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ABSTRACT

Birch reduction is a time-proven way to hydrogenate aromatic hydrocarbons (such as benzene), which relies
on the reducing power of electrons released from alkali metals into liquid ammonia. We have succeeded to
characterize the key intermediates of the Birch reduction process - the solvated electron and dielectron and
the benzene radical anion - using cyclic voltammetry and photoelectron spectroscopy, aided by electronic
structure calculations. In this way, we not only quantify the electron binding energies of these species, which
are decisive for the mechanism of the reaction but also use Birch reduction as a case study to directly connect
the two seemingly unrelated experimental techniques.

1. INTRODUCTION

The experimental techniques of photoelectron spec-
troscopy (PES) and cyclic voltammetry (CV) represent
powerful tools for investigating the electronic structure
of various chemical systems. Despite their capabilities to
probe essentially the same physical properties, the fields
of photoelectron spectroscopy and electrochemistry are
distinctly separated with little (if any) mutual overlap,
which is also reflected in different languages employed.
In this work, we bridge these two techniques demonstrat-
ing the power of such a combination on a case study of
chemical species that play a crucial role at an early stage
of the Birch reduction process.

Birch reduction is a general tool of organic chemistry
employed to regioselectively hydrogenate even the most
stable aromatic hydrocarbons by solvated electrons in
liquid ammonia in the presence of alcohol as a proton
donor.1 First, electrons are released into the solvent upon
the dissolution of an alkali metal. This is followed by the
formation of solvated electrons that are stable for an ex-
tended period of time in liquid ammonia (unlike in wa-
ter). Note also that spin-paired dielectrons are formed
upon increasing the concentration of the alkali metal.2

Second, the generally accepted mechanism of Birch re-
duction3 continues by binding the solvated electron to
the benzene molecule forming the benzene radical anion.
All these Birch reduction intermediates – the solvated
electron and dielectron and the benzene radical anion –
are thus negatively charged ”electron gain” species. It is
also worth noting that the benzene radical anion is not
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stable in the gas phase, being a meta-stable shape res-
onance with a femtosecond life time.4,5 In contrast, it
is stable enough to be characterized in solution.6–9 Here
we compare the thermodynamic stability of the benzene
radical anion with the other species present in the sys-
tem during the initial steps of Birch reduction, i.e., the
solvated electron and dielectron in liquid ammonia, with
the aim to find out whether the excess electron prefers
to localize on the benzene molecule or rather in a solvent
cavity. These findings allow us to understand in quanti-
tative terms the capture of solvated electrons by simple
arenes.

PES as a high-vacuum technique has been developed
originally for measurements of gaseous molecules and low
vapor pressure solids. Later, an extension to aqueous so-
lutions was achieved using the liquid microjet technique10

and, most recently, we were also able to probe volatile
refrigerated liquids such as liquid ammonia.11,12 In prin-
ciple, the photoelectron (PE) spectrum carries informa-
tion about vertical and adiabatic ionization energies at
the same time.13 Note that the absolute value of the adi-
abatic detachment energy (ADE) is always smaller in ab-
solute terms than the corresponding vertical detachment
energy (VDE), with the difference reflecting the amount
of nuclear relaxation within the nascent electronic state.
While VDEs are associated directly with the maxima in
the spectrum, the determination of ADEs is more com-
plicated. In the gas phase, ADE is usually assigned with
the lowest-lying vibronic spectral feature. However, in
liquids where the vibronic structure tends to be smeared
out, one has to rely on the extrapolation of the peak onset
towards the baseline.14

In comparison, CV is tailored to study thermodynamic
and kinetic properties of redox active solutes. It reports
on electron transfer between analytes and the working
electrode by measuring redox potentials extracted from
the current response to a time-varying potential applied
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in cyclic sweeps.15 Values of the redox potential measur-
able by CV are limited by electrochemical reduction and
oxidation of the employed solvent, i.e., one can only mea-
sure potentials within the so-called potential window of
the solvent. This issue of CV renders computational ap-
proaches particularly beneficial when interpreting results
close to the solvent-specific window edge.

It is straightforward, albeit not fully appreciated, that
the ADE from PES and the redox potential from CV
refer to the same equilibrium quantity. Here, we access
the ADEs of the solvated electron, the spin-paired dielec-
tron, and the benzene radical anion in liquid ammonia
by a novel theoretical approach based on electronic struc-
ture calculations and by CV measurements. Results from
both of these approaches are then compared between each
other and with previously measured PE spectra. A one-
to-one comparison of ADEs and redox potentials is con-
ditioned by finding a common standard state, which is
not guaranteed a priori due to different referencing of the
PES and CV measurements. PES experiments, as well as
the corresponding electronic structure calculations, are
naturally referred to the vacuum level, while CV data
relate to a reference electrode, typically the standard hy-
drogen electrode (SHE), and specific experimental con-
ditions. Attempts to obtain a universal conversion factor
between redox potentials with respect to standard elec-
trodes and the vacuum level have been made based on ex-
periments in acetonitrile16 and water17 at room tempera-
ture. However, these values are not directly applicable to
the present case of liquid ammonia at low temperatures.
To this end, we employ here a consistent method of con-
version between PES and CV data that reflects both the
properties of a particular solvent and the temperature
dependence. The present computational and experimen-
tal results shed light on thermodynamic stabilities and
mutual equilibria of solvated electrons and the benzene
radical anion in liquid ammonia with implications for the
molecular mechanism of the Birch reduction process.

2. METHODS

Electronic Structure Calculations

The double hybrid B2PLYP18 density functional
equipped with D3BJ dispersion correction19,20 was em-
ployed throughout the study. Kohn–Sham orbitals
were expanded into the Pople triple-ζ 6-311++g** ba-
sis set21,22 augmented by diffuse functions. Benchmarks
of the chosen method and basis set are presented in Sec-
tion S1 of the SI. All the electronic structure calculations
were carried out using the Gaussian1623 software pack-
age.

Both VDEs and ADEs were calculated for the follow-
ing solutes – electron, spin-paired dielectron, and benzene
radical anion. The first solvation shell around the so-
lute of twelve solvent molecules was included explicitly by
carving molecular clusters out of AIMD trajectories per-
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Figure 1. Left panel: Schematic illustration of vertical
(VDE) and adiabatic (ADE) electron detachment process
from an initial state having N electron to the final one with
N − 1 electrons. Right panel: representatives of structures
prior to electron removal (A), directly upon its removal (B),
and after relaxation (C) states on the left panel for the three
systems. The excess electron(s) is shown as green density con-

tours at two isovalues (opaque at 0.001 Å−3 and transparent

at 0.0005 Å−3).

formed by us earlier in Reference 11, for neat liquid am-
monia, in Reference 12 for the solvated electrons in liquid
ammonia and Reference 6 for the benzene radical anion.
Solvent clusters were centered around the maximally lo-
calized Wannier function of the electron and dielectron or
the center of mass of the benzene radical anion. The more
distant solvent environment was treated as a structure-
less medium within the integral equation formalism of
the polarizable continuum model (IEF-PCM)24–26 as im-
plemented in Gaussian16.23 Within this approach, liquid
ammonia at 223 K was characterized by its experimental
values of the total dielectric constant of ε = 22.6 or — for
an instantaneous response — by the high-frequency di-
electric constants of ε∞ = 1.944, respectively.27 A solvent
excluded surface (SES) PCM cavity formulation28,29 was
employed for all the systems using a smoothing sphere
radius of 1.73 Å.30 This cavity construction approach
captures the shape of the cluster and eliminates artifacts
arising from the voids between the molecules due to the
presence of the solute, as shown in Figure S2 and previ-
ously reported in References 31 and 7.

The vertical detachment energy (VDE) was calculated
as the difference between the thermally averaged ground-
state energies of the system with and without the excess
electron at the geometry of the system before the re-
moval of the electron. Non-equilibrium PCM32,33 (NE-
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PCM) was employed to capture the vertical character of
the process through partial relaxation of the PCM cav-
ity charges due to the high-frequency component of the
dielectric constant ε∞.
Calculation of the adiabatic detachment energy (ADE)

is less straightforward than that of VDE due to the need
for accounting also for nuclear relaxation of the system
after the electron detachment. ADE was thus calculated
as the difference between the thermal mean ground state
energies of the systems with the excess electron and the
relaxed system without the excess electron, as obtained
from two independent simulations. The relaxed struc-
tures upon electron detachment are the neat liquid am-
monia for the solvated electron, the solvated electron for
the dielectron, and the solvated benzene molecule for the
benzene radical anion. Note that this approach of calcu-
lating ADEs relies on neglecting the entropic contribution
to the free energy associated with the nuclear relaxation
upon the electron detachment. In the case of the sol-
vated electron and dielectron, it was shown that entropy
correction is below 3 % of the total contribution to the
free energy.34 This is also in line with our previous study
of the structure of the solvated electron and dielectron
in liquid ammonia where we report that the organization
of the surrounding solvent is very weak.12 The same as-
sumption was made also for the benzene radical anion.6

The calculation protocols for the VDEs and ADEs for all
three species are schematically illustrated in Figure 1.

Electronic energies were calculated for 1000 structures
of neutral benzene, its radical anion and neat liquid am-
monia. For solvated electron we collected statistics from
200 geometries and for spin-paired dielectron from 170
geometries. These distributions were constructed as con-
tinuous probability densities using the kernel density esti-
mation method as implemented in SciPy 1.9.035 package
using 0.2 eV bandwidth.

Absolute Redox Potential of the SHE

To determine the solvent-specific conversion factor be-
tween the SHE in CV measurements and the vacuum
level in PE and theoretical calculations, we have adopted
a procedure from Reference 36 using the thermodynamic
cycle shown in Scheme 1. This approach describes the
thermodynamics of the processes occurring at the stan-
dard hydrogen electrode and takes care of solvent-specific
interactions referencing to the free energy of solvation of
a proton, accounting also for its temperature dependence.
Similar approaches in the literature37 differ in subtle de-
tails resulting in variations of the standard electrode po-
tentials of the order of ≈ 0.1 eV.
Here, we employ the Gibbs free energy of formation of

a proton in the gas phase ∆G
(g)
H+ = 1513.32 kJ/mol36 and

the Gibbs free energy of solvation of the proton in liquid
ammonia at 220 K (temperature used in our experiments)

∆G
(solv)
H+ = −1219.63 kJ/mol38 (for more information see

the SI), while the Gibbs free energy of the electron in

the gas phase is set to zero following the choice of the
standard state. The absolute SHE redox potential then
reads

Eabs
SHE =

1

F

[
∆G

(g)
H+ +G

(solv)
H+ −RT ln γH+

]
= 3.09 V

(1)
where F is the Faraday constant, R is the universal gas
constant, T stands for the temperature, and the activity
coefficient of a proton in liquid ammonia γH+ = 0.2 is
adopted from Reference 39. Note that the last term in
Equation 1 corresponds to the change from the Gibbs free
energy standard state (the 1 M solution) to the standard
state of unit activity.
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Scheme 1. Thermodynamic cycle used to determine the ab-
solute potential of the SHE.

Experiments

CV measurements were performed using an Autolab
PGSTAT204 potentiostat (Metrohm Autolab B.V.) with
computer control (NOVA 2.1.5 software). A conven-
tional three-electrode configuration consisted of a glassy
carbon working electrode (2 mm in diameter), a plat-
inum wire counter electrode, and a silver wire refer-
ence electrode. The working electrode was polished with
1.1 µm alumina and subsequently with a 0.5 µm alu-
mina on a polishing pad. All CV measurements were
performed in a solution of a 0.1 M electrolyte (Bu4NPF6

in dimethoxyethane (DME) at room temperature or KI
in liquid ammonia at −55 ◦C) using the scan rate range
from 100 to 1000 mV/s. Prior to each experiment, the
DME solutions were deoxygenated by bubbling nitrogen
gas through and the nitrogen atmosphere was maintained
throughout the course of the experiment. Liquid am-
monia was condensed directly from a cylinder and kept
under argon atmosphere during the experiment.
The CV measurements were referenced internally to

our particular setup. In order to relate our results to the
Ag/Ag+ reference electrode, we refered the redox poten-
tial of nitrobenzene in liquid ammonia in our setup to the
previously measured value40 (with respect to the Ag/Ag+

electrode). Therefore, we use a shift of −0.17 eV (left
part of Scheme 2).
Another shift of +0.59 V corresponds to the transi-

tion from the Ag/Ag+ reference to SHE.16 Eventually,
+3.09 V was added to reference the SHE at our exper-
imental conditions to the vacuum level accordingly to
Equation 1. These particular shifts sum up to an overall
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value of 3.51 V that must be added to reduction half-
wave potential measured in liquid ammonia in our setup
at 220 K to reference it to the vacuum (see Scheme 2).

The reduction potential of benzene was found to be
out of the range experimentally available in liquid am-
monia. Therefore, we performed the CV measurements
in another solvent - dimethoxyethane (DME), where the
signal is reachable. In the next step, to get the redox
potential value in liquid ammonia from that in DME, we
correlated the reduction peak potentials of several aro-
matic compounds measurable in both solvents under the
same experimental conditions. Thus for benzene, we first
converted the value from DME to that in liquid ammonia
and then applied the same shift toward the vacuum level
as above.

3. RESULTS

Computational Results

Distributions of the total electronic ground-state ener-
gies of the structures prior to electron removal, directly
upon its removal, and after nuclear relaxation are shown
in Figure 2 for the solvated electron, spin-paired dielec-
tron, and the benzene radical anion solvated in liquid
ammonia. Solvation was modeled in a hybrid way by
including the solute together with the closest 12 solvent
molecules explicitly and the bulk solvent was treated as
a polarizable continuum (see Section 2). Benchmark cal-
culations of the VDEs and ADEs with a larger number
of explicit solvent molecules, shown in Section S3 of the
SI, demonstrate the convergence of the present hybrid
approach to the description of the solvent effects. All the
energies in Figure 2 are aligned with respect to the mean
value of the energy distribution (purple) of the species
prior to ionization, which is set to zero. The resulting
values of VDE (blue bar) and ADE (green bar) are then
presented on top of the energy distributions in Figure 2.

The present VDEs of the electron and dielectron are
in line with the measured photoelectron spectra in Ref-
erence 12. Namely, as the experiment was conducted at
alkali metal concentrations corresponding to the dielec-
tron regime,2 we directly compare the experimental spec-

Liquid Ammonia 
(vs. our setup)

Liquid Ammonia 
(vs. Ag/Ag+)

Liquid Ammonia 
(vs. SHE)

Liquid Ammonia 
(vs. vacuum)

−0.17 V +0.59 V +3.09 V

Scheme 2. Schematic description of shifting the redox po-
tentials measured in liquid ammonia at 220 K referenced to
our setup and the vacuum level.
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Figure 2. Normalized energy distributions of the ground-
state energies of the systems with the excess electron (purple),
ionized structure at unrelaxed geometry (blue), and fully re-
laxed structures (green). Data for the solvated electron are
shown on top, for the dielectron in the middle, and for the
benzene radical anion in the bottom panel. Horizontal bars
show the VDEs and ADEs of the respective species. The ex-
perimental photoelectron spectrum of alkali metal-ammonia
solution is shown in gray as published in Figure 3 (0.35 MPM
curve) of Reference 12.

trum with the VDE of the dielectron (the gray shape in
the middle panel of Figure 2). The VDE of the benzene
radical anion as previously estimated by two independent
methods to be −2.3 eV ,7,8 is also in line with the present
calculated value of −2.2 eV.
A value of ADE of −0.85 eV was calculated for the

solvated electron, while it came as −1.28 eV for the di-
electron and −1.05 eV for the benzene radical anion. All
the ADEs are, in absolute values, smaller than the cor-
responding VDEs, with the difference being attributed
to the relaxation energy of the whole system at the ion-
ized electronic potential energy surface (Figure 1). From
the quantitative point of view, this relaxation is the most
pronounced in the case of the solvated electron where the
cavity collapses upon ionization yielding a value of the
relaxation energy of about 1.3 eV. When ionizing the di-
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electron, the resulting solvated electron is of a similar size
and still negatively charged thus leaving the cavity ra-
dius and orientation of the surrounding solvent molecules
rather unchanged. Consequently, the relaxation energy
is just ≈ 0.5 eV. Somewhere in between these two cases,
there is the benzene radical anion. For this species, the
cavity in ammonia is formed primarily by the carbon ring
while the excess electron makes a relatively small contri-
bution to its size.6 Nevertheless, the transition from the
benzene radical anion towards neutral benzene is con-
nected with sizable relaxation energy of about 1.1 eV.
Finally, regarding the measured photoelectron spectrum
in the middle panel of Figure 2 we note that our calcu-
lated value of ADE of the dielectron matches well the
onset of the experimental peak.

Experimental Results

The experimental counterparts to the calculated ADE
values are the estimated reduction half-wave potentials
obtained by cyclic voltammetry. We measured the re-
duction potential of neat liquid ammonia in our setup
described in Section 2 at 220 K as −2.30 V that, after
shift, resulted in 1.21 V with respect to the vacuum level
(see Section S4 in SI for the measured voltammogram).
Taking into account that the electron concentration at
the surface of the electrode is estimated to be millimolar,
solvated dielectrons dominate over monoelectrons.2

In the case of benzene, direct measurement in liquid
ammonia appeared to be unfeasible as its reduction po-
tential lies below the reduction point of the solvent. How-
ever, the reduction potential of benzene was reported in
DME.41 Therefore, we measured cyclic voltammograms
for a series of aromatic compounds both in liquid am-
monia and DME as shown in the top and left panel of
Figure 3. Note that the selection criteria for the com-
pounds were such that their reduction potentials lie above
the reduction potential of the respective solvent and that
they are soluble under both conditions. By comparison
of the reduction peak potentials in DME with the reduc-
tion half-wave potentials in NH3 (l), we obtained a near-
to-linear correlation that is plotted in the right-bottom
panel of Figure 3 (note that similar linear correlation was
also found between dimethylformamide and liquid ammo-
nia, see Figure S4 for details). Additionally, we purposely
avoided any reference system in the measured values in
DME as we only aim to estimate the difference between
experimental values in DME and liquid ammonia.

Subsequently, the CV was measured for four DME so-
lutions of benzene of increasing concentration (top panel
of Figure 4). The reduction of benzene appears close to
the window edge of the solvent and thus we performed
subtraction of the curves to elucidate the contribution
of the benzene reduction to the overall voltammogram.
In particular, the 1 mM curve served as the reference
from which the other curves were subtracted. Then, we
identified the reduction peak potential of benzene with

NO2

N

CN O NO2

CH3

NO2

Figure 3. Cyclic voltammograms (scan rate 250 mV/s)
are plotted for five aromatic compounds in liquid ammonia
(left panel) and DME (top panel). Correlation of the reduc-
tion peak potential in DME with reduction half-wave poten-
tial in liquid ammonia vs our setup is shown in the right-
bottom panel together with their linear fit including its pa-
rameters. Also, dashed guidelines connecting the reduction
half-wave potential in liquid ammonia and reduction peak
potential in DME are provided for each compound. Color
coding follows as: 4-cyanopyridine — blue, benzophenone
— orange, nitrobenzene — green, p-nitrotoluene — red, 1-
nitronaphthalene — olive.

the maxima on these differential curves (bottom panel of
Figure 4) that resulted in the mean value of −3.63 V.
When referenced to the vacuum level according to Fig-
ure 3 and Scheme 2, we obtained the reduction potential
of benzene in liquid ammonia of 0.80 V. In order to di-
rectly compare reduction potentials to calculated ADEs
we move from V to eV and change sign due to the op-
posite sign convention when reporting photoelectron en-
ergies. The results presented in Table 1 demonstrate a
quantitative agreement between the two approaches.

Regarding the measured reduction potential of neat
liquid ammonia, it is worth mentioning, that the fact
that the reduction potential of benzene lies above the
reduction point of the solvent, and theoretical calcula-
tions predict that ADE of benzene lies between ADE of
solvated electron and dielectron, make strong evidence
that the measured value of −1.21 V corresponds to the
solvated dielectrons.
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ADE [eV]

Experiment Calculation

electron — −0.85
dielectron −1.21a −1.28

benzene radical
anion

−0.80b −1.05

Table 1. Comparison of experimentally measured and theo-
retically calculated ADEs of electron, dielectron, and benzene
radical anion in liquid ammonia. The experimental value for
electron and dielectron is shared as these two systems cannot
be distinguished in the experiment.
a Reduction of the neat solvent
b Extrapolated from DME
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Figure 4. CV measurements of benzene in DME at four dif-
ferent concentrations are shown in the top panel together with
an inset focusing on the reduction peak of the benzene. Three
differential curves are shown in the bottom for the four mea-
sured concentrations together with their maxima indicated by
full circles. Mean of the maxima positions at −3.63 V is high-
lighted by the black triangle and dashed line.

4. DISCUSSION

The development of the liquid microjet technique has
allowed, at least in principle, to connect the worlds
of photoelectron spectroscopy and cyclic voltammetry.
However, while the peaks in PE spectra report on ver-
tical electron detachment energies without any nuclear
relaxation, CV provides via redox potentials information
about adiabatic electron detachment energies, which are
thermodynamic quantities involving nuclear relaxation.
One way to make a direct connection between the two
measurements is to read out the low energy thresholds
of the photoelectron peaks. Provided that the perturba-

tion of the system by photoionization is within the linear
response regime and that the resolution of the PES in-
strument is better than the physical width of the PE
peaks, these threshold values indeed report on adiabatic
detachment energies.12 Another way lies in performing
electronic structure calculations. Evaluating the lowest
VDE of the system is a rather straightforward procedure
— one simply subtracts energies of the system with and
without the excess electron at the geometry pertinent to
the situation prior to ionization. As a matter of fact,
for liquid systems one needs to sample a set of thermal
geometries of the system with the excess electron, never-
theless, the VDE value converges fast with the number
of geometries sampled due to correlated sampling result-
ing from employing the same geometries before and after
photoionization.

This is no more true for the evaluation of ADEs where
the geometry after ionization needs to be relaxed, there-
fore, such calculations are more difficult. The tech-
nique established here, which is based on evaluating the
changes in internal energy upon ionization and subse-
quent nuclear relaxation rely on two assumptions that
proved to be valid at least for the present systems. First,
for the evaluation of ADEs, we replaced free energy differ-
ences (which are hardly accessible to the electronic struc-
ture calculations) with differences in enthalpies (which
can be calculated directly for a representative ensem-
ble of system geometries). This is well justified for the
present systems, where the neglected entropic contribu-
tion to the free energy amounts to several percents at
best.34 Second, we assumed (and confirmed by bench-
mark calculations, see SI) that the solutes around the
solvated electron/dielectron or the benzene radical anion
can be satisfactorily represented by a first layer of explicit
solvent molecules embedded in a dielectric continuum of
the appropriate dielectric constant. Using only a limited
number of (typically twelve) explicit solvent molecules
resulted in rather narrow Gaussian distributions of the
internal energies of the system which allowed for an ac-
curate readout of the mean internal energy values.

A key point for a successful connection between PES
and CV lies in choosing matching standard states. This
may sound trivial, but in fact, it is not. PES of non-
metallic systems, such as the electrolytes investigated
here, is naturally referenced to the vacuum level. CV
redox potential values are, in contrast, reported with
respect to a standard electrode. This is in principle
straightforward but in reality, a non-trivial part of the
effort lies in connecting the standard states pertinent to
the two measurements. As done here successfully, this
means to relate the standard electrode employed in CV
to the PES vacuum level accounting for the use of a dif-
ferent solvent at a different temperature than what the
standard electrode redox potential value was derived for.

What does our finding that the reduction potential of
the benzene radical anion lies between the reduction po-
tentials of solvated electron and dielectron mean in the
context of the Birch reduction process? It implies that
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in the low concentration regime (up to units to tens of
mM 2), where solvated electrons are the prevalent species
upon dissolution of alkali metals in liquid ammonia, the
formation of the benzene radical anion proceeds as an
energetically downhill process. The situation becomes,
however, more complex at higher alkali metal concentra-
tions where solvated dielectrons dominate over solvated
electrons. Our results indicate that moving the electron
from the dielectron to benzene is connected with a free
energy penalty of about 0.2 – 0.3 eV. In this context,
it is important to realize that while in high concentra-
tion regime the initial step of Birch reduction is an up-
hill process, this is to a large extent compensated by the
increased concentration of the reducing agents as com-
pared to the above low concentration regime, making the
reaction viable over a broad span of alkali metal concen-
trations.42 Clearly, several factors – both thermodynamic
and kinetic – influence the dependence of the efficiency
of Birch reduction on the concentration of the solvated
electrons and the above free energy consideration is only
one of them.

5. CONCLUSION

In this study, we have brought together the fields of
photoelectron spectroscopy and cyclic voltammetry using
electronic structure calculations as a bridging element.
As a poster child for this approach, we have used the
Birch reduction process in liquid ammonia with the key
species being the benzene radical anion and the solvated
electron and dielectron. Using CV we have estimated
the redox potential of the solvated dielectron and, em-
ploying extrapolations from other solvents, also the redox
potentials of the benzene radical anion. Our electronic
structure calculations of adiabatic electron detachment
energies quantitatively reproduce these redox potential
values, providing also the redox potential of the solvated
electron (inaccessible to CV). Bridging toward PES, the
present calculations also reproduce well the spectroscop-
ically determined vertical detachment energies.

SUPPORTING INFORMATION

Detailed methodological benchmarks, comparison data
for larger explicit clusters, visualization of the PCM cav-
ities. Cyclic voltammograms measured at different scan
rates as well as additional correlation of redox potentials
in different solvents. Structures employed in the elec-
tronic structure calculations together with appropriate
input files are included.
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