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Fabrication of Ultrathin fiims of CdTe Quantum Dots by Electrostatic
Self-assembly Method

LIU Ming-Xian, SUN Ying, GAN Li-Hua, WANG Jing-Hong,

XU Zi-Jie, CHEN Long-Wu
(Department of Chemistry, Tongji University, Shanghai 200092, China)

Abstract: Negatively charged and monodisperse CdTe quantum dots (QDs) with average size of
about 5nm were synthesized in aqueous solution using 3-mercaptopropionic acid as stabilizing reagent.
Through the electrostatic interactions among the negative surface charges on CdTe QDs, the cationic
groups of poly(diallyldimethylammonium chloride) (PDDA) and the anionic groups of poly(sodium 4-
styrene-sulfonate) (PSS), ultrathin multilayer of CdTe QDs were fabricated on the pretreated quartz
substrate by layer-by-layer electrostatic self-assembly method. UV-Vis spectra, photoluminescence spec-
tra, XPS and AFM were used to characterize the ultrathin films. The results show that there is a linear
relationship between the adsorption and the layer numbers of the thin films, indicating that the resultant
nanofilms have good quality. The ultrathin films are flatly deposited on the quartz surface with some
aggregates of CdTe QDs on it. The stability and quality of the films can be improved by the introduction
of polyelectrolyte multilayers of PDDA /PSS/PDDA between two adjacent layers of CdTe QDs on the
substrate. The prepared ultrathin films of CdTe QDs show good photoluminescence property.
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Bf CdTe A& n BIA p BIBM S E XA, WHEHHH
SRR BER THTIHESRGT, ClTe BT
HAXERRERESEEEYMESY, BEEL
W LEBE. EVEBRRENRIHAEH
R RIRTE 0 EBEENE, B TR
MHRABEERESHEERT S ERAE MK
HERNKRE TR ELIRENERFRLZ
—, B, BRICKEMHEREAARTRCE AN
B, EYERSETE b - EENTRIR
51 (%, Decher %48 H A S AR R EFRENRT
EHEEREE., REFHE. BEFESML, T
KA SIS FARRBER LR EE
EEHG, LHHEBEERN S PR LR RE
TR ThEEdL, &2 B AT E B 98 K M S A 80
Bz — U018 SRy, HATLAERR H A% FEH&
TR Fa0k R, @8 e RN LAdE—
EREMBES T, BEE -BAKET, Ri5 AW
HEINBREMZSR. HTREBRRENER (YN
0.5nm) T/ F KK FHR < (— K 2~20nm),
AL BH LA T /  BRBRESRHT
AR AN TR T2 RA —BHE T (3
PR T) BRIz, XEHRAE G258
AT J2 49 KR T4 TN J2 PIRL T[] B9 B BR T 2 R
HEFETEERXE, AHEYRREATE. &
BERERBERAGTHURAKRE FEREBRES
(R kS BRI, A TEUSEHRBR AREER,
FEKAHER T REH A B CdTe & T4, &
FCdTe R F R EHBEFREMRRE - HRIE_H
B 4% (PDDA) UKRAE FREBERE LA
BEER AN (PSS) Z MRS EIER, ERLEEH
AEEFFOELIZEHEI AR ERE TR
HE &R BT E PDDA/PSS/PDDA ¥ ### CdTe
BT EAOREME, FRYOEE. UV-Vis, XPS,
AFM Z iR F B 3T P88 CdTe 49k M E#T T
RIE.

2 xRHH

2.1 SLRHE
CdCly-5/2H,0 , NaBHy , Wi (Te) ¥ 520 #r
i, FEEZ (BH) LEBAEANERAR. HE
R (MPA), B M NE W E A (L% (PDDA, &
B4 20%, 34> T8 200, 000~350, 000), B3k Z,
HIEBR Y (PSS, k&8 30%. F¥4r T & 70, 000),
SATAE, Aldrich; AR ER, REFPEEE

Boad; LWAKAEdK.
2.2 CdTe BFRHHE

CdTe &-F & 89 % 2 BC|R (14] AL, Bk
H TN BREEMA RSB+,
FH, RVERAKKBREH, MEHESOHELER
R A RS ROV 4~5h SRR I 2, TR A
HEMNMBRATE. ¥ EZER S BB NaHTe
Y. A3 CdCly(1.25% 103 mol L) MI# E R IR
AVEWH pH (EZE 8.0~82(L 1mol-L~! #y A E L8
W), eSS IS H S84 NaHTe %
W, HF, CdCl, . NaHTe fl MPA =& # 4 K
Mtz HHh 2.0:1.048 ARRFRZETHREBERE
100°C E i # /bt Bl iS5 2] CdTe & FHIB K.

2.3 CdTe B Fq K HEN &

FETE TR I B R B O [10] #EAT AR S AE
HEEFE B, BN, xT&H. PDDA M
D65 B H A 0.0kmol LT AW (DA B4 5T), FF
B o HUHEBIAE 6, CdTe  F B pH
EWIHE 6. LR AKEER KA PDDA B2
# 15min, A AMBEERK, N kT RERK
WA BEE BN PSS IR B 15min, 548K i
e, No KT ZEEEARER B PDDA BH
IR 15min, FAKMEE, No RF; XHEEFLTE
%% jy #1535 PDDA/PSS/PDDA 5 B ## 5
EeR BERREEARBRBREAENAER
B FEH AR CdTe & T A /KBKRHR
i 15min, FAEKMKYE, No KT, HBI %R
fB— 24 & PDDA/PSS/PDDA /CdTe iy & T 5 /
REBFRAKESHEE EEULYN REBRE
R -CdTe B 75> HERE, A RBHEEH
iy CdTe BF S A KHAE.

2.4 H#RTRT

¥ &5t 4 (TEM, JEM-1230 &, H & JEOL
A FE) WM CdTe EF S8R FR/NSES; @
AL AT & CdTe B M RE B (Zetasizer
Nano S90 &, HE Malvern 22 7]); LLES - AT W,
A E i (UV-Vis, Agilent 8453 &, % [H Agilent
BLHE A F]) M4 6B it (PL, LS55 A, %
PerkinElmer 2\ @) 4347 CdTe 44 H FE ) % 4 - 7]
R TR ST, FIRE X FHELE TR
(XPS, PHI-5400 &I, 2 PerkinElmer 2\ &]) 447 B
REHENERERALERS, EARTHER
& (AFM, CSPM-2000W A, HEAEAF) FHF#

JERTE CdTe B F S8 2 AR EL.
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3 GRFITR

3.1 CdTe B¥RRAXSHEBEY

B 1 ABr#BA CdTe & 7400 TEM B j7.
HE 1A UES, FFH &M CdTe &1 S 6 T H
R, AAKMETEERFMNSBYE, BFEMETK
INEE RS, FE AR YN snm. B 2 & CdTe & T
MEKERE R, NE 2B, FrilBe CdTe
BEFHEMEERE. XEHTRESBHRAR
ERBRENREN, BEEAE CTe B FAMARE
AR T 8 CAS(H 2), 7§ CdTe R F S EA—
TEW | R4, BRI L CdTe K8 T
it —HK K. B—FHE, BFHEARNEER
B CdTe & T R REH AEM, Zeta BAL LN
B ¢ HBEYH 15mV, B CdTe BHA M 2= 4
RMEER AT UE—ERE LRG0k 7 | H
RIEH, ARTFHXRNTHSH B, XHHE
FHEBHERRRHERT CdTe & S 78
FIg . thoh, MR SCE [16] Branly “x gk,
VAZ AT 6G fE4R1ES NS Bl B8y CdTe &-F
HEREFEERAE 50% K E.
3.2 CdTe B¥ Ak UV-Vis 83L& 56 E

B 3 & CdTe B T s /K By 2 5b - 7] IR UK

L St LTS BT L.
B 1 CdTe #&F ##) TEM BJ)5
Fig. 1 TEM image of CdTe quantum dots
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Fig. 2 Photograph of hydrosols of CdTe quantum

dot and its schematic structure
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Fig. 3 UV-Vis absorption spectra and photolumines-
cence spectra of CdTe QDs before and after aging for
60d

e TR B IR CdTe B F AL - T
UK M A R 450nm 04T BE B A IR . H K
AN AR L, RAh - TR E=E B E R,
ZREBRTANE FREXNSIERY, EXWEH
BHEF SRR/, X R TEM SR # 45 R4
A WAh, ESRBOER BRI E CdTe &
%ﬁ%ﬁ%ﬁ#ﬁﬁﬁ@,lm5%%ﬁﬁﬁ%$
. CdTe B FEMKAERFBEREXREFEK R
530nm, VERIJRHE, HEFBE (45 40nm), R
g CdTe & FH A A RFH LB WE
60d J5#Y CdTe B F A KRS ENNERER
A, ORISR R o B R B B, X
HA BT il BB CdTe BT R ST E.
3.3 CdTe gk HEEL) UV-Vis IR ki

B4 ZESHEE AR FEHEBHNARZH
fy CdTe BT & 90K MR £ 5 - 7T IR WO,
MWHE 4 PR RLEH, 244 502 BRI ey, #
FEEA0 22 A1 - T D0 R e 4 0 B O R O, T TR
REMEEBEARER IR, mEX#E
FE 450nm WK MMM E S AR BREAZL
HRFR (LEFHERE), X~ RREKHA LR
RyY:, BEREW RABEAL CdTe BT S MHH
TR EM#F PDDA U KA TR EMBK PSS Z[H
MEEAEER, EARERRERHETEERE
R R REM A CdTe gk, wi H A5 #BE+d
F—2 L CdTe & T HWBER NS, HERE
B
3.4 CdTe AKX E & HEL XPS 454k

B X HEIEBTREST G CdTe T HH
KREBEHESRHABUERS, FrBERWE 5 i
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Fig. 4 UV-Vis absorption spectra of CdTe ultrathin
films with different layers, the inset shows the linear
relationship between the absorption and the layer num-
bers of CdTe thin films at 450nm

S
A
o
-’ o/
A S
o @
- o &= &
- S Qo )
= e & o
< moS 4
= oC '8 b= »
P Bieg T | &
B ) f li @)
2 W |‘ ]1
E 1 \
\ % 3
| o e
e Y j_: (@)
—d AR
600 450 300 150 0

Binding energy/eV
B 5 CdTe BFAHKMABY XPS %A
Fig. 5 XPS spectrum of the CdTe QDs deposited on

the quartz substrate

A, WE S FR[LIEH CdTe fFELZ A Cd LEA
Te TEME T A EEFFIEM, W0 4125, 405.7,
582.6 #1 572.3eV F b I AL, 43 %KY F Cd3ds)s
Cd3ds;y . Tedds, Ml Tedds,, HIH T4 8. HIH
288.4eV b Cls L K 530eV &b Ols K CdTe £
FEREEEMN MPA 1§ C=0 @4 488, X
WEGH I —SIEA T EGEE A RE LT
MK EEFE CdTe B T AW HLE.
3.5 CdTe UXE S HEL AFM 447

B 6(a) BEAXRREALR 10 E CdTe B T 5
MAHEESH AFM By, HE6() ATUEH, #
BHRAMFEEREN —BERL K ILFL+40K
MIERY), X CdTe it 7 S EME LA £, HE
FERRKWIERDATREEL FERRE A% LIRS
CdTe BT HAARBERY. BFEBREEKR
HREIAAAB SRS R —HEHFEA.

K6 CdTe B+ H# KM WEREAM AFM B
(lpymx1ym)

Fig. 6 AFM images of the surface of CdTe/poly-
electrolyte multilayer films with a repeat unit of
PDDA-PSS-PDDA-CdTe (a) and PDDA-CdTe (b)

Tanaka S, BREMBES TEZKZRED ALY
SURARMERL: —EREBES TAEZMMIE
GEEEEDLCAERWREBED THES,

ZREHBRSTRA WS ERERET L
R HLf# 7 PDDA Ml PSS 7528 6 [ 7] B tH B b5k
L. Hk, IR MkEAHES, CdTe BT H
A EASEREEFT MM &EERNE
REBREEARNBARE. B, TRALHE
T AL ¥ T % « PDDA-CdTe-PDDA-CdTe »
CdTe BT R AKHE, Hf CdTe 7 HMEH
B4 10 &, B 6(b) HiZAKERE AFM B R

5F 6(a) M, B 6(b) FHERYHABREL, XFE
TR B HEHE S CdTe # F A EFERMEK. X
EHT/EEMMA CdTe MBS MM FHZE CdTe
BT EZEH%E—Z PDDA, i F PDDA (/ERE
BNF CdTe & T EMRT, HRTENEAEHE
BEHREATE G2 SEHANFHER] T AEE
HABHNATFHAZROERERFEE P RER
B, NTMTSHEEFAEERTATE. B2 HE
WA SR, Fr T8 B8R E R ER
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N, ERH—F CdTe B FEEEX T —BHE T
R A — R AL FELON F E E HERROY, B
IRFRE A CdTe & F 8 S E B, N
FEHEES CdTe & F i EF K. HobxLR+
BRI, IHBIMHKERY UV-Vis RBOLE
RS R R RS, HREEEA BN LT
REABEE, IRVFHBH CdTe HERBEREAR
B OMEARROESEEHAE R &EA
“ PDDA-PSS-PDDA-CdTe » 3 7 %5 # 8 1.y CdTe
PR, UV-Vis JEi M AFM 24745 R A& K 8
ZHERHTHSHRER CdTe B FEZFMBIAT
ENRERTZ, THRHMER CdTe BF H4K
RN R ER AR EE.
3.6 CdTe PXMEHIE A& HC#H

B 7RIIB CdTe B FRAKXRBERY KK
SOGIEE. AWE 7R DES, FFER CdTe T4
MAHEEEA RIFMROE R, RO R 54
WAL E S CdTe & F SRR STIEM AL EAM B
(L 3), XULBEAREF BT 08 CATe BT &
5REMEHAEEWRBREANLENE CdTe &
F R RIEERE, R F sk PDDA M PSS
Ae#m CdTe & F R R R IEHERE. WE 71E
AR, CdTe K BREN R & S 6 R R B
W& CdTe &t 7 AV 4 BB H A MR, RH
R CdTe & T 5 B H 2 HOK MR 530nm ¥
LR RGERHTRESHEBRRBELELRN
FZR (LEFHERE), Xt B sh—A 75 5 8 4 3C
Friil 5 CdTe HE+ & — 2K CdTe & HAH
BRI, HAERBERERR.
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Fig. 7 Photoluminescence spectra of CdTe ultrathin
films with different layers, the inset shows the lin-
ear relationship between the absorption and the layer
numbers of CdTe thin films at 530nm
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KA T B2HE, FHRBLAN 5nm 1
CdTe BT R. RABWBEEARTIE, EAEER
REFETZE ClTe BT ARBBRAKE S H
B B MEEL MBS BEREAER
H, Bl TRERE T FERRRE LAY T
i F3 CdTe B F SHFERIREAL. FiEH
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