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Synthesis and Characterizations of Water-Soluble CdTe

Quantum Dots and Their Application in Solar Cells
Student : Huei-Ru Wang Advisor : Dr. Teng-Ming Chen

Institute of Applied Chemistry

National Chiao Tung University

Abstract

Global warming has been recognized as a consequence due to the
tremendous increase in CO, concentration in the earth atmosphere, which is
caused by overconsumption of fossil fuels. Recently, the researches on
renewable green energy to replace traditional fossil fuels have been actively
persued to reduce environmental pollution and “green house effect”. Among all
energy resources available, solar energy is undoubtedly one of the most
sustainable and clean, which can effectively reduce the environmental loading
and ease the energy crisis.

This research is attempted to investigate the preparation of water-soluble
CdTe QDs and their application in photovoltaic devices. The CdTe QDs capped
with 3-mercaptopropionic acid (MPA) were synthesized from three different
precursors containing Cd*". With fixed Cd/Te molar ratio, pH value and reaction
temperature, the CdTe QDs with a variety of sizes or emission wavelengths can
be synthesized by controlling the reaction duration. The as-synthesized
MPA-capped CdTe QDs were found to crystallize in both cubic and hexagonal
structure by using X-ray diffraction and the size of nanocrystal sizes was

determined to be 2-4 nm (corresponding to green to red emission) based on
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TEM microscopy. Furthermore, the determination of quantum yield (QY) of
MPA-capped CdTe QDs have been carried out and found to be 37-65% based on
the UV-Vis and photoluminescence (PL) spectral data.

On the other hand, to cost down and to improve the conversion efficiency of
photovoltaic (PV) devices, a mixture of CdTe QDs and sizing was prepared and
daubed on the polycrystalline silicon wafer evenly by using screen-printing
technique and the efficiency of photovoltaic devices was then measured with a
solar simulator. By using CdTe QDs as the light-absorbing material, the
short-wavelength UV can be converted into visible light and reused by the
photovoltaic devices. We have also investigate the effect of adding [6,6] phenyl
Ceibutyric acid methyl ether (PCBM) as an electron transport material in various
contents with CdTe QDs on the improvement of solar conversion efficiency of

the PV devices.
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& o e @ - 1BV IE R Wotpe Berriconductor
@ Bl SRS Py Sermaconduchor
E=Foj T
Linas
BiE Hectinde
i L6
chae Cument

&
CRRLBEET

Holax Cel W solapy.crg b

B4 cBatedEram”

XA TS i BT > WA FALE 30% 0 £ T B LMD
AHR DA RS Po R L R BT SR 1 TR A
hH R S g SRR B G M o SR TR R T EREARY i A
FAME - BAEG AV ELD V- R ERG AR T
Wrg e i b i & R AB Rk A Frit L AR L
kR EMETAE A e A i slAscnff 4 ¢ > ARV J‘zﬁffjépust,u‘z
T AR
(1) PR P A G DI Bk - IMAAF S @22 TE P > HAF R
PRE G B fo P A G WA buRE BT U RCE R Sfendp A 5 QbR R

Fo AV A B BT Skt o R O SR D D EA KU kG R S o
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()% 7P BRPF > SH kY G kBRI R KEF TR bR
OF WAL RE L R (e e R AR S T s 0 R

MR E S ARALAE R AL SRk RS

(3) FIksUpR AL kT f - U8 BRS G AR
A

(4) 4 AR TS BB S TR -

(5) % Wi T b W 2 R B R (Vo) fom e R (LoD 5 A

LAEHR R i T kg

b B %% % 2 b 2/ %
¥ 22 13

i 26 =6

A 4 23 .

A 19 1

s 18 6~8

SHRTATRER S FRMEAGE AR ALS > VA L H & (single
crystal silicon) ~ % & # (polycrystalline silicon) ~ 2% & # (amorphous silicon) ~
= 3 F(de A1 4R (GaAs) ~ g1t 4F(InP)) ~ = = & (de 1 AR I 45(CdTe) ~ £ 1

4FpF (CulnSey)) % » B % 230972 A hx it Tt § 90%1 1 g * 4
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(1) H & <~
¥ 5 {#F,Eﬁ G+ A - Tehs o) 0 H },%g—”:—;}i&?lj,ﬂ’ﬁ B Hp
TR MEE S SHE F R G A P A BT akd

B0 T ek v i 12~20% o

gBBB'Ej f‘%g’g\fl‘%‘f?{g %" g ) }F'#'E;IJ_% l'é"é’f”ﬁ Bﬂa;i‘gﬂg\:ﬁj’ f;l’_gﬂafl{f_
-,'i’aﬂa}ff_if'a&f%g?#é_f‘é?/ﬁ':*#ﬂ? FLR e ’ﬁ‘ﬁ g B oood N A A

8

*“?3

FoRE K AT E L R o RS SR IRELR] &
HHRAAELF R RELRZORET BB R TR 0 AT B

Eenf s ¥ i 10~18% o

S B EF RATL G AR B R LG - TP
AMA U T e E B 4B RS AR @ R AL RO
FI 73 * BendE R K blde D RIRAE o AR K L5 Mg kT ezt
THR R SPELF - BRGSO D 1974 E 4 5 B gt

AV H PV AL 2R BB A HHT LRk 4 [

¥
&

R E 500 B R FEREFa- kY 5ok

-

ok i g

..

o
AR

IR T CE S UTEERE Y S ST s B

Mo iF 5 =k

4
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ItsdbrEERs > Ly FiF 6~8% ke o

(4) LERC L BRTH

1990 &2 % » # AHPEAEEBR @ RE L > S BN TR I

w\
C
~
o

(5) dptaris x B ws
R AR B REL D JIY S TIO MRS PR
AR SHEERRAL ARSI SR pr B R T

P BT AR LAE ] o B W B RS 0 Kt i eh

7

.

BN R pFEE o oA o

PN
ﬂ\k
A~
N
= »
o
&3
s
m\
3
fim
&
.*,“.\
#
oy
s
F.
:@,
|<
|~
=

THenbpro £3 ¢ aBA L AL TH > FARERCABATE T
KA BRI GAPANIBRATH Y T RTHFTRLL LS
RESH S TIEL BRET 0 2 Hfd 3 R PR A 2R

P2 10% LT F o LRATI AR TS ot iR MY

&

@A R F M L R E Y LR R TR AN
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E éjgkﬁb)éﬁ - 6 1

é*ﬂ

2-111-VI %8 3 8.2 g # & 3¢

LHEMI A F R PP OREP T T e B ik AT > RAE Sk
d I BRI > AT E S RN R E 2R
FE3REMEBFREIRFIALRZ MERLI FIZEF BOE £
TR EMEF TRl A BB AWk kY g R e ki
P EER > 1990& 4~ > 41 * = 7 H 4E (dimethylcadmium) > % 4§
(cadmium)#e Skt~ » 12 = 2 FAFEF (trioctylphosphine oxide * TOPO) 5 ¢ %
= G K H - A FIoR L8 HCdX (X=S.Se.Te) & F & #'%" 4 b

e hi®d 1025 B > 24 ke 420 AP o a5k gl

~

C T ARl A0 C T ABATETAE AL BT G
PR EARY PR Faf e RIFA R 0 w3 K CdSez & R HF

WHEEKRBE AR E DT T E KB B 121 CdOP - CACLP ~ CACO;
2 Cd(Ac), X BB~ = 7 H4E &k & 2CdX -

2001 % Peng % A 24 #* § (L 4RB-1 = 7 AL FL WSS 2 L e B A
fi& (tetradecylphosphonic acid) .38 . T = —‘F‘f L wnsES oAt mIHE
# cadmium chalcogenides NPsk & = CdSe > ¢t & =2 24p§ i H ¥ 3 £
o FPeng™d b B {17 5 ECAT Shir 81 1 HH kL 4 & FAAK 2 4

#.+ » 4r  Cd(Ac),-SA(cadmium acetate-steric acid) ~ CdO-SA(cadmium

18



oxide-steric acid) ~ CdO-LA(cadmium oxide-lauric acid)¥ CdCO;-SA(cadmium
carbonate-steric acid) & % S WS EMEE B L AL o

1996 Hines % % 41| * — 4% F iz 5 &.CdSefF % & i3 45 1 6£3A2 &
BZnSk » 1% = 7 R4FfeSe/TOPIR & i s # Spid M > A BT F o &
CdSe= +% s £ &~ WHEF R Mo L >»ZnSF B> ¥ =5 & = 11CdSe/ZnS
P2 F HL 0 20004 Spanhel £ 4 24 % CACLE~ % = 7 45 54 e s & 4

CdTe/CAS#+% 3] & o #fL -

Sy

R ESRCELEE = 5 F i R R A
ST IR BT PR AERME S R LA R BA G T REH

A fEE L S Ll BT H R & RRBN R AL he § o A

2-2-1 & ¥ 2 & i3 &% (inorganic surface passivation)
P BT 5 & 1% B 4F (inorganic surface passivation)z. § & » % # &
Pz MR AR o EHE A BIRE PR T LA A a R MR i

SPO R SETI T OB ANHEE  FRTT TS YA i

Feff L o RRAEIEFT A8 EEART LT EMME AR E T
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BB hd e T 2By SR 25 ¢ BAREDEP J e
3£ CdS/Cd(OH),” ~ CdSe/ZnS*"* ~ CdS/HgS®' ~ CdS/PbS>* ~ CdSe/ZnSe™*
CdSe/CdS™** 7 CdTe/CdSe” » ¥ § »crc§ sk »ad - B 5 5 CdSe 44
2 CdSe/ZnS Bt s M7 AW > 7 2@tk ¢ § ZnS b g T T

G trap PR o H B P e i g PN

78 T LEMUYEZ W EES LT 28z iR

Bandgap Absorption edge

Class Material ~ Lattice Constant /A Crystal structure

/eV (10° m)

IV Diamond 3.56683 5.47 0.226508 D

IV Si 5.43095 1.12 1.10625 D

IV Ge 5.64613 0.66 1.87273 D

IV Sn 6.4892 0.082 15.10976 D
II1-v GaAs 5.6533 1.424 0.870084 Z
I1-v AlAs 5.6605 2.17 0.571494 Z
II1-v InAs 6.0584 0.36 3.441667 Z
II1-v InP 5.8686 1.35 0.917778 Z
III-v GaP 5.4512 2.26 0.54823 Z
I1-v AlSb 6.1355 1.58 0.784177 Z
I1-v AlP 5.451 2.5 0.4956 Z
II1-v GaN 3.189 3.36 0.36875 W
II-VI 7nS 5.42 3.68 0.336685 Z
II-VI CdS 5.832 2.42 0.511983 Z
II-VI ZnSe 5.65 2.7 0.458889 Z
II-VI CdSe 6.05 1.7 0.728824 Z
II-VI CdTe 6.48 1.55 0.799355 7

D : diamond > Z : zinc blende * W : wurtzite

20



Organic matrix

A -
;;.‘dfs‘e ZnS CdSe

(a) (b)

B 5 (a) CdSe 12 %4 (b) CdSe/ZnS & b4z it Hor LW

2-2-2 3 # % & 13 4 (organic surface passivation)
‘ff TEWA G B > 2 5 5 4 G 44 1 (organic surface passivation)

14 7% 4P & s (liquid-phase epitaxy) = 2 & = 2 K ok § & i o 28

»e

LRoAAt o s R e R R

FWE G A G R A e

4

. . g . 42 N G S - 2 2 2 [P PR :!”“’
thiopyridines*' 4 thiolates* FRRCGR D e Ak Fad etk o bt Aow

4 S s HBReA 3RS B R F 3RS A €1 RESR

O

G A o drk R T ARBIL G AR RS R € % 0 04 ¥ (stacking
faults) » ) = 3k Fno S WAL FEe B L F] 5 J 3R F A2 > Rpitda

ARBRF TR E o0 CdSe 5 0] 0 H.d Seik s Fli BAR* g 5

Bmls Cd™ 4 #oag e it 4 0 & Se ¥ SARBR A o

2-3 kil CdTe 2+ g2 WA &

ﬂ;yri @ét‘:}' lﬂxg*ﬁgﬁgﬁg'ﬁp)"ﬁbﬂﬂﬁ-‘ﬂb/&’fz#\g&
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BICEE O BB F S LA X FHA AR BB TR L e

1998 # Mingyuan Gao % * 4| * thioglycolic acid (TGA) % 5 & & 2 F #
F AR A g O ki ? # 0 F NaHTeid i »tpH 1.4
Tt AR R L e T EE SR T ) T gl enCdTe s
Bd o 2 WL G AR F R ALk ¥R E T (2 18% - 4t
1999& A. Eychmiiller B 1™ & £ J& @ i * 3 Ip f&47 «14& 2 H| » 12 Cd(ClOy), -
6H,O4% £Cd* 3t % k> ApH 11.2°k;3:% ¢ % » NaHTeF &> & & 1124 nm
% % I thiol-cappedsiCdTe 3 F ¥+ o

2002 N. Gaponik£* A. L. Rogach% 4 ¥ & 41 2 fr 12 ANaHTe i
Eorehl &5 5N s R RE B ALTesh s £ 1 0 BT A 4 PH Tef 43

B 7 Cd7HT 2R TH

n>1«

i d o AT R AT RN AR
echpHiE » 7 & & IR T3 & enCdTes F o » 8 & %8 3 2% 93-10%
7% o % & KW, Huang% + ¢ # B & 1 CdCL iF 5 C& 3+ % & >
3-mercaptopropionic acid (MPA)B~ % 14 L erfg = ] > &pH 8.4-ki3 7% » % »

NaHTe/% 7% » e BNk ik & = CdTez K+ » 2 Wk 3 = & mr.p’?ﬁ

,:L

o LHET & hF PR o ebfi h § 5% 940 nm > F £ 3 o]
B0 P55 30-70%2 B APy % hEF ok o

KBRS B T B A s Sl o gt 019982 Marcel $ 4 it 4
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f% 25 ¢ BSilicaz B3 BB L2 AT » 1A F AT 2 b Bl ivme
T2 R - BEFEHACHELTE PTURY s P FES 0 21999% RoseF
AL G A b F 4R #% 2 (chemical vapor deposited, CVD) = & %
P SIO % k> iFa & % 1R 3 F i 5 T4 2 (chemical-bath deposited,

B 7 B &2 (close-space sublimation, CSS)

@)
vy
>
b
F)
ol
%)
pad
ﬁ
1@

OB BT AT 154% o o

2-4 X Hi TS chipemk z F B g 0
WARE B B TS F B o BB R B R0 HATR A > 1839

£ § P2 R R Becquerel BLE 4 kMBI ETRRN > A4 T
o e115% (K 4 32 (photovoltaic effect) e & 7] 1883 & » & - B~ w1 ¢
% W #L 8 R Charles Fritts 3¢ 11k » f* AL Eob4 Tm, + % - B ik
Feng S - BPREDTHE R R @I 1% B R B F 0 A
1927 & 4% £ sr s L HEME R LT S B TR S AR D 1929
EEGRARpuE > S BB I ABREA TP ABREA
PR Ao w1930 & > TS 2 F MRS AR AERERE
P R AT R S X B TS A 1% T

ML W SEaR RS 0 B P 1946 & 4 d L EMEY g ¥
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Russell Ohl B 3 21 %k » # P-N & & 02, 2 § A% 57 45 % &€ 3748 B i 2

PR AP aipit Tt A p At R e o

m&t

‘h 1954 & > L EF
REIZBPEFRINMER P BRASFLCEEFT I A RS
- BRBEAG T 3 E R 0 LV H R R
EArHIC A EL Y P AENPNEE  REP YU BRSO
FAxF v ED 6% o pEE TR P Ak RE TP TN FRE D

o RAR 1955 F 221 KBRS RSB TR g

o

R #aip g i
1956 # » S FHac T KA EY 3T 6 oigR g PR B o s
1958 & B 4% St > 256+ T4 E | A S fFh o 81956 & B 450 % &
FEL A BRI 4E(CAS) % Bt T4~ AU -fn 1 45(Cu,S-CdS) * B it T %
Pt b5 (GaAs) < Hat T 1969 & » 1% F & = £ & 7 frit 4580 o 3
TO1973 ERF F A R AL 0 BHW A RN T 3 N4 T B E R

SRR EYd 2P ERD R A AR 01976 (2 0 A R ehE

6‘}\
&

AR R Ao (T AR e PESC 4]+ B it T (passivated emitter
solar cell) » # FTes KRSz » g L F A 24 A e F A2 20% 5% fp <

BT 4eB6#rm Yo A 1989 2 Il A B A RE  FP
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% iF 39%c & 3 F en® R S B ac & ¥ (concentrator solar cell) < 1990

LN

“3\\-

B BARABATAF TR ALY Ts L T T

B &4 % % % b (grid-connected photovoltaic system)®# 436 5 0 = =[5

RRAEERFRPEL A E B RT S

FINGER "INVERTED" PYRAMIDS

DOUBLE LAYER
ANTIREFLECTION
COATING

REAR CONTACT OXIDE

B 6 % 1985 & % P e i PESC Al * Bic T4

2-5 Fy &
LERPE S 2 R RS R ] A B S R 2

SHEXTHFLIRE 4 e AR RANE A8 o F a4 e

B A‘éﬁi
Rl
‘p‘
TQ
\.

Y

R g R R AL A S R A

gk oiTE KR RAMCATe £ F 22 Wi HjlFe Sipg R > 2§
Frrdkd B 10%S £ 2T 70% 0 4cB) 7 AT o o
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Mormalized Absorption [a.u]
Mormalized PL Intensity [a.u]

400 500 600 700 400 500 BOO 700

Wavelength [rim] Wavelength [nm]

Bl 7 BEF RERF > 74 CdTe £ 3 2hd % k7| kg kP

AT g orif CdTe £ + Bh2 GLH& #4902 & A Wl * FEd4R - AL 4R
ZiE & AR S 57 R4S T 5 0 aokidir? 7~ NaHTe i3 i 0
FEE KRB CITe £ F 80 W= fE3 o SRt * T L i gk B
Bk b S iE et oA WHE B EF S vkia e CdTe £ + 8 -

iﬁ%ﬁ%ﬁ%ﬁﬁﬁﬁgﬁﬁ,&gmﬁﬂﬁgmmﬁzﬁﬁ%’
BBERE A e 4 > BT TR RESHEET 0 B3 T LG T R A
B BAR RS c LB R AE R R e b B
NE R LG Fo b P LT B ARERELOLY BRI  BREE
TN 2T FPr e B E T AEFE IR R o X5 2E R
ﬁjﬁiﬁﬁﬁéﬁﬁ%°?ﬁ{ R R T #l)k SR f"’ﬂ“ “‘5' ) =~ e
AR S > R BTG KRTLOL R BEP I OPT I A A

TR ARRLBF O L REDEY TREEY L F AR (T
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AAERehh P et 3o % TREELE P FR KBTS L)

FElEp R E S Ay G flag B o

FHRAIER TRt L W EFMIBATS PRI S A AL
RS TR s D AR SRR AR R B T SRR

(1) B Bioed o P B T8 MK E L1~17eV 2B > i3
S RLEA N HRTE B AR LleV i LA AT L o
(2) i & EH o FI L A LT AP AL R e TR i) 0 AT R

=S

i

- FOER A AR B Reni B R A 2R L S
FL o ok e e e lici * 0 Bk ﬁv}%)}‘:i&:ﬁ‘z BT R K g < Bk o
() LiF LB EHIT " BHEF M BN T4 e 2R
¢ iR ﬁﬁ’#:ﬁ%ﬂgﬁﬁg’%%ﬁ?%ﬁﬁ$%ﬁﬁﬁﬁﬁT
FEPRRR R kAR o

KAt P ikaEd > AT Y - BRI FE AR LA FTH e CdTe
B3 DRERFNIBRRS o AL ON F A BT
THBATAOmFE S AR B RREDEFEREG A PSS

b SRR R 2 kR BT R IR SR L % )
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31 RHRES

1.

? f& 4% (Cadmium acetate dihydrate)

A3 3 1 Cd(CH;COO0), - 2H,0 3

|l

CAS Number : 5743-04-4 i

. A & 4% (Cadmium nitrate tetrahydrate)

A3 % 1 Cd(NOs), - 4H,0 2

CAS Number : 10022-68-1 BqE

. i8 % pA4% K & 4~ (Cadmium perchlorate hydrate)

L3 ;7\“ . Cd(ClO4)2 . XHzo L3

Ik

CAS Number : 79490-00-9 FIEER

A(Tellurium, #> % 2 200 mesh)

A58t Te -

CAS Number : 13494-80-9 Wit

. 3-§i 28 P f(3-Mercaptopropionic acid * MPA)

L+ ;7\“ . HSCHQCH2C02H L ';.'i_ .

CAS Number : 107-96-0 Wi H
27 it 4 (Sodium borohydride)

& % ;% 1 NaBH, AR S

28

. 266.53

: Aldrich

- 308.48

. Acros

- 311.31

. Aldrich

127.6

: Aldrich

106.14

. Lancaster

- 37.83



CAS Number : 16940-66-2 #:¢ ¥ : Lancaster
7. ¥ f%(Methyl alcohol)

%+ 3% 1 CH;0H B+ E 132.04

CAS Number : 67-56-1 BWig o Tedia
8. @ % it 4\ (Sodium hydroxide)

& F ;% 1 NaOH A3 8 140.00

CAS Number : 1310-73-2 # ¢ 7 : Showa
9. & 3 i* 49 (Potassium hydroxide)

s+ 3% 1 KOH s 3% 156.11

CAS Number : 1310-58-3 #iE 7 Aldrich
10.[6,6]F £ C61 ~ B« ¥ f5([6,6]-phenyl Cg;-butyric acid methyl eater » PCBM)

k&3 3% 1 CpH 40, &+ % 1 910.88

CAS Number : 160848-21-5 #:¢ ¥ : FEM Technology
1.4 i* 4£(Aluminum telluride)

3 Al Te; L+ E 1436.76

CAS Number : 12043-29-7 ®:¢ % : MP biomedicals
12. /£ p& (Sulfuric acid)

&3 3% 1 HySO, &+ E 1 98.08

CAS Number : 7664-93-9 PIECE I AL ]

29



132Ff:1‘—'
RS RS R R R IR fFed R R

s

d oBFFTFURET AP/ E 5 156mm x 156 mm % & # £ [Fl

32 RBAALRE
1. ¥ sk -k 3 % (Photoluminescence Spectrometer * PL)
d % B Jobin Yvon Instrument S. A. Inc. 2> # #7%] 1% Spex Fluorolog-3 #
X Gk2¥ ik o e 450 W 4 & 22 Hamamatsu Photonics #7 % ¢ R928 4]k T 2
HERWRE AL FFE 200nm #] 1000 nm -
30 Sk (PL)SE 38 E_rt < 32l ae B aneid e ae £ R & i & b o 32

EAHES 2 o Al s RN R B R EAEF IR T

C A IRIAL - T F - RF-RWH A NEG S gl g
RLF-THREMFF P8 F e il F hREF DT > FF R -
T2 e RFEERTIFLBE TN ET o ERFPEREFT T IH
AR T o blde DR &E D723 R~ FRF A T2 4 F(defects) E o —
PRI RS > B RPFEEFETIREF HRE ~ % B b R o

2. % ehow B ke sk 2 ik (UV-Vis Spectrophotometer)
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d P & Hitachi *t®li¢ » # 3]5L % U-3010 > ¥ 45 & £ # F 190 nm 7
1000 nm > o & 474 %tk 2 75 & » X » Beer’s law Bl & $74 2_ & e k3 o

BRI R 4582 5 BITL KR ARTENT LkEE Gk, @
TREEDFLRELLFE RG> FHE- P Bl f ki BRI FH
Sefs st WRIE o Sd T pRELBRITEAS LB EEE
T F ARSI LA R FRIR S T TR kS o o kR e g
R T ENERFER R K
3. X sk ¥E84 % (X-ray Diffractometer)

% 16 ® Bruker AXS #7#l:$ > 415 5 D8Ad 2 X sk ¥Est &k - #= 44 5 4 ¥ >
FFE22KWe kRA 4 2 RILixF[* A0KV crdfk (T3 B > 4vid 18 enF
RBHrEdHhs  SHELLMA X R2Z 44 3L L 1.5405A (0 X 5t
o BRIPF O FFRITL A0MA - R 20 E5 102 80 & - 44 11
F520/0 FREFZELEH20 R -

FRETTRF LB P TEAL DX MARFEL T HHEHDL T

|~

P XSG A MG o B AR RNERA L AR A AR
TR S ¥ B0 B IORIFT {1 JCPDS TR AL E 7
o kT AFF LS D RN R L ISR E G R
4, 7 i% 3\ 7 3 B s (Transmission Electron Microscope » TEM)

d p A JEOL @2 > 3|55 JEM-2100F > 43 & B Fixd 3 i £
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HR P PT B L e T RROE RS AR 4 0 LB R D
#H Aok TR T3 186'#?

5. ¥4 ¥ T 3 B A48 (Scanning Electron Microscope » SEM)
d p & JEOL @2 » 3|85 5 JSM-7401F =353 54 45 3% 7 + & et

12}

(Field Emission Scanning Electron Microscope * FESEM) > 1 & & f[* ¢ 3 /&

P AT S R S T REET IR REF R YL L AT
TFAREF A4 2T F - Fofta F FHEEA - A5 LRI EIch
Foigd Ak Barx 2 {8 iho VRERERT ]’F ¥ BB o ﬁq:’}irrd-,ﬁjp‘:

=
F_&
S
@
.
e
~E
A
=

T BRERES O LA RRIPE BT FATIR I NTIARARF
LN

AA- XL F 5o RGOETReR F 2 KEF T 73
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B~ A2 ez T30 B RGE T RGERE
6. Mk HH 1S

TR TR IR F 0§ XTI s BRI  #
R RAE €L R NEE 2 SHBAREE A ARG - A FF
E(airmass» AM)& 7 o < F FE 5 Fougst i il p o TR (2
HISRFAF)EF R LENIpanTa b > HEixg ff 8 =pF
B AT je Plen s g st o A LE BT g R F ko F A
BAFFE E4B5 AMLe - L AMIS A * kR &3 5 F S BT ok
Boo Ttk & b BB A5 B oA O SFenfi o

PPN S B g i g s R R g
AR B F PR F R R Y RD LR kMR 0 % 1000 W/m®

P RRAE 0 Y AMIS et Higstki <) > A& 25CT B o
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3-3 R FHLH AL

3-3-1 = Bt~ HyTe &2 CdTe £ + BL2_ & = (4] 8 #777)
& 24N 0 420.5 mmol ALTe; % » = §F#17 » ik FEHTBNE Y o

2. B~ 3mmol Cd(ClO,), % » ¥ — B = §E#L ¢ » 4 » 50ml 2 33 -k » Uz
PSS T R 2B RS £ 4o r 0.65mIMPAS PR R BFH LY
¢ o B4 » 0.1 MNaOH 2 &3 %2 pH @3 9.0 42% 3% € o
EHERELSEF L Nyo

3. 4% £ F B 0.5 MH,SO, > kit » 4 ALTe; ® i » Ny ehk Big? o

N

%—‘5 é.imHzTe‘F%ﬁ%;)‘ Lﬁﬁ"*ﬁﬂﬁ*m/pui’ﬂ ”E'LI'JJFTZEL%‘/@

5. BT 0 B R W R X R e
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Cd(C1O,), + MPA / H,0
BREAFF S TR

12 NaOH
e ~ H,SO Cd(ClO,), + MPA / H,0
— pH = 0.0 73 i 7% 7
o i
HE FIRREGF eI 1000 jﬂ
&7 kK RPFRE
A B

CdTe & + 8.2 =

BRSO
(3 % 157 )

Bl 8 viArit & F 0 Skd & CdTe £ 5 B 42 ]
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3-3-2 # 5pd NaHTe 3% CdTe £ 5 B2 & & (4o 9 #7)
(A) NaHTe ;% 3% P ﬁl VE

4 NaBH4 +2Te+7 HzO - 2 NaHTe + N&2B4O7 + 14 H2

1. B~ 0.08 g NaBH, % » -] &I >4 » Sml4 33 ks> & 4~ 0127 g
Tetsk > 2§ 7% 30T UEFEY WIAS | PF o 522 HF AL

A4 nE F N B ERB R T @G NaHTe 3% » 112 45 kAl

(B) CdTe € + gLz & =

1. B~ 3 mmol 77 Cd(ClOy), % » = SgFg P > 4v > 50ml 2 3+ -k > WE 73
DR BRI e 0.65mIMPA S PR R D BFER LG § TN -

2. B~30ml } it NaHTe 3% 4 » E B¥g® > ARd v § EF R 5 k%43
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500nm > FERF AP CEFESPFFME AL > T AW E2.640m -
3.04nm ¥ 358 nm- B]13 5 @ * NaHTe ;2% “74& = CdTe £ 3+ gz % ¢t ¥ &L

Kefek# oo iR F B FATE 2 CdTe £ 3 B % — o o L&

ETTRS

494 nm > 2+ 5 % % 8o CdTe #2454 /) 52.16 nm » 4 T %% % 4.823x10°
L/mol-cm > %{ ¥ F PR & » B % - sfed chjl £ P+ d 494 nm ‘=i~
#2593 nm s 38 %% A RS ] A % 52.80 nm ~ 3.34 nm £23.60 nm >

ROREFHARS 0 295 A ML S 2 A B kR REET > & CdTe

Il

FBEG S BTE S R A R TR VR o

a—=— xabs= 488 nm

o b—e—2% =512nm

_!‘d abs

i “‘v c—+—3%, =534nm
Al d—v—2x, =590 nm

Absorbance (a.u.)
1 1 ] 1 1 1 1 1 1 1
....'" »b»y”
f e

T T T T T T
400 500 600 700
Wavelength (nm)

Bl12 12 HyTe #7& & CdTe 3 22 % ¢b/7 kv jo ki @ F REER
(@)1 & (b)6-] F& (c) 12/ P22 (d) 24| p&

43



a—=—h,K =494 nm

-(

1% b—e+—Xx =520nm
] “ d abs

| 'v,‘ c—a— kabs= 560 nm
h d—v—kabSZ 593 nm

Absorbance (a.u.)

4(I)O | S(I)O | 6(I)O | 700
Wavelength (nm)
?]13 11 NaHTe @ = CdTe E‘_-—]’- 'B,i‘!:,-lﬁ,‘,‘ ?}/“;‘J ﬂ.a”li‘g&'f{%;-g-_ibb ﬁg K },@E&E‘&
(a)l-] P (b) 6/ FF (¢c) 12/ pF& (d) 24 P+

%9 2R &2 EirEard i CdTe £ F B jg s e < s B E 4 7
De ‘AR 3

N7 %/

SR TSRS PR/ sTE/mm Rl )/ o I/
E ST = A foiE /mm A [/nme s Fafev 10*L/mol-cm
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24 593 3.60 2.09 26.40
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