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1 Introduction

Isoelectric focusing (IEF) is recognised as a pdwemalytical separation technique that can
be applied to separate amphoteric components lms#tkir unique isoelectric pointsljplt

has become established as a valuable additionetdéothls of many researchers engaged in
analytical or preparative procedures. This incréasmand for the technique engenders a need
for suitable calculations in its analysis. The egeace of computers has brought renewed
interest in simulations and model programs, whiatréase our understanding of many areas
of separation science research. Before any labgratork commences, computer simulations
allow exploration of the behaviour of a system imaaticulated way. This imitation of a real-
world process, such the prediction of separatiamadyics, formation and stability of the pH
gradient, electrophoretic mobilisation, and focgdiehaviour of amphoteric compounds shows
good qualitative agreement with the practical eixpents published in the literature (Thormann
and Mosher 1988; Mosher, A&t al. 1992; Mosher, Thormanet al. 1989; Mosher, Dewegt

al. 1989; Thormanet al. 1986).

Simulations are suitable for surveying the entiepasation process step by step, and for
optimising separation conditions such as the imacprotocol, the properties of carrier

ampholytes or the electrolyte systems to be applied
Injection protocol

In usual IEF configurations performed in capillasgmple components and carrier ampholytes
are introduced into the separation channel as m&gtlA further development, the sequential
injection protocol of Kilaret al. (Kilar et al. 1998) offers efficient separation of amphoteric
compounds that havelg outside the range of the established pH gradieéme. separate
introduction mode of the ampholyte and sample carepts into the electrophoretic spaice,

the sandwich (ampholytes/sample/ampholytes) or-daiflwich (ampholyte/sample or
sample/ampholyte) sampling strategies, gives unigdeantages for analysis and has
advantages for MS detection (Pageal. 2011).

Ampholytes, impurities and electrolytes

In natural gradients as described by Svensson §Svenl1961), an electrical current passes
through a mixture of ampholytes establishing treufing gradient. These natural pH gradients
are formed by well-defined amphoteric electrolyt@®pholytes) with high buffering capacity,
good conductivity. Carrier ampholytes should alssimall molecules having little or no optical



absorbance at wavelengths where proteins typiedibprb (Berkelman 2005). The absence of
chemical and biological reaction with the separand very low non-specific binding of dyes
and other molecules is also a criterion (Haglundll ®Rilbe 1973; Righetti 1983; David Garfin
and Ahuja 2005). The applied ampholytes are usualgsent in aqueous solution, thus
molecules of water are always present in the IEStesy. Molecules of pure water can be
considered as biprotic ampholyte molecules havwvwintrinsic pK values both equal to 7.0
(Righetti 2005), but when applied as a carrier aohyh, they do not carry significant current,
thus the transference number approaches zero.urhent carried by hydrogen and hydroxyl
ions is negligible (Shimao 1981). In the absencaufficient carrier ampholytes, neutralisation
of the carried ions of water occurs in the neytmaht of the pH gradient (Svensson 1962; Kolin

1970). This process is responsible for the accutiounl@f a pure water zone.

Focusing configurations are sensitive to even &amall concentrations of impurities or salts
added in electrolytes or in the system (Figteal. 1985). They can greatly alter the migration
rates of components and cause a pH shift towaedertt of the column and even distortion. In
the presence of carbonate salts at alkaline psleipected that the pH, conductivity, and ionic
strength in the system will be affected (Pemtaal. 2009; Mikkonenet al. 2015). Carbon
dioxide dissolved in the terminating electrolytestamn impact on conventional IEF and this
effect is often used to provoke endosmosis (Detinedd Radola 1978) and so achieve
mobilisation (Hjertén and Zhu 1985).

The formation and stability of the pH gradient isoadependent on the anolyte and catholyte
used in an IEF system. The composition and physloaiical parameters of electrolytes play
a significant role in CE performance. The ioniesgth and pH of electrode solutions has an
influence both on sensitivity and on efficiencygeneral, non-volatile acids and bases are used
as anolytes and catholytes, respectively. In masts, solutions of phosphoric acid and sodium
hydroxide have been found to be suitable.



2 Aims of the study

The aim of this work is to study certain processeslved in capillary isoelectric focusing with
the help of computer modelling. Computer simulatiare important because some parts of the
separation processes are not clearly visible duhegexperimental procedure. The following
aims were pursued concerning capillary isoeleétttising systems:

— Toinvestigate the impact of different samplingttgies and initial sample distribution
on the isoelectric focusing process.

— To explore the effect of the pH of the anolyte émel catholyte on the selectivity and
speed of the isoelectric focusing.

— To investigate the impact of different electrodéuson pairs on the dynamics of
separation.

— To point out the conditions that lead to the forimatind prevention of the pure water
zone during focusing.

— To study certain impurities and their impact onittv@c strength, conductivity and pH
of electrophoretic systems.

3 Materials and Methods

3.1 Computer simulation program

The modelling of IEF was possible with the modeki@ns linked to the names of Bier and co-
workers (Bieret al. 1983; Saville and Palusinski 1986; Palusireslal. 1986) and Mosher and
Thormann advanced their model GENTRANS (generalisedel for transient electrophoretic
processes) based on this early simulation progfidrar(nannet al. 1986; Mosher, Thormann
et al. 1989; Sounartt al. 2005; Thormanmt al. 2010). It permits the handling of proteins and
peptides (Mosher, Gebauyest al. 1992), biprotic ampholytes, monovalent weak a@dd
bases, and monovalent strong acids and basedcuiatasin situ electroosmotic flow from
wall titration data (Moshest al. 1995; Thormanmt al. 1998) and allows the use of plug flow
(Thormannet al. 1993). The program has been extended for apmitatf 300 components
with 20000 as the maximum number of segments. !npedquired include the length of the
separation space and its segmentation, the idiigédibution of each component, the pK and

mobility values that describe each compound, tipaitiata for electroosmosis, the current
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density and the amount of electrophoresis time. el outputs concentration, pH, ionic
strength, flow distributions, and conductivity vatufor each inserted component, and at the
end of the simulation process the net electroosnilatw and current density as functions of
time are also available. Simulations can be exeéoutth fixed or variable boundary conditions
at the column ends, to obstruct or allow free tpanisof buffer and sample compounds in and
out of the separation space, respectively. Thisisition tool also encompasses the selection
of data smoothing, which removes negative conceoira caused by numerical oscillations

and thereby allows simulations to be executedsanaller number of segments.

The presented model describes in detail the phiegipf electroneutrality of solutions,
conservation of mass, and charge and various ogeetjuilibria (Okhoniret al. 2004; Andreev

and Lisin 1993; Mosher, Dewgyet al. 1989). This one-dimensional simulation tool
encompasses second order centred numerical schethesuniform grid and it does not deal

with capillary wall adsorption; the only attenti@non the longitudinal distribution of analytes.

3.2 Input conditions and execution of simulations

The described simulation program, GENTRANS was ugethis work. Simulations were
performed in a 10 cm electrophoresis column diviidéal 10000 segments of equal length (x =
10 wm). At the beginning of the separation, 2 cm (fr88% to 23% or 40% to 60% of the
capillary length) of the total column was occupibg carrier ampholyte and sample
components, at the anodic capillary end or in #rére of the capillary. If not stated otherwise,
101 hypothetical biprotic carrier ampholytes were usedstablish broad (eight-pH-unit) and
narrow (two-pH-unit) gradients between the anol\tl@ mM phosphoric acid) and catholyte
(20 mM sodium hydroxide). Simulations were madéwiti 3.00-11.00; 5.00-7.00; 7.00-9.00;
4.80-6.80; 7.20-9.20; 5.20-7.20; 6.80-8.80; 4.0WB86.00-8.00 gradients and some variations
with added extra components. For each ampholyi, was 2.5; the ionic mobility was 2.5 x
1078 n?/Vs. If not stated otherwise, the initial concetitna of carrier ampholytes was 200 pM.
The difference between thé palues varied between 0.02 (configuration with Bt 141
carrier ampholytes), 0.04 (arrangement with 101 fotgric electrolytes in 4.00-8.00 pH
gradient) and 0.08 (setup with 101 carrier ampleslyh 3.00-11.00 pH gradient). Sample
components occupied 2 % (0.2 cm) of the total collength and were introduced in between
the two ampholyte zones (sandwich sampling), &soa zone within the carrier ampholytes,
at the anodic or cathodic end of the ampholyte zonat the anodic or at the cathodic side of



the ampholyte zone (half sandwich). Simulationsem@ade also with samples mixed with
carrier ampholytes. A small quantity of chloridenso(2.711 mM) was added to the sample
components, since such a counter component isalyfaic IEF separations and some selected
simulations were performed with a small amountarbonic acid (1 mM) in the catholyte to
represent the uptake of atmospheric carbon dicdiddkaline pH.

Simulations for 40, 25 or 10 minutes electroph@®gtre performed at a constant voltage of
1000 V or at a constant current density of 100G &/n? and with a constant cathodic EOF
of 100 um/s or zero EOF. The initial boundary widihiere overall 0.001% and an open
cathodic column end allowed free transport of mass and out of the separation space.
Employed boundary conditions were constant attioeli@ column end (Thormarahal. 2007).
Data smoothing as described by Mostiel. (Mosheret al. 2011) was used. Employing 10000
segments and personal computers featuring InteluPers 870 3.1 GHz and G 2130 3.2 GHz,
the CPU time were about 54 and 88 hours. For maglats, data were imported into the
SigmaPlot Scientific Graphing Software Windows Wansl1.0 (SPSS, Chicago, IL, USA).
Input data of analytes and electrolytes used fouktion runs are presented in Table 1.

In one kind of simulation, two-pH-unit gradientstlwvistepwise increasing concentration
sequence of added carrier ampholytes on the asm#@.31, 2.88, 3.60, 4.50, 5.63, 7.04, 8.80,
11.0, 13.7, 17.2, 21.5, 26.8, 33.6, 41.9, 52.45,6%1.9, 102, 128 and 160/ were analysed.
The opposite arrangement of edge components (f&ndl2.31uM) was used on the cathodic

side.

For clEF-MS coupling, the use of a volatile elede®olution is required, thus the second type
of simulation was executed with 10 mM formic acitd&20 mM ammonium hydroxide and
compared with the simulation which contained 10 mivsphoric acid and 20 mM sodium

hydroxide as anolyte and catholyte, respectively.

In the third type of simulation 100 mM ammonium hyxide (pH: 5.0), 50 mM formic acid
(pH: 11.0) and their pH-adjusted variations werpligg. The desired pH values of catholyte
(pH: 10.8; 10.3; 9.8; 8.9; 8.1) and anolyte (pHD;2.5) were achieved by titrating 50 mM
formic acid with 100 mM ammonium hydroxide and @M ammonium hydroxide with 50
mM formic acid, respectively.



Table 1.Input parameters of sample components and elgtsolised in simulatiofs

Mobility Initial concentratiok
Compound pKa pKa (x10® (uM)

m?/Vs) anolyte sample catholyte
pl 5.3 dye 3.70 6.90 2.0 463
pl 6.4 dye 4.68 8.12 2.0 398
pl 6.6 dye 5.10 8.10 2.0 520
pl 7.2 dye 5.70 8.70 2.0 368
pl 7.9 dye 6.81 8.99 2.0 329
pl 8.6 dye 7.70 9.50 2.0 281
pl 10.4 dye 9.50 11.30 2.0 352
HsPQ, © 2.00 - 3.67 10,000
HCOOH 3.75 - 5.66 10,000
H.COs 6.35 10.33 4.61;7.18 1000
Cr - - 7.91 2711
Na" - - 5.19 20,000
NH4* 9.25 - 7.62 20,000
H* 36.27
OH 19.87

a) pK and mobility values were taken from the Simudadbasehttp://web.natur.cuni.cz/ggs/

b) For all 7 dyes the concentrations correspond tot3L. Dyes are injected as hydrochlorides.
¢) Phosphoric acid was treated as monovalent weakaadidvas employed in a low pH environment
only.



4 Results and Discussion

4.1 Computer simulation of different sampling strategier capillary isoelectric

focusing

Various sample introduction schemes and isoelefticiasing of seven analytes and 101 carrier
ampholytes with a uniformlpistribution Apl = 0.08) forming a pH gradient of 3.00-11.00
between a 20 mM catholyte (NaOH) and 10 mM anqggtesphoric acid) were investigated
using computer modelling. Simulations were perfatraea constant voltage of 1000 V and a

constant cathodic endosmotic flow of 100 pum/s.

In the sampling strategy where the analytes andcénger ampholytes were applied in a
homogenous mixture, a transient double-peak apprmeequilibrium is predicted. In all of the
other cases, where the samples were placed astashe within the initial ampholyte zone,
sandwiched (in absence of carrier ampholytes) bemtweones of carrier ampholytes, or
introduced before or after the initial carrier aralpte zone, the separation of the analytes is
observed to be much faster than the separatidreadarrier ampholytes. When sample injection
occurs at the anodic end or at the anodic side si®#d zone in the presence or absence of
carrier components, the separation procedure isidered as a cationic process. An anionic
process is expected in the opposite case, whengesuare placed as a short zone at the cathodic
side or cathodic end of the ampholyte zone. A mipeocess occurs when analytes are
positioned as a short zone in the presence or ebsgnthe ampholytes in the centre of the
initial arrangement of carrier ampholytes. The abter of the process depends on the
environment (pH) and the propertied)(pf the molecule ion. Simulations undertaken with
gradients that commenced with P carrier component, samples with» ¥ behave as cations
and p<7 analytes behave as anions. The separation grotdse seven analytes is completely
different to the double-peak approach observed avkeparation commences with a uniform
mixture of samples and carrier ampholytes. Semarabiccurs in a transient environment
formed by the concomitant accumulation of acidid depletion of basic carrier ampholytes,

thereby forming a pH gradient between approximghély3 and pH 7.

The developed pH and electric field patterns arg gemilar for the four sampling methods.
However, sample injection as a short zone withinaimpholyte area has an impact on the peak
height and concentration of the carrier ampholytes.



Although the simulation operates with 101 carriemponents, sandwich injection produces a
gap with a relatively low number of carrier amphedyin this region, which can be considered
as a hot spot in the electric field pattern andédsleterious effect. This phenomenon occurs
as a result of the lower concentration of amphalyethe initial fluid element. This region is
initially occupied by the sample and the normalgiignof ampholytes cannot be established
there. Therefore, the properties of the region dependent on the sample matrix; the pH
gradient becomes flatter. This phenomenon, caleeimory effect”, is unique to the sandwich
sampling strategy (Takacsi-Nagy al. 2012; Thormann and Kilar 2013). In a real focusing
system, there are more components present in ititisshbecause of the number of originally

applied ampholytes.

4.2 The impact of the water zone on separation

The character and the impact of the water zoneeparation in the presence of seven analytes
and using two-pH-unit gradients with end componéatgng p values at, below or above the
neutral point (pH 7) was studied. In this set ofgiations, 10 mM phosphoric acid 20 mM
sodium hydroxide served as the catholyte and amolyespectively. Six simulation
configurations with two-pH-unit gradients (5.00-7,.¢.00-9.00, 4.80-6.80, 6.80-8.80, 5.20—-
7.20 and 7.20-9.20) were studied using a constan¢rt density of 100 A/fand constant

electroosmotic flow.

Simulation data reveal that the zone of pure wdexelops during focusing when the pH

gradient established by the carrier ampholytes doesover the neutral region, when it ends
at pH 7.00 or when it begins at pH 7.00. In theecafsa gradient terminating below or at pH

7.00, the evolution of the water zone is visibletlba cathodic side of the pH range. A water
zone on the opposite, anodic side is expected wWieeapplied pH gradient begins at or above
pH 7.00. No water zone is predicted when “goodtieacomponents cover the neutral region.
Moreover, water zones are also formed in the prseh sample components that migrate
outside of the focusing gradient. These componfemis ITP zones that migrate behind the
leading components of the electrode solutions, hathe cation of the catholyte (components
with pl > 7) or the anion of the anolytel ( 7).



Two 7.00-9.00 pH configurations with different appl current densities were chosen and
analysed. At the higher current density (200 A/rthe separation is at a more advanced stage
because the doubled amount of Coulombs were fltmough the column, compared to 100
A/mZ?. This effect is clearly seen not only in the léngf the formed water zone, but also in the
number of edge components migrating from the cathedd of the gradient (nine and four
components form the isotachophoretic decay stractuthe cathodic part of the gradient). The
region of the initial sample zone (gap) that wascetl between zones of carrier ampholyte is
more pronounced in the case of the higher currensitly. This gap is characterized with a
smaller carrier ampholyte concentration and a ehalt pH gradient (Takacsi-Nagy al.
2012).

Furthermore, the current density has an impachershape and peak heights of analytes and
overall components focused during the simulatione ¥kpect the concentrations of all
amphoteric compounds to be elevated and the pedles sharper with less overlap. However,
the increased current has no effect on the plateaaentrations of the ITP zones, but their
boundaries become sharper. These characteristioptena of ITP are well known (Ma&bal.
2000; Mosher and Thormann 2002; Thormann and Md2bd@8; Thormanet al. 2007).

Configurations with added edge components werdesfugsing computer simulations. Other

carrier, “edge” components with continuously desmeg concentrations on both sides of the
main carriers were applied in order to mimic conura@rmixtures of ampholytes, which are

generally used for capillary isoelectric focusiftigwas shown that the presence of additional
carrier ampholytes in small amounts prevents th@dtion of the water zone and reduces the
conductance gap, as they cover the neutral regidre added compounds act as
isotachophoretic spacers between the focusing@gmnadnd the electrolyte solutions or the ITP

zones of amphoteric sample components withatues outside the pH gradient or other ions.

It is important to note that the total number ofrigal ampholytes (main gradient components
and edge components) used in this simulationlisratich lower than the number of carriers in
experimental studies using commercial ampholytel, t8is approximation reflects the reality

of commercial narrow range carrier ampholytes aralignts commencing or ending at pH
7.00, and they can be used in clEF without anytemidil or edge components to bridge the

electrolytic gap and hot spot.
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The effect of atmospheric carbon dioxide on isdeleéocusing was studied in another set of
simulations. Configurations comprising the pH range00-7.00 and 7.00-9.00 were
resimulated with 1 mM carbonic acid added into2BanM sodium hydroxide catholyte.

It was found that carbon dioxide dissolved and eoted to carbonic acid in catholyte at high
pH might have an impact on the established zongtsires. The composition of the acidic
agent is dependent on the pH environment — wedaronate ions in the catholyte, hydrogen
carbonate behind the phosphoric acid, or bothhas/s in Table 1. Simulation predictions
illustrate the presence of carbonic acid througlatidones between the catholyte and anolyte
and the formation of a zone of increasing lengthir the anolyte. Furthermore, the added
carbonic acid in the system acts as a countemabjlising the carrier ampholyte components
on the cathodic side, and preventing the formatibpure water zone. This process is very
similar to the process of electrophoretic mobil@matwhere anions are added to the catholyte
(Thormann and Mosher 2008), which can be considaseal contributor to cathodic drift. The
formed ITP zone of thel .00 carrier ampholyte reaches a relatively higtcentration (1.286
mM), which also contains carbonic acid at a conegiain of 2.32 uM, and therefore its pH
becomes 6.9937 and its conductivity is 0.3276 m3ime. carbonic acid concentrations in the
anionic ITP structure formed by thé $.00 to 5.04 carriers are between 0.106 and Q14
and no significant impact on the pH or conductivéypredicted for this side of pH gradient.
This behaviour is comparable to the situation iromie ITP at alkaline pH (Thormann and
Mosher 2006; Thormanet al. 2007).

The amount of the acidic component in the cathdigiean obvious effect on the concentration
of carbonic acid in the focusing part and in thE Bones. A concentration of less than 1 mM
carbonic acid in the system besides the catholgtéyzes lower amounts of acid in the overall
pattern and occurs in shorter zones behind the/@ndonversely, carbonic acid applied above
1 mM results in a higher concentration in the facggart and ITP zones, and produces a larger

region behind the anolyte.

However, the number of carrier components taking ipathe formation of the ITP structure
becomes reduced in the presence of carbonic atigifEF system. Still, carbonic acid has no
impact on the migration rate of the anolyte boupd@hese effects are in good agreement with
the experiences of Hirokavehal. in studying anionic ITP at high pH (Hirokawgal. 1991).
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4.3 The impact of the electrolyte properties on sepamat

In the previous simulations, phosphoric acid argiign hydroxide solutions were used as the
anolyte and catholyte, respectively. To ensure @iibitity with coupling of clEF to MS
detection, volatile electrolytes are needed. Thengarison of the previous setup with
phosphoric acid and sodium hydroxide and the siimmaising the volatile electrode solutions

formic acid and ammonium hydroxide is presented.

Alteration of the electrode solutions had no esakmffect on the focusing part of the
separation. Both the migration rates of the ITPrialauies and the plateau concentrations of the
migrating ITP zones are dependent on the propestidse electrolytes used in the separations
(Takacsi-Nagyet al. 2017). There is no significant difference betw#enfocusing part of the
two simulations or the migration of the sample comgnts. Five analytesl(p.3, 6.4, 6.6, 7.2,
and 7.9) focus within the pH range and samples plith.6 and 10.4 behave as expected and
migrate anionically outside the 4.00-8.00 pH gragligvhich is in agreement with previous
findings (Thormann and Kilar 2013).

Further simulations were executed in order to erarthie effect of pH-adjusted electrolytes in
electrophoretic systems. To study the electropimiethaviour and impact of pH-adjusted
electrolytes on separation, focusing gradients e¢img two-pH-unit ampholytes were placed

in the centre of the separation column (40—-60%)E@& input was reduced to zero.

Samples sandwiched between 100 mM ammonium hyd¥aad 50 mM formic acid, which
serve as the catholyte and anolyte, respectiveghr their isoelectric positions, and good
performance in isoelectric focusing is predictethe TEF separation mechanism and the
distribution of the analytes behave very similadyrevious simulations comprising 7.00-9.00
pH gradients. Data obtained from simulations withadjusted electrolytes show that gradual
titration of the catholyte with the anolyte resuft@ migration change of all components in the
gradient. When the solution of ammonium hydroxslétrated with the anolyte, formate ions
migrate from the catholyte through the entire safi@mn space into the anolyte, where they
accumulate, similar to the carbonate ions addethéocatholyte. All carrier and sample
components possess a partial net positive chargeg forces that they migrate
electrophoretically towards the cathode under ttileence of the applied electric field. The

nature of the separation is rather isotachophotiesic isoelectric and the shape of the analytes
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becomes rather broad, as previously described {@jreet al. 2002). This phenomenon is

more pronounced with increasing amounts of fornid & the catholyte.

Although the data presented describe a cathodatrefghoretic mobilisation, all conclusions
reached are valid also for mobilisation towardsdhede. The same migration mechanism is
predicted when the anolyte contains the ions ot#tleolyte — the analytes become negatively
charged and migrate as isotachophoretic zones tisvte anode. This could be interpreted as
a chemical mobilisation, where electroneutralitsidie the capillary is not achieved because of
the presence of formate ions in the catholyte. ©his good agreement with previous studies
(Hjerténet al. 1987; Thormann and Mosher 2006; Thormahal. 2007). If both electrolytes
are altered, the character of the ITP migratiothef analyte zones is bidirectional and their

shape becomes more expanded.

Both the migration rates of the ITP boundaries t#edplateau concentrations of the migrating
ITP zones are dependent on the properties of #wrelytes used in the separation (Takacsi-
Nagyet al. 2017).
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5 Thesis points

1. Comparing sampling strategies, when the sampletisduced as a short zone within or
adjacent to the carrier ampholytes, the migratioanalytes is faster than the migration of
carrier ampholytes. This separation and focusingréslicted to proceed as a cathodic,
anodic, or mixed process. After the initial separatanalytes continue to separate and
reach their focusing locations. This is completéifferent from the double-peak approach
to equilibrium observed in the case where samptes ampholytes are applied as a
homogenous mixture.

2. Sequential injection setups offer new possibilitieshe application of ampholyte zones
that do not cover thelp of the analytes. Simulations performed with wagianjection
modes suggest that sample placed at the anodiositethe anodic end of the initial pH
gradient are the favourable configurations for kayy isoelectric focusing.

3. Sandwich sampling results in a gap in the focusiolgmn, as the concentration of the
carrier ampholytes will be relatively lowered whéne sample occupies the initial position
of carrier ampholytes. As a result of this phenoomerihe pH gradient is flatter, and the
region is likely to represent a conductance gapgpot) that could have deleterious effects.
This is completely different to the other injectioethods.

4. Characteristics of narrow, two-pH-unit gradientdieg or beginning around pH 7.00 were
studied, allowing the evaluation of the zone ofepwater. A water zone formed on the
cathodic side of the gradient is expected whenptdgange ends below or at pH 7.00,
whereas a water zone on the anionic side is obdeviien gradient begins at or above pH
7.00. No water zone is expected when the compométite established gradient cover the
neutral zone. This case is very similar to the $athons using added “edge” carrier
components with gradually decreasing concentrataiise edges of the pH range, which
mimic commercially available ampholyte mixtures dis®r clEF, having no sharp
discontinuities at the gradient edges.

5. The length of the water zone is dependent on tpéeapcurrent density and the duration
of power application. It increases as the amoui@ailombs applied increases and as the
power application is prolonged. Furthermore, impesi such as atmospheric carbon
dioxide converted to carbonic acid in the cathobtether salts, influence the evolution of
the pure water zone. Although carbonic acid hasigoificant effect on the conductivity
or pH profiles, amphoteric sample components o&f %00 and below become
electrophoretically mobilised towards the cathode.

14



6.

6

Different electrode solutions, acids and baseg asenolytes and catholytes, respectively
have no significant impact on the focusing parthef separation, but the isotachophoretic
structures and plateau concentrations on eithercfithe pH gradient are dependent on the
properties of the electrolytes. Simulation alsceaded that p7.00 ampholyte and carrier
components with Ipvalues below 7.00 on the cathodic side becomedrefdwretically
mobilised and form isotachophoretic zones that ateggtowards the cathode.

Gradually altering the pH of the catholyte by addiormic acid induces an electrophoretic
migration of all components towards the catholfte;shapes of analytes become broader,
and the gradient more compressed. Migration af@tpounds in the opposite direction is
expected when the anolyte is titrated with ammonibgdroxide. Analytes with
bidirectional migration and enlarged gradientsalrgerved when both electrolytes are pH-

adjusted.
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