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Abstract

Abstract

Synthesis, especially the controlled synthesis, characterization and properties of
nanomaterials are the most important tasks in nanoscience because they have unusual
properties that could not possessed by corresponding bulk materials. CoPt and NiPt
nanomaterials have attracted multidisciplinary attentions because of their special magnetic,
catalytic and optical properties. In this paper, CoPt and NiPt nanomaterials with different
structure were prepared by chemical reduction and galvanic displacement reaction, and their
magnetic, electrocatalytic and anomalous IR properties were studied. The main experiments
and results are given as follow:

(1) Synthesis and properties of one-dimension (1D) chain-like CoPt nanomaterials. Two
kinds of 1D CoPt nanomaterials were prepared by galvanic displacement reaction. One is a
solid structure (CoPt-a), the other is a hollow structure (CoPt-b). The results of magnetic
measures showed that both CoPt-a and CoPt-b are superparamagnetic. The blocking
temperatures of CoPt-a and CoPt-b are 10.0 K and 9.0 K. The coercivities are 520 Oe and 740
Oe obtained at 5 K, respectively. The results of CV demonstrated that the 1D chain-like
CoPt-a and CoPt-b nanomaterials exhibit better electrocatalytic properties for CO oxidation
than that of bulk Pt doesin 0.1 M H,SO,. The current peak potentials of CO oxidation are
shifted negatively by 140 mV and 160 mV comparison with bulk Pt electrode, respectively. It
is clearly that the catalytic activity of the hollow CoPt-b nanoparticles is much higher than
that of commercial Pt/C catalyst for electrooxidation of methanol. The oxidation density on
CoPt-b nanoparticles is nearly 1.9 times than that on Pt/C catalyst. The remarkably high
activity of CoPt-b nanomaterials may come from the effect of the cooperating function of Co
element and the special hollow structure. The fact that both CoPt-a and CoPt-b nanomaterials
loaded on GC or Au substrates produce abnormal infrared effects (AIRES) has confirmed that
the anomalous IR features were generated mainly by the 1D chain-like CoPt nanomaterials,
and that the influence of the substrate materials on the IR spectral features may be neglected
in the present study. The current study demonstrated that 1D nanomaterials also show AIRES
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for the first time, and thrown a new insight into understanding the origin of anomalous IR
properties observed on low-dimensional nanomaterials.

(2) Synthesis and properties of monodispersed NiPt nanomaterials. Galvanic
displacement reaction was introduced to synthesize monodispersed NiPt nanoparticles
successfully for the first time. The size, composition and morphology can be well controlled
by varying reaction temperature and ratio of the reactants. A probable mechanism for the
formation of the NiPt nanoparticles was proposed based on a series of assistant experiments.
The obtained NiPt nanopaeticles are superparamagnetic too. The blocking temperature is 7.8
K with a coercivity of 517 Oe a 5 K. In situ electrochemical FTIRS employing CO
adsorption as probe reaction demonstrated that NiPt/GC or NiPt/Au eectrodes exhibit
characteristics of Fano-like infrared effects either in result spectra or single spectra. The
substrate materials do not affect significantly the anomalous IR features, as illustrated by the
similar anomalous IR features observed for CO adsorbed on both NiPt/GC and NiPt/Au
electrodes. The results demonstrated that dispersed NiPt nanomaterials obtained by chemical
method display characteristics of Fano-like infrared effects for the first time, and are of
significant academic importance in understanding the origin of anomalous IR properties
observed on low-dimensional nanomaterials.

(3) Properties of methanol electrooxidation of CoPt and NiPt nanomaterials with a
hollow structure. Two kinds of NiPt nanomaterials were prepared by galvanic displacement
reaction. One is a hollow structure (NiPt-a), the other is a solid structure (NiPt-b). The results
of CV demonstrated that the electrocatalytic activity of NiPt-a nanoparticles is much higher
than that of commercial Pt/C catalyst for the electrooxidation of methanol. The oxidation
density on NiPt-a nanoparticles is nearly 1.9 times than that on Pt/C catalyst. The remarkably
high activity of the NiPt nanomaterials for oxidation of methanol may come from the
bifunctional mechanism, electron effect, chemical effect and the specia hollow structure of
the nanomaterials. The electrooxidation of methanol on CoPt-b and NiPt-a nanoparticles was
studied on the molecular level by in situ FTIR. The poisonous intermediates CO observed on
CoPt-b/GC electrode displays AIREs while shows Fano-like infrared effects on NiPt-a/lGC
electrode. The results are of significant academic importance in developing catalysts of fuel
cell.
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Abstract

(4) Synthesis, self-assembly and IR optical properties of core-shell CoPt nanomaterials.
We have synthesized spherical CoPt nanoparticles by modified galvanic displacement
reaction, successfully. The results of HRTEM, XPS, XRD indicated that product has a
core-shell structure, and can be signed as CoPt@Pt. An ordered monolayer film of CoPt
nanoparticles was obtained on the S wafer by a L/L interface technique. In situ FTIR
transmission spectrum study indicated that the ordered self-assembled monolayer film of
CoPt nanoparticles (CoPt,) shown Fano-like infrared effects while the multilayer disordered
CoPt nanoparticles (CoPty) give an enhanced IR adsorption. The results afford a new method
to synthesize nanomaterials with a core-shell structure, and develop the Liquid/Liquid
self-assembly technology.

The results in the current paper have contributed to understand deeply the specid
properties of CoPt, NiPt nanomaterials, and are of significant academic importance in
understanding the origin of the anomalous IR properties of low-dimensional nanomaterias, as

well as developing of new type DMFC electrocatal ysts.

Key words. CoPt, NiPt alloy nanomaterids, Self-assembly at liquid/liquid

interface, electrocatalyst, Anomalous IR properties
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Fig. 1-1 Schematic representation of the formation and transfer of an interfacial

monolayer film [44]
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Fig. 1-2 TEM micrographs of (a) CoPt hollow spheres and (b) a single hollow sphere
showing that it iscomprised of smaller particles; (c) elemrntal mapping data (Co and Pt)
for the spherein (b); TEM micrographs of (d) the Co nanoparticles template generated
in in situ and CoPt samples taken after reaction times of (€) 1 min and (f) 5 min. The

hollow structuresremain stable after heatingto 300 ‘C on a TEM grid (g) [59]

KTHEME NiPt 4Kk FHRIEF AR Z [72], FZ R R AE KR R H
W JFE A IR Ni SRR AETS 2] Ni 9Kk 1+ [73-74). H Weller%: N [751R A HLE &%
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Fig. 1-3 Scheme of electrochemical preparation of Tetrahexahedral Pt nanocrystals and
their SEM and HRTEM images [96]
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RVTTER: 5RO AR, NiPt KR & —FP R (Bt AR 408 S AL AR,
S J LT BTG I, 04U i IRt AR v RV [116, 118, JHPET T NiPt 4K H:
TR G AL BN AN TG P IR 454 - Fe Pl AL 14 S SR i it Ak SRR AR IE AR R D [129],

B T EEZI, AITEE R ARREIN Pt R LTSRN, 04
KM R T HA RN R S5 R AT 226 [130], £E
A PR b, PR A M AR AR R B35 Pt AKRL (A T RE TR AT 2
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Bz —,

Bai 2 A\ [131PR AR AR 7). NaBH, /E 48 R FIGH17 Cogikhi v, ARG
¥ Co GKRL T N AL, FIJH Co*/Co (-0.277 Vvs SHE)FI PtCk*/Pt (0.735 Vvs
SHE) S8 AR S AL AN ], U4 S N )R S ) B A, B il T 2500 548 PEARKEk (i
1-4 Fi7R), FEHAEE T HIFEIR /NI A8 D 5 H PR ERAT Pt gk I #0 FH I ) ri fie Ak vk
e, SEARRM, 0G5 PLARKERS 8 mlf AT . BEJS Xing %A [132P%H
FAN TFIEAT RN T 20 g5 0 PAGi KR 7, FEREST T 250 PAGKRL 106 RS AL I P e
BRI LR . Zhang N [133PR A HUE AR 2 T 25 D45 CoPtgkek, Xt
e S ) 2 R A 1 PR A

Fig. 1-4 TEM images of Pt hollow nanospheres (a) and (b), and solid nanoclusters (c)

and (d) [131]

HEA ok PUIEAS DGR PR A —2ER0E . 0 Ui S5 N [13APRHIBRER AT 4
B, AERR BBRIRZ JG 3 2120 AR PtEk: ChenfE N [135PR M — MR GHW/INERAE N
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ik, SR8 S5 A3 21 NiPt GKRE T, BR RSP IRIGAFE] 7230 a5 ) NiPt 44
Kak, S5REW], ST NHsBHs K AR il 2 A B I ATV

1.32.2.2 B Pt EHEHLF

BT Pt AR S, BRI PE T R R A B ORI . 12
IR RN —Le55 4 PR 2 RAL Vulcan XC-72REi ¥ [136-137) k4
KA (77) [138-144) M-fLik [145-147F%, AMYEAEEA TiO, [148]. WO, [149].
CeQ [150]. IrO; [151)3%. B T LAk A2 41, —LSe FRESYIE
W4 [152-155)

AR, h T 3w PHEEAEAL ARG ERIRS S PE, DRI T — 287 2 1 244 . Hyeon
SN (1561 FH a7 S 1) [ AH S B A5 3 T 25 A5 M A SR Kb T, IR R s o g5 i A
YRR TAE N AT PRu QKA HE LA T AT L E-TEK (AL TR
Vulcan XC-72Ri H A AR PERE, 45 FERW], DX Rhs O & 47 55 3R
AL RSO AL PE e Bl . Xia 25N [A5718 T — RS gtk kL, Pt 40k
BLF ) 53 B OB BR LR, 52 G P RERT P 2 It R e (R AT PR AR E M. Fang
SN [A58)FIRERFTT T RS Gl R mI 4 (1 72 0 5 R A FLBRA I E Sk SRR el it 14 7384 11
PERE, 19RBLFIIAE R .

Tl 2 PR FLL T 7 M A P B ) RS S B R ALR] BR T TSR )Lt Pt
AT T2 58, AATIREEE Pt SR AEARITE B R SEORE it b PRIt — AR i
170 Kua®§E N [L59FF I AE i sk 1 45 A B TS I 98 T VI It ¥ 4 e et R 4
IR RS )y, S5 REDL, P4 Bk (Os) AL B B miin b, A5 ¥t Co
TRfE 1 40, 43 A SE O B AL 7] . Raghuveefs AFFE T LnaxyMyCuyNO, (Ln =
La, Nd; M= Sr, Ca, Ba; N = Ru, Sh)BO, £G4 S A A0 P00 B I (1 i fb A AU AL PE
SAIETEAL S CU™, FIREAE CUIREEAT WL M B i, SRJECERRIEF T C-H ikt
T, 7 PUAHLG, o RS Fn 2 ), (HEA P CO bk
[160].

1.3.3 LM F 1 RE
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1.3.3.1 f&id

PR R BATRE IR DG A e e, IR B85 QKM B A 1 B VIR G PRI,
X AR B S5 A BERAE & DK R 7 I EWT RS 2 — . TEARZ IRAEEC AR,
WA BRI — 1, JEHR — S8 g i 2 R, AT U 77K PRI IO 454 FR 4
K IERTRA T EAREPRH VR 2P, JEIR G T P

60 ALK, LU SN T B9 15 5 Rl oK B A e« OB ) T, BB AR
P3G PRI SR  FL T SR R A DL R A 0l AN ) BRI 45 AR S8 A A5 ] /9 S T v A o
SRR ) A5 T SR BRI A AT RE [161]. J. Feinleib® A [162]F 1966 4F 15 XM 52 5]
NaCl VAR B EL F AR 2 THT PR H S RN, BE5E T AR o7 A 58 A0 mT L S 5 DI 3 1) e
Je 3t ff . M. Fleichman % N\ [163]F 1974 4F 4l fF KCI Hifif it %5 i Hh & ot
ORC(Oxidation-Reduction Cycle 2 (18 AR F,  Ibme W B iy 2 Ui A5 5 G 0 17
53 6 MK, X KIUITAI TR 9y 2 U (SERSWIHIFT UK. ELLAMGIE
Jiifd, iR EE R T LA R R E I, ELE 198044 1 Tk 1 A. Bewick
SN (1641 TN ] T A I 9T o AR L, SR 2 R it R F 7 2 1 3R
KRB Br T B R A OGRS, SR vk R i B R [165-166) 1E LT
PEAE [167]. Bl [168). Rx@idtPRi: [169]. St GHE [170155 W A R Mg T
KM B RAL .

WAk, WMo TAEAIR SR EILLAMGIERE AR 2] T 2 00, 2SR
I3 T B AE AN K SRR B IR PR DG Y 0 <8 e B AR TR L L AN TR BRI, T AR
[ sR 2T AME O (Surface Enhanced IR AbsorptioBEIRA). 54 214 5W (Abnormal IR
Effects AIREs). 2§ FanoZ[4M% . (Fano-like infrared effects.

1.3.3.2 FTEEZBLIIMRW (SEIRA)

19804, Hartsteirt® A [171ER ] 4N S (ATR) 7 VAT ST IS 76 SR 1 B IR Auy
AQ THERBEIR BR B FE R (PNBA)SE 2311 B R B T 3 THT 1 AR 41 ML S (SEIRA),
fib AT 52 3] 2800 cn'-3000 e 2 i) ff) =AML Sh e (1358 5 i 5 U g 55 F 2K C-H
ZidRsh, HHEIFEIRN C-H MR4idRsl— B 3000 et LL b, 3% = ANLr ARSI 1% b
BEEE B C-H MgadiRsh, T PNBA A ebi, DRIAbAT U 82 ) 38 s K m] fie i 2%
B R S DR, AN ik AT LG R4 T AR, Bl )5, Hatta®$ A [172-173F
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T IXANSER, (ELLAMBEUIXE 1 MG BILT AN SRR, TTIESE T SEIRA & —Fh
BMATAE LA o 325 Y R B[174-176) SEIRA 5 4 )& 5 R~F LUK 5 2 1]
(R RE B UIAHOG, 3 1 RS LU IO R /NG 22 0 7= A 3 ik I 0 B 454, T HLdse K3
S — R R AR AE B 2 I B IMB A B I . IR, SERARHIIELE . 4 I v
JERE L WP 431 S R AR B SRR 2 SEIRA [177-178]

X1 SEIRA BGsmAL], 2 H Froy b 12247 PR g RE, R R LA 2 B
b UL 3 - SEIRA HLREIA B A %R T 0 s by 2 fUH (SERSYH I Faid 3
BESRHLE], F8NSMOGTE G 8 R WO R A B AR, A R I R O
MG R T W o> MG 5, NP4 L0 A58 . Osawads A [179]i W T SEIRA 3
TGS IE A AT AR AR T sl Ly & 1 T8 R R PRl B4 & SEIRA %
PER . Badilescu?s [180-181PHL sk 1 A1 COOH A1 NOy L AN ik LE 55 B) 4 )
CH KARZ, AbATHE BT AR 1 i A1 P 9 030 A AR AR AR R A B KA A, AT 4t R T 384
i

A 19804F &I SEIRA LIk, SEIRA LN AN MK4EE(Au. Ag. Cul i
FHE 4, W PtiE4EPL Pdo Rh) [182-184] #ji%4: )& (Fe. Co. Ni)[185], 7£4:
J& Zn [186] L[ RE V%2 %] SEIRABLE .

1.3.3.3 RELIIMIRL (AIRES)

19964, FMIWIAIFITAL [187H HL TR AT Btk FEAR 3 ThI 73 21 48 K 2 J5 L 1) P s
HUEAL A B (nm-PYGC) LA CO WHREF I, 18 ] Fa AL SR DA e i F 70 R BT 15 1Kk
OB T 55 LTSN R, Iy 44 k) S LT AM0Y (Abnormal IR Effects f#ijFx AIRES)
[188]. Wil 1-5F/R, SAMK PtEMZMILL, nm-PYGCHIMK I CO WL LT 4N dsiE
FEERIAE=ATT AN (L) Z0AMEIE T 108 S (2) Z0AMNRSCR 5 G i, (3) 1Eie
F U i AR

\5
=

=

BT 9K PifEAh [189-190} 7 Pd [191-192] Ru [193-195] Rh [196]} Os [197]
Ir [198])25:41 54> J& A1 Pt-Pd [199-200] Pt-Ru [201-20205 & 4= g K i A R] 1 #5022 )
SRRV LLANEN, fE Au %K 4 JE[203]. Ni [204-205]. Co [206-207F:2k R 4K ik |
[FIFEAL 52 8] AIRES, 75 COLCN A5 #RIK R 43 1 F1 SO 45 55K it 43 1 A Wl 52 1] AIRES,
B T AR [ AR TR, AR /S GRS E] AIRES [208] #E—#1E] T AIRES A2 44K 1 i
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H O i

PARHIRI R 5 o (H I8 57 LD AN I ST AR A A0 T FLAL 2 5 VA5 B 1) — 4 B Jm 4K+
BHAPK NS EAFRI, 0K . R RS DIAOS, KRIEIERK STM,
SEM SR AR W E AL br Fod il — 52 IR/ ARRL 7 A ke, 2 D IHF TR
[209], oyl PLARRi 1 b CO &5 HIE & I amZL AN, Mo 2R AR 1K) PR 1
23t AIREs, BtW] AIRESEFUEGKRM R ERIFEAAAE, [R5 9KORL 1 (R R ERARES V)
LIPS

COL

AR/R=1.16x107

b. nm-Pt/GC
-_.\//‘v\'-u-\

2300 2100 1900
Wavenumbers / em’’

Fig. 1-51n situ FTIR spectrafor CO adsorbed on Pt (a) and nm-Pt/GC (b) electrodes (Es
=0.0V,EgR=0.7V, 0.1 M H,S0,) [188]

K Qsawalt HL 378 5 LI AN BEARRE AIRES $R1E . Wu [210-211F AEH &5 T
() AH EL A FH R B 72 R DRl P Al b ARG T 3 T 445 g AR T ) L7 oL 7 RS
AR IR, I P R EEREAT T AL, 45 R W43 7 RV AR LA F AR P 128 Ok
72 B AIREs S5 K. Su [212F5 N R RO Biiig 45 & = B8 A SR Tk
B CO ZLARMGI BRI 4K 4546 (AR, Bl Al R W], CO ik biE 3=
HH A KORE PR A R 3 ORI AT 288022 5 5 (1 18 DR D T L AR AT A% Ay XURW W e Jii A% Ay S
LT AN, AT A A KR R 1 4K 1R CO 22 I R A A = A e ok
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AR INA IR P

i SEIRA R AIRES, P #RAT— 2 LM,  #RmT DL SR s 40 MRS I R
JZ, {0 AIREs m il J7 ) (48] S PR A WP 231 5 <@ 2 T A 2 sm AR ELAE A
Ik, SRAFST AIRES iR & 7R3t Fid &N E#S A EEE B . RIATES
4%t AIRES IIWEST— BLARFF A MR 1%

1.3.3.4 ¥ Fano £ZI5MRL (Fano-likeinfrared effects)

Fano RN 2 FH X 58 4 (6T T8 2 18] (1) 1 ) 2 AR sl i 7 AR 1R — Ffr ol i 2k
o SRNAEIR T KA AR AR A R R IO vh il A e . e S T B
REELIRAS (AN 7 R RE D) 2 B R 5 HOR S I SRS & 48—/ [213]. 1961
, Fano [214PES BHESH, 24— ADMIOLIER SRS S — MELLM T R AEH
SR EYR Y, FECE ARSI FRILS, RN Fano $i:3% 24 (Fano Resonance
Effects . Watanabe [215F:1 &I CO W B 7EIRI 7E Si FEAE B 1) Pl ] =4 Fano
FKALLAGE, ARATIA ™42 Fano #iki I J5 A Al B2 1R L IO &S AR ELAE TS|
HEL )« Fanoi N CU | 12 F0, (I 9T TAE R AEAROR DR N It R R b AT I
ATHFFEN L [216]4E SR HI 2 AR B AT A ST S 3R i JEZe - Fano 7R & (1)
WA ) AT TRV, RIS T R Fanodb kIS . LU T Fanoi .
& RGBT AR ISR

W], 2 Fano ZLAMIN S QKA R R TRARBEVIARSS, fE—E 41 R
A LAFEAR Mg 1 H 40415 8 AIREs. Pucci [217-219% AW 825 CO Wi FHAE JLAN K JE
(1) Fe i _F gy HAKTRR FanoZS R 2L 4RO, 1 H 47 MgO dnfgk EAMNEA K Fe
WL 10 nmity, WREHE Fe i b1 CO £ AMEIEAR 4 1E 5 20 AMEOK; Theiss® A
[220]71 VRARIE T 7E el Ak 27 VA0 BRI PEEA) b, W B & CO Bl ACFL R ] AN A,
LT A £ M IE H (L0 AR AS Jg 25 Fano ZEANK N, el ax e B8l e, BIEEAR
W LT AN o

FATF G N R B FanoZL AN 2 41T~ AIRES AT SEIRAZZ [8] ()3 AR 2141
RFHE, AN Y (R R A — Bl BRI 9 KA B gk g5 f AR R, B CO HEH o T W BRI 28
RRRI A ARSI ARG 5, 5 SEIRA IS~ (W7
[]) iU AIRES (1B ] b il A7 ) 2 R 0], AH =Ml — AN A, e 404k

18



A7
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I R A AN [RI R R 5 . Gong %5 N\ [1951R HI 20 & AL 24 1R 7 VR AE 9 MR b bS]
HLAR 27 VB TR ) JEE BE 1) PR SR TEE, 45 RO, BEAE AoK Py J5 5 (¥ 33
m, W AR B CO M IEH I LLAMBMS I e A O 2 ims AR IR Fano ZLAMIY,
B JE 70 Ay i AT A RN (] 1-6 TR o

XA Fano LMY MR R A S Pk, 59K H1 4 77 MR AR AL
IR RER TGS, fn ] HAk 243145 1) Pt [195]) Ru [194] Pd [194] Rh [196]. Ni [205].
Co [207F& i LRSI FanoZL /b ay: ARG U S — e RS M Ptaik
b7 ERUEE R B B 128 FanoZl A4S [82].
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Fig. 1-6 Comparision of in situ MFTIR spectra of CO4q for ME;; on the array. Eg = 1.00
V,Es=0.20V, 0.1 M H,S0O, solution saturated with CO [195]

M T8 e] LLE S, SEIRA. AIRES F128 Fano 204U & 4 Kb Bk & vh i
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WATAERIILG, ARG S YORP A R R IR TERE, A DIKARI, f£—E %
(ERNCIND TR 228 AR5 N: PR 7 e S €2 5 7R 1 bl e oy SR N AO S EAIC by AN R BT Ty
A AT R, 10 HA IR SCGURI B 254 55 PR RE R R AT B2 3

14 KieXHRESEE

YRR A AR F T A ER R G, H. R AGEERE, 65 Rk &
2y, Redi. MBS 2N A, R I S R R R S TR, ALk
ERYIMOC. L, GUKRPRHR TG e B GOK R T W R TRE L —.

Pt BRI R LI OB it P2 AN DRI AL ), (R4l Pt AL A7 7T
VA AL R RS AL, R PR BB I P, DR PG R (i
A BERID Pt )& i e EB R R AL ) A T 12— et &
JILATIRE SE AT FIRF PR SE R TR Pt JEGK AR S T BUR S H AR 2R AR . 04
H4) PEGUR A B 7RI — R OB b A 1), (B HRIE A IR Z

ARSI ARG R T 5 T 8 56 RIIEHROE T i LMY, B CO %541
BEZERAME . T MR TSR e g KA R b e T H 21 AN e 8 5, 2 At e 151 5 3 e
I 55 AR GE SIS, X — R B T AR R R R AHERE RS, SR ARG R
R AR AE KA R 548 SRk, oAl R 2 . R sa RO 4
ESE, CO WRBTEAR 2 HAT 9K S5 R 4 VLR T 43 7 AR e i 20 AR, B S
WLLANRN BA — M mrE, JERIEBIERES Pt Pd SRR F R 5 31 5 40
ANEN o —UEGRAD R AR EURAA R I —Fh, BT A5 [ R A X By B (1 204k
JAE P RENE 2

T LU BRI, O T SR TRAUKRARN A 5 . ZDA6 5 DUROBE A PR
A S IR A, ARRSCEETITRE T LR LA 5T i T AE:

(1) RJTHAL B HIE TS T RIS R G5 KK —4E CoPta Kk 1, K] TEM. SEM.
XRD. EDX %F-B eI A A A BT RAE, B0 T eI rhae, i
TEIAR VB 5E T e ATI% CO & CHsOH Mg fb kg, JFLL CO H#REN > T, FH L
FIRALLLAN TG IEIEIT T —4E CoPt KL - HILLAN G AR, 1 ORI Rl — 4k
COPYN KN F7E B IE AN S FE IR IR S L AN G RFAE, 7 ] A S TR 7 ]/
ST BT B IG5 5L, IR T 52 AN AR SRR R RO 22 R R,
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T GPRERY], AOER NPt KR 55X B RV e EEA0 T ik AL sm],
JEDAE T NiPt Z0RRE 1 (1 D[R BONARF IR K 22 S5 e o RTINS 2SR i s i
AR RE R TR P REA TR, A5 BRI RlE CO #E25 0454 CoPt NiPt 40 KH 1
EAFERI AN G AL
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2-6 Ji7R), HARERINL AR 1, FEARGRINTLLANE R ST REPATHEL, ZME Z A
W2 B A ). DR [12], 902 BB/ T 10 uminy, 4 BEFS B i 5
FEILLAME T (3) SRHIHLAL Z2 15 1R 7 VA I M e 3 ThI VR B A A i /D HLZT MG INAE 5 7N )
), BIEARFE IS AR M B T, A SO H A A SRR B Ok, AT 25 0k
— Ak G 15 B4 R, BRI AT DAY B B B T T N 4 R AR AR B A
WRKC R R, 45 1% el B s I FLAST 5 ) PR 6 1T PR P R0 )2 wh T T AR AT
Bls (4) RAUE S HHIBARRMR AL RIHE 5 590 )8, H AT FH A =R 2 R
Rrerthbeigirik, Bk 2 A HI 20 ARG (EMIRS), 22 J - — B ST AR e 2T AR i
T(SNIFTIRSYILL AN S S RO 1572 (IRRAS ) AN SCR 12 22 9 H — A ST 8 48 21 71
piRTLPR

At ST AE R i O O FA 23 T v, BE AN FAL (9T FLAL Es RIS 2% Hifr
Er) F4rHIRAE L AOERE REYH R(ER), 45 FIHE R 7m A H Al S SR R A AR Ak, B

ﬁ — R(Es) — R(ER)

R R(Ey,) (2-1)

REJH R(Er)SEFr LIEWEHLLANEAER Fr B EHIL ST UTHR Rw, A, SERGAA N K7

A
AR _ (R(E)-R,)~(R(E)-R,) 02)
R R(E:)-R,

T CaR & fr, Ryl nl LS, IS LA(2-1)& R, M0 T 5O 3 Ee L m I 2040
Ji ZnSe Si &, Rwill AT 20

W35 FourierZZ 2T SME i A TAF IR, MCT-A Kyl 28 k2 T I, 4 2n
P FEIEAT Fourier 28l OGO . 1 B 145 e b5 B T3 T I S H 1)
SEOFRBELE, BY S/Ne< N, A TR m AE L, n] DL B2 68 2 1
kS

46



JEI TR 2 22 A S JEPBTSC TR 2008

ARSIy 32 SRR ARy 3K

1. FyRHA M AE FTIRS [13] (Single potential-alteration FTIR spesitopy SPAFTIRS)
AL — R T AL AL FTIR DGHE 7%, el ARG, 8 P b2 Y Tih 744 &
RILLAM I RAIE. SPAFTIRS AWK 2-7 s, TERFFCHAT EsFIZ % HfT Er N KA
FOEHOL R REYA R(ER), %A (2-1)220 ) — RIS 245 L
Ec

=

Er
Fig. 2-7 SPAFTIRs procedure

2. Z AR FTIRs (multistep FTIRS spectroscopMSFTIRS) [14]

MSFTIRs G il ik unE 2-8 iz, &0 SCBHE AL Es, FFRAEAH .1 506 I
J6il% R(Es), BFHHENRAESH N Er NIFREFOICR NG RER), L2 —
(R 2-3)F 3] — RAIFICHAL A% B TR D) b 72— X () A B H A AR A )
50, MSFTIRs K577 :U L SPAFTIRS R KA., K4 FH SPAFTIRS T k#4533
SRR, FEAT 2RSS, i FLAE A SR A T2 (SR AR (A, K L
# 2 5E HAR R HDIRAS A6 K (1 A2 4K o

R(EL) - R(E, )

R(E,) (23)

AR i _
F(Es)_

"~ Eg

Fig. 2-8 MSFTIRs procedure
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2.4.2 EHFIE [11]

2.4.2.1 BHTLISMR Rith

MBS R B E 2-9 Bios. i)y CaR 4040 i TE B 23 il LUBN N
CO, Ff il il AR/ Fy B [ e 72 2 v by G R H 20 A e B A, 4R
J T NS DU AT 753 2B it 1035 5 3 o

s

COorN l . Sample
IR ray IR ray out
Cak window
Fig. 2-9 In situ transmission IR cell
2.4.2.2 BHHFHLAMREFIESNX

FEIBA No IR RAR O RT SOLE (1s), ARG EE S A CO 4y 15 73 /e
A1, A3 CO BEMIANIR B AERE AR, FREA No BR A CO,  [R]INRAE B AR i
Jei(ls). A RO ) 7 AR
A=-log (s/ls)
TRk B 400 T B B SFI#F 5], ki o #E% o 8 emit a2 emit.
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FZE —HENK CoOPLARR TSR EEBILE
FRLLIM S F 1 RE

3.1518

RTATF IR A, ARAEGKAT R RAT R R I L0 AN 2R PR RE, BT R4 5 20 MR
(SEIRA) [1-2]. 55 2L A5 %. (AIRES) [3-512% FanoZLAMEW. [6-71%5 8% . Horh AIRES
THRAE T YER) PUBR . T Fe B BN KM LRI, fEF4ER) Pt. PAAEg8KRL
T LRI SR AIREs LG [8-9]. #E—LWITUIR I, AIREs & —FgKEs BN, 5
AN I ZH I8 A RN S BE B DIAR G, AKORL 1R SR AR RS TR R S i L LD A 2 R ALE
—YERRIR YKL T2 AR GEGR AR — o, (HL LT A0 27 R R A A 55 1 BB AR 2D 4
.

CoPtAKIL 7 —Fh BB A T2 Ak A RL . BT Co MYk TE, {19 CoPtal
KL BATRR R g R o5 1) Sk, ok — R R 0045 B Ae A0} [10-11) 7R
PRI RIRL T, CoPt 9K 10 FH R I AL AU A PERE LA Pt 224F, FZEHR T Co
TCEMBNEAL T PRSI0, A0S CoPtg KR 1E A FREE ) F fi 4k
FIBAIE , HRI AL P RE o 250 G M AR KL B R 15 20 AR SCRe S K L R T AR,
R RRL AL [12]0 —4ES5HI) CoPtA KM ) 32 R F AR V2 K
%o ZALSAMAS(AAO) A& — Tl WL F Rl 46— 4 CoPtAK &I [13-15) (HixXHh
TNEAFAEANL, BB, MR ZE R 2 PHREER AR, IRAEAS 2 & 43 #) — 4 ah
KAPEL, BRIENT N WA — Ml CoPta K& JE [16], (Hi%Jiik
AT EE AT WL AT IR SRR RN i (0 S B 5, e — e R R T IR

HAT B3 — P (R B A ASEARE  1ZT5V008  UAS 31— P bR AU A Ji i A 4
IRIIAPRAEL (a1 Fe. Cov Niv Ag Z540KHKLT), AR5 HTX A KA 5 hr itk S A I8 R
HLA A R AL B (W HoPtCles HAUCI,. HoPACE %) N, T ARUESE LA I B A [ 2
S, WL AR F R R AR SRR SRR N, O R R — SR A A e 94 SR 2 AN R 4544 19
gk R [17-20)

AT R A 0 S 2 G WA B 3R A B PR AS [ 85 R 1) — 4B BRIR. CoPt 4KhL 1,
M SEM. TEM. XRD. EDX 55T BOMA B H BN S5 EA TR AL . WFSE T PARIAS [F) &5
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¥ CoPtg K bi v I HE~~ERE, JFLL CO J47r 7HREE, ML AR VA AT S L 21 51
FSHCTEEIEIT T BT EAL S AL AN A TR e

3.2 —4EIR CoPt A KR FHIS B R FRAE

3.2.1 —#E$E4R CoPt KR FHISI &

— 4 HEIR CoPt 40 K KL 1R FI K 2% 38 J5 Rl Ha A B 4 0 1) 4% . 8.5 mg S AL &b
(CoChL-6H,0)F1 200 mgZE Z Mt & L i (PVPYA T 60 mLK, Hk ifidk, WIEEHILE 30
‘C, R 15708, [FIINSE A 2000 15 7080, AR5 I Rl Al A0 B (NaBH,) ¥ (20
mg & T 25 mLJK), WK HRZL A R B, R Co Kb B/, N,
I FHTRE (KoPtCle6H0)A M (32.8 mgis T 40 mLIK), k4L W 1 ~ 278,
BN RS, YEY, AREIREER BB Ak . SR R NI L, Rl LA S

ZERIIN) CoPt YK 1o (EBEAT AL A RILT ARSI I, AS HORT R AR B g 1 F
BRREE R b, AEGKRL T GC A Au HILBR b 1) AR R — 3

3.2.2 —ﬁﬁﬂk CoPtéwilé*i%EKJ%tE

=% RS

Fig. 3-1 SEM images of 1D CoPt chainlike nanomatetis on different substrates (a), (b)

Si wafer; (c), (d) GC electrode
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&l 3-1(a)fl(b)s& CoPtAIAKNL [ {ERERL I AR BOK LL I i) SEM . A K] LA
Hy GKR T —dERBIR M, R IR HIER, SRR R HMERAE . K] 3-2
PRz gt g en th, =Y EAAh 166.3 nm K 7E 1.0um ~ 5.0pm
Z 1) B 3-1(cyFI(d)/2 CoPtAN AL T E B HE i Lt i 1 41 e 752459 21K 52 CoPtah
KR SEM & wTRAE R, HBIMACKEBERECR, S0E010, BT 880
—YEGPRRLTAL, AR LEBRIE KR T, —YEREIR G5 M KR T (K177 5 4E 90 %
DA bo 1P RIMRRL 7 — g, BRI AR g, Bk, Joykis i f—
YEFRRGCRRL A P HES, — S gRbi FAEAIRE AR B2 M4 T8, s al—E i
FE AR, BINERRA IR R . W, BT CosnzmAlE, #i4)r CoPt
gkhi 7R AE T MBI . KRR CoPtgkhi ity CoPt-a B /e Bk sl 4
FEL AR b i) B T FELAR 23 il i 9 CoPt-a/GCal CoPt-a/Au

700 120 140 160 180 200 220 240
Size / nm

Fig. 3-2 Size histogram of 1D CoPt-a nanomaterials

fEK 3-3@yfin ity TEM K EMERBIRIFEI SR, 9Kk 1 2900 RIREE M, A7
DR HAKER . B 3-3(bys HBCR ) TEM B, A ] DL HE SRR IR 4 i 2
HI LSRR AL BB R 1A ANEE RN, DOk, Wl 4-3(chn,
LA X SRR AR ML 1R 12 L2 BN GO UR A R, X8/ R KN K2
4 ~ 5nm, & 3-3(dps tH KR (120 #F TEM &1, U&7 211K 8 T 1R) B2 5 0.23 nm
XFRT PT{LLL} AT, XA I ZAKORL 1~ R 1 T2 2 il PAORBURI AL A, 3K A S T
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