E6-2003-74

Bontchev*, G. A. Bozhikov, P. I. Ivanov,
riemyshev, O. D. Maslov, M. V. Milanov*,

G.D.
A.N.P
S. N. Dmitriev

- DETERMINATION OF ION DIFFUSION COEFFICIENTS
BY THE ELECTROMIGRATION METHOD

Submitted to «Applied Radiation and Isotopes»

*INRNE, Bulgarian Academy of Sciences, Sofia, Bulgaria



1. Theoretical

The horizontal zone electrophoresis in free electrolyte is known to be a powerful
method for studying of a large number of chemical and physicochemical processes in
a solution. The method allows determination of ion mobilities, ionic transport
numbers, stability, hydrolysis and kinetic constants. The electromigration method was
recently developed for determination of ion diffusion coefficients in aqueous media.

Generally diffusion processes are described by Fick’s second law (Bulatov and
Lundin, 1984): :
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where: ,

C is the concentration of the specie

t is the time from start of the diffusion

x is the coordinate

D is the diffusion coefficient.

The Fick’s equation can be solved at the following boundary conditions,

corresponding with the specificity of electrophoretic experiments.
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where:
Cyis the initial concentration

! is the half-width of the initial distribution zone.
At the boundary conditions given above the general solution of 1) is:

=G| gpp [ Fx hid
C (x)= > [ef (zm)+erf (ZJBIJ] . 3)

It is complicated to process the electrophoretical data according to equation (3), but
Fick’s second law can be solved correctly at the presence of unlimited media and
constant quantity of diffusing species and respectively boundary conditions (Cranc,
1956):
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In this case for a general solution we found:
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The obtained expression represents a Gaussian distribution function with a square
standard deviation:
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Hence, the diffusion coefficient D was determined as follows:
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In case of Gaussian distribution function, the square standard deviation o’ is the
averaged square distance from the zone center, which particles run for a time ¢
(Chandrasekhar, 1943). The averaged square distance for equation (3) is given by:
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From (7) and (9), and taking into account the stochastic nature of diffusion
processes we consider that Gaussian distribution function (6) can be used for
determination of the diffusion coefficients instead Eq. (3) without loss of correctness.

Scanning distribution zone of the investigated isotope at different moments t; and t,
as well as the determination of the respective standard deviations &; and o, allow
calculating the diffusion coefficient in accordance with:
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If the standard deviation of the zone is measured in more than two different
moments, the correlation can be fitted linearly in order to increase the precision.

Experimental

A schematic view of the completely automated device for horizontal zone
electrophoresis in free electrolyte (Priemyshev et al., 2000) is presented in Fig. 1.
Electromigration and diffusion of the investigated radioactive ions take place in a
horizontal glass tube with an inner diameter of 3 mm. Temperature of the solution
inside electrophoretic cell was set to 25.00 °C and automatically supported constant
with accuracy of 0.05 °C. Electrolyte in the electrode cells was continuously refreshed
by means of peristaltic pump for counteraction the possible influence of electrolytic
processes. In order to avoid any hydrodynamic fluxes, the connection between
electromigration tube and electrode cells was done by ¢=30 nm nucleopore filter. All
solutions used were prepared with aqua bidestilata and HNO; (Suprapure, Merck).



<
>

Fig. 1. Schematic view of the electromigration device

1 - PC; 2 - High voltage supply; 3 - Peristaltic pump; 4 - Voltage divider; 5 -
Electromigration tube; 6, 8 - Pt ¢lectrodes; 7, 9 - Thermosensors; 10 - Thermostat;
11 - Step motors driver; 12, 13 - Step motors; 14 - Gamma-detector CsI(T1); 15 -
Turn gauge; 16 - HV supply; 17, 18 - Edge sensors; 19 - Injection point

Radioisotopes used in the experiments (*''In, "Hf and **"Pu) were produced via
a,xn reactions on the U-200 cyclotron (FLNR, JINR). The separation of nuclides from
the target substance, radiochemical purification and concentration were carried out by
the methods of ion-exchange chromatography (Filosofov et al., 2001; Bojikov et al.,
2001; Dmitriev et al., 1993). A volume of about 5ul (200-400 kBq) of ''In(III),
HFIV) or *7Pu(VI) containing nitric acid solution was injected into the
electrophoretic tube and high voltage was applied. Concentration of the investigated
radionuclide in the zone was about 10°- 10"°M. The active zone was forced to move
from the injection point to the homogeneous part of the electromigration tube under
the influence of constant electric field gradient of 10 V-cm™, then the high voltage was
switched off and the scanning procedure for determination of diffusion coefficients
started. In our experiments electrophoretic cell was continuously scanned for a period

of 12-24 h. Under influence of the diffusion processes, the width of active zone
increases as it is shown in Figure 2.
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Fig 2. Distribution profiles of B7py(VI) in 0.1M HNO; at different moments from
start of diffusion experiment. Fitting curve is Gaussian function.
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Fitting the distribution profiles gives the standard deviation of the zone as a
function of time from start of the experiment.

Fig. 3 shows the dependence between time and zone standard deviation for
B7py(VI) in 0.1M-nitric acid.
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Fig 3. Standard deviation- time dependence for >*’Pu(VI) in 0.1M HNO;.

After processing the experimental data, according to Eq. (7), diffusion coefficients
of the investigated cations in nitric acid solutions were obtained (Table 1).

Table 1. Diffusion coefficients of Cd(II), In(III), Hf(IV) and Pu(VI) in nitric acid
media, T=25% 0.05 °C

Ion Isotope pH Diffusion coefficients, cm®-s’'
In(1IT) Mn 1.40+0.05 (7.40£0.10)-10°
Hf(IV) "Hf 0 (7.60£0.40)-10°
Pu(VI) BTpu 1.000.05 (8.8040.20) -10°°

In diluted solutions, with ionic strength lower then 0.01, simultaneously measuring
of ion mobility and the diffusion coefficient allows calculation of the effective charge
of the studied ions. A relation between electrophoretic mobility and diffusion
coefficient is given by the Nernst- Einstein’s law (Korita ez al., 1975):

RT
D=u e a2
where:
D is the diffusion coefficient [cm?s™]
R is the gas constant, 8.314 [J-K'1-mol ']
T is the temperature [K]
z is the effective charge of the ion

F is the Faraday constant, 96484 [Q-mol™] .

The ion effective charge is only unknown in the equation and can be determined.
In more concentrated solutions, effective ion charge can be only evaluated with a
usual occurrence of deviations up to 10-15% (Stepanov and Korchemnaya, 1979).



Conclusions

Electrophoretic method for measuring of ion diffusion coefficients in aqueous
solutions is developed. The value of diffusion coefficient can be determined from the
linear relationship between square standard deviation of electrophoretic zone and time
from start of the diffusion process. Using the device for horizontal zone
electrophoresis in a free electrolyte, series of diffusion experiments are 0pelrformed with
no-carrier-added radionuclides in microconcentrations (10'9— 10'°M). Diffusion
coefficients of '"In(IID), 17SHf(IV) and 237Pu(VI) ions at 25.00 °C are determined in
nitric acid media. Simultaneously determination of diffusion coefficient and
electrophoretic mobility allows one to calculate the effective charge of investigated
ions in accordance with the Nernst- Einstein law.
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Bonues I'. 1. u 1p. E6-2003-74
Omnpenenenue HOHHBIX THGhY3HOHHBIX K03(PPULHEHTOB
3IEKTPOMMIPALIUOHHBIM METONOM

Pa3paoTan 3/MEeKTPOMHIPALIHOHHBIH METON H3MEPEHHS HOHHBIX AH¢Gy3HOH-
HbIX K03()PULHEHTORB B BOOHBIX pacTBopax. Bennunna nugdysuonnoro xoaddu-
LMEHTA OfpejesseTcss Ha OCHOBE JIMHEHHOH 3aBHCHMOCTH MEXNY CpeAHeKBaapa-
TUYHBIM OTKJIOHEHHEM 3JIEKTPOOPETHYECKO 30HBI H BpeMEHEM OT Hauajla 3KCIe-
puMeHTa. [Tpy MOMOLUM YCTAHOBKM IJI TOPH3OHTAILHOTO 30HHOTO dlIeKTpodopesa
6buUH M3MepeHs! KoadduiMeHTs AntPy3HuH 6€3HOCHTENBHBIX PaIHOHYKIIHIOB NPH
25 °C na ypoBHe MUKpoKoHuenTpauuit (10~° — 107" M). Onpenenensi koadduuu-
enthl ubdysun uonos '!'In(Ill), 'PHf(IV) u #*’Pu(VI) B a30THOKHCIIBIX PacTBO-
pax.

PaGora soinojiHeHa B JlaGoparopuu snepHeix peakuuit mm. I. H. ®@neposa
OMIN.
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Bontchev G. D. et al. E6-2003-74
Determination of Ion Diffusion Coefficients
by the Electromigration Method

An electrophoretic method for measuring ion diffusion coefficients in aqueous
solutions is developed. The value of the diffusion coefficient can be determined
from the linear relationship between the square standard deviation of the elec-
trophoretic zone and the time from the start of the diffusion process. Using the de-
vice for horizontal zone electrophoresis in a free electrolyte, a series of diffusion
experiments are performed with no-carrier-added radionuclides in microconcen-
trations (10° — 107! M). Diffusion coefficients of "'In(III), '"Hf(IV) and
BTpy(VI) ions at 25 °C are determined in nitric acid media. Simultaneous determi-
nation of the diffusion coefficient and electrophoretic mobility allows one to cal-
culate the effective charge of the investigated ions in accordance with the
Nernst-Einstein law.

The investigation has been performed at the Flerov Laboratory of Nuclear Re-
actions, JINR.
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