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The electrochemical behaviour of several cationic dextran polyelectrolytes, aminodextran (AD), cationic
dextran (CD) and diethylaminoethyl dextran (DEAE-D), at the polarized water/1,2-dichloroethane interface
was studied. An investigation into the influence of the scan rate, concentration, pH, the nature and the
concentration of the anion present in the organic electrolyte and the effect of the polymer molecular
weight is presented. Different responses were obtained and explained considering the structural difference
between these species, mainly the position of the positive charge in the macromolecule. The AD polymer
is not transferred to the organic phase, regardless of molecular weight, while CD and DEAE-D are
transferred from the aqueous to the organic phase at £ = 0.650 V, independent of the polymer
concentration and of the molecular weight. The shape of the voltammograms corresponding to DEAE-D
transfer as well as the magnitude of the peak currents and the peak potential values were all dependent
on the pH of the aqueous phase solution and on the nature and concentration of the anion present in the
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organic electrolyte. Based on this dependence, we postulated a mixed mechanism, which involves the
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1. Introduction

Dextran is a complex, branched polysaccharide made of many
glucose molecules with a1 — 6 glycosidic linkages, with branches
beginning from alpha-1,4 linkage (as well as alpha-1,2 and alpha-
1,3 linkages). The chains are of variable length, and therefore, the
molecular weights range from 10 to 150 kDa. Dextran polymers
are structurally diverse and are characterized according to the
percentage, nature and distribution of their bonds. These poly-
mers are synthesized from sucrose by many species of the genera
Leuconostoc, Lactobacillus and Streptococcus.

The versatile use of dextran products is due to their favor-
able properties, such as water solubility and biocompatibility.
Moreover, these compounds are biodegradable and stable for
more than 5 years.

The applications of these compounds as adjuvants, emulsi-
fiers, carriers, and stabilizers® in food, medicine, pharmaceutical
and chemical industries have been reported. Furthermore, in the
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transfer of dissolved and adsorbed DEAE-D molecules.

crosslinked form, these polymers have been used in some size-
exclusion chromatography matrices, for the separation and
purification of biomolecules with molecular weights in the range
between 0.7 and 200 kDa, an example is sephadex.’

The hydroxyl groups present in dextran offer many sites for
derivatization, and the resulting functionalized glycoconjugates
represent a largely unexplored class of biocompatible and environ-
mentally safe compounds. Amino dextran (AD), Scheme 1a, is
functionalized with primary amine groups directly bonded to the
main chain of the cellulose structure. At low pH values these
amine groups are protonated resulting in a positively charged
polyelectrolyte. Cationic dextran (CD), Scheme 1b, is substituted
with an aliphatic chain, which contains a quaternary amine as a
terminal group, conferring permanent positive charge to the
polymer, independent of the pH value. Diethylaminoethyl dextran
(DEAE-D), Scheme 1c, is a chemically derivatized dextran pro-
duced by the reaction of diethylaminoethyl chloride with standard
dextran. It is a polycationic derivative and the degree of substitution
corresponds to approximately 1 DEAE substituent per 3 glucose
units (0.33 mol DEAE per 1 mol glucose).* DEAE-D contains three
kinds of charged amine groups. One of them (2-(diethyl amino)
ethyl), (A) consists of a tertiary amine group with a pK, of 9.5. The
other two moieties are present in the branch 2-[2-(diethyl amino)
ethyl]-diethyl ammonium] ethyl, (B) which contains a tertiary amine
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Scheme 1 Molecular structure of (a) AD, (b) CD and (c) DEAE-D.

group with pK, 5.7 and a quaternary amine group with permanent
positive charge, independent of pH. The pH value and the ionic
strength determine the charge and the conformational state of
DEAE-D.” DEAE-D has been widely used as a non-viral vector for
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gene delivery, as it binds and interacts with the negatively charged
DNA molecules and causes nucleic acid uptake by the cell.®

The medicine and pharmaceutical uses of these materials involve
interactions with biomolecular components of biomembranes.
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With the aim of contributing to the knowledge underlying these
applications, this paper reports the interfacial behavior of these
polymeric molecules on polarized liquid/liquid interfaces. The
contribution is based on the similarity of the water-organic
solvent interface to that generated at the cell membrane in the
extracellular environment.

Electrochemistry at the interface between two immiscible
electrolyte solutions (ITIES) is an analytical method based on
the measurement of charge transfer across the interface. The
voltammetric behavior of biological macromolecules at the
ITIES has been studied by different authors as a means to
detect such molecules and evaluate their behaviors.” ™

Much attention has been paid to the investigation of
proteins, like protamine,'®'®> haemoglobin (Hb),'®'” bovine
pancreatic insulin,'® hen-egg-white lysozyme,'>*° myoglobin,***
melitin,* cytochrome c and ribonuclease A,** catechol amine, like
dopamine,”*” and polysaccharides, like heparin,*®*>* chitosan,
polyquaternium-10,° polyquaternium-4*>" and Eudragit E100.*®
The study of hydrophilic proteins at the ITIES has shown that
they adsorb at the interface. Cyclic voltammetric studies have also
shown that the adsorbed protein interacts with the anion of the
electrolyte salt dissolved in the organic phase’®>* and the electro-
chemical signal depends on the nature and the concentration of
both, the protein and the anion.”® Particularly, regarding the
study of polyelectrolytes, polymers and surfactants at liquid/liquid
interfaces, this methodology has been successfully employed to
elucidate the interaction of the cationic polyelectrolyte poly-
quaternium-10 with anionic surfactants of different chain length
and head group;® to characterize the behavior and interaction
with phospholipid monolayers of chitosan,* dextran sulphate®
and nanostructures composed of dextran sulfate/ruthenium nano-
particles;*! to sense the anticoagulant heparin (a multi-charged
polysaccharide) and its antidote protamine (a charged polypeptide)
in aqueous/PVC plasticized membranes via amperometric**>** and
potentiometric methods;**™** to study the counterion binding to
the protamine polyion in aqueous solution;'® to study the behavior
of proteins, DNA and their complexes;*®"” and to characterize the
interaction between humic acids and herbicides,*® the association
of pharmaceutical drugs with neutral or charged sites in hydrogels
and membranes,***° the transfer process of dendritic molecules™*
and the formation of a conductive polymer using nanostructured
composites.>

In the present study, cyclic voltammetry is used to characterize
the electrochemical behavior of CD, DEAE-D and AD at the polarized
aqueous/1,2-dichloroethane interface, with the aim of correlating
the nature of substituents in the chain with the interfacial behavior
of the resulting polyelectrolyte. An investigation into the influence
of the scan rate, concentration, pH, the nature and the concen-
tration of the anion present in the electrolyte of the organic phase
and into the effect of the polymer molecular weight is presented.

2. Experimental

All experiments were performed in a four-electrode system
using a conventional glass cell of 0.18 em” interfacial area.

1646 | Phys. Chem. Chem. Phys., 2015, 17, 1644-1652
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Two platinum wires were used as counter-electrodes and the
reference electrodes were Ag/AgCl. The reference electrode in
contact with the organic solution was immersed in an aqueous
solution of 1.0 x 10 > M tetraphenylarsoniumchloride
(TPhAsCI) (Sigma) or 1.0 x 10> M tetrapentylammonium
bromide (TPnABr) (Fluka) and 1.0 x 10~ M LiCl (Merck p.a.).

The base electrolyte solutions were 1.0 x 10~> M LiCl (Merck
p-a.) in ultrapure water (MilliQRiOs 16, Millipore) and tetra-
phenylarsoniumdicarbollylcobaltate (TPhAsDCC) at concen-
tration values in the range between 1.0 x 10> M and 1.0 x
100" M or 1.0 x 107> M tetrapentylammoniumtetrakis
(4-chlorophenyl) borate (TPnATCIPhB) in 1,2-dichloroethane
(DCE, Dorwil p.a.). TPhAsDCC and TPnATCIPhB were prepared
by the metathesis of TPhAsCI (Sigma) and sodium dicarbollyl-
cobaltate (NaDCC, Strem Chemicals) or TPnABr (Fluka) and
potassium tetrakis (4-chlorophenyl) borate (KTCIPhB), respec-
tively. The method involves separately dissolving each salt in
ultrapure water, and then mixing the solutions. The precipitate
obtained was filtered, rinsed thoroughly with ultrapure water
and then recrystallized from acetone:water 1:2 mixtures to
ensure a higher purity. After 24 hours, the precipitate was
filtered and washed, and then dried in an oven at 30 °C for
two days.

The dextran cationic polymer (CD), molecular weight
40000 g mol ', aminodextran (AD) of molecular weights
5000, 40000 and 250000 g mol !, and diethylaminoethyl
dextran (DEAE-D) of molecular weight 50 000 to 2 000 000 g mol
were obtained from Carbomer Inc., and used without further
purification.

The polyelectrolytes were added to the aqueous phase at
concentrations between 0.025% w/v and 0.200% w/v. The pH
was varied from 1.90 to 11.68 by addition of HCI or LiOH
(Merck p.a.) to determine the amount of protonated amine
groups in the different polymer molecules.

The electrochemical cell used is as follows:

TPhAsCI TPhAsDCC LiCl
10 mM 1-100 mM 10 mM +
Ag | Agcl or or Dextran AgCl | Ag
TPnABr TPnATCIPhB X % w/v
10 mM + 10 mM (w)
LiCl 10mM (0)
(w’)

Cyclic voltammetry was performed using a four-electrode
potentiostat, which automatically eliminates the IR drop by
means of a periodic current-interruption technique.®® A wave
potential generator (PPR1 Hi-Teck Instruments, UK) and a
10 bit Computer Boards acquisition card connected to a personal
computer were also employed.

The potential values E reported in the voltammograms are the
applied potentials between the two Ag|AgCl reference electrodes,
the Ag|AgCl electrode of the aqueous phase being positive with
respect to the electrode present in the organic phase, during the
positive scan. The potential values E are related to the Galvani
potential difference (Ag¢) across the interface by,

E=(AS)) + AEret
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where AE.; depends on the reference electrodes and the
reference solutions employed. In the present case, potential
values reported, E, include the term A} ¢y rppasr OF Ay @ rppat
corresponding to the standard potential transfer of the reference
cations TPhAs' or TPnA", respectively.

3. Results and discussion

3.1 Voltammetric behavior of AD, CD and DEAE-D at the
water/1,2-dichloroethane interface

Fig. 1a shows the voltammetric response of aminodextran (AD)
of different molecular weights: 5000, 40 000 and 250 000 g mol .
This polymer has about 0.1 mmol of primary amine per gram of
dextran and, as discussed in Introduction, the primary amines
directly bonded to the main chain of the polymer structure can
be protonated at low pH values, conferring positive charge to the
polymer. The structures of these polymers are quite similar to
that of chitosan, with the difference that aminodextran is a
branched polymer while chitosan is a linear one. As can be noted
in the figure, no transfer process is observed in the presence of
0.100% w/v AD, at pH 3.05, for any molecular weight. However,

View Article Online
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it can be seen that the presence of aminodextran in the aqueous
phase decreases the potential window at the positive end,
producing an enhancement of the transfer current of the anion
TCIPhB™ from the organic to the aqueous phase.

A possible explanation for this result is the consideration
that the positively charged polymer, AD, acts as an anion carrier
for TCIPhB™, according to the following facilitated mechanism:

HAD,*" + nTCIPhB(,)” — HAD(TCIPhB),* ™ (1)

as already reported for the polyelectrolyte chitosan.*® It can also
be observed in Fig. 1a that the increase in current is independent
of the molecular weight of AD. Comparing this enhancement
effect in the presence of TPnATCIPhB or TPhAsDCC as organic
electrolytes, it was found that the first one produces a higher
increase in the current (Fig. 1b), pointing to a larger value of the
equilibrium constant for the formation of HAD(TClPhB)n[v‘,J(Z’")+
from HAD,"" and nTCIPhB,)~ (eqn (1)) compared to the
corresponding HAD(DCC),,(W)(Zf”Y, in accordance with the pre-
dicted variation of Af¢ with the equilibrium constant for the
formation of an ionic pair or a complex through a facilitated
transfer mechanism.>*

304 ©

a) Base electrolyte (d) ™
—— DA 5.000 g/mol
204 - - - DA 40.000 g/mol

----- DA 250.000 g/mol

E/V

0] @ Ip(s)R=09063
c) 5] O b0 R=0wsE2 = p(+)

o1 02 03 04

2 12g 12

01 02 03 04 05 06 07 08
E/IV

9w
304 b)- - -w: Lick; o: TPhASDCC  (d) ) (@
- = —w: LiCl, o: TPnATCIPhB / W/
——w: LiCl + AD; o: TPhAsDCC %
209 . LiCl + AD; o: TPnATCIPhB o
I
/l !
I
< 104 ’,I 1
= '
= i
= 04 s
104
204

01 02 03 04 05 06 07 08 09 1.0

E/V

80 -

o] P _

40- 2 y;.gwqum I
10l iy
= e

2204

404

-60 +— . . . ) . ;

01 02 03 04 05 06 07 08

E/V

Fig. 1 (a) Cyclic voltammogram corresponding to the base electrolytes in the absence (a) and in the presence (b—d) of AD. Aqueous phase: LiCl 1.0 x
1072 M + 0.10% w/v of (b) AD 250 000 g mol™; (c) AD 5000 g mol™, or (d) 40 000 g mol™. Organic phase: 1.0 x 1072 M TPnATCIPhB. v = 0.050 V s %.
pH = 3.00. (b) Cyclic voltammogram corresponding to the base electrolytes in the absence (a and c) and in the presence (b and d) of AD of 40 000 g mol ™.
Aqueous phase: LIC1.0 x 1072 M + 0.10% w/v of AD (b and d). Organic phase: 1.0 x 1072 M TPnATCIPhB (a and b), or 1.0 x 1072 M TPhAsDCC (c and d).
v =0.050 Vs~ pH = 3.00. (c) Cyclic voltammograms for cationic dextran, CD. Aqueous phase: 1.0 x 1072 M LIiCl + CD 0.20% w/v. Organic phase: 1.0 x
1072 M TPhAsDCC. Inset: plot of Ip, positive and negative, as a function of v*/. (d) Cyclic voltammograms of DEAE-D. Aqueous phase: 1.0 x 1072 M LiCl +
DEAE-D 0.20% w/v. Organic phase: 1.0 x 1072 M TPhAsDCC. Inset: plot of Ip, positive and negative, as a function of V2. (c and d) Scan rates: 0.010, 0.025,

0.050, 0.075, 0.100, and 0.150 V s™%.
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Fig. 1c shows the voltammetric response of cationic dextran
(CD) at different scan rates, v. In this case CD was dissolved in
the aqueous phase at a concentration of 0.200% w/v, never-
theless similar results were obtained at any concentration
within the range 0.025 to 0.200% w/v. A forward current peak,
p(+), at E," = 0.650 V and the corresponding backward process,
p(-), at E,” = 0.530 V can be observed. The positive and
negative peak currents, Ip(+) and I,(—), are linear with v'/* in
the whole range of sweep rates analyzed (shown in the inset)
indicating a diffusion controlled transfer mechanism. Potential
transfer values, EP+ and E,, were independent of v and CD
concentration, while Iy(+) and I,(—) varied linearly with CD
concentration (data not shown). This behavior was indepen-
dent of pH, as expected considering that CD is substituted with
quaternary amines which confer permanent positive charge to
the polymer, independent of the pH value.

A quite similar behaviour was observed for the polymer
DEAE-D, of molecular weight 50000 g mol ", (Fig. 1d) in the
concentration range 0.025 to 0.200% w/v. Nevertheless, in this case
both the peak current and potential values were dependent on pH
due to the fact that DEAE-D contains tertiary amine groups in
addition to the quaternary amine group with permanent positive
charge. This dependence on pH is described in Section 3.2.

The differences observed in the electrochemical behaviour
of the three polymeric structures could be explained assuming
that the adsorption process depends on the localization of
positive charge in the polymeric structure: the positive charge
in AD is given by protonated primary amine groups directly
bonded to the main chain of the cellulose structure, while in
CD and DEAE-D the positive charge is separated from the
cellulose structure by an aliphatic chain, this charge distribu-
tion would probably favour adsorption.

3.2. Effect of pH on the voltammetric behavior of DEAE-D

As described in Introduction, the molecular structure of the
polymer DEAE-D contains three kinds of charged amine groups
with different pK, values. One of them, the (2-(diethyl amino)
ethyl), (A) group, is a tertiary amine group, with a pK, value of
9.5. The other two groups are present in the 2-[[2-(diethyl

02 03 04 05 06 07
E/V

View Article Online

Paper

amino)ethyl]-diethyl ammonium] ethyl branch, (B) which
contains a tertiary amine with pK, 5.7 and a quaternary amine
group with permanent positive charge. The pH value of the
aqueous phase determines the charge on this polyelectrolyte.>®

With the aim of analyzing the effect of pH on the electro-
chemical response of DEAE-D, 0.100% w/v of the polymer was
added to the aqueous phase at different pH values within the
range 1.92-11.68. The voltammograms obtained are shown in
Fig. 2a, where a gradual decrease in peak currents and a shift of
peak potentials towards more negative values with increasing
pH value can be observed, in accordance with the decrease of
polymer charge.

For simplicity, in the explanation below, we will call the polymer
form H;D*" in which the monomers units have both tertiary amine
groups protonated in addition to the permanent positive charge on
the quaternary amine group, so each unit in the polymer has
charge 3+. This species predominates at pH values lower than 3.7
(two units under pK, 5.7). The species H,D** prevails at around 7.7
and denotes the polymer form in which only one of the tertiary
amines is protonated, while the species HD" is the major species at
pH above 11.5 and refers to monomers with only one positive
charge provided by the quaternary amine group.

Fig. 2b shows the variation of the positive peak current, I(+),
as a function of pH. At low pH values, pH < 3.7, where the
species H;D*" predominates, the current is constant and equal
to 15.2 pA. Above pH = 4, I(+) decreases with increasing pH,
due to the occurrence of species with lower charge. If we
assume that the current value I,(+) = 15.2 pA corresponds to
the transfer of the species H;D**, then, considering the depen-
dence of I(+) on z%? (z = charge of the transferred species) for a
reversible diffusional process, a value equal to 8.3 pA for I,(+)
corresponding to the species H,D**, and 2.9 pA for HD* would
be expected. Nevertheless the results shown in Fig. 2b indicate
I,(+) values equal to 10.5 or 6.5 A at pH 7.7 (predominance of
H,D>") or 11.5 (prevalence of HD"), respectively. This apparent
discrepancy could be explained considering that, at low pH
values, the species H;D*" would be partially neutralized by ion
pair association with counter-ions present in the aqueous
phase, leading to a decrease of transfer current.

161 b HD”
14+

< 121 H,D*
~

20 40 6.0 80 100 120

Fig. 2 (a) Effect of pH on the voltammetric response. Aqueous phase: 1.0 x 1072 M LiCl + DEAE-D 0.10% w/v. Organic phase: 1.0 x 1072 M TPhAsDCC.

v =0.050 Vst (b) Ip vs. pH, for DEAE-D 0.10% w/v.
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The dependence of the electrochemical response on pH
suggests that transfer of the polymer from the aqueous to the
organic phase followed by complex formation with the organic
anion occurs in this case, since the increase of pH results in a
decrease of the net charge of the polymer, which leads, on one
hand, to a decrease of transfer currents, proportional to the
charge of the transferred species and, on the other hand, to a
decrease in peak potential values associated with the increased
hydrophobicity of the polymer as the net charge is reduced. The
processes observed could not be attributed to the facilitated
transfer of the organic anion by the polymer in the aqueous
phase, since, if this were the mechanism, an increase in Ep+
values with pH would be expected.

3.3. Effect of molecular weight on the voltammetric behavior
of DEAE-D

We analyzed the effect of polymer molecular weight, comparing
the voltammetric response obtained using DEAE-D of molecular
weights 50000 g mol " and 2000000 g mol~". The results are
shown in Fig. 3. The voltammograms obtained in both cases are
similar despite the differences in the molecular weights, which
indicate that the polymer is transferred as a single molecule, and
should be considered as a chain of individual segments with
charge 1+, 2+ or 3+, depending on pH, rather than a polycation
carrying the charge z+."2

Fig. 3 also includes the i/E profile of the polymer CD for
comparison and it is evident that these three dextran polymers
have the same electrochemical response.

3.4. Effect of the anion present in the organic electrolyte on
the voltammetric behavior of DEAE-D

Previous studies indicated that the degree of hydrophobicity of
the anion present in the electrolyte of the organic phase affects
the voltammetric response of several biomolecules.”” Fig. 4
shows the voltammograms obtained for DEAE-D of molecular
weight 50000 g mol ', at a concentration 0.100% w/v, added to
an aqueous phase of 1.0 x 102 M LiCl, in contact with an

30 DEAE-dextran, 50.000 g/mol
—— DEAE-dextran, 2.000.000 g/mol
20 === DC, 40.000 g/mol
< 109 -
=2 H
= of |
i
104 |
!
i
-204 i
i
‘30 T T T T T T
0.1 02 03 04 05 06 07 038

E/V

Fig. 3 Effect of the molecular weight on the voltammetric response.
Aqueous phase: 1.0 x 1072 M LiCl + DEAE-dextran 0.10% w/v; mm=
50000 g mol ™, === 2000000 g mol™, =+~ CD 40000 g mol™*. Organic
phase: 1.0 x 1072 M TPhAsDCC. v = 0.050 V s %,
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Fig. 4 The effect of the organic anion on the cyclic voltammetry
response of DEAE-dextran: CV response with (----) DCC™, and (=)
TCIPhB™ acting as the organic anion. Aqueous phase: 1.0 x 1072 M LiCl +
DEAE-dextran 0.10% w/v. Organic phase: (----) 1.0 x 1072 M TPhAsDCC or

() 1.0 x 1072 M TPNATCIPhB. v = 0.050 V s 1.

organic phase containing either TPhAsDCC or TPnATCIPhB.
The general voltammetric features are similar, in terms of their
shape, peak currents, charges and AE, for both anions, but the
transfer takes place at different potential values. A slight
increase in peak potentials for the forward and reverse process
is observed in the presence of the more hydrophobic anion,
TCIPhB™, in agreement with previous studies."” This behavior
indicates that the polymer transfer requires a certain amount
of the organic anion at the interface, demonstrating that
the transfer process of positively charged DEAE-D, from the
aqueous to the organic phase, is coupled to ion pair formation
between the anion of the organic salt and the positive amine
groups in DEAE-D. Under the conditions used in experiments
shown in Fig. 4, the formation/dissociation of the ion pair is a
reversible process, as suggested by the similar values of peak
currents for the positive and negative scans.

The above observation is similar to that made by Trojanek
et al.** for protamine transfer at a liquid/liquid interface, who
observed that the peak potential depends on the nature of the
organic electrolyte. The authors attributed this effect to the ion
pair interactions between the protamine polycation and the
organic electrolyte anion, and found that the stability of the ion
pair decreases with increasing size of the anion. Correlating
this prior information to our results, we can explain the
differences observed in peak potential values.

3.5. Effect of DCC™ concentration on the voltammetric
behavior of DEAE-D

To determine the effect of the organic anion concentration on
the electrochemical response, TPhAsDCC was used as an
organic electrolyte at different concentrations in the range
5.0 x 10 °* M to 1.0 x 10" M, keeping constant the concen-
tration of the polymer and the base electrolyte in the aqueous
phase. As shown in Fig. 5, the voltammetric response of the
polymer depends strongly on the concentration of the supporting
electrolyte in the organic phase. In the positive scan, the transfer
current increases with the concentration of DCC™, while other
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Fig. 5 Cyclic voltammetry of DEAE-D of 50000 g mol™, at different con-
centrations of the organic anion in the organic phase. Aqueous phase: 1.0 x
1072 M LiCl + DEAE-dextran 0.10% w/v. Organic phase: (mmm) 5.0 x 1073 M,
(=) 6.0 % 1072 M, OF (===) 8.0 x 1072 M TPhASDCC. v = 0.050 V s~ ™.

modifications are observed in the reverse scan, defining two
transfer processes. The increase in the current during the positive
sweep could be related to a facilitated transfer mechanism of the
polymer, according to:

DEAE-D(y"* + nDCC()” <> DEAE — D(DCC)0)> ™ (2)

However, in this case the transfer potential should decrease
with increasing concentration of the organic anion, but as seen
in Fig. 5, the transfer potential is constant at any DCC™
concentration.

Other possible explanations for the disproportion observed
between I,,(+) and I,(—) at high DCC™ concentrations arise from
considering that two processes are associated with the transfer
of the polymer: weak adsorption of DEAE-D at the interface,
coupled to a diffusional process or the occurrence of an electro-
chemical/chemical mechanism. In the latter case the potential
should change with the sweep rate, which does not occur at any
concentration of the polymer, or the organic electrolyte.

Therefore, it is determined that DEAE-D is transferred from
the aqueous phase to the organic phase by a mixed mechanism
of weak adsorption and diffusional transfer, depending on DCC™
concentration in the organic phase. It is expected that a pure
diffusional process predominates at low concentrations of
DCC™, as the adsorption process of positive charge at the inter-
face requires an equivalent negative charge accumulation at the
organic side, which is favored by increasing anion concentration.

Fig. 6a shows the variation of peak current with DCC™
concentration. At low values, the diffusional transfer of polymer
is favored, and I,(+) remains constant regardless of the concen-
tration of DCC™, whereas at high anion concentrations, weak
adsorption of the polymer at the aqueous side of the interface
takes place prior to the transfer step. In the global electro-
chemical process the transfer of the adsorbed polymer is coupled
to the transfer of molecules diffusing from the bulk solution,
causing an increase in the current during the positive sweep,
reaching a constant value, at DCC™ concentrations higher than
0.08 M, due to saturation of interfacial sites. This explanation is
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Fig. 6 (a) DEAE-D transfer peak current intensity as a function of organic
anion concentration. Aqueous phase: LiCl 1.0 x 1072 M + DEAE-dextran
50000 g mol™, 0.010% w/v. Organic phase: TPhAsDCC 5.0 x 10°-
0.10 M. v = 0.050 V s~ (b) Current response to v for cyclic voltammetry of
DEAE-D of 50000 g mol™, at high concentration of the organic anion in
the organic phase. Aqueous phase: 1.0 x 1072 M LiCl + DEAE-dextran
0.10% w/v. Organic phase: 0.080 M TPhAsDCC. v = 0.050 V s™%.

confirmed by the linear relationship observed between Iy(+) and
the sweep rate, Fig. 6b, when the anion concentration in the
organic phase is high enough to favor the adsorption process with
respect to diffusion. The two peaks observed on the negative sweep
in Fig. 5 can be explained by considering the desorption of two
species with different interfacial stability.

4. Conclusions

Studies of the electrochemical behaviour of different dextran
polymers, aminodextran (AD), cationic dextran (CD), and
diethylaminoethyl dextran (DEAE-D), at liquid/liquid interfaces
have been undertaken. The main structural difference between
these species is the position of the positive charge in the
macromolecule: in the case of AD the positive charge is given
by protonated primary amine groups directly bonded to the
main chain of the cellulose structure, while in CD and DEAE-D
the positive charge is separated from the cellulose structure by
an aliphatic chain. As a consequence of these structural differences
the AD polymer is not transferred to the organic phase, regardless
of molecular weight, while CD and DEAE-D are transferred from
the aqueous to the organic phase at E = 0.650 V, independent of
the polymer concentration and of the molecular weight. The shape
of the voltamogramms corresponding to DEAE-D transfer as well
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as the magnitude of the peak currents and the peak potentials
values were all dependent on the pH of the aqueous phase solution
and on the nature and concentration of the anion present in the
organic electrolyte. Based on this dependence, we postulate a
mixed mechanism, which involves the transfer of dissolved and
adsorbed DEAE-D molecules. At low anion concentrations, diffu-
sional transfer of the polymer from the aqueous to the organic
phase prevails, whereas at higher anion concentrations there is a
previous step of weak adsorption of the polymer at the aqueous
side of the interface, and the electrochemical transfer of dextran
diffusing from bulk aqueous solution coupled to the transfer of
the adsorbed fraction occurs, producing an appreciable increase of
the current in the positive sweep.

The results presented in this paper provide further knowledge of
the electrochemical behavior of macromolecules at immiscible
liquid/liquid interfaces demonstrating that electrochemical techni-
ques are suitable for characterizing the effect of a set of experi-
mental variables (pH, electrolyte nature, ionic strength, molecular
weight, etc.) on the interfacial behavior of polyelectrolytes.
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