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(a) Exciton splitting and quantum beating in QDs
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(b) Room-temperature coherent spin manipulation in QDs
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Figure 1 (Color online) (a) Lattice distortion induced exciton splitting and quantum beating in CsPbl; QDs observed by femtosecond transient
circular dichroism. The quantum beating frequency is size dependent, and is temperature dependent for a fixed sample. The latter arises from
temperature dependent symmetry breaking of CsPbl; perovskite lattice [13]. (b) Room temperature coherent manipulation of hole spins in CsPbBr;
QDs realized by femtosecond transient magneto-spectroscopy. The circularly polarized pump creates spin-polarized states; by removing the electron
using ultrafast interfacial electron transfer, long-lived hole spin states can be attained. A circularly polarized, sub-bandgap tip pulse can induce the
optical Stark effect, which can coherently rotate the spins near instantaneously [12].
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Figure 2 (Color online) Transient magneto-optical spectroscopy
reveals singlet fission mediated by weakly-coupled triplet pair states.
(a) Singlet fission channels: proximately coupled intermediate state
(TT) and long-range weakly coupled state (T---T). (b) Differences in
spin-exchange interactions lead to distinct magnetic effects for (TT) and
(T---T) states, with the magnetic field effectively suppressing the
generation of the long-range (T--T) state.
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Figure 3 (Color online) Transient reflectivity microscopy, carrier dynamics, and diffusion in c-BAs. (a) Schematic illustration of the experimental
setup. CMOS, complementary metal-oxide semiconductor. (b) Evolution of a 2D transient reflectivity microscopy image from a spot on the sample.
Scale bar: 1 um. (c¢) Typical transient reflectivity dynamics (photoexcited carrier density of 5 x 10" cm73). (d) Spatial profile (dots) and Gaussian fit at
0.5 ps time delay from (b). (¢) Evolution of variance of Gaussian distributions extracted from Gaussian fitting in (d), and the corresponding mobility is

included [15].
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Figure 4 (Color online) Surface photovoltage (SPV) measurements on the femtosecond to second timescales to track holistic charge-transfer
processes in a single photocatalyst particle. SPV signals on the femtosecond to nanosecond timescales were measured by time-resolved photoemission
electron microscopy (TR-PEEM). SPV signals on the nanosecond to millisecond timescales were measured by transient SPV (TPV) spectroscopy. SPV
signals on millisecond to second timescales were measured by surface photovoltage microscopy (SPVM) [65].
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Abstract: This article summarizes the academic discussion of the symposium on “Challenges and New Opportunities
for Ultrafast Chemistry” supported by the National Natural Science Foundation of China. We mainly introduce the latest
research progress in the field of ultrafast chemistry, focusing on the challenging scientific and technical issues of
ultrafast chemistry in the fields of photochemistry, photocatalysis and photobiology. Several important scientific and
technical questions at the forefront of the ultrafast chemistry that need to be addressed in next few years are summarized.
Besides, we also put forward some strategic funding suggestions to strengthen the development layout of ultrafast
chemistry and the cultivation of young talents.
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