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Abstract

Electrochemical impedance measurements were méatle Bingle supercritical phase of O@ith 11

wt % acetonitrile as the co-solvent at temperatarespressures between 306 and 316 K and 15.5 and
20.2 MPa over the potential range from -0.45 to/50/ vs. Pt. Gold, platinum and glassy carbon
electrodes were studied together with the effecedestrolyte concentration for [NBij[BF4]. Two

other electrolytes, [NB{J][B{3,5-C¢H3(CF).} 4] and [NMe][BF,], were also studied. We find that the
impedance data can be described by a simple R@adgnt circuit where the uncompensated solution
resistance is independent of the electrode potethis consistent with earlier measurementsher t
electrolyte conductivity. The results for the daulayer capacitance can be described by a simple
Helmholtz layer model and are very similar to thfsend for similar electrolytes in non-aqueous
solvents such as propylene carbonate. For glastpe the double layer capacitances show a
parabolic like potential dependence which we aitglio the lower density of states near the Fermi
level.

I ntroduction

The charge distribution at the metal/electrolyteiiface has a fundamental effect on interfacial
processes and, specifically, on the rates of iatéaf electron transfer reactions[1]. Models ard we
developed for conventional metal/electrolyte solutinterfaces with descriptions in terms of the
classical Helmholtz, Gouy-Chapman, and Stern Tigfer models [2] based originally in classical
experimental studies of the mercury/sodium fluosgistem. These models are supported by
extensive experimental studies and modelling fareags solutions and for high dielectric organic
solvents such as acetonitrile. Similar models Hzeen used to describe the semiconductor/electrolyte
and liquid/liquid junctions[3,4]. Most recently @risive attention has turned to studies of the
metal/ionic liquid interface where simple Gouy-Chem models are clearly inappropriate because of
the high ion density [5,6].

In contrast, data on the metal/supercritical flelielctrolyte interface are barely existent. Newsddss
the charge distribution is crucial for understagdime kinetics of redox reactions and
electrodeposition studies. Electrochemistry in sciitical fluids has received attention for
applications in electroanalysis[7], electrosyntbg8t10], electrochemical reduction of €[1, 12],
electrodeposition[13-15], and for energy convergi6h Abbott and Eardley [17] appear to be the
first authors to report double layer capacitancasueements in a polar supercritical fluid. They
studied supercritical difuloromethane containing'®@ tetrabutylammonium tetrafluoroborate at
platinum electrodes at 363 K and three pressui®8,(16 and 26 MPa). Based on their results they
concluded that at the lower pressures, where #ledlric constant for the solvent was lower (8.5



and 8.1), the double layer structure can be entitescribed by the Helmholtz model whereas at the
highest pressure, where the dielectric constamgiser ¢ = 9.5), there were clear anodic and cathodic
capacitance humps interpreted as evidence for tailmation from the diffuse double layer The results
at high pressure were similar to those of Abbott Harper [18] for quaternary ammonium
electrolytes in organic solvents of low< 10) dielectric. Abbott and Harper also studieel double
layer capacitance for long chain quaternary ammmurélectrolytes in supercritical GQL9]. Again,
under the low dielectric condition for supercriti€O, (¢ = 1.8) they found Helmholtz like behaviour
with the double layer capacitance only very wealdpendent on the electrode potential.

In this paper we present the first results forgtuely of the double layer capacitance for supécatit
COy/acetonitrile mixtures. Addition of acetonitrile IGCN) as a polar co-solvent increases the
effective dielectric constant for the fluid and berthe solubility of electrolytes and the solution
conductivity[20]. Supercritical CSLCH;CN has been used in our group for the electrodeposf

both copper [14] and silver [15] and Togtslal. [21] recently studied voltammetry for
decamethylferrocene in supercritical £ZOH;CN. We have studied the double layer capacitance f
supercritical CQCH;CN mixtures containing 2.1 M GEN (~11 wt%) at platinum, gold and glassy
carbon electrodes at constant density over theerdf§ to 316 K and associated pressures from 15.5
to 20.2 MPaand electrolyte concentrations from 6 torBM. These represent the typical conditions
appropriate to obtain a single supercritical phsite reasonable conductivity that is appropriate fo
electrodeposition. Results for three electrolyfi8u,"|[B{3,5-C¢Hs(CFs)2} 4], [NBu,"|[BF,] and
[NMe,][BF,], are presented. This represents the most extesisiglg of the double layer capacitance
of and supercritical fluid system presented to date

Experimental

Acetonitrile (CHCN HPLC grade, Rathburn) was distilled over calclwdride and handled under
inert atmosphere. Tetrabutylammonium tetrafluorat®and tetramethylammonium tetrafluoroborate
(INBu4"|[BF4] and [NMe][BF 4], >99 pure, Sigma Aldrich) were used without furtherification, but
were stored either in a glove box or desiccatoodgegéxperiments. [NB{[B{3,5-C¢H3(CFs),} 4] was
synthesised and purified as described elsewher2]3Carbon dioxide (99.999 % SCF grade, BOC)
was used without further purification.

The cell used for the electrochemistry was a 2gainless steel construction. The bottom parahas
10 mL well (that constitutes the working volume wtessembled) and the top has 7 x 1/16” female,
SSi type fittings (through which electrodes, thecouples and tubing could be sealed into the cell)
and 1 unique safety valve. The 2 pieces are fitigdther using a disposable elastomeric O-ringaand
clamp that is locked in place. Figure 1 shows #lkand position of the electrodes.



Fig. 1. Images of the high pressure electrochemistry cell. a) Shows a fully assembled cell composed

of 2 parts held together with a belt clamp. Visible in the centre is the lid of the cell with the

electrode contacts coming through the nuts. This is sealed to the working volume by means of a
rubber o-ring and the two parts are held together with the belt clamp (a-3). Also worth noting are
the needle valve (a-1) for isolating the cell under pressure and the safety, release valve/clamp key (a-
2). b) shows the cell lid as assembled for the experiments reported here. Marked are the positions of:
1-the thermocouple; 2-the GC disc electrode; 3-the Pt disc electrode; 4-saftey valve outlet; 5-the Au
disc electrode; 6-a Pt wire counter electrode; 7-Pt quasi reference electrode and 8-the inlet tube
leading to the needle valve.

The dry electrolytes were weighed into the celk(albed elsewhere[13, 22]) in the atmosphere and
this was then transferred to the glove box antivdber. After 15 h under nitrogen flow the cell was
assembled inside the glove box where the dry aitgtercto-solvent was added. The fully assembled
cell is then attached to the @ump (JASCO PU-1580) and heated to the startimgéeature before
loading with CQ at pump rates of 0.3 to 2 ml rifinOnce the cell is filled the solution is allowed t
settle for a minimum of 5 min before any measurdmare made; when the temperature and pressure
was increased the cell was allowed to stabilisafminimum of 45 min. The starting temperature and
pressure for each solution was 306 K and 15.5 MPa.

Electrochemical measurements are performed on &lakuPGSTAT32 potentiostat with frequency
response analyser (Metrohm); using working eleesanf polished gold, platinum and glassy carbon.
The counter electrode was a platinum mesh anduasi-geference electrode was a 0.5 mm diameter
platinum disc. Impedance measurements were maatetloe frequency range 100 to 1 Hz, using a
potential modulation a5 mV (rms).

Results

In earlier studies [20] we investigated the phastealiour and conductivity for GECH;CN mixtures
containing [NBY"|[BF 4] and several related electrolytes in which the,JB&nion was replaced by
fluorinated derivatives of [BRh (so-called BARF anions) including [B{3,5:8:(CF)2}4]. At
elevated temperature and pressure these systems feingle supercritical phase.

In the experiments presented below the conditiosi®welected so that the system was always in the
single phase region. The mole fractiors{CGO,, x,= CH;CN, X3 = electrolyte) were dependant on

the concentration of electrolyte added and allifethe rangex; = 0.8872x,=0.1112x;= 0.0016 to

%1 =0.8885x,=0.1112x3= 0.0003.



For the CQICH;CN system our earlier work showed that solutionseaonably high conductivity
(22-26 S crhmol™) could be obtained, particularly in the case dB{lN][B{3,5-C¢Hs(CFs)-} 4] and
that there was a significant contribution to thadwctivity from triple ions in the low dielectric
supercritical solvent[20]. In the present studieshave used three different electrolytes,
[NBu,"[[BF 4], [NBu,"] [B{3,5-C¢H3(CFs)2} 4] and [NMe][BF,], selected to give different sizes of
anion and cation. Each of these ions is approxiyapherical, Figure 2

Fluorinated aryl borate

[BF,]” 5.6 A

Tetraalkylammonium cations

' I e
o &

[NMe,]* 3.94 A

[NBu,"]" 12.0 A

Fig. 2. Space filling representations of the cations and anions used as supporting electrolytes,
illustrating their approximate sizes. The dimensions correspond to the estimated diameter across
the respective ions based upon van der Waals radii. Dark grey=C, light grey=H, blue=N, yellow=B and
green=F.

For each solution electrochemical impedance meammts were made for a range of potentials

where there was little or no background Farada&ctedchemistry. This range was assessed for each

electrode substrate by means cyclic voltammetiirtibs where the current density was less than 25
-2

HA cm”.

Figure 3 shows a representative Nyquist plot féeadacorded in scCLCH;CN with 12.2 mM
[NBu,"[BF,4]. Very similar plots were obtained in all casesthe different electrodes, electrolytes
and temperatures and pressures studied.
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Fig. 3. Typical Nyquist plot for a polished Pt disc (0.5 mm diameter) in scCO,/11 wt% CHs;CN. The
electrolyte is 12.2 mM [NBu,"][BF,] at 310 K and 17.2 MPa. Data recorded at 0.15 V vs Pt pseudo
reference.

The Nyquist plots show a slight deviation from Weetical straight-line response expected for a
simple series RC circuit (inset). This type of idéen is not unique to the supercritical fluid
electrolytes and is commonly observed for this tgypenpedance measurement when carried out in
agueous and in non-aqueous solutions. The dewigtioften attributed to continuously distributed
time constants for charge transfer reactions (wtieresurface activity of the electrode has local
variation) or, where there is no Faradaic procas$ace roughness of the electrode. These factors
have been reviewed by Orazem and Tribollet [23] sia@w that the impedance for a ‘blocking
electrode’ (or in this case simply one where offigrging and discharging the surface is considered)
can be expressed in terms of a constant phaserdl¢@feE) as

Z(w)=R+ 1)

(jal®Q

whereR is the electrolyte or ohmic resistanpis the imaginary number/{1), Q is the CPE
coefficient andx the CPE exponent. For an in depth discussioneo§inificance of the CPE in this
context the reader is directed to the literaturé]84 The data in Figure 3 give an alpha value whic
is close to 1 (in this case 0.945) and¥yoan be approximated @[29]. The values of solution
resistance and electrode interfacial capacitance then obtained by fitting the impedance data to
the simple RC circuit (Figure 3 inset) whétés dominated by the uncompensated solution resista
R, andC is dominated by the interfacial (double layer)a@fanceCy,.

Comparison of electrode materials



Polished discs of polycrystalline gold, platinundayiassy carbon were used as working electrodes.
The applied potential for the electrochemical ingregt measurements was varied from -0.45 V to
+0.75 V vs Ptin 200 mV increments (filled poimsHigure 4) and then from +0.65 V to -0.35 V vs Pt
in 200 mV increments (open points in Figure 4). Téwults show little variation in the measured
values ofR, andCy over time and repeats of these measurementspafteds of up to an hour also
gave similar values. The measurements were cavtiedequentially for the three electrodes mounted
together in the cell in the same solution.
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Fig. 4. Comparison of (a) R,a (where a is the electrode radius) and (b) Cg for different substrates in
scCO,/11 wt% CH5CN with 12.2 mM [NBu,"][BF,] at 306 K and 15.5 MPa. Open symbols represent
data taken on the cathodic scan, filled symbols on the anodic scan. Black squares: 0.5 mm diameter
platinum disc; red circles: 0.5 mm diameter gold disc; blue triangles: 1 mm diameter glassy carbon
disc.

The results shown in Figure 4 (where in Figure 4shave normalised the uncompensated solution
resistance with the electrode radigsare representative of the trends sedr,iandCy for the three
electrodes as a function of potential over therfaige of temperature (306 to 316 K), pressures(15.
to 20.2 MPa) and [NB{J][BF 4] concentration (6.1 to 30.4 mM) studied in thisrkvdata for the full
range of experiments can be found in the Supplesmgiiformation. The Pt and Au electrodes gave
very similar values of normalised uncompensatedtswi resistanceR,a) at all potentials and almost
identical capacitance-potential profiles. In costittie glassy carbon disc shows a parabolic
dependence dEy with respect to potential and slightly lower vader R a (see Figure 3a).

The effect of temperature, pressure and electrolyte concentration R, and Cy,.



There is very little variation iR,a andCy in the isopycnic measurement reported here ower th
temperature (and associated pressure) range sialiedo definite trend with temperature could be
inferred from the data (see Supplementary Inforomati

The effect of the electrolyte concentration wasstigated for [NB4I][BF 4] over the range from 6.1
to 30.4 mM. With increasing concentration the unpensated solution resistance was found to
decrease rapidly up to 18 mM and then to reachadgtvalue, Figure 5.
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Fig. 5. Effect of electrolyte concentration on R,a. Recorded at 0.5 mm diameter (a) gold (red circles),
(b) platinum (black squares) and (c) 1 mm diameter glassy carbon (blue triangles) discs in scCO,/11
wt% CH3;CN at 310 Kand 17.2 MPa.

Using the Newman equation for the primary resigtaRcat an inlaid disc when the counter electrode
is at infinity [30] we can write

R=1/4a )

wherex is the electrolyte conductivity arzdthe electrode radius. We can then make estimétes o
from the measureR, assumindRk = R,. In this case the values for the three electrodiege from 1.1
to 1.7 S crhmol™® and are comparable to the independently measaleds/reported in our earlier
work [20] (2.3 S crhmol™ for this electrolyte at 20 mM and 328.15 K andd2@Pa) confirming that
the uncompensated solution resistances obtainadtfre analysis are reasonable.

Figure 6 shows the variation in double layer capace with potential for the gold and platinum
electrodes at five different concentrations. argold electrode the double layer capacitance
increases slightly with increasing concentratieaughly doubling in value at all potentials on going
from 6.1 and 12.2 mM to 24.3 and 30.4 mM (Figurk 8a the case of the platinum and glassy
carbon electrodes there is no clear trend with eomation (Figure 6b and c) but for the glassy earb
electrode the capacitances still show an approximatrabolic dependence on potential at all
concentrations.
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Fig. 6. Variation of interfacial capacitance with increasing concentration of [NBu,"][BF.]. Recorded at
0.5 mm diameter (a) gold, (b) platinum and (c) 1 mm diameter glassy carbon discs in scCO,/11 wt%
CH3CN at 310 K and 17.2 MPa. Black squares 6.1 mM; red circles 12.2 mM; green triangles 18.2 mM;
blue diamonds 24.3 mM; cyan inverted triangles 30.4 mM.

A small increase in capacitance with increasingpenaiture and pressure was observed at all
electrodes at anodic potentials (Figure 7)
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Fig. 7. Variation of interfacial capacitance with increasing temperature. Recorded at 0.5 mm
diameter gold disc (a) 0.5 mm diameter platinum disc (b) and 1 mm diameter glassy carbon disc (c)

in scCO,/11 wt% CH5CN with 18.2 mM [NBu,"][BF,]. Black squares: 306 K, 15.5 MPa; red circles: 310K,
17.2 MPa; blue triangles 316 K, 20.2 MPa.

The effect of anion/cation size on R, and Cy.

We have also investigated the effect of changiegsthe of the anion and cation on the impedance by
using [NBy"|[B{3,5-C¢Hs(CFs),} 4] to have a larger anion and [NMEBF,] to have a smaller cation
(see Figure 2). The results are shown in TabledlFigiure 8. As expected, based on our earlier work



[20] the [NBW,"][B{3,5-CsH3(CFs),} 4] electrolyte gives the lowest uncompensated smiutésistance
(Table 1). [NMg][BF,] gives the highest value and again this is toxpeeted as the ion pairing for
the smaller cation will be greater in the low pitlasolvent. Comparing the double layer
capacitances at gold and platinum electrodes, €igarand b, we see that for [NB{B{3,5-
CeH3(CFRs),} 4] the value is about one half that for [NBIBF,] at all potentials while for [NM@[BF 4]
the values are similar at anodic potentials bghsly lower than for [NBW'[BF 4] at cathodic
potentials. For glassy carbon, Figure 8c, the Bolalyer capacitances are approximately parabolic
with potential for all three electrolytes and vemnilar at the cathodic limit (-0.45 V) becoming
separate with [NB{I][BF,] giving the highest capacitance and [NBIB{3,5-CsH3(CFs),} 4] lowest
capacitance with increasing anodic potential.

Electrolyte R,a/ k€ cm
[NBu4I[B{3,5-C¢Hs(CFs)z} 4] 1.8
[NBu,"[BF 4] 8.4
[NMey][BF 4] 64.2

Table 1. Average values of uncompensated solution resistance for 0.5 mm diameter gold disc at 310
Kand 17.2 MPa and 24.3 mM electrolyte.
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Fig. 8. Variation of interfacial capacitance with ion size. Recorded at 0.5 mm diameter gold disc (a),
0.5 mm diameter platinum disc (b) and 1 mm diameter glassy carbon disc (c) in scCO,/11 wt% CH;CN
at 310 K and 17.2 MPa with 24.3 mM electrolyte. Black squares [NBu,"][BF,]; red circles
[NBu,"][B{3,5-C¢H3(CF3),}4]; blue triangles [NMe,][BF.].

Discussion

For all the experiments we obtained consistentegfar the uncompensated solution resistaRge,
which were consistent with the experimentally deieed conductivity for [NBL][BF 4] in
ScCQJ/CH;CN from our earlier work. These values were indeleat of the electrode potential and
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do not vary significantly for the different eleales. The uncompensated solution resistances
changed with electrolyte concentration (Figurerk) with the change in choice of electrolyte (Table
1) as expected, with [NBU[B{3,5-C¢H3(CFs),} 4] giving the lowest values fd®,. From this we
conclude that our impedance data are adequatetyiled by the simple RC circuit used.

Turning to the double layer capacitance data we ti@tt the behaviour for the Au and Pt electrodes i
very similar with similar values faZy and little dependence on the electrode potentimtontrast

the values for glassy carbon show a marked paatyge potential dependence. We will therefore
discuss the two separately starting with the redalt Au and Pt.

Double layer capacitance at Au and Pt

For Au and Pt the double layer capacitance datiNBu",][BF 4] show little dependence on the
electrode potential (figures 4 and 6) and no dieards with the concentration (figure 6). Our
capacitance values are very similar to those reddsy Fawcett's group for tetraalkylammonium
perchlorates in propylene carbonate at mercury g8t for tetraethylammonium perchlorate in
acetonitrile at platinum[32], and by Gambert andifdgartel for tetraalkylammonium perchlorates at
mercury in acetonitrile [33] both in terms of thagnitude of the capacitance and the potential
dependence. The results for tetrabutylammoniuraftatroborate are consistent with a simple
Helmholtz parallel plate model comprising a sirighger of [NBU,]", and possibly acetonitrile, at the
electrode surface. For a double layer capacitahaeoond10 pF cmi?, as seen here, if we assume
that the value for the dielectric constamtin this Helmholtz layer is 3.2 [31] then we gatestimate

for the Helmholtz layer thickness of 0.28 nm whisltomparable to the dimensions of the ions when
we take into account the fact that the [NBUion can distort at the metal surface[31]. Our ltssare
consistent with the formation of a Helmholtz lagéthe metal surface populated by [NBUover the
whole potential range investigated suggestingtti@apotential of zero charge is more anodic th&n O.
V vs. Pt.

Our experiments were conducted at constant den8iythe temperature is increased we see evidence
for some potential dependencedgn at more anodic potentials (figure 7). The effectmall but may
reflect the effects of electrostriction [34] ancgabsion of solvent (presumably the more polarsCN
rather than Cg¢) from the interface at higher temperature.

Finally we also looked at the effects of changinga and cation (figure 8). Here we see some
effects onCqy but they are not very large and, because in tse the data come for different
experiments, there is greater variability and #slts should be interpreted with caution. Broddity
Au and Pt we find that the double layer capacitarare very similar for [NBY][BF 4] and
[NMe,][BF4]. In contrast the values for [NBU[B{3,5-C¢H3(CF).} 4] are smaller, particularly at
anodic potentials consistent with the effect ofgghesence of a larger anion.

Overall these results are consistent with our éawliork on the electrochemistry of decamethyl
ferrocene [35] and electrodeposition of copper @] silver [15] in scC&@CH,CN where we see the
expected type of voltammetric behaviour consistétit the major part of the applied potential being
dropped at the electrode surface and availablee the electron transfer kinetics.

Double Layer Capacitance at Glassy Carbon
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We now turn to the double layer capacitance resoiltglassy carbon. In this case we see a marked
potential dependence with a minimum at around G¥tv The capacitance at this minimum is
comparable to that at Au and Pt, arounqiE@m?. These results were checked using a second
glassy carbon electrode and found to be consisteut.results for glassy carbon are similar to ¢hos
reported by Kinet al. [36]for glassy carbon in propylene carbonate dairtg 0.5 M [NBU}][BF ).

For carbon electrodes, including glassy carbonddwesity of states near the Fermi level is
significantly lower than that for Au or Pt [37] atfus affects the double layer capacitance. For
example early work on pyrolytic graphite and glasagbon electrodes in agueous NaF electrolytes
shows similar behaviour[38, 39]. This approximatadyabolic potential dependence was explained
by Gerischer in terms of the low density of stated the resulting contribution from the space oharg
layer within the carbon electrode [40] and hasmdgdeen investigated using DFT by Luque and
Schmickler[41].

Conclusions

We have investigated the electrochemical impedahéel, Pt and glassy carbon electrodes in s¢CO
11 wt% CHCN in solutions of constant density between 308 K5 MPa and 316 K, 20.2 MPa over
the potential range -0.45 to +0.75 V vs. Pt. Wi tihat the data can be adequately described by a
simple RC equivalent circuit where the uncompermsatdution resistance is consistent with earlier
measurements for the conductivity of these elegtsl We find the resulting values for the double
layer capacitance can be described by a simple lktdtmlayer model for Au and Pt and that the
behaviour is very similar to that found for simikdectrolytes in non-aqueous solvents such as
propylene carbonate. For glassy carbon the refsulthe double layer capacitance show a parabolic
like potential dependence which we attribute toltiweer density of states near the Fermi level and
the space charge contribution to the measured itapae; again this behaviour is consistent with tha
found for glassy carbon electrodes in propyleneaaate solutions.
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M easur ements of the double layer capacitance for electrodesin
supercritical CO,/acetonitrile electrolytes.

P. N. Bartlett and D. A. Cook

Chemistry, University of Southampton, Southamp®@17 1BJ, UK

Supplementary Information

Variation of solution resistance and interfacial capacitance in scCO, with 11 wt % CH;CN. Comparison
of different tetraalkyl ammonium electrolytes over a range of concentrations and 3 different
temperature/pressure conditions. In each case the quasi-reference electrode was a 0.5 mm
diameter platinum disc and the counter electrode was a platinum grid. The working electrodes used
were a 1 mm diameter glassy carbon disc (blue triangles), a 0.5 mm diameter platinum disc (black
squares) and a 0.5 mm diameter gold disc (red circles). Impedance measurements were made over
the frequency range 100 to 1 Hz, using a potential modulation of £5 mV (rms). More details can be
found in the experimental section.
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Figure S1. 6.1 mM [NBu,"][BF,].

A. 306 Kand 15.5 MPa.
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Figure S2. 12.2 mM [NBu,"][BF,].

A. 306 Kand 15.5 MPa.
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Figure S3. 18.2 mM [NBu,"][BF,].

A. 306 Kand 15.5 MPa.

40 —————

30

Ra/kQ cm
3
T

10 F — = 3 ——3 e
A A A A A A A A A A A 4 4
0 1 1 1 1 1 1 1
-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8
EvsPt/V
B.310Kand 17.2 MPa.
40 ——————————1——1——
30 F —
£
o
9 20 | .
-
©
@
10F —=s 4 ¥ . —— . . =
A—A— A A A A A A A 4 A
0 1 1 1 1 1 1 1

-0.6 -0.4 -0.2

C.316 Kand 20.2 MPa.

40 T T

0.0 0.2 0.4 0.6 0.8
EvsPt/V

30 |

Ra/kQ cm
S
T

10 o—o

1 1 1 1 1

-0.6 -0.4 -0.2

0.0 0.2 0.4 0.6 0.8
Evs Pt/V

25

20 |-

1

1

1 1

1

1

-0.6

30

-0.4

-0.2

0.0 0.2
EvsPt/V

0.4

0.6

0.8

25

-0.6

-0.2

0.0 0.2
EvsPt/V

30 |

15

0.0 0.2
Evs Pt/V

0.4

0.8

20



Figure S4. 24.3 mM [NBu,"][BF,].

A. 306 Kand 15.5 MPa.
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Figure S5. 30.4 mM [NBu,"][BF,].

A. 306 Kand 15.5 MPa.
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Figure S6. 24.3 mM [NMe,][BF,].

A. 306 Kand 15.5 MPa.
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Figure S7. 24.3 mM [NBu,"][B{3,5-C¢H3(CF3),}4].

A. 306 K and 15.5 MPa.
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