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ZnSe/ZnS /L-CystzREHEFRIERS
RESCAREFE"

mEZE FEHET EEFR FE
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(FRIL R, WRM B R HEAR SR ERE A=, Z25  066004)
(2015410 A 16 HIH; 20154 11 A 16 BRI & 8H )

ZnSe T mU HLFREME BB 0 T A0 L 5 A RN N R AT 1 4 e B B R L. A A
ARG HHEHAR UL Raman BFFL T AN R BI04 L- 2R (L-Cys) NECAARAZ 7454 ZnSe
BT ARG 5 RIDGREE. 2R, B o-BO0REFE R ZnSe &7 AR K402 0] WIS
B A J o AR R R TR AR R . G A B K A 350550 nm T8 ] PO T RE B4 K EE 0 T AR R DGR
BN, AN F T o5 S RT3 300 SRS AR B, TR IESE T 675 5 R DGR N 2 R BE B B AN K R, 5K
K38 N ZnSe BT £UE 300350 nm J5 9% X 38 H B 75 45 5 HIE 1120, 1340 11455 cm ™ w40 X 38 H B
Raman ¢ S5 L-Cys HIZ 5 TR E V1Mo, S 45 HR M, B [FIRIR L PR, ZnSe &7 55 10T

PRIARA Jol N 3, SR AE R it (R 3 T RO AN RS 2882 (R [R5 8 T i A% 52 454 ZinSe &1 s (R

LS/ ES

KR ZnSe BT AL, #5CEH, OGS, R R

PACS: 81.05.Dz, 73.21.La, 78.20.nb, 73.50.Pz
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TR /D WARTE. A% 8 BIHE AW N J7 T XS T
IS B R KA R AR 2R T A T A A ) 22 A PR )
BOR, RATRHA 7 /KA E BUE IS T 1) L~ e
I (L-Cysteine, L-Cys) {E AR % ZnSe QDs;
ZiE0UA 5RIDCRER, BLABOE Raman ik,
X BT 375 5 E - S G e R A e T AR T
WG, T8 1 AS[R] ERTHR FE 2& A T il %% ZnSe &
T R B BREE R S R DR A e, DA ARRR S
BRIT T BUR) s ARSI R

2 SEIER A
2.1 HmilE

HART73:8: 1) Se AR I % ¥ 15 mL K &1
K38 Ny B4 15 min, IIABE/REE 1 2 3 ) Se A3
NaBHy, fELANR T ML 2 h, A&HEBAT
EIEHPIR; 2) Zo BRI, KRR 1.5 1)
ZnCly F1 LB B I N 2 60 mL 255 77K H, &
N — B A R) &, BV N 2 mol-L—! 1Y) NaOH ¥ ¥t
T pHAE 22 11, 18 No FR%( 30 min, S ERNL
EIEAR; 3) ZnSe QDs I 5%, K il 2% 4 1Y
Se HTABIN Zn Wi fAh, 75 TEE A T R B30 min
J& ZMIB A 90 °C JF B3 3 h, #il1§ ZnSe QDs
WS 4) ZnSe QDs ¥ K 1l £, 156 £ 4T 1) ZnSe
QDs BN [F) S5 A AR 1) P B 3 AT DU, B8 —
BU Al Jg FIARFREE N1 - 3HEB KR K 2 BE
TR O UTUE AT Pk s 25O Ab 3 =0, ¥ AR
80 °CHHIE T14 8 h J5 RI1§ ZnSe QDs #rAK. SZ36 fir
R38R o A4l

2.2 {HLEHIFRAE

FIH H A H# 2 D /max-2500/PC % X 5} 28 A7
S (XRD) AR WU 5 14T 40 A R &R BE (R SR A
Cu#, 0.1540598 nm N X HT 26y K, FAFTEH N
10°—90°, FH4# E 4°-min~', & HJE 40 kV, H
20 mA); fOW TSR 4 A R FH H AR L A R P
JEOL-2010 B 3% &} #1743 Be, & 7E 200 kV i
T R AT, E S EEL (TEM) 15 20 8E & 00 7
BAKLAR K /N, 15 5> B 1% 31 L 8 (HRTEM) 43 2
R it EA) it TR BB ) R A% 5 28, DA FL AT S AR A
(SAED) &I & 43 A1 F: i X6 7 1 s D >R FH 48 [ 7=
Bruker EQUINOX55 % {8 B AR 4 21 4h 1% (FT-
IR) A AT 57 1A 2 AN 55 460, ) P PR A e A7 5 1)

A AT/ A S AR (A LSS B
YL [E Renishaw A 472K In Via 2% Raman
6V A (BOR PR 514 nm, R THE A 20 mW)
SR il P 3 R G AL AT — B R AE BT,

2.3 REXE REXBEIEMAHFSRE
SR EIERYE

M S5 = 5 A3 2 DhReE G Ao
HEAT 6 (photoacoustic spectroscopy, PAS).
10 O HL R 1 (surface photovoltaic spectroscopy,
SPS). 3% S K H Yt H K (external field induced
surface photovoltaic spectroscopy, EFISPS) | &.
R 2% B 7 7 B B SPS, PAS A it (1 ¥ 4 5 #4 I
K1 (a)—(d) sl

Monochromator .:} Chopper_]
s S

Sample
Xenon lamp chamber

[ Data acquisition system]<—[ Lock-in amplifier]

(2)

Quartz glasg ! .
Lock-in | ' — :DC electric
amplifier ! -T- :fleld
Contact ' '
. — . | !
as(air !
gas(air) / ||
Housing
Sample”] (steel)
powders 7

ITO quartz glass
(b)

Modulated light
5 ——> Preamplifier
Quartz glass

b
Housing - Microphone
(steel) ~
Sample
Contact " powders
gas(air) N | ’

(d)
1 (MTIRE) (a) H4L%E SPS R PAS &l % /- & &,
(b) SPS FEfhih; (c) #hish; (d) PAS FEfhits
Fig. 1. (color online) (a) Schematic diagram of SPS and

PAS measurement setup; (b) the sample cell of SPS; (c)
external D.C. electric field; (d) the sample cell of PAS.
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K1 (a) AR EDERAE AR R G = K,
HITUAT B E A BT« B it AT ELTBOR 25 B
JROR 2R FNEHE R R G k. B 1 (b) AH T E
't AN AR it S5 A ), i s R A P D'
A LA RS BRE R L, 6 RS S L BUTBOR
SN R G B () AAMINER R
B EREM TR ITO BUE NS 7. E1(d)
G A R P FR A, TR AR RE U A ' R A R
b, B AR RO IR B P A O R A S T
BEIBORERBOR, R )5 i AU S )5, S A\ B
LISEESS

2.3.1 R E AN R E

R G RSS2 B T4 ot R A — iR R i I [
A (fg) A BIH: A BE 5 R T 4 N AR I+ (B4R
Tn b By 1] AR A4 ) B B 5| RS ) — FR 51 I 7
M. Rosencwaig A Gersho $i& Hi 0775 2 15 14 P14
(RG Hig) P KRG HIE R T % R AW R 6%
L= A LB, FF VR B T 5 iR A e Ak ) A
HOEFEES AN RIS RE. RGHEILsS H T
A S —4ER BE 3 () 7 ks R on 3, IR
ERH T X — IE IR RSNE AT AR EE S,
FRB 7R SLIR LA R B A5 . B2 2
IR H G I — iR 0. OB IR EAR
Nd, JERRE R AR D R A L, BT F
ATV IR R, s RN L Sk gy
BKEA L, B/ TEESREK. BRRER
i S T AR ARG, R U R E O
BN (em™h). R R i/ T A AR, R
55 IR GS IELT R e Th A & BT A A
M, B SRS s DR M BT, DU
ﬁiiﬁ?% [30,31]

le——

I :% Iy(1+coswt)

2mpg
L 1 1 | ]
—(l+1y) -1 0 g

B2 Jepm—g A B i w = 2nf AR £ ARE)
Fig. 2. One-dimensional model of PA cell 301 in which
w = 2nf is the modulated angular frequency of incident
light.

AT PA VG ROREIN, AERERE SR A i
D7t A [ N TG B — e RBURE A T s, R A R
BN 22 Hz RGBS 5 15095 S5 #F
A AR ARSI K, RIS SRE G RS T O
B R WO AR b AR 1 T A BRI A Ok B2
FARDE, X R TCHE S BRI I G AL A3 it S LA
SRAE I SRl T e A IR G, e g1k
P i R PR S P IR B0, IXFRAERT: i 5 AR 5
PR R IR A I A AR R, BUR AR S IR
i R S AN, 2wl B BOR A8 AN BUAR T
REACFERBDEHEE S, A8 AR rDa 6
T 20 A [RS8 25 1 1 B RR O P O 1 K
—A b E1R .

2.3.2 SPS#=EFISPS 42| 7 32

SP'S RSz J5L 3 A5 SCHR P AR IE B2, R
I, dh U 7 S O R DG R (L1 (b)), 3
kS I 26 A 20 5 PAS AL AR 3206, 72
e i -2 OW AR B 37 T 2 B R
Haa A AR, e AR AR DG AR R .

EFISPV 1 & 78 Il & 3% 1f 06 v I A I 3 H 1
BRI RTH N — BRI (B 1 (c) ). fE4H
WIPERIY, 2 I K 5 A R A B, T T
T B Z]. 3K B B BT 19 i B A
RG], B 1] B AT XA R EHT 0 A, AT
S S ORI S R AR AL A SO TN i 7 L 375
R CRAON, 32 2R AR 5 1) EFISPV
PERIWTAT R 3 LR,

3 ERIWWE
3.1 FrmiERST R

K3 (a) 45 th 7 ANR B FE (80 °C, 85 °C,
90 °C, 95 °C, 100 °C, 105 °C) %1 N f 1 XRD
B, B3 (b) 25t 7R i i~ 2R A% B8 [ i i
ARG 2, FerbFE S RSP B RA% B Scherrer 243X
THEAR 2. R HYAH S BT 84 MDI Jade 5.0 4347
153 75 A ZnSe B 5 (1 & A4 25 14 3 J8 T N B0 A
77 ih &R, FIAEEA F-43m/(216). IR EAFEM
AT SR U T N R it 1T 43 00 (111), (220), (311),
1K = ATV 1) 20 FHXT T ZnSe brifE < (PDF#88-
2345) AT ST IE G T NMm . BL90 CCHE RN
B, b3k = A T P20 {8 & T A EE (nm) 43 5
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N: 27.200, 0.33101; 45.993, 0.19974; #153.690,
0.17047. ZnSe bR+ =A™ &b 11 (1) 20 {8« & 18 7]
P (nm) 235 27.219, 0.32736; 45.194, 0.20047;
53.560, 0.17096. ZnSri#fE-R (PDF#77-2100) H1iX
=N TH ) 20 {8 SR TEEEE (nm) 23514 28.530,
0.31261; 47.454, 0.19143; 56.307, 0.16325.90 °C ¥
a FRT (111 10 A0 /) A BE G Bl /Mm%, IX AR 1] g
H T A7 7E ZnSe QDs K1 1) L-Cys 1 1157 3 5 B
Jr ol L. 1M (220), (311) & A K BB MM,
BT 1) ZnS 5 4 1Sl #2, X 7T B8 2 BT 6L 78 7E ZnSe
QDs K [ [ L-Cys H B S0 HE K 5 7 42 S2—, 4k
S2~ 5 ZnSe QDs 3 [ f) Zn?+ 25 o 33 47 i o7 B 42
JE R ZnS FrEx.

SR HE R TN
|
: : g I2‘8 \/
1 E|
| Q126 /
| | |
| (2.4}
(220) | | | 80 85 90 95 100103
| | T/C
\,‘ 1 (311)
| | |
2 UM\\)\, |
§ ! A'\L\w\v ) 105 °C
% ! ' 100 °C
<
= I ’\\A_ I
= |
g \M'U ! w
K \)/'UM | 90 °C
| L\'\}\‘_ |
| I
i i [
| | | ZnSe (ZB)
| | I [
‘ ! : ZnS (ZB)
" 1 { " N 1 " 1
20 40 60 80
20/

)

B3 (MFRE) (a) AR B S T i % ZnSe
QDs i1 XRD; (b) B i3 S0 B ] e A A,
Fig. 3. (color online) (a) XRD patterns of the ZnSe
QDs prepared at different reflux temperatures; (b) the
change curve of the mean grain size of prepared ZnSe

QDs with reflux temperature.

M3 (b) AT LAE 2, Bl 80 ©C B A i
FSF AR AR /s (2.4 nm), [FHATRE M 100 ©C I ##
fh (T R B K (3.0 nm). 1 EL, RE 5 1T Ak
A5 o [ 3 T P 8 e AR K 3

Bl 425 H T 45 90 °C [\ IR # % ZnSe QDs
) TEM, HRTEM, SAED K%, HFE 4 (a) AT & H,
il 73 1) ZnSe QDs I B4 2 L 55 M0 U 1) [ BR B, ~F

BIRAZ 28 3 nm, BT JF KT XRD i H 45 R
K4 (b) A ZnSe QDs ) SAED [, nJ LB B F H
JIT i R b J8 T 22 A =R 5 ER B A 1 A 43l
xR ZnSe QDs 1) (111), (220), (311) =/ d4TH, 7]
FZRE S N INEER 450, 5 XRD 70 45 5K — B
K 4 (c) N ZnSe QDs I HRTEM &, A L& 21|37 i
) df kg 25 20, AR T A EE 2974 0.3318 nm, X5 XRD
B (111) & T E] B 0.3310 nm AHIE, Bl ZnSe QDs ¥
(111 it T L ) A% B B

(111)
(220)

® (311

0.3318 nm

4 (a) f£90 °C [Vt i BE 55 fF T ] % ZnSe QDs K
TEM; (b) SAED; (¢) HRTEM

Fig. 4. TEM(a), SAED(b), and HRTEM(c) of the
ZnSe QDs prepared at the reflux temperature of 90 °C.

525 T AN [E] BRI R 1 4% ZnSe QDs LA
Je 2l L-Cys FI7E 90 °C [Bl i T il % ZnS [ FT-
IRYGHERE. B 5P A N ASHE T EAR L-Cys K451
K. HJEINA, 3422 em™! A L-Cys ¥ 5 ] KBr
JE R ISR BT 51 RS A B 1S A7 6. 3415 cm ! Ab A&
B Ak Jot 56 B H O—H AT 4 418 3 0 (vo—nr); LA
L-Cys #2964 cm~! F11423 cm~! %f . ZnSe QDs
#2899 em ™! A11400 cm ™! I I, 4 oA
F 2L CHo 1 46 R 311 (von, ) 15 M 3R 30 (Ocm, ) U4,
X Ui B B AR 8 78 7E ZnSe QDs % 1fl; L-Cys
3181 cm~ ! F11586 cm~! 43 I N R R W11 4 T
A &5 O—H H44R3) (vo—u) WM C=0 M 4i ik
8 (vo=0) W&, TEHL7E I ZnSe QDs 0 I T2
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FR 5111602 em ! b R X IR AR IR BN (voo0-as) T
1400 em ™~ A AR 4E IR BN (vooo.s), X iE— B0
WE T AR BB AE ZnSe QDs K.

ZnS

Normalized intensity/arb. units

R R N S H U R RS B
500 1000 1500 2000 2500 3000 3500 4000

Wavenumber/cm~!
5  (PITIRE) AR B A4 Tl % DL L-Cys 3
RL AR B ZnSe QDs LA AE 90 ©C [ i FE T i1l & LA
L-Cys Alci& &1 ZnS M4l L-Cys ) FT-IR o
Fig. 5. (color online) FT-IR spectra of L-Cys-capped

ZnSe QDs prepared at different reflux temperatures,
L-Cys-capped ZnS prepared at the reflux temperature
of 90 °C, and the pure L-Cys.

: ﬁﬂﬁSL-Cys

K6 (MTIEE) ZnSe QDs 5t A4t R
Fig. 6. (color online) Schematic of the core-shell struc-

ture of prepared ZnSe QDs.

L-Cys 12552 em™! &b 2 S—H I f# 45 9k 3))
(vs—q) V&, T X BT BT i () ZnSe QDs HF S—H K
W S UG 35 O, B S—HL i LT 2, 76 A ) ZnSe

QDs i F2H L-Cys H IS B 5 R A Kt s 5
Zn?T JE B ALRL T 6L 78 T ZnSe QDs K M, T
ZnS 5 ZnSe [ & #% VG FC FE AR 3, 7K M 0 30 38 A
Zn?t EeALE R e, I HLBTHIA ZnSe QDs
FAEES 690 em ! A A AMFE— N5 ZnS M A
R T 25 b PR, FT-TR WA 1 ) 45 SR it —
HAFSE T ZnSe QDs 1 ZnS 72 /2 A4hE B AR L-Cys
(IAELE, BTG ZnSe QDs #% 3% a5t 1 & 6 .

3.2 PAS, SPS, EFISPS #1Raman ¥
A

3.2.1 PAS, SPS#= EFISPS %47

Blrey 7 A R R OE E % T,
ZnSe/ZnS/L-Cys #% 5% 45 ¥ & 1 5 1) PAS #1 SPS.
A DLE B, A [ EAR B AR S AN FE S PA
55 FEE P HILE WK 300350 nm F1 700—
800 nm YU [H . XFILE FIR A KA A, 1]
S RIRE S BN SOGRE BOR = AR A BT 3SR
XF, XA R TR b RO AR, 2 A
TofmPTRIE )7 oK e B AR f e, FFDLE A& R 3
(7 SRR e . 5 SCHR AR FE 2ol 2834 =36)
KEERE G 1) SPSTE IR AN VE Bl LA
RIMCARIE R, RIA =4 R TSGR R

BT BRI AR S )R T HLUE RS (SPV) i
LRI, B SPV i B 3 H ELAE 350—700 nm
JEFE . X B AE 1.77—3.54 eV Y8 Hl Y AN Bk
S0 15~ S NG 115550 25 e Rt 5/ = ) A1 ) s L e
IO Je FEAE 23 18] H AT DX P (19 43 B R HIOE 2. 15 B
M A B EEAS BT WL SETE L, RE G 3 ZnSe &1
mOERETRe R R TR DGR, JLH
FETEP KN 350550 nm YU N, PASS#T %,
WA R VAR IX — TG N, L&A o S ERIE
TR S E A BIR BN, AR TR R A A T
PR R AR RN . 5 -V A [F) 4% 58 45 749 1) He
fihy 5 25 R B 1280347361 ik .45 31 () ZnSe/ZnS /L-
Cys & Fe 4 M &1 mUEA 58 5872 1 6 AR e . 76 [
A S ORI R, ok, KE A FE e
550—700 nm 5 [l N B A R A SPV W B2 4b, [7]
I IR A7 TE — S5 55 1K) PA {5 5, BRTEIX AN I K V6
WIEFH R R T e AR R DGR, R
AER Sy BE R U A T A AR IR, LG LRSS
REUGIEY, REDERI RS s IR 3 F B
PR AFE R R BANE R, XF L RN
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ANFES SPS A1 PAS &I, 7E 95 °C Bl E T il
& % 58 45 K ZnSe T mUI R TG AR 0 B Bl A
B, JaFE S LG .

Bl 7 (a)—(f) 1 6 > #F & 1) SPS 7E 490, 550,
620 num 3T #S H AR T 85 5 1K R DGR R AR
I AR TL-VI R oAt A% 58 2045 0 & 1 S B 5%
gl QL (128 345T AT DAHE 8, AR SC AT 18 1 BL L-Cys
NHC RAE I AT 5T 45 M I ZnSe BT 45, 1X =
AN AR i I 06 4 1) 5 ZnSe 992K i (620 nm), ZnS
7t J2 (550 nm) FAL 7 75 i 4 )= L-2F Bt 20 R i 14
(490 nm) F6 A B T ) FEL AT A A% RO 1 R AT K.
5 7ZnSe, ZnS F L-Cys = F W) Ji 74 8 K} 1] 5% 2 7

Photon energy/eV
4.1 3.0 2.0

B L5 b R B, b3 7S AN B R E 620 nm 4k SPV
M) 7 g 18] s L ) (3 T Y6 AR e . s K Ak D) 7E A8
As bR BRI RAE T ANFEIRRE A I %, B
MR LG, ZnSe 992K & 1) AR A, X AT EE
S9N R} 1) 2 T 285 S AN ST SON %, IR Ak,
Xof EEAN [ [0 A0 M R A 7E 620 nm B (1) SPV i
W] U 5 5 7 R A W6 P R X B O B B (Rl I R
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Abstract

The study on photoelectronic characteristics of ZnSe quantum dots (QDs) is of significance for investigating its
microelectronic structure and expanding its potential applications because ZnSe QDs has low biologic toxicity. In the
present paper, the surface photovoltaic and photoacoustic technologies, and laser Raman, X-ray diffraction, transmission
electron microscopy and Foureier transform infrared spectroscopy spectrum are jointly used to probe the microstructures,
the photoacoustic and surface photovoltaic characteristics of L-Cysteine-capped ZnSe QDs prepared by water-phase
synthesis at different reflux temperatures. The results indicate that the ZnSe QDs with a mean grain size of about 3
nm has a core-shell ZnSe/ZnS/L-Cys structure, in which the sulfhydryl groups in ligand prefer reacting with Zn atom
at the (220) face to form the ZnS shell layer between the core-ZnSe and ligand L-Cys. The results show that the QDs
with n-type photovoltaic property display a wide range of surface photovoltaic response and weak photoacoustic signal
upon the illumination of near ultraviolet to visible light as compared with others QDs with similar core-shell structures
in II-VI group. Especially, the strong SPV response and the weak PA signal in a wavelength region of 350-550 nm imply
that the photon energies in the range are almost all used to produce the surface photovoltaic (SPV) phenomenon instead
of the thermal lattice vibration caused by non-radiative de-excitation process. This reveals the energy complementary
relationship between the photoacoustic and the surface photovoltaic phenomena of the QDs. The PA signals appearing
in a short wavelength range of 300-350 nm and the Raman peaks located in a high frequency ranges of 1120 cm™*,
1340 cm ™! and 1455 cm ™! are identified as relating closely to the multi-phonon vibration modes of ligand L-Cys. At low
reflux temperature, the photoelectric threshold of the SPV response that relates to the core-ZnSe displays a red shift to
a certain extent as compared with the bulk ZnSe. The narrowed bandgap may be attributed to quantum confinement
effect of the QDs. In addition, the intensity of the SPV response that relates to the core-ZnSe gradually increases with
the decrease of the reflux temperature. The results show that the above improved surface photovoltaic characteristics of

the QDs may benefit from the reduced average grain size of the ZnSe QDs, thus causing its surface and small-size effects.

Keywords: ZnSe QDs, core-shell structure, photoacoustic spectroscopy, surface photovoltaic spec-

troscopy
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