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Abstract: The composites composed of conducting polymer (MEH-PPV), CdTe nanoparticles, and multiwalled
carbon nanotubes (MWNTSs) were spectroscopically and electrically characterized in their thin films. The
composite films were prepared by spray coating. These composites were prepared from the mixture solution
of MEH-PPV and CdTe-embedded MWNTSs, in which CdTe nanoparticles were electrostatically bound to
MWNTs. UV/vis and PL spectra were analyzed to investigate the optical absorbance and emission of the
composite films. In addition, their structural, electrochemical, and electrical properties were studied by
transmission electron microscopy, cyclic voltammetry, and I-V measurement.
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2.1 Materials

E dApoM AlgE RE FstEFE & dAAY
AA B3 glo] AH&3 . Poly[2-methoxy- 5 -
(2-ethylhexyloxy)-1,4-phenylenevinylene]l(MEH-
PPV/ M, =40,000~70,000), 2-(dimethylamino)ethanethiol
hydrochloride (95%), sodium borohydride(NaBHa,
98%), selenium powder(Se, 99.5%)% Aldrichell A
9]3}91 3L, anhydrous cadmium chloride(CdCls, 99%)

+ Fluka®lA, multi-walled carbon nanotubes
(MWNTs)e @3ty xd (CMP-310) A,
chloroform (CHCls, 99%), Z4F (HNO; 60%),

isopropanol (95%)2 Junsei, &4t (H:S04, 97%)
PFPol A 43t AH&3tdo. water
purification system (WD series
still, Daihan Labtech Co., Ltd.)&
st ot

== e A

FrT=
basic water

o]-&3std FH]|

2.2 cNT-CdTe composite2] H=

MWNTsE A4 ke Algsles 8183 Az
& AF&3le] EWE carboxylic acid ®E hydroxyl 1
gow 7fAstd} [15]. oA wHA2E MWNTs
(cNTs)E CdTe “x=ztet HdA4aE wHE7] A3
A5 CdTe AL 718F o2 89 YA
Hlg-o] o]Fojgen] AL APAT ZAte ¥y

& wel FAE NaHTeE 9HE F, CdCLs}H wHg-4)
e A& 9s3d [16,17). cNTs 10 mge /5
50 mLel H7Fst F, 24212+ ¢ 29 A2k
TF&d Yo cNTsE 5 EAZAG. 99 cNTs
€ 5 mLol CdTe 89 ImLE FH7Ie F, 308
o ankslo, aeln A EE 7] (4,000 rpm/30
B)E o]#39 cNT-CdTe compositeS 2] sjid,
isopropanol & AR&sle] 1~29 A3 st

2.3 cNT-CdTe-PPV composite2| H=

MEH-PPV powder 1 mg2 99% chloroform 2.5
mLell 374 F, 5~102 ¢ mukstio. 919 &
o] 95% isopropanol 25 mLE #H71§ & 1AL F
e &9 Ao A FH|E NT-CdTedl
isopropanol 5 mLE& H7M& F, 108 < 259 A
&9k olgA Ful¥ cNT-CdTe €9 MEH-PPV
fHS 7tz 1 mL, 05 mL, 0.1 mLE #H7}ste ¥ 1
oA B uHie}l e FAS 7HAE= oNT-CdTe-PPV
composites Az )

Table 1. cNT-CdTe-PPV composite solutions studied in
this work.

Composites Ratio (v/v)
cNT-CdTe T |
cNT-CdTe-PPV Bielil
cNT-CdTe-PPV 5:1:05
cNT-CdTe-PPV 5:1:01

2.4 I-V curve HHE & WA=

¢NT-CdTe-PPV composites 2Z#o] AWy
(eS-robot®, Yi=clH)S Arg3te] dEtog A x5
At I-V curve AL 93 TH|F grepaate] T
zE a9 13 29, 2 71¢ $19 cNT-CdTe-PPV
498 EAEe Ao 1 m, BE 08 me] FAS 7t
A vteke HAE FO120CoA 108 &9 7A=x3
Atk ol® Al A& upute] FEE electron beam
evaporation (e-beam)2 ©]£3lo] gold(Au) A=
zx4s9ch. WA ReA gold AL ¢ 1x10™
torr olste] WFe|M FTHEE 09 Afsecz 3}l
200 nme] FAZ FFsch
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919} o] FHl® composited] FEFF 2 LHEEA
2 Z+z} UV/Vis®} PL spectrometers® A}-&-she] ¥
A3 ok UV/Vis 23 E--L SCINCO/S3100 spectro-
photometer& ©]&3ls.28 200~800 nme] *H %]l A
isopropanol® blank2 AM£35t%th PL AHEZHLS
PerkinElmer/LS45& A}8-3}%129 excitation® scan
speed® 7}7} 550 nm, 500 nm/mine 2 HdAstd =
AslA . UV/Viszt PL spectrars 25 5493 5%
i {ALE Az F FA3}A vasdt. TEM o]v|

42 JEOL/2010F rnicr‘o:'-;co;:»esE AHg-3L o,
A]E_“ 400 mesh®] 7} =g o] &3t 34 &
A (1 wt% A4 g g- i‘-’é°ﬂ o8] Fulskd
. CV #4]2 BioLogic/SP1502 AM&3te] chloroform
+ isopropanol + acetonitrile (TBATFB/0.05M) £-<f
A B34, working electrode®t counter
electrode 2+ gold electrode$} Pt wireS z}zt AE-38)
913, reference electrode2E Ag/Ag’ (AgNOsy/
0IM)E AHE-3FA T [18]. Scan rate, 200 mV/sollA] -1~
3 V AlelE 7315k I-V curves $32 Agilent/4155C
semiconductor parameter analyzerS AMg3te] =48}
Aot FA Al A 2 4A FHolAM 279 ZaH
& o] %39 [-V curvess EA3gich

Fig. 1. The schematic of thin film for I-V curves
measurement.
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Fig. 2. UV/Vis spectra of MWNT, CdTe, MEH-PPV
composites (a) CdTe nanoparticles, (b) MEH-PPV, (c)-(e)
cNT-CdTe-PPV composites with the compositions of
(5:1:1), (5:1:0.5), (5:1:0.1) in the order (f) cNT-CdTe (5:1).

CdTe, MEH-PPV 2HE3 &7 1@ 204 v
sttt CdTe Y=Y AE ~560 nm H2olA 54
FFN=7F FgRAHJEY, o) CdTe Y=g=e ®
W Zel=E (surface plasmon) Eitol] 9|3 ZHzfo)
t} [1920]. ¥=4 %A, MEH-PPVY =4 E—‘?‘*““
E+ ~332 nm (weak)®t ~500 nm (strong) %
A ER1H A 500 nme] 54 S 4E’5‘
=2, MEH-PPVe] p AEg5FE] FHH n-n" A
ol (transition)”t YERsE7] wjFolc} [21,22]. eNT-
CdTe composites®] 2#HE#o| = CdTe YA
o o3 EAAEFFWEIL A=A dted, o HE
A= 32 A AdBAFA o)A oju] Feold upe}
#Zo] ¢NT-CdTe composites] 4] CdTe Y= =te] #
ZH37F MWNTsZ Fl=o] F5ME7} blue shift
Hia 257 okslRE @4 Bde] e How
o [1723] & A7 23] UV/Vis 2HEZH]
A blue shift ¥ CdTe FFHME=9 Z L7l ¥ ofs
of ZR1% A ¢kkc),

cNT-CdTe-PPVe] A FTHulc=: ye a3y
Aol A oFd B2 E¥sed 2 HYAE 400 nm
FE 600 nm o] SAFFct o] BEA Fywcss
cNT-CdTe-PPV (51:0.1)o] i uh$ oks}#A) Lpehb=]uh
MEH-PPV ] §o] F7185E F59 AEE 237
H F7heteE A¥S JeWled cNT-CdTe-PPV
GLDYAE T8l Yehdar itk eNT-CdTe-PPV
composite4 54 F5WME=E peak deconvolution 3l
B, a9 29 oA #1dd 5+ & H}fﬂr
o] MEH- PPVS’} CdTes 54 &+ wWl=Eo
5ol 1SS & & Utk UV/Vis B4 Z3e ¢
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Fig. 3. PL spectra of MWNT, CdTe, MEH-PPV
composite which were meaured at the excitation of 550
nm (a) MEH-PPV, (b)-(d) cNT-CdTe-PPV composites
with the compositions of (5:1:1), (5:1:0.5), (5:1:0.1) in the
order, (e) cNT-CdTe (5:1).

ol #£4t=o] gl CdTe Yx=d&9 #EFSF7F MEH-
PPV AExA mEAR] F71%HQ E&slel o =LA
FAE NS B FEh

c¢NT-CdTe-PPV composite®] PL = E& S PPV
4 eNT-CdTe 2=#HE& 3} vludte] 19 3o e
At PPVE 590nmolA 23 SA0IZE Holsd
ghal, cNT-CdTedlME E5AFHQA HIE SAF F
glth. PPVE %3He1A] &2 ¢NT-CdTe composite
A e UV/Vis B A A B ble} o] A
zZz7h #EHA  Fged, AxpHow  PL
emissione #¢1& £ gl €<lo] fr} oo H]sf,
cNT-CdTe-PPV composites®] PL 2HEHLS EF
~592 nm #ZA driHdey 1 ZFee &5
PPV gte] wjzo] vl 433 FAHJSES & F
9ltk. ¢NT-CdTe-PPV composite?] PL ¥ ==
MEH-PPVe] &o| F713tel we} 234 F7HEA
b [2425]. o9 ZARERE &5 PPVS
cNT-CdTe-PPV compositedl ] ZA = exciton?]
A Az 9% wPe] AEE HuF F ged, &
43t PPVIlA 249 PL 9= (29 3(a)ol bl
¢NT-CdTe-PPV compositedl ] =3¢ PL 93 (2
g 3(b-d)EL AYs Fe Arz AU oA
2 3FAE excitono] WEA CdTe H=UA= Ao
Ha AxAoe] BL @Ay FrH HEY2E ued
ENRHor AA-AFo] HEd F 7] WEe= 4
7} 5]o] Zt},

o]-“:__—-

Fig. 4. TEM images of cNT-CdTe and cNT-CdTe-
PPV composite. (a) cNT-CdTe (5:1), (b) cNT-CdTe- PPV
(5:1:1).

2% 49 (a9 (b= 42 oNT-CdTe (5:1)%
cNT-CdTe-PPV (5:1:1)9] TEM o|n|A& HAF=
g CdTe Wx=gdAte] Ao % olux|d A =Eglo]
Hlagt) cNTso] #4td CdTe YAELS A &27H9]
A F5Agd o8 EH 27| Yx=TEE
FA5A 8l cNTs Edo] EFHHoz =¥5
o] gt} o]2)g A= MPYAT AFYME 7] &<l
¥ v} 9o [2627]. kel UV/Vis spectrumoll A 3%
FHEZF FRAHA G olfE oyd YA
Zo] Wy 7|elg Ao AZE 4 o), dAZ
YxtZE zZt= 4A}= surface plasmon &3 el 2
& BFFMEs ERH o AW 1Y 4(a)9t
2ol Aso]l AR SFH AdFEE FAIA
HA 54 F5FW=rsr AEAA doh shAw
MEH-PPV 1¥-AE EFst= 28 49 A54
CdTe 4#AE°l & Y=g A7]E FASHEA 2L
2/ B¥sta de5S FHEA RodFEd. dY=gA
o Fx7t kAo R {FA=HE HUlo] ¥ &<
g ulE ¢lAlet MEH-PPV 31¥#7} CdTe Y=< AF
o] 73 As dAFT 719 E st SS9
g}, o9} HlE YxPate] F2A A o
surfactant 2 &zl Fo i MIATARE
o] <&lA Ak [24,28].

c¢NTs, cNT-CdTe, cNT-CdTe-PPV composite
o] CV curves® 1Y 50 JeEplAT 19 59 (D
¢} (D= z+zt 4t} 89 A9 CV curveE o3|
¥S Zojuh. cNTso Atsiel 34 AAHAG (Ex
and Erea) < 77} 1230 VS 0.300 Vo)L, Atshel
A S AAFH Un and Lea)> 242 0118 mASt -
0.159 mAo|t} 183 Alge] AAAGro] vk
e A3-3 493 AAR} @t AF (ExEredd=



A7l A 5o sl =82, A26¢ A4E pp. 315-320, 2013 49: AEF F 319

1 (mA)

| {mA)

0 05 10 15 2.0
Ewe/V vs. Ag/Ag* / AgNO5(0.1M)

Fig. 5. Cyclic voltammograms of MWNT, CdTe,
MEH-PPV composites. (a) ¢NTs, (b)-(d) ¢NT-CdTe-
PPV composites with the compositions of (5:1:1), (5:1:0.5),
(5:1:0.1) in the order, (e) eNT-CdTe (5:1).

0930 Veltt, 8 cNT-CTY Eu, Ers= 27}
1550 Ve} 0460 Voli, I8 Iea®= Zt2F 0.194 mA,
-0.067 mAe°|tt. 8l NT-CdTed AE <
1090 VEX cNTs Btt F718 RS & & ok

g2A AT 249 A5 Az AgdE 25 (&)
2 TFAsHEH 2B #°] F2FE K= AAA "ok
MEH-PPV] =4& W3AI7Iv A3 oNT-CdTe-
PPV composite®] CV curves 4]0+ MEH-PPVe] H]
&o] F7hgel wWEl Engte 1400 V, 1430 V, 1440 V
2 ZF4 o533, Wl E E..s 3 0438 V, 0.4360
V, 0432 V2 9gssidct [29). 223 24z [, @e
0.133 mA, 0.148 mA, 0.163 mA©°| 3, [..&< -0.092
mA, -0.112 mA, -0.120 mAZ ZA5o] 23-39
HIAAFIE 25 F78e deold. aF g =3
0962 V, 099 V, 1012 V €22 HA Z7}3t= A
< % F It F, MEH-PPVY §&o] golasz=
AE 33 3-39 ghe]l F718d.

o= MEH-PPVe] o] Bold4 2 AxAY &
= (K)e g2, 4 As-3go] o] oA 5
of Az AL o Bo] o]FojhrtE AL o3y}

4x10°
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Fig. 6. I-V curves of MWNT, CdTe, MEH-PPV
composite (a) ¢NTs, (b) cNT-CdTe, (c-e) cNT-CdTe-
PPV composites with the compositions of (5:1:1), (5:1:0.5),
(5:1:0.1) in the order.

m2}A cNT-CdTe-PPV composited Ef <3324}
9] active layer2 Hg49 u Ax-AFe aad Ee,
Hdo] 7Hed Ao dAitdr.

cNTs® cNT-CdTe, cNT-CdTe-PPV composite
o I-V F& AFE 19 69 Y. ZE 24
oA A¥A< ohmic contact 5A4E el oH
A¥gae=ze] 7127]= I/RA dgdenz 7)1 &7]7}
45 HAEAHol $F3A "o 71EFHoZ cNTs
ez whE dhuke] AFPghe] 305x10' Qo2 AEA
ol 7} Fdtdleu, ooz d4EHA #@iayx
THe AEAddds B AolE B ojAL EA

o AbS-E cNTsol B2 F2% ZgEoc] &Astn

ArEE e FEE HAEAFo] EAsry]) wFo))
CdTe Yx=9dA7F EZIE NT-CdTe =EFuiute

cNTs Hutate] wlg] 2 zolx= QUAT A& gFto)
3.09x10" Qo2 <3+ ZFrtatdch olRe WEAA
CdTe Y= =&} 2 cNTs EHo] CdTe U}
=27 EvdstAl =E5H9 ohmic contacto] ©
AYaA BAH7)  wEold. 34E  Egubut
(cNT-CdTe-PPV)9] Z %, Adztel 72z (51:1)=
341x10' @, (5:1:05)= 344x10" @, (5:1:0.1)= 3.85x10"
Qe2 cNTs Hoes Had EA4 Jehdzn o
MEH-PPVe] & o] Z7}3to] wet AEAo] 7|l
t 298 BYFu QA 7|EHo2 oNTs vt}
He AE 5402 s 3YE Egunte Ary
S HAAHor Yo £FL fA 54
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4.4 &

MWNTs9 CdTe Y=g #re] #9S 7fdste A
29 ZA3 A7A Gz o APe= 1i
FHES Axdsn o FHE A=AH RS
MEH-PPVE :®3l:= Aoz ARA unEa/33
¥R Yxesla/girvxfiEe] 34E Eiubd
S Alzs9rh UV/Vis 2 PL AHEY RAHory
B cNT-CdTe-PPV Egulutel F3 9 23 548
Bl et =, eNT-CdTeol Hs] PPV7} F7igoz
M Fo] F4E AgFor otz on, PPV H &)
cNT-CdTe7} F719o24 E3L A== 2A%S
gl 4= 9%t MWNTs HES A e EiEEo]
Qe CdTe Y=Y AES MEH-PPVZE dalgezs
FzAHeR A" FgE FAE & J&L TEM
olu] 21 & F&o FAF 5 YA cNT-CdTe-
PPV Egutute] CV £4 A3 MEH-PPVY &%
o] F/ASFE AAMND £ ZadAT As-8
Qo] 4A o]FolA = ANE HAFh

#A2 2

o] wre FRATAT] A7H] A9 (2010-0021425)
& wol s98 7zATARe ARk
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