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Experimental Section

Synthesis of Au Nanoclusters The synthesis of two rod-shaped Au,s nanoclusters followed the

procedures reported previously.!

Steady State Absorption Measurements The UV-vis absorption of two rod-shaped Au,s nanoclusters
were collected with an Agilent HP8453 diode array spectrometer. The two nanoclusters were dissolved
in CH,Cl, for steady state absorption measurements.

Transient Absorption Spectroscopy The nanosecond transient absorption measurements were
performed using nanosecond flash photolysis setup Edinburgh LP920 spectrometer (Edinburgh
Instruments Ltd.), combined with a Nd:YAG laser at 355 nm (Surelite II, Continuum Inc.).

The femtosecond transient absorption measurements were performed on a commercial spectrometer
(Harpia-TA, Light Conversion) as described previously.? In the isotropy TA measurements, the pump
and probe pulse were set to magic angle (54.7). In the anisotropy TA measurements, the signal was
calculated by :
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where [yy and Iyy represent the TA signals with probe parallel and vertical to the pump, respectively.
Global analysis on the TA data was performed using Glotaran followed the procedure reported
previously. The UV-vis absorption spectra remain the same before and after the transient absorption
measurements, indicating little decomposition of the nanocluster. All the transient absorption data was
collected in CH,Cl,.
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Figure S1. Steady state absorption spectra of (a) Au,s II and (b) Au,s I nanoclusters in energy
scale. The band gaps of two nanoclusters are determined by extrapolating the absorbance to zero

(black dashed lines).
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Figure S2. Comparison of transient absorption (TA) kinetics probed at 508 nm of two rod-shaped

Auys nanoclusters. The inset shows the zoom in of TA kinetics of two nanoclusters.
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Figure S3. TA kinetic traces at selected probe wavelengths and corresponding fits from global
analysis of (a) Au,s I and (b) Auys I1.
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Figure S4. Transient absorption anisotropy (TAA) data map of Auys II (a) and Auys I (b) NCs with
excitation. Dashed lines indicate the GSB positions around 700 nm of two NCs.
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