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ELECTROCHEMICAL CHARACTERIZATION OF FLUID VESICLES
IN NATURAL WATERS

VERA ZUTIC, TINKA PLESE, JADRANKA TOMAIC and
TARZAN LEGOVIC

Center for Marine Research, "Rudjer Boskovid"
Institute, Zagreb, Yugoslavia

Abstract The electrochemical method of polarographic
maximum based on the interfacial instability of a posi-
tively charged interface dropping mercury electrode/sea-
water, allows a direct characterization of single
events of coalescence and transformation of aggre-
gates of fluid surfactants into adsorbed monclayers at
the interface (rslaxation times 10 - 500 ms, aggrega-
tion numbers> 107)

Highly surface active aggregates, resembling
those of unsaturated lipids, were detected in the sea
surface microlayer samples and in the mixing layers
in the estuaries, although the unsaturated lipids re-
present only a minor fraction (<10%) of the aquatic
organic matter. Products of flocculation of dissolved
organic matter during estuarine mixing resemble close-
ly fluid vesicles released by marine microflagellate,
such as Dunaliella tertiolecta, that was studied in a
greater detail.

The analysis of complex electrochemical responses
in natural heterodispersion is developed using artifi-
cial dispersions of oleate and methyl cleate in sea-
water, as models.

131



Downloaded by [Tomsk State University of Control Systems and Radio] at 13:15 20 February 2013

132 V. ZUTIC, T. PLESE, J. TOMAIC AND T. LEGOVIC

INTRODUCTION

In natural waters hydrophobic compounds commonly exist in a
micellar or colloid accomodated state rather than as true
molecular solutes1. It is well known that the degree of ag-
gregation influences transport properties and interactions
of hydrophobic organic matter with surfaces and solutes in
marine environment. However, fluidity of aggregates that af-
fects dramatically the rate of interactions at interfacesz,
has not been adequately taken into account3.

A possibility to elucidate size, distribution and re-~
activity of surface active aggregates in diluted heterodis-
persions (>100 /ug/l) from polarographic responseu-6 is most
interesting for the characterization of a highly reactive

and important component of natural aquatic system7

, which
is not amenable to analysis by the standard oceanographic

methods.

EXPERIMENTAL

Measurements are performed in a 100 ml all glass cell open
to air (so that measured solutions are equilibrated with
atmospheric oxygen) and termostated at 20°C. The working
electrode is a fast dropping mercury electrode (the capil-
lary used in this work had the flow rate 5.2 mg/s and drop
time 2.2 s) and an Ag/AgCl electrode is used as reference.
Pt counter electrode completed the three-electrode configu-
ration.

10_3 M Hg(II) (0.5 ml of 0.2 molar HgCl, solution) is
added to a 100 ml sample Jjust prior to measurement. If not
specifically stated natural samples and dispersions were
not filtered.
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PAR 174 Polarographic Analyser in connection with a
7004 B Hewlett-Packard recorder and Gould digital storage
oscilloscope 0OS 4000 has been used for registration of i-t
curves at constant potential -0.3 V, where the mercury elec-
trode is positively charged.

Registration of the i-t curves is usually completed
within 10 minutes after insertion of the dropping mercury
electrode into the test solution. Reproducibility of inde-
pendent measurements is T 2% at the concentration level of

1 mg/l (of dissolved surfactants).

MATERIALS

Artificial seawater, used as the electrolyte, was of the
following composition: 0.6 M NaCl, 10-3 KBr and 5){10—3N
NaHCO3. The Adriatic seawater had salinity 38%00 and pH=
= 8.2. Stock dispersions of fatty acids and esters were pre-
pared by shaking a given amount (5- 100 mg) in the artifi-
cial seawater, or 5x 1073 M NaHCO3

Freshly prepared dispersions were measured to avoid any

solution for four hours.

significant transformation, such as oxidation of double
bonds. Surfactants of the highest commercial purity were
used without any further purification. A special care was
taken with respect to purity of water, glassware and the
atmosphere in the laboratory.

Marine phytoplankton cell suspensions were prepared as

previously describedS. Microflagellate Dunaliella tertio-

lecta and diatom Pheodactylum tricornutum were axenic.

Stock suspensions of hydrous 6—A1203 were prepared
from the Degussa monodispersed product with BET surface
area 110 m?/g.
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METHOD

Stationary and non-stationary convective streamings might
be generated by gradients of surface tension dvy/dE (where

v is surface tension and E potential at the liguid-liquid
interface dropping mercury electrode-agueous solution).
Microscopic perturbations at the interface are amplified to

9-10) demon-—

macroscopic instabilities (Maragoni instability
strated by a measurable increase in current (polarographic
maxima of the first kind) due to the coupling of the pertur-
bations in a cyclic chain: surface tension —s surface mo-
tion —= bulk motion —e=diffusional mass transport —e sur-
face electrochemical potential —e surface tension. Under
controlled experimental conditions (rate of mercury flow,
concentration of reducible scolute and electrolyte, absence
of trace surfactants) the effect is highly reproduoible5’n.
Soluble surfactants adsorb at the mercury/seawater in-
terface and decrease the surface tension gradient dv/dE slow-
ing down the convective streaming (Fig. 1), which provides

5,11 (curves 1 and 2 in

a basis for their determination
Fig. 2).

However, heterodispersions of fluid surfactants, such
as unsaturated fatty acids and their esters, produce irre-
gular current oscillations of polarographic maximum of
Hg(II) in seawater due to random collisions of aggregates
of variable size with the interface mercury electrode/solu-
tion (Fig. 3)6.

The perturbations in the current-time curves (Fig. 3)
of variable amplitude and frequency indicate a stochastic
process, which can be interpreted as random collisions of
surface active aggregates of variable size with the inter-

face mercury electrode/aqueous solution. Thus, each pertur-
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150 06 M NaCl + 1G°MHg (I}, pH =87
I LINOLENIC ACID
i/pA
C/mgl: 9:0
100
so0-

2 4 6 8 t/s

FIGURE 1. Current-time curves at tge dropping mercury
electrode for the reduction of 107-M Hg(II) in artifici-
al seawater (i ) and 1? presence of linolenic acid (0.036,
0.73, 3.66 and 6.6 mgl™'), 20°C, E=-300 mV.
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FIGURE 2. Dependence of current (at the end of the drop
life, t=2s) on the concentration of (1) nonionic deter-
gent Triton-X-100, (2) linolenic acid, (3) oleic acid and
(4) methyl oleate.
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bation corresponds to a single event of coalescence.

150

WA

100

50

METHYL OLEATE

0SMNaCL, 10°MHg (I, pH=87. 20°C

Crmgl':
1-14
2141
3-35.2

|

FIGURE 3. Current-time curves for reduction of 10'3 M

Hg(II) in artificial seawater in presence
ate dispersions (1.4, 14.7 and 35.2 mg 1

= —300 mV.

of methyl ole-

y, 21°C, £ =

The characteristic form of perturbation (schematically pre-

sented in Fig. 4) is interpreted by the following sequence

of events:

ig

A
i

ty

FIGURE 4. Schematic pre-
sentation of a single per-
turbation on the current-
-time curve.
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(1) Before the arrival of an aggregate, current is control-
led by convective diffusion driven by electrochemical and
hydrodynamical instability at the interface (typical condi-
tions of maxima of the first kind);

(2) An aggregate arrives at the interface. This has little
effect on the current;

(3) The aggregate desintegrates, its material spreads over
the surface and gives locally a patch of lower interfacial
tension (Y -Av); time scale of spreading is much shorter
than the drop life (2 s);

(4) Owing to the generated gradient Ay/Ax, the patch rapid-
ly spreads towards the regions of higher surface tension
(Maragoni effect, driving force (Ay/AC)(AC/Ax)9 and this
gives rise to a transient turbulent transport of matter
from the bulk to the surface, superimposed on the initial
flux. This is manifested as the peak current i . The time
scale of the event is of the order 10'3 - 10_2ps. The peak
height is a function of the size and fluidity of the aggre-
gate12 (Fig. B);

(5) After this event, the surface concentration of sur-
factant is increased (AT), and the current is lowered (Ai)
with respect to the value before the onset of the perturba-

tion.

An attempt can be made to assess the aggregation num-
ber m of an aggregate under the following simplifying as-
sumptions:

1. aggregation number m of the aggregate is equal to the
increase of the surface concentration,AT after the coales-

cence:

=AT A, N

M 1
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0-06MNaCl « 16°M Hg (1) j
1- CHOLESTEROL 18 mg('
2-METHYL OLEATE 14 mgi'

1501 3-METHYL OLEATE + CHOLESTEROL

iA 0.1

100 )A 3
v

t/s

FIGURE 5. Effect of an equimolar addition of cholesterol
(3) on the response in the methyl oleate dispersion, 14
mg 17 (2), 30°C. Cholesterol alone (curve 1) does not af-
fect current-time curve, io.

where T is the surface concentration of surfactant in mol/af
and A1 the surface area of the mercury drop at the time t1,
N is Avogadro number;
2. minimum surface coverage at which the polarographic
maximum is totally supressed (i:idif) corresponds to a full
monolayer;
3. drop of current after the peak, Ai, corresponds to an
increase in the surface concentration AT, due to the incor-
poration of the coalesced aggregate into the adsorbed layer:
AL _ AT
io—i - T

max

The results obtained by this simplified calculation (measur-

10

able aggregation numbers are in the range 109- 10" 7)are in
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good agreement with the experimental observations - effect
of filtration and centrifugation (Fig. 6) and the particle
size distribution as measured by Coulter counter technique
(Fig. 7). This also indicates that the smallest aggregates,
such as simple micelles cannot be distinguished from soluble
surfactants because of a small amplitude of perturbation

(in comparison to the noise level) and/or short time of

13

their relaxation

iInA 1)METHYL OLEATE 141mg/L
150} 201} filtered 045 pm
3){1) « 3-AL0; 100 mg/t

100 -7

so- f

FIGURE 6. Current-time curves in presence of 14.1 mg]__1

methyl oleate before (1) and after filtration (2).
(3) Current-time cyrves in dispersion 14.1 mg 1~ methyl

oleate + 100 mg 1 6 —Al2O3 after 2 hours shaking, 20°C.
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+
@
L5 4 J
() METHYL OLEATE
o 10°C
+/O x 20°C
/ A 30°C
0 20 BLY

|

Cimgl’

PERTURBATION RATE /s’

FIGURE 7. Dependence of number of perturbations on the

current-time curves on the concentration of methyl oleate

at different temperatures. Oleic acid at 20°C is present-

ed for comparison. On the left hand side total particle

number N°, as measured by Coulter counter (size fraction
>1.3 /um) is indicated.

The relaxation time of the reorganization of an aggre-
gate into the adsorbed layer at the electrode can be charac-
terized more directly from the with of the current spike
(At). The relaxation times observed for oleic acid (50-200
ms) correspond to the relaxation times of films at the air/

/seawater interface1u.

RESULTS AND DISCUSSION

Natural heterodispersions, such as phytoplankton cultures

(Cryptomonas sp., Dunaliella tertiolecta) containing phyto-

plankton cells and fragments, such as fluid vesiclesm_16

show a similar irregular pattern in current-time curves
(Fig. 8) and analogcus dependence on the electrode potential
as oleic aggregates . However, the individual perturbations

are less pronounced - the current spike ip is significantly
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lower, due to the difference in fluidity of the aggregates.
Besides, methyl oleate and oleic acid aggregates seem to ad-
sorb at mercury in two dymensional ordered structure, as
manifested by desorption maxima of the third kind6’17,

while there is no indication of two dymensional order in
adsorbed layers formed after coalescence of natural aggrega-

tes at mercury electrode.

MARINE PHYTOPLANKTON CELL SUSPENSIONS
+10°M Hg (I

Pheodactylum tricornutum (7x1f iy

ifpA

Cryptomonas sp. (5x10° ()

Dunalieta tertiolecta (10°{")

FIGURE 8. Current-time curves for the reduction of 10_3
M Hg(II) in the marine phytoplankton cell suspensions.
Comparison of a typical response in diatom culture
(Pheodactylum tricornutum) with two microflagellates
(Dunaliella tertiolecta and Cryptomonas sp.) where the
perturbations are clearly visible.
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However, diatoms, such as Pheodactylum tricornutum, with

rigid cell walls do not cause perturbations on the current-
~time curves (Fig. 8) but a smooth supression of convective
current due to presence of soluble excretion products in
the cell suspensionS.

The production of surface active vesicles seems to be

1,15 because of their characteristic

inherent to flagellates
cell membrane and the secretion of membrane structures with
a high lipid content (<1O%)16. However it is quite possible
that the living cells themselves coalesce and partly reorga-
nize into adsorbed layers in the time scale of the drop li-
fe (<2 s)20’21. The effect of hydrous alumina on Dunaliella

cell suspension (Fig. 9) is similar to the experiment with

1) DUNALIELLA TERTIOLECTA (14x10° cell (") W

L -
50T 2y (1) + 8-ALO; SO0mgl’

ifpA

100}

FIGURE 9. Effect of addition of §-A1.0, (50 mg 1'1) tg
the cel% suspen51on of Dunaliella terglglecta (1.4x10
cell 1 ), 20° C, pH=8.7.
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dispersion of methyl oleate (Fig. 6) demonstrating clearly
that natural as well as the artificial fluid aggregates are
preferentially adsorbed at mineral interfaces, too.

Fluid surface active aggregates similar to those in
phytoplankton cell suspensions, according to the type of
perturbation in current-time curves, were detected in the
mixing zone in estuaries19 (Fig. 10). They seem to be gene-

rated by physiochemical processes - flocculation from dis-

COALESCENCE FREQUENCY /s
01 02 03

[ar 0z 63 0« 05 06 07
NUMBER OF SURFACE ACTIVE AGGREGATES
PER DROP LIFE

DEPTH /m
W

FIGURE 10. Relative distribution of surface active ag-
gregates along the depth profile of a stratified estuary
(river Aude, West Mediterranean, May 1983). The number
of coalescence is defined as number of well defined per-
turbations on i-t curves at -300 mV.
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solved riverine organic matter and smaller aggregates, and
not by direct in situ primary production. High adsorbabili-
ty of these aggregates at positively charged hydrophobic
surface, as is mercury electrode, and a high rate of their
reorganization into adsorbed layers at charged interfaces
(£ <500 ms) has important implications in the transport

and scavenging of hydrophobic organic matter and pollutants
in estuaries. This highly reactive and instable fraction
seems to be precursor of SEM visible organic coatings (per-
sistent gel-like structures on mineral particles "voiles

. R . . 18
organiques") ubiquitous in estuarine zones .
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