ISSN 0001-4370, Oceanology, 2020, Vol. 60, No. 1, pp. 47—49. © Pleiades Publishing, Inc., 2020.
Russian Text © The Author(s), 2020, published in Okeanologiya, 2020, Vol. 60, No. 1, pp. 57—59.

MARINE CHEMISTRY

Activity Coefficient of Nitrate Ions in Seawater
A. V. Savenko® * and V. S. Savenko®

¢Department of Geology, M.V. Lomonosov Moscow State University, Moscow, Russia
b Department of Geography, M.V, Lomonosov Moscow State University, Moscow, Russia
*e-mail: Alla_Savenko@rambler.ru
Received March 2, 2016; revised March 4, 2018; accepted June 18, 2019

Abstract—The coefficients of selectivity of a nitrate-selective electrode to ClI", HCOj, and SO?‘_ ions were
experimentally determined: 0.006, 0.0002, and 0.0003, respectively. The value of the activity coefficient of
NOs ions in seawater with 35%o salinity was ascertained: 0.533 £ 0.011 at 25°C.
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The development of new types of ion-selective
electrodes with crystalline and liquid-film membranes
[1, 2, 4] has contributed to the widespread adoption of
ionometry methods in hydrochemical studies, includ-
ing methods for determining the physicochemical
state of ions in seawater [6]. The applicability criterion
for ion-selective electrodes in both physical and ana-
Iytical chemistry is their selectivity to the measured
ions. The correct use of a particular ion-selective elec-
trode in natural waters, which are multicomponent
electrolyte solutions where the absolute and relative
ion concentrations vary over a wide range of values,
depends on its selectivity under specific conditions.

The aim of this work was to obtain the selectivity
characteristics of a nitrate ion-selective electrode and
to experimentally determine the activity coefficient of

NOs; in seawater.

The ELIT-021 nitrate-selective electrode manufac-
tured by Niko Analit LLC (Russia), which is competi-
tive in selectivity with the best foreign counterparts and
has a significantly longer operational lifetime, was used
for this work. The potential of the nitrate electrode was
measured with respect to a silver chloride reference
electrode in a saturated potassium chloride solution at a
temperature of 25°C. The accuracy of the measured
electromotive force (F) of the electrochemical circuit
was 0.1 mV. Calibration was carried out with 0.001—
0.1 M KNO;j solutions, where the NO;3 activity coeffi-
cients were assumed equal, according to [3]. The rela-
tionship between £ (mV) and the activity of nitrate ions

(ay o’ M) corresponded to the Nernst equation:
3

E =231.3-56.85loga,, (1)

with a correlation coefficient of 72 = 0.9998.
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In general, the electromotive force of the electro-
chemical circuit with charge transfer, which includes
an electrode selective to ions A4, in the presence of
other ions in the solution /, ..., jis [2, 4]

J
E=E+log (aA v sz/AagA/“] LT
ZA i

where a, and a, are the activities of 4 and Bionsin the
solution; z, and z are the 4 and B charges; A 8/4 18 the

selectivity coefficient of B with respect to A; E, is the
electromotive force of the circuit for a, =1 in the
absence of competing ions; ¥ is the ideal temperature
factor, equal to 2.303RT / Fz, (R is the gas constant;

T'is temperature, K; F'is the Faraday number); @, is
the diffusion potential at the interface between two
solutions with different compositions. It is impossible
to determine the exact value of the diffusion potential;
however, estimates show that it would be small, pro-
vided the mobility of the cations and anions present in
solutions are similar. The diffusion potential of the sil-
ver chloride reference electrode and the saturated KCl
solution at the contact with KNO; solutions and sea-
water, calculated by the approximate Henderson
equation, was small [6]. Therefore, the contribution of
the diffusion potential was presumed negligible.

If one of the two solutions contains either ion 4 or
ion B, then

E =E,+Yloga, 3)
<4
E, = E, + 2 log (b ai ™) (4)

<4
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Table 1. Nitrate-selective electrode selectivity coefficients determined by bi-ionic potential method in 0.1 M salt solutions

Salt E, mV Anion activity coefficient* Anion activity, M A B/Nog
KNO; 293.6 0.771 0.0771
KCl 416.0 0.771 0.0771 0.006
NaHCO; 477.4 0.771 0.0771 0.00025
MgSO, 496.1 0.233 0.0233 0.00032
* Calculated using semiempirical Davies equation [7].
and Table 1 presents the measured £ values in 0.1 M
solutions of KNO;, KCIl, NaHCO;, and MgSO, and
Ao, gl the coefficients of selectivity of the nitrate-selective
E, - E = AE = QjogZ84% (5) B - N
T electrode to CI~, HCO;, and SOj . As it follows from

From Eq. (5), it follows that the expression for calcu-
lating the selectivity coefficients is

AEz, +log Cutfa
ﬁ C;AzﬂngzB

log 7\'B/A = > (6)

where C, and Cj, are the concentrations of 4 and
Bions; f, and f; are the activity coefficients of A and
Bions, and by definition g; = C, f;. The activity coeffi-
cients of ions in diluted solutions can be calculated
with satisfactory accuracy using the semi-empirical
equation of the second or third approximation of
Debye—Hiickel theory, which taking into account the
known concentrations of A and B, makes it possible to
determine the A B/4 value from the measured AE.

Table 2. Activity coefficient of NOj3 ion in seawater with
35%o salinity

Concentration, M
: a.--M | E,mV fNog

NO; Cl”
0 0.548 0.343 386.3 —
0.00005 0.548 0.343 386.0 —
0.00011 0.548 0.343 385.7 —
0.00055 0.547 0.342 383.0 —
0.0011 0.547 0.342 380.3 —
0.0055 0.543 0.339 364.2 —
0.011 0.537 0.336 352.1 —
0.055 0.493 0.308 317.3 0.525
0.110 0.438 0.274 300.5 0.536
0.219 0.329 0.206 283.6 0.543
0.329 0.219 0.137 274.0 0.537
0.438 0.110 0.069 267.2 0.532
0.548 0 0 262.2 0.522

Average value |0.533 £ 0.011

the results obtained, in seawater, only chloride ions
have a more or less significant effect on the readings of
the nitrate-selective electrode.

The NOj activity coefficients were measured at
25°C in artificial seawater with 35%o salinity and vari-
able nitrate and chloride concentrations, in total equal
to the chloride content in natural seawater. The water
was prepared according to the data on the composition
of natural seawater [5] and contained the following,
mM: NaCl, 419.35; KCl, 10.46; MgCl,- 6H,0, 54.67;
CaCl,, 10.62; Na,S0O,, 28.94; NaHCO;, 2.00; Na,CO;,
0.20. Calculations were carried out by Eq. (2) taking

into account the contribution of Cl™ ions:

£ =Ey +910g(Cfyo; * 7‘c1‘/No;Ccrfcr) ()
and
E-E,
107 - 7“C1’/Nogccrfcr
fror = < : ()
NO;
where £, = 231.3 mV, ¥ = 56.85, A = 0.006,

cr/No;
Jor =0.625 [6]. The measured E and calculated f o
values are presented in Table 2 (to ensure the reliability
of fN o; determination, only the experiments where

CNO, > 0'1Ccr were counted). The average value
3

fN o = 0.533 £ 0.011 is appreciably lower than the

activity coefficient of chloride ions £ = 0.626 [6].

This is due to the higher stability of nitrate complexes
with the main cations of seawater compared to that of
chloride complexes [8], which leads to a higher degree
of complexation of nitrate ions and, accordingly, to a
decrease in the overall activity coefficient.

CONCLUSIONS
The coefficients of selectivity of a nitrate ion-selec-
tive electrode with to CI', HCOj;, and SOi_ were
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determined experimentally: 0.006, 0.0002, and 0.0003,
respectively.

The experimental value of the NO;5 activity coeffi-
cient in seawater with 35%o salinity, obtained using
the corrections for the selectivity of the nitrate elec-
trode to chloride ions, is 0.533 £ 0.011 at 25°C.
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