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Preparation of Ru and Ir Films on the Ni
Inverse Opal as Cathodes for Hydrogen
Evolution Reaction in Alkaline Electrolysis
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Department of Material Science and Engineering

National Chiao Tung University

Abstract

The catalysts for hydrogen evolution reaction ( HER ) using Ru or Ir coated

half-layer Ni inverse opal in 1 M KOH aqueous solution was investigated. RuO,
and IrO, thin films were deposited by electroless plating and reduced
subsequently to Ru and Ir at 200°C under hydrogen treatment. The resulting
electrode combined the advantage of large surface area and reasonable
electro-catalytic activity.  Variables such as deposition time, annealing
temperature, and various annealing environments played critical roles. From
SEM images, ICP-MASS and i-V polarization measurements, we determined the
optimized processing condition. The reason is the surface area was decreased
by the increased deposition time. According to the result of XRD and the
thermal expansion coefficient of different materials on the substrate, the
electro-catalytic activity was increased with the crystallinity but suffered from
poor adhesion. Comparing both oxidative and metallic states of Ru and Ir

films, we concluded that the metallic state revealed better catalytic ability.
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MERLEEF LT Flo @23 3R 4 6 S E 35 > T

BRI AT o BHRS hd G F R KR 24 SR
R PEHTALOERR - §F 52 FUMET FENRAATH

#ic (8) PARY > BRBYWEL I LG RFEIUX D PETHF o F 2 0 Pl

%t
o

hk+4e 2 f 1

LA R

RS LR R TR - B~ B R RS

4

FoOEA O RMERFTHFE  SRPPMET LA FTHFF S #g

PRI AR BRI RT o Fa T2 TEYMEI LG T RF

S el g R %g}ﬁ;;}% % 0 Flm R AR T i G o i%%égg%g*i_;



A

B2 AT A A

n>w

3 =
e P

|

HUE T AR T R AR v;ﬁ’—ﬂ} ) aﬁ;;ﬁu’.—t E %)%1

(Electrical Double Layer) s #% o ¥t » ¥ #A 2% 1 &8 E 4% k2@ %

B dwm BBRY TIPS DT A F IR
A 1924 # > Stern ”gs! Helmholtz <% g% -4 [18] £ Gouy-Chapman
IR A Rt AT & Ber g d o 7 % h B Zim 4o

LB 2.7 %77 o ARI27 ¢ n a" EREFHERES A8 T - Bf?ﬁbf%
T R - BARFL L “Sternlayer” o F kG R G T AF Ay — WA
F B IR ek G 1803 & % {e Stern layer é07E T 2" oy SRR R
“Stern Potential” - @ Stern Potential £2;3 /% 2. fF 17 5 — & erdhdchk o
ATk & Stern & I+ SLES Boh ¢ '\ F BT & G cnpEEg S @ T g o
Yoo e RS e n RIS E SRR e h R 5 o B 21 Y Sl L
B AR IR AERRFICTERDER L JF,““ Stern layer 22 4k 2 B e
PTG s+ (ShearPlane) 7% end =4 » 4L 5 Zeta Potential (&)

[

The@ 2-1 ¢ &2 “d” Ao Zeta Potential ¥ *g e RIS BB R

TABEEF K E 2 -
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Y
v

—h

\®000000000000000®
T e Do o

b
-

Yo

Vs

v

: "1/
W27 Stern TR P HTEAGS R B RS () THEAP Y

mifF T A (b)) TEA P ik o (o) 4 Fadack - (d)

PRATe o(e)Stern T e > (f) o3+ L5 o

e RHEBBRT AT A B

T #4% (Electrical Double Layer) e 4 » i & & 515377 ¢ ik
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Fil BRI A e RATARE BT > F)a PR ARSI T B

N
NN
*D—
P
—?‘_
2
3
=3
4
]

2 (Electrical Clouds ) B o Bk SRR S AT
AERFE g e T H NIRRT o AR S R RT3 25O
TAEFARTFZORA 0 4R 28 (a) om0 A - RHU
BREB R d e THPPIE e R T 2 REE A B
Flm &4 7 473} k3 % B4k (% (Electrical Field Induced Dipole
Interactions ) H 77 & Bl4-®) 2.8(b) #7177 - %% B & (ning) £ 7 F 5% & (E)
7 B [19]:

Hing = OF (1)

v

a i it & (Polarizability ) &% H-1E% T 33 3 2 et it * 4 %

.
4
<
3\

Py

W

&3
44

W

ER e BT AT FHce ¥ THRITR S

(Fext) & /EL’? 88} 'EE/J{‘?'—:* 2RI KT‘T 4 (Fint> #E‘ SN P

thna = 476 R°E = o (4)
gt F R R R oS
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a = 4rg,R° (5)

HLE R F 2R RARS ML ERARE R R E MG (AP

(a) b 7

+e

-

B28:(a) # T el ® 2 %41 (ETH T PF o SE % FloOR A
TG 0 P Ug=0(b) § %4 - 1 TR FFE I R
PRER ELDIRFET 0 B AR FIRE > B 2 g = oF
[19]-

TARBIFZRRY SRS ARIRET ORI e R S 2 459k

2R ARH T (u) DAL AERFLHERAE (E) ¢ @RS 0
FRAOTRHOR BT RREF EERI TEFFFH T RR 0 F

T endpd Bk S A e R E R Ak endE v > Bt R AT e A
BHFELHL c FTHRRAADTRFITFAUNEIES REET

¥ Stokes T =i = Bk i 0 g IR

;
P
3
%
(=
K
<
A

P B ER Y gl Rk S g AR & (Iu) ‘fr—}j_—a- sy (q>\ MR R 3 X
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i (a) "f/p ] eAb R (77)

—da g o RAp e EHREN e o B R grE
e Rk gz LRI R TABB LR SRR RIFR
BRESER -pHE -B3R?P T Lo 97 Zetam %) ~ A p Bk
AP H AL RIVEDE ME TR IRER A Y JHT R ERR
B EPD 454 1 2 4R R o T EH > R G LT FF TR BN

R B

ETINS

AR

THEF Y 2R

A 1 B2 5 F B9 7 (Inverse Opal) S » v %48

oo K8y (FHCE 0 K7 B R BG fidE R L B at T Y 0 B (S R

f

B 5 R 2 5 T 00T BT F R Bed TR 5% 4 (Sol-Gel) [20]

=f

v # 5 tpiw A £ (Chemical Vapor Deposition; CVD)  [21] ~ &5 42
(lonic Spraying)  [22]~ £ 4% (Electrodeposition) [23-25] % = ;&
FALY R R~ BRIt 0@ ?“73"“9:‘& ht AR

Y EF THEAMAL LML MR o X2 T ET NG X G

2. 3D F 9 BRH -

REAEGHRT S LAV AR E RS RRIE T
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=7 g G L4 423¢ (Nearnst equation) 333 B 77 7 T 4RI & 24 eh

s

Forggd 2% 2 (Faraday'slaw) 3+ Biifi b chg B E -

Tk B WG WY Beratl o ¥ R LRR [26] e

ETIRS

Tt (27 A fE o a2 fed FF S R LSS L R B

AL B9 44 [28 29] £ é,gy, T B N .

BWgd e 2337 5at82 AP BRIATRLED DIy
2+ ‘,5’3’;5 S k] F[30-32) it H 2 Z R BV LB OFE N RRE R
A bERENAS I BEF BRENER L2 RS G et B
FRe eTfrka@lRd fooikfd> 27 2 L L@ AF% > (R T
PE USRS F M R E R T L s b ok B
AL IR RS VURY RFREREY BF

TRERkERY RFDI ZRAs I AR F B REOVE

POEL § A kA BPR ROMRE I FARE o - BRRRDE AR

E=H

e 7 B (Anode) ~ £ (Cathode) f-= j# 5 (Electrolyte) » [5 & #-
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I 2

_f’di:"\' 5{“ A%éﬁ‘k%%}’ if?’ﬂﬁ']&‘?’/”?ﬁ;?l-@{i @—""J(

7~
e

AV I T s ok Eﬁ;}%mﬂq;\ 41 35, m;‘;ﬁ;}%? DTN R TR
TR 29 AT R ROFE BT AR

2H,0 - 2H, + 0,
I

> Cathode
4e + 4H,0 = 40H- + 2H,

Anode <

40H - O, + 2H,0 H4e
—__ Electrolyte =~
(Acid, Neutral, or Alkaline)

Bl 2.9 R -kenF BT B e
BRFERFF LA LEF A SR P R BRE o d T
Bl e BT o A S B g B IR g AR A 0 & &t K TR LD
EEM S CFERYFFBERE P REE DL B TR ik
FIRE TR EERBE S SR ERBLIE IR G R T

PG il EIRBE T R B

£+ (Cathode) : 40H™ - 0, + 2H,0 + 4e~ (1)
5% (Anode) : 4e” + 4H,0 - 40H™ + 2H, (2)
% &5 & (Overall) : 2H,0 - 2H, + 0, (3)
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T fE-kI£#& & 7 B R 7 & (Hydrogen Evolution Reaction )

EHERuEA2Y 3 §F ¢ T i 44 X2 130
WA AL F o B F R errsdp it OER (Oxygen Evolution
Reaction) ex sk # % % &7 - T 7| HER efim~ 53¢ [33]): (4) #
= Volmer reaction > & PR A+ RS T P ST d d > A &
(5) % Heyrovsky reaction > iz BEAFZ & L Fhd S F B @ Bt

- % (6) % Tafel reaction » .5 B4k & B ifEting 3 A 4 4 > 75

FEF D AR
Volmer : M+ H,0 + e~ - MH,4 + OH™ (4)
Heyrovsky : MH,qs + H,0 + e~ - H, + OH™ + M (5)
Tafel : 2MH,4s — 2M + H, (6)

ERA TRk T RISIFREL DES > A DHROPA BT AR
FAONE - SEPR A NE B il g BB B i §
#§ % = (Hydrogen Over-Potential ) ¢ tp g > ¥ - Bl A L334 g
MenTl R Ak ff o PR REOLHET L RN AFEROTE
BAEE AR AR Pl n R AR D o T by G H W B R4 A
REERETE CRAETE MBI BT R DRSS

BEE > NBRF TRk B iEigock [34])-
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B A B e

HbeF @ ldo 7 R R AP AT Rk PR LRSS gk
o A A 5 & 4% (Raney Nickel) &#-Ni & Al & 4 Zn shg £ > 1%
WA R Al & Zn 2 f,ﬂfl Flen® 4 TR EARE B kG o

Angelo f1# A F T L 3L R HRiE A BT B hd B IRGE o

24

2L 3L

TOF et d B2 1 # Tafel 2% [35] o @ Suffredini et al. ] 1744

%

# (Ni-Zn) 245454 (Ni-Co-Zn) ehé & > Sgfs i@ * (VB2 8-4 &7 mibd
BRET ko et L E DR IR DT RS [36] 0 4-®1 2,10 () AfT e
Chen 41 #* #54x 2282 11 AAO & i I R 4gen SV H i 48 0% F L 7
[37)] > 4@ 210 (b) > fI* BR/EB i o f# (75 7 fFRIERFIF
4 B e o Huang 1% & 742 p %2 % polystyrene (PS) kv %
,3‘;&##;15%@‘1Ti enSIF o TR RAEER-PSIEZ BRenZ M 403805 > NE(s
B b WE PSR 11 e i e fiy (ethyl acetate ) # ",$ fe > W FIE Fv 4
BHg TR 4oF 210 (c) #fr [38] » & AI* F vt & G ff 175 T %
KT Bk BB s T Rk A 4 o “,!rt gtz ¢h iy é/]?ef% 4% (sputter)
7 SRS R R N AR R 4o B 210 0 (d) rm [39] - R
R F B i‘ﬁ‘*‘u%’»j'ﬁ* R R iT L LEMFE BRI
ZoE R R IEL T AR e I A A FHHT 2  E A AR R AT A

LGP AL R R OFE e o S PEE R S R BRI
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fio___ﬂl‘

PR G0 I BT A AT SR E DR i S

BUH 3 PRI o FIe ho k4R B FRARILE cnb L T 5 4 B pH L e

»;y'z

IV L8 A B 5 B2 S 5gfds 5 % - ZnO ~ RuO; ~ 11O, ~ TIO, & 7

WANT A &R S R T AER £ T AES Ni 2 T A £ A8 9 3] i

B210:(a) @ * 4448 £ £ 5 )2 § KAz RenFH MM EL 5 f [36]
(b) % AAO s i B 3 20 F ez K L4 H 4 £ o
& [371(c) @ * PSIRA S i W& 7 & ok 39 7 54> % 1
e 45 fF [38] (d) B a5 F B (ki & K 5 ik o 4
% %@ f [39]-
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% & F B R eE T = (Hydrogen Over-Potential )

AR A T G iR T 4 HER hif it (i S eh i 4n
(P~ 4 (RU)~4 (Ir) % &% h4& f o wd 20§ ehd 5o p o3t o
TR K R AR P I 0 N AR R A S e o
AL HR A - b i [40] o b4e Bianchi f1% B i eh 5
MR E AT REE RS T EAS A - KE 0 TR
4 BTGB BA L G TR RAe R IEE G L B O HER Bt o
Musiani » F|* #g02en> sV B feinfpsr Baa T b mH & HER e £ £ -

ﬁt‘i—z‘m']"}nbrg’s 47 ¢ HERm]"}HE °

Mlﬁ"*%ﬂ'*\’%‘rf 58 7 LI GE et k' KB T & F B R i

=

Tz ek FoEREAIT A ® 2 F4edn (Mo) 45 (Co) [36,41]
Bt e A Edort (C) 2 (P) 8 F e a2 B - Bigd

L& (NIP) 7 0l B A PR & 5 cnis 2 4 6 ff » B0t #0005 enie iy

=g

TG M F RS Rk LRI OELBEREL > EFsz £
H a2 L0 A RERIL2 255 PNIP § ik {2
TS AP o » € H R aE e AR 8 [42] - Kaninski 1% § 40 &
T4 45 (NICo) #1484 454~ (NiCoV) & £ > E HER th2 4 F g { &

F o TP SR —‘FL]’ bedel £ enig A endd v el H HER ot s o
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ETTRS

FABLEF L PN AT A G A L K-

=<
S % 4
.El;"_;f/b’

doy
|
1"5—;
EOS
w5
i
&
"‘Il
u

gEP T ARG IR dpitsx (Physical Vapor
Deposition; PVD ) [39, 43-45) ~ it & 4 4piwf (Chemical Vapor Deposition;
CVD) [46,47]) & i+ & w4 (Atomic Layer Deposition; ALD ) [48,49] -

tin ik fWAeann e B3 T 48 (Electroplating) [50-53]) ~ & ¢ 4% (Electroless

Plating ) [54-55] £ p 4 i 4% (Spontaneous) [56]) ¢ Ap#>t % % ehE 3
Gk b en@lfe b Apdten QR EF S o2 s Ry Aivfiz (Thermal

Deposition) [57]) -

edooF AR R T d g TR R 2 e afd g o d
EREEETEE P R R TR BB R ERE > 2 F

BHRRS FAREIHRET AW A0 BT BT A ETHES RF
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EM R R R 2pF P ETNT S 2> £ 24 5 - Bianchi
FI* BRI A B DRAM Y o d e R ET b 4R 0 F
PR AT SR KR RAL > B B 4T € KRS BB R T S 0 F

HEWF MERIRB AL AL EHRE A B BEHL o
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Z REAFRREALA

AL P OL DI T EREETE R D 0 T RS 0 ©
fEF TR FRRIE IR E g o L F Y FRFHEL - HEY
TN EFER AT RBE IR AL o F oA 55 BIMA o H - G
AHRE ¢ 70 A RFL FIk ?@iﬁéﬁﬁ%%%‘;{a I

e hou kot oRElE s R AT

13 3
ZRBEARRER LT REBERE ARG 5 T FEREESEF R

paES | EA () | | R

C,HsOH 100 % Sigma-Aldrich BFC Rk
NiSO, - 6H,0 >99 % J.T Baker T ARAL AR
NiCl, - 6H,0 98 % Hanawa I &= B

25



H3BO; 99.8 % Merck AR SRR
H,0, 35 % Showa AL AR
PdCl, 99 % Aldrich YA 9]
HCI 35~36 % Showa A 911
K,RuClsexH,0 99.95 % Alfa Aesar £ TSR
NaNO, 97 % Showa #£ T ARETER
NaOH 96 % Showa £ T ARET R
NaClO 6 % Showa #w ARET AR R
NaslrClg - Aldrich H# T AR
H,C,0, 99.5 Riedel-de Haen E e & Rt
K,COs - Merck £ T ARARE R
NaHPO, - Riedel-de Haéen E- e s Wit
Z 5 (Hy) 99.9999 % ;T 1 fedL
7 (A > 99 % 374 Y- ¥
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312 FHKE

TRERE
Motech Programmable DC Power Supply

FURAD RRERTELEDTIRER

T L FE R
Jiehan 5600 Electrochemical Workstation
LR R -V R RS R R LT M £RD KR BlAcE 3.1 Arow o

Jiehan 5600 Electrochemical Workstation
From-0.2 V to -1.8 V, scan rate: 1 mV/s

Anode(Pt)
Length: 12.25 cm Ref (AgCl)
Diameter: 1 mm
(sample)

\
= v i—“‘\

SR S

Cathode

Electrolyte
(1 M KOH)
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T E&E (SEM)
Field-emission Scanning Electron Microscope (JEOL-JSM-6700F )

Thermal Field Emission Scanning Electron Microscope ( JEOL-JSM-6500F )

BB E G AR o

EDX

Energy Dispersive X-ray ( JEOL-JSM-6500F )

®ILRR S 4T S Gt g el At B 4T o

X k 45tk 3 % (XRD)

X-ray Diffractometer ( Bruker AXS-D8 )

&

L FEE R RSB R R g o

X k&2 3%k (XPS)
X—Ray Photoelectron Spectroscope ( Thermo Microlab 350 )

LTRGBS E B St B o
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32 NI

AR FHRHFIS S AMEHRSPUT > AAM OIS Z R AR

=t

/4

RETHEF 39 PR a aREPEUITe 7 R TEEIH ~ & T4
AR S e A B R T AR S BARA o T F) 3.2 £ B 5 A P

B nARR o A RTLEEF 39 &AM T EAAAH L G ITH

TRk §EF RS OREE S S a A L FERES P
AR I i R RE - PP R o 0§ AR
2w i HER B BlE 40t s A8 A fkanis ¢ A u i e
- =% HER ch& ip| » ¥ 015 F L e84 T R kit ted & cnfhic 7 5 #

oo T ILEST RIS R 0 BF T 2 927 SEM ~ EDX ~ XRD £ XPS
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® Substrate © Sample

e Ti / Si/ SiO,

= .
PS electrophoresis Measure i-V curve (HER)
for colloidal crystals

0l

A A A 4 _a
v Y v v

Lilill ELD RuO,/ IrO, on the surface
e
Ni electroplating Ny

for Ni inverse opals

A AA AA
A
A A

Measure i-V curve (HER)

:

H,/Ar/Air annealing
PS Template Removal WAL
e L
—— Measure -V curve (HER)
B 3.2: »F i A2m & Bl o
Ti
Sio,

B33: 2Pk * hiA#i- wafsk -G iiffoF CPFaw & -

321 TApEER-UE 5 AR

ool d e 7 AM AR BRI e R T A Sl -

At

4ol 3.3 917 0 AF BT AT * a4t 5 <100>m g L fl 0 TR G
30



0.01 ohm-cmo ¥ ¥ & & Fle- & i 5 & 5 600 nm = F it 57 550 4ot &
VIE AR AR A T EE TR R A Bom BT oM ¥ - m P4
¥4 gk L& P nLH A @F P HPSTE (R¥ o k) SrE 4 @ PSSk
B e gk ek K s B EFRET R LT A5 21emxl5em o i A

7 e

R R i B
F? TR AR H - K5 660nmins HPSIE (B ¥
Wk ) B~ 019 Ak PS s & 0 3 100ml &k fRY o A

FARTIIRELIIDT & 5 3 AR TE A SO BFR -

TAp X

B diang B o WY KRB AR GRS 0 d 3PS A G T T R
B R &M R S T R AR AR f 1R
R 0 S HEGREY S Lom e e 1 g/l SRR R - 04 10 Viem i

FeoigE T F S A d TANY EREFET RS T B R 5 50°C

e fa P gt 0 TV EE RN S Sum chp e A S A ARES T 5 R
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322, TH4-HUALF Y 2B

ool aE 7T BRI > TSRS Uf S 3k W chil AR o

ol T 44
> ) fB~ 130 g cFn ik 45 (NiSO4+6H,0 )~30 g ch4 i 44(NiCl,+6H,0)
18 g chwefk (HaBOz) &2 3ml e s & (HOp) 18730k ¥ 2 i1

1L’%iﬁﬁ—%o

T 4544
d 3+ PS 3% r’:” ;}‘ﬂ ’Fﬁ' EE It % R ),,a nlé‘—% Iﬁ‘—““ Tk 2 FF sl
e o AR 2 LR T TEHERZ Y > AiEE DR

BFW R B P By PREFIETERY AL R TN LT

[e]

S4c LV B TR R R 4EL 20 A 4 fs B

ﬁ%',f PS z #i-4
BEOBRRY RS HFEOPSH AR BE N FEEEG
BBAILA B 0 o F AR UEAg KRB FM iR Rl faid

e ? 3ol pEe gt atd kIR PSR o MRS o MR B~ 250°C g iR g

F_&

FAORBETORAILL A g a H B BT AR PSR 2 A%
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Bfd o d WL &

Fe
=H

e N ART R EAG £ L0 R

SRR e BT 0 B F IR T AT 200°C #AL 2] pE
LRE AR A b &R

BANEER S VNS = i N i %lﬁ:?r};}n "‘ﬂf#_o

323, RAEBEFEF-RTBINHENEF 35 2 541

ﬁL/J‘EfL’é ’8\'3 g

B T i R4S AR B R R B e i
B iS5 A i m Wl AR

R IR 37

u] £ 2+ 0.1 W% PACI, £ 0.1 Wt%#11 HCl 45 3 32

FeillR TELEDRFBR

5~ 0.0186 g :rk & T £ 41 fkd7 (KoRUCls - XH,0) 73 % 5 ml 35 45

ke F I 10ml e fE B SR AR R

RV TR S

A EFEELTmMI ER G 006 M chfz pfpadh (NaNO,) » 1 ml Jk

Bi 1Mz 5 iv4 (NaOH) & 2ml e7Z v -k (NaClO) » ig) » “&E4r ¢ i
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\\‘It
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S
J.L)\
g
W
E:::“
&~
~
}/
Wy
~=ie
=)
EL;
-t
RS
-~
N .
&
e
=
©
I
&
/\w
e
EI
[N
[N
fn
[N
N
(w
o

B3 AME R SR MRLEP PRE T 0 B ALBERR
dRFIER IR AT R A TEEBRRNL RS -

o
AR - &R T P B AR R S T R
10's {5 B v AR Rk % o F s 2 £ F e el i Db v

B~ A0°C RSP R o BRI AR BT I R

\4

324, RRGBLER-RTETHFENLEF F6 74D

ol E e R DRGSR S SRy B RO AR el A

el TR RFBR

F=B~ 0.0947 g 1= & L 4kped4p (NaglrClg) 2% 30 ml sz 4 kP > 5
ts ik B4e » 01259 5t (HyC0 4+ 2H,0) 2 0.69 g #ificdn (K,CO3) 0 iR
E305 AFEL 50ml o Bfs#p i nd T5C ki EE 4L PG &

ia‘g—r%{ﬁ‘ 5% » 3 pt4pR 5;)"@ ,%,%L [E= yi E‘T”Eﬁ:ﬁf;” E‘h/%‘/l’;} °



fe & T 4dRinR

5 0275 g Bt 4h (NaHPO, « xH,0) 33 20 ml shii -k @+ 5

e r 10ml B BIR  TPT R hE TEEERRE RS o

o

B = ] G P S A i 1 2 T s
10's (Bt vt b R e F 0GR Y £ e el chE TaER Y
B~ 75CoRBHY R R RAZAERE o AT R IR s

R BB FIE T A0 A 115k s NER o 40 A BT MR

ol MoRGREIS R Y §OF W eRET e
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T~ REREFEFR

41 TAATEEF 0 T 5H

411 RA P BEBIIRNRT L §

BT AWLMo N85 TH = £4wE 2 (Gravitational
Sedimentation )~ ;3 ;% % % # ( Solvent Evaporation )£# % / ( Electrophoresis ) e

A LA DR ERRFERFRY DUMA T8 RORA G A

— [Z]

b :,‘«',]ﬁﬁqj:fi,ﬁl ﬁ_sg gffﬁf;rz » A5 &%igﬁ RS B RE %ﬁ_ o FRm o

P& N LR R o B
A MERMARE AL ARG e BRI R S F A

FZ AR R A d s (E 4 g R RS N A A

|

slsadpio et o et 2 N B8V p R BIURIER T R BRI
#1735 o &7 A p 2% (Electrophoresis Assembly ) 92 & i@ F 1415 § t&iF
Y BT RIER A R F LA p 2 Apeot @ e XA

FORERE R EITS R fOnER c B AT R EH G RE -

36



RACR A TR R R RIHAE] > T ERERT A S A

Fd b BEER AS A TR RS W gp O AL A F
Se R e B g A L8 ;¢ A2 (\Vertical Electrophoresis )% 754 48 & 48 -
DEY KL wmg (7% 4 e i (Ethanol) B~ @ sienriok k5 oA ihfg)

Y BER A e S P o

TAPEEBMLNEE 48R (SEM)

TH4L kR A 1o/l 1660 um 5 PS A4 % 0 02 10 Viem o
THLAFRERMLME S HEROFd AF - J B! 7 UgFRT
ApER G 12 82 15 & gB i B R RS A AP IROT 12 4 da2 g P REEDAR Y o
d R RALIEd RHF RS R 6 F RIS 0 A R R R

Pkl el i A2 TBfarcsk  § TEARBFEIIEZ Y
Wb FHFFARLRER g D XPER €4 ToT R 42 4% 5 & 10V/iem

HTHFT LALLM () T BERTARRE ML (b)3 44 (c)

6448 (d) 12 ~ 4822 cHSEM 36 B - @ Bl 4.2 (a) ¥ 145 3| PS 2k e 59 &

‘-&

R BEEFTTEG o
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N
o

18 } -
—~ 16} .
£ ]
= 14} / -
A —

12 | -
& []

O 10+ / 4
2 N

c °f '
z e -

41 B -

2} 4

0 1 a 1 a 1 a 1 ™ 1 N 1

2 4 6 8 10 12 14 16
Time (mins)

B 41 BRI G A D BRSSPSR s i 0 U o

WD 11.4mm SEl 150KV %5000 Tum . WD 124mm
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NCTU SE| 15.0kV  X3,000

W42~ u 5 e 10Viem énf 7 T R hdl e () * 5 Bl T
Fauls (b) 344 (c) 644 (d) 12 4+ 4 SEM 315 F -

Frk RS AR B ARAARE 0 K52 4
&

Rend BB g o @y B3RS ,A)\/fﬁ;pha KemR &Y o BN EE
}i E'-rr!g ,g'n, uz\m'zlj]%g; iéﬁf,f 2E 2 z@;eﬁ PSIﬁ,,,k?ﬁﬁ

SR o Bt R ITEF B0 BRER G T AR o S R
PR R RIE P BRI B0 Hu% x 0 D EE LI B kiR &
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