-

View metadata, citation and similar papers at core.ac.uk brought to you by ;{ CORE

provided by Xiamen University Institutional Repository

FREYRAG: 10384 HARE B
25, 20520111151602 UDC

B r3

M+ % A i X

Fe,O3. ZnO 44K R B FR/STEH S 4= 61 &
H xR R

Controlled Synthesis of Surface/Interfacial Structure of
Fe,O5; and ZnO Nanocrystals and Related Properties

Bx FEE A

FFHOPR L AR HUR

E¥ a4
+ b g AR M B F
AR H: 2014 4 5 A
I AR 2014 45 A
FERT AM: 2014 A

B s N
P [5¢] N


https://core.ac.uk/display/41389551?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Controlled Synthesis of Surface/Interfacial Structure of
Fe,O; and ZnO Nanocrystals and Related Properties

A Thesis Submitted to the Graduate School in Partial Fulfillment of

the Requirements for the Degree of Master of Science

By
Junjie Ouyang

Supervised by
Prof. Zhao-Xiong Xie
Assoc. Prof. Qin Kuang

Department of Chemistry
Xiamen University

May, 2014



BIXFFAIEXIREERE A

AN EAZ AL SCRANAE IR F, ML 5SS SCR -
ANAEWR LGP S 2% HARA NEUEEAR B AR TSR, 4
SO RAIE 24 7 SRR B, R AT EA AT (TR AT oA o
AREEE G4,

Tk, AL ( )
(41 HIRFFURR, 3RAT ( ) W (A1) &2k
R petlh, 18 ( ) SEEE TR, GEELL LR

AR R ol R A A7 pr N S A PR, R AT BRI W A 7
A DLAMER A )



BEIXEZA0O X EEEF R

ANFE TR (b e N RN 2247 26 B2 A7 S8 Jt 75
) SERUE DR B A e A e S, I ) E T SR E U IE
AT S CRARARTURATHL 710, SR VR A A8 SCIE AR TR 14
P L EAR AT AP . A NIRRT TR SR A A8 SO
G A A S e SO A R E A TR R, R AR SO
IR IR S e ) TR A B A N e S e N s i = VA
WL

S VAT @

( ) 1R ITRA IR G AROC RS A AL 30,
h FOH A, iR EIERRL

( ) 2. AR, IS R

CREELL AN RS AT “ v 7 B BRI N 2. R4 18
e B TR IR E L A HOE R AR S, REETTRE
DR 2 D2 o 8 [ ZA 018 SCH N A TFAAR 3. U IR ARG 1,
ERUH AT AR, B EIR AL



H %

H x
BB e |
ADSTFACT. ... .oiiiiii e e et e e e sb e e sare e nare e i
BB BT B0 e 1
£ 1= PP 1
1.2 GKATBITBEREEBIRIRE S oo 2
L2 L AT T oo et 4
L.2.2 FEZEPE T oot 6
L.2.3 A BHIE T oot 7
1.3 BRI BB R oot 8
1.3.1 AR EEIR oo 8
1.3.2 B RTE A II T e 11
LA GUKTRITRGET ..o 16
1AL DR ITETFIITTTI oo 16
1.4.2 & JBEMY - FARGUK TR TR I ooec 16
SR N L= 0 117 OO 21
B TURR oottt 24

................................................................................................................... 34
720 - 1= RRTRT 34
2.1.1 0-F€03 ZERTATIT v, 34
2.1.2 0-Fe203 TEFRAE T S oo 35
2.2 SEIBTRI oo 37
2.2 1 ABZEARTI e 37
222 FIGIBIR oo 37



223 IUBRZRIE oottt 38
2.2.4 COMEALERALMEBEIIR .ovvoeeeeeeeeeeeee e 39
2.2.5 A BME TR ..ot 40
2.3 IS FEBLETTI ..o 41
PR Lo YNGR 41
2.3.2 IR BE I 0-Fea03 TESRIHAS covvvvv e 44
2.3.3 a-Fe O3 PRMBMIEA . ABBIEBEM oo, 52
A ZRTEIINGE ..o 58
BIETUBR ..ottt et 59

T T 1= 65
S a0 s OO TTOURTT 67
B2 L AEZEIRTT oo 67
B2 2 TIGIIR ettt 67
B2 LA oo 67
3.2.4 COMALBALTEAEIITR oo 63
3.2.5 CO AL BV I BEIITE B oo 68
3.2.6 AEBME TR ..o 69
B3I AL LT oo 70
B3 A EEHY BIEZATRAE oo 70
3.3.2 Pt 513) 0-Fe,O3 4 KA K CO AL AR REMNA. ..o 73
3.3.3 Pt 414 a-Fe, O3 BRI BHMEAL AR E PR ..o, 77
3.3.4 Pt 512 a-Fe O3 PRV THPEREIINR .cooocos 84
B R B NG ettt 87
B TR .ottt ettt 89



8.2 SEIBEEBAT ..ooooeeeeeeveeseee e see ettt 96
B2 1 AR T oo 96
B.2.2 TZHGITIR oottt 96
B.2.3 fUARFRAE oot 97
4.3 SIS EE BT ITH oo 98
831 FEUIITEIZRIE oo 98
4.3.2 HeT ZnO MAK ST B B A RAE oo 101
4.3.3 X ZnO KBTI BENE A BIHLEEIE T oo 108
BAZRTEIINGE ..o s 110
BB TURR oottt 112
BEs%: BIEHRIEVER I FTIR oo 117
L TSP TU PRSP RTSPOTPRUPRTPTS 118






Table of Contents

Table of Contents
ADSEract iN ChINESE.........oooiece e e I
Abstract iIN ENGLiSh ... i
Chapter I INtrodUCTION ..........cooviiiieiic e 1
IS 1 8 T 11 od o] oS PRSP 1
1.2 Signification of morphology control............cccoevieiiiiiiiccee e 2
1.2.1 The catalyical properties of nanomaterials ............cccccoieiniieiiei i 4
1.2.2 The luminescent properties of nanomaterials ...........cc.cocovvveveiiieie e 6
1.2.3 The gas-sensing properties of nanomaterials............cccccvevviieiiciii s 7
1.3 Controllable synthesis of nanocrystals..........ccccoveveiiiiicicceceee e 8
1.3.1 The theory of nanocrystal growth .........ccccccoeveiieiicic i 8
1.3.2 Synthesis of morphology-controlled nanocrystals...........c.cccccecevieviviieieenenn, 11
1.4 Nanoscale NeteroStrUCTUIES .......cciviieieie e 16
1.4.1 Introduction of nanoscale NeteroStrUCTUIES ..........cveveierieriene s 16
1.4.2 Applications of metal oxide nanoscale heterostructures.............cccccoceveeveennenn, 16
1.5 Research Significance and Research Plan ............c.ccccccov e, 21
] (= =] (o0 24

Chapter Il Supersaturation-Controlled Shape Evolution of a-Fe,O;

Nanocrystals and Their Facet-Dependent Properties........c.c.cccocvenen. 34
2.1 INTrOTUCTION ...t 34
2. 1.1 0rFE203 SITUCTUIE. ...ttt bbb e e e e e e e e 34
2.1.2 Signification of morphology control of 0-Fe;03 ......ccovviieiiiiiiiiie, 35
2.2 EXPerimental SECTION. .......cccoiiiiiiiiseeiee s 37
2.2.1 REAGENT ...ttt 37
2.2.2  Experimental ProCeAUIES .........cooiiiiiiiiiereiee e 37
2.2.3  INSETUMENES ..ottt 38
2.2.4  CO catalytic OXidation tESt.........ccueivrrieriiereserieee e 39



Table of Contents

2.2.5 GAS SESING TEST...c.vieuiiiiieiieeie et te e e et e e reebeaneenre s 40
2.3 ReSUILS @nd diSCUSSION ....c.vvviiiiiiiiisieeiceie et 41
2.3.1 Morphology and structural characterization ............c.ccccceeveviveviiiesieece e, 41
2.3.2 Supersaturation-controlled shape evolution of a-Fe,O3 nanocrystals ............ 44
2.3.3 Catalytic and gas sensing properties of a-Fe,O3 nanocrystals..............c.c....... 52
A o] o Tod [ 1Y o] 1RSSR 58
] (=] =] [0S TS STPR 59

Chapter 111 Surface Structures of Pt loaded a-Fe,O3; Nanocrystals

and Their Catalytic and Gas Sensing Properties.............c..ccccevvvevveenne. 65
K200 1 a1 oo [T o] o ST 65
3.2 EXPerimental SECTION...........coviiiiiieiee et 67
2.1 REAGENT ..t 67
3.2.2 EXperimental ProCEAUIES .........cooiiiiiiieicie ittt 67
3.2, 3 INSTFUMIBINTS ...ttt ettt re e enee e 67
3.2.4 CO catalytiC OXIOAtION TEST.......cciiiiieiiieieieie s 68
3.2.5 Calculations of CO catalytic oxidation activation energy ............c.ccecvvevernenns 68
3.2.6 GAS SESING TOST ...ttt ettt 69
3.3 ReSUILS aNd ISCUSSION w....cveiveiiieiieiieieie ettt sttt 70
3.3.1 Morphology and structural characterization ..............cccoceveiieiiiie e 70
3.3.2 CO catalytic oxidation test of Pt loaded a-Fe,O3 nanocrystals ...................... 73
3.3.3 The catalytic stability test of Pt loaded a-Fe,O3 nanocrystals.............c.c....... 77
3.3.4 Gas sesing test of Pt loaded a-Fe;03 NanoCrystals ........cccooevvveieiviinieienn, 84
34 CONCIUSIONS ...ttt ettt ettt bbb e ne et e e 87

RETEIEINCES ...ttt 89

Chapter IV Surface Structures of ZnO Nanocrystals and their Facet-

Related Photochemical Properties .........cccooovvvieiie e 93
ot | a1 oo [ Tox o] o PSR P PR 93
4.2 EXperimental SECHION.........ccoiiiiiiie et 96
O I LT 10T o | USRS 96
4.2.2 EXperimental ProCEAUIES .........ccviiiiiiieiie e 96
4.2.3 INSTFUMIBINTS ...ttt sttt be e neeenne e 97



Table of Contents

4.3 ReSUILS and dISCUSSION .....ccveiviiiiiiieiieieie ettt 98
4.3.1 Morphology and structural characterization ..............ccccceveviieiveie s 98
4.3.2 Synthesis and characterization of ZnO based nanoscale heterostuctrue......101
4.3.3 Mechanism of selective deposition on surfaces of ZnO nanocrystals......... 108
4.4 CONCIUSIONS .....eieiiieiie sttt sttt e sbe et sbeenbeeneenreas 110
] (=] =] [0S USRS 112
N o] 0 1= L 1 SRS U R 117
ACKNOWIEAGEMENTS ...t 118






%

RE

YOKAA B R SRS PR P AL A P R AE A . AU el RS 2 T T
J RN AT S SR TR IR, iy 3t 2D 3 AR A P AR
S L M S AR ) R R 2 1P T S B A ) el o 3R T 2 8 SRR S 1
BTy, A B R A AR R b, R A M A A B E T
RPN TR AN R o DR, ] 2 S b KRR 1) HE S0 4 1 54 LA
VAR R N (R ) BEAL A P SO B AT BT s HEDA L, e i
RRPREK 2 2 LR RE IR =, 1 et E TR 2 1R 0 KR B e 2o 3L
N T2 2 i R AR KR R b, O T IR R RE S /Dy, LA 15 o 1T AR 1) it T
B E AR AR, B R A B AT R S B R AN R S,
TEAE R Z 7 e AR RE IR R o AH AR BATAE S A R b, R T EILAT (¥ 50
RIRER, & BRI IR 7 0Kl 1 B 0 it T R 1k DA R B 18 322 5 A
FEA I A S B AP 1 R LUl il 45 ol Y R AT v RE T 4R e O A OK A kL. ARG
YULE G S A 1 ARG K 5 G TiO,, SnO,, ZnO &5 (14 T2 SRR i T 2 sl 5 THI A 17
WA ML, IR I ERRITEER .

Ty 7T, KSR AT T I A AEAE RO A ORI RN, A AR S
SIRMPRHO AL . ARG DAL SO RSN S M REAS BT 9, A 2 P R B ]
AURAAR 2 T T Z . AR, H RS TR AR SR A R AR DGR 2 5L
ST HORs — P i A s s AR T g — B TR T, i A D S A A A
BT WIS R R s i DAL N AT AR AR AR B, R R i i 5
JR A BT AFAE I ST AR IR AR o BITEL, - A K i AN (] i 7 S Jo 45 40 1) otk ) 2R
R EARAE T EAN IR o BT il AN [R] i T SRR A AL 2 P o i) 2 2 5
Wi, FATAT B AT, KSR i kv, S SO S T BT A P At T [ 1) A
SOMAEAS GRS RO PE BT WOREARHRE S #R i3 i 1T 00 A AR, SRR 57 i
SR PE REBEAT AT LA BN 4 I B M AR

AR ILLL Fe,03 A ZnO Dy LEEMFFE G, MAEBIR IS A, WEFTIFER
TR A SIS M R R R . BRI E, EE NI, AR



%

MEHE LR -

i RS AR R A SRR . AR AR B
PGS 5 125 LA R 463 e S8 A D A oK S JO 4 ey (P JBOIE 5 B L I aBE AT 7 [ s
B, TR T BATRIEFE R SORI T 2%

Bw B AP FeOs GV RIS AL, ST AA {113}
{012} F1{001}/{012} 1 #R i ) —Fh A FIEH o-FeOs GKMRL, il 45
R GAFE I T AR SRS R 5 P ) B 2 TR I R R o TRATT R 3 11 i
R RE SR T {1133 IK S HL A 15 vy i 10T R ) et T A s T AU e A R B R - {113Y,
{001} & K H A BARS TR, #J)FHRE M dT K. Wiy — 2451 COo
WEAIRF IR, FATRIAF FeoOq divTii 1) CO {4k A ALTE REFT iy
W 55 AR TH A 22 W B CO FIARU I fE ) 8 DA G

W RATRSERT& B I =RESU . o-FepOs 49K BURIREAT Pt Dtk i
A, JBIEXT Pt SRS AR BLREE — IR CO AL AR G IORE ST T 3R
fiE, BAVRIUA AR SR 70613 PtiT(S Fe,Os £F MR IHIfY) Pt 2 ZLZLL PtO, 5
Pt(OH), I RAFAEN,  [RIN BRI Fep0a ARl 5 1T AE i 252 PtO, 55 Pt(OH), It
i, RIRESRHIRE SR LA . Bbah, IEXS Pt &g it CO fiEfk
SEAGTE R A AL AR E MM BT TR I, FERL ) CO Akt LA e 1k
LA R TG CO PERE R PO, 55T Pt LRI, Hrb PtO, #UE W B AT
T E R o E VBRI, BRATTR I Pt K {01 23 T )R
VA EE AR BRI BB A5 T T

SR MR K R A T ER (001) (001)AN{101} =ikt 1fi
Bl ZnO NAHE SE G Ak, JFE AN R 5148 (Ag, Au)/MNnO; [k
BEVE GO T R AR DA B s PG R T R . AT I ZnO 7
SAOCHOR Y, AR 18 )5 8 IR B AR EE T, 3 SO [ R R
S TR SRR RE IR ] o Herpot 228 i T3t 0% (001)1fT, 45 Mn®* %4k
9 MNOy; MGA L Tl T ) Zn?*(001)1f, S84 (Ag, Au)fiil ] T7E
(002) i Ak 171 2%

KB Ay, AR, AR, UL 90K AR



Abstract

Abstract

Nanoscale materials have attracted much attention due to their unique physical
and chemical properties as well as their potential applications in catalysts, gas sensors,
and optoelectronic nanodevices and so on. One critical scientific and technological
issue of nanoscale materials is to further improve their corresponding activity as well
as utilization efficiency. Surface is a special and important component of solid state
materials. Since many chemical and physical processes take place on the surface of
materials, the surface structure determines many surface related physical and
chemical properties of the materials. Therefore, controllable synthesis of
nanomaterials with specific crystal structures and various morphologies with different
surface structure becomes a hot research topic nowadays. According to our
knowledge, however, most of naturally and artificially grown nanocrystals are
exposed with low energy facets, as high-energy surfaces usually diminish quickly for
minimization of surface energy during a crystal growth process. Yet we believe that
with our knowledge of crystal growth, we can create some proper crystal growth
environments where nanocrystals exposed with high energy facets could be fabricated.

On the other hand, nanoscale heterostructured materials have been extensively
studied due to the synergistic effects existed among the components of the
heterostructured materials, which can significantly enhance the performances of
materials in various fields such as catalysis, gas sensing, solar cells, etc. However, due
to the difficulty of control synthesis of nanocrystals with specific surface, it is usually
hard to study the heterostructures on specific crystal surfaces. According to our efforts
on the control of surface structure of nanocrystals, we firmly believe that controllable
synthesis of nanoscale heterostructure on specific surface of nanocrystals also plays a
critical role in tuning the properties of the materials.

In this thesis, we respectively synthesized Fe,O; and ZnO nanocrystals with
specific surface structures and constructed noble metals/metal oxides nanoscale
heterostructure on various crystal facets, and investigated their surface related
properties. The thesis is composed by 4 chapters.

Chapter 1. Briefly review on the crystal surface structure and corresponding

properties, crystal growth mechanism and properties/application of nanoscale
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heterostructure materials, as well as clarify my research significance and main
contents.

Chaper 2. a-Fe;,O3 nanocrystals exposed with {113}, {012} and {001}/{012}
were successfully fabricated respectively by controlling supersaturation of growth
species in the reaction. The effect of supersaturation on shape evolution of a-Fe,03
nanocrystals was studied, which showed that the facets with high surface energy, such
as {113}, tended to be formed in the reaction solution of high supersaturation, while
the relatively more stable facets, such as {012} or {001}, were favored in the reaction
solution of lower supersaturation. In addition, the differences of the catalytic activity
in CO oxidation and sensing performances of these specific faceted nanocrystals were
ascribed to the deferences of the adsorption capability to CO and oxygen species on
different crystal facets.

Chapter 3. Pt was loaded on the previously fabricated a-Fe,O3; nanocrystals.
From the characterization of Pt loaded samples, it was found that Pt mainly existed as
the forms of PtO, and Pt(OH),, respectively, which also varied according to different
crystal facets. Moreover, the catalytic activity of Pt loaded samples in CO oxidation
was co-determined by Pt as well as PtO,, where the latter one was proven to be more
important. Gas sensing performances of these samples are all enhanced with existence
of Pt, especially on the {012} facet.

Chapter 4. ZnO pyramid nanocrystals with (001), (001) and {101} polar crystal
facets has been successfully synthesized, and the relationship between surface
structures and migrations of photon-generated carriers has been studied by selective
load of (Ag, Au)/MnO,. It was discovered that, under ultraviolet light, holes tended to
migrate towards (001) facet exposed with O, turning (001) into an oxidizing facet,
which led to the formation of MnO,; on the other hand, electrons tend to migrate
towards (001) facet exposed with Zn**, making (001) a reducing facet where noble

metals (Ag, Au) were loaded.

Keywords: Metallic Oxide; Supersaturation; Catalysis; Gas sensor; Nanoscale

Heterostructure.
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