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Water Interaction
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Abstract— Next to the hydrophilic surfaces, it is found
existence of solute-free interfacial zones i.e. exclusion zones. It
appears that their properties and structure are different than
those in bulk water, and that their width can be up to several
hundreds of micrometers. In this research is examined solution of
hydrogenized carbon nanoparticles in which are added
microspheres in order to observe if there will be exclusion of
particles next to the nafion. It was shown in researches till now
that exclusion zones develop near different physiological regions.
The goal was to show that it will appear in presence of
hydrogenized carbon nanoparticles.
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.  Introduction

Interactions of solutes in water solutions are in the range of
nanometer scale. All interactions depend of particles itself, as
also substances which are diluted, in what kind of solution are
diluted, how they react between themselves, and regarding
that, molecules exhibit or attractive, or repulsive forces [1].
Also, type of surface, next to which and with which interaction
happen, play crucial role. Next to the hydrophilic surfaces is
found existence of solute-free interfacial zones, i.e. exclusion
zones, which are also known as ,,unstirred layers“. It appears
that their properties and structure are different than those in
bulk water, and that their width can be up to several hundreds
of micrometers. Depending on laboratory conditions, zones
may persist from short to relatively long times, even up to
days [2]. Such exclusion zones, also named as EZ-water, can
be seen by using the micron-sized microspheres, low-
molecular weight dyes, proteins.

Smaller structured areas are seen with larger microspheres
(>5 um), but these particles are difficult to keep in suspension
and they sediment due to gravity. Exclusion zones are not seen
in presence of solely particles smaller than 200 nm, such as
quantum dots, or buckyballs. However, visualization of these
particles through light microscopy is difficult.
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Aside from micro particles, topsoil, claysoil, silt, bacteria
and viruses have been excluded from the region [3]. Other
biological interfaces, such as muscle myofibrils, tendon and
seaweed have also shown clear exclusion zones [4, 5].

Independently of researches about ,unstirred” layers in
clear water and interfacial zones, studies based on physical
behavior of zones in water in vicinity of hydrophilic surfaces
started several years ago [6]. These studies were not just about
unstirred layers next to the cells, but also about nature of water
parts next to the many hydrophilic surfaces.

Mollenhauer and More were the first to point out existence
of zones where exclusion happens which can be seen on
ultrastructure level by using the electronic microscopy in
eukaryotic cells [7]. They described these areas as
sdifferentiated areas of cytoplasm in which ribosomes,
glycogen and organelles, as are mitochondria’s, plastids or
micro bodies, do not exit“. Also, they point out the other cell
structures which are excluding. Conclusion can be made, from
different researches, that clear zones can be found next to
membranes or cytoskeleton structures, actin fibers [8] and
microtubules [9], and that even can be found when most of
water is osmotically removed [10].

Experiments which were done by Zheng and Pollack in
2006. were based on research of colloid particles behavior
next to the hydrophilic surfaces. Energetically it is more
favorable for colloid particles and dissolved substances to
settle away from the structural parts so they can accept water
easier (hydrate). Based on that, it was tried to examine
separation of detached substances in the vicinity of surfaces.
Hypothesis was that dissolved substances was excluded from
the zones on bordering surfaces, and that zone without
substances is structurally different than water in the rest of of
examined sample.

In these experiments polyvinyl alcohol gel was placed in
the chamber, and border of gel was observed with optical
microscope [5]. Solution of latex microspheres was poured
above gel into chamber. Right after pouring, microspheres
started to exclude and move away from the surface of gel to
the rest of the water. After a few minutes zone free of
microspheres could be seen next to the borders of gel in the
width of 50-100 um (figure 1).
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Figure 1. EZ (dark part) on both sides of polyvinil gel. Miicrosphere (up left
and down right) areseparated from the part near gel. White foggy parts are
reflection artefact [11].
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More interesting than forming exclusion zones around
polyvinyl alcohol gel were these zones around very charged
polyacril-acid gel. In that case size of EZ was even till 250 um
(figure 2).

Figure 2. EZ (dar parts) n both sides of polyacril-acid gel. Microspheres
which are separatedfrom the surface of gel are in the afar right part. Vertical
white line in the middle of PPA gel represent optical artefact [11].

It was shown also that different dissolved substances are
excluding, and that their sizes are very different, and depend
on constitution itself: mud, sand, as also proteins, bacteria’s,
erythrocytes [12]. Materials whose structure influences
exclusion are very different: polymer surfaces (nafion),
hydrogels, biological surfaces (muscles), and live organisms
(sea grass).

All these researches and results from different periods and
laboratories, are showing that ,unstirred” layers in classical
physiology and clear exclusion zones in laboratories, are
actually the same.

When nature of structure is observed — structure of water in
unstirred layers and exclusion zones, there are 2 points of
view. From one point it is thought that this water has the same
characteristics as water in the rest of examined sample (bulk
water), and that exclusion of particles happen only because of
surfaces being near to each other. Because of entropic effects,
dissolved substances should be in lower concentrations in
areas near surfaces. It is considered that these effects influence
that layers are wide even dozens of molecular layers. But,
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distances which are observed here are larger and reach even
250-300 um, which is equivalent to quantity of around million
molecules of water. On the other side, it is considered that
water in this area is under influences of surface, i.e. that
surface influences structure of water much more than
expected. With first experiments, this is not confirmed, but
recent results give base for statement that water in exclusion
zone has different physical characteristics than the rest of
examined water.

When all approaches are taken in account, it can be
concluded that water in exclusion zone is physically and
chemically different than the rest water in examined sample.
Water in this area is under the significant influence of surface
of material which surrounds it and that reaction which happens
structurally tends to exclude particles.

In this paper was examined mechanism of formation of an
exclusion zone (EZ), a region that becomes devoid of
suspended hydrogenized nanoparticles and microspheres, near
the surface of Nafion.

1. Materials

A. Sample preparation. Chemicals

Substances used for the experiments consisted of:
hydrogenized nanomaterial fullerol (MER Corporation,
Tucson, Arizona, USA), Nafion tubing (Perma Pure, LLC),
Polybead carboxylate microspheres (2.65% solid-latex,
Polysciences Inc.). Samples were made with deionized water,
and all experiments were carried out at 22-23°C.

Deionized Water. For sample preparation for solutions is
used deionized water obtained from the NANOpure Diamond
ultrapure water system. The purity of this water is certified to
have a resistivity value up to 18.2 MQcm. For keeping the
system to be clean, it is performed an automatic sanitization
cycle. Additionally, a 0.2 um hollow fiber filter is used for
maintaining bacterial and particle-free water.

Fullerol. Fullerol solution was made of fullerol powder,
purity 99,5 % dissolved in 50 ml of deionized water. In order
to respect the protocol for preparation, and need that final
solution of fullerol have pH = 4, in initial solution of fullerol
and deionized water whose pH value was 10, it was added 120
pum of hydrochloric acid to get the pH = 3,85. Fullerol rapidly
became suspension which could be seen by changing the color
of solution from clear to brown. Final concentration of
solution was 1mM.

Nafion. Nafion tubing TT-030 with 0.635 mm outside
diameter, and 0.835 mm inside diameter was used in
experiments. Before use, the tubing was cut on pieces 2mm
high, and immersed in deionized water for 10 min.

Microspheres. Polybead carboxylate microspheres of 1 um
diameter were used in experiments. All of the microspheres
came suspended in water. According to the need of
experiment, different concentrations of solutions were made.
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. Methods

All imaging of the interface was accomplished through
bright field light microscopy using a 2.5x objective on an
inverted microscope (Axiovert 35, Zeiss, Inc.). Video and
images were recorded by a CCD camera system (Color Digital
Camera #CFW-1312C, Scion Corporation) and analyzed
through ImageJ (v1.46f, NIH). After calibrating the camera,
measurements of the exclusion zone were made by taking 5-10
measurements of the microsphere-free region and averaging
the results. Averaging these results over several images for a
given experiment reduced error and increased statistical
significance.

First experiment was based on exploring the behavior of
solutes i.e. carboxylate microspheres in fulerol solution in the
vicinity of nafion. Observations of the Exclusion zone were
made with free-standing nafion tubes (model #tt-030, outer
diameter = 838.2 pm, wall thickness = 101.2 pm, height = 1-2
mm) held in place with platinum wire whose outer diameter
matched the inner diameter of the tube. Platinum was chosen
to reduce the influence of corrosion and other electrochemical
redox reactions with the ultrapure, deionized water.

Light '
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Nafion tube

Chamber . Microscope

Figure 3. Experimental setup, view from above. Diameter of hole in chamber
is 27mm [13].

Carboxylate (-) charged functionalized polystyrene
microspheres (model #8226-15, 18327-10, d 1) were
suspended in fullerol solution at several dilutions (1:25, 1:100,
1:500 by wvolume) and were washed into the chamber
containing the nafion tube to visualize the exclusion zone.
Reaction between nafion and fullerol with microspheres
leaded to exclusion of microspheres away from the nafion, and
forming the exclusion zone. Images were taken in three
intervals: 10, 15 and 20 minutes after pouring solutions. Full
size exclusion zone reaches about 5 minutes after pouring
solution into the chamber.
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microspheres

Figure 4. Exclusion zone in solutions of fullerol with microspheres in
different dilutions 1:25 (left), 1:100 (middle) and 1:500 (right) [13].

iv. Results and Discussion

Carbon nanoparticles of fullerol are used because of their
already known properties to accumulate [14]. Previous
researches have shown that fullerol form large and flabbily
associated aggregates in water [15]. Also, it was shown that
even in low concentrations fullerol tends to aggregate in
clusters.

The goal in this paper was to determine how and if fullerol
particles will interact with particles of microspheres in
deionized water solution, and if exclusion zone will appear.
Hypothesis is that exclusion appears because of layers of
water molecules which are ordered on different manner.

In both experiments microspheres distributed non-
uniformly. They excluded almost completely from the area
near the nafion tube. Away from the tube particles were
uniformly distributed.

A. Deionized water solution with
fullerol and microspheres

Zone begins to form immediately when nafion tube is
immersed in solution with microspheres, and final biggest size
develops around 7 minutes after pouring. Results are obtained
at fixed times of 10, 15 and 20 minutes after poring solution
into the chamber. Solution was added at the time t =0 s. Table
1 shows averaged values of measured exclusion zones from
images which are made. For purpose of measuring is used
program ImageJ.
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TABLE 1. AVERAGE VALUES OF EXCLUSION ZONES IN FULLEROL-
DEIONIZED WATER SOLUTION WITH DIFFERENT DILUTIONS OF MICROSPHERES.
Solution of fulerol- Concentration
deionized water with
microspheres 1:25 1:50 1:100
10 min 66 82 82
Time of
taking 15 min 58 77 75
images -
20 min 48 67 70
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Results, i.e. sizes of exclusion zones are observed through
dependence of time when image was taken and three dilutions
of fullerol-deionized water solution.

Fullerol soltuion + MS
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Figure 5. Diagram shows dependence of size of exclusion zone regarding to
the time and dilutions.

Size of the exclusion zone through time, in all chambers

and all dilutions, decreases. Exclusion zone forms rapidly and
maintains sharp shape through the time.
In order to compare sizes of exclusion zones which appeared,
series of other experiments were carried out. In those
experiments, instead of fullerol with deionized water, is used
just deionized water with microspheres. Size of chamber was
the same 27 mm, as also dilutions 1:25, 1:100 and 1:500.
Results are compared, and there is evidence that differences
between sizes of exclusion zones exist.

TABLE II. AVERAGE VALUES OF EXCLUSION ZONES IN DEIONIZED
WATER SOLUTION WITH DIFFERENT DILUTIONS OF MICROSPHERES.
Solution of deionized Concentration
water with microspheres
1:25 1:50 1:100
) 10 min 93 101 98
Time of
taking 15 min 85 95 87
images -
20 min 76 87 79
DI water + microspheres
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Figure 6. Diagram shows dependence of size of exclusion zone regarding to
the time and dilutions.

Size of the exclusion zone is significantly smaller in
fullerol-deionized  water  solution  with  microspheres,
comparing to the sizes in simple deionized water solutions.
Smallest sizes are notices in highest concentrations, for both
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types of solutions, but there is the difference in sizes between
dilutions. During time, sizes are decreasing in all chambers, no
matter which solution.

v. Conclusion

Identification and examining of the exclusion zones
provide unique opportunities in understanding the basic
mechanisms of different biomolecular interactions within
water structures, as also exploring the importance of water
organization in life [16].There are a numerous results which
are describing the phenomenon of exclusion zone in aqueous
solutions with large variety of substances and surfaces which
are interacting. But, there are no exact results of examining the
exclusion zone with nanoparticles. It was found that growth
and size of fullerol aggregations in aqueous solutions is
dynamical and sensitive on changes in pH, temperature and
other environmental conditions [14].

In this research, is proved existence of differently ordered
areas in water solution of nanoparticles, and it’s length is
dependent of concentration of solution which is used.
Although the EZ zone has been demonstrated as a general
phenomenon next to hydrophilic surfaces, as also phenomena
which generates in vitro with hydrogenized nanomaterial
fullerol, exact role of exclusion zone in this setup remains to
be elucidated.

Acknowledgment

We would like thank professor Gerald Polack,
Department of Bioengineering, University of Washington,
Seattle, USA for enabling the work on these experiments in
his laboratory.

References

[1] Zheng JM, Pollack GH. Long range forces extending from polymer

surfaces. Phys Rev E 68: 031408, 2003.

Pollack, G. The Fourth Phase of Water; Ebner and Sons Publishers:
Seattle, WA, USA, 2013

Klyuzhin 1, Symonds A, Magula J, Pollack GH. New method of water
purification based on the particle-exclusion phenomenon. Environmental
Science and Technology 42(16):6160-6166, Jul 2008.

Pollack GH, Chin WC. Phase Transitions in Cell Biology. Springer
Science, 2008.

Zheng J-M, Chun W-C, Khijniak E, Khijniak E Jr., Pollack GH.
Surfaces and interfacial water: evidence that hydrophilic surfaces have
long-range impact. Advances in Colloid and Interface Science
127(1):19-27, Nov 2006.

Pollack GH, Chin WC. Phase Transitions in Cell Biology. Springer
Science, 2008.

Mollenhauer HH, Morre DJ. Structural compartmentation of the cytosol:
zones of exclusion, zones of adhesion, cytoskeletal and intercisternal
elements. In: Roodyn DB (ed.) Subcellular Biochemistry, vol. 5, Plenum
Press, New York, pp. 327-362, 1978.

Kamitsubo E. Motile protoplasmic fibrils in cells of the Characae.
Protoplasma 74:53-70, 1972.

Porter K.R. Problems in the study of nuclear fine structure. XVth Intern.
Cong. Electr. Micr., Berlin, Springer-Verlag, 2: 503-507, 1960.

(2]
(3]

(4]
(5]

(6]
(71

(8]
(9]

SEEK

DIGITAL LIBRARY



[10]

[11]

[12]

[13]

[14]

[15]

[16]

International Journal of Environmental Engineering— IJEE

Volume 2 : Issue 1

Albrecht-Buehler G, Bushnell A Reversible compression of the
cytoplasm. Exp Cell Res 140:173-18, 1982.

Zheng J-M, ChunW-C, Khijniakg, KhijniakE Jr., PollackGH. Surfaces
and interfacial water: evidence that hydrophilic surfaces have long-range
impact. Advances in Colloid and Interface Science 127(1):19-27, Nov
2006.

Zhao Q, Zheng J-M, Chai B, Pollack GH. Unexpected effect of light on
colloidal crystal spacing. Langmuir 24(5):1750-1755, Jan 2008.

Golubovic Z. Investigation of Interaction of Deionized Water with
hydrophilic and hydrophobic materials, biomolecules, and hydrogenized
carbon nanomaterials. PhD dissertation,Faculty of Mechanical
Engineering, University of Belgrade, 2012.

Brant JA, Labille J, Robichaud CO, Wiesner M. Fullerol Cluster
Formation in Aqueous Solution: Implications for Environmental
Release. Journal o Colloid Science 314(2007) 281-288.

Husebo LO, Sitharaman B, Furukawa K, Kato T, Wilson LJ. J. Am.
Chem. Soc. 126(2004) 12055-12064.

Wilson, E.K.: Watering down science? Chem. Eng. News 87, 32-33
(2009)

[ISSN : 2374-1724]
Publication Date: 30 April, 2015

About the author(s)

Corresponding author

Engineering

Kraljice Marije 16

11120 Belgrade 35, Serbia
Tel/Fax: +381 11 3370384
Mob: +381 63 8326050

Zorana Golubovié¢, PhD, Research Associate
University of Belgrade, Faculty of Mechanical

Department of Biomedical Engineering

46

SEEK

DIGITAL LIBRARY



