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Experimental methods:

Determining Do. 5 mM concentration of the cluster [Ti2V4sOs(OMe)14], with 0.1 M KPF¢ as the
supporting electrolyte were used in acetonitrile. CV measurements were carried out inside a
nitrogen filled glove box (MBraun, USA) using a Bio-Logic SP 150 potentiostat/galvanostat and
the EC-Lab software suite. Cyclic voltammograms were recorded using a 3 mm diameter glassy
carbon working electrode (CH Instruments, USA), a Pt wire auxiliary electrode (CH Instruments,
USA), and a Ag/Ag* non-aqueous reference electrode with 0.01 M AgNOs in 0.1 M ["BusN][PFg]in
CH3CN (Bio-Logic). Cyclic voltammograms were iR compensated at 95% with impedance taken
at 100 kHz using the ZIR tool included within the EC-Lab software.

The diffusion coefficient associated with each redox couple was determined by using the slope of
the peak current (i,,) versus the square root of scan rate v'"2. The Randles — Sevcik equation was

used to estimate the diffusion coefficients from CV data. For a reversible redox couple, the peak
current is given by the Eqn S1:

i, = 2.69 x 105 n3/2 Ac Dy/* v1/? Eqn S1

In eq. S1, n is the number of electrons transferred; A is the electrode area (0.0707 cm? for the
glassy carbon working electrode); c¢ is the bulk concentration of the active species; Dy is the
diffusion coefficient of the active species; v is the scan rate. For an irreversible redox couple, the
peak current, is given by the Eqn S2:

i, = 2.99 x 105 n3/2 aV/24 ¢ Dy/* v1/2 Eqn S2
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where a is the charge transfer coefficient. For this study, a = 0.5.

For the redox couples that show quasi-reversible kinetics, relationships for both reversible and
irreversible redox reaction are usually employed to determine the diffusion coefficients of such
redox processes. Therefore, an average value of diffusion coefficient was approximated for a
quasi-reversible redox couple using both equations S1 and S2.'-3

Calculation of ko. The electron-transfer kinetics was estimated directly from CV measurements
by using the Nicholson method.* The potential difference (AEp) of oxidation and reduction peaks
were obtained at different scan rates. The transfer parameter, y, was extracted from the working
curve constructed by Nicholson using AEp values. The standard heterogeneous charge-transfer
rate constant, ko, for a given electron transfer process was determined using Eqn S3:

-1/2
w = v 12k, (M Pos ) Eqn S3

where n is the number of electrons transferred, F is the Faraday constant, D is the diffusion
coefficient, v is the scan rate, R is the ideal gas constant and T is the temperature.

Table S1. Substoichiometric electrochemical titration of LiPFs into [Ti2V4Os(OMe)14] analyzed by
SWV.

E,, V)
Equivalents of LiPF6 nd IV stV

added 2 Ti [Ti couple 1 Ti /Ti couple
0 eq. -2.09V -1.60V
0.2 eq. -2.08V -1.60V
0.4 eq. -2.08V -1.59V
0.6 eq. -2.03V -1.58V
0.8 eq. -2.02V -1.58V
1 eq. -2.01V -1.57V
1.2 eq. -2.00V -1.55V
2 eq. - -1.52V
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Table S2. Substoichiometric electrochemical titration of LiOTf into [Ti2V4Os(OMe)14] analyzed by
SWV.

E,, (V)
Equivalents of LIOTf nd Il IV stV
added 2 Ti [Ti couple 1 Ti /Ti couple
0 eq. -2.09V -1.60V
0.2 eq. -2.02V -1.59V
0.4 eq. -1.99V -1.59V
0.6 eq. -2.00V -1.58V
0.8 eq. -1.98V -1.57V
1eq. -1.98V -1.56V
1.2 eq. -1.98V -1.56 VvV
2 eq. - -1.50 vV
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Figure S1. CVs of reduction events of [Ti,V4Os5(OMe)4] with 0.1 M LiPFs in acetonitrile at 5 mV/s
(top) and 20 mV/s (bottom).

Table S3. Substoichiometric electrochemical titration of KPF¢ into [Ti.V4Os(OMe)4] analyzed by
SWV.

E,, (V)
Equivalents of KPF_added it i couple T couple
0eq. -2.10V -1.60 V
0.2 eq. -2.04V -1.60V
0.4 eq. -2.04V -1.60V
0.6 eq. -2.04V -1.59V
0.8 eq. -2.03V -1.59V
1eq. -2.03V -1.59V
1.2 eq. -2.01V -1.59V
2eq. -2.01V -1.59V
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Figure S2. CVs of titration experiments conducted with substoichiometric titrations of KPFg into
5mM [Ti2V4Os(OMe)14] solution in acetonitrile with 0.1 M TBAPFes.

Table S4. DMF titration in the [Ti2V4Os(OMe)14] solution originally with 0.1 M TBAPF¢ that is pre-
titrated with KPFes.

E2 (V)

Volume of DMF added 2" Ti"/TiV couple 1t TiVTiV couple
0 uL -1.94V -1.57V
50 uL -1.94V -1.57V
100 uL -1.94V -1.57V

200 pL -1.99V -1.57V
400 pL 2.00V 157V
500 uL -2.00V -1.57V
700 L -2.01V -1.57V
1mL -2.03V -1.57V
2mL -2.06 V -1.57V
4 mL 210V -1.58 V
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Figure S3. Bulk oxidation of [Ti2V4Os5(OMe)14] in LiPFs (top, blue) and KPFg (bottom, green). (a)
and (c) represent the corresponding /-t curves. (b) and (d) denote the CVs before and after
chronoamperometry measurements. The arrows denote the open circuit voltage associated with

each CV trace.
ﬁ
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Figure S4. Cyclic voltammogram of the synthesized cluster [K{Ti,V4(OCHj3)14}] recorded at 100

mV/s with 0.1 M TBAPFs in acetonitrile. The arrow indicates the open circuit voltage of the
resultant cluster.
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Figure S5. '"H NMR of crude (green) and recrystallized (blue) [K{Ti;V4(OCHs)14}] compared to
[Ti2V4Os(OMe)14] (red). All NMRs are collected in CDsCN.
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Figure S6. IR spectrum of the synthesized cluster [K{Ti2V4(OCH3)14}].
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Figure S7. Electronic absorption spectrum of the synthesized cluster [K{TizV4(OCHz3)14}].
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Table S5. Crystallographic parameters for molecular structure of [K{Ti2V4(OCHz3)14}].

Empirical formula C14H42KO19TioV4
Formula weight 853.13
Temperature 100.01(10) K
Wavelength 1.54184 A
Crystal system orthorhombic
Space group P2:2:2;
a = 8.99550(10) A
a=90°
Unit cell dimensions b = 18.26630(10) A
B =90°
c =18.70880(10) A
y =90°
Volume 3074.13(4) A3
YA 4
Reflections collected 38130
Independent reflections 6604 [R(int) = 0.0398]
Observed reflections 6418
Completeness to theta = 74.504° 100.0%
Absorption correction Multi-scan

Max. and min. transmission

1.00000 and 0.38869

Refinement method

Full-matrix least-squares on F2

Data / restraints / parameters

6604 /0/376

Goodness-of-fit on F2

1.036

Final R indices [I>2sigma(l)]

R1 = 0.0308, wR2 = 0.0813

R indices (all data)

R1 =0.0318, wR2 = 0.0818

Absolute structure parameter

0.413(7)

Largest diff. peak and hole

1.303 and -0.497 e.A-3
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Table S$6. Bond valence sum calculations for K[Ti2V4Os(OMe)+4] based on X-ray crystallographic

data collected at 100 K.

Compound T TIVoVWVW

Bond valence sums

Ti(1)

Ti(2) V(@3) V@) V(5) V(6)

K[Ti2V405(OMe)14] 1 1 - - Ti”l
Tiv
- - 4 0 W

VV

3.21

3.43

3.88 - - - -

4.01

- 4.013 3.83 4.02 4.01

- 422 404 424 422

S11



2.0

0.3
o
18 (
S W o
% 16 00 3
2 3
& J 1 ‘ ‘ - 012
14 |
- .02
1.2 . : : ‘ 0.3
0 50000 100000 150000
Time (s)
(b)
2.0 0.3
L 0.2
18
= -01 O
S 46 | 00 3
GJ —_—
= 3
: Y (e
1.4 l ‘
L 0.2
1.2 : : : : 0.3
0 50000 100000 150000 200000

Time (s)

Figure S8. Charge-discharge traces of 10 cycles obtained for [Ti2V4Os(OMe)14] in (a) TBAPF¢ (b)
KPFs.
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Figure S9. Monitoring of bulk electrolyzed solutions of [Ti2V4Os(OMe)14] in TBAPF¢ at 30°C. (a)
and (c) represent /-t curves associated with bulk oxidation and bulk reduction, respectively. (b)
and (d) represent the corresponding CVs. Bulk electrolysis was carried out at room temperature
and the resultant solution was heated at 30°C for 7 days. Breaks in the voltammograms indicate
the open circuit voltage of the resultant solution.
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Figure S$10. Monitoring of bulk electrolyzed solutions of [Ti.V4Os(OMe)14] in KPFg at 30°C. (a) and
(c) represent /-t curves associated with bulk oxidation and bulk reduction, respectively. (b) and (d)
represent the corresponding CVs. Bulk electrolysis was carried out at room temperature and the
resultant solution was heated at 30°C for 7 days. Breaks in the voltammograms indicate the open

circuit voltage of the resultant solution. Note — The spurious responses in (a) are due to the stirring
being interrupted during the experiment.
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Figure S$11. Long-term stability analysis of bulk reduced samples of [Ti2V4sOs(OMe)14] in
acetonitrile with 0.1 M ["BusN][PFs] (top) and 0.1 M KPFe¢ (bottom) at room temperature.
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Figure S12. Cyclic voltammograms of 1*/0 redox couple of [Ti,V4Os(OMe)14] with 0.1 M KPF¢ at

scan rates ranging from 10 — 10000 mV/s in acetonitrile.
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Figure S13. Cyclic voltammograms of 0/1" redox couple of [Ti2V4Os(OMe)14] with 0.1 M KPFs at
scan rates ranging from 10 — 10000 mV/s in acetonitrile.
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Figure S14. Randles—Sevcik analysis of 1*/0 and 0/1-redox couples of [Ti2V4Os(OMe)14] with 0.1
M KPFgin acetonitrile.
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Figure S15. Plot of AE, vs (scan rate)"? for [Ti,V4Os(OMe)14] with 0.1 M KPFg for the (a) 1*/0
and (b) 0/1-redox couples.
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Figure S16. Plot of W vs (scan rate)"?for [Ti,V40s(OMe)14] with 0.1 M KPFs for the (a) 1*/0 and
(b) 0/1-redox couples.

S18



—1mM 0.8 MM —0.6 MM ——0.4 mM ——0.2 mM

—_
]

o o
3
I 1

o
N
L/

Absorbance (a.u.)
o
=N

o i

300 400 500 600
Wavelength (nm)
1
508 -
R et L
~— o,
goe -
c e y = 0.7736x
S04 - Rt ° R? =0.9976
3 . o ®
202 - e
0 T T T T T
0 0.2 04 0.6 0.8 1 1.2

Concentration (mM)

Figure S17. Calibration curve for solubility of [Ti2V4Os(OMe)14] in acetonitrile with 0.1 M KPFe.

Table S7. Solubility measured for [Ti2V4Os(OMe)14] in acetonitrile with 0.1 M KPFe.

Diluted Saturated
. Absorbance at . .
Trials 420 nm concentration concentration
(mM) (mM)
1 0.1701 0.2198 43.97
2 0.1727 0.2232 44 .64
3 0.1953 0.2524 50.49

§19



)
©
®

0.6

Absorbance (a.u.
o
I

300 400

500

600 700 800

Wavelength (nm)

Figure S$18. Electronic absorption spectrum of bulk reduced, mono-anionic [Ti2V4Os(OMe)14] in

acetonitrile with 0.1 M KPFs.
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Figure S19. Bulk reduction of [Ti.V4Os(OMe)14] to -2 oxidation state in acetonitrile with 0.1 M
KPFs. (a) represents /-t curves associated with bulk reduction (b) depicts the corresponding CVs
(c) demonstrates the stability of the bulk reduced sample as monitored via CV at room

temperature for 6 days.
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