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The influence of the Nernst diffusion layer thickness on the surface concentrations of electroactive and
electroinactive species in a model electrochemical process with a preceding homogeneous first-order chemical
reaction under application of a small amplitude alternating current has been investigated. A case of equal diffusion
coefficients of species taking part in the preceding chemical reaction in a thin layer attached to a planar electrode is
considered. It has been shown that, at low frequencies of an applied alternating current, the surface concentrations
of electroactive and electroinactive species increase with increasing the Nernst diffusion layer thickness. At high
frequencies, the surface concentrations of both species do not depend on this parameter. However, there is a range
of frequencies where the surface concentrations of species can decrease with increasing the Nernst diffusion layer
thickness. This range of frequencies can be influenced by a value of the Nernst diffusion layer thickness, the rate
constants of chemical reaction, and the diffusion coefficient of species. There exists a phase shift between an
alternating current and the surface concentrations of electroactive and electroinactive species that change under
application of this current. It is a function of the Nernst diffusion layer thickness, the oscillation diffusion layer
thickness, and the reaction layer thickness. In the case of electroactive species, the phase angle can take only a
positive value. At low frequencies, it tends to m/2, whereas at high frequencies it decreases to w/4. For the case of
electroinactive species, the phase angle can be positive, negative, and equal to zero depending on the value of the
Nernst diffusion layer thickness, the rate constants of chemical reaction, and the diffusion coefficient of species. It
approaches —n/2 at low frequencies, and at high frequencies it tends to n/4. The both phase angles can have the
maxima and the minima. Their values are strongly dependent on the Nernst diffusion layer thickness, the diffusion
coefficient of species, the rate constants of chemical reaction.

Keywords: CE mechanism, surface concentration, phase angle, preceding chemical reaction, Nernst diffusion
layer, reaction layer, oscillation diffusion layer, diffusion coefficient, rate constant

INTRODUCTION the difference between the Dbehavior of

. . ) . electroactive and electroinactive species.
The role of diffusion layer in various P

electrochemical processes remains the subject of MODEL ELECTROCHEMICAL PROCESS
intensive studies [1-15]. The aim of this work is WITH A PRECEDING HOMOGENEOUS
understanding the effect of the thickness of the FIRST-ORDER CHEMICAL REACTION.
Nernst diffusion layer on the non-stationary NON-STATIONARY CONCENTRATION
surface concentration distributions in a model DISTRIBUTION IN NERNST DIFFUSION
electrochemical system with a preceding LAYER

homogeneous first-order chemical reaction
[16, 17]. Based on the analytical expressions and
numerical simulations, we will show the
peculiarities of the nonlinear response of the
model electrochemical system with a preceding
chemical reaction on this control parameter. The k

The model electrochemical process with a
preceding homogeneous first-order chemical
reaction can be schematically presented as
follows [16, 17]:

analysis of a phase shift between an alternating B2 ] A ()
current and surface concentration that changes
under application of this current will point out k,

A+ne—=C, )
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where ki and k, are the rate constants for the
chemical reaction, ks and k; are the
electrochemical rate constants in the forward
(reduction) and reverse (oxidation) directions, n
is the number of electrons participating in an
elementary act of reaction (2). We consider the
general case when the species B is not in excess
and that the species B does not involve into the
electrode process at a chosen potential value.
The concentration field of C species does not
affect the distribution of B and A species. The
distribution of C species is affected only by the
value of the current flowing through the
interface.

The reaction-diffusion equations for the
concentrations of the species A and B in the
Nernst stagnant diffusion layer under non-
stationary conditions for the case of a planar
electrode are as follows:

oc o’c
6_;3: Bﬁ_kch-i_kch (3)
oc o’c
a—;:DAaTzA‘FkICB—kZCA (4)

We neglected ionic migration, which is
suppressed by a supporting electrolyte. Beyond
the boundary of the Nernst diffusion layer, in the
bulk electrolyte, the following condition is met:

)

o0 _ o0
cpk, = ck,

the
concentrations of species B and A coinciding

where ¢, c”  are equilibrium
B> 4 q

with the bulk concentrations of species ¢}, ¢!,

Dy and Dp are the diffusion coefficients of
species A and B, x is a distance from electrode
surface, ¢ is time.

Under application of alternating current, the
concentrations of each species can be presented
in terms of equilibrium state and oscillating
terms:

c,(x,t)=c; +Re[c¢, exp(iot)],

(6)
(7

cy(x,t) =c; +Re[¢, exp(ion)],

where i =+/—1, o is the angular frequency, ¢,

and ¢, are concentration phasors.

Substituting equations (6, 7) into the system
of equations (3) and (4), we get:
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d*, k+io_. k, .

L% HT0s 125 =0, (8)
dx D, D,

d*, ko _k2+l'a)5 _ ©)
& D," D,

Boundary conditions for the differential
equations (8,9) in the bulk electrolyte are as
follows:

¢, (x=d,0)=0; &(x=d,1)=0. (10)

Boundary condition at the electrode surface
for the reacting species is written as:

=0 = i (1

p % __ 1
nkF

4 ox

where i is the current oscillation amplitude, F is
the Faraday constant, d is the thickness of the
Nernst diffusion layer. The species B does not
participate in the electrode process:

dc
D,—£| =0. 12
B dx (12)

x=0

The exact solutions to the differential
equations (8, 9) for the concentration phasors of
electroactive species A and inactive species B

with unequal diffusion coefficients D, # D, in

the thin layer attached to a plane electrode were
obtained in [17] and analyzed in [16] for the case
of x=0.

ANALYTICAL EXPRESSIONS FOR NON-
STATIONARY SURFACE
CONCENTRATIONS OF ELECTROACTIVE
AND ELECTROINACTIVE SPECIES. PHASE
ANGLES

In this paper, we present the analytical
expressions for the non-steady-state surface
concentration of the electroactive species A and
electroinactive species B with equal diffusion

coefficients, D, = D, = D, obtained in [16], in

more explicit form as follows:
(13)
(14)

Here the common factor M is written as:

¢ =c;+Ac,=c;+M r sin(wt+6,)

S 00 S o0 :
¢y =Cy +Ac, =c, —Mr,sin(wt—0,).
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id

=— =" 15
nF D (k +k,) >

The phase angles of non-steady-state surface

concentration for electroactive and inactive

species 6, and 6, are determined as:

0, = arcsin Pa , (16)
rA

6, = arcsin Py (17)
g

where the introduced functions are as follows:

=\ Pi+ e s =P+ 45 (18)

_k shy +siny +2(csh(cy2)+asin(ay2))

=

ky yi(chy, +cosy)  y,(ch(cy,)+cos(ay,))
19)

_k shy —siny 2(ash(cy,)—csin(ay,))
k, yl(chy1+cosy1) »,(cos(ay,)+ch(cy,)) ’
(20)

b= shy, +siny, +2(csh(cy2)+asin(ay2))

¥ y(chy, +cosy)  y(ch(cy,)+cos(ay,))
(21)

g = shy, —siny, +2(ash(cy2)—csin(ay2))

’ yl(Chy1+cosyl) »,(ch(cy,)+cos(ay,)) ,
(22)

20) 2d 1/4

=d.12= 23
y=d [ =@ b)) @)

a=sin larctgi > C=CO08 larctg @ | @4
2 k,+k, 2 k,+k,

The expressions (13) and (14) indicate that
there is a phase shift between the applied AC and
the surface concentration of species that changes
under the action of this current. The phase shifts
for electroactive species 4, and inactive species
03 differ from each other. In both cases the phase
angle is a function of the two important
measures, namely, the ratio of the Nernst
diffusion layer thickness d to the oscillation

diffusion layer thickness d ,=~D/w [18], and

the ratio of the Nernst diffusion layer thickness d
to reaction layer thickness

‘/D/(k +k,) [19].
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LIMITING CASES OF ZERO AND INFINITE

FREQUENCY

Zero  frequency. According to the
expressions (18-24), the introduced above
functions at @ =0 are as follows:

_ k, th(y,/2)
q — O, = 4 =+ 2 77 ,
e Pa ky /2
pBZ_ th(yz/z) 0 y2=2d kl+k2’
y, /2 \ D

a=0, c=1 (25)

Thus, the phase angle for electroactive

species reaches 64 — n/2, whereas for inactive
species it tends to 8z — —w/2. The expressions
(13, 14) for the stationary surface concentrations
of electroactive and inactive species are written

as:
act|  =m|fo hdlo) (26)
k2 d/o,
Acyl,., =M th(d/o) -1]. (27)
d/o,
Infinite frequency. When @ — o, the

functions defined by the expressions (18-24)
take the following forms:

fZa)
QA,BZPA,B:Os ylzd 3’ yzzJ’l\/E’

a=c=1/\2 (28)
The phase shifts 6,, and 8, tend to 7/4,

and the non-stationary surface concentrations of
electroactive and inactive species tend to zero:

Al =0 (29)
o =0 (30)
RESULTS AND DISCUSSION

Electroactive species. Fig. 1 a—d presents the
frequency dependence of the phase angle 64
between an applied alternating current and the
surface concentration of electroactive species
defined by Eq. (16) with a variation of the Nernst
diffusion layer thickness d. This dependence is
analyzed at various values of the diffusion
coefficient of species D and the rate constants of
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chemical reaction ki, and k. As one can see, an
increase in the value of the Nernst diffusion layer
thickness d leads to a shift of the curves of the
frequency dependence of the phase angle 8, in a
range of low frequencies w. A significant effect
of the parameter d on the phase angle 64 can be
seen in Fig. 1 a, where a value of the diffusion
coefficient of species D is high and the rate
constants of chemical reaction ki, and k are

T e
log(wirad-s™)

log(wirad-s™")

c

small. The curves of the phase angle 64 for
different values of the parameter d are separate
from each other in a wide range of frequencies
. The two curves corresponding to the smaller
values of the parameter d have both a maximum
and a minimum (curves 1, 2 in Fig. 1 a). At these
extreme points, the phase angle 6, is close to
45°. The extreme points are situated in the range
of middle and high frequencies w (Table 1). At

8,/deg
e

70

50

log{wirads™)

d

Fig. 1. Frequency dependence of phase angle 6, for electroactive species at different values of the Nernst diffusion
layer thickness d, cm, as follows: (1) 5-107%, (2) 107, (3) 2:1073, and the following values of diffusion
coefficient, and chemical reaction rate constants: (a) D =210 cm?s, ki =0.1s" and kr=10s""; (b)
D=210"cm?s, ki=10s" and k& =1000s"; (¢) D=2-10%cm%s, k1=0.1s" and kb=10s"; (d)
D=2-10°cm?/s, ky =10 s and k&, = 1000 s'. Here and below, i = 102 mA/cm?, T=300K,n=1

Table 1. The extreme points of the phase angle 6, at various values of the Nernst diffusion layer thickness d, the
diffusion coefficient of species D, and the rate constants of chemical reaction ki, and k> as in Fig. 1 a—d

d=510"cm d=10"cm d=2-10"cm
Dri 0 min Drnax 0 max Oy Dy 0 max Oy 0 min O 0 max
rad/s dgg rad /s dgg rad | s rad /s d::g rad /s d::g rad/s dgg

[LO R

5.74

654.11 4395 1863.62 4521 198.73 45.33 387.86 45.71

1569 8648 4232 86.84

36.24  86.96 1.49 8142 3587 86.95
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the highest chosen value of the parameter d, the
function 6,4 does not have any extreme point, i.e.
its derivative with respect to @ is not equal to
zero at any frequency (curve3 in Fig. 1a).
However, when the rate constants k;, and k»
become high, the extreme points appear namely
at this highest value of the parameter d (curve 3
in Fig. 1b). At the extreme points, the phase
angle 64 approaches 86°. They belong to a range
of low and middle frequencies w. A slight
dependence of the phase angle 64 on the Nernst
diffusion layer thickness d is observed when the
values of the parameters D, ki, and k, become
small (Fig.1c¢). In this case, there are no
extreme points. They can appear at high values
of the rate constants of chemical reaction 4, and
k» (Fig. 1 d). A minimum and a maximum on a
curve of the phase angle 84 occur only at the two
higher values of the parameter d (curves 2, 3 in
Fig. 1 d). The two maxima on these two curves
coincide with each other in a range of middle
frequencies. At these extreme points, the phase
angle 64 is approximately 86°. The most
pronounced minimum of the phase angle 6,
corresponds to the case of the highest chosen
value of the parameter d. Its value is around 81°.
It is located in a range of small frequencies w.
For the smallest chosen value of the parameter d
(curve 1 in Fig. 1 d), there is neither a maximum
nor a minimum on the curve of frequency
dependence of the phase angle 8,. There is only
an inflection point, where the concavity of the
curve changes. As one can see, at high values of
the rate constants ki, and k>, and frequencies w
that are higher than those corresponding to the
extreme points, a value of the parameters d, and
D does not affect the frequency dependence of
the phase angle 6, (Fig. 1 b,d). All the curves
are merged into one.

Thus, all the cases demonstrated in Fig. 1
prove the strong influence of the parameters d,
D, ki, and k, on the frequency dependence of the
phase angle Oa. If the parameters ki, and k, are
high, a noticeable dependence of the phase angle
6a on the parameter d can be observed only at
low and middle frequencies. The phase angle 64
can have the extreme points at high values of the
parameter d. At these extreme points, a value of
the phase angle 64 is around 90°. Contrary, at
low values of the rate constants k;, and k», a
distinct dependence of the phase angle 64 on the
Nernst diffusion layer thickness d can exist at
middle and high frequencies, but only at high

ISSN 2079-1704. CPTS 2023. V. 14. N 4
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values of the diffusion coefficient of species D.
The extreme points of the phase angle 64 appear
only at small values of the parameter d. At these
extreme points, the phase angle 8,4 is close to
45°. At zero frequency, the phase angle 6,4
reaches 90°, whereas at infinite frequency, it
decreases to 45°. The same critical values of the
phase angle between an applied alternating
current and surface concentration of reacting
species were calculated in Ref. [18], where a
redox process at a flat interface under
polarization by AC was considered. The phase
angle was a function of the Nernst diffusion
layer thickness 4 and the oscillating length
d, = JD/w . However, in Ref. [18], the curve of

the frequency dependence of the phase angle had
only a minimum that was independent on either
the Nernst diffusion layer thickness d or the
diffusion coefficient of species D. As was shown
in Ref. [18], a reason for the phase angle
between an applied alternating current and the
surface concentration of reacting species that
changes under the action of this current was
diffusion of species in a near-electrode layer
under application of a harmonic perturbation. In
our case, the phase angle 6, is a function of the
Nernst diffusion layer thickness d, the oscillation
diffusion layer thickness ¢ ,=D/w, and the
S5, =D/ (k +k,) -
These scales regulate the system behavior. At
low frequencies, the system is kinetically
controlled, and at high frequencies, the system is
controlled by diffusion [20]. It is also important
to note that the phase angle 64 can take only a

positive value at any value of the parameters d,
D, ki, and k. Thus, the non-stationary surface

reaction layer thickness

concentration of electroactive species ¢, can

only lag behind an applied alternating current i,
as in Ref. [18].

Fig. 2 a—d shows how a change in the Nernst
diffusion layer thickness d affects the non-
stationary surface concentration of electroactive
species, i.e. an absolute value of the oscillating

term Ac’, defined by Eq. (13). If the frequency

@ approaches zero, the function ‘ch‘ takes its

stationary value from Eq. (26). In this range of
low frequencies @, an increase in a value of the
parameter d results in an increase in the function

N
‘Ac y
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| AcS | mol-em™

3
log(w rad-s™")

| Acg | mol-cm™
3 0.000025

z —
5 0.00002|
—|

0.000015 -

0.00001 |

5.x10°

-1 1 2 3
log(w,rad-s™")

c

| AcS | molem™

2 ™~
]

5.x107 |

-1 1 2 3
log(w,rad-s™)
b

| AcS | molem™
3

2 31073

1.x10%

-1 T 2 3
Iog(w,rad-s’1)

d

Fig. 2. An absolute value of deviation of surface concentration from equilibrium one under application of a small
amplitude AC with frequency w for electroactive species, |ch1|, molxcm™ as a function of logarithm of

frequency, log(w, rad-s™), at the Nernst diffusion layer thickness &, cm as follows (1) 5-:107%, (2) 1073, (3)
2-1073, and the same fixed values of the parameters as in Fig. 1, and £ =0.3 s

At high frequencies w, similar to the
behavior of the phase angle 64, the function

‘Aci
parameter d. If the rate constants of chemical
reaction ki, and k, are high, this range of the

frequencies become wider (Fig.2b,d). In a
range of middle frequencies @, the dependence

does not depend on a value of the

of the function ‘ch‘ on the parameter d can
change. As can be seen in Fig. 2 a, the function

‘ch can decrease with increasing the parameter

d. A decrease in the function ‘ch is as faster as

higher the parameter d. At low values of the
parameters D, ki, and k», the range of frequencies

where the function ‘ch descends as the

parameter d ascends narrows and shifts to lower
frequencies (Fig. 2 ¢). At high values of the rate
constants of chemical reaction kj, and k», this
range of the frequencies becomes almost
negligible (Fig. 2 b, d).
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Electroinactive species. An influence of the
Nernst diffusion layer thickness d on the
frequency dependence of the phase shift 6
defined by Eq. (17) can be seen in Fig. 3 a—d.
The fixed values of the parameters D, ki, and k»
were the same as in Fig. 1 a—d. As can be noted,
this dependence for electroinactive species differ
from that for electroactive species. In contrast to
the function 6, that can take only a positive
value at any value of the control parameters, the
function @5 can change a sign, i.e. turns to zero at
some critical frequencies (Table 2). Thus, the
non-stationary  surface  concentration  of

electroinactive species ¢, can lag behind an

applied alternating current i, be ahead or in phase
with it.

The critical frequencies at which the function
Oz equals zero increase with increasing the
parameters ki, and k. They become almost
independent on a value of the parameters d and
D at high values of the rate constants of chemical
reaction ki, and k».
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Table 2. The critical values of frequency at which the phase angle 85 turns to zero at various values of the Nernst
diffusion layer thickness d, the diffusion coefficient of species D, and the rate constants of chemical
reaction ki, and k» as in Fig. 1 a—d

d=510"*cm d=10"cm d=2-103cm
w,rad s o,rad s w,rad-s™
a 208.67 56.08 17.56
b 641.39 655.97 654.28
c 25.36 9.53 6.17
d 654.27 654.28 654.28
-B5/deg

3 4

[ log{w/rad-s™") -2 =T ol 1 2 4 ;
log(wirad-s ')
=30+
=30}
=50+
a

-Bz/deg
s
ig N
S0t

3\2\1

2 3 4 2 1 o 1 2 4
log(wirad-s™") log(w/rad-s™")
-30

c d

Fig. 3. Frequency dependence of phase angle #p for electroinactive species at different values of the Nernst
diffusion layer thickness d, cm, as follows: (1) 5-107, (2) 1073, (3) 2:1073, and the same fixed values of the
parameters as in Fig. 1

Table 3. The extreme points of the phase angle 95 at various values of the Nernst diffusion layer thickness d, the
diffusion coefficient of species D, and the rate constants of chemical reaction k1, and k» as in Fig. 1 a—d

d=510"cm d=10"3cm d=2-10"3cm
Oy 0 min (40 0, max (8 o min Drax max @, 2] min @k 2] max
rad /s dgg rad /s dl::g rad | s dgg rad /s dgg rad /s d?:g rad /s dgg

92591 4993 2430.17 44.43 24223 4825 58408 4390 73.68 4258 12434 41.58

10632 4522 21649 42.79

ULO

4.58 -40.67 748  -4091
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In contrast to this, at low values of the
parameters ki, and k», the critical frequencies
become sensitive to a value of the parameters d
and D. A decrease in the parameter D leads to a
decrease in these frequencies, whereas a
decrease in the parameter d results in their
increase. Similar to the phase angle 8,4, the phase
angle 6z has the extreme points that are
influenced by a value of the Nernst diffusion
layer thickness d, the diffusion coefficient of
species D and the rate constants of chemical
reaction ki, and k> (Table 3). As the frequency w
tends to zero, the phase angle 6z reaches —/2,
whereas at infinite frequency, the phase angle 65
tends to 7/4 as the phase angle 6,4 does.

Fig. 4 a—d shows the non-stationary surface
concentration of electroinactive species defined
by Eq. (14) at the chosen values of the Nernst
diffusion layer thickness d. As frequency w tends

to zero, the function ‘Acg reaches its stationary

value defined by Eq.(27). It increases with
increasing the parameter d. Similar to the

| AcE | mol-cm™
2 4x10%}

—_—

3.x109

2.x10°}

=1 1 2 3

\ug(w,rad-s'w)
a
| A | molcm™
3 ___ooooos
0.0000
0.00004
0.00002
1
-1 1 2 2
log(w,rad-s™")
C

behavior of the function ‘Ac; , there is a range of

frequencies where the function ‘Acg

can

decrease with increasing the parameter d. This
range depends on a value of the parameters ki,
ky, and D. At high values of the parameters £,

and k», the function ‘Ac; performs similar to the

function ‘ch at low values of the parameters £,

and k», because an increase in these parameters
leads to an increase in the function ‘Acg , and to

. It should be

a decrease in the function |Ac]

noted that the function ‘Acg declines with w

much faster than the function ‘ch does,

especially for low values of the parameters ki, k2,
and D. Thus, in this case, the effect of the

parameter d on the function ‘Ac; is weak.

| Acs | molcm™
3 0.00001)
———

8.x10°%}

6.x10°}

-1 3

log(w rad-s™")

|Ac | malem™
3___00001f
\mm_
0.00006 |
0.00004 |
]
0.00002[

-1 1 2 3
log(w rad-s™")

Fig. 4. An absolute value of surface concentration deviation from equilibrium one under application of a small
amplitude AC with frequency w for electroinactive species, |Acy), molxem™ as a function of logarithm of

frequency, log(w, rad-s™), at the Nernst diffusion layer thickness d, cm as follows: (1) 5-107%, (2) 1073, (3)
2-1073, and the same fixed values of the parameters as in Fig. 1, and 1= 0.3 s
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It is worth mentioning that both functions
‘Ac‘;, and ‘Acg can only decrease as the

parameter D increases at all chosen values of the
parameters d, ki, and k> [16]. Contrary to the
parameter d, which influence on both functions
‘ch Acy
other system parameters. The analytical and
numerical results [21] obtained in this paper can
help us to understand deeply the non-linear

dynamics at an electrode/electrolyte interface
under non-stationary conditions.

CONCLUSIONS

, and is strongly dependent on the

In summary, there is an influence of the
Nernst diffusion layer thickness d on the surface
concentration of electroactive and electroinactive
species in the model electrochemical process
with a preceding homogeneous first-order
chemical reaction under application of a small
amplitude  alternating  current. At low
frequencies, the surface concentration of both
species can only increase with increasing the
parameter d. At high frequencies, the surface
concentration of both species is independent on
the Nernst diffusion layer thickness. However,
there is a range of frequencies where the surface
concentration of both species can decrease with
increasing the parameter d. This decrease is as
faster as higher the Nernst diffusion layer
thickness is. This range of frequencies can be

influenced not only by a value of the Nernst
diffusion layer thickness, but also by a value of
the rate constants of chemical reaction ki, and k3,
and by the diffusion coefficient of species D.
There exists a phase shift between an alternating
current and the surface concentration that
changes under application of this current. It is a
function of the Nernst diffusion layer thickness,
the oscillation diffusion layer thickness, and the
reaction layer thickness. In the case of
electroactive species, the phase angle can take
only a positive value at any value of the
parameters d, D, ki, and k. Thus, the surface
concentration of electroactive species can only
lag behind an applied alternating current. The
phase angle for electroactive species tends to z/2
at low frequencies, whereas at high frequencies it
decreases to 7/4. For the case of electroinactive
species, the phase angle can be negative,
positive, and equal to zero depending on a value
of the parameters d, D, ki, and k,. Therefore, the
surface concentration of electroinactive species
can lag behind an applied alternating current, be
ahead of it or in phase with it. The phase angle
for electroinactive species approaches to —/2 at
low frequencies, and at high frequencies it tends
to 7/4. The both phase angles can have the
extreme points that are strongly dependent on the
parameters d, D, ki, and k.

Bnume ToBumuau qugysiiinoro mapy HepHcTa Ha moBepXHeBy KOHLIEHTPAIiK0 B
MO/IeJIbHOMY €JIEKTPOXiMiYHOMY Npoleci 3 MonepeIHb0I0 XiMiYHOI0 peaKkLicto

O.L. I'ivan

Tuemumym ximii nogepxui in. O.0. Yyuxa Hayionanvuoi Axademii Hayk Yrpainu
eyn. I'enepana Haymosa, 17, Kuis, 03164, Ykpaina, gichanolga@gmail.com

YV yiti pobomi docniodcyemuca enaue moswunu ougyzitinozo wiapy Hepncma na nosepxnegy Konyenmpayiio
e1eKMPOaKMUBHUX Ma eneKmpOHeaKmuGHUX YaCMUHOK ) MOOEIbHOMY el1eKMpPOXIMIUHOMY npoyeci 3 NONepeoHb010
2OMO2EHHOW XIMIUHOW Peaxyiclo nepuioco NopsaoKy Npu HAKIAOAHHI 3MIHHO20 CMPYMY MAnoi amniimyou.
Pozensidaemovces sunadox oonaxosux xoegiyienmis oughysii uacmuHox, ki bepyms yuacme y NONEpeOHiu XiMiuHil
peaxyii' y moukomy wiapi 0ina nosepxmi niackozo eiekmpooa. I1okazamo, wo Ha HUZLKUX YACOMAX NPUKIAOEHO20
3MIHHO20 CMPYMY, NO6EPXHEBA KOHYEHMPAayis eleKmpoaKmusHux ma e1eKmpoHeakxmueHux 4YacmuHoK Moxce auule
3pocmamu  npu  3pocmanui moswgunu ougysiinozo wapy Hepucma. Ha eucoxux uacmomax noeepxnesa
KOHYeHmpayis 060X 4acCmuHOK He 3a1excums 6i0 ybo2o napamempa. OOHax, icHye obaacme yacmom, 0e nogepxHesd
KOHYenmpayisa AK eleKmpoakmueHux max i el1eKmpoHeakmueHux YacCmuHoK MOHCe 3MEHULY8AMUCA 3i 3DOCHMAHHAM
moewunu ougysiunoeo wapy Hepncma. L[n obnacme uwacmom 3anedcumsv 6i0 moGwuHu Ouy3itinozo wapy
Hepnema, koncmanm wieuoxocmi ximiunoi peaxyii ma xoe@iyienma oughysii yacmunok. Midic sminHum cmpymom i
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HOBEPXHEBOI0 KOHYESHMPAYIECIO eNeKMPOAKMUSHUX Md  eleKMPOHEeAKMUSHUX YACMUHOK Ichye 3cye ¢hasz. Bin ¢
Gynryicio moswunu Ou@ysitinozo wapy Hepucma, moswunu ocyunoouo2o OuQysiinozo wapy ma mosuwuHu
peakyitinoco wapy. Y eunaoxy eiekmpoaxmueHux 4acmuHOK hazoeuil Kym Modice RpUtiMamu uule No3UmueHe
snauennsi. Ha nusvkux uacmomax 6in npsimye 0o m/2, mooi K HA GUCOKUX YACIOMAX GIH 3MEeHUYEMbCst 00 /4. 'V
BUNAOKY €JIeKMPOHEAKMUBHUX YACMUHOK (a308uUll Kym modice Oymu NO3UMUBHUM, He2AMUSHUM Md O0pieHIoamu
HYNIO 8 3aNedcHoCmi 6i0 moswuHu ouysitnozo wapy Hepucma, xoncmaum weuoxocmi Xximiunol peaxyii ma
Koegiyiecuma oughy3ii wacmurnok. Bin npamye 00 —m/2 Ha HUSLKUX 4ACMOMAX, A HA GUCOKUX YACMOMAX 6iH NPULMAc
snauenns /4. Qbudea Gazosi Kymu MOACYMb MAMu MAKCUMYMIU Ma MiHiMymuy. IxHa eenuyuna cunbHo 3anedcums 6io
moegwuHu oughysitinozo wiapy Heprucma, xoegiyicnma oughysii yacmunox, KOHCManm weuoKocmi XiMiuHoi pearyii.

Kntouosi cnosa: CE mexanizm, nosepxmesa KoHyeHmpayis, @asosuil Kym, HONepeoHs XIMIYHA peakyis,
oughysiunuti wap Hepnema, peaxyitinuil wap, ocyumorouuil ou@ysiunuil wap, Koegiyicum ougysii, koHcmanma
WBUOKOCMi
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