BB REHE LT ARBIL PR EH29519~43(1978) 19

ERIR b O ZRM Y ERR O RE&

—& < i Sn0g, ZnO BEHEHKOFRELFLIT—

K #®E X & & & FF

Growth of Metallic Oxide Single Crystals
- from Metallic Todide Powder

—On the Growth of SnO3 and ZnO Single Crystals—
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Abstract

Metallic oxide single crystals grew at lower growth temperature and the growth rate
was larger. Moreover, many characteristic metallic oxide single crystals which suggested
the growth mechanism were obtained in the cases of growth reaction of both Snl; and
Znl, with H,O or O respectively.

In present paper, the growth conditions and crystalline habits and the growth mecha-
nisms of the leaf, pyramid and plate type metallic oxide single crystals, grown by vapor
reaction of the metallic iodide powder are reported respectively.

Concerning the plate type growth, it is interpreted by the two-step mechanism that
the layer growth on the plate surfaces of the needles snd whiskers begins after the orient-
ed growth on them has finished.
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Fig. 1 Schematic diagram of the experimental apparatus used for growing crystals.
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rystals grown at the tip of combustion tube

Fig. 2 SnO, single ¢
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Fig. 4 SnO, single crystal morpholgy.
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L, BREOEKCMBIRK, i) leaf (BAHImMmX 4mmx 3mm) (Fig.5((b)X b)) ii)
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plate (K 7mmx 4mmXx 1mm) (Fig.4(@)X b)) THB, Ibic, Z#a b leaf, dendrite &
rod © 3FEEOH DL U AR MOBEC N TE1 -, & Vb, BRECEVHAR
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DIAE, 1AIRELSBETHOVERTHS, FLHANMEORKCEARE L, MKIBRRIED
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Direction -
110 - -
m (110) E1T0§ (001) (111) (017}
Type
Leaf 23.8 11.9 3.2 - -
(Rod) 4.4 6.7 0.6
Pyramid 6.7 6.7 2.0 — -
<111>, <o11>
Plate 8.3 8.5
(Butterfly) (E#EhAm < 12.3)
Table 1. (pm/min.?)
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Fig. 6 Optical micrographs and scanning electron micrographs show the
growth stages of leaf type SnO, single crystals.
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Fig. 7 Schematic diagrams of the leaf type SnO, single crystal
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Fig. 8 Scanning electron micrographs show the growth stages of pyramid
type SnO, single crystals.
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FE LI FOBEBRE i oWT, Skl S.EM. OFETHL. ZOBEOHEMED, TD
step OME LV HICO W CFHMICBE I D, (o), (), @b RAOFMFMEIC, LML
CRATC R L Pl Blbh TV 5,
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Fig. 9 Schematic diagrams of the pyramid type SnO, single crystals.
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Fig. 10 Enlarged Laue-spots.
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Fig. 11

Optical micrographs and scanning electron micrographs show
the growth stages of plate type SnO, single crystals.



TIETACH A B O 5 IRERALA) HAS o0 AU 35




36 Ko OIE E-& BN B

DFLIEL D O= X AF -~ EERT 5,
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dp=p,~pe=p, —pd=kTIn(P/Po)=kTIn a--++=---+-+ @ .

I, pu BRHOALFERT Vv v b, po WXRERHEOLERT v w L, REREK O
FHRTF VY e, PRBEEOEKE Po BMEMERE, a=P /P, THREMETHD, EBIT
WRPRET D X 5 EED T TR 4p>0TH 5o FORE, RERD 1 ATEATHKRETR
el T s a0 1 BEIPEEL 44<0, THOWWNE RS TEER LTt r icthfld 5 ED
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Hy sz ks,
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4o _ a1
re= 24p ~ 2¢T Ina ®)
Ag= TPt _ mreg _mp® 1 )

“4dp T 22 4T ‘Ina
D%, EEREYr kbOCHAB=FAF —BAE A i Thd Ina AL, BEFE
PVNEEE (ea— 1) re b Ae SEEBIHM AT S, ZDOF% bunching B step DE I
BEEEAT S 2 LRAMPIROLELENSRHETH D, SHROMEEMIORORILD LD
EEZBHh 39, 20X 5ic bunching = X Bk, &< wrFig. 11X », 1HoFEECIH
W, BELTH2RME LTy ERER S,

Zh b plate B SnO. BifE L 2 fif i35 2 LAk 5, Fig. 11(a)h b, plate DL
M, BHIEDOTWE LD EEABREEOPTVWELORBES S, Tibb, Fig 122 %
brRisotfEmo, UL OAZABRC > RO, ThEPheta LeERIRTh S, &
h5o plate ©EXHMAR, RIEO&HTROIDFRMCK- TH b, $HHFOEHTRUTIHE
Chbo Fhilt, Thb 2MED plate M SnO; MM ZhEh (011 type & (11T type &
CEAMLTEZ S, L, W type &3, bR T s —FEVEEE, (011) Fdamosst
BLTHPR T 5, plate OfilEx Fig. 12(a), OicRz3 X 5ic, (011 type 1% (100), (110)
(010), (11O)DE BESh, (L) type 13 (110), (010), (100), (101) 7z EOMEHELESh
%o M.Nagasawa & X » THEFEI RT3 X 57 {011} WA A type @ plate e B % &
EhBEIRE, {0} REATER & L, (01134 £ (0115 ic bunching iz X 34y

(011 (111

(100 100)

(10) (010) (1) (110) a1 ‘°"”(0“)“""’ *~on

(@ (b)
Fig. 12 Schematic diagrams of the plate type SnQ, single crystals
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TFOMENET, Bt bb, plate B SnO. BERVRE TS 2 &2 7, bunching i
L% step OFENLH type © plate & <111> FEIEFFTRIL > T 50838ERTH S, Tt
¥, Fig. 110 /HNIRE R EFBELOBE LTV IHE TR T LD THEZOBIITH S,

Zn0 BREGOFHEIBERBRTHE L2060 O FEF X hics (000D mill oA, o
bunching € X545 FOMENRORD, Lil, KEBKEL LOIARNE L HIT SnO, B
FREHBLTVD T EAb 5,

3—-3 Sn0.: HFERKOHEREKRR

BAL, Snl, 30RO SHEIGE X A MEEE, DRGS0 1D IKS T X 5 #dh
BMETHDZ Edbhole bbAA, ZOHE/HHEELOBER, ThERBIEOHES 1200
°C~1250°CTH b, MKSBOEE 1100°C~1150°C TH b, FIHENED LT, Th
LORR LickimO L, BLoBs, [DHBERR SnOz, [) /X7 dendrite, %4 T, 1n
KofRoa, |Dleaf, [ )dendrite, [[)pyramid, [V)rod, V)butterfly, V])plate mF &
Lo BBFIE D&V & & D2 buttertly, plate 234 Ufco & Ui daD A% leaf, dendrite &
rod & WZ b ote EXK, B\ E Zitit leat, dendrite, rod AA LS ot L
L, FFENMEL Th leaf & dendrite D 1K1K KESKET D &L Eh5,
hO& LR LN E UD A, FoOHT leat, pyramid, plate DH{FREMES & & d R
Vo

Leat DRI £ 3 (110) EREEORE I HE O Ineedle 3T S, THhEBELZTHIH
5 2needle (170), (T10) HANKET %o < D 2needle 1213 X 512 E % Lizneedled 724>
B, [110) Fia b »7/h&7cneedle 234 Ub, 2D X 5 HBEEDAEYH - 1o needle 13
HETUEWELD, F—HEEDlafl DFHLELTIRNERELD S, £LTC, ZOFHD EizSn0;
FE LT leaf IRD SnOp BfEFA K 2 F T Bp & SN E R BB B 7 - 2o
o leat DAEFAM, WAMICIZ L Eh (101), (011), (10D), (01T), (T0T)7 & {101} {011}
H2Blbh “OIEREL” %703, LaL, 0% 1[110) needle 24 2 (110, (110) needle #
DL DDEEEOMc oWk, BIEDLEIATHETH D,

Pyramid # SnO: BfEHORECSW T, =3 (110), (110) HEdisbb<110>H e
(101), (011)7z &{101}, {011}EA 4 U, %o kicbunchingizc X 5 MEN K 4« LA TITL D
bbb, SHLIHEATHEITRICESL &, Fig. 9@ kB3 X 5 o /\NEEA 5 Uic ik
B RCRET 2 O M S h 5, TbB110), [(110) HH%E AL & s L, B 5 001)
EhsB X5 INEKIC I B ESia, b, € f5~7 F AR5 FHAE L5, cOL
5 TR RIS TH D, L L, ZOREBEOWTIL leaf @RCHARE TRV, =
DX SR LTI & leaf #l, pyramid & SnO. HifEFH1{101}, {011} i=F & i /\Hitk &
%0 & DONEEONAERENI0>H Ao b i RENEELYHDRET S 2 Lhvb b,

Plate %I SnO. ¥#& &% [01T) type & (111) type o 2 ) H %, Lid, hb plate ®
iz {011} WAEASH D, ZDOOIDFE b —RkTEREEED bunching i & % SnO; 45 F
D E?MTIchh, BAFHROKRBE I -7,

BLEDEMNS, HEINIRERE T, SnO: 0 F0BMARNEL KELLEROAEE, E
BECRIRIFE LB DEELBRS, LL, FOBMANEIRETAELRORESMLE L
KEREDTEICHHELELHLDEELLRD,
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(4] 2BEBItYBEERZORERE

ZnO HfE o, & <2 needle B IO W TLFEMICEICHRE P LTH D, £OHFT
plate BlgE o WEMBE IO WThL HLTH S, S Bic SEFEMC #+ 5, Fig. 13,
Fig. 14(a), (b)ic ZnO HifE 50 kD IS & » T U plate RO EEE /R L TH b,
CoFEHEE A HEREORRETH Y, MBSO OLC LB A RT, Fig. 13IcR 5
NB X5, JHTRT L 5126 A0<2110>H[ D needle 2@ LTETAL, Zhicd
5z <2110) i@ needle X b L/hx <2110 > F o whisker 2V UB, 2R ba 3 plate
FILE B D EH LA R T 2 E—BEORETH D, DXL, Zhb <2110>> needle 7600
MMMr®®%D,®%b¥@ﬁ,m&pﬁeﬁhmDLT$@&%&¢5oCﬂ:?ﬁ#%h
FRF B e - T (0001), (000D FFEAER XD, DL X581k needle, 45 2 ¢k whisker »
BIHMDOEEILIEE > TV %,

ngm b) B 5d L9, 2O ETFTOTSFE, —HCEL AP s LT 505,

— ik TR EC L Lo BlEThH S bunchlng WL B K EIPEBLIRD step 8%
< {Eﬁ%\é’\}(l 5o AR LI OMTs B bbb, 2t ZnO fFHofEHHsb LTy
ROFFEE LT O NEMITH D, NAERE LTV,

k7 plate B ZnO Highdhix Fig. 15(), 0) ORI s LFEEHHEFTHRTL BEI 5,
—HENEES e EH A 7 L, & 5 —Jifiliciz bunching 1= & » TH: Utc k& 7c step wfErs - 7=
MEAVER B RSN 3, b AAMRO Mifsplate i B S B, & OANARED M
B ool &, TR E DL ek A2 CP-4 AWK T0sec. MEAE LIEHD (), @)
THhbH, @QITRIET B, GIEHIETHAEZTRENERTTBEOEHEBIZEZ I D ®,

Z o (0001) & 00D FHEIEFNFHROET, ZnlT X VR INT VB LMot T

Fig. 13  Optical micrograph of the growth process of the plate.



Fig. 14

Optical micrographs of a typical plate by hydrolysis.
(a) shows one smooth surface and (b) the other stepped surface.
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Fig. 15

Optical micrographs of a typical ZnO plate.
(a) and (b) show the stepped surface and the smooth one, respectievly. (¢) and (d) indicate
the etched patterns on each surface corresponding to (a) and (b).
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febb, ZnO HfERO L 5 elBMr b - ek RoBs, TOMES T LGOS T LOREN
CHENSH D LD EELZBND, O ERMBKO L THH, 1AM TFAKFE L, bunch-
ing Bl Blbh2bD:E2 %,

Fig. 16 (220 X 91 LCHE L7 plate & ZnO HifEfho, @il o k57 Blic/es8 1
< 2110> needle » (0001) Ffi b, (00011 JFichf L7: whisker ThHsb, D X9,
(0001) whisker 7% plate FfEFMOELHHOREICLHFFTHLDEELZbNDL, ZnO Hff
SR B D DT HRIOFMTORIELLH LTI L5912/ sd,

LIk, SnO, Hiftfh & ZnO B ROREBBELEETL L X, BT L%, TTH B
DR E R L LT Zn0 0840 < 2110 >needle, < 2110 > whisker i< X % f#LIZ &5 LT ,Sn02
DL, <110 needle 234 URBHICE# A7 L, plate B ZnO Hiffdh7c 50 leat B SnOq
WS LT DR B, F L THETBEORERRANEBITL, COFH#l LK oneedle, whisker
iz, ZnO, SnOp /I FHRFHME L TTEHMERENT T LTI b0 EFE2 bR L, &
DX HCHE L LB L RN EEE S SRR HEERIE 20 E bR S,

Plate FUHifE LA HER LU CIT< ¥4, KA X7 bunching 2\ 8lbh s L, “RICEBURER
+7cbt Kossel D Ex /T, EAHMORENETTHLDLEL LI D,

LD k5, &@ikiemn sy ol B, Zn0, SnO: R ->Th, K7
HE"E L b, [ —OREREC X Wb ET S 2 &rvbho T

Fig. 16 Growth pattern of < 0001 > whiskers grown on the (2710] needle
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