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A, REFTAMA SN, AWAFITK LED WEEM. RKXER T HERE IV ¥ 5§
HRHREAF R P BEHARE, WENFET AGER. KL RBOLE. ABAHERK
b A MR FGOR W R AR, SRR R AT T RE.

1 55

2 SARGK i 4R (nanocrystals, fiifx NCs), HFx
R ARG K 4R (colloidal nanocrystals)sl i T &
(quantum dots, fijFK QDs), & /> T70 115 Pefiht
b A A B SR % N L RN 1 A N o s e R SO0
Redl, WA TARM B LRl 451, T2 T W
TR R RE AT S5 0. B L% T SR RE Al
S5 R b A ORL RO 1A s L — ek, 4
AR AR RIRORL RSN 2 1~20 nm B, Bl 2 54k
K S T LEILAM BT Bohr 42/h Bl 5 Bohr
A, PRI RS RN, R S I
FEPE S B RO I AR A OG5 P iU R A A, AAT
A DL I O R R R, SRR NS A B AL A1
D Y 1 R0 B 9 145 (400~2000 nm). 2 4K
NCs [ 3= LR TR PR 320K a0 RF RN S A
P 2 o7 2 T 2 2 ARG K R AT L #
TR AR, I R LR K, Y

BT W PR — AT A B K, 8/
T2 1% Bohr - 42 (1 $4 22 X ds g 1, 7 PRI 2 IR
L RS B B 1(b)4 T A B A1 i A bk
fm 7R &, Fojtik 1 1982 45, HLk AN EET
RN M RERR 2 9 7 MR (Q-material), h 32
PATEFRRZ AW = L, AR WERZ N8 55+
MR, B N84+, TR R A e
PEIR, X AR Oz N T oA R ks
WO SRR RS B EUR R R KB g
o1Eb 0/ ANV G ot Ive - S ) (B A AR <
KI-VL HI-V, 5 IV-VI G ARG 5 1A A 1R
%, fREEA CdSe, CdTe, CASP* ), InP, InAs™>,
PbS 7 PbSel™, K PbTel™ , HI LIS 2R 21 () 4503 5L
ERCN VT (Gt | SRV (S ¥ PSSR R SR 2
PIILAN B RS oy, FEAT R I AR i i As e k. B8R
OAT CdsPy™™ 15 CdyAs,™ TR S ARGK A4 1 & ik
f’RiE, HA XK -V G- 2AAEGK & T FT 6 AR
HIARLER. BT T -V eSS Ak
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Bulk Nanocrystal

Atomic limit

B1 (a) BEWSHREE B REFRLRT LT EE; b) SHRAKFSEARR T rER

iR U — R,

-V 52 SRS CdsP,, ZnsP,, CdsAs,
ZnsAs, 5, AL TR BT, Bohr 12K,
SR S @ A N P T (DR 1/ B U i A A AN R 1
SEPLGE P BOR . B VIR, T-V - SRR R
HHEZ MRy, B, -V SRR 7 b A
EERCEZ N LR N 7 RNy AL SR S S
7F 1960 4EAX, Turner 25 NP2 YkBI9Y T ZnsAs,, ZnSb,
CdAs,, CdSb 1 CdsAs, Sn A, Wl ¢ 78 11T
K. CdsPy BN II-V RIRERBEI R Wi %, LAk
B E R 0.55 e V(300 K)PP A B i % 5.8, R AR
2536 nm A TR 0.05 m PR 324
KT CdyP, MW EW K&l BARERMtEE
100621 g e gy, S — R AR T
CdsP, 4K & BE ML A0 B 20 A0 1) 6 v 02031, gl
EE(ZnaPy) St TI-V R 1) 5 Ah—Fl B (12 S AR R,
B EEN TN 1.5 eV, XA 58 fE A RH E H it A R
(e R 9, ZnaP, A 1R 0 R R 50000, )i
IR T TR KR K (4~10 um)'®7, X4 i fig
AR R SR R, DI ZngP, A2 K BH fig R A4
BHI B EE RS 1 ZnsP, 1 —FHFLARM P AL G
CNRRIINVAEE Iy N E TSR 2B SO G A3 N iy
B WO R R T I B AR RO,

T AL 5 (Cds Asy) I Bt 2 PR 8, LAY SE 4 0.10
eV, Ik, SRR ERRATTLLINA CdiAs, A&
Pl 4. CdsAs, 1) —FhaE 2R - R AR B 1950
SEARTFLG THESY. Moss )18 T B CdsAs, 1 4 F 1 JZ
Sl B A B HE AR B i el BE B W ARk, R
CdsAs, fEHF 9EE 0.14 eV B i B T i iy A2 /U0,
Turner 25 A7 0 5E H CdsAs, HERTITR %
H15 m¥V s, JEREERGEIE 300 KA 5 A
0.13 eV. H 1960 i, FisRE T CdiAs, A KA
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B HLT G SO SEPE T ARE T R CdsAs,
5 CdiP, AEMMBLZ AL, B aEHE i #2 Hi )Fh,
IR 6B B A RO AR #2). Zdanowicz WFSY T n
M CdyAs, ML T E5 S0, KL
HLBLR 5 Holl TR S A7 R A% R2™. Matsu-
nami 55 Tanaka WF50KIL CdsAs, AT REHEARE N 1E
hHL T A O A IR T,

Turner KIIALEE(ZnsAs,) BAT P2,/C 2= ),
REE 300 K M sd, RIS E B N 0.92 eV,
Marenkin %5 A5 IHF 58 T fALEE (ZnAs,) 1 5E [ 45
pn AR, AEEYETE BRI T 2% IR A 1) RO
e, BB HAT, ZnsAsy G0K G H % 7vk 2R
Oy FARANEA KL 35 K 3] TV 2 AR R
Tl JUART 45 R (I P oK B A 4T, G —4E 9K L, 90
KA = Y (R BOIR E5 I 4K F A, Shen!™ 45 H T
KT CdiPy, 5 ZnsP, MYKE M Lid @3, AR
FH LAV 0 K M A 3 A F K A 5 ok BT, i
VB4 ZnS (8K CdS)5 MnsP, Wy A4 A 2888 IR, 18 &Y
W 1350°C, M) 1 h [R50t 15 e 87 881
Omari 25 AP UFRIE T CdsAs, 40K 2k n] LU R
1E 1250°C i 7% K —— TR )7 S04 1. Liu 25 A7)
Wl T KA Zn 5 P By ARLE 850°C & Bk ZnsP, 4K k.
Wang %5 N\ TR I8 45 il = 4ER B 45K 1K) ZnsP, 4)
Kt 78 T-V PERARGUK 5 7 g5 H o,
Szatkowski 5 Sierafiski K H 7E % MK (Green’s) /7 F2 4 fift
St N A B s kv AR TV AL E I
H A R R A0 R LR R AR A A v 2 i B
BT T, BT BN, MAE ZnAs, FIEHET A
TR, ZnsAs, FRHE T T, BERAEMN A TZ =45
MEEH.

AR T M-V P FHRBRAAGOK R A . 3R
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WEENH -V PRI IEAO G 5 ikt
i, HEAMNGE TNV UK A RS B,
PEFEXT -V 5 TR 4 5 K 5 R H4R 1 A
AR AT

2 II-V JRYK SR 2k R

2.1 WHOEE

o ARSI RER O WL R BERLT), Y
RO B T, X R AR (Abs).
e b 2 T 1T N AR S B T, EATRRE
A B2 O AN TR AR BRIE R R 2, TR 21 Al
A&, PR RE R OB B SR S R, X
MRS (PL). AR 1 B S A2 o e b St
RS 1R 9 A1 R A 0K 52 i 2 HO ol PE fig . IR W
SIE A, TR RSN, B R T R RS
(Frgs)s, H R g R . A SR DA TR T
B r s A G R s g i 20, iy
RFGFANT 1 nm I, 25 m B0 TE HEE T 5.0

bl
I —=— Blue
10 H l ----- Green
-1;"' | Yellow
',:\ A Orange
—_ “'lj 1 | —+— Red
g 1.11' A ——— Dark red
< 05 kW —+ NIR_920
2 —«— NIR_1000
—— NIR_1100
..... NIR_1225
—— NIR_1225
0.0 {(a) =
40 800 1200
Wavelength (nm)
1.5 48
§ 10- H3.2
=3
2
=]
<
0.5 4 1.6
0 (c) . ; . 0

300 400 500 600
Wavelength (nm)

TR, 0 2 7R RO e I A 1 i R A U
AEIXBRRE BLR, W R Z ISR T N L P R
(magic-sized clusters)BI 7> 7 Hi%. K 2% T 1A
ANFEJUSE ) CdaPy 51 05 N EE A B A R R 3%
Bl 2(b) 2 ] 2(a) SRl SR B, BT R R U A i
TEERHMT (~365 nm)fGS T & th I Bita. X T-20L50 X
BRI R, A WA 2 Ar U I BUR OB IR B K
B NIR_920 K7~ 1% i 7E~365 nm U R A& H 1)
SR KA T 920 nm. 24 CdsP, B 7 A RS/
T2 nm B, &S FROBOEIEE 450, 360 /2 320 nm
FEIH SR FU I OO, X CdsPy BV A 5 R R AIE
WO, ISk Yu BB 1 ARIE T CdaP, g v
IO B (B 2(e)BT2)! ) Al AR T ARvE
WOTEA T CdsPy VLA . (HEE 2 H AT,
A KT CdaPy BEVEIR 15y F 85849 50 #r, i DR
Cd; P,V R A0 ok i A P AR e M 22, 4
Cd3P, &7 5 1 T3NS, 55— R A 0 m) 21 )l 3 X
BH# 55 590 nm, K% T CdaPy A 1 H &1
ML R RSERE— KR 10 nm, e KOGIEN T

Abs (a.u.)
[=]
[=]
w

0.004¢(
800 1200
Wavelength (nm)

6 5
c 4
k=] T
I
2
E=}
< 2 1

0 |(d)

T T T T T

T T
200 400 600 800 1000
Wavelength (nm)

B2 (a), (b) CdsP, BT K UV-Vis-NIR B Abs 3 K]; (c) CdaP,*/E Bk FI#E IR o),
(d) RH PH; ABHE, KAESHRE CdP, BT S KRG EE2
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1225 nm (NIR_1225, K 2(b), 2(c)), 5E £L4MBOR
ST BT AR (03 72 DU 4 245 (TCE). Weller 25 A 214t
FIH Nag(PO3)e A i ) Cd(C10,), /K
SN PH; [5G T CdsP,, JF HAA T WOk
(B 2(d)), FEWRfe BLIRAY B AE 500~800 nm.

X T ZngP, 49K &, O’Brien 2% AP Y F)
(Zn(Et)y) 5 HPBuy, 76 PERR I %5 5 o A e 3 2. &
3(a)FI(b)gh i T AT 175 B ZnsPy 442K & R WL
HORIEIETE. {E 400 nm AR I T ZnsPy 4K IR I
PRV, HUEAE 4- SR FEME E MO A B ZnsPy 92K
Bl WA R I S RO, AR R I AN SR A &5
FE ZnaPy AK b R T A R 2 4 )i 25 B iny T BUR BE I
BF. EIRATBET T, R ZnBo, BT )\
(ODE), LA PH; M@, KA T E T
34 T RO R g I, AR R
R PR e Ry TR 1% T B R PR )

ZniPy, BATRHARMAMIEE B G T ZnO 90K, 77
EIREA K ZnsPy 125l PLOs Tk, 4 PHs #EA
Zn(Et),/ODE & & I 245 N /D& 1) HyO 787K, Kt pl
N, N, B2sit i ZngPy 22 I R K i, N AA
FR P B AR A, 3l I [T i, FRATT RN
2R JE ZnO KA. ZnO 9K S RO e ]
34 (ZEMTELR), AT LA ZnsP, 44, ZnO 44
KEAE 350 nm R ILH IS WK, RN A
3R T I R A0 T T B S T Zna Py 4K R PR AE
e JE KA I ZnsP, A BEA JE v fide T A AR M
FHT BN R, B AN A 1, BE AR
T T A AR U R T B ) ZnO 2, ZnO (A7 AE AR
#% XRD M EDS %) #7 Friik .

P Il -V 2 S4kghK d, Sudhakar® i iE
T AN E IS ZnsAs, HEEROSCH (K] 4(a)),
BTS2 i 2 InAs(110)1H, 283 100 MeV Ni’*fK)

Abs. (a.u.)
Abs. (a.u.)

(a) (b)

2.04

1.0 1

Abs (a.u.)

300 400 500 600 700

Wavelength (nm)

250 350 450 550 650 750

Wavelength (nm)

0.0

400 600 800

Wavelength (nm)

B 3 O’Brien % AKX E K (a)TOPO K A(b)4- ZHEBENE AR H ZnsP, FIK T Abs 5 PL &5,
(©RH Zn(Et), § PH; SR NBEIR ZnsP, DIKEEI Abs 3 KB ZE P,0s TR 42 5 ZnO FK & R ki

Absorption coefficient

(al)
0.5

0.7 0.9 1.1

Photon energy (eV)

Transmission (%)

Photo energy (eV)

30 20 15 1.0
T

100F T

T T

o
(=]
T

200 1000

Wavelenght (nm)

Bl 4 (a) ZnsAs, WAHSME R LT 4 2 7T WG R AR AR B RE B P (A) i ZngAs, VRABSNERE;
(B)1x10" Ni* (N T/em? B ERER; (C) 1x107 N* (M -T)/em® $EAHEREM; (b) SLHLE) ZngN, HEELIE e i 68
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76 77 K (HRSTAER. 75 ZnsAs, 8 BRI % b %
3 B A . Kuriyama 28 A SSF5Y T A
LT R IT AR S5 R 1) ZnaN JE B sOG 1, R
WL AE 380 nm BT, e MFBIA~3.2 eV
(300 K). & 4(b)2h H T ZJEARE S 1135 5 v 1.

22 BRI

HEBOUR I T W SR S 20, B T R
AN T R L ARIE TSR, B
ATRLA SR, B 2 SRR OE. I ANSERE
() KT B8 T2 AR R 7 i A B, A8t
TP, 7 AR BN B BT, BT
AFaE, W45l i me AR ) 7 U RS RO A 1
REES, Fr— MR, AT 3ok &S rdT2ml
TR, IXFERUAERE M A ROEIN 45 8, LR
TR, ZEA REREN, R4 R 2 A LT,
FEBUR BB T N3 K. X e S gk 2
N PECHRSS . WECEE 5 PR A M LEIAR ], (HAE
LA T, TR AR A R R, FRA RN
I A), TBRRZ B, H T T A O e B i B
MR AT ARk, DR m] DUE 3 45 5l R, 153
ANTE) A BRI B 1 0, AT AT SE DA [R) 9 B R . i
U B S AN R RSE ) CdsPy 402K & BT 3R B0 AN [ 1)
RACEE. AERF A CdaP, & T sk FE v, wf
DA o ) s i B . ARG I) . R AR 74 i
T CdsP, &P AT RN, B 5% Xie 2 K
FHFAGEGHELS 21K CdsPy 1 T s (B R AN N IR TR
U S €6,.(460 nm) #2141 (1500 nm) &6 1 FE &,
B 5(b)E SFAE 1~10 nm (8 B RE Y 18 5 % ' 1% K]
(PL)!,

PL it ml DUTI R MEI CdsP, gk i iE K. dn
Kl 6(a)iTo, EWIAMT BRI V(3 min), KILAE 460

nm (1) PL 7577, 1X L8 = PR 1~ 117 T $2 21 1) Cd3 P, B V5
g, A A KIS TR R4 0, PL GG R I 765 nm
[P0, 2R B 2 K 3 K 800 nm(30 min), 1M JiR
JE11 460 nm W, A ARAELE, (HKHISS. A T%
2 PL [ RG], 20 3ILL 770 5 840 nm B K
WK T 35 30 min Jx VA3 3] CdsP, PP 58 63Ok
WE(PLE). 3 min A KB LS, PLE J6i t—/NR
BIAY KAIAE 450 F1 725 nm [0, 1l 6(b)Hh & Sk o
7N, 1% PLE Y6ils 5 WSoa il (R k)8 X Py 45y
S0 p TR Ik A RNl oK R S R S T
BRI, X T—> 30 min & NAF B FIFE i, 450 nm [F7%
WA 2R, 1 760 nm WA NS, XK CdsP,
P2 5 A I L T 15 AR 30 A K ST IR T A
HA ML, Frfs PL 19I5 (FWHM)IYZE 0.2
eV Zidi, XKW FTS 31 CdsPoAE S #8A BE H A0 1
KAt An. HEEAE PL &Y 1225 nm MIFE S, PL 1§
(12 e B A 0.18 eV, LK W] CdyPy &1 A5 1 ST
A, B FIE CdiP, FEA Stokes f7F53)
7601 eV £iA7, WEW] T 1% PL &G B A6, it
HUOMET 2900 (PP 6G 52 101)
LG, FRATHFTE R BRI R CdaPy & TP F N
38%%M X —HfH H N T Xie 2 N K EN T0% 5177
RIS 15— H )L Rao 2 N K E CdsP, 15 1147 7
5 0.6 eV, Stokes 7 & 100 meVPY, X —% (i 53,
IR B BRI & AR e PL 6t
FH, Yeshchenko 5 NI IO W M4 1) 77 10344 il
HH(CAP, K RN A FLEH, 7E 77 K i
N, PL EERIA 2 £ WK, 4 0IAE 885
55785 nm, AN R IX i B 1A FLIE BRIAEH .
2.1 WK, KM Zn(Et), 5 HPBu, HI4H)
Zn3P, T PO R 3 BEAE 400~650 nm0, F,
MHERFF R ILAE 635 nm AL ZnyP, 7 2 0 H o

EEEEEEEE N
N

PL intensity (a.u.)

300 600 900 1200 1500 1800
Wavelength (nm)

Bl S SIMTIHTH CdP, BFARFIBBAMES FEERARFRA CdsP, BF RHTE6#PL)
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(a)
2 M A
3
8
1M 4
T 450 50
0 - T T ¥ 1
600 800 1000
Wavelength (nm)
(c)
800 .
-—‘*"/.- {04
E
§ 750 -
i<} —a
5 —-n-—u——ﬂ—D”D/cr,n
g d02
_F 700
o
650
0.0

T L} T L} T
1 min 3 min 8 min 20min 50 min
Sample taken with different time

Abs (a.u.)

FWHM (eV)

PLE (a.u.)

400 600 800

Wavelength (nm)
1@ B2
B1

35
L]
-
o

10 12 14 16 18 20

Photoenergy (eV)

B 6 (a)CdsP,EKidfEF PL gL (Cd:P=3:1, T=120°C, LRI FIBK); (b) AREFFFHIZH CdsP, BT A ATRILIR
W e 5 Y B R e, 2 ANRE S B AR KIS 43 8124 3 min, 30 min; (¢) CdsP, B F AR K72 FWHM Fs B ] (428 4L 1B
(d)77 K & F Na-X WA FLEFH CdP, Sk H# R PL &S

FUM DU, ERIMT T, FERILH A& 7(b)).
PL 3 B 2R L H — AN 58 11 151 98 (~150 nm (~0.5 eV)),
M5O 6 (PLE)A 435 nm AR I —A0]
(W e e, BT 6E Y IR BRIE e oA 2.8 eV, AIXT T
ZnsP, AP RHI A BR (1.5 eV), RINAT W BT R
BAN. ZnaP, K Stokes {8 M UH 45 -4 5 1 (1) 5
B3, AT B 2 i35 41l 42 6% Yeshchenko %5 A
AMAEARIR FIFST T 78 A0 L3 B 1) CdaP, IR BUR
ek, AT T WA FLIE BT ZnaPy PR K 2 )
(B 7(c)), flATHs 753 20 1) PL 1% & SR P e 30 v 0 it
BN B (B1~BS). & B MK 7k, 1E# N
X5 AN ZnsP, 5% A7 R RS 1 2k (1) )i
AL T 1l P e & 680 Huldt 25 A9 1 i
Zn;Py H— TSP RO, AT S R EoR
LB IR FRAR AT T ZngP, 189 PL W (KR RS BT A K I 5%
. X Z4E ZngP, 49K AAMEEST, Suda HRIE T 7E

128

GaAs(100) [ _FiE i AR BV EAF B ZnsP, 2, KIRAE
12.8 K &6 B BEFE 750~800 nm, 4 4> 3= 2142
T RELR 2y A 45, 65, 86 2 104 meVP™ X}
TR EEGK i, Bl A TR R B ARG, PL USRI H 5 2
1254k, X B Marenki 25 ANBVRIL. fltn: 75 300 K
MR, ZnsAs, TF AAE 1305 nm K9G, 78 K 444
N PL I FE 2 1190 nm, I HAE 1290 nm &5 —4
JHUE, fFIREREE 42 K N, PL ROGE B E
1190~1240 nm 2 [A], H H7r R EA 0, A AT AR
Pt B T oA 448 M6~MS8.

23 BRI HGIE

AR LA 50 M 42 T 11 2% I 0 1 12 5K % ¢
IV T RS B AR T30 )2 14 e
EHIGEX TRl -V &7 A @ ie™ 10,
TSR LI I T SO SE T CdP,
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PLE
_ 635
| PL
L_/ 435
(au) 1 2 " 1
400 600 800

Wavelength (nm)

PL intensity (a.u.)

240eV

2.10

1.80
Photon energy (eV)

N

- E|78K

3 2

s 2

I - ird

& M8 | [me

42K
(© 1 1 | | ®
1400 1200 1000 800 750 800 850 09 0.95 1.00 1.05hv, eV

Wavelength (nm) Wavelenght (nm) 1290 nm 1190 nm

Bl 7 (a) XA PH; 5 Zn(Et), SAETIEIEE B ZngP, KB TICEE 24 (PL, PLE); (b) Bl & A ZngP, YK FTERSMT

(365 nm) R T HTRILL KT (¢) 77 KBE T, Na-X WATLET ZnP, 40K S FRI L (d) ZnyP, HAKE

) PL OGS B B (K AR AL T AR A6 P5 () =A% ZingPy 42K BT A4 AR R R 4E 12.8 K UL BE TR I A PL, ZEIKE GaAs(100)”7;
(0) WLEE(Zn;As) A K RTE 300 K, 78 K K 4.2 K iG] PL 3™

TS ] 2r HE e i, BT SOk B K 403
nm A L CdsPy &1 1 PL B R G K
594 760, 800 £ 900 nm, & 8(a)4r T =H MY

AR K 8 WA, CdiP =T AR 2 9 AR,

KA HREGUA, UMEHERE e AR5 A
(tie), 275314 0.20, 0.23, 0.25 ps. FEGR LA
FRIFRHTIN 7 RPN AF AR 1 h A4 . 3 o
AR By 1R D R A A At S S0 A0 1R AN M o 2 T
U ST L0 G CdsP, BEG, FRATELER T 460
L5 1150 nm P98 6 06 (1) 8 A0 T e, 8 (1) 3 7 il 2k

A3 AEE 8(b)L 8(c) 4. 460 nm AR (IR IR,
INTAXERRDIPR (0.5 ns), TIZLARX I 04 (1150 nm)
B G218 (1) 3LV, 71/ A7 AT BE I TURD . 1075 %¢
CdsP, %t 73 fiv T 995 &, Eychmiiller 25 A 0!
MoE TINEERE] 11 K W96 2g) )7k, 458
WORTEERAAE T CdsPy i 2 Aok, 1A
ZAF AL KAy =g xE ik, K 8(d)ME AR sk B
TN AR5 SR A BE A LR 1 BRI A2 0B K T PR
i, TR A AU Tt E B T E S AR T, AEER S B
T AR PL

1 RAZTHREAE Cd:P, S0k T PL ZFWIEL, by, b, WIEWTAT, 6, o HEIEE, (0 ) FHFRE G
Aem (NM) by 7i (1s) by 72 (ps) (1) (us)”
760 0.33 0.105 0.67 0.250 0.20
800 0.36 0.118 0.64 0.292 0.23
900 0.38 0.145 0.62 0313 0.25

a) UEARX 1= Zn:alexp(_t/fl), n=2, WEETTZEV T &y = 1.3, WREERE A 3R 3K 470 nm
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104

—®&— 760 nm

—®— 800 nm
—4&— 900 nm
= 10%4
o ]
S
w
€
=
=]
O 1024
(a)
10 T T T T T 1
500 1000 1500 2060
Time (ns)
104 -
o Prompt
* Decay
10] o
=)
3
= 1074
1=
=
=]
o
104 (o) _

0 1800
Wavelength (nm)

3600

10 3 ’
. = Prompt
1 s Decay
103‘ I‘
—_— - '
ERTE
2 3
2 102 . i,
) s
= v "
of Eiexs,..
. "«L’."’ﬂ&
(h) - m —- [TT) -':-
20 40
Time (ns)

Nomalized counts

200 400 600
Decay Time (ns)

B8 (a)Cd:P, BT MR Lk, FriEET S E&E PL RAEHKA 760, 800 5 900 nm; (b) CdsP,/#E 2 F# 77
460 nm K FHTELE HLL; (c) CdsP, BT A7E 1250 nm 7% 25 #£%; (d) Eychmiiller 2 N *& R K Cd;P, B T SEARRER
BERI PR TEAS M £ (B K 488 nm, LI F2 56K 530 nm)

ROCTEEN R, Bl IR KR CdsP, 40K S 1)
7 B R AL 3 ok [T AR AR N R S I i T
AU S R R M, 2% 5 TR B R AT 32 F
1, DA AT DUSR R CdsP, 40K it Bt 2 1O,

3 -V iSRRI A R

31 AR

B FRIE -V P RARGK 5 A U A2 1960 FEAR
Haacke K F 55 2076 4 o i & )3 2, s Wi
i 500°CH gt )5, Henglein 5 Weller 28 AC¥f 11-V
g KA SN BK AR RS 82 2 e S AR 5
IRl PH;, HsAs & H,S, Cd W k&5
P B K W, DR TR 7S A B 1R . /K AH 7 vk
¥ Gaponik 25 NHE-— 20 & JE, A ATTRH el i) g5 ik
AT CdTe, HeTe M EAETLEMIIE T A4k
g OO S B H Y, XA TR A R T Ccds!,
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CdSe!""”! cdTe!"® L HoTe"™2&g) K i, HLARIX Fil
JIERERS BN 1A B T, (H ROV R, 77
Vg i 2e, 193 T mUROGRCRIAR, IR &
T 25T WL T A RGE S 7 IRAE 1990 AEAR N IS 1 4.
1993 4 Murray 5 Bawendi &5 A\ B KBS H YL G B
1B W) Sk B — HT IR AARTE el R A o R A3 A S
AT F iR CdSe, CdS 5 CdTe™. ix— ik %
TR 25 R G K T 0 K A T Y ARt T R
—35 . XFOTE G KA Peng A ANEE— SR, b
TR R IR IR 46 S LA L+ )\ A s A,
B R YK . 7E Peng S5 NI AT &,
PRI mrih AU A S KRR (IR, OA), B
R (1-1 )\ JE R IR), bl sl (+ pe ik sing), fidk
(-5 TOP), Bt a2 Ak,
TOPO), KEFEfE(1-1-750%, HAD, %, OLA), -3
ik S 1= )\ A O i R B A AR L
o NS RE NS B S, W M(ER), (M=Zn, Cd,
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Hg; E=S, Se, Te; R=ki/& 80k 75 18 55), 48 1 L1
PRI &R, R AR M I A R Y A A T
I A3 B UL B O’Brien 25 AT
[CA(E.CNEb)] (E=S, Se)) W HiIkiA, & 4- LIRmENE
[ 378 F1) 5 464 G CdS F CdSe FI48K . Peng 25 AN
I AL 15 R R I N AR R IR 2k, 7E 300°C AiA,
LLE TOPO, HAD iU —Hi L iR (TDPA) A SR 9
7, & T CdTe, CdSe & CdS Z5— R ALK . 7F
K12, RN SEE S, KA 1 RT SR A4
BT ES B ARG, T R A R R, AR
YK R I3 S i, e E AR K R, TR
FIMIAEAE, BT LRENS STE 4K i i RT3 A 4. 491
Wik — LR ) ODE W e 5 1 250°C & — -0k
R TIE A7/ A e NG | R SRl e o = e R
([(TMSi),Se]) [] ODE ¥ ¥ 71, #BHE A= 5 i it & 1
CdSe K. T340, - SARGK 5 A BOE iT LUl
MR VLA i, AEIX T TH 67 Steigerwald!' s
Hoffmann "% A K P 10 & LA A B, sl ah ok
SN A%, JHA JE A AE KRB T CdSe gl gAML
A PR AR S A B LA A FLA R FLIE,
Ik AE I FLTE I R SR A, A il R RO A E A
I AR 0L K e S A N b A LI
PAHG: AR A BRSO R TR,
T LA R,

3.2 CdsP, 4k BB

HAT, A CdsPy 1 (0777 R i 2
J5iE, 3y UL 4 28 (1) B ET R AR (R S B R A, BT DK
WALFE: (CA[P(SiMes),][p-P(SiMes)s]),, CdA[P(SiPhs)l,,
[MeCdPBu,]5 5 [MeCd(p-PPh,)]3(HPPh,), 201231,
QAN MEH Cd 5 P HTIRAALE Bt i iw
I Bl Ll Me,Cd 5 HP'Bu,!" 2 J N4 il (3)i it
T TTV, Bl RER[CA(0A),] 5 = H kb
BB [(TMSH); P 01241250 () 7F 55 47 L T4 446 1R
fis 5 CA* ¥, AN PH; AR 1 A A4
PATRA L G e CdsPy 40K & T A (1338 Jeg, B: 44
TS = R R PH SRR N T ¥
3.2.1  FGEHHE

W B SCHTIR, B S RE S 5 IR TR T BOK 2
FRAZ, T VR R 1 3L P8 S8R BRI % T K A4 R T 1)
B A B L ORI AR K. A, KRB, R

PSP SA R AR (1) T 55 AF X N 1) 1 5 3ok o R P AN B A
Wn] AEAT 58 IR EUE 2 A G v g, DA sk
R R ST AT . R 1% 7 vk, RS A& i Cdo
L5VMBRAE 270°C [ N AFH, A2 R il RS BE % 1R 47 11
WA T4 ODE A AR Ik il v 7, i TOP, TOPO
s GRNAEAE 80~250°C R X A EAT, JH4EH
ANFEUSE I CdsPy 127 1, SN A AT BN BE AR O 3
7, W TOP, TOPO, HAD 5 OLA %%, ] UAHMT
FERA ). AETATAT R A s N, FRATTIA 7 4%
R, SHERAAE R B N 4t 78 M ARG I IR, (H
MR A B (R Cd:HOA=2.0~2.2), & |24
AR RIRIA L, T8 CdsP, AR L. #5153
R 7R CdsPy 510, SN HP R 1) N N i 22
1 TMS AL 2R b, WF9TR M, Cd:P /N T 2 i, #5
Z1) CdsPy T T RGN TR, | RS B
T Ik S Nk S B TR St dss i, — R Y B IRTEE 30 s~30
min. —MEIAh, AR AR B /N T L R DA
Y, HBRATIFIT R I AR KR8 RIS 55 3 S il %
AHTE, WA SRR =P RT3 A, A B ) {1
S Py RSE RN, i H AR 7= W) 16 R ST o0 A5
FF 5 SR FH R 5 57 A VR 5 95 7704 CdsPy/ ODE [
AR, IR0 B 7 0K CdaPy WURLYTAR
K, RIGH CdsPy FHT AR T AR AR 3 750 v o FR O
VY& ER TCE 5%, W] AR A+ A i,
Rk, nTUMRRIBR AR CdsPy 49K 5. #5550
HHAREIAG B CdyPy VL I A5, S NV S AN B

80°C, 10| CdsP, 1% 25 73 fift i H1 2R AE i K R i)
fn AL WAL E AR AE AE YA T LU CdsPy, CdyPs,
Cd¢P;, CdP,, CdP, 5 Cd;Po1* %) FA 1K 3 & XRD
Gy T A3 B I BEAL AR P2 S AT T RAE, B 9a)4h
T 80°C 44T N3 2 AL % & 1 5 1 XRD [, Jd it
X - XRD U (/)43 5 FH 588 B 55 0 R AT S AR R 1 & 22 14
2[5 R fi7 5 B P8 0 Joint Committee on Pow-der
Diffraction Standards—International Centre for Diffrac-
tion Data, JCPDS—ICDD)#ifii [¥] 45 i L &4 X S £k
AT FRUEEE I (Powder Diffraction File) b X%H((200),
(220), (222)F1(422)1 B4 )21, 75 31| A5 1l 1R g A 56 2 37
T E, SEOFIREEE SEM [RERE BT BoR, 133
=& D& Si, 40 2.0%, K (TMSi);P 4
fift Je A D& Si YU B CdsP, &1 AR . AE(RFTIE
P FALEE, RIS A oK ok A Cu M JB
B A S HERR ), TR Z . S s
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B (HRTEM) 1] LAY 28 7 21 7= W JURL N 30 1) s 4
D5 A US55 20 B v LA 11 DR e e B v A 6 ]
(FFT, B o)tk A ), FRATTHI iz b 4452 & 3007 dh
AW CdsP,. BT Tes IS 1 E]#E 0.26 5 0.15 nm
I3 2K J& T L 3L T CdsP, [ (400)F1(444) iy 1 [A) #E.

h T G ROV BERE ) CdsPy T UG5

120

60

Intensity (cps)

0

R 2, FRATIAE S50 v ] e A=A I ), SR FH A
B 5 AR B — S S ), 2 s SO i 5 SO
ek B 10 T RAVE R, YRV AE AR
(120°C), RMNIFE/NT 1 min, WIBOERET7E 450 nm
AT — AN, RIS CdaP, Ik I #% AE il, {H
N RIS, Abs WRSCED ) K 3 5 M 8l 1

..‘.'
YL AR T Y

-'....
' "4e e
» 8

B9 HUESEA R CdP, HKEH XRD Elif(a) % HRTEM [ K ()

PL,s (nm)

24h
1h

30 min
20 min
9 min
5.5 min
3 min

1 min
(a) 10s
600 900
Wavelength (nm)

ﬁ
2 &5 3
3 2 2
=1 3 =
PL,. (nm)

800 1200

Wavelength (nm)

0.50
720
S
680 4 L
10.25 ;
640 s
600 4 b
{ ). 0.00

4min  9min 20min 1h175h24h
3 min 5.5 min 12 min 33 min
Reaction time

1240 0.50
u

1200 4

s

I
1160 - 1025 =

— —o —a §

1120 ;
1080 i 0.00

30 s 1 min 2.5 min 5 min 7 min 10 min 35 min

Reaction time

B 10 AFEHEE(2)120°C, (0)180°C, AR 5 8 [a) (Aef 1o J I o () i 23 B8 BT AR 2 1K) CdaP, BT IR R LR R K
R R TOPO ARG B, (b)55 (d)RFE LR AE T A St A2 9 PL WA B K 2L 1 55 (FWHM) F 224
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RAMT G N R, BER A — DK (2 h),
R B e 24455 BA AE 670 nm, X5V [f) PL &4 T 735 nm,
S, SIS R EEREA 45%. A KR,
PL 04 55 (FWHM) WA B W (AR 58, 30 RH R I [A]
IR, X TR R R RIAR AT A R Btk
Frp, ek ok Sy 5 PL WAL, ] DL F)
Stokes {8, 45U F WAL I FEH, Stokes M 0.4 eV 4%
5 0.2 eV. M RNAE 150°C I, HH)I PL W5k A0
820 nm, FfiZE I 8] (HERE (35 min), PL & GIENIZ0
RITLLANX I, [RIFEERATR R B FWHM A XK 142
. 7 BB ZLAMX IR N KOG CdsP, B 1 AL,
AR ) B e ) e L . S R R e . PRI
T3V ] & 63 K 1 CdsP, 7 £, AT TEM %
JLFATILEE, B 11(a)~(c) 7 A4 T 460, 8005 1325

E
=
g
—
o
(a) -— = - - 10s
r T - T - - - - T
300 600 900
Wavelength (nm)
./\\0—0—0- 35 min
10 min
7.0 min .
£
=
5.0 min x
_JE
2.5 min &
1.5 min
1.0 min
(c) - - _l- 30 ls

T T T’
800 1200 1600

Wavelength (nm)

nm 1] 3 ML) TEM K. & 11(a)/ CdsPyfiEE M
I TEM B, A0 B H s A 30 n] DR 7 1R ROk,
M TEM Ft R AN, BATTHIWA FE A7 7,
It CdsPy BEIE R N 1ZAE TEM WSR2 T 1
800 nm A OGHIAEM Y, BT IR AT WAk £, T
1325 nm K6 HIFE & U RT3 B (7 B 9K Rk, BEA2
7E 8 nm iy, KPR B Rk 1 RTS PL Sm KOG
IR BEEAER, 375 Brus AaUTHE 45 R L™,
SRR EH B A, T IR, FRATHEN Xie 45
NRRWEIGIAT TER, MAER 11d)F, RH
=AW AE R T . Brus T TR A R R
SN 0.05 my, 257X BT 0.5 met.

h TR R R R EUR RO, TR
WS T RCAR R IR, sEg6 b EECR A T Lewis

0.50
720
680 <
25 2
0. =
s
640 - o
600 -
b
(')|r|'|'|'|-|-|'r'|-|-0.00
3 min 5.5 min 12min 33 min 1h 24h
4 min 9min 20min 1.75h
Reaction time
1240 0.50
1200
s
A
i =
1160 0.25 =
S
(T8
1120 A
d
1080 (), — — T 0.00

30s 1min 25min 5min 7 min 10 min 35min

Reaction time

B 11 AFEKEE K (a)PL 460 nm; (b) 800 nm; () 1325 nm ] Cd;P, B F A TEM &; (d) £ PL &5 CdP, BT 512 M
EE, BFEHENTRLERS Peng 2R AR Brus FIEHHE LR
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B, SRS RS R AREE Cd* B I
FHCAEF S R0 5 T i B i e 28, thig 17 =
FEBE(TOP), =T AR (TBP), WZ(OLA)Y = 4%
(TEAYXS PL P R 5% 0. PL S AR K 12(a)45 . LA
TBP AR CdsP, & T A1) PL 3R B8, KW
Cd;P, 45 & BEBIE, R KRR 1) TEA AT
PRI, 120°C [ W= 3E A b4 & CdsP, “BEVEHRT%”,
76 PL i ERIUHSRFIM 460 nm KOGl KA
OLA NSRRI FIN, MBS MR FI&HE &
& CdsP, HEBRNHE ML, EidEERR T IMA
AN[E R OLA, 111 0~2 mL [#) OLA, Bl OLA: Cd=
0~5 Py ¥y =t (W LU AE, v LASEELA 800 2] 1100 nm &
. BL TOP b ARfR 3 R 0 2R AL IR &
K 12(c)% HEANTA TOP i A\ 5% PL G i 11 5 ) 52
fHIE, B2 WA TOP &% PL #1654 & 21 |
TEHT, PRIRAE VAR R Fin N TOP )& A Bl i
OA 1] 2 fi.

322 ERAIEA R CdsPr 21 54

AR SV R A WO AR A0 K A AR HATR
KA, BN T4 1 CdsPy B F AT — AT TR
Rk i, B FrAE IR POy R A 0 . A (AT AL
EY), Bl = AL RERE LR, X Led T 4h K 2 E
T, Wi WA B, S, 185568
FRAK G, DG, X PG s o LA S I RREAL. 1K
A JE A FRATI R 5 kg BReANY B Oy 22 4 PR Wi SR A FH DL e
CdsP, 4K, X Weller () TAELIRATT B =M,
AR PHs SBASAT CA™ I, SR B 1)

PH, 523 T CdsPy % ZnsPy 42K di 2 1. AEABAT T 1 Bk 1
SO RO R 2. A EEMWESTR I, B
SO A, T ST P 2 R R 2 6, FRATR S
AIFRET b s A TR AR N, B AE AR
(R IR 8 () v ol s Y0P N PH S04, T I MO
AR R IR ST, AT LASEIL CdyPy KA R, T
SN BE R e, BT LA ) 4 o AR R, PLORJECE
IR WEFUR, XM vE5Ebr FAE YT P aT R4 R
TEAS TR I O S48 BRIk & b R ) TR A4 T L
SERIRIR AR T LURAR I LR A &5, BT A8 A IR
AT DA fo b s At T v o s A, A i P A
P IR AR L(80~250°C). — Ak, KHZ 2
NI IS R RS 2 R R 7 40 1 ¥ /50 129901 7 A
LIS, BATEE RIS, LR 2 KR
PH; SR IE N\ R 55%/ODE /A R, FT15 3] CdsP, & 1 51
RS HAR AT, PHy ARG K/ K g 5 R Vil
S5 3 ) R 5 2= ) (0 T3 RSE L AR VR LA A R
Cds;P, = F i, ML T Weller & Gaponik %5 A K H
IKAHA B 7 72104 1050032 R A i (~250°C)
HEAT I, B A B =Wy 4 it BEAR If, DRI G 5 A+
TEEFE NS S AL B8. BT A (0 PH, Sk
+ Ca;P,, /[‘H Hﬁiﬁ‘?ﬂ;(TMSibP, ,ﬂ\:ﬁl\i‘%f&%, % Fiz
. ALk, 734k, PH; IR R S P2/ T (TMS1)5P, B
i A 73 S50 B AR N B B N 3 PR (g o, TR T 2
SCELPE R ST RS R E . B 13 A T UL PHs 5 4
Bk AT P % o i e v BT 1S 2 1K) CdsPy 71 £ Abs, PL,
PLE %K % TEM M. RUIG =9 ) s AT T
A AR B 1) CdsPy 902K f.

(b)

4 M -

2M

OLA=0,1,2mL

(c)

TOP=0, 3,5, 7 mL

T 1 T
600 800 1000 600

Wavelength (nm)

N 1
800 1000 600 900
Wavelength (nm)

T T T T

1200 1500
Wavelength (nm)

B 12 (aARFBEKIEEEPFIN CdP, BT A K PL EW; (b) OLA FIIMAEST Abs & PL R M; (c) TOP KT =N}
Abs & PL % 5z m o4
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4 M

PL (a.u.)

2M A

400 600 800

Wavelength (nm)

200

18

0.0

Abs (a.u.)

B 13 LA PH; 5 Z.BE A EA457E m i T8 21K CdsP, BT A0 Abs, PL, PLE(a)i& B & TEM [ J(b)

3.3 ZnsP, JK AR

ZnsPy K AHEL ZnsPy 4 AR A AR £ 08
W B AR R 4. DR R A
BT s LA R A S S SR URRE T,
Bl Bl P O R, RS AN E VLY, S S
PP RIS Kb ol 3 R N /5 (RN SR A e M1 Sl
FIR, A ZnP, AR RG22 00171381 g 4
InP/ZnsP,"*%, Mg/ZniP,"*, ZnsPy/ZnSe 'Y, TTO/
ZnsP," 2 ZnO/Zns P, 8 (R4l ZnsP, BT M
BHOA ARER D>, BESIHT R 3 FE1 R
KM L O’ Brien 58 AR H TOPO 5 4- £ JEMEIE g ¥
A, R MeZn 5 IE T UM B b &
HP-(Bu'), XURTIRAR A BT ZngPy 40K 5. 45 T Wl
i Je e 0. M Reiss 25 A\ ALk InP &1
SR TTAE R FRATHT T DG TA B CdsP, T £ TAE,
TEG L ZnsPy K S IIE R, FATTER A PH; b
BT TH R ZnaPy G0KA 2R, s2id, B
FEAR (CA(Bo) % # T JG/K JC4K) ODE Hr, R 518N
PH; S, A0 Ny, ROV ERETHIZE 100°C BLA.
14a) 5 O)E T ZnsPy 442K 5 A [A] ORI
ANTA] s N ISFA] ) PL 3% 1. 1B 14(c) A& ZngP, Po0FE
[ =i % TEM B, BB T4, ZnsP, 0K R SFFE S nm
ki, TR MR, IR e P s, e
T ZniPy P AR X H AT (SAED)
R F=PIRORh 2 f, XN EDS 43 MR W =4k
Zn, P, O R HFZICHE, 75l 22.1%, 7.0%, 70.9%
JRFEep]. b ZnP 290 3:1, B8 O & E 4K, B
PR ZnO. T NTT ZnO A& AR S5 DU T
ZnsP, i, Ak, A HRTEM 4 XRD 4 Hr A g ek
ZnO MA74E. TEM M FE 4 H T EDS XX A

T RETRG oA, A RERW] Zn:P Oy 45:17, K]
Zn FHXFT P RAsE RIS 2, o] DLHEWT AT 0 19
Zn 5 O 5 ZnO. FAIANGE 2 ZnO I e
DAL Ay S50 sk B e T Zn BT YRAA Zn(Bu), #5840 18 BT
WJE ZnsPy YK S AE 7> B VRS R vl A A 45 2
{E N E A HFRIE T, ZnsP, 90K S 7E 2SS P AR
S, BWIHERME A Zno 24P SeFRiE
B ZnsPy 492K i, Yeshchenko FIJJT] Na-X A3 FLiE
MR, 5 840°C I8 ik A AH VA A Wb A AL IE v AR Rk
ZnsPy, FWEST T HOG2EME G, XA 2.2 &4,
ANFFEEIAR.

3.4 CdzAs; KA K

I M Turner 75 /X318 CdsAs, A7 JEH & 107
TR, CdiAs, diiADR CdsAs, N EARMES
MR A 22 T AR, HEER H AT, CdsAs,
BT EMAREE G CP, 2R 2. T
WEETTA N CdsAsy AK A, B L IHRIE S Fojtik
2 N 2LLE IR ARV P LS i 1 B A Ay 37 741 15 sk 1
FH(B3x107* M, pH=11.5), Cd(ClO4),(2x10™* M)A Cd
W, UL HsAs ATHRYE, 76 N, FREEH, Gl MY,
H 4 H CdsAs, K. OV Cd:As 1T LE Dy 2:1,
SONVISFTA] 10 min, KNV Z5HE, FRT HAs W3E IS
BRI 7 30T CABR 25 R BEZE bR LA, £33
CdsAs, 252K Ak, 1753 HaAs ALl 40%. CdsAs,
PR A, FERAMT RGN Ratta——a AL,
Kl 154 T CdsAs, 40K i A Kk #E Abs #il PL
2K, B CdsAs, fE Abs & EEILH!
300 nm WAL, %W ) PL IEYE 560, 660 nm A —
AN W, Bl A S N IS TR) (R 48K, Abs IR IE 5 PL R
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IM

(a) — T=25°C
— T=60°C
— T=80°C
2M A
:- I
w
= |
o Second harmony
1M A
0 . . iﬁﬁ

600 800 1000

Wavelength (nm)

Abs (a.u.)

Counts

—t=1h
—t=2h
—t=8h

] ®

nL harmony
/

500.0 k A

0.0 T At
600 800 1000
Wavelength (nm)
C
1kA
Cu Cu
O Cu
Zn
P Zn
04 I\
0.0 50k 10.0k
Energe (eV)

Bl 14 Zn,P, B K PL FER MR (a) 5 R MR TE] (D) 9ZZAL; (c) ZnsP, BT AU TEM FE A ()3T TEM K Zn,P, BE %
7 ¥T(EDS)

WEIRALT G T MRS Bl), R IIANK S T fE G n. Tl
A HiAs 5 Cd i, OV, IR GRS S
CdsAs, K EE AEILLAMA R, B Fre R agik s
10%. e Bawendi HEZHHRIE T CdsAs, 5
SRR A ARG & i, AR T ViR S =
IR FE B LA ((TMS1);As) A T RAK, 7E 130~175°C %
PR, 433 M 530~2000 nm P Bt R GIK) CdsAs, BT
a, AR LS ORGP AR 20%~60%, 4N
15(b), ()74 T S . ik it oo Bl ks R A K 1)
Abs 5 PL 3. CdsAs, 2 Bt LAk i85 ] <) (2~5 nm),
A% SEEE A 530 nm £ 2000 nm X — ) FE 13 B Fl A
KA, JRESR BT H KR Bohr -42(~45 nm)FIEE )3
RTH BT, =0.016 mo, my,'=0.12 m,). &iH—4
P, ZHEA BRI TS CdP, LB %,
RITEARAEL 130°C 44 R132) B 15()4H T CdsAs,
“BEILRRI) Abs 5 PL OGS, HR ek Kl
530 nm, {AEDKIE, 5 CdPBIEHIE AL, W
HAE Abs 5 PL OGIE I TEA LARALL, (H CdsAs, &
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R K T TR T 70 nm, L, ST CdsP,
55 CdsAsy eI (R FATI A AR K I 2 ).

ALY AL 58 G 8 PEY) CdosAsy) A HRIA.
CdyeAsyy ST T VAL -FA B T2, A CdAs, k4
BE AR T A B, Burian 25 R T X S 2k
SHBARRIFLT CdasAsys IS, JERIH AFM B
T CdasAsyy AOKFRLE. AATRIVEEZ LA 1 nm
BENGER B TCAFAE T CdpeAsyy K, X5 26 B
SEIRRBEA LR I Cd-As #BIE U LA 4544,
1M LA 2 et 2 A P 1.

3.5 -V RERYOK A BT TR B SS

BRI, TV 2 SARGUK Al T A e )
R, 22 45 1 H AT T -V RGK S 04 BT
gh, JEEE W R ERDEEE L, BTy A CdsPy,
Zn;P,, CdsAs,, ZnsAs, 5 ZnsN,. FiTih K 45k 1
MLCEYE), QUK (—4E), Gk TR 4R, L&
JI ) SR A AR A 45 ) TR = HE K
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2400 1800 1200

0.2
D B
C c
F 3 3
3 1 1\B S a
% 0.1 = P
o o =
) ’ A J\/
(b)
200 400 600 800 1000 05 1.0 1.5 2.0 25 3.0
Wavelength (nm) Energy (eV)
Wavelength (nm)
2400 1800 1200 600
1 1 | Abs
PL
3
o
|
o
(c) (d)
I I I T T T T
0.5 10 1.5 2.0 300 400 500 600 700
Energy (eV) Wavelength (nm)

B 15 (a) Fojtik & A\ RAKMHEFEBHIE G BARR T CdiAs, 40K Abs A1 PL 3 B (A)FFHI¥HE; BYEKAEIA 1 h;
(C)4: KB E] 4 4 h; (D)4 K BFTE] K 1 K52 B (b), ()4 52 Bawendi 2 A\ R E I CdsAs, 41K BEARF R~ (2~5 nm) FTR I
I Abs 5 PL Jtih; (d)2 Cd:As,“BE¥: A 1K Abs 5 PL i E!""

4 Hit5REY

B2, IV R SFEREE ST G T AL 2,
HILGR A A IIRT T 46 T 20 THE0 80 R4, 2 N
KA 2R B e AT LI R0 15 1, 0 oK dh 1) 450
JE b5 ROS) 389 59 2 (¥ 7 1) 2 ol vl 2 A o 4 T 9 4% 077 T
B2 TARK A B, (AN AEAR A T E WA K
fRERE. B M Bawendi 58 NKW] T #WESHE, -V iK%
ZHR T 1R A JREE 3 W T e SO 5 A8 R I T S
KB BTl H S5 B LTI 2 RO £
MNATRE LIRS v o f e v B g4 g, BISCEL T
MBS 20 A0 Be A 280 T, OB O R
CdsP, 4K IR AL B I T W AT 5. X
-V R A SR B, TG IE 20 B 1 S S & B
IHENHER R ZH, A RE M e A ik i
o7 U5 S5 7 T R T L i RE R (HH T I
BT R T AN BE AR R R IR, XA ) R

AAFAE TG ek B, A FH el Rl (R A A

X CdsPy 9K B AR K RETT 0], 2N A&
JSC L R S0 7 SR TR R ) 20K N —
WK REH R, & CRAT EAREH I A0K 5 265 4
Bl itz s it A 7 RS N B
Hbr gt — D 775, RRig P Bk 58
AR LL AN BT RL, RIS £ 5 CdsP, 5 i 4L
FHMFENE. RGPS B R, CdsP,y AN
Kb s Rl . LED 5 2EM 58 6hric & 8
PR BRI R EH. X T ZnsPy G0K s, 30
P55 B O 28 U IR G B e T R AT S, R
Zn3Py AR S AR A AT FH R E e ) R 3 )
ML EE -, Hir, RAEREEHT) ZnP, 2
Ko AR TEICAR D, 0) T Hofth -V &1 5SS G s,
U CdsAsy, ZnsAs,, ZnsN, 55 5 4 T 7t 1R & 1 42 15 7
WrHxHZH, BEIHA, WMANH Hg (1 1I-V
A OGS R RGE. Ak, TV &
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K2 IVERBPKRESRITE. SRR RABAH MG

g FaN D WAREA N AR T RICPK SCHR
. b2 b R 20 B MR 4 Jm A
47 H N
CdsP, Z &M AL 500°C 411 F i j [103]
0S{Cd[P(SlMe3)2]2}2+4MCOH
CdsP, —“Cd(PH,),"— 1/3Cd+P,+4/3PH, [120]
A1 FLIE P I (CdP,), 769°C 1 769°C i )& RS A% Cdp,
DK B L (CdP,)s 5 (CdPy)s 590 nm, 670 nm [146]
MCM-41 fLIEH MCM-41-Cd** + PH; . .
CasP 41K R XRD BEU 26=42 ~460 nm [1471
CdsP, 57 54 [MeCdPtBu,]; ¥4/ ift d (226)=0.92 A 475 nm [123]
- [MeCd(PBut,)]; 5 [MeCd(u-PPh,)]5(HPPh,), .
5 = -
Cd;P, 1 51 2 TOPO 5 4- 7, KL 4 d (226)=0.92 A 475~650 nm [122]
Cd.P E[S AR TN )
BT [ Cd(OA),+TMSiP= Cd;P, d=29A,25A, Jt36A 458 nm PL R i1 [63]
% T=120°C
3LJ7 CdsPy
. LI 5 (TMSi):P  HiT AR ) =230
CdsP, 51 1 e o e ) d(220)=3.74 A 650~1200 nm [64]
ATEREA B CA(OA), 5i(TMS);P 4(222)=3.06 A
d(422)=2.16 A
- DL 55 5 (TMS1);P by 1 3K 441 )
CdsP, 2T 4 I VU5 dl & 450~1500 nm [65]
PH; 833, Ll Cd(ClO,), J Cd JK, .
CdiP2 SIS (R R P4 7 Not given 921
e IR HA+PH, A AT R e A4,
CdsP, BT 1 = LI R T, R ~675 nm L61]
Cdp, WOGTH R CdP, HE AT FLIE 887 nm, 786 nm [95]
TR - R AY 2 L S R 4k
CdsyAs,,. Cyg Asre Cd 5 As (99.999%)4% M4k 25 5t LU S v A3 3] S [91]
Cd(ClO4)2 + ASH3 = Cd3AS2,
Cd:As, AR R AR, pH=11.5 580~900 nm (45]
Cd;As, NCs O RE RS +(TMSI):As, HGE 5% a+BIRE YA T i & 530~2000 nm [150]
" ULRAR R K A JEURE, SR B 28 25 B8V A5
CdsAs: it CdyAs, Ak K IRAOIE [148]
ZnyP, HIK Me,Zn 5 HP'Bu, #/7fi# XRD %55 R IATfo] b 420~580 nm [56]
WL ZnsP, 44K ZnS 5 GaP #3 iRt VY77 i A& ~585 nm [138]
ZnsP, 4k Zn + InP, 22 SAHYUIF CVD U 770 nm [75]
Znp WA FLIE ) ZnP, 9K 5, 77 K FillsE H 557, 586, 622, 06
s 840°C ISR A1 669, 15727 nm % pLig O]
Zn.p, B Ll Zn(Et), and PH; 4 J5iK}, 12.8 K ~llsE i 757, 766, 776, [97]
s FH & BN CVD ik 786 nm (Yl E i 12.8 K)
WOAHAME A KA InAs(110) T FAE K o SN
ZnsAs, ZnAs, % L d(440)=43.3 AR [93]
b B 1305 nm (300 K);
ZnAs, ZnAs, SR EEAE L P2 E/'E'C 1290, 1200, 1185 nm (78 K);  [85]
I 1225, 1210, 1200 nm(4.2 K)
ZnsN, DL NH; 58484 410°C HEERN ZnsN, Cubic ¢=0.978 nm W Wi 4E ~380 nm [68]

G4 (AN k= 3 WD WS R E IR R i 2/ T
FELLTT AR N AT IR R R, G AR 45 ) 5 2
DN, KRR RO B,

-V RGOR AR AEAR M AR S5k Ao
FEBE B AR EAAERE SO B REFE 44 L 4577 T,
K B BEORIRAE .

138



RN BORRY 20124 #4272 M

2 ei)

%3k

AN W AW

10
11

12
13

14

15
16

17

18
19

20

21

22

23

24

25

26

{E# 7 5% B Alexander von Humboldt Foundation £ 4% Bj B 5 B B, % 2| -&-1E % If Alexander Eychmiiller 3%
K Stephen Hickey 18 4+ A 1 35 5 8 By, 7 bt A& = B!

Ekimov A I, Efros A L, Onushchenko A A. Quantum size effect in semiconductor microcrystals. Solid State Commun, 1985, 56: 921-924
Rossetti R, Nakahara S, Brus L E. Quantum size effects in the redox potentials, resonance raman-spectra, and electronic-spectra of CdS
crystallites in aqueous-solution. J Chem Phys, 1983, 79: 1086-1088

Reiss P, Rogach A L. Synthesis of Semiconductor Nanocrystals in Organic Solvents. Springer-Verlag: Wien, 2008

Brus L. Electronic wave functions in semiconductor clusters: Experiment and theory. J Phys Chem, 1986, 90: 2555-2560

Qu L H, Peng X G. Control of photoluminescence properties of CdSe nanocrystals in growth. ] Am Chem Soc, 2002, 124: 2049-2055
Bailey R E, Nie S M. Alloyed semiconductor quantum dots: Tuning the optical properties without changing the Particle Size. ] Am Chem
Soc, 2003, 125: 7100-7106

Kim S, Fisher B, Eisler H J, et al. Type-II quantum dots: CdTe/CdSe(Core/Shell) and CdSe/ZnTe(Core/Shell) heterostructures. ] Am Chem
Soc, 2003, 125: 11466-11467

Wehrenberg B L, Wang C J, Guyot-Sionnest P. Interband and intraband optical studies of PbSe colloidal quantum dots. J Phys Chem B,
2002, 106: 10634-10640

Zhong X H, Feng Y Y, Knoll W, et al. Alloyed Zn,Cd,.,S nanocrystals with highly narrow luminescence spectral width. J Am Chem Soc,
2003, 125: 13559-13563

Bruchez M P, Moronne M, Gin P, et al. Semiconductor nanocrystals as fluorescent biological labels. Science, 1998, 281: 2013-2016
Medintz I L, Uyeda H T, Goldman E R, et al. Quantum dot bioconjugates for imaging, labelling and sensing. Nature Mat, 2005, 4: 435—
446

Chan W C W, Nie S M. Quantum dot bioconjugates for ultrasensitive nonisotopic detection. Science, 1998, 281: 2016-2018

Colvin V L, Schlamp M C, Alivisatos A P. Light-emitting diodes made from cadmium selenide nanocrystals and a semiconducting polymer.
Nature, 1994, 370: 354-357

Dabousi B O, Bawendi M G, Onitsuka O, et al. Electroluminescence from CdSe quantum-dot/polymer composites. Appl Phys Lett, 1995,
66: 1316-1318

Alivisatos A P. Perspectives on the physical chemistry of semiconductor nanocrystals. J Phys Chem, 1996, 100: 13226-13239

Schaller R D, Klimov V 1. High efficiency carrier multiplication in PbSe nanocrystals: Implications for solar energy conversion. Phys Rev
Lett, 2004, 92: 186601-186602

Klimov V I, Mikhailovsky A A, Xu S, et al. Optical gain and stimulated emission in nanocrystal quantum dots. Science, 2000, 290:
314-317

Klimov V I, Ivanov S A, Nanda J, et al. Single-exciton optical gain in semiconductor nanocrystals. Nature, 2007, 447: 441-446

Klimov V I. Mechanisms for photogeneration and recombination of multiexcitons in semiconductor nanocrystals: Implications for lasing
and solar energy conversion. J Phys Chem B, 2006, 110: 16827-16845

Schlamp M C, Peng X, Alivisatos A P. Improved efficiencies in light emitting diodes made with CdSe(CdS) core/shell type nanocrystals
and a semiconducting polymer. J Appl Phys, 1997, 82: 5837-5842

Mattoussi H, Radzilowski L H, Dabbousi B O, et al. Electroluminescence from heterostructures of poly(phenylene vinylene) and inorganic
CdSe nanocrystals. J Appl Phys, 1998, 83: 7965-7974

Murray C B, Norris D J, Bawendi M G. Synthesis and characterization of nearly monodisperse CdE (E = sulfur, selenium, tellurium)
semiconductor nanocrystallites. ] Am Chem Soc, 1993, 115: 8706-8715

Talapin D V, Rogach A L, Kornowski A, et al. Highly luminescent monodisperse CdSe and CdSe/ZnS nanocrystals synthesized in a hexa-
decylamine-trioctylphosphine oxide-trioctylphosphine mixture. Nano Lett, 2001, 1: 207-211

Blackman B, Battaglia D M, Mishima T D, et al. Control of the morphology of complex semiconductor nanocrystals with a type II hetero-
junction, dots vs peanuts, by thermal cycling. Chem Mater, 2007, 19: 3815-3821

Peng Z A, Peng X. Nearly monodisperse and shape-controlled CdSe nanocrystals via alternative routes: Nucleation and growth. J Am
Chem Soc, 2002, 124: 3343-3353

Steigerwald M L, Alivisatos A P, Gibson J M, et al. Surface derivatization and isolation of semiconductor cluster molecules. J Am Chem

139



AT TUAE: TV R ARG (KT ST

27

28

29

30

31

32
33

34

35

36

37

38

39

40

41

42

43
44

45

46

47

48

49

50

51

52
53

54

140

Soc, 1988, 110: 3046-3050

Morello G, De Giorgi M, Kudera S, et al. Temperature and size dependence of nonradiative relaxation and exciton-phonon coupling in
colloidal CdTe quantum dots. J Phys Chem C, 2007, 111: 58465849

Yong K T, Sahoo Y, Swihart M T, et al. Shape control of CdS nanocrystals in one-pot synthesis. J Phys Chem C, 2007, 111: 2447-2458
Mici¢ O I, Curtis C J, Jones K M, et al. Synthesis and characterization of InP quantum dots. J Phys Chem, 1994, 98: 4966—-4969
Dimitrijevicnm N M, Rajh T, Ahrenkiel P, et al. Charge separation in heterostructures of InP nanocrystals with metal particles. J Phys
Chem B, 2005, 109: 18243-18429

Talapin D V, Rogach A L, Shevchenko E V, et al. Dynamic distribution of growth rates within the ensembles of colloidal II-VI and III-V
semiconductor nanocrystals as a factor governing their photoluminescence efficiency. J Am Chem Soc, 2002, 124: 5782-5790

Battaglia D, Peng X. Formation of high quality InP and InAs nanocrystals in a noncoordinating solvent. Nano Lett, 2002, 2: 1027-1030
Hines M A, Scholes G D. Colloidal PbS nanocrystals with size-tunable near-infrared emission: Observation of post-synthesis
self-narrowing of the particle size distribution. Adv Mater, 2003, 15: 1844-1849

Lin W, Fritz K, Guerin G, et al. Highly luminescent lead sulfide nanocrystals in organic solvents and water through ligand exchange with
poly(acrylic acid). Langmuir, 2008, 24: 8215-8219

Lee SM, Jun Y W, Cho S N. Single-crystalline star-shaped nanocrystals and their evolution: Programming the geometry of nano-building
blocks. J Am Chem Soc, 2002, 124: 11244-11245

Cademartiri L, Bertolotti J, Sapienza R, et al. Multigram scale, solventless, and diffusion-controlled route to highly monodisperse PbS
nanocrystals. J Phys Chem B, 2006, 110: 671-673

Abel K A, Shan J N, Boyer J C, et al. Highly photoluminescent PbS nanocrystals: The beneficial effects of trioctylphosphine. Chem Mater,
2008, 20: 3794-3796

Talapin D V, Murray C B. PbSe nanocrystal solids for n- and p-channel thin film field-effect transistors. Science, 2005, 310: 86-89
Alivisatos A P, Gu W W, Larabell C. Quantum dots as cellular orobes. Annu Rev Biomed Eng, 2005, 7: 55-76

Henglein A. Small-particle research-physicochemical properties of extremely small colloidal metal and semiconductor particles. Chem Rev,
1989, 89: 1861-1873

(a) Brus L E. Quantum crystallites and nonlinear optics. Appl Phys A, 1991, 53: 465-474 (b) Weller H. Colloidal semiconductor
Q-particles: Chemistry in the transition region between solid state and molecules. Angew Chem Int Ed, 1993, 32: 41-53

Malik M A, Afzaal M, O’Brien P. Precursor chemistry for main group elements in semiconducting materials. Chem Rev, 2010, 110:
4417-4446

Penner R M. Hybrid electrochemical/chemical synthesis of auantum dots. Acc Chem Soc, 2000, 33: 78-86

Grieve K, Mulvaney P, Grieser F. Synthesis and electronic properties of semiconductor nanoparticles/quantum dots. Curr Opin Colloid
Interface Sci, 2000, 5: 168-172

Weller H, Fojtik A, Henglein A. Photochemistry of semiconductor colloids size quantization effects in Q-cadmium arsenide. Chem Phys
Lett, 1985, 117: 485-488

Kietzmann R, Willig F, Weller H, et al. Picosecond time resolved electron injection from excited cresyl violet monomers and Cd;P,
quantum dots into TiO,. Mol Cryst Liq Cryst, 1991, 194: 169-180

(a) Dannhauser T, O’Neil M, Johansson K, et al. Photophysics of quantized colloidal semiconductors. Dramatic luminescence enhancement
by binding of simple amines. J Phys Chem, 1986, 90: 6074-6076 (b) O’Neil M, Marohn J, McLendon G. Dynamics of electron-hole pair
recombination in semiconductor clusters. J Phys Chem, 1990, 94: 4356-4363

Shen G Z, Chen D. One-dimensional nanostructures and devices of II-V group semiconductors. Nanoscale Res Lett, 2009, 4: 779-788
Caron L G, Aubin M J, Jay-Germ J P. Electron mobility in Cd;_,ZnxAs; alloys. Solid State Commun, 1977, 23: 493-498

Neve J, Bouwens C, Bloin F. Shubnikov-de Haas effect in (Cd,_,Mn,);As, alloys. Solid State Commun, 1981, 31: 27-30

Hwang D M, Schwarz S A, Mei P, et al. Conversion of InP/Ings;Gag47As superlattices to Zn;P,/In;_,Ga,As and Zn;P»/Zn;As, superlattices
by Zn diffusion. Appl Phys Lett, 1989, 54: 1160-1165

Turner W J, Fischler A S, Reese W E. Electrical and optical properties of the II-V compounds. J Appl Phys, 1961, 32: 2241-2145

(a) Nayak A, Rao D R. Electrical properties of electron-beam-evaporated Zn;P,-Cd;P, alloy films. Mater Chem Phys, 1994, 37: 225-229 (b)
Nayak A, Rao D R. Photoluminescence spectra of Zn;P,-Cd;P; thin films. Appl Phys Lett, 1993, 63: 59-595

Sharma S B, Paliwal P, Kumar M. Electronic dielectric constant, energy gap and fractional ionic character of polyatomic binary compounds.
J Phys Chem Solids, 1990, 51: 35-39



RN BORRY 20124 #4272 M

55
56
57

58

59
60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

71
78

79
80
81
82

83
84

85

86

Misiewicz J, Jezierski K. Reflectivity, optical constants and interband transitions in Zn;P,. Solid State Comm, 1989, 70: 465-469

Green M, O’Brien P. A novel metalorganic route to nanocrystallites of zinc phosphide. Chem Mater, 2001, 13: 4500-4505

Khanna P K, Singh N, More P. Synthesis and band-gap photoluminescence from cadmium phosphide nano-particles. Curr Appl Phys, 2010,
10: 84-88

Radautsan S J, Arushanov E K, Nateprov A N, et al. The thermoelectric power of cadmium phosphide. Phys Status Solidi (a), 1974, 25:
K57-K60

Lin-Chung P. Energy band structures of Cds;P, and ZnsP,. J Phys Status Solidi (b), 1971, 47: 33-39

Sieranski K, Szatkowski J, Misiewicz J. Semiempirical tight-binding band structure of II3V2 semiconductors: CdsP,, Zn;P,, Cd;As,, and
ZnzAs,. J Phys Rev B, 1994, 50: 7331-7337

Kornowski A, Eichberger R, Giersig M, et al. Preparation and photophysics of strongly luminescing Cds;P, quantum dots. J Phys Chem,
1996, 100: 12467-12471

Shen G Z, Bando Y, Golberg D. Synthesis and structures of high-quality single-crystalline I13-V2 semiconductors nanobelts. J Phys Chem
C, 2007, 111: 5044-5049

Wang R, Ratcliffe C I, Wu X, et al. Magic-sized Cd;P, II-V nanoparticles exhibiting bandgap photoemission. J Phys Chem C, 2009, 113:
17979-17982

Miao S D, Hickey S G, Rellinghaus B, et al. Synthesis and characterization of cadmium phosphide quantum dots emitting in the visible red
to near-infrared. J Am Chem Soc, 2010, 132: 5613-5615

Xie R G, Zhang J X, Zhao F, et al. Synthesis of monodisperse, highly emissive, and size-tunable Cd;P, nanocrystals. Chem Mater, 2010, 22:
3820-3822

(a) Wyeth N C, Catalano A. Spectral response measurements of minority-carrier diffusion length in Zn;P,. J Appl Phys, 1979, 50:
1403-1404 (b) Munoz V, Decroix D, Chevy A, et al. Optical properties of zinc phosphide. J Appl Phys, 1986, 60: 3282-3284

(a) Pawlikowski J M, Misiewicz J, Mirowska N. Direct and indirect optical transitions in Zn;P,. J Phys Chem Solids, 1979, 40: 1027-1033
(b) Fagen E A. Optical properties of Zn;P,. J Appl Phys, 1979, 50: 6505-6515

Kuriyama K, Takahashi Y, Sunohara F. Optical band gap of Zn;N, films. Phys Rev B, 1993, 48: 2781-2782

Fagen E A. Optical properties of Zns;P,. J Appl Phys, 1979, 50: 6505-6515

Satya Kishore M V V M, Varadaraju U V. Electrochemical reaction of lithium with Zn;P,. J Power Sources, 2005, 144: 204-207

Yang R S, Chueh Y L, Morber J R, et al. Single-crystalline branched zinc phosphide nanostructures: Synthesis, properties, and optoelec-
tronic devices. Nano Lett, 2007, 7: 269-275

Kakishita K, Aihara K, Suda T. Zinc phosphide epitaxial growth by photo-MOCVD. Appl Surf Sci, 1994, 80: 281-286

Misiewicz J, Bryja L, Jezierski K, et al. Zn;P,-a new material for optoelectronic devices. Microelectron J, 1994, 25: R18-R22
Sathyamoorthy R, Sharmila C, Sudhagar P, et al. Electrical conduction in zinc phosphide thin films. Mater Charact, 2007, 58: 730-734
Liu C, Dai L, You L P, et al. Synthesis of high quality p-type Zn;P, nanowires and their application in MISFETs. J Mater Chem, 2008, 18:
3912-3914

Moss T S. Relationship between the refractive index and the infra-red threshold of sensitivity for photoconductors. Proc Phys Soc B, 1950,
63: 167-176

Turner W J, Fischler A S, Reese W E. Electrical and optical properties of the [I-V compounds. J Appl Phys, 1961, 32: 2241-2245
Dubowski J, Norman P, Sewell P B, et al. Cadmium arsenide films prepared by pulsed laser evaporation: Electrical proerties and lattice
parameters. Thin Solid Films, 1987, 14: L51-L54

Matsunami H, Tanaka T. Cd;As; thin film magnetoresistor. Japan J Appl Phys, 1971, 10: 600-603

Matsunami H, Iwami M, Asano K, et al. Preparation of a high mobility thin film of Cd;As,. Japan J Appl Phys, 1968, 7: 444-445
Landolt-Bornstern. Numerical data and functional relationships in science and technology, new series, Vol 17, Springer, Berlin, 1983
Fojtik A, Weller H, Henglein A. Photochemistry of semiconductor colloids size quantization effects in Q-cadmium arsenide. Chem Phys
Lett, 1985, 120: 552-554

Huldt L, Nilsson N G, Sundstrom B O, et al. Photoluminescence of zinc phosphide-Zn;P,. Phys Stat Sol (a),1979, 53: K15-K18

Turner W J, Fishchler A S, Reese W E. Physical properties of several II-V semiconductors. Phys Rev, 1961, 121: 759-767

Marenkin S F, Pishchikov D I, Leont’eva V A, et al. Luminescence at impurity centers in zinc diarsenide. J Appl Spectrosc, 1992, 57:
869-872

Chelluri B, Chang T Y, Ourmazd A, et al. Molecular beam epitaxial growth of the II-V semiconductor compound Zn;As,. Appl Phys Lett,

141



AT TUAE: TV R ARG (KT ST

87
88

89

90
91

92

93

94
95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111
112

113

142

1986, 49: 1665-1667

Shen G Z, Bando Y, Ye C H, et al. Single-crystal nanotubes of II3-V2 semiconductors. Angew Chem Int Ed, 2006, 45: 7568-7572

Shen G Z, Chen P C, Bando Y, et al. Bicrystalline Zn;P, and Cd;P, nanobelts and their electronic transport properties. Chem Mater, 2008,
20: 7319-7323

Omari M, Kouklin N, Lu G, et al. Fabrication of Cd;As, nanowires by direct vapor—solid growth, and their infrared absorption properties.
Nanotech, 2008, 9: 105301-105304

Brus L. Electronic wave functions in semiconductor clusters: Experiment and theory. J Phys Chem, 1986, 90: 2555-2560

Burian A, Lecante P, Mosset A, et al. Differential anomalous X-ray scattering studies of amorphous Cds¢Ass; and Cd,s As74. J Non-Cryst
Solids, 1997, 212: 23-39

Baral S, Fojtik A, Weller H, et al. Photochemistry and radiation chemistry of colloidal semiconductors, intermediates of the oxidation of
extremely small particles of cadmium sulfide, zinc sulfide, and tricadmium diphosphide and size quantization effects (a pulse radiolysis
study). J Am Chem Soc, 1986, 108: 375-378

Sudhakar S, Baskar K. Liquid phase epitaxial growth of Zn;As, and the effect of 100 MeV Ni’* ion irradiation. J Cryst Growth, 2009, 311:
798-801

Rao D R, Nayak A. Preparation and characterization of Cd;P, thin films. J Appl Phys, 1993, 74: 214-218

Yeshchenko O A, Dmitruk I M, Koryakov S V, et al. Optical spectra and structure of CdP, nanoclusters fabricated by incorporation into
zeolite and laser ablation. J Phys Chem B, 2005, 109: 20215-20219

Yeshchenko O A, Dmitruk I M, Koryakov S V, et al. Optical study of ZnP, nanoparticles in zeolite Na-X. Solid State Commun, 2005, 133:
109-112

Suda T, Kakishita K. Epitaxial growth of zinc phosphide. J Appl Phys, 1992, 71: 3039-3041

Huldt L, Nilsson N G, Sundstrom B O, et al. Photoluminescence of zinc phosphide-Zn;P,. Phys Stat Sol (a), 1979, 53: K15-K18

Chestnoy N, Harris T D, Hull R, et al. Luminescence and photophysics of CdS semiconductor clusters: The nature of the emitting elec-
tronic state. J Phys Chem, 1986, 90: 3393-3399

Efros A L, Rosen M, Kuno M, et al. Band-edge exciton in quantum dots of semiconductors with a degenerate valence band: Dark and
bright exciton states. Phys Rev B: Condens Matter, 1996, 54: 4843-4856

Schlegel G, Bohnenberger J, Potapova I, et al. Fluorescence decay time of single semiconductor nanocrystals. Phys Rev Lett, 2002, 88:
137401-13403

Nirmal M, Norris D J, Kuno M, et al. Observation of the dark exciton in CdSe quantum dots. Phys Rev Lett, 1995, 75: 3728-3731

Haacke G, Castellion G A. Preparation and semiconducting properties of Cds;P,. J Appl Phys, 1964, 35: 2484-2487

Gaponik N, Talapin D V, Rogach A L, et al. Thiol-capping of CdTe nanocrystals: An alternative to organometallic synthetic routes. J Phys
Chem B, 2002, 106: 7177-7185

Shavel A, Gaponik N, Eychmiiller A. Electrochemical observation of the photoinduced formation of alloyed ZnSe(S) nanocrystals. J Phys
Chem B, 2006, 110: 1928019284 (b) AR4HF, BIHZ, Michael H U, 4. 1Z-7245H) CdSe/ZnS &1 /S K14« BREEAS M B I 2 bk
fik. PEFRE 6%, 2010, 40: 1496-1502

Vossmeyer T, Katsikas L, Giersig M, et al. CdS nanoclusters: Synthesis, characterization, size dependent oscillator strength, temperature
shift of the excitonic transition energy, and reversible absorbance shift. J Phys Chem, 1994, 98: 7665-7673

Rogach A L, Kornowski A, Gao M Y, et al. Synthesis and characterization of a size series of extremely small thiol-stabilized CdSe
nanocrystals. J Phys Chem B, 1999, 103: 3065-3069

Rogach A L, Franzl F, Klar T A, et al. Aqueous synthesis of thiol-capped CdTe nanocrystals: State-of-the-art. J Phys Chem C, 2007, 111:
14628-14637

Rogach A, Kershaw S, Burt M, et al. Colloidally prepared HgTe nanocrystals with strong room-temperature infrared luminescence. Adv
Mater, 1999, 11: 552-555

Sun S, Murray C B, Weller D, et al. Monodisperse FePt nanoparticles and ferromagnetic FePt nanocrystal superlattices. Science, 2000, 287:
1989-1992

Park J, An K, Hwang Y, et al. Ultra-large-scale syntheses of monodisperse nanocrystals. Nat Mater, 2004, 3: 891-895

Shevchenko E V, Talapin D V, Schnablegger H, et al. Study of nucleation and growth in the organometallic synthesis of magnetic alloy
nanocrystals: The role of nucleation rate in size control of CoPt; nanocrystals. ] Am Chem Soc, 2003, 125: 9090-9091

Steigerwald M L, Sprinkle C R. Organometallic synthesis of II-VI semiconductors. 1. Formation and decomposition of bis (organotelluro)



RN BORRY 20124 #4272 M

114

115

116
117

118

119

120

121

122

123

124

125

126
127

128

129

130

131

132

133

134

135

136

137

138

mercury and bis (organotelluro) cadmium compounds. J Am Chem Soc, 1987, 109: 7200-7201

Brennan J G, Segrist T, Carroll P J, et al. The preparation of large semiconductor clusters via the pyrolysis of a molecular precursor. ] Am
Chem Soc, 1989, 111: 4141-4143

Steigerwald M L, Alivisatos A P, Gibson J M, et al. Surface derivatization and isolation of semiconductor cluster molecules. J Am Chem
Soc, 1988, 110: 3046-3050

Hoffmann H, Ebert G. Surfactants, micelles and fascinating phenomena. Angew Chem Int Ed, 1988, 27: 902-912

Brennan J G, Segrist T, Carroll P J, et al. The preparation of large semiconductor clusters via the pyrolysis of a molecular precursor. J] Am
Chem Soc, 1989, 111: 4141-4143

Brennan G, Siegrist T, Carroll P J, et al. The preparation of large semiconductor clusters via the pyrolysis of a molecular precursor. Chem
Mater, 1990, 2: 403-409

Burian A, Coratger R, Mosset A. Observation of CdysAs74 and Zns,Pes by atomic force microscopy. Thin Solid Films, 1997, 303: 143—
145

Goel S C, Chang M Y, Buhro W E. Synthesis of homoleptic silylphosphido complexes (M[P(SiMe;),][.mu.-P(SiMes),]),, where M = zinc
and cadmium, and their use in metalloorganic routes to Cd;P, and MGeP,. J] Am Chem Soc, 1990, 112: 5636-5637

Matchett M A, Viano A M, Adolphi N L, et al. Sol-gel-like route to crystalline cadmium phosphide nanoclusters. Chem Mater, 1992, 4:
508-511

Green M, O’Brien P. The synthesis of cadmium phosphide nanoparticles using cadmium diorganophosphide precursors. J Mater Chem,
1999, 9: 243-247

Green M, O’Brien P. A novel synthesis of cadmium phosphide nanoparticles using the single-source precursor [MeCdPtBu,];. Adv Mater,
1998, 10: 527-528

Bartl M, Siy H, Jacqueline T. Low-temperature Synthesis of Colloidal Nanocrystals. International Patent, Application No.:
PCT/US2010/021226

Benac B L, Cowly A H, Jones R A, et al. Potential precursors to electronic materials: Three coordinate cadmium in [MeCd(.mu.
-tert-Bu,P)]s, the first cadmium diorganophosphide. J Am Chem Soc, 1989, 111: 49864988

Buehler E, Wernick J H, Shay J L. The CdP,-Sn system and some properties of CdSnP, crystals. Mater Res Bull, 1971, 6: 303-309
Radautsan S J, Arushanov E K, Nateprov A N, et al. The thermoelectric power of cadmium phosphide. Phys Status Solidi (a), 1974, 25:
K57-K60

Pickett N L, O’Brien P. Syntheses of semiconductor nanoparticles using single-molecular precursors. The Chemical Record, 2001, 1:
467-479

Li L, Protiere M, Reiss P. Economic synthesis of high quality InP nanocrystals using calcium phosphide as the phosphorus precursor.
Chem Mater, 2008, 20: 2621-2623

Peng X, Wickham J, Alivisatos A P. Kinetics of II-VI and III-V colloidal semiconductor nanocrystal growth: "Focusing" of size distribu-
tions. J Am Chem Soc, 1998, 120: 5343-5344

Fuke S, Imai T, Kawasaki K, et al. Substrate effect on the deposition of Zn;P, thin films prepared by a hot-wall method. J Appl Phys, 1989,
65: 564-566

Weber A, Sutter P, von Kaenel H. Optical, electrical, and photoelectrical properties of sputtered thin amorphous Zn;P, films. J Appl Phys,
1994, 75: 7448-7455

Sathyamoorthy R, Sharmila C, Natarajan K, et al. Influence of annealing on structural and optical properties of Zn;P, thin films. Mater
Char, 2007, 58: 745-749

Li F M, Hsieh G W, Dalal S, et al. Zinc oxide nanostructures and high electron mobility nanocomposite thin film transistors. IEEE Trans
Electron Devices, 2008, 55: 3001-3011

Soliman M, Kashyout A B, Osman M, et al. Electrochemical deposition of Zn;P, thin film semiconductors on tin oxide substrates. Renew
Energy, 2005, 30: 18191829

Bao HF, Cui X Q, Li C M, et al. Photoswitchable semiconductor bismuth sulfide (Bi,S;) nanowires and their self-supported nanowire ar-
rays. J Phys Chem C, 2007, 111: 12279-12283

Shen G Z, Ye C H, Golberg D. High symmetry ZnS hepta- and tetrapods composed of assembled ZnS nanowire arrays. Appl Phys Lett,
2007, 90: 073115

Shen G Z, Bando Y, Hu J Q, et al. Single-crystalline trumpetlike zinc phosphide nanostructures. Appl Phys Lett, 2006, 88: 143105.1-3

143



AT TUAE: TV R ARG (KT ST

139  Park M H, Wang L C, Cheng J Y, et al. Low resistance Zn;P,/InP heterostructure Ohmic contact to p-InP. J Appl Phys Lett, 1996, 68:
952-955

140 Hava S. Polycrystalline Zns;P, Schottky photodiode: Vacuum surface effects. J Appl Phys, 1995, 78: 2808-2810

141 Kakishita K, Aihara K, Suda T. Zn;P, photovoltaic film growth for Zn;P,/ZnSe solar cell. Sol Energy Mater, 1994, 35: 333-340

142 Suda T. Zinc phosphide thin films grown by plasma assisted vapor phase deposition. J Crystal Growth, 1990, 99: 625-629

143 Nayar P S, Catalano A. Zinc phosphide-zinc oxide heterojunction solar cells. Appl Phys Lett, 1981, 39: 105-107

144  Buhro W E. Metallo-organic routes to phosphide semiconductor. Polyhedron, 1994, 13: 1131-1148

145 Nayar P S. Properties of zinc phosphide/zinc oxide heterojunctions. J Appl Phys, 1982, 53: 1069-1075

146 Yeshchenko O A, Dmitruk I M, Koryakov S V, et al. Fabrication, study of optical properties and structure of most stable (CdP,), nano-
clusters. Physica E, 2005, 30: 25-30

147 Zhao X G, ShiJ L, Hu B, et al. Confinement of Cd;P, nanoparticles inside ordered pore channels in mesoporous silica. J] Mater Chem, 2003,
13: 399-403

148 Din M, Gould R D. Field-lowering carrier excitation in cadmium arsenide thin films. Thin Solid Films, 1999, 340: 28-32

149 Miao S D, Waurisch C, Lesnyak V, et al. Cheap-price and large-scale synthesis of cadmium phosphide quantum dots from ex-situ produced
PH;. Angew Chem Int Ed, 2011, Submitted to

150 Harris D K, Allen P M, Han H S, et al. Synthesis of cadmium arsenide quantum dots luminescent in the infrared. ] Am Chem Soc, 2011,
133: 4676-4679

144



