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Abstract; In this paper, we have investigated the initial interfacial electron transfer dynamics in butylamine-
capped CdSe quantum dot( QD) -sensitized nanocrystalline TiO, films by ultrafast spectroscopy. Different with
previous reports, the experiment results indicate that after surface modification of CdSe QDs, a two-phase
electron injection mechanism (‘hot and cold electron injection) is validated, namely, electrons transfer from
high vibration energy levels in conduction band and conduction band bottom of CdSe quantum dots into con-
duction band of TiO, , respectively. This mechanism depicts a picture on the detailed charge transfer processes
at the nano interfaces. We further find that the electron coupling strength (3.6 +0. 1 meV) of hot electron in-
jection is two orders of magnitude larger than that of relaxed ground-state electron injection, which gives a val-
ue of ~50 peV accompanied with reorganization energy 0. 083 eV on the basis of Marcus theory.
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(f) Emission spectra of BA capped-CdSe QDs with
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Fig.1 Steady-state absorption and emission spectra of three kinds of BA capped-CdSe QDs with the band edge absorption

peak at 522 nm, 555 nm, 575 nm, respectively. The curve 1 represents the QDs in solution and the curve 2 repre-

sents the QDs sensitized on TiO, nanocrystalline films
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Fig.2 Transient absorption spectra of three kinds of BA capped-CdSe QDs with the band edge absorption peak at 522 nm,
555 nm, 575 nm in solution (a), (b), (c¢) and those sensitized on TiO, nanocrystalline films (d), (e), (f)
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Fig.6 Normalized emission decay trace ( circle 1) for

three kinds of BA-capped CdSe QD with the

band edge absorption peak at 522 nm, 555 nm,

575 nm sensitized TiO, films are shown in (a),

(b), (c¢). The curve 2 represents the kinetic

fit by the model
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575 nm AR T REAIZERY CdSe & T S EUL Y TiO,
YA SRR A — 1k 1 2 & B R IR, 2k 2
RERF B R FE AT 00 3 ) 745 B e Y
CdSe T # AL I TiO, R AR 2 3 1o SCHk [ 18 ]
A AR 5T AR A BT 2 T AR 4 4L
HFE2), EixfR B ARE k(D)

ZERNREE NI EIE Kexp( -D/E,) k(D) =
E(0)exp( =2D/Ey) ™ R D IR & o A
(PHER 0,550 A) BT LLFRR R .

N.(1) = Ny [p(D)expl = K(D)e]d(D) . (1)

R2 EHAMBFENEREH

Tab.2 Driving force and electron jnjection rate constants

1S FLTHEGR/ eV AG/eV by /s ™! A/E,
CdSe 522 nm/TiO, -3.25 -0.75 1.72+ 0.02 1.5
CdSe 555 nm/TiO, -3.39 -0.61 1.59 + 0.02 1.5
CdSe 575 nm/TiO, -3.47 -0.53 1.37 = 0.03 1.5
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JATmAk, T

exp[w} , (2)
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p(E) = (BB, (3)
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Fig. 7 Measured cold electron injection rate for BA
capped CdSe QD sensitized TiO, nanocrystal-
line films and predicted ET rate as a function of

driving force under different reorganization en-

ergy

KIURLE A YR E AR — B
3 % #®

ARSI T e A CdSe 155
T TiO, 98K it IS L 7 V0 A B 5, A
AL BV F MK CdSe &F 8554 P s IR 3 BB R
FEEI TiO, A 45 | X I PR T 7 A5URT Tio, Hh i 1)
MR AERH., PG E[ES 3.6 =
0.1 meV,iX it 74 J5 A H TR E AT R, R



%53 IR, 45 T e 2 09 CdSe B ALY TiO, 2K b WA AL T e RS AL ) 437

WIOCHE R I35, 5. T Marcus HLIR, fEBEE  sUPEIE SOHE G, A SC S5 2% Nobuhiro Fuke
0.083 eV WUH A HE, WL FIEA MM G S AHETES PSS = B N =808
~50 peV, 5RO FRBMEES RS T AR

——Zd R EAR TIO, F AV T 5 CdSe 7T

SE 3k

(1]

(2]

[3]

(4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

PENG X G. Band Gap and Composition Engineering on a Nanocrystal (BCEN) in solution[ J]. Acc. Chem. Res. ,2010,
43.1387-1395.
YU W W,QU L H,PENG X G,et al.. Experimental determination of the extinction coefficient of CdTe, CdSe and CdS
nanocrystals[ J|. Chem. Mater. ,2003,15 ;2854-2860.
FRANCESCHETTI A, AN JM,ZUNGER A. Impact ionization can explain carrier multiplication in PbSe quantum dots[ J].
Nano Lett. ,2006,6:2191-2195.
HOH R R AT FORMICHY CdSe M/ 5T T RUAOGRY IR EYEL 1], A 54k ,2014,9:1051-1057.
CHEN X H, YUAN X,HUA J,et al.. Shell-dependent thermal stability of CdSe Core/Shell quantum dot photolumines-
cence[J]. Chin. J. Lumin. ,2014,9.:1051-1057. (in Chinese)
FH KT, F. CdSe/CdS/ZnS BT mOGLT A AT FEL )] K50 5 4% ,2013,7 :894-899.
LIQ Y,LIU L W,HU S Y,et al.. Gain study of CdSe/CdS/ZnS quantum dots doped fiber[ J]. Chin. J. Lumin. ,2013,
7:894-899. (in Chinese)
B, R R B, 5. CdSe fiE 7 1" TR UM ER K AR5 70 b AR [ )] &8 5 41,2015,36(3) :312-
316.
YANG K,CHEN L,ZHAO H,et al.. Construction of CdSe quantum dots “switch” and its application in pharmaceutical a-
nalysis[ J]. Chin. J. Lumin. ,2015,36(3) :312-316. (in Chinese)
AEY MR, TSR, F. CdSe T RUE L GBS & 5RAE[T]. KR FIR,2014,4.:437441.
ZHAO H K,YANG K,WANG Y L,et al.. Preparation and characterization of CdSe quantum dots bentonite composites
[J1. Chin. J. Lumin. ,2014,4.437-441. (in Chinese)
SAMBUR J B,NOVET T,PARKINSON B. A multipleexciton collection in a sensitized photovoltaic system[ J]. Science,
2010,330:63-66.
YU X Y,LIAOJ Y,SU C Y, et al. . Dynamic study of highly efficient CdS/CdSe quantum dot-sensitized solar cells fabrica-
ted by electrodeposition[ J]. ACS Nano,2011,5:9494-9500.
SANTRA P K,KAMAT P V. Mn-doped quantum dot sensitized solar cells;a strategy to boost efficiency over 5% [ J]. J.
Am. Chem. Soc. ,2012,134.2508-2511.
MCGUIRE J A,JOO J,KLIMOV V I,et al. . New aspects of carrier multiplication in semiconductornanocrystals[ J]. Acc.
Chem. Res. ,2008,41:1810-1819.
SCHALLER R D,SYKORA M,JEONG S, et al.. High-efficiency carrier multiplication and ultrafast charge separation in
semiconductor nanocrystals studied via time-resolved photoluminescence [ J]. J. Phys. Chem. B,2006,110;25332-
25338.
STEWART J T,PADILHA L A, QAZILBASH MM, et al.. Comparison of carrier multiplication yields in PbS and PbSe
nanocrystals ; the role of competing energy-loss processes[ J]. Nano Lett. ,2012,12.622-628.
YANG Y ,RODRIGUEZ-CORDOBA W, XIANG X, et al.. Strong electronic coupling and ulirafast electron transfer be-
tween PbS quantum dots and TiO, nanocrystalline films[ J]. Nano Lett. ,2012,12.303-309.
TVRDY K,FRANTSUZOV P A,KAMAT P V. Photoinduced electron transfer from semiconductor quantum dots to metal
oxide nanoparticles[ J]. Proc. Natl. Acad. Sci. U.S.A. ,2011,108:29-34.
FUKE N,HOCH L B,KOPOSOV A Y ,et al.. CdSe quantum-dot-sensitized solar cell with ~100% internal quantum ef-
ficiency[ J]. ACS Nano,2010,4 :6377-6386.
YU W W,PENG X G. Formation of high-quality CdS and other II-VI semicondutor nanocrystals in noncoordinating sol-



438 H R 8%
vents ; tunable reactivity of monomers| J]. Angew. Chem. Int. Ed. ,2002,41.2368-2371.

[18] WANG L,WANG H Y,SUN H B,et al.. Universal electron injection dynamics at nanoinerfaces in dye-sensitized solar
cells[J]. Adv. Funct. Mater. ,2012,22.2783-2791.

[19] WANG L, WANG H Y,SUN H B,et al.. Transient absorption spectroscopic study on band-structure-type change in
CdTe/CdS core-shell quantum dots[ J]. IEEE J. Quantum Electron. ,2011,47:1177-1184.

[20] GAO B R,WANG H Y,SUN H B, et al.. Time-resolved fluorescence study of aggregation-induced emission enhancement
by restriction of intramolecular charge transfer state[ J]. J. Phys. Chem. B,2010,114.128-134.

[21] ZHANG H T,HU B,SUN L F,et al.. Surfactant ligand removal and rational fabrication of inorganically connected quan-
tum dots[ J]. Nano Lett. ,2011,11:5356-5361.

[22] D LLEFELD H, WELLER H, EYCHM LLER A. Paricle-particle interactions in semiconductor nanocrystal assemblies
[J]. Nano Lett. ,2001,1:267-269.

[23] DURRANT J R,HAQUE S A,PALOMARES E. Towards optimisation of electron transfer processes in dye sensitized solar
cells[J]. Coord. Chem. Rev. ,2004,248.1247-1257.

[24] TACHIBANA Y,RUBTSOV I V,MONTANARI I, et al.. Transient luminescence studies of electron injection in dye sen-
sitized nanocrystalline TiO, films[ J]. J. Photochem. Photobiol. A,2001,142(2-3) :215-220.

[25] ANDERSON N A,LIAN T Q. Ultrafast electron transfer at the molecule-semiconductor nanoparticle interface[ J]. Annu.
Rev. Phys. Chem. ,2005,56:491-519.

[26] ENRIGHT B, FITZMAURICE D. Spectroscopic determination of electron and hole effective masses in a nanocrystalline
semiconductor film[J]. J. Phys. Chem. ,1996,100:1027-1035.

[27] GRATZEL M. Dye-sensitized solar cells[ J]. J. Photochem. Photobiol. C,2003,4:145-153.

[28] HYUN B R,BARTNIK A C,SUN L F,et al.. Control of electron transfer from lead-salt nanocrystals to TiO, [ J]. Nano
Lett. ,2011,11:2126-2132.

EEE T

ZEIEMR(1990—) , 5 INAR AN, B+
WA=, 20 DA R PR R B 0 45 7 T
AYBF5Y . E-mail : 1220580786@ qq. com

£ OE1989—) T AL TR Bt
oA, BN H PGS H AR S Iy T
BYHFFT ., E-mail :740891382@ qq. com

TEIFF (1989—) , 2z, TR 08 N
LA, BN FBPOCIER AR T
T B9 BF 58, E-mail ; 1107905010 @ qq.

com

£ OEH(1986—) 53, WIR AN A,
oA, FBE N FH PGS H AR S Iy
BYHFFT ., E-mail :397236734@ qq. com

TRHIEE (1993—) , L, HR R A A1
WFE A, 322 S PO HOR 55 T T
FIBFSE, E-mail ;1511235040@ qq. com

T (1967—) I, SR KRN,
2, A 0, 2N OB £
AREETTHAIIFSY . E-mail ; haiyu_wang@

# jlu. edu. cn




