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Fig. 1. Steady-state absorption (solid-line) and fluorescence
(dash-line) spectrum of QDs sample. Inset: energy level dia-
gram illustrating the relevant energy of electron/hole states
and allowed optical transitions (diagram not drawn to

scale).
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Fig. 2. Femtosecond time-resolved transient absorption (TA) spectra at 365 nm excitation with different intensities: (a) TA color
map with excitation pulse energy of 8 nJ; (b) TA color map with excitation pulse energy of 50 nJ; (c) evolution-associated differ-
ence spectrum (EADS) with excitation pulse energy of 8 nJ; (d) EADS with excitation pulse energy of 50 nJ.
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Fig. 3. Femtosecond time-resolved transient absorption (TA) spectra at 365 nm excitation with different intensities: (a) TA color

map with excitation pulse energy of 100 nJ; (b) TA color map with excitation pulse energy of 500 nJ; (¢) EADS with excitation

pulse energy of 100 nJ; (d) EADS with excitation pulse energy of 500 nJ.
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Kinetic at 430 nm (1P)
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Fig. 4. The kinetics of TA with different excitation intensit-
ies at exciton peaks: (a) 1P exciton bleach recovery (at 430
nm); (b) 2S exciton bleach recovery (at 468 nm); (c) 1S ex-
citon bleach recovery (at 430 nm). All kinetic traces have

been normalized to the same maximum amplitude.

4 100%). R THEFXF L, e R IR IO, B kAT T
H—AAab B, &5, hK 4 () ATRLR B, 430% ik
WHEE N 8 nd B (WM T AW TFEE T LLZR),
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(W3 1), BT B2 A B ). BESEOR ik g

TGN, 1S T2 T — 1290 80 ps HIHEIH
BAT, R E K  RE SR A /R
4. IEH., XU G ] B G5 3 K
BN, KSR T2 SRR FE T RS S
AR 2O, 5 SRR GE AN A B, ARSI T E A
A 18] HE A% 45 5 B S F 2 A ] (N 50
ps) 2930 G TS 47 45 A Bl & R R R B I
HAL A 0 8 R B3 e SO T A 2 AR T
RRF A 25 10 She A58 AT Lk O - U T 2K, ARk RE 1
P, PRGAZAE OB 52 5 B T A B T A AR 4
A 1 FH AT 5.

W T S Y Ay, 1S P IRAEAE— N2
400 fs A HEIN A4 1853, 8 N R 12 2 R
RIS 3ERE S G A A T R e AR T CRIBAD
FFAR) REE SRR, FFEH, 2S
1P M FWAAAE R J L A, ¥ AN R AR 2
350 fs(ELMARAFE] UL 2) F1 200 fs(HLAARE] W3 3),
ZEE R R BT RE S RGN, PR AN A 2

SFECE 4 (b) A 4 () ATLAKBH, 28 314
XF 1S WA IiR 2 T — AP ) A7 A a3, 3R 2
PG 25 R s % i RS 5—6 ps. X —F 1l
AT RIR T 2S W F RIS R IS WF AR,
SR E R R G AR R A SR R (7 +
2 ps) FHWIE BT [RIREM, 1P JF A g ik
W o R VR T I (36 3). kAh, 28 A 1P T
50—60 ps MR R (% 2 AL 3) MR T/

F 1 FERAIBRESTCBIEZE 510 nm(1S #F) A 3h M & AS 5L

Table 1.  Best-fit parameters of the kinetic curve of the transient absorption data of the QDs at 510 nm (1S exciton).

N Hirfl
OB Tk g
Tet/Ps (UL /%) 1/ps (BLE/%) To/ns (B /%)
8 nJ 0.391 (100) - >10 (100)
50 nJ 0.431 (100) 82.6 (52.5) >10 (47.5)
100 nJ 0.374 (100) 82.5 (55.6) >10 (44.4)
500 nJ 0.381 (100) 80.9 (54) >10 (46)

2 FRERBESRICBIETE 468 nm(2S W) &b3h AF G S8

Table 2. Best-fit parameters of the kinetic curve of the transient absorption data of the QDs at 468 nm (2S exciton).

- Hhrli
WO Tk RE
Tot/Ps (LHL/%) )/ps (/%) o/ ps (B /%) 3/ns (BT /%)
8 nJ 0.353 (100) - >10 (100)
50 nJ 0.429 (100) 6.0 (67.7) 59.1 (8.5) >10 (23.8)
100 nJ 0.362 (100) 5.5 (32.7) 59.8 (43.5) 10 (25)
500 nJ 0.340 (100) 5.1 (50.1) 53.7 (41.3) >10 (8.3)
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# 3 FERBRES T SCEERELE 430 nm (1P #T) Absh A&l & S8k

Table 3. Best-fit parameters of the kinetic curve of the transient absorption data of the QDs at 430 nm (1P exciton).

. o
ok Tk hRE =
Tet/PS (FLTE /%) T,/ps (BLIE /%) Ty/ps (BT /%) T4/ns (FLIE /%)
8nJ 0.188 (100) - 10 (100)
50 nJ 0.269 (100) 8.2 (27.1) 57.0 (22.9) >10 (50)
100 nJ 0.213 (100) 6.8 (27.2) 52.8 (47.7) >10 (21.9)
500 nJ 0.207 (100) 6.3 (49.5) 51.4 (33.3) 10 (17.1)
B VL BRI BT, X \
WO ST A SRR SR, vz, 4 & ®

2S fl 1P BT RGHE A IR 1S BJE, % &
S TIPS, RS2 A B T AS [ 1 B ).

I DR T AR, BRI 2T S
SRR IR B, LA AR ORI K
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Abstract

Multiexciton generation is a process where multiple excitons are generated by absorbing single photons.
Efficient multiexciton generation in quantum dots may be a revolutionary discovery, because it provides a new
method to improve the solar-to-electric power conversion efficiency in quantum dots-based solar cells and to
design novel quantum dots-based multielectron or hole photocatalysts. However, the mechanism of ultrafast
multiexciton generation and recombination remain unclear. In this paper, alloy-structured quantum dots,
CdSeS, are prepared by the hot injection method. The generation and recombination mechanism of charge
carriers in quantum dots samples are discussed in detail. The bivalent band structure of alloy-structured
quantum dots is determined by ultraviolet-visible absorption spectra. It is found that the 1S;/,(h)-1S(e) (or 1S),
2S3)5(h)-1S(e) (or 2S) and 1Pj),(h)-1P(e) (or 1P) exciton absorption bands of these quantum dots are at 510
nm, 468 nm and 430 nm, respectively. Femtosecond transient absorption spectroscopy and nanosecond time-
resolved photoluminescence spectroscopy are used to investigate the ultrafast exciton generation and
recombination dynamics in the alloy-structured quantum dots. By fitting the transient kinetics of 1S exciton
bleach, an average biexciton decay time is obtained to be about 80 ps, which is almost twice the decay time of
traditional quantum dots (less than 50 ps). Combined with the recently developed ultrafast interface charge
separation technology that can extract multiple excitons before their annihilation, it will have a promising
application prospect. Moreover, there is a hole relaxation on a the time scale of 5-6 ps via a phonon coupling
pathway to lower-energy hole states in addition to the above-described ultrafast exciton-exciton annihilation
process in 2S5 and 1P excitons. Furthermore, by nanosecond time-resolved photoluminescence spectroscopy, it
can be concluded that the charge separated state is long-lived (200 ns). Our findings provide a valuable insight
into the understanding of ultrafast multiexciton generation and recombination in quantum dots. These results
are helpful to understand the intrinsic photo-physics of multiexciton generation in quantum dots, to implement
the photovoltaic and optoelectronic applications, and to ascertain the exciton relaxation dynamics of quantum
dots.
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