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Controlled Synthesis of Silver Nanoparticles
Electrocatalyst for Oxygen Reduction

Reaction in Alkaline Electrolyte

Student : Chih-Yuan Chen Advisor: Dr. Pang Lin
Dr. Pu-Wei Wu

Department of Materials Science and Engineering
National Chiao Tung University

Abstract

Non-platinum based electrochemical active materials were
developed to catalyze the oxygen reduction reaction (ORR) in an
alkaline electrolyte. Many research indicated that the silver has
demonstrate excellent ability for ORR. In addition, the morphology
of silver affected its ability greatly. For this reason, it is our objective
to control the morphology of silver particles to promote ORR ability.
First, we followed the self-established synthesis condition to
fabricate silver cubes and truncated cubes to increase the specific
facets with better catalysis for ORR. Second, silver nanorods in
various aspect ratios were synthesized and the ORR analysis was
carried out. Finally, to increase the stability of silver for ORR, Ag@C
was synthesized to stabilize the structure of silver.

In the synthesis for truncated cubes, we employed a

hydrothermal method to form the desirable morphology. From the



TEM images, we confirmed that an effective control for the
concentration of surfactant and reducing agent could change the
growth rate of at different faces. From the XRD, it revealed that the
ratio of (111) to (200) has changed notably. Finally, we determine
that the morphology with better performance is truncated cube
instead of regular cube for ORR. As expected, the silver
nanoparticles with different sizes have different electro-catalytic
activities for ORR.

In the second part, silver nanorods were synthesized by adding
different concentrations of iron ions to control silver seed. From
TEM images, they confirmed that different aspect ratios of silver
nanorods were synthesized successfully. We determined that the
structure of silver nanorod was fcc from XRD. The potentiodynamic
test demonstrated that the ORR was improved by increasing the
aspect ratio of silver nanorods.

Carbon-decorated silver truncated cubes with a core-shell
structure were formed by a two-stage hydrothermal synthesis. From
TEM images, they confirmed that the thickness of carbon shell was
effectively controlled depending on processing time. From XRD, the
structure was still fcc. Finally, the Ag@C structure was prepared in

optimized parameter, revealing outstanding performances for ORR.
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FRS DT RETRAEL > FIPLEERTROBELFIRE & O
b FRRF Y LIEBSHBEEFARAR o
MAvig 5 penilit A - B AP T A RRAFT PP P g
FBRRF R H A RT AL &8 (Bl Pt[14] > Ag [15-19]
E)~Rics B e & (B4 i Pt-Ni>Pt-Pd %)~ £ % i*# (metal
oxides) > #]4- RuO, [20-21] ~ MnO; ~ CoO, % %) > 44k it & 47
perovskites (LaCoOj ~ LaggCagsCo03 [22-25]) > « & & i & 4
spinels ( NiyAl.,Mn,0, ~ Ni,C0,04 ~ MNn3,C03.5,04) » 12 %2 & i E £
4 7] e i | pyrolyzed N-4 chelate compound (COTMPP)- @ # # %

|3 X e BRI ES P ERRF B 4oPt-Pd -

ek
e
ﬁ\.ﬂ
Ffé

ey

Ag 2% - a @R EHF 8- ot s TS ol
&

Yy

Rl

KEFERF B AR E CRE - F Y45
ey il d 2 FRRF BAPRHET R OTIRTE
FA PO FIPEFIO S EWRE AL 0 FP G T

CEREE

nH
% \
—\“

L9 BT AL g i — S LR SURTIE- B LI

2-3 % BipeLs

BT A BBEF 2 RERR R o BEERF Y
19



o TR AR PR Ppow T 3F S f&y{;%‘,,ém § 5:BRF
Feniit H 3 F 5 HY bt dang SRR F B SHF
Rl 3t EOPREN ST HF RnE RS RS & FF
T oA fhAk e T E 5 RS9 fRLIL ATy ooRtE MO A iRt R o 2

EE SRSy PEEE Y T AT R T C N TN

PER CHY BAE A AU RN FRRF R G

[a-]

¥ REAR A G P gpnieit ok [26] i P B 2 g AT BT
PR A BRI FRRF ROEE d 7 Fg
ARG gl F AR L &7 AR S K U
e SR I/ SRR T el SEVPLIE B 1 /T Rl R

HHSHEN RN EEZ T A ¥ L s R R A SV 2

&

Polyol process & = ~ £:B iz ~ hifd= Kz ~k#AZE > @

BEA AN HARARE > 2 &L AP FE o APEIES

\\\
=

7}5 %‘3”]» ’éi"’ﬂﬁ;mwz‘ll& ﬁ: /#mﬂm’é’g:;}g
B~ FEPER kR~ ho BEH - BRA R s BT

AT ALE & v RS

2-3.1 kB Rz (photoreduction)

F1% kRN R kR A RAT S 2 A & DR
HE RS E - 4832 0 fL5 kB R [27-29] » 2B RS 24w

20



2 F2.9[27] -

o0 « "
0 ™~ %% n , A
[ ] Y.y
® ALY
' . +.+ ‘
Scheme 1.

W 29 xR &HE4T LE -

A1 @ * 2 A e EA o PTRAUER ~ F RFEFER S 2 Rk

i B EF]E 0 BRRAS 3N U E R R kA

W 21040 W £ ™ b7 | pr I 2 TEME) > A)fe 545 > B)Pe
40 » C)pB 5455 » D) 70 hréL z 3 3 [27] -

BT IEEAR 0 ttd PVA ¥ FIREA 0 10 E e A ALK
Bl 30 WAEERSLE FIR > X £ BT A PSR 2

F AR o dofl 211 “ [28] -

21



3wt% PVA > 10°M AgNO;

3wt% PVA > 10°M AgNO;

W 211 7 P4k B> 30WAE R R 2 TEMEBI (a) ﬁ% £
Vism e e A S B () D) R Rl o e o A
2-3.2 Polyol process & =
»— A7 #ipns =22 > JI* PVP (poly vinyl pyrrolidone)
R o S ¢ - (ethylene glycol) 3 i3 4] » & 5 - fENEF IR
B Aa B4 MopBRA > E- hflr B BREBRT D
-~ ERR R TG ] F PR A 4L PVPIER
20 E Gl F R R B R AT AR S SUE R
W B A & #-AgNOsfo PVP 2 ethylene glycol 7% i 4 %] 12 B 2
B F 4o~ 38R S 140-160°C i ethylene glycol 2% @ >
S L BB R @ PIEUER o d ¥ R AT S T

BB A NI AR F ST [30-33] 0 M 212 5 % g

EIRA N R R !ﬂéff& °

22



f—mn nm

PVP)/[Ag]=15 » [AgNO:]=0.25 M

m!— 10 nm

[PVP]/[Ag]=1.5 » [AgNO;]=0.085 M

23



[Ag]/[Br]=8.4 x 10° » Time=2.5 hr

B 2.12 polyol process™ i & = % I Ajk chz f 854 (a) (b) =
S 48 (C) (d) PVPE & %= = 8 2 & B 58 (e) (F) 2L (9) (h)
= 4 44[30-33] ¢

2-3.3 §» 838 iz (seed-mediated growth)

BB RE LR A3 BHIR

a) & gpfd i WA citrate RER S e BAl o e r MER &
BAK(bAr £~ 8) 0 EF 4~ R RA(NaBH,) » # 28
B 3-5nm -] fafd R F Rk o

b) #gﬁ%:%%ﬁﬁ»ﬁ&@ﬁﬂ’ﬁééﬁiﬁégﬁﬁ
%1% (CTAB) ~ 33 18 i 4| (ascorbic acid) ~ & % % #¢ ~ NaOH
KA & pH E o Koo BHERE K A2 e (micelle) &

T S H[34-35] - W] 213 i S fES &2 7 LW [36] -

24



r
citratc ®® 2o
Auor Ag salt + NaBH,——» 4, e0»
Ll

... CTAB -
ee® + metal salt 4 ascorbic acid ————» " e -
[ N -

B 213 QL fE £ 22 7 R B [36] -

HAEWH 2 h e BRANEFRET SR e
fr i enfcde (soft template) -] 3Ed e FEAVIE R T O o £ &

Pk B 2 £ 8405 L WleW2.2455 7 [37] -

(@)

\ —p

llll

surfactant
molecules

W 214 L& 2HASHESETLH [37]-

g

ETRFR

stk

BBBf;é_’:J\;‘FE?é ﬁ’%?‘%’é\ BT N EsE g H e
BEFEATHRIEFTE R 215 32 R FEET E283 1 #

2 TEM Bl -



(a) (b) . .

R ET SRS K HZTEME a) RERT E 243 K 2 TEMRE a)20°C b) 30C

pH=6.95 b) pH=12.24

*

ﬁﬁf mﬁ@?¢ﬁ£%%‘
W 215 2 k&R T LEAL L XALE K B2 TEME
# [34-35] -
2-3.4 -k#;x (hydrothermal)

FI* kA g B(bie 2 fR)e A F 0 heii g SRR
BRI FEPPAIRBALEF Ko B BT kY
I NE IS B At SlAcFT  H B R h®AB . H Pl

BB ~REIEHN A B 3P RREE? E2XAHEZ
AR R RS HR L F RS ERAO F RN

¥

RS B F R BTR RS o K

a1
“
|
ocd
R
i
%
'L@'
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RPN AF @R F RELFASIETT 55 RERT A

SYERRAEARBEY 100C-275CR » 4B E AT LR R

W

HEBERRA A 27T5C o § e B EBBAET B H(5:
KY€ A A RIS EST R R E T S A £ E RH 4 o

FOGEd Ah & F 2] (surfactant) ~ AgNO; ~ 3 R | % 0k
REF ol ~ B R > BRX7T RAKRDE K EFBER o 40T B

2.6 w41 Ak £ A GFET I kBE L ST AR B

3t 42 [38-41] -

AgNO;=43 mM > PVP=210 mM > Temp=160°C - AgNO0;=17.3 mM > PVP=210 mM

time=4 hr [39] - Temp=140°C - time=6 hr [39] -

27



oA

Ag(NH;),"'=2.8 mM » CTAB=8.3 mM glucose=4.16 mM Temp=120°C ; time=8 hr [40] -

Ag(NHs),"=6.5 mM » CTAB=8.3 mM glucose=4.16 mM Temp=120°C ; time=8hr [41] -

W 216 72 F & R T % KEZ &7 RAKE K4

28



¥R RHRZENE
3l RHREFARA
Ll RHEFEFEFH
1.7 p& 4(silver nitrate) : SHOWA > % & 99.8 wt%
2.8 1 -+ = 4% = 7 A 4e(hexadecyltrimethylammonium bromide
CTAB) : ACROS > % & >99 wt%
3.5 % #=(glucose) : Merck » % & 99 wt%
4.7 pa4s (iron nitrate nonahydrate ): Acros » % & 98+ wt%
5.9 B& 4F (copper nitrate dihydrate): SHOWA - % & 99wt%
6.2 3 1 4p(sodium hydroxide) : SHOWA » % & 96 wt%
7.% 3 i 49 (potassium hydroxide) : SHOWA > % & 85 wt%
8.% -k (ammonia solution) : SHOWA » B 28 wit%
9.m % (E-TEK) @ ¥ Fredk o g K i@ i Tt # o
10.5 # (oxygen) : £ =3 im 3 T2 & > 99.95 vol%
3-12 RHKH
% =+ % T Precisa » model XS 225A
2.4 #4483 ® © COFNING
3424 4 2 & : TOHAMA D200H
4.4 33 -k 1 SUNTEX RM-220

29



5.3 RE RFEE-MFE 100mL
6.4 #% : HSIANGTAI

Ja V& % %% Solartron 0 SIC 1287
8.4 $» 3% & & A i © Hitachi JSM 6500

9.% 1% 5 % 5 Bafc4t : Philip TECNAI20 « JEOL-2000FX

|~

10.x-ray ¥£5+i% : Bruker AXS D8 Discover

11.UV-VIS : Thermo Scientific EVOLUTION 300
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3-2 R BiAL

3-21 2R HinAR

[ Preparation of catalysts

-
Physical SEM
characterization L
e p
TEM/EDX
[ Preparation of the ]

electrodes

XRD

Electrochemical
measurements

galvanostatic Potentiostatic C
Polarization curves
measurement measurement

W 3.1 2387 o ALE -

31



322 243 RES

25mL 10 mM A g(NH;),"

+
S0mL 15mL
(0.5mDM ~ 1.75mM ~ 7.5mM) (SO0mM ~ 60mM ~ 72mM )
glucose CTAB

v

Sealed within
stainless steel
antoclave

v

= ~
Maintained at 120°C
for 8§ hour

{

Centrifuged
at 6000 rpmn
for 20 mins

4

Final product

~

W 32 =282 K 4E 420 o
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322Kz FEES

25mL 10 mM A g(NH;),* 15mL 60mM CTAB
iz +
SmL
S0mL 0.5 mM glucose (ZmM ~ 1mM ~ 0.5mM)
Feions

f:.mlﬂl within
stainless steel
anl m clave

Maintained at 120°C
for 8 hour

rpmfor 20 mins

Final product

[ ]
| ]
[c.mmn.gmm.m ]
[ ]

W 3.3 k2 1428 2 nARRE o

33



3-237 4 kZfRES

<
SmL 10 mM A g(NH;),*
.

+
\

S0mL 0.5 mM glucose

A

%
15mL 60 mM CTAB
¥,
+
SmL h

(0.5mM ~ SmM ~ 10
mnM) Cuions

A

Sealed within
stainless steel

mltu}{‘lm e

for 8 hour

1rpmfor20mins

Final product

[ Maintained at 120°C ]
[ Cenfrifugeg at 6000 ]

W 3.4 = &k &N o



324 PARBH(E F AL &

25mL 10 mM
Ag(NH;),"

] [SI] mL 3 mM glums} [

15mL 60 M
CTAB

]

v

Sealed within
stainless steel
1 antoclave )
' ™
Maintained at 120°C
for 8 hour
\ ¢ J
( Heatto 160°C )
for
differenthours )

|

-

Cenfrifuged
at 6000 1pIn
for 20 mins
g—
' '
Finalproduct
\. J

Bl 3.5 P tiat-% F 428 S in e -

3-3 Wit H# L&

331 &2 A FHUTREE A

a) el 10 MM 41 4 4+ kR
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b)

d)

f)

v

FEB~ 0.1699 g AQNO; i3 > 20 mL -k i3 i @ o

» NH; "kiz i 2| R #F 5 0 o

btz L 100 mho &k > TRE RS 10 MM
[Ag(NH3)2]+-k 7% 7%

fe W 2 B kRGO MM~ 60 MM -~ 72 mM) CTAB
(hexadecyltrimethylammonium bromide)-k /% /%

fe@l 7 kR (0.5 mM -~ 1.75 mM ~ 7.5 mM) glucose -k % % -
B~ 10 mM 25 mL [Ag(NH3),]" ki3 i ~ # T ik & (0.5 mM ~ 1.75
mM~7.5mM ) 50mL glucose -k iz % ~ % F k& & (50 mM~60 mM ~
72mM) 15 mI CTAB -kiz % KB H 7 Fr & < e4 > B-H )
EE S 100 mL 4 & FHgr o B3R E o

WedBk ATHEE N RS Y B BN HY > LT 120

FHpRLEPEE 0 B2 6000 rpm ## ik dpee 20 A48 0 W

Bt TLE AR L >3 ?ﬁ%‘f#é &L e

TRl B L =SR2 A RE B FH2X2 om? E K A

RFLRF L Beir A e
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3-3.2 #k 2k eng 2

a)

1.

2.

3.

b)

c)

d)

e)

f)

Aol 10 MM 2% 4 3+ KB iR

F=B~ 0.1699 g AgNO3z /% *+ 20 mL -kiz % ¢ o

SEWF» IMNH; kg pied BF %5 2§ ¢ > &8
> NH3 "kiz iR E FI& XE & 2k o

B AR AL 1001 5 0k > TR E xS 10 M [Ag(NHs),]"
KB R

fie & 60 mM CTAB hexadecyltrimethylammonium bromide)-k

/in}c’

«m

7
fe @ik & 0.5 mM glucose -k i3 % -

FeB kR 5 2M~1mM -~ 0.5mM 0 Fe <+ 100 mL

B~ 10 mM 25 mL [Ag(NHs),]""k i % ~ 0.5 mM 50 mL glucose
'k 7% ~60 MM 15mL CTAB -ki% % 2 # F ik & (2 mM~1 mM-
0.5 mM)5 mL 483+ & | & 5 4k endl -H 2 g 23 £ 5 100
mL 4% 4 #e5g® » 23R L& o

Bedfia e 3R LY B R EAEHY o AT 120

FHp R4 FrE 3 E 0 B~0102 6000 rpm # iE g 20 4 45 o
A fk kg T g S sk R N 4o
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THRUELIE C MR B 4LE % 502 X 2 om? Bk AR B 2 B

R A

3-33 & &3 L ehé

b)

f)

Aol 10 MM 2% 4 3+ ki3 iR

F=B~ 0.1699 g AgNO3z /% *+ 20 mL -ki3 % ¢ o

EMF» IMNH; -kiaik - 3ird ,ﬁ,ﬂi% FRESE SR &
> NH3 "kiz iR E BIf 0E 5 2k ©

M-tttz e i 100 mlo 5 b TR GRS 10 MM
[Ag(NHz)z] -k iz i%

fie & 60 mM CTAB (hexadecyltrimethylammonium bromide)-k

/in}c’

«m

7
Aok & 0.5 mM glucose -k i3 i% °

fe¥ kA 5 0.5mM~5mM -~ 10 mM 1 Cu #t+ 100 mL

B~ 10 mM 25 mL [Ag(NHs),]""k i ;% ~ 0.5 mM 50 mL glucose
kA% ~60 mM 15mL CTAB k2% % 7 kR (0.5 mM ~5
MM~ 10 mM) 5 mL 4 &+ kB & = &k s> B-H oy 2y
¥ 5 100 mL 48 4 3537 » 33 R & o

BAB L FHRCRFREY R ENERY > e 3 120
C 8 pF-
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FHpRLFPT FE 0 B-22 6000 rpm g2 iE s 20 A 48 o

BRI TESZ AP o

3-34 PERBH(E K HR)E &

a)

1.

b)

d)

f)

9)

fetl 10 MM 425 48 35 K3

F5~ 0.1699 g AgNO; 73 »> 20 mL -k i3 i #

> NH; KiaRE DI ZEG R L o

M-tttz e i 100 mlo 5 b TR GRS 10 MM
[Ag(NHz)z] "k iz i%

fie & 60 mM CTAB (hexadecyltrimethylammonium bromide)-k

/lfi;"

«m

/
fe ik & 3 mM glucose -k i3 i% ©
B~ 10 mM 25 mL [Ag(NHs),] 7k % /& ~ 3 mM 50mL glucose -k

i3 i% ~ 60mM 16ml CTAB ki R i £ & = 2 4> 42

P

BB L 100mL A K SEgY » 39 R & o
AR A ATFO BRSO B RERHY > 4RI 120

T8 -
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B R A S PR SRR F SR

TR T S R A K 4LE BF B2 X 2 om’ ok AT iE 2 A

IR

34 A RE

3-4.1 # a5

A 73 NT 3 s (TEM)
7 50

M85 T 1 s

p 3TN
ALl &y @R T/l (1) 78 i3
(transmitted electron) ¢ 38 [+ 7 &F 7 + (elastic scattering electron)

= s (2) @ £+ S5t Blx (diffraction pattern) » &5 fichm 2
fe Bt 77 5 (3) #pe Xk #FA &k (EDX)& T 5 i

¥ 47% & 17 1% (electron energy loss spectroscope, EELS) it & =

> A 5o MF Bk * 2 TEM 5 Philip TECNAI20 2 JEOL-2000FX
,qu TEM ﬁ’?-:f;: R = x] "‘T%‘;b"”‘] 4 BA AN T L %‘fi;g

% g ie- H gt [42] -

B. X sk 4844 47 % (XRD) [42] :

BERALTIES X% (GLE S DB § @37 F s

40



25 BEed ® 2 FF G (hKI)iRId 2 o 3~ 54 X KR4 1E4L 0 &
(Bragg’angle) > # & # =4 (Bragg’s) = ¢ : nA=2dsin6 p¥ > b pF »
Stz Xk g & 2 ekt o Rri8 g 5% & JCPDS kB ¥R > 45 018
Pz S MBHEFTR - AFSRTR Y 2 X kS 4Tk 5 Bruker
AXS: D8 Discover » ¢ * CuKa (A=1.5418 A)iT 4 e ik » & *
B h R &R L 30~80 B - #F4 F 5 0=0.05%s -

C. 43" =% + & iicét (SEM) :

SEMAEH* 3 AL TT ho GBE |

=0
=
i
TS
&
i
|
g

SR L R BB BT ARSI R A oy

HEIEE cAEFAL - X2 F > B B3 50eV hig
NEBERF NG R YRR B0-500A 4 Tkt 4G a2 5
MRl 2 AR § RS AR ACRATEE - i BB X
TFEGRT URRREY A 2R %Y R 2N
D 3 B ACAL B L JEOL JSM-6500 » 4 iT4c it 2 R % 15 kV o =

2o T3 T B AR * B orrgdez. EDX (T o

D. ¥ & k-# ¢ sbwyzkz ik (UV-VIS) :

flr 2Bz dpr 22 PALTEHIRAEAL L5 THEL



3o F| QT %ﬁd BEREEZ IR IBRAED R BHE T E 4 2§
Lo J* w k- d ek h ek o T OURIE T L TIA R R TR o

stk € 2R T REM > ¥ d Beer'slaw # 7
A=log2 = ¢b
= 10g— = EDC
5p
Al K ERITR Po: »8tk3p B P:7iBkunA

e ESdr i#ik 5 brcellesnE R sciBEEER

3-42 FELH

A T T E*%T (5 4 & R)RIEE (potentiostatic experiment):
By FRREBRFE B ZTHROLTEF R

L F HMBIUAELS L TR TRE RS 3om’ s e R

L4 F V4T (Vi 1L AQ/AQCI BT 4R 5 £

B TiEF S IM &5 it (KOH) » %5 F oend § 5 2

FPng oM T VB EET LNE 360 LT RCTEIHY

ERLELALTRBLBFEE R4 - B EL PR

0.2~0.4 V- pipld i 9t g2 48 24+ o
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a) woo¥ R B4 s (potentiodynamic experiment):
TAHTRECS AR 2R DI R AP

2 X 2.7 3 G % AU E B kAT L B b S 1 IE R

B EHTRIMY 2T TR AGAYCI TR THRF B
BfE s lom s RPEF L 1ML § 4 (KOH) > 1§  F 5%

7% Bl4c@ 3.7

BPIEE Y R B 4 T fggig,] ' & (1 mV/sec) > Bl & 4p iﬂiﬂ
eI 0 UL RN T R 2RI R
BB TARELE S AR T T B ST R
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Reference
electrode

[ counter electrode H

I Working electrode }-

of o

B 3.7

5
|-

N2

=L

>

Power Supply
L N N ]

tExE [43]-
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FrE PHRRFEEH
DB FELS VERS X )
BRF 2 T W R
TR F LA AT RARE A RS S R G SR Bl
F1* UV k kig 78R F J& 5 polyol process & = [30-33] >
fl* SmATSERHERES ) KipHfEr &2 - g+ &2
[34-37]% 2 » AEATEF k#EZE R EAR & 23z ¥ &
FHoHEHWEE 2 ZREL ) EFRFRBEDFRERE D) F
BHFHE ) BAE A AR WERELE kY d) &3

AFRAF S RLH-BELGIE] €) FHREFIER ° 7 kR

A
S

&
N
<

%ﬁd AFRERE S F BFERFpH &~ 2 5 BR

'

2 E R KR L ’mﬂxfﬁ%;ﬁ-d B A5 4G oS
Azl k & S8 & 23 e o AR

i LA & 8 R ORI P AT o R G L
FBEHFERFRBELE > 2k R R PSR ER

FEFDBEA G FEHAERT UBE XL 5 p s i ©

By
7

CTAB * il [44] » 7 34 &% 2 1 HfE& & (twin
plane) &k 2 & fEePfEag - Flet L 7 0 Pl AR ok o

AR LR A § s LA (CTAB) Ik & & 4] & £ &



sha Lk & > 12 e g R AR R R HR R EHE 2 i)

BRHF TR L RS THEH A S KRB

4-11 BEZHIARPHELFAET LI
4-1.1.1 TEM gLip|

a) Ao BHEAERHE 2 KPP A 5 5 A
kB # Ag(NHs)® 25 mL ~ Glucose 50 mL ~ CTAB 15 mL =
FRE RN FERE? L BATI20CT F N B 2%

S E AR R R SEBCRIEIE A M A H R L X2 B
FRRERZ02MM~3mM~10mM~20mM - 4 TEMEB ¥ 1/
EFr o g kBB AP 24U A B2 E SRR
MIE G - R 2 2 2 R Rk AR R T A6
AR E B AP R e R R LR T |
Boe XL AR E e BEAEFERAINEIMM Fr o &
ER: IR A I e - e S UGS TR S eSS T
TP R 2 st A A R R AR R
5 K> CTABY cnjdg + B % F g7 1 &2 4 H 5 8

(single-crystal) e /& » 2 Jk R 7 &> ¥ £ 5 e £ i F
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£Y

-

E:D

W
A=
i)
|

Epaery AR o A X 25% ;5 % k&
B %10 mMpE > TEMBIGE & 7 2 & = 0 & F421795% 0=
SRS d T AL R eniE 2 4rd] > 1% CTABY (g3
A % 1T 5 £ B 8 5 H & i (single-crystal) > = £ ¥ 3¢ o
A G S A G 2 K(200)5 hA £ S 0 AR E G F R
doepply oo SRR kg [45] 0 K FRE-hS £ G
d

kB FEBOE G > FIr R I B DRGSR

—\

\04\"
94
bl
Sk

> A 0 Bt ek BB~ (preferred orientation)

A

) SO G R ol IR A e eTE N i

z‘

G R AR R A AR e TE R 0 SUER B

B AR R G oo AREE G R AU
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® 4.2CTAB3mM z TEM B -

48



W 4.4CTAB 10 MM 2z TEM [ -

49



100 gl
| —

¥ 4.5CTAB 12 mM 2z TEM H] -

42 Fo BEREAG LR BT -

i G AR R R 5
2.0 Mm A5k 2 AR
3.0mM £ 40% -~ 65 + 5nm nanocube
8.3 mM 90%: + % 70 + 5nm nanocube
10 mM 90%:2 + % 50 + 5nm truncated nanocube
12 mM % 80% % 40 + 5nm nanocube

50



b) B R AL & 2 F 4P BB RA LR

# Ag(NH3)2+ 25 mL ~ Glucose 50 mL ~CTAB 15 mL 353 R
Eo R EEA EMEAERIOMM >t FREY A ft
2 120C F RN PE S s R B RAGER S ERAEFETERY
WERKEAGRE S P F RER S 028mM -~ 0.98 MM ~ 4.2
mM > 22 Ag s Bt 5 1:0.1> 1:035: 1:1.5-d TEM Bl 4.6

B3> kR L 028mM B > ¥ 2 & & 4 truncated cube - size

(200)> @ A4 R & @ 5 (111) 0 L+ = B he 5 (110) 0 A& F

90% ; K TEM Bl 47 2 48 7| > ¥ BRAOERF > £ 42
SRR B A T 0 B RPIAGR B A B E
WES 2 ARRFSFREADE LR RGPS L5
EAerdld £ SRS E G ) 4 0 FP 422 K HE4 0 & 4 (200)
Boa Ao A RPPAKD & R F] S R RAl(glucose) ¥ ¢ A 2 pL
Ak B a(HY > 4 £ fetchant ) H' & 825 1.9 0§ 7% » 3§
RpfBing Lo Flot o Lfim 2 D4 87
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46 R MR 575 o

® 4.7 0.98 mM Glucose z. TEM B -

52



W 4.8 4.2 mM Glucose z. TEM [ -

%43 BRAFEE AR HLEE -

B R Ak R &5
0.2 Mm £ 95% % 50 + 5nm truncated nanocubes
0.95 mM £ 80% 65 + 5nm nanocubes

4.2 mM £ 60% 75 + 5nm nanocubes

53



4-1.1.2 SEM

FECSEM Bl BB E S A hA S o Rl 49 v g 4 =
SR enA 53 95%1 o oo BRI T LG ok gl E B A
A5k 0 Sheh 3 AR B - HREF T AT 0 T R R ar
AATA Y ez S AR AR 4107 > (@) BY T g

At PRORS S TRAF AR fAAR LA

hg

(o) BP FrER S EHAF L SR A 0 A5G 95 %N

+ o ¥ SEM #av, #riR Pl S e A 4 2 ’%EF 2V B A
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	試樣在受到單色X光 (波長為λ)照射時，當試樣中某些粒子之面間距d中之格子面 (hkl)測物之，對入射X光剛好傾斜θ角(Bragg’angle)，符合布拉格 (Bragg’s)公式：nλ=2dsinθ時，此時入射之X光會產生繞射。將所得結果與JCPDS軟體對照，找出觸媒之晶體結構資料。本實驗所使用之X光繞射分析儀為Bruker AXS: D8 Discover，使用Cu Kα (λ=1.5418 Å)作為激發源，使用低掠角模式，掃描角度為30~80度，掃描速率為θ=0.05o/s。
	SEM主要利用電子槍產生電子束，經過三個電磁透鏡所組成的電子光學系統，聚集成一微小電子束照射至試片的表面。試片表面原子受到入射電子的撞擊，會產生二次電子、反射電子、歐傑電子等等。而試片產生出的二次電子，其能量小於50 eV的低能量電子，只有在試片深度50-500 Å才可能逃離試片表面而受到偵測，且其數量也會受到試片表面起伏所影響。故藉由觀察二次電子的影像可以瞭解試片表面之形貌特徵。實驗中使用之掃描式電子顯微鏡型號為JEOL JSM-6500，操作加速電壓為15 kV。成份之定性及定量分析則使用其所...
	利用金屬奈米粒子在不同型態下會對不同波長產生表面電漿共振，因此可藉由觀察金屬奈米粒子吸收波段不同來判別其所產生之變化。利用可見光-紫外光吸收光譜，可以測量並分析溶液的吸收度，樣品的吸收度會與濃度呈現性關係，可由Beer’s law 表示
	A=,log-,,P-0.-P.= εbc.
	A：樣品吸收度；   P0：入射光強度；  P：穿透光強度
	ε：樣品吸收系數  ； b：cell的長度  ；c：樣品濃度
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