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BT IVIV RS RENDIK G HpPRH I & MR AT

WE

FOKGHI T FAYIE AL F R SR DR K B T B A &
RABSHRERS 2 EENAAN R KREREERFHNE AR NEE
B, REKERIENRNAR, EidxREARMA, QA5 sE N RN
R, FREFEEIFENN AR RES R, KEXBRLYEF. FFHN
B RNYIBEM. BRI, KAER—FERAARNTRIIRLET X,
HITFERAE B S & 18] S AR AR TS LA K b 4%t AR R L 45 R 4
RO, S URZHER TSR ABERA, EERBRASHAKMENEE
Fiik |

ARIIRFAKPEES R T G RERFE G o-Sh0, JKEE: BHHHM
SnO, BALIRMLE M FERAIUART B RHIERE L, X PbsS,le 919 SRR B 454
A KHEEAT T HERMA, RETAERNAEKIE: BETERT:

1. RH SbClL 1 L, Aai 3, FIRKMEERICHRET (180-200°C) A
AT o-Sb,0s Bk, HERBEH B (TEM) BA BRERMAKER
3494, HEA 50~150nm, KR 100~300nm. E{EEH RS (HRTEM) i
XEFATH (SAED) B BtHI T AR AUKE N 4 R RIS Sk, B
ARYPEEH I W 0-SboOs KB T B KK & . a-Sby04 41K #E#) Raman
ERAPDE B R AR LI 5~T MBS BB, BT AR tH AR R
RiBIEN . BIREH a-Sby0s 41K HEM) Raman i 5 RARIIIE KR EY]. [
RS TAKETRMAEKIELT: (1) SbCl; 7ERM &M T KM R N A: K
Sb;0sClys (2) SbyOsCl RAFMRN; (3) ZEMAEIZHBI T a-Sb0s KB4
¥, ,

2. 7€ 180-200°C T RIZK#k LA th s ek 9 8 22 RIS A RN & R T
Sn0;, BAIRMKLEH. HHHAE (SEM) BERPRLIREMR b REHMT
KR, PR HHBRE R 40~50nm. ARHEAS G R AR R B BE 5 9 SEM R
FBARE T 1T aep04 KU . Raman i 5EMEBARL R A TH/MIZE, X
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FEX A M TR A M o AR A RV P AN RIS ) BR B = R = M 0
i, W PbsSals FIAEKHUEHAT THAMITR, RETAENAEKHE, HAL
HAERHEDI BEABRUT: (1) PoL FREMWHIGH; (2) PbsSls Mk
FIFERG (3) B8R PosSole KB RR. ERIFEKNBNERS, HHT
BATERZN T AR E R AERKER, UETBRINEHR &R ERE R E
iZ

KB WAKEL KB, RIETE, 0-Sb0s 40K, SnO, EFKMHK S
4, PbsSals SERHOKE, B, BRI, AKHE




Synthesis and Characterization of IV/V Metal Oxides
Nanomaterials

ABSTRACT

Nanostructures have attracted great interests due to their novel physical, chemical,
and catalysis properties as well as the potential applications in nanodevices.
Hydrothermal method has been widely employed to prepare nanomaterials and
nanostructures due to its advantage of low synthesis temperature, simplicity,
cost-effectiveness, high crystallization, environmental friendliness and high yield.

In this dissertation a-Sb,O4 nanorods and SnO, woolsphere-like microstructures
were synthesized by hydrothermal method; based on XRD and SEM of products
which were obtained at different times and temperatures, the growth mechanism of
PbsS,1Is nest-like microtubules was investigated comprehensively.

1. a-Sb204 nanorods with diameter of 50~150 nm and length of 100~300 nm have
been successfully synthesized by a hydrothermal method using SbCl3 and I as
reaction reagents. The obtained sample is characterized by X-ray diffraction,
transmission electron microscopy, high-resolution transmission electron microscopy,
and selected-area electron diffraction. The results confirm that the product is pure
single-crystalline a-Sb,O4 nanorods with few dislocations and defects. The vibrational
property of the nanorods is investigated by Raman spectroscopy. Raman spectrum of
a-Sb,O4 nanorods has a small red shifts compared with that of the bulk a-SbyO4
powders. A possible growth mechanism of a-Sb,O4 nanorods is proposed as three
stages: the hydrolyzation of SbCl; under strong acid condition, the oxidation of
Sbs05Cl, and the growth of a-SbyO4 nanorods with the aid of iodine transport.

2. Novel SnO, woolsphere-like microstructures have been successfully prepared by
a simply mild hydrothermal method based on the reaction between helix-like tin wire
and HNO; at 200 °C. X-ray diffraction (XRD) and scanning electron microscopy

(SEM) are used to characterize the microstructures. The SnO; woolsphere-like




microstructures show a red shift in Raman spectrum compared with bulk materials.
The woolsphere-like microstructures of SnO; have strong PL emission, suggesting
that the mircostructures are potential to be used for optoelectronic devices.

3. We report the investigation on the growth mechanism of PbsS;lg bird-nest like
microtubules, which were synthesized by hydrothermal method at 150 °C. X-ray
diffraction (XRD) characterizes that the component and corresponding phases of
samples obtained in different stages. Scanning electron microscopy (SEM) depicts
that the morphology evolution of products. The microtubule growth process has three
stages: the rolling of Pbl, sheets; formation of PbsS,ls microrods; developing PbsS;ls
microtubules. We propose that the PbsS,ls bird-nest like microtubules growth
mechanism to be a rolling-template-induced concentration depletion growth

mechanism based on the characterization results.

Keywords: Micro/nanomaterials; Hydrothermal method; Characterization methods;
Catalysts; a-Sb,04 nanorods; SnO, Woolsphere-like microstructures; PbsS;I, bird-nest
like microtubules; Raman spectrum; Photoluminescence spectrum; Growth

mechanism.
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F—E &l
L1 5%

MAMERBREFETEN TR (FRTRITFHE 102~10° 20, %
FRLEE ARG (1~100 40K) M—FMEFLHEHMME, B=4FRRE
DE—HLETAHKER, BEMKNR (BEME, BRINKBRIOTE.
B & (—8MED, BEAMABANERS SRR (ZEmRD, URET L
SRATCHE AR B P B B B A B [ 4

Yyt LR R LIRS A 2 A B IR, AL AHAE R CZT iz i
BN ERIRBRHRORFER R, BETF2F. BFRERE I+
)X (1~100 44K) HIRIEAIRAE 20 42 60 FR. KA 18 HEE 60 4
R BEERBEEL, BERNRARTHARBRRSE (R BHR;
3 20 4 S0 FRA, £EEZE#K Chard Feynman B AR T AR EAEE
RS RA, M 1959 EMXEVRESNFR LET AN ER T RHNOMRE,
HETREEDHBA; 1963 4, Uyeda REEERE T SHEREH LK
BT, FE0 S BAK BRI TS S AR AT T B R FATSHRR A, Rl
RAAMKFERGEEHE T L HEEIAN; 1974 4, Taniguchi B EAEFAMKER

(Nanotechnology) —iE#RMEMHLBMNTI; 1984 &, EEBEK Gleiter ZA
HIRRABESARRESE T REBERINOGKN T, REERSEPRM
MERAKE A, FREPAPERESEE: 2 1989 &, GKREFRHAL
PR T B AT IR K R AR EL (Q0K F 8. GRS K E B4
REFIGKAESAMEL, FERIh b blE B — R R N2 A K E AR
1990 £ 7 A, EXEERMEDFHEEEFHRRZERARASWUNST) E, FR
EARM B R ZE AR ZR— NS X ML, —MERRE R BT
H545RER R ELE S RRMF R ZR—RMEZEREL, KN LS
PR 0 A v A58 131

Hil, ARMERZHHAREZEQERN T REHRAKS BN
YERE. A IAE R, B 5HE MBI, KBGO R, &
VR RRIEPKM BT RENFEL, RERTEMRMEREGRR, R
KEA . BREOTES R ENARM BT IOAREN, 58NV EAL,

¢




B—REEWR 1

TEREALH, MRERE. SEBUR AR BEYES 5 T RIS B R P G 5
1.2 ZKHRH B 1-3)

MAMBIREL T RFEMERDAZ RS ER, —NTERD R G
REFEN FRIMNSEERANR, EEEFRT LR M EENRES
FEBN . MRIYUN., BF RPN ERE FRENN, FERRLERMN
N BE B % RERLFSEE.

(1) BFRTHMN

SRT R TREE—ER, $B IR HMHEMR TFRA e T h &
AEE IR, G0KF R R E RS LN R ARG H S FRE MBI R Y &
BT THIERYMERERTIRZRNEF RPN BARRTRAD, BRTF
REFRRE—NPMISEEEA, ZUTETPORT, RN R
EakE ERANTRREADTKREABTHERE, XEUTHF. B
FHEHRE. MY TRREGPXREAKRT, EXHRREIRAT, @
FHIZHRESRIM, RAELEHN FHRANERAERLSIB. R Kubo ZFH # i 44
RUKG 4 R EHNL T HIRE Y 1al BE S=4Ep/3N, HoP Ep h#KEES, N Rk
BETH. R, L N-owlf, §-0, 8K TFRERDE, B%0EJLTH
F; MATAKMR, BT NAERME, § WA —EHE, W% ELETHR,
SRCHIBER T HEE. WARE. WHiAS. AL, R TRESBSANER e,
HIBTHKMKMH. . 5, #h AURBIERSENSE BZHNAR.
(2) REBMN

REHNARESKRTFRER T 585 T2 R A48/ i 288K
RSIREER LK. REH, BARREETSHBEFIENRERA,
HEMARRDOMINRT, AAHLRTH, BAMINTE, BEREETSE
AMEE TR SHTFHEREHEERFERN, XROARTSREFHES LA
Bisein, RERRERREHE, RAHRANILEEE, SERTFRER, %
TH g R R 45 & Re AR H K
() PRI

SRR R 5B K A B RBEK URB RS RTRE S
REEYRFFER A LS/, BB R B REIR, ERAR




AL 12

XBRREZMIENRFEERAD, A, k. B, B 8 DESYREEENR
BERMM: HRBBEEM, LRSS E FIRAE, ME PSR
TFA, BFHEIFEEHNEEUREFERERES, KRR NR
.,
() ZWEFRIERN

WRETEERF AL NN BRE MR GEER, MR —EENE,
TR AL SR RE, BT TR MR DR rpr St R RN, B
AU FREN RGN A LTRERL, BHAERETFRENN.

LREPRT BN REBL BF RT BN RER & FREE N Rk
R SPRBERR AR, SFERERMKEGER B FE RO,
WEM, FREE—BMECASE. £&. E@)EH, BFFSSR0LE.
1.3 GUKAERLR & v

EERRPI RAEERREBAARME, W: BAK. RARK. 2%
RIT Ui BEFNRDEER NIRRT . ALHEAKME N THRbEE
1000 ZEMFE. o E b ARF RIS RRGE K E T BB 21N B R MER
KRR, HERFMATGRME. R, FALHEEZRMEBRR T
RAE 20 H42 60 FEAR. ZKMEHNIRBERE DB, BEERRESRAENHT
BETAHINA T KW ERE, TEHERNNMEBILFHERNERAE,
1.3.1 BobgE bk

WOLF R — R S A Ak IR ST SEAE, ( SE b 2R T R B 2 A T AL
R, BRRALERO—FPORMRE & 4] S ECHRRE A KR
AR S0 A HEEHE —E LB R AR A ER R, BA—A
BANEPREER, TAEEERM AT 1200°C A4, B—REOLHE
¥, FIEWRAREH S0cm’/min A6 KRFSE, EHROMEHTARESS
WO BT & AR AT R . BORRR IR & GUR AR BT R 0 B0 28 £ B R B ik
(Nd). JEEAREA (YAG) BOLMEHEBE] 532nm BOLMKES FHOE, —&
S BRI SOG AR D 200-500m), BB LA ELTAE, BRiiRY
# 5-10Hz. FEZHTEPHOEEERELNNE, FRMESE T I FRUER.
B T. Yoshida 1 FK. Okai #F5/NA 23 RIF] R Bk RIE S CO, B 52 bl S b4 34
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TTHRAKRENH & LR, BRRABOCHMAERRRE—EAREHEKE
MRS [56]. BOLRAARMEAMERMMKLE, B—ATHROAE. &
HEEMIETERI R TR, —%, “HAXKMRTHTE - ENBEARRE. 4
A E—EMRARE. 8 E A RBOLRmEH &R AR, SRASRR
FHEELH AR HTEMTHEMSRHET KENRE, SIXNTER AR
BB FERA R B AT G ELBIRAN, FTLUR AR = R MK[7), BT %
AREFFH KR
13.2 (WE SR

ZSABVIR(CVD)RIES A b S ARSI & 90K MR N R B oA T E I v
Z—, GHERE—ANMARHEL, @ —F /LR SETEINEW=LMN
TR RN, %07k F B0 4 AR R BTG R
N SERF AT, TNENERETIRSRS. HBARHEEE
He BERTHXEANRR, RO SHRAR, WsBHEILER
RARUTR, A2 ST, S TR ESHIR, S TFHERLE
SHPR KB E L FSARTREFH A4
13.3 HIR—E R

TR LR IRRIHI B E, B ER A MR S s 2 A
VIR R B AR TR L TR T TG R IRE AR, % R EFIRL T BRI, B
BT TE RS = Y % 4 o BRIt B B SR AU AR A R, B 25 VA FE R A
Wik TR, TR B BN A S ST B A MK . S R A AR KB
¥ &R B R B R AR B 2R S, MABERRELTIER L
RHKERE, BE—EREMTHEUNS—ER, KAEREENY. KRR,
BREHATTREBEBIBAUR . BR—BERERFFERALTRNES
HHNRES FRIBAT, U EKRZ DBt R RS T, o
KA — AT ERUR RO KA RERR R, G RIIAER, P
& BRBR—ERREEES & ik R S HZ YW ERER R A
PERE. A RE L BK R4 3 RN R AVE R R A R R A R A, PRz &b
KRG A R T T BRI R B I — VA 3 — E E ) B R 4K kL
FzEREAAR, #TIEREKORF. SIERRNRRRE, BASSHY
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HENANERAERT THERARES, W& FRREEEF R BT HFXK
HFRE M. BRI, WR—REES &R &E R, RAMR, &5 Km0
M B4, FEBM TR BGRME 7 i4[4].
1.3.4 BRE

BRI & KA LUBHIE] 1970 4, Possin S EHRE TEH SR
AL, H&HTERRE 0 HKNEHEREEIR]. E, ERERAT
RERE. BE AR A S A EAERRE, REVBERE,
AKRERBIENAL a7 FREBREE. B TEWERER — R B LR KL T
TREFVILIE, HARMILRE T LU B & &0 1A, MEHNTEESY
FEREELZ T SEE. Tmie. At EnERr, RS &—%EH
AKMRBRAFRMTEZ—. |

LBl 2 AR EERN RSB EE RSB A () FEBR
HIER & R BB AR, DABR R S CA r AR, B RS B B AR ITAR
ik, TEEMBLEAARAREINKE . Yang FAES LEAAEIRF
F16V ZRAGIRT 10 38005, HI& T HESHKEETI9]. b, AELE
MR B AL TTREE R #1147 Cus Pt. Au. Fe. Co. Ni. EMt%. %
KM, CAS HELMER. FRESTURFELEEFAMBGKL9-12]. Cao
FARERMRRIRPARRERNKE, REEHLPEUZTIRSES. .
BREMKLE, BRAXMRSEBRELAKERUNBRAKRE, TRIEASK
IR G RBAKL T LR [13],

FHEERLEALESHTR (CVD) ERT ULEI &S M —E kit
TEREZAEMEERLREEFBANS T MBS RS, XES AR
TR ALEERS R AR REAL S, FTLAESLE AR E AR BES . FIF
XA ECLHE THRAKESRFILLK Si. GaN ZgKk&FEF[14-16]. HET B
GKE IR BE & — ARV R R RKHE, Dai SHRERE IR
BRAKE N S R AR BB [ 17):

MO(g)+C(nanotube) - MC(nanorods)+CO

XE MO RHERNSBANYRESBAMLY) . #—LHHRA R FREE
BIBRARE T RER BRI AR, A8 RN BITEDIKE WM TTTE A KR . 557
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EEANBZHEY BEIRMAY (GaN, SisNg) HI%1#%([18]. Braun ZEIRET 7
—FH 7% R DNA 20F Bk KER KN 100 0K 4B 4&[19].
1.3.5 BAI#A B

HA B BB R B R TR R B P AR 6 &% B AR B R, iR T
WESHHBERANG. CE-LFREMME. ZHLWHREET S TF.
“HERLEY. —BEREWEATIMEMNARFERET EXM RN
[20-22]. FESLEERS E R BHERANEBEE (FEBFAN—HBTR) 2%
MERFEAR. ERRAR Bbby FEFKGRARBARAMRI): B5
Masashi Inoue %4RiE T £ Z ~ B A R Xt B AT H0E R K 61 % ALOs ik
[24]. RWMAFFIRHERRE REARE B — RO H R H = F B RRBER 2
Fi%. Dubosis F4 7 F Fe(OHYAC),. FeC¢HsO;+ FeOOH i Fe (I H®th. Z
RSN EE, LARAE BN, 7F 300-500 °C MR EMSAT, &W T HK%
MINE AR ERFEEETER Fes0, MORI[25). IEER, BERARETHARE
BB, EHKMEFIETEMT KENFRTE, RETOEEGRER. §5
EXRABEFAERHEEL B _FRAERTEIET WP F AIP 49K R[26].
BB NAEEBERT, 72 280 EE T RA GaCly M1 LisN AEK BRI &R T
30nm ) GaN K #([27-28], I8 IRFE R 4 HF s T ME 2 R 37Gpa I E T
A BB BT S TERE GaN, ZFE L2 XE29-31].
WHFE_FEERFIZH Zn H3LER AsCly # InCls, 7E 180 °C MIKE T &M
K InAs[32]; BEG XAEBRIAZGTHEITHHTEREERN AR 1-VI
R—E MK E T FR2[33-34], FHRE TH ARSI EE S THRIRE
HENE . TPEEL TERSE—TEANRRNOFTRE, R TR -
SERRBLESDAKE, FHRDOLRTHERSR. R HEE B8
[35-36]. EFXFRBETHEANEBEAR, USERH. WA KBH, b EH,
UL ZREFERER, EEREET & TRLDNKR[37-38). BHFEZLIP
RAEEA, EEREA SR I B DA R A 3R -1 SR AR B R 78 4%
CoSy FHAMMHEHIHAHL[39]. #REZFUL ZHABEFE 230 °C TR
BT FI-VIEAK G [40]. BATARERHEAMT CaS R S8 gk B, 3
FRIHHIRE Bi, Pb Al Ag B CaS JpK & [41]. BHRIMEH FEVBEANS 5H
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A RERI5E, R THRRE.

B R R BRI RSB I B sk, SR0R EL1AT 5 & R K MR T O AT
BREEAR. KBEHTHARERRERLFIRT A ZHKE, BR
EERIHE SRR E SR L R BH RBRIRINE R EZ —, %
RREBEFMEEEEZ L.

1.4 A SRR A B0 B — K ik

KA BBAERE E SERMEH M, ARG ERESF
HATRM.. KBRS RS BIES . EARTUFOER. KRNI
SRR G R R B RS E K IR R KR ISR 6
RIB AR AR, RRKERIERDRRA T, B%RMAERMH, flE—
HESENRNIE, FHEEEERNENYRAEFLELS, KEXESR
LA RN RS KR —mA KA I E LG, R
FRTHFRF PR TR KERERNENBREEATHARLE, EHE
BE TR AERZ—EIC. FRRE, KER—HEERARAT
AR ETTE, BWRERRE. IR RS EEhE AN FER HIETE
BERES, SEf#REAL, RREAKRBENBRIERES RN, KHIET
TR TG AR K 3 R S (374°C) ZIR), {EBIEHERIKR 130-250 °C
ZIl, HNAKERER 0.3-4MPa. KA A H R & ERE T R A B3R
ARNERBEZ)VEEFHRER, —REKAEEMBEM. WER. #EE. &
BEERA. AN HTKARNERESETHT FESESERFNT T
B
1.4.1 K BIEHIRF R

F—. KIEAT LR R & —EAREN DGR, BREZURZHHE
HmaKIE . BEHEKEHAE LRFKERE. HIEHOES—RAEE S
1. BED>. SEEURERAES.

£, SHEHEKRMEE RS ETBESMAL, KKK,
TEMEEIR. REEE AT B R AR SRR, BEHE.

B2 NHRABE, KREREEHETNER. RAKIEH, BAR
FE LW TXARERE . CRER. THRE. BT, BEREREAH
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H, HEYHLERSEZL.
142 KREABREUDHAKREUH EEBHIRE
(1) REIESE. KER pH {4

REPIA BAEKAEHTRHAEKBEEENER. —BAAI RN %
BAHERRNREAE BEOREEYE, 5TERAFREVOYREKAR NS 2
SERERY, BAH&EFEEKEENYRE SR . RNYISEH
SFAREH TEKETHERMEKETEEENYW G TR ERE
() pH 5 B RK R I EE R M
(2) RNEE

TR B R ¥ B 2R K B o s RS S s (374°C) 2 1B, B 0 2
130~250°C Z [i], HRAIKFERER 0.3-4MPa. &t REKH RN H—EE
F%, BEAR, SEEERERERS, NRERNGE, RE&EEKEER,
HHTRNHET. BATRAKBESR PhsSyl i, RILEFELE 100°C WAERT K
REHM, 130°C A ARMUWEBRIE RS, 150°C ARNBAREREHER
H lpm, KEEH SOpm). BERIGRERRR, FREWEHRERER, RRR
REIH R B AN T Y 0 R R T S N R 5 3L T BB A K, NTTFE AR T B R
g, T, REBERFVMEHERN—NEELHEE,
(3) KRR [a]

— AN B R BB I3, RERTE Y o MBI F S0 a-SbyOs B KEEIITE
R, RN EIZ 54 2h, 8h, 15h, 20h, RILRAE 2 AR T ZEAHE SbsOsCl,
EI R a-Sby0s0 KBRS 8] % 8 /NEFEF, #54 SbyOsCly KA T HAMR AR T
a-Sby04, KB =Y Sby0sCly il 0-SbyO4 FIBFFELE, IR a-SbyO4 GKHEFF U5
Ak, BERRIKEK, SEEN 15 NN, XE K SbOCh BMRT
a-Sby040 RFY 20 /DEFSE, SbsOsCL ZHHK, FYTLERE a-Sh,0s FIKE, H
&Hh 50-150nm, KA 100-300nm. WML W, &4HEK RN E, FRF
sikiAK, R,
(4) HRE

ANIEHRKE—EERET, BESENZRHXRERRAERELES
KEWEFERE R 32%, EVHBRED 2%HHFERT, LEEARN, 5K
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MR E LT, BERENSEEME—eREN, RERETTRE HIAZ
MEFERE (374°C) BATEH K. WRNBHEREXTRAME (32%), BES
Tl FEER, BT ERI S, BERARSMPRAERR. KRB RLENS
BRI R ERUANGRERX, TEEMGRERE AR, TR
RIARERMAE S, ERBRERE, MRBFRNES, BaRktKEE.,
HEAEWSKAEH R BN REEGRE, REYERMEEH 75%-85%Lt
BUEH .

143 KRR R

PLZ R 5 B U0 — S R PR & BRI 1 B R A 2, (B R LS
RIIN, BT REUKLERNELENER, PERMERLTHEIIRS
R, R RARMRERFL—ENEW, TERNYEEERFHIE
WREN YRGB R RERAF. Fril, REBFRAEKRERERM ER
FRRREY, BERRRIAKNREBIEMEE RPN,

KBEDERSEEK. BEH&. S5, FEHENMEERETEBET
JZ IR F[29-30]. FZKH#IE L Th il & E B R B A0S WAL Sk, B
TRE, EERE. BPE MBI R 5(32,40,42-43). EER, KNER
THRKMERNPKGHOHEZRENHT, 5T AMEEREN. ALRE
EHRAKBEE AR T LEHBT —EH THZR. WLl SnClL FIH
&k R AITE 140-200°C TRUIDE T SnS, #1KH[44]: LA CuCl. S #1 Cr 4
T BRAERRERER CuS[45]; FHEMSHMEBESIAKIGE, KET #E
Zk M, FIRHZEBIIHIZE 200 °C FLAPOCL, « SnClyy BRRLLK/D& A
SRS ELT PbSnS; 49KHE[46], 7E 150°C FUL PbCly. BRIRFIMA R T AH SR
ZiKH PbsS,l[47]; KAVAMBIZEE AR T SbSI.  BiSI Al BiTel Tk %
BR[48]. AR, KINGERET MEEKME,

L5 VIV REREAD KB

IVV B REMMR—LEFEENEREME, BRiIRLRERNE

Si0, Sn0, #1 a-Sb,04 %
1.5.1 a-Sb,04 Z9K M BB IR AR B 3
BIEJLE, FKFELS b RAT L tF KA MR A 2 R ZE R4k




B—TER 19

FRBMAZRE £ BTSRRI AR R4 T KB RN,
0-SboOs MIHABEALHI W Fer03, MoOs FEAREUFBE 2 KT LMK 5
FREM R [49-50]). BEENLT, o-Sh,0sMAREESAET, 7 530 °C
In#h Sby03 24 AN EIRHI[S1]. B , 7E =R & T (300-500°C, 100-1800atm),
Sby03 H1 SbyOs KRS MIFE NaOH Hl Hy0, W H RIETIAEIIN[52). B HREHL
a-Sby0 FIK L MBI CHR AR D BEARE, BT Zhang FRAMILMEHI& TIRRE
HIFAC B PRSI Ji F UL R ARE A FEHIAE S R T 20KEE[52). %
SREIE SR E, EAERIEESNRER DENERER. Bt KER
FEAMBBI T EE K o-Sh04 FIPIKEH, RN LRI R R
#.

1.5.2 SnO, UK BB R BRI K R #

SnO,fEh —F T 45 (Eg=3.6 eVINR K A K, RBFFAN A& 7 18
MEZ—[54]. I FHAFREMLERNMIERE, FRAENFHMRNE, B
SR B TS R 88 55-56], HRARBHRI[ST) LA B ACBH % H it 58-59]
B%. H&Sn0, FRORARERTERBMAIEE. MIRE HESHITE
. BB E A AR, AN HEANNR, AMIERRARKEHETS
FJ5 i Bl % th ) SnO, U K TR M S I AL BE R IR KW, HIERAE B
HWE HN AR FGEERANT—H I R S H A & BRI
WHRNKE R KIEEA—FFER, KRMERTESRT AR
B KN RE S HM & RBEARMLE, EHERERMN RS RER, fE%
£, HiERRSAEEEBRRS FiEH. —SR M EAKAEERT S5
HUBNB ARG, Bl BEUBE. REHNEELREENEHET
KABGEERTRREHEH[60], EAKMELET AgNOs, (NH,)S,0H
SnCL2H,0 8 B T A KER 1 55[61]; AR LASnClyeSHOFINaOH H o B 4 i 7K
#al & T HRZ LR G 1[62).

16 EBKEEHAEK

KRR BT Z2RER FRMARENRME . SRR R
FERRH -5 EEHLER—BERHERAMANAL, BN 21
L ERE SRR Z — . BEEXR R MEN, AT S RAHK




P-wgER 20

FRLR Y RIEFEARBEG 0 Y EL 2R R M. FIR AR IR Rl
ST ZATERPrH & B NAKR N EHARARSERABE, H&RAE
HEMBI N AR FETRE TR I A ARSI, WTTEE 5
fE. EF5REBHZEHMAMHESR, MEZATIVNEN. BE/LE, K&
L THE S HREFSRAENREHHE LB T ZHMNAE, AMISHKHR
EEMT ZHEREANDARANIKES . Kb VIV BEUDHTFERLER. |
BN SRR RS LRRHRD, SIRT AMINHANE. ZEFEHERE
WHIRI KBRS R RERE L, BATE—DE R T8 VIV R . NERTR
MAKLEE, RNALTSREAAXDOBKER, HHTHR VV Sk
MEHOPERE, AR, B 5 MR, & vV Eemank
MEFFIRI R . NSRRI RAE LE, FIAEREKRE BT EE Rk
ik, JLRAA. T H. BRABEM A& RS REMET L. fHik
LRI AN B 5

ARTERTFEXEFREL, U IVVELDPRME AR, #TH
B &AL R R A . FKHIEN 0-Sby04 M1 SnO, KL M 417 )
&, I IVV SRR ENHE T 257, FRFOYERZ 5
B, NARM BN R M. ERNERT a-Sby0s F9KEM SnO, KA
HIRAHLG, RIRXHMOAIRE R BT THA. TRIENMEKNE, §&
BRI BIAKHE TS, A TRINEREREN S RAKGEN, XA T
BAVREZMRT, AT EHHEEKREHEBR, T LHF R ARG,
TRARHBAKRGHIERNBNMAKES, EREFEEFLEN. Fit
ERATEAHT & R AR ROR B R0 L R AR ROPIR T HCRE A KA
B, AEEARXTHMT=HTIE, BRAHRANENT:
(1) FKIAE B 0-SbrOs K HE R RABTA
(2) JKIA B Sn0; HOKGRELEREE 4 Bt 2 0 BB A
(3) TR P BT S RO E AL KL




ZEF 0-Sb,O4 KB H] K R RAE
21 5%

BEEMKBERR, &R R9KEW MG RBERGRE SR H455
FRO—ANMER. ~HAKEHHTENRKYURER. BFRHmAM R
BN RS R B JGAR. RN, FRMIIEMEGRR R TR
KT R BURFTEEEEMNH. LTS, Bk R
AR, BR—BMKMBRESFEEN—TE. —EHKMBE TR,
REFT AR E 2 EOR, NI T A RN EE. REHRSMETA
SRR AR, REEFREALESURAMFECERN, X&EEHE
WiEHERKHRE . BATUE, —EARAR AL FIZE At LR AT BBk AL R
K1 EA[36-40]. B, CHBERHPMAEGR T BUFIK—EGKME, HER
KPR SRR, R FRM A, FHEE ZHNAT
T, i Kawi FEMT Zn-Al EAMEGKE, ERRENHELY
(R R 55 SRR RE LRI IR AT B AL RE[68]. KB HI& T B-MnO, 41K
B, RIEAERSE TR 5P bt R R A 1L P R 691

R, a-SbOs MEAMEALYIM Fey05, MoO; Z4E AN Z HH T
WFE Z e ) B AL R B 35 [49-50]. BHIEWT, o-Sbyos MAREESFAETF,
£ 530 FEEfn#h Sby0; 24 AN/PMETHIRHI[S1]. B, EFHERET(300-500 °C,
100-1800 atm), Sb,03 1 Sb,05 KIS YJ7E NaOH 1 H,0, ¥+ R ML 1T 18 2 i)
[52]. HRER a-Sby0s — LKL STER AR D HARE, BT Zhang ZFM
ARERE TR BRI ES3RI B oA R A ABHIES
BT AKKE(S2]. BIBEBIRSS LM E, 7E8midRTMRER DA ILIERK
/. BHFRAERFEMHTEE R o-SbO, MK LR, BEHMEILIEEER S

KRG E AR MR R, RAKEREARNA R, Bid3R
NARFMH, QG- SRS ENRNINE, F50EEREAE N RERHE
BELERNTE. BEJUE, KBEHTER. SEENFREES BRI KM E
HEBETIZENE. AR, BAILL SbCL A L ARNY), 7200 ETF
KASEIRHIE T RTI95I0 8 & a-Sby0, 2K e, HES BRI FRFRT



7 a-Sb204 U KHEHI & MIRIE 2

AR AR KW, RETSEMOLKNE. HRATERETUE
i 8 el F ik 5 R P ARNAR Sb BT5 0 RFZHMIRIIKR. &K
TIAABHINI S4B HECAMED TTEER MRS ER.

2.2 o-Sh,04 JKBERI & R SRR

22.1 BERIHIEMEIE

EHI &SRS, 2474 0.004mol #I SbCl; A1 0.015mol # I B ZE] 50ml
MEmEES, REEAKY 40ml MEEFK, BEXAS I, BESHEER
BN BRAFTE 200 FE T 04 20 /M. S KB TE, BESERAHEZE,
WHTERYAZEFKERLBEERRET. BEEEFTREFSOETT
1 4 /MR, BEIAHETE.

F BT RIS AU(XRD, D/max-2550)R1E R B HER I AE, BH RBI(TEM,
Hitachi H-800)H1 %% 4 Fi 8L (HRTEM, JEM-2010) 8¢ T A SAR X
A, ZRT 200mW FEE FEOLRE (NEXUS-670) 514.5nm K& Ri78 T 4
8.

— > S04 TR G5 : R TTABFIHRHE, 2 FIFR A 0-Sb04 1 B-Sby04[52]
B 2.1 2T HM 9 XRD AT R, FrA KA 4485 o-Sb,0, f5HEF (PCPDF
Card, No. 80-0231) EHIATST AR, A RIAFMW Sby0sCly, Sb,0; F Sby0s
ORISR, XU BIRE B A BB RI T 1 SbaOy, AR E N a=5434A,b=4.809 A,
c=11.77 A. [, SREHTH B S H4 &R RIT.
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B 2.1: 7 200 °C TR #vé BUFF i K XRD T 16 4%
Fig.2.1: XRD pattern of as-prepared product at 200 °C by hydrothermal method
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ERAG RSSO ER E, #—PRBHOE. BEENME. BXE
TR MG ED TR SRR HAT T RIE. B 2208841 TEM
B, ATLUE HIRBHR R R B MK, XEMKENERN
50-150 nm, 4 100-300 nm. B 2.2(b) W EAEKLIR 120 nm HHARGK R
TEM . HRTEM 3HXAMGOK BRI MIAT T RIE, 4RRY 0-Sb,0, 45K E
ARG, BEBMMTEHR. WE 2.2(c)F BB TG TFIT T
HE R Z R IR R 0.44 A4K, HRJ7H SbyO, KGRI (011) MIXTRY, FH
TR BT 2 R H ] BE 2 0.54nm, 6% BE R T M RS E B ala=5434 ).
Rt MEST a M, JFEBEE100IF AAEK. EXBFAHE 2.2)#E—%
T a-SbyO, 90K EE N B RS, WABMATEH, HEE0FRAEK. &
TROIEWE 22087, BT REBHFFMABRERN Cu M C M2, 25 Sb RO M
GBI RAEEE Sb M1 O R, RERMMARET, BibitH B3 Sb
O JRTHEET 1: 2, 5 a-ShOs L BYIME T HAMTF, X5 XRD 4 RAHYI4 .
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Intensity (a.u.)

0 1 2 3 4 5 6 7 8 9 10
Energy (KeV)

22: FrfafEie (a) TEM B (b) BARGUKEEN TEM B: (o) $iRgeK
I HRTEM [ (d) EXARFRIHE; (o) FUKEREEMTE.
Fig.2.2: (a) TEM image of as-grown a-Sb,O4 nanorods; (b) TEM image of a single
a-Sb,04 nanorod; (c) HRTEM image of an individual a-Sb,O4 nanorod, (d) SAED
pattern taken from the nanorod; (¢) EDX spectrum of the a-Sb,O4 nanorod.
222 HIBFHREWLR o-ShyO, JKEETT REMAE KNI

AT WA T W a-SbyOg FOKEER A KR, TATHF T 185 ATA fa) 3¢ H A
KHEH M. B 2.3 H7E 200 BT AR Al BHTBH R A XRD . W 2.3(a)
FroR, RNCEE)DF 2 NN R R, XRD BIHAUEI T SbyOsCly TS, B
ERRIMIER, HRT o-Sbo04 MIRTHE,  BIEHIIRABKMIR, T SbiOsCl
R e () S B ROR 555, T 2.3(0) 0 2.3(c)T o » R LR TB) K 20 AN/ SR
FAXERLE 2.3(d)E T RH 0-Sby0s HIRTHIE . X BLHRATLE 200 B 20 MPETHIR
RRAF T AR T A a-Sby0s A1 KHE. ETULKER, HIHRET o-Sb0,
PABARR LRI ENT:

21,+ H,0 - HI + HIO, )
SbCl, +H,0 — $b,0,Cl, + 2HCl Q)

$b,0,Cl, +HIO,+ H,0 - 28b,0,+ 2HCI +HIO  (3)



B 0-Sb204 4K b bl &% R AT

ERMEREY, BELRETHARMNZAH] 1 HIO47] (Egs.l). EBRM%
5 F, SbCLKMR4: AL T SbsOsCLUTHE[70)(Eqs.2). #RJ5 SbsOsCLFIIRE L FIHIOS
RATEMNER KA T a-SbOs(Egs.3). 18 B —IHI R FIZIRATLLAT & A
WGP REE R —H 47, ERPERTLRTRESRN, tWERRT #H
BHE, W) T a-ShyO gk IR A4 K
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T (@)
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Bi2.3: 200f FARRMRIB: a)2/bT; b)S/MET; o)15/MF; d)20/t, HFTERE
aHIXRDA
Fig.2.3: XRD patterns of the time-dependent products prepared at 200 °C: a) 2 h; b) 8
h; ¢) 15h; d) 20 h,
22.3F 8 Fo-Sh,0. 40K i 8 i

El2.4 (a) Ra-SbyO kG HRERE, R TSb(3+) M Sb (SHERF /A
AR6NERTEE, AT SbOJUE 4SO\ Tk, I HBBREHH A
[71-72]. RAM AN ERTFSERFZ MR RAED 2% ERRAAMEE
¥, BRFREREFRAE=AAFAMEZTWT: 0-Sb(3+)-0, 0-Sb(5+)-0 H
Sb(3+)-0-Sb(5+), Bt & EILFENAFRMRENR. E240)RERTHE
BRI KR, $tH142, 195,259, 398, 458 and 638 cm ™' NAMETA I . AR SCER
RIE, 142, 195,259 cm' i3 JE T SbO, MU T 4 B H10-Sb(3+)-OBE KR Z[ 73], 398,
458 cm’'i )& FSb(3+)-0-Sb(SH)IRBN[73], XL B & 1A IISbO, MU
thFISbOs N E k. TSk, —ANFHIE63S em™ &b #8 £ th T SbOg /\ H 14
O-Sb(5+)-OR MRS 51 2II[74]. FHik, a-Sb,0.41 8 HiEH =MRIIER 552
F0-Sb(3+)-0, 0-Sb(5+)-0 HISb(3+)-0-Sb(5+){RZ5IRMI[73]. SbtkIAELL,
PEERAETHBHAE, RITANZRH TR RE, Em&ATU
A RIE FISnS, 40K i [44180 BILAKB[7518 (HkEAaL) T8kt ke
THBEHa®.
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(b)

195

2
7]
c
2
£
c -]
(3] [=3
E o
:: 2
a <
g (o]
" g
.Sb$+ T ¥ 1 1 1 L]
3+ v i
Osb | | ° DD O D@D @
9.
@0 — Rt ()

B 2.4: a-Sby04a) FALHIREEM b) il T Hh 2 %
Fig.2.4: a) The schematic illustration of a-Sb,O4 crystal structure model; b) Raman
spectrum of a-Sb,04 nanorods at room temperature.
23. MG

KA SbCls M I A i B, FIRKBEAEBRKKRET (180-200 °C) Azh
MIE T o-Sby0s GKHE. HEMAEGES G (TEM) M7 B0k R~
85, BRA 50~150nm, KEH 100~300nm. FEES S (HRTEM) FEX
HFAT4T (SAED) B A Bt T A BRI 40K D 45 AR BE AR 7 B4 B R 40K 8 0-SbO4
ZUK¥EIY) Raman & FAM RO X NG LR 5~7 MBI, BB
fE R HAUK RT N 5 /Y« BF LK B 0-SbyOs H1KHE ) Raman -5 & 45 4 8 1)
GHXRREY). FRRETHRBETRAERNEDT: (1) SbCl; ERREH
TFKBRMA R SbsOsClys (2)  SbyOsCl, RAFMRRL; (3) FEMEEHBT
a-Sby04 BIKEEA K



B=F SnO BRARERTA 451 I 1 & AR AE
3155

EILHER, BRBGKRME GRIRXTFRAEZNES MG & —H %
RiE. EHR, SERHESHRT. BREFENNXER. I THERREE
MRS, RECENRATHRERE, FRERASR, AMIFHERARR
WAL, BAREIGUAK B HI LR FFRE T 59 8 B

BT 0 £ ) PR 18] B8 5 4 A 9 2% RO B )00 6 06 2% B T 550 T SR 5 i
REOGUAKMEBAMERZFNFROATIRE. BEERERRE, —#H
B BRERARE T E—KREZBIRKI T . KRR IRERF BN % A R
PSR, FRKBBIEN RN, Bt RMARNR, Qg - EHEEE
MRS, @R EEIABNY AR EES R, KIEX R LHEH.
RN REYFER. RAKREREFRARBEIW: TEMEERE, 5
T, TRERAELE, FYEENGA. TRARAEALERSE, A
ERKREE R T ZRULEYRRAKM L.

SnOfE A —FEEM TN (Eg=3.6 eV, 300K) NEEXBkEBEMLY,
ERBE SR EEES MR, BRSHEE. LEHE. BWE. k.
REHR. KEBRermM., fFBREHEAA ZA[55-59]. Bl BEER
AR & R R A FITESRIH A0k b B 2T AR T AR R, R
SIBENTIAWHEK & BRI KSR . AR SReERIT B L[ 76]. E L%
HEIT7] BESHE[78] LA R AL ST 79] %414 T SnOf0 Mg K Bk, HR
RELREEER. FEGRSEURRHEHSE. METE. REMANST
EHIRKRIERDGE, REANDRAKAES R T Sn0 % FA RIS /48K
HEl. RERGE. REANAEARERZTKAGBER TIERS HMEN
LK P K # ik AL 2 T AgNO3 . (NHy)S;08 R SnCle2H,08 L T 40 K R 4 4 %
[60-61]; #F <5 LLSnClyeSH,OFINaOH A [ FL4) FH 7K #h ik bl & T oK 25 o BR 46 #y
[62]

TEARR SO RATAT AR HER G 2 0 K R4 K #ak 6) % T SnO. BTk
BARREM, A HAEKNERTTHY, FHTFROTEENEHE RN
KEWMEREEK. EER TRUMHEABREERAEIM R BE RS H



B ZF SnO, BERIRTILE MBI F AR T 29

R ERKOCEANR, E514nmibk i, RIHEMERLRE EHREF
f1 52 FE 5% 6
3.2 SnO, K HEIRE MK H & FE 2R MBR
3.2.1 ERBIEMRE

SER P TR R LI R AT B EREAN LR, 4.5g HERA 2mm
IR AR FER R B L2 SE BN BE £ 0 Soml AR, ARG 20mi HIHKE
A B%HITHER, FMA 20ml FIEEFK. EMIBREZBEN, DUaRMETF
BIZL, BHEEAE, REER. BESESEEHRERER THREP. % 200
ETm#10~12 M fE, Bl e EEHEADRZER. ARNHERAZET
KiEWE 3~5 WG (ZHARET), AESHESTENS, BRAETTES
FE 80 FE T F 4 3~4 N, BEIAGITHR.

H X S 4A75HX (XRD, D/max-2550) RAECHRBHLKSRM. HERTE
BB (SEM, JSM—5600LV) MR THEMEHRAMRT KD, RBR K
(Photoluminescence (PL)) &7E Hitachi F-7000 flurescence spectrometry i & /],
A 325nm HKEEABERIE. HERTIHENR 200mW FEE T8O
(NEXUS-670, 514.5nm JE-K#K) WA THEHi% (Raman Spectrum (RS)).

Bl 3.1 A SnO, # i # XRD T 7eHE . B MfT 18485 SnO;
fx#& (PCPDF Card, No. 77-0449) 9753 AR #F, AbAT139T FIVU 7 #H) SnO,
Ebr. MIRER N a=47424,c=3.19 A, BEHMKZFESHIW Sn, SnO ZHIAT
SR . X B & RRE R A 2 SnO, T ARS

o
-
-

101

u)

Intensity(a.
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B 3.1: 7E 200 °C TKH & RUFE G I XRD Ri7 51 7E4F
Fig.3.1: XRD pattern of as-prepared product at 200 °C by hydrothermal method
OB B RIEM b, RITARHATEMEARTRANESAR
st B 32 AEERARGEHN SEM B R . B 32 (a) W& SEM BH,
BATATOAE i dn 2 K BRI ERRE WAL, ROERKARZ 500nm~1pm.
FETHBEFAEIEKA, B 32 (b) BRTHBNAZREN, BRNHRE
HRBRAKSEBNALZE, FRRITHLEWRE I AEIREM. B 3.2 (o)
MBI — A EHREH, RIERKRR T AR — M A REWT B
i, FREWHER ALK 30~400m.

Bl 3.2: HaAREHEK SEM BR: (a) 5000, (b) 20000, (c¢) 50000 f&.
Fig.3.2: SEM images of the obtained product in different multiple: (2)5000, (b)20000,
(€)50000.
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3.2.2 RNEWKEE

KR, WD BB FER B L AT Sn0, BREREMTRTEE
WM. —H, HLLHRNESHMRNAEELREE, RESHFEEREY
REFEMRIER, EXRBELES, KBRS, 9—FHH0, H25 M RIEmR
HEHATVBRAEHRGE MR Y TR, HATHRALRREN.

BATI AR R BRERT SnO, BT8R WHEAT TR, H—, ERFHLELR
FUEARKART, ABBERBTHE, £ 4.5z WBHEURMREA 2x2em MIE
HkHE. B33 (a) M (b) REBIFME SEM B, HRKEENMAE,
BATAA R T ABEEE RN ERXNERPRNEHBRREIREN, i
HAHBREHTR. =, AFERBELGIRABRTHERT, BORKE
BLAE N RNY), XMREIRDETBREBARK, kR MRS R NE
Lk B 3.4 ZREHMH TEM BR, F5AKERL, RABKX/NA 5~10nm.
HLENBE, HEHBURERNGLER K Sn0, REREHTET EEMX
RYLIEA .
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B33 (a) M (b): RGN RMYIEEIFE RN SEM B
Fig.3.3 (a) and (b): SEM images of the obtained product (Sn foil as reagent)

BATRHR LA ()% SnO, MG R AT TR . HEEET 150°C &
HREIDF 6 NME, FERTEELE SnO 2R, B 3.5 HRMAE 150 °C F 6/
R 2R AT XRD R TERE, RUIFER R i SnO A SnO, 1R, XEHIERE
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KRR )R, RIVBATEHTRE, BEBIMME Sn0, F&. RATEH
%7 170 °C #1200 °C FAFES ] B AIFE &, ARIEFB=HH XRD A SEM,
HEFBEYM RGBSR BEER 3.1 P, ROKAEE Sn0, REHRREH
IR AL 4 R 7E 180~200°C FRAL 10~12 N /ES .

Bl 3.4: FIBPRAE R R YIS 206 K SEM B H
Fig.3.4: SEM image of the obtained product (Sn power reagent)

® Sn0
a SnOz

011©

Intensity (a.u.)

2Theta (deg.)

3.5:150°C T 6 /M3 ZIF A E XRD fi754f 4%
Fig.3.5: The XRD pattern of obtained product at 150°C in 6 h
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No.  Temperature (°C)  Reaction time (h)  product

1 150 6 $n0,8n0,”
2 150 10 S$no,*
3 170 8 $n0,*
4 200 8 Sn0;
5 200 12 SnOy’
a particals.

b not well shaped woolsphere-like structures.
¢ well-formed woolsphere-like structures.

£ 3.1: ARAERFETHHEN=Y5IE
Table 3.1: Experimental conditions and results of the reactions
323 ERHLERH

EAKBERT, BT RIE E MR 5 ol LS IR — 2 i RN 4
BT Sn0,, HEMH 5% thBRIERIIBLAERT SnO, MALIKHULEN.
o L R R M B LTS ST AP R B T R BIEMER. B 3.2 (o) ¥
RHERT SnOy ALK R - REMZUEBE, (BRI AREER L
HUEIRRALIRGHATER. AREMER BT EMERERSEN, BITAANE
i AR BR824 h BE A I FE R A T HEAR, B2 SRR AR T SO,
R4, B 3.6 —7E 200 °C TR 8 MM AEEEGH SEM BR, WER
BARG T ARIREMETRIE. N TR T2 Sn0: I REH, BA)
ERREEE—E. BMENRNER, SRESHAREMREE—R, BRT

RAOBEIKREIREH
;, i * @%@” V4 MW?’WW .

e
N,fu %,

Bl3.6: 7E 200°C TR 8 /DS I B EIFE M9 SEM B A
Fig3.6: SEM image of the obtained product at 200°Cin8 h
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324 ER FHRSERABR b

SnO, BHNG AR EH, BT DYy B, 18 MESMETARTA T
FRT = 1A1g H1Agg +1Ag, +1Byg +1Byg +2By, +1Eg +3E,, FHep 11 M2
AN RHBIEY (Al Big, Bygand Ey) [80].

3.7 RERT Sn0, BEIRAL MM &1 (RS), MEFHATATLLE ST
A1 & W4 BITE 470, 535, 632 and 767 ik, o 470, 632 A1 767 em™' kbfIH B i
ASBTF Eg, Arg M By BR[80]. S EIEIHIEi% (475, 634, 774 em™) [81]
M, RAETKY 5~Tom MAH, ROTAAXTEER T 5 22 8] R )
5IEHI[82]. KMMABIRELE SnS, JK&EH Bils HAKRI B iEFHURET
(44,751, BT XA, B 37 FEEHT—AME S35 em ™ BIH 818, X7
AR 8 P B E AT, BATAAX AT AL R T 5i& k5 RARE -/
Bt 8 1% [80].

632

Intensity (a.u.)
g

535 767
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Fig.3.7: The Raman Spectrum (RS) of SnO; in room temperature
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Fig.3.8: The Photoluminescence Spectrum of SnO, in room temperature
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TENANESR T HZRORRKE. HEEREHS FZENMNEH (FKR
ERRE) MEMAIARNBEANALETRANEN. KPHKELERN (—K&
fE1—100pm) . KB AETEHNEENHAUSREVNAFEHEEEEN
BN B, ERARTE, WKERFEFXNLERER, HkaERKERET
BB E—BREATIEE ERTEAFBARGORE R, 7T AK KR B2
AR, AR AT ELEE. ERAMEIH, SRHEMHAE SR
v, WM, WEMERS, BHETESBEMEEAD, THAREEES
SRR, NABEMEF TR R AR, B4, BRERSHMF R
KE1/40, ERREUHEERT, Sl BikuEsg, SEtaskER
AR EATTRESH, BEELFMERZNERE, HREBREREL
RIE, WOKETAERMAR. KanekoZ AN ERRBHOK S ITHRHTEN
HNARE8T] . 535h, DytstraB{EHKER FREILIRFEH +, FREERS
T3ME88]. HKEHEEZMBT T AT ZHINH . x5 2 B E
A, SEANEEGED, XA BRI AT B T LU UM AE IR T .
WREER A TAHRRE. ERTF U BEREMRLTRER, AN
KEHARTLAERKEN NS EE LIRE LR FEEIEM SR, LIRS EE K
WE%, BALHERAENHEAE. HTFHKEERANLRE, taTlH
YESSHBUR ST 3% BRI GOKE & AN AR AKEN, BKERSBREN 2
RN F (891,

MAERXAZHHNNHSEHRREERTL, MHAKENEEXER
. REREVIHX. BEATEFKEFE L AEMNA, TREKENEKT
BRLAKES ., EEFHEKIBRPNERT, BRELWHITERRE,
PAEHIH R IF 4 HBE B, WA ARRER A R HORE LUE B FARRHE A
IR RIS . XA B LT T AR LR A R OR IR 38 R R LR FF B T 5 B B
¥ . BEE AR HBE AR RN =0 AR, PosSliER—HE
BB SY, TRNAT RS MNfERE%[47,90], BITLET R
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TAUTZRIRE. ROFIKAEE R T HRMMNECKRELE Y, BRMEAEKN
BERFHITFANRR, L, MURETEMHEFHAEKNEER, flns-
W-EAER, BHER, BREBES, REFHDES, CHEPHRAEE,
TEARR P, BATHA T PosSale oK E A KRR, 18I 140 8 2 i i) Fi A X
HARRA SRR A SR A KB R L, R T PbsSL KRB M4 K1
R, FETHEERBHDHERNEFMERUKENERSR, FHTARFLED
FIRCKEREH, ARITEEMEF AR EHRE T T RNKE, ARCKE
RISES 2 MR FAT F 7 26t

4.2 HRBGCRE N H & A KL E KR

421K 1 ([47]

B HTAPOCL. BRARALE EHM (L) MASmIMEESH, REEMAK
BKEBEZEENB0%. BHEKHEZET150°CHRAERMM2. 4, 8, 15
MNEE, REBRAHEER. WEGRNF-YREBKEESRX. £70°C
HAZ TP TR/, JEE2VY A ) B4
422 BaRIE

X M ARTH LK R Rigaku D/max2550PC fgHX E5e b, FRME
Cu #£2B3)E (F) BABREN, A=0.154056nm, B HFME HEDHE
40kV A1 300mA, FHTEERZ 10-80°% HARHEELR R ISM-5600LV B HAH#iH
FEME LK.
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RNV & SR L, THRIBKENBEEKRERLSC, 157
B o b T VR ROR E A KA, RA1HIE T 150°CH AR ) B o) R B 72490,
4 M FAXRDASEMEE TR A=W, 2N LR, FYIIXRDS 16 FE B
4.1 (a) iR, BrA M7 5iE 5480 HPbLEIPCPDFIRHEE (No. 73-1752) FEH
B, BEERNa=4557A,c=2093A, RN&AEKILBLEDIOATSED
PbsSole MIPbS TG . X BB R LA IS, PRSI/ T HPOL, WA
PbsSols . HAXTRISEMBE A 0B 4.1 () AR, BATTUBR=WABIR
NERERER, AREREHR (APARBKRL) » FO80EREH.
BRI B RIER, 2RI R A4/, Bl4.1 (b) BRFYIIXRDATH 16
RETHEHZN, HITPbsSleMIfTH I, ERMMI. 5NN KEL
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(f) AHMEISEME R, R THEYNERERETRANEL, XiAHS
PSR ERGH, (CEOBI RGN . 2 RN 3 218/ e 16k,
FYRIXRDATSH LR (B4 () ) RIFBEE I ] ITE K PbsSol AT S i A K 4
9 1T POLy (I AT S WS R 8555, AT 50 B 7 B Bf 6 A 2 4 72497 1 P 18 18 Fry s 2
JPbsSols. MPZHIFISEMIB R (4.1 (g) ) TTLLEH, HRESHEAREE, =9
ERERHR. B RORXLBERTRECERRT M SENET,
MHBS LA T HFZHRE, B TEREH. BEREMNER, 2R
HISAVNER, BAVEE TRIEHYR. E4.1 (@) FRMXRDETSTERE R
PR AL R UEPDsS kg, A H A ZR R L PbLMAT B I, X T
BHPbL 2 FE L A PbsSle. AHXTRHISEME A (4.1 (h) ) BEABRT —A5%
BHHKE S LRBR.
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Fig.4.1: XRD and SEM patterns of the time-dependent products prepared at 150 °C: a)
2h;b)4h;c)8h;d)15h.
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Fig.4.2: The growing process of nest-like microtubules
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Fig.4.3: The schematic illustration of Pbl, crystal structure model
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EEMBRKRETZN, HEELD () RAHERNAZER. XA
POLAIH,S R A fiPbSJ5, PbS U 5PbL &K L T S WA B T PbsSalge XM
FEth, LAPbLAIERR S 1 AR A K T PbsSl R &5 14

(NH,),CS+H,0 - H,S+CO,+NH, (3)

Pbl, +H,S — PbS+2HI (4)

3Pbl, +2PbS - Pb,S, I, (5)

(3) WKEEHREBLHI93]

EEMEKERED, BRNREORERES RS TRET. BE RN BT
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TELLRTA AR PbsSols & SLRTCKE B Rt L, AR E T R R fa) AIE 5
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Y, HARUAKAET R, RS MERREE—R, TIeHEHL&TRN
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Raman #EFIAREHEIX R A ECIIE 5~7 NMEEOBE), EHBTEER L
KRT BN T2 R a-SbyOs 49K ) Raman %5 & 1k A BE R A IR B F
RIKRED), A= MR RESFRBR=OUARES, RIURET




a-SbyO4 KT REMIAEKHIEMT: (1) SbCl; FERM &M T K R N A R
Sb4OsClys (2) SbyOsCl, RAEMRIL; (3) FEMUMEHB T a-Sb0, #KHEE
k.

2. FAZK AR DA i AR ek B 5 42 RO R R LA #E 180-200 °C TART
Sn0, A REM UM BEIRAK G, FREMKEE R 40~50nm. 1]
35/ [R5 P RN () BURE S B SEM R BT8Rt T ECRT R4 KL . Raman i
SHMEMHLRET M/NIALE, XTRR BRI ERERT5RMN. BITE
SERH BT TR, HRRPHEE S14 m RBEL, EARBGFE
FeZenioyeinl VAT =

3. TELLRTA AL PbsSals & UK E R ERE b, PAIMRE T R R [ AR
FEX LS ) B FE R AR RS W o AR R AH IR BE T AN RIR () B I F= 9 MO F= 0 O 7
i, 7 PbsSols MAEKNEMT THAMITE, BETAEMEKNE. PIRX
AAEKHEY>H=AMBRWT: (1) Poh FREMBIEM; (2) PbsSls ok
BIFERG: (3) SEUR PhsSole KB R. GEHRITEKNBKERES, BT
RIOFHRZIN THHAENA KSR, LETRINTHHN S RERGEWREEE
iZ il

HTAKMBES N ERSE A S22, DRANSHERES
W AR . R MESAEAEEANRHE, TS8R RRER
E, BETZ AR FRARAME . ZAREEANTEEHNREREBELD
ORI K G, R AEB TS & PR BT R R BB HIA
KEME RS, HATURKORSHRME SRR e, Fikakitkisl
EHERBH—AEET RRRSHRE WSS,




%R
[1] KBS RE, PKRMEMBHE M), bR BEXFEHRE, 2003,

[2] koLiE, BFE, FORMERAKEY M), L. BEdRA, 2001,
[3] ER, BIEKE, KBREFAME M), b5 BRI H ARG, 2000.

[4] 2SR, BOL, EHRFE, Ehmg, BE, B HRES RPN EE
BIEEAR, F4EEARD], 2006, 31: 3217-3221.

[5]1 E. Munoz, WK. Maser, Gas and pressure effects on the production of
single-walled carbon nanotubes by laser ablation, Carbon [J], 2000, 38:
1445-1451.

[6] T.Yamamoto, J. Mazumder, Synthesis of nanocrystalline NbAl; by laser ablation
technique, Nano Structured Materials [J], 1996, 7(3): 305-312.

[7] C. B. Juang, H. Cai, M. F. Becker, et al., Synthesis particles by pulsed-laser
ablation, Appl. Phys. Lett. [J], 1994, 65(1):40-42.

[8] C.R. Martin, Nanomaterials-a membrane-based synthetic pproach, Science [!],
1994, 266: 1961-1966.

[9] S.G Yang, H. Zhu, D.L. Yu, et al., Preparation and magnetic property of Fe
nanowire array, Magn.Magn.Mater. [J], 2000, 222: 7-100.

[10] G H. Prontifex, P. Zhang, Z. Wang, et al., STM imaging of the surface of small
metal particles formed in anodic oxide pores, Phys.Chem.[J], 1991, 95: 9989.

[11] C.A. Foss, Jr. Gabor L. Hornyak, Jon A. Stockert, et al., Optical properties of
composite membranes containing arrays of nanoscopic gold cylinders. J.Phys.
Chem.[J], 1992, 96: 7497-7499.

[12] D. Routkevitch, T. Bigioni, M. Moskovits, et al., Electrochemical fabrication of
CdS nanowire arrays in porous anodic aluminum oxide templates.
J.Phys.Chem.[J], 1996, 100: 14037-14047.

[13] Q. Cao, Z. Xu, H. Sang, et al., Template synthesis and magnetic behavior of an
array of cobalt nanowires encapsulated in polyaniline nanotubules, Adv.Mater.[J],
2001, 13:121-123. '

[14] J.S. Suh and J.S. Lee, Highly ordered two-dimensional carbon nanotube arrays
Appl. Phys.Lett.[J],1999,75:2047-2049.




&H ik : 45

[15] X.Y. Zhang, L.D. Zhang, GW. Meng,et al. Synthesis of Ordered Single Crystal
Silicon Nanowire Arrays. Adv.Mater.[J], 2001,13:1238-1241.

[16] GS. Cheng, S.H. Chen, X.G Zhu, et al. Highly ordered nanostructures of single
crystalline GaNnanowires in anodic alumina membranes. Mater.Sci.Eng.A.[J],
2000, 286:165-168.

[17] H.J. Dai, EEW Wong, Y.Z. Lu, et al.Synthesis and characterization of carbide
nanorods, Nature [J], 1995, 375: 769-772.

[18] W.Q. Han, S.S. Fan, Q.Q. Li, et al.Synthesis of gallium nitride nanorods through
a carbon nanotube-confined reaction, Science [J], 1997, 277: 287-1289.

[19] E.Braun, Y.Eichen, U.Sivan, et al. DNA-templated assembly and electrode
attachment of a conducting silver wire. Nature [J], 1998, 391:775-778.

[20] Q.Y. Lu, J.Q. Hu, K.B. Tang, et al. Growth of SiC nanorods at low temperature,
Appl. Phys.Lett.[J], 1999, 75: 507-509.

[21] W.S. Sheldrick, M. Wachhold, Solventothermal Synthesis of Solid-State
Chalcogenidometalates, Angew. Chem. Int. Ed. Engl. [J], 1997, 36: 206-224.

[22] H. Yamane, M. Shimada, S.J. Clarke, F.J. Disalvo, Preparation of GaN Single
Crystals Using a Na Flux Chem. Mater. [J], 1997, 9: 413-416.

[23] D.M. Bibby, M.P. Dale, Synthesis of silica-sodalite from non-aqueous system,
Nature [J], 1985, 317:157-158.

[24] K. Narasaka, N. Iwasawa, M. Inoue, Asymmetric Diels-Alder reaction catalyzed
by a chiral titanium reagent, J.Am.Chem.Soc. [J], 1989, 111(14): 5340-5345.

[25] T. Dubosis, G Demazeau, Preparation of Fe;O4 fine particles through a
solvothermal process, Mater.Lett. [J], 1994, 19: 38-47.

[26] W5, EXH, BARRF, KERKBEHZAKBHLE BZEBR (],
1996, 11: 998-1002.

[271Y. Xie, Y.T. Qian et al., A benzene-thermal synthetic route to nanocrystalline GaN,
Science [J], 1996, 272: 1926-1927.

[28] Y. Xie, Y.T. Qian, S.Y. Zhang, Coexistence of wurtzite GaN with zinc blende and
rocksalt studied by x-ray power diffraction and high-resolution transmission
electron microscopy, Appl.Phys.Lett. [J], 1996, 69(3): 334-336.




B LR 46

[29] L. Brus, Metastable DenseSemiconductor Phases, Science [J], 1997, 276:
373-374.

[30] C.C. Chen, A.P. Alivisatos, et al, Size Dependence of Structural Metastability in
Semiconductor Nanocrystals, Science [J], 1997, 276: 398-401.

[31] S.H. Feng, R.R. Xu, New materials in hydrothermal synthesis ,Acc.Chem.Res.
[J], 2001, 34: 239-247.

[32] Y.D. Li, X.F. Duan, Y.T. Qian, L. Yang, M.R. Ji, C.W. Li, Solvothermal
Co-reduction Route to the Nanocrystalline III-V Semiconductor InAs
J.Am.Chem. Soc. [J], 1997, 119(33): 7869-7870.

[33] Y.D. Li, Y. Ding, Y.T. Qian, Y. Zhang, L. Yang, A Solvothermal Elemental
Reaction To Produce Nanocrystalline ZnSe, Inorg.Chem. [J], 1998, 37:
2844-2845.

[34] Y.D. Li, HW. Liao, Y. Ding, Y.T. Qian, L Yang, GE. Zhou, Nonaqueous
Synthesis of CdS Nanorod Semiconductor, Chem. Mater. [J], 1998, 10(9),
2301-2303.

[35] S.H. Yu, Y.S. Wu, J. Yang, Z.H. Han, Y. Xie, Y.T. Qian, A Novel Solventothermal
Synthetic Route to Nanocrystalline CdE (E = S, Se, Te) and Morphological
Control, Chem.Mater. [J], 1998, 10(9): 2309-2312.

[36] S.H. Yu, J.Yang, Y.S. Wu, ZH. Han, J. Lu, Y. Xie, Y.T. Qian, Controllable
synthesis of nanocrystalline CdS with different morphologies and particle sizes by
a novel solvothermal process, J.Mater.Chem. [J], 1999, 9: 1283-1287.

[37) W.Z. Wang, Y. Geng, P.Yan, E.Y. Liy, Y. Xie, Y.T. Qian, A Novel Mild Route to
Nanocrystalline Selenides at Room Temperature, J. Am.Chem. Soc. [J], 1999,
121: 4062-4063.

[38] W.Z. Wang, Y. Geng, Y.T. Qian, M.R. Li, X.M. Liu, A Novel Pathway to PbSe
Nanowires at Room Temperature, Adv.Mater. [J], 1998, 38, 1479-1481.

[39] X.F. Qian, X.M. Zhang, C. Wang, Y. Xie, Y.T. Qian, The Preparation and Phase
Transformation of Nanocrystalline Cobalt Sulfides via a Toluene Thermal
Process, Inorg.Chem. [J], 1999, 38: 2621-2623.

[40] J.Q. Hy, Q.Y. Ly, K.B. Tang, Y.T. Qian, GE. Zhou, X.M. Liu, Solvothermal
reaction route to nanocrystalline semiconductors AgMS; (M=Ga,ln)
Chem.Commun [J], 1999, 1093-1094.




B "

[41] C.R. Wang, K.B. Tang, Q. Yang, C.H. An, B. Hai, GZ. Shen, Y.T. Qian,
Blue-light emission of nanocrystalline CaS and SrS synthesized via a
solvothermal route, Chem.Phys.Lett. [J], 2002, 351: 385-

[42] K.Onisawa, Y. »Abe, K. Tamura, T. Nakayama, M. Hanazono, Y.A. Ono,
J.Electrochem.Soc.[J], 1991, 138: 599-

[43] V. Shanker, S. Tanaka, M. Shiki, H. Deguchi, H. Kobayashi, H. Sasakura,
Appl.Phys.Lett.[J], 1984, 45: 960-

[44] C.R. Wang, K.B. Tang, Q. Yang, Y.T. Qian, C.Y. Xu, Hydrothermal Synthesis and
Characterization of SnS; Nanocrystals, Chem.Lett. [J], 2001, 1294-1295.

[45] C.R. Wang, K.B. Tang, Q. Yang, B. Hai, GZ. Shen, Y.T. Qian, Synthesis of CuS
Millimeter-Scale Tubular Crystals, Chem.Lett. [J], 2001, 494-495.

[46] C.R. Wang, K.B. Tang, Q. Yang, GZ. Shen, B. Hai, C.H. An, J. Zou, Y.T. Qian,
Characterization of PbSnS; Nanorods Prepared via an lodine Transport
Hydrothermal Method, J.Solid State Chem. [J] 2001, 160: 50-53.

[47] C.R. Wang, K.B. Tang, Q. Yang, S.H. Lu, GE. Zhou, F.Q. Li, W.C. Yu, Y.T. Qian,
Growth of PbsS;Is meso-scale tubular crystals, J.Cryst.Growth [J], 2001, 226:
175-178.

[48] C.R. Wang, K.B. Tang, Q. Yang, B. Hai, GZ. Shen, C.H. An, W.C. Yu, Y.T. Qian,
Synthesis of novel SbSI nanorods by a hydrothermal method
Inorg.Chem.Commu. [J], 2001, 4: 339-341.

[49] E.M. Gaigneaux, P. Ruiz, B. Delmon, Further on the mechanism of the synergy
between MoO3 and a-Sb,O, in the selective oxidation of isobutene to
methacrolein: Reconstuction of MoO; via spillover oxygen, Catal. Today [J],
1996, 32: 37-46.

[50] Y. Huang, P. Ruiz. The nature of antimony-enriched surface layer of Fe-Sb
mixed oxides, Appl. Surf. Scien. 2006, 252: 7849-7855.

[51] D. Orosel, P. Balog, H. Liu, J. Qian, M. Jansen, Sb,0; at high pressures and high
temperatures, J. Solid. State Chem. [J], 2005, 178: 2602-2607.

[52] TH. Ji, M.Y. Tang, L. Guo, X.Y. Qi, Q.L. Yang, H.B. Xu, Scalable synthesis of
Sb(III)Sb(V)O4 nanorods from Sb,Os powder via solvothermal processing, Solid.
State Commu. [J], 2005, 133: 765-769.

[53] Z.L. Zhang, Synthesis and microstructure of antimony oxide nanorods, J. Mater.



SX IR 48

Res. [J], 2002, 17: 1698-1701.

[54] Y. Liu, M.L. Liu, Growth of aligned square-shaped SnO, tube arrays, Adv. Funct.
Mater. [J], 2005, 15(1):57~62.

[55] Y. L. Wang, X. C. Jiang, Y. N.Xia, A Solution-Phase, Precursor Route to
Polycrystalline SnO2 Nanowires That Can Be Used for Gas Sensing under
Ambient Conditions, J. Am. Chem. Soc.[J], 2003,125(52):16176~16177

[56] R.S. Niranjan, Y.K. Hwang, D.K. Kim, et al., Nanostructured tin oxide:
Synthesis and gas-sensing properties, Mater.Chem.Phys. [J], 2005, 92(2):
384-388.

[57] T. F. Baumann, S. O. Kucheyev, A. E. Gash, J. H. Satcher Jr., Facile Synthesis of
a Crystalline, High-Surface-Area SnO2 Aerogel, Adv.Mater.[J], 2005, 17:
1546-1548.

[58] S. Chappel, A. Zaban, Nanoporous SnO2 electrodes for dye-sensitized solar cells:
improved cell performance by the synthesis of 18nm SnO, colloidsSol. Energ.
Mat. Sol. C, 2002, 71 (2):141-152

[59] S.R. Vishwakarma, H.C. Rahmatullah, Fabrication of SnQ,:As/SiO/n-Si
(textured) (semiconductor/insulator/semiconductor) solar cells by chemical vapor
deposition, Prasad Solid State Electron.[J], 1991, 36: 1345~1348.

[60] Q.R. Zhao, Z.Q. Li, C.Z. Wu, ¢t al. Facile synthesis and optical property of SnO,
flower-like architectures, Nanopart. Res. [J], 2006, 8 (6): 1065-1069.

[61] Q.R. Zhao, Y. Gao, X. Bai, et al. Facile Synthesis of SnO, Hollow Nanospheres
and Applications in Gas Sensors and Electrocatalysts [J], Inorg. Chem., 2006,
2006 (8): 1643-1648.

[62) W.P. Shao, Z.H. Wang, Y.G Zhang, et al. Controlled Synthesis of SnO; Hollow
Microspheres via a Facile Template-free Hydrothermal Route, Chem. Lett. [J],
2005, 34 (4): 556-557.

[63] M. Anpo, T. Shima, S. Kodama, Photocatalytic hydrogenation of CH3CCH with
H20 on small-particle TiO2 : Size quantization effect and reaction intermediates,
J. Phys. Chem. [J], 1987, 91, 4305-4310.

[64] EE, KER, BIEK, JKRTFEZREE RN FRMELERELE
#, 1995, 16(4), 304-307.



SX 49

[65] ¥hFH, BN, B ES 9KKT BLaFeO; KB R R T AW H &M
it S8 IEREE R, BIFEM, 1995, 40(14): 1279-1280.

[66] R. Rolison, Catalytic Nanoarchitectures--the Importance of Nothing and the
Unimportance of Periodicity, Science [J], 2003, 299, 1698-1701.

[67] A. T. Bell, The Impact of Nanoscience on Heterogeneous Catalysis
Science [J], 2003, 299, 1688-1691.

[68] S.C. Shen, K. Hidajat, L.E. Yu, S. Kawi, Simple hydrothermal synthesis of
nanostructured and nanorod Zn-Al Complex Oxides as Novel Nanocatalysts, Adv.
Mater. [J], 2004, 16:541-545.

[69] W.X. Zhang, Z.H. Yang, X. Wang, Y.C. Zhang, X.G Wen, S.H. Yang, Large-scale
synthesis of B-MnO; nanorods and their rapid and efficient catalytic oxidation of
methylene blue dye Catal. Commu. 2006, 7: 408-412.

[701 X. Su, Y. Liu, C. Xiao, G. Zhang, T. Liu, J.G Qian, C.T. Chen, A facile, clean and
quantitative synthesis of antimony chloride oxide single crystals, Mater. Lett. [J],
2006, 60: 3879-3881.

{71] R.G. Orman, D. Holland, Thermal phase transitions in antimony (III) oxides, J.
Solid State Chem.[J], 2007,180: 2587-2596.

[72] P. Charton, P. Armand, Glasses in the TeO2-Sb204 binary system, J. Non-Cryst.
Solids [J], 2003, 316: 189-197.

[73] C. A. Cody, L. Dicarlo, and R. K. Darlington, Vibrational and Thermal Study of
Antimony Oxides, Inorg.Chem. [J], 1976, 18(6): 1572-1576.

[74] E. Arcozzi, N. Ballarini, F. Cavani, M. Cimini, C. Lucarelli, F. Trifiro, P.
Delichere, J.M. Millet, P. Marion, The control of catalytic performance of
rutile-type Sn/V/Nb/Sb mixed oxides, catalysts for propane ammoxidation to
acrylonitrile, Catal. Today [J], 2008,138: 97-103.

[75] C.R. Wang, K.B. Tang, Q. Yang, Y.T. Qian, Preparation and Vibrational
Properties of Bil3 Nanocrystals, Chem.Lett. [J], 2001,154-155.

[76] LM. Cukov, T. Tsuzuki, P.G McCormick, SnO, nanoparticles prepared by
mechanochemical processing, Scripta Materialia [J], 2001, 44: 1787-1790.

[77] L.H. Xian, Y.J. Zhu, S.W. Wang, Sonochemical and microwave-assisted synthesis
of linked single-crystalline ZnO rods, Materials Chemistry and Physics [J], 2004,
88: 421-426.



W
ot
<
&

50

[78] J. Ma, Y. Wang, F. Ji, X. Yu, H. Ma, UV-violet photoluminescence emitted from
SnO2:Sb thin films at different temperature, Mater. Lett., 2005, 59(17):
2142-2145.

[79] D. Calestani, L. Lazzarini, G. Salviati, M. Zha, Morpho-logical,structural and
optical study of Quasi-1D SnO2nanowires and nanobelt, Cryst. Res. Technol [J],
2005, 40: 937-940.

[80] J.X. Zhou, M.S. Zhang, JM. Hong, et al, Raman spectroscopic and
photoluminescence study of single-crystalline SnO, nanowires, Solid State
Commun. [J], 2006, 138 (5): 242-246.

[81] A. Dieguez, A. Romano-Rodriguez, A. Vila, et al., The complete Raman
spectrum of nanometric SnO, particles. Appl. Phys. [J], 2001, 90(3): 1550-1557.

[82] I. H. Campell and P. M. Fauchet, The effects of microcrystal size and shape on
the one phonon Raman spectra of crystalline semiconductors, Solid State
Commun. [J], 1986, 58(10): 739-741.

[83] Q.Y. Wang, K.Yu and F. Xu, Synthesis and field emission of two kinds of
hierarchical SnO, nanostructures, Solid State Commun. [J], 2007, 143 (4):
260-263.

[84] J.S. Wang, J.Q. Sun, GS. Zhang, et al. Novel route to dendritic SnO,
nanostructure via ethanol-assisted controlled borohydride reduction, Mater. Lett.
[31, 2006, 60(22): 2600-2603.

[85] A.P. Alivisatos, Semiconductor Clusters, Nanocrystals, and Quantum Dots,
Science [J], 1996, 271 (5251): 933-937.

[86] A.M. Morales, C.M. Lieber, A Laser Ablation Method for the Synthesis of
Crystalline Semiconductor Nanowires, Science [J], 1998, 279(5348): 208-211.

[87] E. Kaneko, J. Isoe, T.1wabuchi, et al., In-vessel extraction using a microtube and
its application to the fluorimetrie determination of trace lead,Analyst [J], 2002,
127: 219-222.

[88] R. W. Dyksa The use of symmetrical microtube forincreased sensitivity in
carbon.13 NMR measurements, J. Magn. Reson.Ser. A [J], 1995, 112: 255—257.

(891 vk ¥E, SKEH, XIKHA, WMKEMNHIESNARE [J], 1L¥HE, 2005,
754-758.




GBS

b B 51

[90] Q. Yang, K.B. Tang, C.R. Wang, J. Zuo, Y.T. Qian, The synthesis and
characterization of Pb5S216 whiskers and tubules, Inorg.Chem.Commu.[J], 2003,
6: 670-674.

[91] L. Zhou, W.Z. Wang, L.S. Zhang, H.L. Xu, W. Zhu, Single-Crystalline BiVO4
Microtubes with Square Cross-Sections: Microstructure, Growth Mechanism,
and Photocatalytic Property, J.Phys.Chem.C [J], 2007, 111, 13659-13664.

[92] Q. Yang, K.B. Tang, C.R. Wang, F.P. Li, B. Hai, G.Z. Shen, C.H. An, W.C. Yu,
. Y.T. Qian, Template-assistedsynthesis of SbsO(OH),I, tubular crystals under
hydrothermal conditions, J.Cryst.Growth .2001, 223: 287-291.

[93] B. Mayers, Y.N. Xia, Formation of Tellurium Nanotubes Through Concentration
Depletion at the Surfaces of Seeds, Adv.Mater.[J], 2002, 4(14): 279-282.




RRXEREH

[1] Guangping Ren, Chunrui Wang, Jinan Xia, Liu Jian, Hongjie Zhong, Synthesis of
a-Sb,04 nanorods by a facile hydrothermal route, Materials Letters, 2009, 63,
605-607.

[2] Liu Jian, Chunrui Wang, Guangping Ren, Lijuan Zhao, Xiaofeng Xu, Growth of
amorphous SiO, net-like nanobelts via a simple thermal evaporation of CdS
powder, The Open Nanoscience Journal, 2008, 2, 43-46.

[3] ¥F—T: E&EH, £7F E&%, NE —FKBESH a-Sh0, 4K E
Rl ik, (ZHET)



B

A YRAEESLERNEERERBOEE FRBN, EAABLH %
fr S0, FEOL IR T RBAOIL SR, BITMIEHER. RBtH 2R
H~ FEERL A AR FRERR BRI LR MR IR % | T 535 ARIFEIR,
2 BT T RURTTGOT AW . AL ST 6 A0 N5 7 TR K 3
Mok TR, B2 70 A B A8 B L R0 S TR RE o R e 2 B
1) S SR RN ST FOR B0 R 3 B2 B !

TSRS, BRRERSDLNY L EMNBIRAE, Eitm
MFREEBBTE . RSB THEF IS, MEBRALE.
AR RIS AE R B AR T4 T RIS BY . AN 2 | XIS R4
23], EETHAFHXFRED, |

EAANFELWEIREES, ROFABLATTRRHXFRED. &
LK, MIESFREM LXK ENSRMR, AETEENRS, BT
EXRS. FREMINMERMALET, RABUELES, HFZREL,
e, REMNRRRELHEE!
AR YREERAAMEESHMTRRMN, EHETRERRL!

BIE, ERTEATRED. XARRHREN, FEmEARRS!





