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In colloidal quantum dots (QDs), excitons are confined within nanoscale dimensions, and
the relaxation of hot electrons occurs through Auger cooling. The behavior of hot electrons
is evident under ambient pressure. Nanocrystal characteristics, including their size, are key
to determining hot electron behavior because they serve as the stage. Applying pressure to
materials can effectively modify this stage by providing a means to reversibly control
interatomic distances. Unlike the behavior in ambient conditions, the pressure-dependent
behavior remains unclear. In this study, InP/ZnS QDs were synthesized, and their pressure-
dependent ultrafast carrier dynamics were analyzed using fs-transient absorption
spectroscopy. The hot electron relaxation remained nearly constant with pressure up to ~2
GPa, suggesting constant interaction between electrons and holes. However, above this
threshold, the hot electron relaxation was accelerated by trapping from higher excited
states. This study contributes to establishing a fundamental understanding of the pressure-
dependent behavior of hot electrons in QDs.

1. FFid

au A FHEEARET Py MQDs) &, F/ %A ZOHERTH Y, ihk 1A 22112
MLADOLNTWAEZD, BT A XREHEHT2WEHETH L Ve 2D QDs DM
W CH ks (QDSLs) 3. QDs HAR & (3R 2 W 1PE03%Bl§ 5. QDSLs Tld, £
$ % QDs B OWH BB DR (BF-I15) 2 29, —D2DNFH 5 BBORF2 LR T %
Lk D SRR E 5 45, TR OWMEREBIO 720, QDSLs 3 BB K E



() HARBRE AR T84, 43 (2025)

WIZBUT B RELRNROBGRRATHLYavy s L— - 7 T4 —[RR 2 BERET LR
ELTHEHZEDTWS, TDQDSLs & L TOWMENFBT 57201213, QDs MOAHHE.
VER 82120 . QDs HoOHEEZ T 52 FiEL LTFAYEY F7 2NV (DAC)
WX BETEMAZEF SN b, AL TI1X. QDSLs D ZE W o FE RGN %
OIS 572012, FFTIEEE T CTHERMMEZNE TR REMELZ, 2L
T, InPRa7 ¥ )V QDs 2B 5o Ik Z2H L 72 2o QDs HAlico
SO FEIITEAE L, QDSLs ORIt 2 Bff 3 %5 L CEE L & 5, AREH T,
CHOInPRIT7 ¥ =)V QDs IZBIT 2 bk F 8O IR L TR 3 %,

2. RBFHE
2.1 SR EHERIR

InP/ZnS NCs i34 v Yo i LTHibkf vV a, VVEELTIIAYIZFLT
R)FATA4VEH TP a7 28 L, EXNZInSZT ¥ F Iy Vi EEES 2
& CInP/ZnS NCs % AW L 720 InP/ZnS NCs O & AT 135 M A 7 7-BAMM S (TEM) #8142,
B AR X AT (PXRD) M. EHICOWI I TFHIEANRT VT X D IT- 72

2.2 SETTOMERMESE

A1 L7z InP/ZnS NCs ~NOENEHNNEZ DAC 12X D 75720 FA4AXYEY FOF 2Ly b
X 700pm. A A v bR — VR 350um. JEAIE 250um TH Bo FUMEEVE
—HOEEICE D EB U, JEHEINEO 7 = & b B ERIE %E & T Sapphire L
— W —DIERW & RGN TH L - N T AR — MRS Z B L CRESEH
TERBEEREGE (R TV R) E LTV, ZOFEARPEE DO BIVICENL, A
Kz s, 7a—7V 2L L, FA LA AT —=VIZX )R TV A LR ELE A
T3 TV L. wERINA RS MV &2 flE L7z,

3. #BR-EE
3.1 InP/ZnS QDsOE:ER R

InP i& CdSe IR THIARKBAMEDE W20, MEHEEEPEV E2ME ST
W5 6D, FDd, R TIE InP 2wz HIROER2S, Ky b Y2273
YHECEDInPaTEERL. TYERY FTZnS Y2 VEEK L2, QDs DR KR
4341 TEM 815312 X 0 f##7 L 720 InP K 0 InP/ZnS QDs (3 HERETH V. ZnS ¥ = VI
BRI CTIARIZHERF L TV 5 2 &0 o 720 KRS 1L InP ). OF InP/ZnS QDs TZh
FN2.4+20.6&2.720.6nm THY, ZnS V2 VZ KT HZ & TRHENPKELS 5T
W7z (Figure la-b). Figure 1c iZEHEIHOWINEFLART MV TH S, InP QDs Tl
550 nm T B R T WINASER £ L, ¥ =V Z K L7 InP/ZnS QDs TH Bl S -2
ENS, A XGHMHPRELBILL TRV EPWINARY MAD S S50 5, Tz,
FHANT PVid InP QDs TIEERRHBIC 70— PRI BB S L Tw 2 0 12xt
L C. InP/ZnS QDs Ti& 600nm IR FEREEZ FE> T b, FEHE IR InP/
ZnS QDs TiX InP QDs 2T 100 f512E EH L TWBEZ DS, ZnS ¥ = VA InP 2
TORMGH A FERELEESIEYF XY VRE L2 L9057,

JFE T ENVINRE O i 3 % B & 2§ % 720 K EVINE ) T PXRD M€ % 47 - 72 (Figure



NSG Found. Mat. Sci. Eng. Rep.

(a) InP QDs: 2.4+0.6 nm = () InP/ZnS QDs: 2.7+£0.6 nm [ (c)

. InP/ZnS QDs

Absorbance / a.u.

| i
,,,,,

‘n"e / AJIsusiul esusssauUILINT

400 500 660 700 800
Wavelength / nm

Figure 1. TEM images of (a) InP and (b) InP/ZnS QDs. (¢) Steady-state absorption (solid lines) and

luminescence (dashed lines, Ae = 400nm) spectra of InP (black) and InP/ZnS (red) QDs under ambient

conditions. The dotted line in Figure 1c indicates the excitonic transition peak of InP QDs.
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Figure 2. (a) PXRD patterns of InP/ZnS QDs at different pressures. The vertical bars in PXRD patterns
represent the reference PXRD positions of the cubic phase of InP (red) and ZnS (red), and hexagonal
phase ZnO (black) under ambient conditions. In PXRD measurements, ZnO was used as an internal
standard. (b) Pressure dependence of the d-spacing of the first Bragg diffraction. Changes in the steady-
state (c) absorption and (d) luminescence spectra under applied pressure. (e) Relative luminescence
intensity at each applied pressure compared with that at 0. 15 GPa.
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Figure 3. 2D fstransient absorption color maps of InP/ZnS594 under applied pressures of (a) 0.15
GPa, (b) 1.7 GPa, and (c) 6.5GPa. The dashed lines in the color-bars indicate the baseline.
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Figure 4. (a) Pressure-dependent bleach dynamics in the 1S;,2 (h)-1S(e) transition. For clarity, the
baseline of the bleach dynamics at 6.5 GPa was shifted (Figure S16). Pressure dependence of energy loss
rate of (b) InP/ZnS594 and (c) relative energy loss rate of InP/ZnS548 and InP/ZnS594. The blue and
red colors indicate the pressures at which the steady-state luminescence intensity is lower than the lowest
pressure in InP/ZnS548 and InP/ZnS594, respectively (Figure 2d). (d) Schematic of the rise in bleach
dynamics corresponding to hot electron relaxation. The acceleration of the rise is attributed to carrier
trapping from higher excited states.
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Figure 5. (a) Schematic illustration of InP/ZnS QDs with different core sizes. (b) Steady-state

absorption (solid line) and luminescence spectra (dotted line) of InP/ZnS548 (blue), InP/ZnS576 (green),
and InP/ZnS594 (red).
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