIC L » TEIT INABEEERER IS
VB ENE L, B3R VBE 1 Sn0 0 SRS R I I oD RN & In 2 7s\ B
CREBRCEIIRER SRR T B b 0 L HER S B, $0E 7 SnO, IR R EBRBHTH B, TV
FEVE NP LBECIIREG, AT v AR Y- P LA CREE, KLU e ak F -
7 LB IR RO SO, FREHIRFE G A R L 7o #0 7x SnO, $HIRES & & BRI 2 %
7o 8 O SnO, REPREER IR TH, TORRTMTThb afiliFEiciB - TRERLTWS Z
ED B LT ot F e, R SnO, RIS B L U2 v 4% F — 7L SnO, RgHRAE
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S EENESEERYTRL, 7y F 2 V% ¥ — 7 L1 Sn0, RétRER & BHESEE %
AT ERHLE o T,
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