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ABSTRACT

X-ray induced synthesis of Au nano-particles on ZnO

nano-wires

Mu-Seong Lee

Advisor : Prof. Hyon-Chol Kang Ph. D.
Department of Advanced Materials Engineering
Graduate School of Chosun University

Metal nano-crystals have been received much attentions owing to their
excellent catalytic property and surface plasmon effect. In the last decade, many
studies on synthesizing well-dispersive nano-particles and on understanding
their distinct physical properties have been performed. There were tremendous
reports revealing the electrochemical activities and enhancement of surface
plasmonic effect were dependent mainly on the size, shape, and composition. So
far, most fabrication methods have been based on vacuum based deposition
techniques, such as chemical vapor deposition and electron-beam evaporation,
and then annealed them to transform into the nano-particles. Recently, there
were several reports regarding to the photoinduced nano-crystal synthesis as an
effective way to produce the metal nano-particles. in this study, we report
synchrotron X-ray mediated synthesis of Au nano-particles on ZnO nano-wires.
ZnO nano-wires were fabricated by hydrothermal method, and then they were
dip into a solution having Au clusters. Detailed structural evolution of Au
nano-particles was Investigated using scanning electron microscopy and
photoluminescence measurements. The results on formation of well-dispersive

Au nano-particles on ZnO nano-wires will be presented.
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Fig. 1 Schematic of hexagonal wurtzite, zinc blende structure of ZnO
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P Physical reaction
H,O — H,O* + e, (lonization)

L0 (Excitation)
— : X-rays (hv)

P Chemical reaction
H,O* — H* + OHe
H20+ + Hzo = H30+ + OHs-

H,O* — He + OHe
— HyO* + €7y

He+He > H,,  20H+ — H,0,
He + OHe — H,O, O, + He — HO,»
€ aq+ H30* — He + H,0

€ aq+ OH+ — OH-

Ionizing radiation

H20 ‘ e-aq; H2, H.r H202! OH.! H30+
Fig. 3 Physical and chemical reaction of radiation chemistry

PG value : =231 FARM 0] A] 100V B 510 &
x) 1MeV E == A OHs 2+ 2+ 270007H 444

e

He 0.55 H,0, 0.71

OH- 2.7 H,O* 27

Table. 1 G value(Numer per 100eV)
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A3 AD UH
Al 318 FAFAHEE o] &7 ZnO Hi=gojo] 4R
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coating®l] o3l TEo]A ZnO seed layer’] &S sample holderel] 17 A7 bath
of YW wrEof F448 NS bathetel A¥ ¥ =th bath®t holder= 4 Al
& =7] Sl Teflon &= Azstdvt. 84
& bathvte o2 FFstA stl=t F2ol= A2 EAs= ZnO7}
of o8& FH=stA &l ZnO Hi= gfolo] Aol Walsty] wEoltt 2=

| S%3 MY 4 AEE stainless steelZ AZHE  Autoclavestel Teflon

baths 3174 AlZth 283l Autoclaved] @& 7hste] vmstolo]l & A AlF

[

8 12
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A 324 F Yx=YA-Zn0 Yxgolo] o]FFx A

A d =5
2 Ax(Gold &) 1e]ar AA &4} Agent &H& 40 THEHGA =+
gao g AzsPrt. Agent NS sodium hydrogen carbonate (NaHCOs,
FW.-84.0D)EdS A&t om ednkgo] o8] A& == 5 A 2718 =
g SHoR ATA &3 1112 EF Axsdh E= =5 2do] w4
=

Jreizte] 272 selea.

ol

322 ¥ YxYA-Zn0O Yx=9o]o] o]F

o] A A= high flux, high energy® X-A #dS #Agstes EI7FE7|AF
4 (PAL)®] 4B beam lines ©|-&stth. @3t &2 glo] 7F&7]dA vdos BE
9493 ol o] White X-rayE AF&399th. PLS (Pohang Light Source) A ## 2] A}
%k& Energy_3.0 GeV, Current 2207320 mA©°|t}. X-ray beam< F74 & T8 & A
2zt Slits ol§ste] 7FE, AR 2mm AV|E2 Akt 18 FEFY 4GS
7Zn0O }x=¢}olo] 7]3-S sample holderol] LA &te] HA-A Ao

Z22]3L holderE beam©] ZAE = f1X|o] 3143t X-ray beams ZAF3sSth

X-ray =% 2% 212 A F 7HA=Z2 A4 949 W3l =3, beam =% W
M Al 7re] W3t ZAolt) Table. 3= AdZAS = YEd 7)4\0]‘34 Fig. 5=
Age] RS BAERE ek Folth X-ray A3 =4 A-Zn0O

=
Gustelo] o Frxe] E4E %ﬁan.?za,g%@a
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X-ray induced experiment

Expose method Standing Scanning
Induced Time 3/ 15 /20 /30 min 2/ 4/ 6/ 8/ 16 cycle
Gold Gold + Agent
Solution HAuCl4 (aq) HAuCl4 (aq)+NaHCO3 (aq)
Molecular 0.02/ 0.1/ 0.2 mmol

Table. 2 synthesis condition of X-ray induced experiment

Gold solution

(HAUCI, - 3H,0) Xeray

i

» White beam at PAL 4B beamline
» PLS-ii : 3.0GeV,220~320 mA

X-rays (hv)

]

H,O — e, He, OH+, H,0,, H,
Au*+3e,," — Au

Au®*+3He — Au

Zinc Oxide nano-wire

Fig. 4 Schematic of white X-ray induced synthesis Au nano-particle on ZnO

nano-wire
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_124,

;q] 4 Zc}- é_\,]_ o) :]7__7‘(
14 F Y=dA-Zn0 tolo] T
T4

042
H

el = o

Al
=
U']T']i‘

Q7 27] A
Hak7] s Atstolo lgel FAE s

4.
4.1.1 7+23 42X (SEM)
X 74
7t XA =ES
Fig. XAo| 58 wx=%3dto] A3 e

1) =
Gold &4, GA
=zt =z W BEXE B
] SEMo 2 9139 i
olt}. (a)& 0.2mmol G
(a)&doz FAT & Y=dAe A7=
40nme] =719 4AE Be AS & F U
71 10725nm IV 2 B X Ho] 9o F2 1520nme =7] 9
& 4 Utk Fig. = (a),(b) Y=o A7|E2E yEkd ez e|t
E3to] AgentE %L??} FE&qo] o AL A7 YxedasE e e &
A AT
(2) A7A &9 EFd B E o|lFFx FA
XAg ol&dte] AT 5 UH=PA-ZnO Hi=otolo] o|F X 54
SEMe = #4353tk ZnO Hi=stelo] 1 AAlo 5 Yx=dA7t ddsiA 4
A=A st fs Alme] @ ojn A& #F itk Fig. 12+ ATA &
M (Gold) e =55 =d3t 3% IA=ZE(standing) A7l o] F %9 SEM Azl o]
g AA &R E5ed wep ywstolojo] 5 Y=g EEVF UEE B T
ATE 0.02mmol®] Aol 3% =FAZ A8 5 Wd=ygAte] A4 oF 20nm
o] A7]Z Yxetolo] FHo] X Ho &S st 0.lmmol, 0.2mmol
TAZ 3 2A=EF ARE BY yxgolo] o 5 UxdATt de AS
A & F AAARE 0.lmmol AFA A5E & YedA7t A9 gldern 0.2
ATFA AlEE Yegtolo] Fo] B2 4o v Yx=gA7t yizetolo] £
w2 s g8 & U AAA = HstEREH Yol AviEsts
gl A EP ot viestolole] Ao w5 YxdAY 27 vES
T AUtk
- 14 -
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(a) Gold solution ; (b) G.A solution

25 — T T T T T T T T T T T T T T T T 1
—o—(a)
; —— (o)
20+ O -
: /

+
o /N

Number
O.
O

Size(nm)

Fig. 6 Size and number of Au nano-particles
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Gold 0.02mmol = 3min

Fig. 7 FE-SEM image of Au-ZnO nano-wires as molefraction dependence

(Cross—section view)
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(2) LA =EAZ O E o|FFx T4
Fig 13 0.2mmol & 73|

J Astel AP o] F 72 SEMA
Aol wBALS EAY =z

et ot thestolol

— H

B 4 9lth 308 w=E3% AEE wgtolo] ©
hyA
i I

g8 2gom O‘X}EV]E] M= A g HAdv

(3) FA=EA BE OFTE A

AEE Y A = 7 Ud=dAETE A diestolo] HAl Zx ¥A

Bl Ao Belg w& Y Aav|E a2 F 1L sample holderE z& ¢, o}d)

2 g8 FAEE AA AF o FARRES 7] 1 cycleo] A EH= A

e oF 28tk B £RE xSt FUIAME 2AHE 4 vk Figo 4=

0.2mmol Gold &7} GA EF& o] FAH(scanning) =EAlA FASHE 3FE F
A |

e
Ak o] F x4 SEMARZIolt}h 0.2mmol Gold &< ©f
FAEE 3 AIRE BY 5 Y=YATE 40750nme] AV E X Hol USFe
F Atk 0.2mmol G.A &4 FAIEES A5 Y= oF 20nme] 27| 2
¥ uEA X 51019)\ - A& Agent el wel YA Apol=7F ofF 2u)
Are] Arl2 g2 g4 He s B 5 Ak B3 FARES & A3 14
=R Yegtolofo] nE2A 5 Yk=dAE T4 AZE F Adyd Fig. & GA
59 SEM ARdelth, =EF7] SFE
THERE AHET ANESY Yx=dATt o

. G
47 Yreshololo] FAHNELL BAGAT. =BTV Shge] W eglA
3]

Mr o e

o5
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Gold 0.2mmol — 15min

Fig. 8 FE-SEM image of Au-ZnO nano-wires as standing expose time

dependence (Cross—section view)
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Gold _0.2mmol ... scan_cycle 2/ 4/ 6

Fig. 9 FE-SEM image of Au-ZnO nano-wires as scanning expose cycle_ 2/4/6

(Cross—section view)

G.A_0.1mmol ... scan_cycle 8/ 16/ 20

Fig. 10 FE-SEM image of Au-ZnO nano-wires as scanning expose

cycle_8/16/20 (Cross—section view)
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4.1.2 XRD #4

H W=dA-Zn0 di=stolo] o]Fgrxo] AASA we] wA % AAAES &4

at7] #l48l XA 31" (X-ray diffraction, XRD)& 53 &F3lth. ol CuKa(¥Hd 1.541

A) X-A BAZAE ALESAT X-Ao] 0 ZAER A xwe] YAEE B dxF

of o3 U¥ X-Ao] Aetww AAHA Fe X-AHLe 9o v FoR AFs o

Al g dAT AR o e AR FAldA Ve oEd e A<

2a7F X-Ade] gdeln 9jakeki= X-410] Bragg's law
1

Moz AEe 4% 9 24 72E ¥4 @ 4 9

et
rlj
I
et
=)
ne
9
N
rir
)
=)

NN = 20 SITIO wreeeerrensernnn ettt e e s s (1)

Fig. 118 Gold&9 0.2mmolol| X-ray beam< 30%7F A% 3dlo] A o]F
zo] XA 34d BAe Axto|th 29A oA sapphire(0006) 7] Fel] ]38 peakE Eel
atglan 24A 914 ZnO(002) peakS FH18tAth ZnOE wurtzite TS ZHed =
S WHUEES ZHs AAwoe] (0002)W o)tk (002) peak’t ZaAl v AL 7)) &=
Ao 7 X4 Aste] gtolojo] FElE wa gl7] wEolth 1 9 22477, 25
Al ZnO(100), (110) peakZS &<l stk z2ela wAlEARE 2654 oA
Au(111) peak7} #HQl=[o] SEM o]u|x]of Al ®Ql viofolo] W] HEo] & U
PR Aoz el HATE ZnO Hiefolo] FWdl & YAyt EAsE S
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0.2mmol_30min

ol Zn0(002) oo ]
I Au(111) '
"':é) 102 - 0.05} 3
E :
< 10 F /! z
~ 3 0. ]
_.Z\ F : 26 2.7 2.8 ]
=
2 400l £nO0H0)) | sapphire(0006)
£ ZnO(100) / '

107k

20 2.5 3.0 3.5
Q (A"

Fig. 11 XRD patterns of Au-ZnO nano-wires (Gold_0.2mmol-30min)
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Al 4272 TEM ¥ EDX £#4

2 Uwda-Zn0 Uieslolo] o]E1zE o AAE #REs]9s TEMEAS 2

A8ttt Fig. 122 STEM 22 02mmol GA 89S FAF7] 161 Al s
NEE B39 Aotk SEM @wlolm Ao A el ahx % tpnsholole] WL
A% & Hegdart £ Ho] lgS galetsith. Ywdate]l 27 525nm 2

o

719 dAEe] a=A ofelo] FERel FAHAeH, thAF o= 10715nm =L7]¢]
Y50l Wol L Hol UAATH AR ZHE YweYgRe] AvlE FAste] 1
Zg JehTh Fig. 132 TEMOZ & U= A-Zn0O tieololo] o] %] ¢
Al & Bl skt vimefolojo] WitARE ZA ke A wako] ZnO(002)
1 AS Felstg o, gtolo] FWe] B2 YndArt Au YedA de W
7J74El% S48kl Fletdnt. WikAY @S B8 5 Y=Y A-ZnO Himebolof
of FxE5 g2 T 4 JdY. ZnO (002)¢] WiFAZ d=26065A, ZnO(100)
d=2.8171A°|™ Au (111)e] ®H+AE d=2.3553A |t} Fig. 142 0.2mmol G.A& <}
T71=% 1613 A2 EDX mapping ARXl ZA3}olth. Znol #iE= HeA
4, Aue =@ o wA ol otk Ywgolojo] FA UA7F Zn, OF 9]
FolA des F o yiegtolo] Wl 2 A AudEs Audi9
TEZ & F drk Fig. 15 & Y=YA-ZnO Hi=¢telo] o]FFxE EDX
mapping L Zo|t} Znt 8.6388 keVolA O 0.523 keVoll Al peaks &2lsl o
] Aus 2123 keV, 9.711 keVel A gQlstdtt ZnO Hizofolo] W 5 Y
A74 @443 AL TEM, EDX 248 3 22l

Jﬂ
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Fig. 12 STEM image and size distribution of Au-ZnO nano—-wires
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Fig. 13 TEM image of Au-ZnO nano-wires (G.A_0.2-Scan 16)
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Fig. 14 EDX mapping image of Au-ZnO nano-wires (G.A_0.2-Scan 16)

500 — —T— — T
» EDX periodic Table

400 + Na O{Oxygen) _ 0.523 (V.Cr) -
% Zn(Zinc) _ 8.638 (Re). 1.000 (Na Nd)
S 300 Au(Gold) _68.794,9.711,2.123 ]
g ]
E 200 CuZn 2
T 100 Sy

0
i i | L 1 L 1 | 1 | 1 1
0 2 4 6 8 10

Energy (keV)

Fig. 15 EDX mapping profile of Au-ZnO nano-wires (G.A_0.2-Scan 16)

_25_

Collection @ chosun



A 433 B3 EZEA

(1) Photoluminescence (PL)

T3 Yx=YJA-Zn0 Yi=gfolo] o] F x| PLEAS o4 325nm He-Cd laserg
o]&3lo] HAZE o}7] AA WHEF Hi= WS PMT detector (600gr/mm)E 3507700nm
7hAl A s HolA el M7= 25mWolr wEAIZRE 522 Akt 325nm
laserell 9J3ll ZnO<9] 7] AZAE<Q] Free-exciton WEolA 7]1ste] 380nmel A
NBE emission peaks &< & = doH, &= #¢ 28l A3 AFo=
deep hole trap(1.0eV)&o]e] ¢]& D.L.E(deep level emission) peak= <1 3} t}.
o] ZnO¢ H]3}8tA%+E 4 (non stoichiometry) FA wj&Fo] veldrr Ado F7
of wtg} w3 uao] trEd 580nme D.LE peaks HYH09 oz vEelhts
peako|th. ZnO tx9lolol e Au-ZnO vi=9tolo] 2% 380nm ™ ¢l peak”’} e
W%t Fig. 16 ZnO Y=9tolojo] v YwedAb #5o W& PL &4 3 Aot
Au-ZnO H=ofelol e A peakA 717} o AA vgt=d v H=dAe] dFe
Z 7Zn0 Yi=9fo]o] 9] peakEs S7F ¥ AT

(2) Raman spectroscopy
Micro Raman scattering 41 §3to] ZnO Hx=ofolo]df Foh2 S4ES 4
gtk FYS 514nm Ar gas laserE ©]83}le] scattering®l AAE
CCD(charge coupled device)E AF-&3Fe] 1800gr/mm= A& =2 =433t}
AdukA ol ZnO Yi=9folo] o] peak:= A1(TO) mode, Ei(TO) mode, Ex(High) mode
H7HA €] peak7t 1A T2 A}, 416cm el A 7] 2 peak7} 2Hel¥ 913 438cm
o] A Ex(High) mode, 379cm ‘ol 4] A;(TO) mode, 334cm '(multi phonon mode)<]
7nO raman peakSS ## Al 438cm ‘oA HolE= E, high mode peak:
surface phonon mode® ¢}olo] EWo]A dangling bonde] ZEo] &3 A=
ZA3ste] e peakE 24L& & modeelth 379%cm ol A vEbE
A1(TO) mode:= transverse optical mode® ¢}ojojeo] BWgE Z%F oy =0 2|3k
peake]t}. Fig 17+ ZnO Yx=9tolo]o] &+ Yx=dAF 5o @& Micro raman #+
A Aylo|tt, UeJdAE &35 ZnO Hx=9fe]o 9] peaks°] Y #38tAl Yo =
3}

=l
1S el 3 4 2tk 53] Ex(High) mode peak’} t] Z3tA HYov= A&

rr

o
fi

o
-
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8000 T T T T T T T T T T T T
| ZnO nano-wires
Au-ZnO nano-wires
0
=
-
e
S
2
‘0
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(0]
£
-1000 —tt
350 400 450 500 550 600 650 700
Wavelength(nm)
Fig. 16 PL specta of Au-ZnO nano-wrie
600 r . r T .
- [——AuwZnO NWs Sapphies ]
500 | | ——znONWs .
2 400} ]
= - ZnO-A,(TO) ZnO-Efion ]
o 300} (379cm1) (439cm) -
é [
= 200
® [
{ 5
3 100
= [
ok
[ 308 : Second orde
-100 L

300 400 500
Wave number (cm"1)

Fig. 17 Micro-Raman spectrum of Au-ZnO nano-wires
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AL EE

AT A 0.2mmol Agent -89 0 2HE 10720nm
S

H O
EM om A2 Faho] 2719k X2 3} st
o

>3

g FHodoh XA = Wyl o 17‘3-‘4——%, FA = E S
-Zn0O Hizgolo] o]FFxE Pt 7} ofolof Fo F2 LF
af Y=g At A E = nO wi=29tojo] o] A 23t
HA ol Fob Ao dRste] AT o3 &
sto] olFTx2E AL
“57}919—‘4 ‘/}LO‘X}‘:7P A
-ZnO Yi=$folo] o] F

o]ofof Au(l111) peakEs =
o ‘Jr-‘f—odx}fﬂ —?EXH% =) TTE AR Yool
Bol v Ux=dae §4d g, FAREE AFE olF x5 v
}7F gkolo] Aol nEA £E Ho Aes FstAth FAET dedAte =2
]:= 30nmolste] A7 = 35&3}919—‘34 = 10715nm=2719] A= FHH A=
Skl AT & Wi dAte] fie mE ZnO yvisgoloj o] st 54 FUHE
37] €8] PL(photoluminescence), Raman spectrum= ©¢]-&3}t}. PLE4 2
N.B.E(near band edge) peakel Al UV @go] dojron « yYw9ixrt A4
ofFTxAM O E2A7Ie o] dolwth T3 BeE Y B AT 9
3l D.E.L(deep level emission) peakell A Green®t3 % 7o) Z7}stgth. Raman &
Aog 7n0 vx=9tolole]l A(TO) mode, Ex(High) mode peak’} EbSITH & o}
AR Qd] ZnO Yx=¢oloj 9] A (TO) mode, Ex(High) mode peak’} 7+3FA
Efuith. 53] Ex(High) mode peak: °F2vl 7h S7bstlvh. & Wi=9d#ke] £4
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