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Figure S1: Experimental cyclic voltammograms recorded using Cell S1 with (red trace) and

without (black trace) [Cp’;Ru"”’} dissolved in the DCE phase. All other instrument parameters

were the same as in Figure 1.
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Figure S2: Experimental cyclic voltammograms recorded using Cell S2 with a drop of a solution
of 0.5 M KCI added to the aqueous phase (red trace), without KCI (black trace) and without KCI

and ijRu(”) (dashed curve). All other conditions were the same as in Figure S1.
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Figure S3: Cyclic voltammograms obtained using Cell S3 with (red trace) and without (black

trace) Cp:Ru(”) dissolved in the DCE phase, along with 5 mM of H,SO, in the aqueous phase.

All other conditions were the same as in Figure S1.
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Figure S4: Cyclic voltammograms obtained using Cell S4 and varying z as indicated while the

blank curve (==) was acquired in the absence of HTB and Cp’:Ru(") .

Preparation of tetrakis(pentafluorophenyl)borate diethyl acid (HTB).

2 g of [Li(OEt,),]TB was dissolved in 30 mL of 6 M HCI (Acros) to prepare HTB. Next,
[H(OEt,),]TB was extracted by addition of DCM (30 mL) and the aqueous layer was further
washed with DCM (2 x 15 mL) after phase separation. The combined organic layers were dried
over sodium sulfate (Na SO, Reactolab). Finally, Na,SO, was removed by filtration and DCM
evaporated under reduced pressure to yield the organic soluble acid [H(OEt,),]TB as a white

powder.
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Figure S5: UV/Vis absorbance spectra obtained using Vial 1 after first preparing the solution

(black trace) and after stirring for 60 min under illumination (pink trace).

Simulation Details

Herein, Fick’s laws were used to describe diffusion of the various chemical species; for example,
species i of concentration c; with a diffusion coefficient D; through the following relation:
oc, , (Xt oc, , (x

.,Vé(t ) é( ) )
X
Equation (1) has been written for an ion dissolved in the aqueous phase (w); however, an
equivalent equation can be for the 1,2-dichloroethane (DCE) or organic phase (0). The

electrochemical flux of ions across the ITIES was simulated using the Butler-Volmer kinetic
equations in the form of (2) and (3), below:

k; =k°exp| —a f (AVg—AY4") | 2)
k, =K’ exp[ (1-a) f (AY—ALg°) ] (3)
Such that k°, @, and AY¢° represent the standard rate constant, the transfer coefficient, and the

= Di,wvci,w(x) = Di,w

formal ion transfer potential, respectively. A¢ is the Galvani potential difference across the
interface; while experimentally this is controlled externally through a potentiostat, it was
replicated in the simulation through application of a triangular waveform. Ultimately, k; and k
represent the electrochemical rate of simple ion transfer as shown in equation (4):

LT

=1 (4)

Finally, the current was related to the overall flux of ions across the interface through equation

(5):



J(x,t) = FAZ D, Ve, (x1)

()

Where the electrode area, A, was chosen so as to be reflective of the experimental and defined by
a circle of radius 0.7 cm. The simulation mesh was validated using simple IT and comparison of
the peak current to the Randles-Sev¢ik equation’? as demonstrated recently. 2

A list of the parameters and coefficients employed have been provided in Table S1.

Table S1: List of the terms and coefficients employed in the simulations.

Term Initial Values Description
C:r 1, 10, 100, and 1000 mM | Initial agueous proton concentration
,aq
Conmre org 5 mM Initial organic phase DMRc concentration
Dy 9.4 x10°cm*s Aqueous proton diffusion coefficient
o 1x10° cm®s * H* diffusion coefficient in the organic
’ hase
_6 2- _l p - - - - T
Domreorg = Domreaq | -20 X 10° cm®s Diffusion coefficient of DMRc
Kef1 1 x10° L'mol s+ Rate of hydride formation in the organic
phase
Keb1 1st Rate of hydride dissociation in the
organic phase
Kef2 1 L-mol *s ™ Rate of hydride formation in the ageuous
phase
Kep2 1x10°s * Rate of hydride dissociation in the
aqueous phase
Ko 1x10° cm's " Rate of DMRc (neutral) from the aqueous
to organic phase
Kob 1x10 % cms ™ Rate of DMRc (neutral) from the organic
to aqueous phase
v 0.050 V-s* Scan rate

"These were used to describe [ijRu“‘”H*} in either phase.

EC'’ mechanism

A two-step mechanism involving a potential dependent ion transfer step (eq. S1, electrochemical
step) followed by a bulk, organic phase homogeneous reaction (eg. S2), as provided below:
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Figure S6: Simulated cyclic voltammograms generated using the EC’ mechanism (eq. S1 and
S2, above); here, the rate, k;, of the complexation step has been altered as indicated inset. The
formal ion transfer potential of i was 0.250 V, with Dijy = Dj, = 1x10°cm?s™, Ciyw =
1 mmol-L %, ¢io =0 mmol-L ™, Ly =5 mmol-L ™, and v=0.020 V-s™.
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