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Abstract
Electrochemical reactions in a nano-space are different from those in bulk solutions due to structuring of

the liquid molecules and peculiar ion behavior at the electric double layer and are important for
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applications involving sensors and energy devices. The electrochemical surface forces apparatus (EC-

SFA) we developed enabled us to study the electrochemical reactions in a solution nano-confined between

the electrodes with varying the distance (D) of nm resolution. We performed the measurements of the

current-distance profiles due to electrochemical reaction of the redox couples in the electrolyte nano-

confined between Pt electrodes using our EC-SFA. We observed a long-range feedback current due to

redox cycling and the sudden current increase at a short distance, the latter for the first time. This sudden

current increase was two orders greater than the conventional feedback current and was observed at D <

5 nm when approaching between the electrodes and D < 200 nm in separation. We simultaneously

measured the electric double layer force and the current between the electrodes in the solution to study

the mechanisms of this sudden current increase in the short distance range. The results revealed the

molecular insight as how the redox species affect the current between two electrodes under nano-

confinement. This study demonstrated that EC- SFA is a powerful tool for obtaining fundamental

knowledge about the nano-confined electrochemical reactions for nanoelectrodes which can be applied to

sensors and energy devices.

1. Introduction
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Electrolyte solutions confined in nano-spaces exhibit different properties from those of bulk

solutions due to structuring of the liquid and restricted molecular motions. For example, when ionic

liquids are under confinement, they form layered structures' and their viscosities increase.>? These

viscosity increases were applied to the gelation of the electrolyte for the quasi-solid battery.> Another

example is the pH under confinement. When water is confined between negative surfaces, the pH

increases. We reported that such interfacial pH changes are due to both concentrating of the proton in the

electric double layer and hydration of the solid surfaces and absorbed ions.*

For nano-electrochemical devices, such as sensors and energy devices, their peculiar properties,

fast time responses, small capacitive background, and enhanced voltametric responses are known in

practice and considered as advantages.’”” Therefore, various electrode configurations in small-spaces,

such as the ring-disk electrode,? interdigitated array electrode,’-'° ultrathin layer cell!! and confined bipolar

electrode,'?!3 were developed and applied to those electrochemical devices for achieving a highly

sensitive detection in simultaneous multi-sample analyses for small sample volumes. However, the

mechanisms of these advantageous properties have not been well elucidated. Electrochemical reaction

behaviors in nano-structured electrodes were characterized by only limited techniques such as model

analysis and spatially resolved characterization methods of scanning electrochemical microscopy (SECM)
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and electrochemical atomic force microscopy.'*!” They have been used to monitor the 2D images of the

electrochemical reactions and/or electrodes with a nanometer resolution, however, there is a limitation of

the low vertical spatial resolution, i.e., several tens nm, between electrodes because typical confinement

effects appear at separation distances below ca. 20 nm. Therefore, a suitable characterization method for

studying the confinement effects on electrochemical reactions is desired.

Another potentially powerful technique can be the surface forces measurement. This technique

provides a unique tool for studying confined liquids of varying thicknesses (surface separation, D) ata 0.1

nm resolution.'2* By employing a surface force apparatus (SFA), we have developed novel techniques,

such as the resonance shear measurement (RSM),?3-> X-ray diffraction apparatus,?® and SFA fluorescence

spectroscopy*?’, and studied the behavior of confined liquids.

Electrochemical (EC)-SFA has been another direction for the development of SFA. The EC-SFA

can directly monitor the electric double layer forces as a function of the surface separation and

quantitatively estimate the surface potential and charges of the electrodes.”®3 Naturally, there were

interests in developing EC-SFA. Conner and Horn succeeded in measuring the interactions between mica

and a mercury droplet which was connected to a potentiostat.” Vanderlick measured the interactions

between mica and a gold electrode.® However, these EC-SFAs used the conventional SFA with FECO
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(fringes of equal chromatic order) for the distance determination, and at least one transparent substrate

(typically mica) was required.?*3° This condition renders the analysis of interactions more difficult due

to asymmetric configurations, and it is impossible to study two electrodes under various applied potentials.

We recently developed a new-type of surface forces apparatus , i.e., the twin-path SFA, using the modified

two-beam (twin-path) interferometry for measuring the interactions between nontransparent substrates.>!

Based on this twin-path SFA, we developed a new type of EC-SFA which enables us to measure the

interaction between non-transparent electrodes in a symmetric configuration.?® We applied this EC-SFA

(twin-path type) for characterizing non-transparent electrodes such as gold and platinum.3>3* These

studies revealed how the surface potentials and charge density were affected by the various selectively

adsorbed anions on the gold electrode and the hydrogen adsorption on the platinum electrodes.>>33 We

also studied charge neutralization of the ferrocene modified electrode by counterions and quantitatively

evaluated the effective charges on the electrode and the ratio of the strongly bound counterions and the

loosely bound counterions in the Stern layer.34

Taking advantage of the precise control of the separation distance of SFA, Fan and Bard studied

the currents between two very thin Pt electrodes deposited on mica by changing the separation. However,

their instrument could not determine the distance shorter than 500 nm, therefore, assumed the zero distance
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from the point which showed the sudden current increase and estimated the distance from the approaching

speed of the electrodes. They also did not measure the forces between the electrodes. The EC-SFA we

developed enabled us to study both the force and the current between the electrodes by varying their

distances with a nm resolution. The measured force profiles provided important information, such as

surface potentials, charge densities and ion adsorption of the electrodes, which could be useful for

understanding the detailed mechanisms of the observed electrochemical events under nano-confinement.

In this study using our EC-SFA, we measured the current-distance profiles due to the

electrochemical reaction of redox couples in an electrolyte confined between the Pt electrodes. We

observed, for the first time, the sudden current increase of three orders of magnitude greater than the

conventional feedback current at short distances on a nm level. We discussed the mechanisms of this

sudden current increase at the short distance based on the measured double layer interactions. This study

indicated that EC-SFA is useful for characterizing the electrochemical events under nano-confinement,

which should be useful for the design of electrochemical systems such as sensors and energy devices.

2. Experiment

2.1. Materials
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K;[Fe(CN)g] (99.5%, Nacalai Tesque), K4[Fe(CN)s]-3H,O (99 %, Nacalai Tesque), and KCIO4

(99.99%, Aldrich) were used as received. The Pt plate (99.99%) from Toyoshima Manufacturing was used

as a sputtering source. The Pt wire (99.9999, ¢ = 0.2 mm) was purchased from Tanaka Kikinzoku.

Ultrapure water (NANOpure II, Barnstead, 18 MQ/cm resistance) was used after double distillation.

2.2. Preparation of Sample Surfaces

The Pt electrode surfaces were prepared by the mica-stripping method3¢. A Pt film of ca.100 nm

in thickness was deposited on freshly-cleaved mica by a sputtering deposition system (SPV-200, Toei

Scientific Industrial) in an argon atmosphere as previously reported.’® The as-deposited Pt films were

glued on cylindrical quartz disks (curvature radius, K =20 mm) by a hot-melt epoxy resin (E1004, Shell).

For the EC-SFA measurements, a conductive wire was connected to the Pt surface using a conductive

epoxy (CW2400, ITW Chemtronics), then covered by an epoxy resin. After removal of the mica template,

a hydrophilic Pt surface was prepared.

2.3. Electrochemical Surface Forces Apparatus (EC-SFA)

A schematic illustration of the EC-SFA measurement system?! is shown in Fig 1 (a). Two prepared

Pt electrodes were used as the working electrodes using a bipotentiostat (Model 2325, ALS) for controlling

the electrochemical potential (£) and measuring the current (/). The counter electrode was a Pt-wire, and
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the reference electrode was a Ag/AgCl (saturated KCI) electrode (BAS). The electrochemical

measurements were performed inside the chamber of the twin-path SFA. The SFA chamber was filled

with the aqueous electrolytes. Before all the measurements, argon (99.9999 %) was bubbled through the

solutions for more than 30 min for deaeration, and the experiments were done under an argon atmosphere.

Force measurements were carried out by a twin-path SFA (RSM-1, Advance Riko) which

determined the distance between the two surfaces by the modified two-laser beam interferometry

technique.3! The interaction force (F) between the Pt electrode surfaces was measured as a function of

the surface separation (2) in an aqueous solution. The spring constant of the cantilever was in the range

of 160-220 N/m. We continuously changed the surface separation between the Pt surfaces at a constant

approaching rate (20 nm/s) in order to obtain the force-distance profiles. The obtained force F was

normalized by the radius R of the surface curvature using the Derjaguin approximation,'® AR = 2n G,

where G is the interaction free energy per unit area between two flat surfaces. The observation of the

electric double layer repulsion and hardwall contact (see results parts) confirmed the cleanliness of the

electrode surfaces and the accuracy of the distance control with a nanometer resolution.

The measurement of the current-distance profiles was simultaneously performed along with the

forces measurement. The potentials £ of the upper and lower electrodes were E'= FEgox + AV and E=
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Eieqox - AV, respectively. We set Fqox = 220 mV, obtained from the cyclic voltammogram shown in Fig.

S1 for the 0.1 mM aqueous solution of the Fe(CN)g*/+ redox couple. We waited ca. 200 s before the

current reached a constant value after setting the E'values. The two electrodes were then approached from

a distance greater than 2000 nm while measuring /and Dby the bipotensiostat and twinpath interferometer,

respectively, in order to obtain the current-distance profiles. The current-distance profiles of the anode

and cathode of which the potentials were set at Feqox + A Vand Eeqox — A V, respectively, showed the same

absolute values of positive and negative currents as shown in Fig. S2, which supported the fact that the

observed current should be due to the current between the two electrodes as illustrated in Fig. 1 (b). All

measurements were done at room temperature (22 £ 2 °C).

3 Results and discussion

3.1 Forces between Pt surfaces in various electrolytes

Fig. 2 (a) shows a force-distance profile for the Pt electrode surfaces upon approach in the 0.1 mM

aqueous solution of the Fe(CN)¢*/+ redox couple at AV=0 mV. The forces consisting of a long-range

repulsion at D < 30 nm, which followed an exponential function, and the hardwall contact, were observed.

The decay lengths of the repulsion were 6.5 £ 0.3 nm and in good agreement with the theoretical Debye
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length (1/x) for the current concentration of the electrolyte (1/x = 5.6 nm), indicating that the observed

repulsion was attributed to the electric double layer repulsion. It was reported that the potential of zero

charge (pzc) of this electrode was ca. 0.2 V vs. Ag/AgClL.3? Therefore, both the cathode and anode should

be positively charged because the potentials of these electrodes were 0.22 V. The surface potentials ()

and charge density (0) could be evaluated by fitting the profile to the Poisson-Boltzman equation of the

electric double layer force for the constant potential and charge model (See Figure S3), respectively!®37.

The evaluated ¢ and o of the Pt electrode at AV'=0 mV were 25.0 + 2.2 mV and 0.30 + 0.03 uC/cm?,

respectively, as summarized in Table 1.

At AV =35 and 50 mV, a similar long-range repulsion was observed, as shown in Fig. 2 (b) and

(c), respectively. The decay lengths of the repulsion (6.3 £ 1.0nm (AV=5mV)and 5.7+ 0.2 nm (AV=

50 mV)) were similar to that at A V=0 mV and were in good agreement with 1/x (5.6 nm), indicating that

the observed repulsion was also attributed to the double layer repulsion. The appearance of the double

layer repulsion showed that the sign of the two charged electrodes was the same perhaps due to ion

adsorption even when the applied voltages were different in their sign. Assuming a symmetrical

configuration, the gvalues were obtained by fitting to the Poisson-Boltzman equation to be 0.35 and 0.37

uC/cm? at AV=5 and 50 mV, respectively, as summarized in Table 1 together with the ¢ values. The

10
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force-distance profiles upon separation under the same condition were also measured as shown in Fig S4.

No adhesion was observed at AV=0mV and 5 mV, and a small adhesion force was observed at A V=50

mV.

We performed the same measurement for the Pt electrodes in the 1 mM aqueous Fe(CN)g>/# and

10 mM KCIOy at various AV’s. The electric double layer repulsion and the hardwall contact were

observed in all cases (See supporting information). A small adhesion force was observed in the force

profiles upon separation at A V=5 mV and 50 mV, while no adhesion was observed at A V=0 mV in the

1 mM Fe(CN)g*#*. The o values obtained by fitting to the Poisson-Boltzman equation are summarized

in Table 1.

3.2 Currents between Pt surfaces in Fe(CN)g3*- solutions

We simultaneously performed current-distance measurements for the Pt electrodes with the forces

measurement using the setup shown in Fig. 1 (b). Fig 3 (a) and (b) show a current-distance profile (an

enlarged one in (b)) upon approach for the Pt electrodes in the 0.1 mM aqueous Fe(CN)g3/# redox couple

at AV=50mV. A gradual current increase of 10 nA (from 1.88 to 1.89 pA) was observed from D= 2000

nm to D=4.4 nm. A sudden current increase from 1.89 pA to 12 mA was observed at D= 4.4 nm when

Dwas further reduced as shown in Fig. 3 (b). This high current was constant from a separation of 4.4 nm

11
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to the hardwall contact. When the electrodes were separated from the hardwall, the current was constant,

ca. 12 mA, and suddenly decreased to 1.9 pA at D= ca. 250 nm and gradually decreased further to 1.81

pA at 20000 nm. The latter gradual current decrease was identical to that observed in the approaching

Process.

For understanding the detailed behavior of the sudden current increase at the short distance, the

current-distance profiles for the Pt electrodes in the same solution at AV =35 and 0 mV were measured

upon approach and separation as shown in Figs. 4 (a) and (b), respectively. At AV =15 mV, the sudden

increase to 1 mA was observed at D = 3.4 nm when the electrodes were approached, as shown in Fig. 4

(a). This current was constant from D= 3.4 nm to the hardwall contact. When the surfaces were separated

from the hard wall contact, the identical constant current was observed as the approaching process till D

= 3.3 nm, where a sudden current decrease was observed (Fig. 4 (b)). At AV =0 mV, we observed a

similar sudden current increase and decrease at D= 2.0 nm during the approach and separation processes,

respectively.® The amplitude of this current was 0.2 mA.

The effect of the Fe(CN)g>/* concentration was also studied. When the Fe(CN)g>7* concentration

was increased to 1 mM, a gradual current increase of 400 nA from D= 2000 nm to 5 nm was observed at

AV=350mV during the approach, and this current was 40 times in magnitude greater than that for the 0.1

12
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mM solution as shown in Fig. 5 (a). When the surfaces further approached, a sudden current increase to

0.4 mA was observed at D=4.5 nm (Fig. 5 (b)). This high current was constant until the hardwall contact.

On the other hand, when the electrodes were separated from the hard wall contact at AV =50 mV, the

current was identical in magnitude as the approach process but the distance range was further extended to

D=100 nm (Fig. 5 (c)) which was much longer than the 5 nm upon approach. At A V=35 mV, the sudden

increase to 0.4 mA was observed at D= 3.6 nm when the electrodes were approached. This current was

constant from D= 3.6 nm to the hardwall contact. When the surfaces were separated from the hard wall

contact, the current was identical in magnitude for the approach but the distance range was further

extended to D=50nm. At AV=0mV, we observed a slight sudden current increase and decrease (0.01

mA) at D= ca. 2 nm in the approach and separation processes, respectively.

We performed the same measurements in the 10 mM aqueous KClO; for studying the influence of

the redox species on the current profile because this electrolyte showed no redox reaction over the entire

range of £ used in this study (0.17-0.27 V). There was no current change when the surfaces were

approached at D > 2.5 nm as shown in Fig. 6 (a), which was different from the case of the Fe(CN)g>4

solutions (Fig. 4 and 5). A sudden current increase to 3.8 mA at D = 2.5 nm was observed upon the

approach when A V=50 mV (Fig 6 (b)). The same sudden current increases were observed in the case

13
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of AV=0and 5 mV at D= 2.5 and 2.3 nm, respectively, which were practically identical as that at A V=

50 mV. The same current profiles were observed during the separating process as those during the

approaching process for all three A V cases, as shown in Fig. 6 (b). On the other hand, the D values

increased with the increasing A V'in the case of the 0.1 mM Fe(CN)g>/#+ solution (2.0, 3.4 and 4.4 nm at

0, 5, and 50 mV, respectively). The obtained results from the 10 mM aqueous KC1O, (shorter D¢ than that

of the Fe(CN)g*/* solution, no dependence of Dc on AV and no hysteresis between approaching and

separating processes) were different from those in the case of the Fe(CN)g>/4- solution.

3.3 Discussion

As described in section 3.2, the gradual current increase at the longer D and sudden increase at the

shorter D were observed in the current profiles for the Pt electrodes in the Fe(CN)g*#+ solutions. In this

section, the origin of these two current increases is discussed.

First, we discuss the origin of the gradual current increase at the longer D. The amplitude of the

current change in the 1 mM Fe(CN)g*#* solution was 40 times in magnitude greater than that for the 0.1

mM Fe(CN)g*/#solution as shown in Fig. 3 (a) and Fig. 5 (a). Such a distance dependent increase was

not observed in the case of the 10 mM KCIOy solution as shown in Fig. 6 (a). These results indicated that

14
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the current change in the Fe(CN)g*/* solutions can be attributed to the feedback current due to the redox

cycle reaction which resulted in the gradual current amplification observed when the cathode and anode

were brought closer at a um level distance in the redox couple solution.” On the other hand, the sudden

current increase occurred at a nm distance, and its amplification reached 10° times. This phenomenon

can be at least different in origin from the already known feedback current.

Second, we discuss the origin of the behavior in the short distance range. In order to analyze the

behavior more in detail, the amplitude of the sudden current change (/) and the critical distance () are

plotted vs. A Vin Fig. 7 (a) and (b), respectively. £ linearly increased when the A V'was increased in both

of the 0.1 and 1 mM Fe(CN)g*/# solutions as shown in Fig. 7 (a). The £ values of the 0.1 mM solution

were 3 times higher than those of the 1 mM Fe(CN)g*/# solution, which was the opposite trend of the

conventional feedback current observed in the long Drange. Concerning ., the current hysteresis was

observed between the approach and the separation processes in both of the 0.1 and 1 mM Fe(CN)g3/4

solutions except for those at AV =5 mV in the 0.1mM solution which exhibited the same D, values in

both the approach and separation processes (Fig. 7 (b)-(c)). Such a current hysteresis was not found at 0

mV, which showed only a minor current increase (Fig. 5 (c)). For the KCIOy solution, there was no current

hysteresis as shown in Figs. 6 (b) and (c).

15
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A possible mechanism of the sudden current change at the short D is proposed based on the

simultaneously measured force profiles. The double layer repulsion forces observed at D, in the 0.1 mM

Fe(CN)g** solution at 0, 0.5, and 50 mV were 0.49 + 0.08 mN/m, 0.51 + 0.08 mN/m and 0.49 + 0.03

mN/m, respectively (see Fig. 2 (a)-(c)). Itis interesting that the double layer repulsion observed at D, was

nearly identical for all the cases. The double layer repulsion was produced by the osmotic pressure of the

counterions in the electric double layer, thus the amplitude of the repulsion was determined by the

concentration of the total confined electrolyte species. The sudden current increase could be correlated

with the identical double layer repulsion at D., which could provide the threshold concentration of the

redox species in the double layer. Therefore, we tried to evaluate the threshold concentration of the redox

species at D. using a previously reported model for calculating the confined ion concentration in the

electric double layer.* This model can calculate the ion concentration between two electrodes (Figure S8)

by integrating the ion distribution in the double layer estimated from the ¢ and 1/x values obtained using

the measured force profiles. The calculated concentration was 8.3 £ 0.3 mM (80 times more concentrated

than the bulk value) for the 0.1 mM aqueous Fe(CN)g*#* at 50 mV. The average distance between the

redox molecules at this concentration was 2.2 nm (9.7 nm in the bulk solution).  The threshold

concentration for the 1 mM aqueous Fe(CN)g>/* at 50 mV was calculated to be 18.5 + 5.4 mM (18 times

16
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more concentrated than the bulk values). This value was similar to that for the 0.1 mM solution because

the error at this concentration was high due to the short Debye length of 1.7 nm.

We may discuss how the redox reactions proceeded in such concentrated solutions of redox species

confined in the nanospace, which resulted in the sudden current increase at D.. Such a long distance of

the electron transfer current between the electrodes suggested that the molecular organization of Fe(CN)g>

/4 formed under confinement, which enhanced the collisions and/or electron transfer (or hopping) between

the redox species. The current hysteresis, longer D, upon separation, accompanied observation of

adhesion force at A V=50 mV in the 0.1 mM Fe(CN)¢>7* solution and at AV =5 and 10 mV in the 1 mM

Fe(CN)g>7* solution. This supported the presence of assembled redox species under confinement.

4, Conclusion

We studied the electrochemical current between electrodes under nano-confinement in the

presence of redox species using our EC-SFA. Our results are summarized as follows:

(1) Based on the current-distance profiles for two Pt electrodes in aqueous Fe(CN)g*/*, the gradual

current increases at a long distance and the sudden current increase at a short distance (~5 nm on approach

and ~200 nm on separation) were observed, the latter for the first time.

17
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(2) The amplitude of the gradual current increases (~400 nA with 2000 nm Dchanges) at a long distance

increased with the increasing Fe(CN)g>/*concentration. In contrast, we did not find this current change

in the case of the aqueous KClO,. These results indicated that the current increase in the greater distance

range was due to the conventional feedback current of the redox cycling.

(3) The amplitude of the sudden current increase at short distances decreased with the increasing

Fe(CN)g*“*-concentration. The current suddenly increased at D, which was longer for the greater AV. In

addition, we found greater D, values upon separation than those on approach when A V' was high (AV =

50 mV for 0.1 mM solution and A V=5 mV~ for | mM solution). In the case of the aqueous KClQOy, the

distance range of the sudden current change, D., was smaller than that of the Fe(CN)4*>/4 solution with no

dependence on AV. There was also no current hysteresis between the approaching and separating

processes in the aqueous KClOy4. These results indicated that the presence of redox species strongly affect

this sudden current change.

(4) The force profiles simultaneously obtained with the current-distance profiles showed that the same

amplitude of the double layer repulsion was observed at D, for all three A V'values on approach, suggesting

that the concentrated and/or assembled redox species induced the sudden current increase due to chain

18
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reaction of electron transfer between the redox species. There was a threshold concentration of the redox

species for this phenomenon.

These results revealed the insight into the electrochemical reactions under the nano-confinement.

We believe that the EC-twin-path SFA we developed will become a powerful tool for obtaining

fundamental knowledge about the nano-confined electrochemical reactions for nanoelectrodes which can

be applied to sensors and energy devices.
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Table 1 Surface potential, ¢, ,and charge density o of Pt electrodes in aqueous solution of Fe(CN)g>/4-

redox couple obtained from fitting the force-distance profiles by the Poisson—Boltzmann equation.

Concentration A V{mV]

0.1 mM

0.1 mM

0.1 mM

1.0 mM

1.0 mM

1.0 mM

50

50

YmV]

25.0+2.2

28.3+3.0

333+29

6.6 1.5

85+22

9.8+2.0

o [uC/cm?2]

0.30 £0.02

0.35+0.03

0.37 £0.03

0.35+0.15

0.48 £0.13

0.53 £0.10

decay length [nm]

6.2+09

6.2+0.9

6.2+09

2502

22+0.3

2308

1/x [nm]

5.6

5.6

5.6

1.7

1.7

1.7
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Fig.1 (a) Schematic illustration of EC-SFA. (b) Schematic illustration of nano-confined electrochemical

reaction between the electrodes surfaces.
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Fig. 2 Profiles of forces between Pt electrode surfaces in 0.1 mM aqueous solution of Fe(CN)g*/* redox
couple depending on the applied potentials: (a) 0 mV, (b) 10 mV, (c¢) 50 mV. Current profiles (red

circles) simultaneously measured were also plotted in the same Figure.
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Fig. 3 Current profiles for the Pt electrode surfaces in 0.1 mM Fe(CN)g>/# solution during approach (red

circles) and separation (blue triangles) in um range (a) and nm range (b). A V=50 mV.
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Fig. 4 Current profiles for the Pt electrode surfaces in 0.1 mM aqueous Fe(CN)g*/# at various A Vvalues

during approach (a) and separation (b) in nm range.
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Fig. 5 (a) Current profiles for the Pt electrode surfaces in 1 mM Fe(CN)g*>/* solution during approach
(red circles) and separation (blue triangles) in um range (A V=50 mV). Same current profiles at various

A V'values in nm range during approach (b) and separation (c) are shown.
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Fig. 6 (a) Current profiles for the Pt electrode surfaces in 10 mM KClO;, solution during approach in um
range (A V=50 mV). Same current profiles at various A V' values in nm range during approach (b) and

separation (c) are shown.
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Fig. 7 Amplitude, /), (a) and distance range, D, (b) and (c) of the sudden current increases at the short

distance depending on A V, obtained from the current-distance profiles in aqueous Fe(CN)g>/+-.
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