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Recent experimental findings suggest that the catalytic activity of Co30a4 for oxygen evolution re-
action (OER) could be improved by nitrogen doping. We present preliminary OER modelling on a
N-doped Co304 surface, with varying concentration of the dopant and its spatial distribution
around Cooct and Cotet adsorption sites. The overpotential was calculated for two adsorption sites
on seven types of N-doped Co304 surface. The largest calculated overpotential value for a N-

doped surface was ~1V.
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INTRODUCTION

Oxygen Evolution Reaction (OER) takes place in many
electrochemical devices for renewable energy production
(Cook et al., 2010), including catalysts for water splitting
(Hu et al., 2019). The overall performance of this reaction
considerably depends on the overpotential  (Bard and
Faulkner, 2002); a lower overpotential is associated with a
higher reaction rate. High OER performance was demon-
strated by noble metal oxides — Ru- and IrO, (Reier et al.,
2012). One of the cheaper alternatives of noble metal oxides
with a relatively low overpotential is Co;0, (Zasada et al.,
2010; Chen and Selloni, 2012; Liu et al., 2017). Many stud-
ies suggest that oxide catalyst overpotential can be lowered
by doping (Ohnishi et al., 2007; Garcia-Mota et al., 2011;
Liao et al., 2012; Bothra and Pati, 2016; Wang et al., 2018).
It was experimentally found that N-doping is beneficial for
OER on a Co;0, surface (Xu et al., 2017). Other studies
(Wang et al., 2019) reported similar results (Table 1).

Earlier computational studies revealed that N is stable in
the Co;0, bulk (Kaptagay et al., 2018) as well as on a
Co, s-terminated (001) surface (Kaptagay et al., 2020). Ex-
ploiting the models developed in these studies, we simu-
lated OER on a N-doped Co;0, surface.
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Table 1. OER on undoped and doped Co304 surfaces — surface orienta-
tion, overpotential, Process Determining Step (PDS)

Material Surface n, Vv PDS Study
orientation

Co304 (110) 0.76 Bothra and Pati, 2016
Co, 75Cuq 504 (110) 0.41 Bothra and Pati, 2016
Co30, 1.79%%* Xuetal., 2017
N-doped Co;0, 1.54%% Xu et al., 2017
nanosheet with V,
Co;0, (110) 0.64 O*  Wang et al., 2019

N-doped Co;0, (110) 0.41  OOH* Wang et al., 2019

* adsorbed species; ** to reach the current density of 10 mA em™?

METHOD AND MODEL

Co30, has a structure of a normal spinel, symmetry group
227 (Anonymous, 2020). The tetragonal 8a sites are occu-
pied by Co**, and the octahedral 16d sites by co’t. 0*
ions occupy 32e sites.

A N-doped Coy, s-terminated (001) Co;0, surface was mod-
elled by a 11-plane stoichiometric symmetric slab, as de-
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scribed in (Kaptagay er al., 2020), containing ten formula
units. The structure of Co;0, comprised alternating Co,,,
and Co_ , O, planes. Removing half of Co,, atoms from
the plane gave rise to a Coy 5 plane. The structure of the
undoped slab was fully relaxed. The symmetry of the slab
was preserved, making adsorption on both terminating
planes completely equivalent. Four concentrations of nitro-
gen in the terminating plane were tested — 12.5, 25, 50, and
100%. For each concentration smaller that 100%, two distri-
butions of the dopant were designed (Kaptagay et al.,
2020). A schematic view of the Co s-terminated (001)
Co30, slab is given in Figure 1. Each doped surface was
defined as a set of substituted numbered oxygen atoms N,.
For doped slabs, as well as for adsorption configurations,
only atomic positions were optimised. Initial adsorption
configurations were set based on the results of previous
study (Kaptagay et al., 2015).

The whole water splitting reaction with oxygen production
can be presented as four elementary reaction steps, as sug-
gested by Norskov (Valdés et al., 2008):

Step 1: O+ — OH + H" + ¢ (1)
Step2: OH - 0" + H" + ¢ )
Step 3: H,O + 0" — OOH™ + H* + ¢ 3)
Step 4 OOH" — 0, +  + H' + ¢, )

where * denotes adsorbed species or the surface itself.

The Gibbs free energies are calculated as

where AE; is the adsorption energy, calculated by means of
DFT method, AZPE; — Zero Point Energy, T — temperature
and AS; entropy of the corresponding i step of the reaction.

AE; is calculated with respect to combinations of H,O(I)
and H,(g).

AEgu = EOOH') — (E() + [E(H,0) — 12EH,)]);  (6)
AEg. = EQO") - (EC) + [E(H,0)) — E(Hy))): (7)
AEgop = ECQOOH ) — (E() + [2E(H,0) - 32EH,)]), (8)

k3 . .
where denotes adsorbed species or the surface itself.

ZPE values and TAS; taken from (Liu et al., 2017) (Table
2).

Overpotential | was calculated according to the standard re-
lation:

nOVER = max [AG,] / e-1.23[V], ©)

where 1.23 V is the standard potential for water molecule
dissociation.

The details of the thermodynamic model are given in (Kap-
tagay et al., 2015).
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Fig. 1. Top (a) and side (b) view of the the Cog.s-terminated (001) Co304
slab. Co oct and Co e adsorption sites are underlined. Co te¢ is the only atom
in the topmost plane. The presence of Vo ¢ Vacancy in the terminating
plane makes this termination Coos.

Table 2. Zero-Point Energy corrections and entropic contributions to free
energies

ZPE, eV TAS, eV
H,0 () 0.56 0.67 (0.035 bar)
H, (2) 0.27 0.41

OH" 0.36 0

o 0.07 0

OOH" 0.45 0

*® .
adsorbed species.

Computational details. Full structural optimisation was
performed by the Density Functional Theory (DFT) (Kohn
and Sham, 1965) method as implemented in the computer
code VASP (Kresse and Furthmiiller, 1996). This code is
widely used for the atomic and electronic structure calcula-
tions of solids from first principles. Core electrons were
substituted with Ultra Soft (US) potentials with the Projec-
tor Augmented Wave (PAW) method (Kresse and Joubert,
1999). Computational parameters were carefully tested in
previous computational studies on the N-doped Co;0, bulk
(Kaptagay et al., 2018) and surface (Kaptagay et al., 2020).
Exchange-correlation was described by the PBE functional
(Perdew et al., 1996). The Hubbard correction U —J =3 eV
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(Dudarev et al., 1998) was applied to d-electrons of Co,, as
well as Co,, atoms. Spin-polarisation was implemented in
the A-type AntiFerromagnetic (AAF) order, alternating on
the Co,, planes. Although the particular magnetic order is
not significant for the process under study, taking spin-
polarisation into account is essential for obtaining the
proper oxidation state of Co,,, cations. The Brillouin zone
(Brillouin, 1930) was sampled with the 4x4x2 Monkhorst-
Pack scheme (Monkhorst and Pack, 1976). The plane-wave
basis set has a kinetic energy cut-off of 550 eV. Charge re-
distribution was analysed by the Bader method, as imple-
mented by Henkelman et al. (2006), Yu and Trinkle (2011).

RESULTS

The OER intermediates, OH, O and OOH, were placed atop
the two most catalytically active adsorption sites — Co,
and Co,, (Fig. 2) on both terminating planes (Xu et al.,
2019).

Note that only the molecular adsorption mode was consid-
ered in the present study. In (Zasada et al., 2010) the disso-
ciative mode of H,O adsorption on Co;0, (001) was found
more preferable. The Co-O bond length of 1.81 A for a OH
fragment of H,O from (Zasada et al., 2010) can be com-
pared to the same Co-O bond for a single OH (Table 3). The
configurational differences were minimised to reveal the en-
ergetic ones. However, for OOH adsorption, the configura-
tional difference was noticeable: there was variation in

2)
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vPciquing
)
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g)

Fig. 2. Lateral view of H>O (a,b). OH (c,d), O (e,f) and OOH (g,h). ad-
sorbed on a N-doped (12.5% of No in plane, position #7 in Figure 1 a)
Cog.s-terminated Co304 (001) surface atop Cooct (a,c,e,g) and Core(b,d,f,h)
adsorption sites.
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length of the O—O bond and hydrogen bond with either one
or both oxygen atoms.

The energetics of OER was considered at three applied po-
tentials — U = 0, standard —1.23V, and U for the max AG;.
DFT adsorption energies and Gibbs free energy change AG;
were calculated for each reaction step (Fig. 3).

Garcia-Mota et al. (2012) suggested that the trends in activ-
ity between oxide materials are to the first approximation
determined by the O* binding energy. For many systems, a
zero overpotential value was obtained, which can be attrib-
uted to structural peculiarities of the adsorbed OOH (Table
4).

A strong correlation between AEqqg. and AEqy. was
found previously (Man et al., 2011). For OER, on many ox-
ides the difference between two energies is 3.20 eV. For a
perfect catalyst this difference should be 2.44 eV. These
two values served as reference lines for the obtained data
(Fig. 4).

5 ) U=ov
. OOH 0,()
4 O+H,00)  +3(H"+e) |+4(H +e)
] +2(H"+¢)
3 .l OH'+H,0(1)
0) +(H'+e)
R . 7V =0.42V
2H O()+
o+—2 1 U=123v
14
2 . . b u=1T1v

reaction coordinate

Fig. 3. The Gibbs free energy diagram for OER on an undoped Cog s5-termi-
nated (001) Co304 surface at the Cooc adsorption site for U = 0, 1.23 and
1.77 V. At U = 1.77 V all steps were thermodynamically accessible. The
overpotential corresponds to the step with the highest AG value — 1.77eV.
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Fig. 4. Adsorption energies AEooH* (AEon*) for Cooct and Corer adsorption
sites.
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Table 3. Interatomic distances in A and atomic charges in e of H2O, OH, O and OOH on a Cog.s-terminated (001) Co304 surface. Atomic charge is given for
the Co atom of the adsorption site and oxygen atom of H>O dissociation products. No are placed according to the numbering of O atoms in Figure 1

Surface 0% N
ads. site Coyo l l l l

distance, A charge, e
step 0-Co 0-Co H-Co H-Co O-H O-H 0-0 Co (0] O
H,0 2.04 2.27 2.34 0.99 0.98 1.45 -1.93
OH 1.80 2.26 0.98 1.60 —-1.40
(6] 1.63 1.63 -0.52
OOH 1.87 2.72 2.29 1.65 1.32 1.45 -0.30 -0.26
ads. site Coyy

distance, A charge, e
step 0-Co 0-Co H-Co H-Co O-H O-H 0-0 Co (6] O
H,0 2.06 2.78 2.67 0.97 0.97 1.32 -1.95
OH 1.76 2.34 0.96 1.35 -1.53
(6] 1.64 1.35 -0.67
OOH 1.63 1.79 2.31 0.98 2.51 1.47 —0.58 -1.41
surface 12.5% N: 6
ads. site Co,

distance, A charge, e
step 0-Co 0-Co H-Co H-Co O-H O-H 0-0 Co (6] O
H,0 2.03 2.27 2.31 0.99 0.99 1.44 -1.92
OH 1.79 2.25 0.98 1.57 -1.38
O 1.62 1.58 -0.51
OOH 1.97 2.78 2.38 1.83 1.29 1.49 -0.23 -0.18
ads. site Coy

distance, A charge, e
step 0-Co 0-Co H-Co H-Co O-H O-H 0-0 Co (6] O
H,0 2.10 2.65 2.60 0.97 0.98 1.23 -1.94
OH 2.01 2.57 0.98 1.23 —-1.54
(6] 1.61 1.33 -0.59
OOH 1.64 1.80 2.31 0.98 2.54 1.43 -0.59 -1.42
surface 12.5% N: 7
ads. site Co,y

distance, A charge, e
step 0-Co 0-Co H-Co H-Co O-H O-H 0-0 Co O )
H,O0 2.07 2.45 2.27 0.98 0.99 1.45 -1.92
OH 1.83 2.34 0.98 1.55 -1.44
(6] 1.64 1.59 -0.53
OOH 1.91 2.75 2.34 1.80 1.30 1.43 -0.25 -0.20
ads. site Coyey

distance, A charge, e
step 0-Co 0-Co H-Co H-Co O-H O-H 0-0 Co (0] 0}
H,0 2.13 2.75 2.65 0.97 0.98 1.33 -1.95
OH 2.07 2.68 0.98 1.57 -1.39
(6] 1.64 1.35 -0.69
OOH 1.68 1.79 2.33 0.98 2.53 1.41 -0.57 -1.43
surface 25% N: 6,8
ads. site Coyy

distance, A charge, e
step 0-Co 0-Co H-Co H-Co O-H O-H 0-0 Co (6] O
H,0 2.04 2.27 2.32 0.99 0.99 1.53 -1.91
OH 1.79 2.26 0.98 1.57 -1.39
(6] 1.63 1.59 -0.56
OOH 1.93 2.76 2.37 1.75 1.30 1.51 -0.26 -0.20
ads. site Coyy

distance, A charge, e
step 0-Co 0-Co H-Co H-Co O-H O-H 0-0 Co (6] O
H,0 2.15 2.73 2.63 0.98 0.98 1.25 -1.95
OH 1.95 2.52 0.98 1.19 -1.52
(6] 1.64 1.32 -0.56
OOH 1.65 1.81 2.32 0.98 2.60 1.39 -0.61 -1.44

Proc. Latvian Acad. Sci., Section B, Vol. 74 (2020), No. 6. 399



Table 3. (Continued)

surface 25% N: 2,7
ads. site Coy
distance, A charge, e
step 0-Co 0-Co H-Co H-Co O-H O-H 0-0 Co (6] O
H,0 2.05 2.42 2.28 0.98 0.99 1.44 -1.92
OH 1.82 2.32 0.98 1.57 -1.43
O 1.63 1.59 —-0.53
OOH 1.91 2.75 2.31 1.70 1.31 1.43 -0.27 -0.22
ads. site Coyey
distance, A charge, e
step 0-Co 0-Co H-Co H-Co O-H O-H 0-0 Co (6] O
H,0 2.16 2.75 2.62 0.97 0.98 1.31 -1.95
OH 1.77 2.49 0.97 1.28 -1.57
(6] 1.64 1.35 -0.71
OOH 1.63 1.80 2.32 0.98 2.53 1.47 -0.60 -1.42
surface 50% N: 3,5-7
ads. site Coyy
step distance, A charge, e
0-Co 0-Co H-Co H-Co O-H O-H 0-0 Co O [0)
H,0 2.39 2.67 2.70 0.98 0.98 1.37 -1.97
OH 1.85 2.35 0.98 1.36 -1.46
(6] 1.65 1.40 -0.58
OOH 2.02 2.88 2.39 2.11 1.28 1.37 -0.22 -0.13
ads. site Coyy
distance, A charge, e
step 0-Co 0-Co H-Co H-Co O-H O-H 0-0 Co (6] 0}
H,0 2.15 2.72 2.61 0.98 0.98 1.24 -1.95
OH 1.95 2.53 0.98 1.23 -1.55
O 1.61 1.33 —0.63
OOH 1.64 1.80 2.30 0.98 2.53 1.44 —0.61 -1.42
surface 50% N: 2,6-8
ads. site Coy
distance, A charge, e
step 0-Co 0-Co H-Co H-Co O-H O-H 0-0 Co (6] O
H,0 2.05 242 2.34 0.98 0.99 1.42 -1.91
OH 1.82 2.32 0.98 1.52 —1.44
[6) 1.64 1.51 -0.56
OOH 1.97 2.78 2.44 1.89 1.29 1.41 -0.24 —0.18
ads. site Coye
distance, A charge, e
step 0-Co 0-Co H-Co H-Co O-H O-H 0-0 Co (6] O
H,0 2.16 2.76 2.63 0.97 0.98 1.19 -1.95
OH 1.75 2.31 0.98 1.31 -1.42
O 1.60 1.31 -0.57
OOH 1.64 1.82 2.33 0.98 2.59 1.40 -0.60 -1.46
surface 100% N: 1-8
ads. site Coy
distance, A charge, e
step 0O-Co 0-Co H-Co H-Co O-H O-H 0-0 Co (6] O
H,0 2.09 2.38 2.46 0.99 0.98 1.33 -1.94
OH 1.83 2.33 0.98 1.39 -1.44
O 1.63 1.43 —-0.55
OOH 1.98 2.85 2.40 2.07 1.28 1.34 -0.23 —0.15
ads. site Coyy
distance, A charge, e
step 0-Co 0-Co H-Co H-Co O-H O-H 0-0 Co (6] O
H,0 2.14 2.80 2.70 0.97 0.98 1.19 -1.96
OH 2.09 2.71 0.98 1.19 -1.55
o 1.60 1.24 -0.60
OOH 1.64 1.81 2.31 0.98 2.55 1.39 —-0.61 -1.43
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Table 4. Calculated with respect to HoO and H» binding energies, and Gibbs free energies in eV at U = 0, 1.23V and at U for the max AG;. The value of

overpotential nOVER is bold underlined in V

Surface 0% N

ads. site Coy Co,,,

step DFT adsorption AG, eV U=000 | U=1.23 U=1.77 DFT adsorption AG, eV U=000 | U=123 | U=1.96
energy, eV energy, eV

OH 0.71 1.11 1.11 -0.12 —0.65 0.96 1.36 1.36 0.13 —0.60

(6] 2.84 1.77 2.88 042 —0.65 2.61 1.29 2.65 0.19 -1.27

OOH 3.05 0.63 3.51 -0.18 -1.79 2.50 0.31 2.96 -0.73 -2.92

0,(g) 1.41 4.92 0.00 -2.15 1.96 4.92 0.00 -2.92

surface 12.5% N: 6

ads. site Co,, Co,.,

step DFT adsorption AG, eV U =0.00 U=1.23 U=2.07 DFT adsorption AG, eV U =0.00 U=1.23 U=2.19
energy, eV energy, eV

OH 0.01 0.41 0.41 -0.82 -1.66 0.20 0.60 0.60 -0.63 -1.59

(0] 2.16 1.79 2.20 -0.26 -1.94 1.68 1.12 1.72 -0.74 —2.66

OOH 2.39 0.65 2.85 -0.84 -3.35 2.27 1.01 2.73 -0.96 -3.84

0,(g) 2.07 4.92 0.00 -3.35 2.19 4.92 0.00 -3.84

surface 12.5% N: 7

ads. site Co Coyey

step DFT adsorption AG, eV U =0.00 U=1.23 U=1.76 DFT adsorption AG, eV U =0.00 U=1.23 U=221
energy, eV energy, eV

OH 0.80 1.20 1.20 -0.03 -0.56 0.46 0.86 0.86 -0.37 -1.35

O 2.92 1.76 2.96 0.50 -0.56 1.88 1.06 1.92 -0.54 -2.50

OOH 3.22 0.71 3.68 -0.01 —1.60 3.68 2.21 4.14 045 -2.50

0,(g) 1.24 4.92 0.00 -2.12 0.78 4.92 0.00 -3.93

surface 25% N: 6,8

ads. site Co,y Coy

step DFT adsorption AG, eV U=0.00 | U=1.23 U=1.68 DFT adsorption AG, eV U=000 | U=1.23 | U=1.85
energy, eV energy, eV

OH 1.17 1.57 1.57 0.34 -0.10 0.64 1.04 1.04 -0.19 —0.81

(6] 3.21 1.68 3.25 0.79 —0.10 2.13 1.13 2.17 -0.29 -1.54

OOH 3.76 0.97 4.22 0.53 -0.81 3.56 1.85 4.02 0.33 —-1.54

O0,(2) 0.70 4.92 0.00 -1.78 0.90 4.92 0.00 -2.50

surface 25% N: 2,7

ads. site Co, Coyyy

step DFT adsorption AG, eV U=000 | U=1.23 U=2.03 DFT adsorption AG, eV U=000 | U=1.23 | U=1.95
energy, eV energy, eV

OH 0.07 0.47 0.47 -0.76 -1.57 -0.44 -0.04 -0.04 -1.27 -1.99

O 2.46 2.03 2.50 0.04 —-1.57 1.38 1.46 1.42 -1.04 -2.47

OOH 2.66 0.62 3.12 -0.57 -2.98 2.51 1.55 2.97 -0.72 -2.87

0,(g) 1.80 4.92 0.00 -3.21 1.95 4.92 0.00 —2.87

surface 50% N: 3,5-7

ads. site Co,, Co,.,

step DFT adsorption AG, eV U =0.00 U=1.23 U=1.61 DFT adsorption AG, eV U =0.00 U=1.23 U=1.63
energy, eV energy, eV

OH 1.13 1.53 1.53 0.30 -0.08 0.63 1.03 1.03 -0.20 -0.60

(6] 3.10 1.61 3.14 0.68 —0.08 1.79 0.80 1.83 -0.63 -1.43

OOH 3.29 0.61 3.75 0.06 -1.08 2.83 1.46 3.29 —0.40 -1.59

O,(g) 1.17 4.92 0.00 —-1.51 1.63 4.92 0.00 -1.59

surface 50% N: 2,6-8

ads. site Co,, Coy.

step DFT adsorption AG, eV U=000 | U=1.23 U=1.95 DFT adsorption AG, eV U=000 | U=123 | U=1.77
energy, eV energy, eV

OH 1.13 1.53 1.53 0.30 -0.40 0.69 1.09 1.09 -0.14 —0.68

O 343 1.94 347 1.01 -0.40 2.37 1.33 241 -0.05 -1.12

OOH 3.69 0.68 4.15 0.46 —-1.66 3.72 1.77 4.18 0.49 —-1.12

0,(8) 0.77 4.92 0.00 -2.83 0.74 4.92 0.00 -2.14

surface 100% N: 1-8

ads. site Coyyy Coyey

step DFT adsorption AG, eV U =0.00 U=1.23 U=1.81 DFT adsorption AG, eV U =0.00 U=1.23 U=2.10
energy, eV energy, eV

OH 1.41 1.81 1.81 0.58 0.00 1.29 1.69 1.69 0.46 -0.41

6] 3.04 1.28 3.08 0.62 -0.53 2.17 0.52 2.21 -0.25 -2.00

OOH 3.58 0.96 4.04 0.35 —1.38 3.85 2.10 4.31 0.62 —2.00

0,(g) 0.88 4.92 0.00 -2.30 0.61 4.92 0.00 -3.49
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Table 5. Overpotential nOVER in V, calculated with AEgoH (as in Table 3)

and AEooH = AEon+3.2eV. For the underscored values the potential deter-
mining step remained the same, for the values in bold the value of
overpotential remained the same as well

N concen- | substituted AEqoh AEqop = AEqy + 3.2eV
trz;t;;rllem O atoms Cope, Co Cope, Co
0.0 - 0.42 0.00 0.42 0.93
12.5 6 0.00 0.00 -0.26 0.17
12.5 7 0.50 0.45 0.50 0.43
25.0 6.8 0.79 0.33 0.79 0.61
25.0 2.7 0.04 0.00 0.04 -0.47
50.0 3.5-7 0.68 0.00 1.10 0.60
50.0 2.6-8 1.01 0.49 101 0.66
100.0 1-8 0.58 0.62 1.38 126

Structural instabilities of adsorbed OOH can be eliminated
by replacement of AEyq5y DFT energies with AEqy +
3.2eV. For nine types of surface, the PDS remained the
same, and for six of them even the value of overpotential
nOVER did not change (Table 5). This comparison shows
that adsorption of OOH atop Co,, was much more structur-
ally stable than atop Co,,, and therefore the calculated val-
ues of overpotential were more consistent.

CONCLUSIONS

The highest overpotential value for the examined N-doped
surface was ~1 V, which makes OER reaction on this
Co30, (001) surface possible at a reasonable rate and mate-
rial doping promising for improvement of the water split-
ting efficiency. For OER on 25% N, (2.7) concentration
atop Co,,, the overpotential was lowered by 0.38 V, with
respect to an undoped surface.

The obtained statistical data showed a high sensitivity of
Gibbs free energy as well as overpotential on computational
details. The main source of energetic diversity was most
likely caused by configurational instability of OOH adsorp-
tion, illustrated in Figure 2. Artificially eliminating this in-
stability, we verified calculated values of overpotential.

The performed calculations created a large amount of data
for the future interpretation and comparison. The designed
configurations can also be used as a solid platform for OER
modelling on spinel-like materials.
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SKABEKLA EVOLUCIJAS REAKCIJA UZ N-DOPETAS COg5-TERMINETAS CO304 (001) VIRSMAS

Jaunakie eksperimentalie atklajumi liecina, ka Co304 katalitisko aktivitati skabekla evoliicijas reakcijai (OER) var€tu uzlabot ar slapekla
dopingu. MEs iepazistinam ar provizorisko OER modeléSanu uz N-legétas Co304 virsmas, mainot dopanta koncentraciju un ta telpisko
sadalijumu ap Cooct un Corer adsorbeijas vietam. Virspotencials tika aprékinats divam adsorbcijas vietam uz septiniem N-legéta Co304
virsmas veidiem. Lielaka aprekinata virspotenciala vértiba N-legétai virsmai ir ~ 1V.
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