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Chemicals

TetrachloroAuric (111) acid (HAuUCl: 3H,0, >99.99% metals basis, Aldrich), Tetraoctylammonium
bromide (TOAB, >98%, Fluka), 2-Phenylethanethiol (PET, CsHsSH, 98%, Aldrich), L-Glutathione (GSH,
reduced, 98+%, Alfa Aesar), Benzyl mercaptan (BM, C7H;SH, 99%, Aldrich), 4-tert-Butylbenzenethiol
(TBBT, C10H13SH, >97.0%, TCI), Butylbenzyl mercaptan (BM, C;H;SH, Aldrich), P-methylthiophenol (p-
MBT, C7HsS, 98%, Aldrich), Sodium borohydride (NaBHa, Aldrich). Solvents: Methanol (MeOH, HPLC
grade, >99.9%, Aldrich), Ethanol (EtOH, ACS reagent, >99.5%, Aldrich), Acetone (HPLC grade, >99.9%,
Aldrich), Acetonitrile (ACN, HPLC grade, >99.9%, Aldrich), Dichloromethane (DCM, ACS reagent,
>99.5%, Aldrich), Toluene (Tol, HPLC grade, >99.9%, Aldrich). All chemicals were used without further
purification. Nanopure water was prepared with a Barnstead NANOpure Diamond system.

Synthesis of Aui133(TBBT)s2, Au144(BM)so, Au144(TBBM)s0, Au246(p-MBT)so, Au279(TBBT)s4
nanoclusters.

Au3(TBBT)s, was synthesized by a ligand-exchange reaction from Auwss(PET)so according to the
literature procedure.S!

Au14(BM)go Was prepared by a ligand-exchange/size-focusing from polydispersed Aux(SG)y based on the
literature procedure with slight modification.5? Briefly, HAuCl; 3H,O (0.3 mmol, 118 mg) and L-
Glutathione (GSH, 1.85 mmol, 570 mg) were dissolved in acetone (30 mL) in a 100 mL round-bottom flask.
After vigorously stirring for 15 min, NaBH,4 (3 mmol, 114 mg dissolved freshly in 5 mL of cold Nanopure
water) was rapidly added to the solution under vigorous stirring. The solution turned black immediately
indicating formation of Au clusters, which then precipitated out of the acetone solution. After stirring for 1
hour, colorless supernatant was discarded and black precipitate was dissolved in 3 mL of Nanopure water.
The aqueous solution of polydispersed Aux(SG)y was transferred to a 50 mL round-bottom flask with 2 mL
of toluene, 0.3 mL of ethanol and 1 ml of benzyl mercaptan. The solution was heated up to 85<C for 28
hours. Then, methanol was added to the reaction mixture to precipitate the product, followed by
centrifugation, and the solid product was further washed with methanol to remove excess thiol. This
washing step was performed several times and finally pure Au14(BM)eso nanocluster was extracted with
dichloromethane. The solvent was then evapoarted for storage and for further characterization.

Au14(TBBM)eo was prepared by a ligand-exchange reaction from Aui(PET)eo nanoclusters that are
prepared according to the literature preparation.5® The prepared Aui(PET)s was added into a 50 mL
round-bottom flask with 1 mL toluene and 0.5 mL p-tert-butyl benzyl mercaptan. The reaction was allowed
for 15 h under 80 <C. Then, 20 mL methanol was added followed by centrifugation, and the precipitate was
further washed three times with methanol. Dichloromethane was used to extract the Aui4(TBBM)g and
the solution was removed by rotary evaporator for further experiments.

Auzss(p-MBT)so was synthesized following the two-step “size-focusing” method.*

Auz79(TBBT)ss was synthesized by a ligand-exchange reaction with TBBT using Ausss(TBBM)ze
prepared by a stepwise size focusing method according to the literature procedure.
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Supplementary Tables and Figures:

Table S1. Peak spacings of Auiss(TBBT)s2, Auiaa(BM)eo and Au.7e(TBBT)ss from the oxidation and
reduction DPVs.

R6-R7 R5-R6 R4-R5 R3-R4 R2-R3 R1-R2 R1-01 01-02 02-03 03-04 04-05 05-06

Ox. - 024 021, 019, 023, 022, 040, 024, 024, 023, 022, 0.20,
298 K
Re. - 024, 020, 019, 022 024, 040, 024, 024, 023, 022, 0.19,
Ox. - . - 021, 022, 023, 040, 022, 022 0215 021, .
Aup; 232K
Re. = = . 0.20, 022, 023, 040, 022, 022 0215 021, -
Ox. - - - 0.20, 023, 022, 040, 021, 021 021, 021, 0.18
195 K
Re. - - - 0.20, 023, 022, 040, 021, 021, 021, 021, 019,
Ox. - 016, 028, 016, 039, 0215 023 022, 021, 017, 0.5 -
298 K
Re. - 016, 028, 016, 039, 021, 023, 022, 022, 017, 0.14, =
Ox. 017, 016, 028 0.4, 041, 0.18 022, 0.8, 020, 0.16, 0.16, -
Auy, 232K
Re. 0.6, 016, 029, 0.15, 041, 0.18; 022, 0.18, 020, 0.15, 0.16, -
Ox. 016, 018, 031, 0.4, 041, 0.174 021, 0.17, 020, 015 0.15 -
195 K
Re. 016, 018, 030, 014, 041, 018 020, 017, 021, 015, 0.15 -
Ox. - - 014, 016, 016, 016, 017, 016, 0.16, 0.16, 0.13 -
Auy, 232K
Re. = - 014y 016, 016, 016, 017, 0.16, 0.16; 0.16, 0.14, =

Table S2. The calculated peak broadening and experimental peak width at half-maximum (W) in DPV
results. The experimental Wy, is determined from one QDL peak in the middle, i.e. the second oxidation
peak (02/03), in a sample by using the DPV current at gap as baseline.

298 K 90.0 100.0 90.0
232 K 70.0 89.4 82.4
195 K 62.0 91.2 73.1
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Figure S1. The steady-state UV-visible absorption spectra of Auiss, Auiss and Auzze nanoclusters.
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Figure S2. CVs of Auisz at 0.1, 1.0 and 2.5 V/s scan rate.
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Figure S3. CVs of Auis at 0.1, 1.0 and 2.5 V/s scan rate.
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Figure S4. The UV-visible spectra of Auiss, Auias and Auzre before and after voltammetry measurements. Solid
lines are the original spectra, and dash lines are the spectra after measurements.
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Figure S5. Peak spacing of Auisz at 298, 232 and 195 K. Dash lines are the fitting of AVs at 298 and 232
K, which display a parabolic shape. The parabolas show decreased bending radian as the temperature

decrease. The data points highlighted in yellow rectangle are attributed to charging energy.
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Figure S6. Peak spacing of Auis at 298, 232 and 195 K. Dash lines are the fitting of AVs at 298 and 232
K, which display a parabolic shape. The parabolas show decreased bending radian as the temperature
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Figure S7. The steady-state UV-visible absorption spectra of Au1s4(TBBM)eo and Auisa(BM)so Nanoclusters.
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Figure S8. The DPVs of Au14(BM)so and Au144(TBBM)eo nanoclusters at 298, 232 and 195 K.
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Figure S9. Peak spacing AVs and temperature dependence of electrochemical properties of Auisa(BM)so
and Aui44(TBBM)eo nanoclusters.
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Figure S10. A) The DPVs and AVs of Auas at 232 and 195 K. B) Analysis of peak spacing of Auass. The
data of peak spacing at 298 K is cited from the published literature.®
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Figure S11. The original UV-visible absorption spectra of Auiass after reductive electrolysis (Figure 5).
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Figure S12. The original UV-visible absorption spectra of Auiss after oxidative electrolysis (Figure 5).
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Figure S13. The original UV-visible absorption spectra of Aui44 after reductive electrolysis (Figure 5).
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Figure S14. The original UV-visible absorption spectra of Aui.4 after oxidative electrolysis (Figure 5).



