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Abstract

In this paper, a moving neutralization reaction boundary (MNRB) is created with the strong reactive electrolytes of HCI
and NaOH in agarose gel. The motions of the MNRB are investigated and compared with the predictions with the theory of
the moving chemical reaction boundary (MCRB). The results show that, under appreciate experimental conditions, the
experiments on the MNRB are exactly in coincidence with the predictions with the MCRB theory. Thus, the results
excellently demonstrate that the MCRB theory is valid for the MNRB formed with the strong reactive electrolytes of HCI
and NaOH. Additionally, it is, as discussed in this paper, imperative to develop a method to obtain ionic mobility at different
temperatures and ionic strengths, in order to investigate the movements of the MCRB more efficiently. [0 2000 Elsevier

Science BV. All rights reserved.
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1. Introduction

In 1961-1962, Svensson advanced the famous
theory of classic isoelectric focusing (IEF) [1,2].
According to Svensson’s theory, Vesterberg [3] syn-
thesized the carrier ampholyte, a very important
substance for IEF. With the carrier ampholyte, 1EF

*Corresponding author. Tel.: +86-551-3607-072; fax: +86-
551-3671-760.

E-mail addresses: cxcao@mail.ustc.edu.cn (C.-X. Cao),
yzhe@ustc.edu.cn (Y.-Z. He).

was gradually used in biochemistry and biomedicine
[4-7]. However, in IEF, there dill exist some
phenomena, such as cathodic drift and plateau of pH
gradient [4-12], which are not elucidated by Sven-
sson’'s |EF theory and other hypotheses as reviewed
in Refs. [6] and [12] (see p. 301 in Ref. [6] and the
Introduction in Ref. [12]).

In order to unveil the mechanism of IEF, the
authors [12—-16] developed the concept of the mov-
ing chemical reaction boundary (MCRB) from the
ideas of the precipitate reaction front by Demen and
Rigole [17,18] and of the stationary neutralization
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reaction boundary by Pospichal et a. [19], formu-
lated the moving chemical reaction boundary equa-
tions (MCRBES) for both strong and weak reactive
electrolytes, discovered the relations between |IEF
and the MCRB [12,20,21] and those between Kol-
hrausch’s regulating function and the MCRBES [22].
The MCRB theory is the counterpart of the moving
boundary system (MBS) developed about 60 years
ago by Longsworth [23], Dole [24], Svensson [25],
Alberty [26] and Nichol [27].

The MCRB theory has been partially demonstrated
by some experiments. The prediction with the
MCRBEs (viz., Deman—Rigole’'s equation, see Eq.
(2) in Ref. [18]) is qualitative coincidence with the
experiments on precipitate reaction front by Deman
and Rigole [17,18]. The calculations with the station-
ary neutralization reaction boundary equations
(SNRBEs) deduced from the MCRBES are in exact
agreement with the experiments on the stationary
neutralization boundary with electrically controlled
electrofocusing apparatus by Pospicha et a. [19].
Recently, the authors manifested the predictions with
the MCRB theory are in quantitative agreement with
the experiments on the moving precipitate reaction
boundary created with CoCl, and NaOH [28-30].

Is the MCRB theory valid for a MNRB created
with the strong reactive electrolytes of acid and
alkali like HCI and NaOH, or not? To the authors
knowledge, except for the experiments on the
stationary neutralization reaction boundary by Pos-
pichal et al. [19], there is still no systemic quantita-
tive experimental data to prove the validity to a
MNRB. Thus, it is necessary to test the validity of
the theory for a MNRB, additionally to supply an
inexpensive and uncomplicated, but efficient and
convenient method for the study of MNRBs and
electrofocusing.

2. Experimental
2.1. Reagents

The reagents used here are HCI, NaOH, KCl and
bromphenol blue, the former three are AR grade
[respectively, purchased from Tianjin Chemical Re-
agents Co. (Tianjinm, Ching), Shanghai Chemical
Reagents Co. (Shanghai, China) and Nanjin Chemi-
cal Factory (Nanjin, Ching)], and the latter is of CR

grade (purchased from Shanghai Chemical Re-
agents). The agarose used as the anti-convection
medium is a biochemical reagent (Shanghai Huang-
Hua Pharmaceutical Factory, Shanghai, Ching). Note
here, the agarose gel is better in contrast to the agar
gel, since in agarose gel there is nearly complete
absence of electroosmostic flow (EOF) [6,31,32].

2.2. Apparatus

The apparatus was made in the laboratory and
developed from our previous apparatus [30]. As
shown in Fig. 1, a glass tube is filled with 0.5-2.0%
(w/v) agarose gel containing the alkali NaOH, 0.1
mol /I background electrolyte KCI and 0.1% (w/v)
bromphenol blue. The tube, together with the ruler,
is fixed on a small performing-table, over which an
adjustable camera (Model SD345, Minolta Co. Ltd.,
Japan) is fixed. The camera is used to record the
movement of the MNRB with the time. With the two
rubber-tubes, the two ends of the glass tube are
connected to two three-way-pipes, which are joined
with two peristaltic pumps (viz.,, pumps 1 and 2,
Model HL-2, Shanghai Luxi Biochemical Instrument
Factory, Shanghai, China) and two platinum elec-
trodes (viz., the anode and cathode). The flows of
anolyte and catholyte are pushed by the two pumps.
A power supply (Model DY Y-1114, constant voltage
0—-600 or 0—1200 V, constant current 0—25 or 0—-100
mA, Beijing Luyi Instrument Factory, Beijing,
Ching) is used to yield the direct current. At the two
ends of the glass tube, two fine electrodes inserted
through the rubber tubes are connected with a
recorder (XWD2-213, Shanghai Automatic Instru-
ment Factory No. 3, Shanghai, Ching), with which
one can monitor the voltage between the two ends of
the glass tube.

The laboratory-made apparatus is very efficient
and convenient for the experimental studies on
MNRBs created with strong reactive electrolytes of
acid and alkali as will be shown in Fig. 2, but
inexpensive and uncomplicated as compared to some
commercial apparatus used for IEF [19,33].

2.3 Procedures
The preparation of gel is according to the methods

described in Refs. [17] and [18].
Initially, the agarose gel in the glass tube contains
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Fig. 1. Diagrams of the procedure and apparatus for experiments of the MNRB formed with strong reactive electrolytes of acid and alkali.
The direct current is generalized with a power supply; the flows of anolyte and catholyte are pushed by pumps 1 and 2, respectively; the
glass tube (including the ruler) is fixed on a small operating-table; over the table a camera is fixed to record the movement of the MNRB
with time; the voltage between two ends of the glass tube is recorded with two electrodes connected with a recorder. The arrows indicate the
flow directions of anolyte and catholyte. The symbols, + and —, denote the anode and cathode, respectively.

0.004-0.014 mol/I NaOH, 0.1 mol/l background
electrolyte KCl and 0.1% (w/v) bromphenol blue.
The catholyte holds 0.004—0.014 mol/l NaOH and
0.1 mol/I KCI, and the anolyte comprises 0.004—
0.014 mol/l HCl and 0.1 mol/l KCI. All the runs of
MNRBs created with the strong acid and alkali here
are designed to move towards the cathode.

Therefore, before each run, the overall color in the
tube is blue due to the co-existence of the brom-
phenol blue and alkali of NaOH as shown in Fig. 2A.
However, after the run begins, the left side of the
tube becomes yellow as shown in Fig. 2B, because
of the co-existence of the bromphenol and acid of
HCI at the left side of tube while the acid of HCI
displaces the akali of NaOH gradually. As the
displacement continues, the yellow zone comprising
HCI becomes longer and longer, in contrast, the blue
zone containing NaOH gradually becomes shorter
(see Fig. 2B and C). A clear boundary created with
HCl and NaOH can be observed during the displace-
ment and electromigration reaction between H* and
OH .

Here, the bromphenol blue is well used as the
mark that marks the yellow zone holding HCI, the
blue zone comprising NaOH and the boundary that

separates the yellow and blue zones sharply as
clearly displayed in Fig. 2. The length of the
displacement of the MNRB is just that of yellow
acidic zone, viz., neutralization reaction zone that is
similar to the precipitate reaction zone [28-30], as
shown in Fig. 2B and C.

In each experiment, two tubes under the same
conditions were run individually. During each run, a
series of photographs are, as shown in Fig. 2, taken
at different times using the camera in Fig. 1. With
those photographs, we can directly monitor the
displacements of boundaries, viz., the neutralization
reaction zone. The observed velocity of a MNRB can
be calculated with:

MEES = obs/t (1)

where, |, is the displacement of boundary, signed
quantity its positive and negative mean the cathodic
and anodic movements, respectively, and its length is
equal to the lengths of the yellow acidic zone which
can be directly determined with compasses from the
photograph given in Fig. 2, t is the run time and M;‘ES
is the observed boundary velocity.

The theoretical boundary velocity of the MNRB,
as formulated in Ref. [28], is expressed as:
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Fig. 2. The clear and sharp boundary during the run of the MNRB created with the strong reactive electrolytes of HCI and NaOH in agarose
gel. (A) Just before the start of the run; (B) 5 min after the run; and (C) 10 min after the run. The arrows indicate the sharp boundaries
formed between the yellow (HCI) and blue (NaOH) zones. The symbols + and — denote the anode and cathode, respectively. The yellow
acidic zone, viz., the neutralization reaction zone — being similar to the precipitate reaction zone [28—30], ranges from the symbol + to the
boundary indicated by the arrow, and the blue alkaline zone occupies from the boundary to the symbol —. Conditions: 0.01 mol /I HCI, 0.01
mol /I NaOH, 1% (w/v) agarose gel, 0.1 mol /| background electrolyte KCl, 0.1% (w/v) bromphenol blue in gel, constant current intensity
1.2 mA/mm?, 90 mmx4.4 mm |.D.X6.2 mm O.D., and temperature 18—20°C.
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where, the superscripts, « and B, indicate phase «
and B, respectively, the subscripts, H+ and OH—,
mean positive and negative reacting ions like hydro-
gen and hydroxyl ions, respectively, m the mobility,
¢ the equivalent concentration, E the electric field
strength. Note here, m and c are positive if the ion
carries net positive charge or negative if net negative
charge, as have been defined by numerous scientists
[12—19,23-28].

Owing to the large quantity of background elec-

trolyte KCl in the electrolyte system, the conduc-
tivity, as treated in Refs. [17-19] and [28-30], is
considered uniform over a whole conductor approxi-
mately (the conductivity of solution containing 0.1
mol /I KCI is egual to 1.29 S/m at 25°C), viz..

E“=E" (39
l/gx®=1/qx® (3b)
where, | is the current (mA), g is the cross-sectional

area of tube (mm?), « the specific conductance of
phase/or solution (S m™%).
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For the existence of high ionic strength, the
mobilities of hydrogen and hydroxyl ions in Eq. (2)
ought to be corrected by the empirical equation given
by Reijenga and co-workers [34—36] and the authors
[37,38]:

My = My eXp( - 77\/2)
(n=0.77ifz=2,7=050if z=1) (4)
where, m,, and m, are the actual and absolute

mobilities, respectively, the ionic strength (1) is:
| =05>,¢c2 (5)

where z is the ionic valence, and n the coefficient.
Note here, the overall/or apparent mobilities of
hydrogen and hydroxyl ions are equal to their actual
mobilities owing to the complete ionization of the
strong reaction electrolytes HCl and NaOH and the
amost complete absence of EOF in agarose gel (see
Refs. [6,31,32]).

The absolute mobilities of the hydroxyl and
hydrogen ions at a temperature of 25°C, obtained
from Ref. [39], are 20.5:10° and 36.3-10°° m®
V™' s7!, respectively.

For the reasons cited above, the theoretical ve-
locity of the boundary should be calculated with Eq.

(6):
o a B B
aB mact,H+CH+ mact,OH7COH7
Mine = o B
(CH+ - COH—) T K

where, i is the constant current intensity (mA/mm?).

In the following experiments, monitoring the
voltage between the two ends of run tube with the
voltage recorder in Fig. 1, the authors found that,
even when a constant voltage of power supply is
used, the voltage between the two ends of the run
tube decreases with the time. Since the cold anolyte
and catholyte flow continuously while the electrolyte
solution in the tube is gradually heated by Joule
heating generated by the electric field, this leads to
the decrease of the voltage between the two ends of
tube, viz., the increase of the conductance of the
solution in the tube, as compared with the voltages
distributed to the flowing anolyte and catholyte. The
tube was laboratory-made, its 1.D. ranges from 4.2
mm to 4.6 mm. Because of this, constant current for
different runs is impossible.

N (6)

However, constant current intensity is possible for
both each run and different runs. Hence, in the
following experiments, we use the constant current
intensity instead of the constant voltage or current
used in general electrophoresis, as shown in Eq. (6).

After experiments on MNRBSs, the treatment of
experimental data, including the statistical analyses,
is completed with Microsoft Exel (ver. 97, Microsoft,
USA) and Origin (ver. 5.0, Microcal Software, USA)
software.

3. Results and discussion
3.1. Sharp boundary and good repeatability

The boundary of a MNRB created with the strong
reactive electrolytes of HCl and NaOH in agarose gel
is, as exhibited in Fig. 2, very sharp and clear. Fig.
2A displays the overall blue tube containing the 1%
(w/v) gel, 0.01 mol/l NaOH, 0.1 mol/l KCI and
0.1% (w/v) bromphenol blue just before the run; Fig.
2B presents the movement (21 mm toward the
cathode) of the MNRB 5 min after the run; and Fig.
2C shows the movement (41 mm toward the
cathode) of the MNRB 10 min after the run. Fig. 2
certifies that the boundaries are very sharp and clear
and that the displacement of the MNRB increases as
alinear function of time. Distinctly, the displacement
of aMNRB can be directly determined with compas-
ses from the photographs, the method is very con-
venient.

However, Fig. 3 proves that, if the same MNRB is
created in gel-free solution, the boundary is badly
unclear, confused and skewed. Fig. 3A exhibits the
half-parabola-shape boundary indicated by the fine
arrows, definitely the boundary is critically equivoc-
a, confused and twisted as implied by the fine and
hard arrows. If we rotate the tube gently, the half-
parabola-shape boundary becomes a bullet-shape one
as shown in Fig. 3B.

Thus, the comparisons between Figs. 2 and 3
obviously demonstrate the good anti-convection of
the agarose gel and the necessity of gel for the
formation of a stable, clear and sharp boundary of
MNCR under the given experimental conditions.

In our experiments on MNRBs, we investigated
the stability of the method described in Fig. 1. In the
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Fig. 3. The badly confused and skew boundary of the MNRB created with HCI and NaOH in gel-free electrolyte solution. (A) The severely
skewed boundary. (B) The bullet-shape boundary after the gentle rotation of the tube in A. The fine arrows indicate the clear boundaries
formed between the yellow and brown zones. The directions of arrows are perpendicular to the boundary, the hard arrows imply the
confused boundaries between the brown and blue solutions, from the fine arrows to the hard arrows the brown color becomes deeper and
deeper. The symbols + and — denote the anode and cathode, respectively. Conditions: 0.01 mol /I HCI, 0.01 mol/l NaOH and constant

current intensity 0.6 mA/mm?. Other conditions as in Fig. 2.

investigation, we performed within-day and day-to-
day experiments under the same experimental con-
ditions. In both the within-day and the day-to-day
experiments, the boundary displacements are de-
termined, then statistical analyses are carried out, all
of the results show that the averages of boundary
displacement within 20 min are 37.1+1.67 (n=5)
and 38.8+1.36 (n=5) mm for the former and latter,
respectively, and the relative standard deviations
(RSD9) for the former and latter are 4.5% and 3.5%,
respectively, clearly very low vaues. Evidently,
good repeatability can be obtained.

3.2, Boundary velocity — current intensity
In the investigation of the validity of MCRB

theory for a MNRB created with the strong reactive
electrolytes of HCI and NaOH, we first study the

relationship between the boundary velocity and
current intensity. According to Eqg. (6), the boundary
velocity is proportional to the current intensity.
Accordingly, the higher the current intensity is the
faster the velocity becomes. The theoretical calcula-
tion is in quite good agreement with the experiment
of a MNRB created with strong HCl and NaOH.

The experiments in Fig. 4A were performed under
the range of current intensity 0.4-1.4 mA/mm? and
temperature 18-20°C. As shown in Fig. 4A, the
excellent coincidence is present between the theoret-
ical and experimental velocities: the correlation
coefficient (r) equals 0.9996 (n=6). The results
exactly demonstrate the validity of the theory for a
MNRB formed with strong reactive electrolytes of
HCI and NaOH.

The runs in Fig. 4B were carried out under the
same range of current intensity but under obvious
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Fig. 4. The boundary velocity at different current intensity. (A)
Run under temperature 18—20°C. Conditions: 0.01 mol /I HCI and
0.01 mol/l NaOH, 4.2-4.6 mm 1.D.xX5.8-6.2 mm O.D. Other
conditions as in Fig. 2. (B) Run under temperature 7-9°C.
Conditions: 0.014 mol/l HCI, 0.01 mol/I NaOH, 1% (w/v)
agarose gel, 0.1 mol/I KCl, 0.1% (w/v) bromphenol blue, flow-
rate 0.6 ml/min, 90 mmXx4.2—-4.6 mm 1.D.x5.8-6.2 mm O.D.

low temperature 7-9°C which is much lower than
the standard temperature of 25°C. Comparing the
results of Fig. 4A with those of Fig. 4B, clearly the
results of Fig. 4B are poorer (r =0.9983, n=6) and
the differences between the theoretical and observed
data are apparent, but Fig. 4B, at least semi-quantita-
tively, demonstrates the agreement between the
observed and the theoretical results.

The temperature plays strong influence on the
movement of the MNRB created with the strong
reactive electrolytes of HCl and NaOH. When the
runs are performed at 18—20°C which is near to but
lower than the standard temperature 25°C, all of the

observed values are sightly higher than the theoret-
ical values as shown in Fig. 4A. Whereas if at
7-9°C, which is much lower than 25°C, all of the
observed values are much lower than the theoretical
values (see the details in Fig. 4B). Evidently, the
strong influence of temperature is present in the runs.
This will be further proved by Figs. 5 and 6.

For this reason, in our formal runs, we picked out
those experiments performed at 18-20°C, which is
lower than, but near to 25°C, and then operated the
statistical treatment on them as will shown in Fig. 8.

3.3 Boundary velocity — /HCI] and [NaOH]

According to Egs. (2) and (6), if one increases the
concentrations of hydrogen and hydroxyl ions simul-
taneoudly, the boundary velocity is almost constant.
This prediction is demonstrated by Fig. 5. In the runs
in Fig. 5, as the concentrations of HCl and NaOH
increase greatly from 0.004 to 0.014 mol/l, the
velocity of the MNRB dlightly decreases from 3.41
to 3.33-10 ° m/s. Those changes fit the theoretical
computation.

Therefore, the experiments in Fig. 5 distinctly
manifest the validity of the theory. Fig. 5 aso
verifies that the observed values from five out of six
runs are dlightly over the theoretical data. This
reveals the same temperature influence on the move-
ment of MNRB as has been shown in Fig. 4A and
will be discussed in Section 3.4 (see Fig. 6B).
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Fig. 5. The boundary velocity at different concentrations of HCI
and NaOH ([HCI]=[NaOH]). Conditions. current intensity 0.6
mA /mm?. Other conditions as in Fig. 4A.
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Fig. 6. The boundary velocity at different concentrations of
NaOH/or HCI. (A) Run at different concentrations of NaOH and
under the temperature 18—20°C. Conditions: 0.01 mol/lI HCI and
constant current intensity 0.6 mA/mm?. Other conditions as in
Fig. 4A. (B) Run at different concentrations of HCl and under the
temperature 7-9°C. Conditions: 0.006 mol/l NaOH and constant
current intensity 0.6 mA/mm?. Other conditions as in Fig. 4B.

34. Boundary velocity — [HCI] or /[NaOH]

The relations between the velocity and concen-
tration of HCI or NaOH are taken into account and
further compared with the theoretical predictions.
Egs. (2) and (6) reveal if the concentration of HCI is
fixed at constant value, the increase of NaOH
concentration leads to the decrease of the boundary
velocity. According to this prediction, we performed
the experiments of MNRBS, in which [HCI] is fixed
a 0.01 mol/l, but the concentration of NaOH
increases from 0.004 to 0.014 mol/l. All the results
aregivenin Fig. 6A. It is shown that at 18—20°C, the

experimental results almost fit the theoretical predic-
tion completely (the r value between theoretical and
observed velocities equals 0.9988, n=5), this shows
the conformity between the theoretical and ex-
perimental results. One can also observe the tem-
perature influence that has been mentioned in Figs.
4A and 5.

In the experiments performed at 7-9°C shown in
Fig. 6B, the concentration of NaOH is constant at
0.006 mol /1, while that of HCI is raised from 0.06 to
0.12 mol/l. This figure reveds that quite good
agreements are present between the observed and
calculated values. However, the agreements in Fig.
6B are not very good compared with those in Fig.
6A due to the low experimental temperature (7—
9°C). The r vaue in Fig. 6B is equal to 0.9912,
which is poor as compared with that in Fig. 6A.

Fig. 6B also obviously demonstrates the same
temperature influence shown in Fig. 4B.

All of those comparisons between Fig. 4A and B
and between Fig. 6A and B show the strong in-
fluence of temperature on the movement of the
MNRB created with the strong reactive electrolytes
of HCl and NaOH.

3.5. Boundary velocity — agarose gel

Additionally, we investigated the boundary ve-
locity at different concentrations of agarose gel. Fig.
7 proves, the boundary velocity changes, to some
extent, with the concentration of agarose gel. At low
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Fig. 7. The boundary velocity at different concentrations of
agarose gel. Conditions: 0.01 mol/l HCI, 0.01 mol/l NaOH and
current intensity 0.6 mA/mm?. Other conditions as in Fig. 4A.
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concentrations of 0.5-1.0% (w/v) agarose gel, the
observed velocities are very close to the theoretical
boundary velocity. Whereas, at high concentrations
(1.5-2.0%), the agreement is poor (the relative
difference between the theoretical and observed
velocities is, as computed by the authors, near to
10%) as compared with that with 0.5-1% (w/v) gel
used as anti-convection medium. The results imply
the influence of agarose gel on the MNRB. Thus, in
our most of runs, 1% gel is chosen as the medium of
anti-convection.

Even if there is the influence on the boundary
velocity, the coincidence between the theoretical and
experimental results is still quite good.

3.6. Satistical analyses of experimental data

In total, 38 experiments of MNRBs created with
HCl and NaOH were completed. Among those runs,
20 runs were carried out at 7—-9°C and the remaining
18 runs were performed at 18—20°C.

The statistical analyses of the 18 runs show that
(1) the correlation coefficient between the observed
and theoretical velocities is equal to 0.9988 (n=18)
and (2) the regression equation is y=0.9889x—
0.0364 (y=the theoretical velocity of the MNRB
and x=the observed velocity). Those, as a whole,
imply good agreement between the experiments of
MNRB and the predications with the MCRBEs.

Thus, those statistical results further manifest the
validity of the MCRB theory for a MNRB created
with the strong reactive electrolytes HCl and NaOH.

4. Conclusions

The MCRB theory possesses strong validity for
the MNRB created with the strong reactive elec-
trolytes of acid and akali, eg., HCl and NaOH.
From our above experiments in Figs. 4A, 5, 6A and
7, it is clear that, if the conditions are chosen
appropriately (such as 18-20°C temperature, 1%
agarose gel), the observed velocities are in high
coincidence with the theoretical computations. Fig.
8, including the statistic analyses in Section 3.6,
closely manifests the outstanding conformity which
is, as a whole, present between the observed and
theoretical velocities. However, poor agreements are

9
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observed velocity(lO’5 m/s)

Fig. 8. The linear regression analyses between the theoretical and
observed velocities of MNRB created with strong acid of HCI and
alkali of NaOH (n=18). All of the runs are performed at 18—
20°C.

observed as given in Figs. 4B and 6B as compared
those in Figs. 4A and 6A. Even so, the results of
Figs. 4B and 6B can at least show the validity of the
theory semi-quantitatively. The poor agreements are,
as will be discussed, caused by the low temperature
of 7-9°C.

The MCRB theory is aso of vaid for IEF,
including electrofocusing [19]. In our early publi-
cations, it was theoretically demonstrated that IEF is
based upon the MNRB, the stationary neutralization
reaction boundary (SNRB) to be exact [12]. The
conclusion has been proved by the anayses of
experimental data that prove the existence of (or
quasi-) equal transference numbers of hydrogen and
hydroxyl ions in the classic IEF [12,20,21]. The
paper displays that the theory is valid for a MNRB
created with strong acid and alkali, coupled with the
SNRB, on which IEF and electrofocusing is based.
Thus, the results in this paper also verified the
validity of the MCRB theory to IEF, including
electrofocusing, indirectly and experimentally.

The method described in this paper is stable,
efficient and convenient, but inexpensive and un-
complicated, and is very useful for the study on
MNRBs and electrofocusing. Fig. 2 shows the
boundaries created with HCl and NaOH are clear and
sharp and we can conveniently determine the length
of displacement from the photograph. Fig. 8 shows
that the high agreements exist between the observed
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and theoretical data if appreciate experimental con-
ditions are chosen, this implies the efficiency of the
method.

The temperature has a strong influence on the
movement of the MNRB created with HCl and
NaOH. The influence is achieved through two ways.
The first is that temperature has a strong influence on
the equivalent conductance (A) of electrolyte as
clearly shown in Fig. 9, which means the linear
increase of conductance of HCl solution as a func-
tion of temperature.

The second is that temperature greatly affects
ionic mobility. Owing to the co-existence of the
quite constant of ionic transference number (see Fig.
12 in Ref. [41]) and the equation m=TA/F (where
m=ionic actual mobility, T=ionic transference
number, A=equivalent of solution, and F=
Faraday’s constant), thus from the fact that the
equivalent conductance of electrolyte is proportional
to the temperature as given in Fig. 9, one can
conclude the temperature has a strong influence on
ionic mobility.

However, in the theoretical computation from
Figs. 4-7, the important parameters, such as the
mobilities of hydrogen and hydroxyl ions, can only
be obtained at the standard temperature of 25°C. Up
to now, we cannot get those ionic mobilities at

0.01

0.001

A2 -
conductance(ohm ™ cm” mol )

Con.(mol/l)

0.0001 5 35 45

temperature( °0)

Fig. 9. The equivalent conductances (™ cm® mol ~*) of HCl at
different temperature and concentration (data cited from Ref.
[4qp).

different temperatures. Therefore, the great differ-
ences between Fig. 4A and B and between Fig. 6A
and B can be well understood now.

Thus, it is imperative to develop a method of
obtaining ionic mobilities at different temperatures
and different ionic strengths, in order to compute the
movement of the MCRB more exactly. The study on
this subject has aso significance on zone electro-
phoresis and ionic mobility itself [34-38].
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