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The results on time dependence of optic absorption spectra of H,0+ZnO and
H,0+Zn0O+CPCL suspensions were reported. The two steps mechanism of coagulation of
ZnO nanosized particles has been offered: 1) the passivation of ZnO particles nanosize
surface by ZnOOH™ resulting from interaction with OH™ groups existing in water. As a
second result of this interaction ZnO nanosized particles obtain the negative charge which
prevents the coagulation; 2) the next compensation of charges with H* in water. As a
result the neutral compounds form that does not prevent from their coagulation and ZnO
precipitation from aqueous solution. The adding of cetylpyridinium chloride surfactant
into suspension increase the compensation of the charge of ZnO nanosized particles that
causes the process of its coagulation and tends rodelike systems forming.

IIpuBegeHbl pesysbTaThl MCCAELOBAHUI OINTHYECKOrO IIOrJIONEHUSA HAHOPA3MEPHBIX 4ac-
tun, ZnO B cycrnersuax H,0+ZnO u H,0+ZnO+CPCL. IlpenyoxeH nBYyXCTYyIeHJYACTEHIH Mexa-
HU3M BPEeMEHHBIX M3MeHeHW! B o0eMX CyCHeH3MAX: 1) maccuBamus ITOBEPXHOCTH HAHOPA3-
mepHBIX yactul, ZnO coegunennem ZNOOH™ ¢ yuactuem Haxomdmuxces B Boge rpymma OH™, B
pesyJbTaTe 4ero HaHOpasMepHble yacTuibl ZNO IOay4aroT OTPUIATENbHBIN 3aps], KOTOPLIA
IIPeIATCTBYeT KOAryJasanuu; 2) caefylollas CTafius — 5TO KOMIeHCAIud 3apAgoB moHamu HY,
B pesyJbrare 4ero (PopMUPYIOTCA HeiTpajbHble 00PA30BAHUA, KOTOPLIM HUYTO HE IIPEIATCT-
BYeT KOaryJHupoBaThCs C MOCHEAYIOIUM dYacTuuHbIM oceganvem ZnO us pacreopa. ob6aBka
JIMOTPOIHOrO cy(poHEeMaTnKa IeTUJINUPUINHUYMXJIOPUJA B CYCIEH3UIO YBEIWYUBAET KOM-
MeHCAIVIO0 3apfAfoB, YeM YCKOPSAEeT IpOoIlecc KOoaryasaluu HaHopasMepHbIX uactul, ZnO u
CTUMYJIUPYET (POPMUPOBAHNE CTEPKHEIOJOOHBIX CHUCTEM.
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1. Introduction

Investigations of different compounds in-
fluence on properties of nanosized particles
in liquid crystal media became urgent re-
cently. The perceptible changes of optical
characteristics of liquid crystals with low
concentration of nanosized particles, less
then 1 wt. %, were detected in a number of
experiments [1-5]. However the main prob-
lem is the formation and provision of homo-
genic distribution of nanoparticles in the
liquid crystal medium. For example, such
problem has been successfully solved for the
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carbon nanotubes in thermotropic liquid
crystals [5].

The ZnO is very promising and conven-
ient material for getting different types of
nanostructural systems. As a confirmation
of this statement can be the huge amount of
publications related to these nanoparticles
investigations, for example [6—8]. This at-
tention to ZnO nanoparticles in the differ-
ent form and media is conditioned by their
practical application in various fields of
electronics: solar elements [9], microresona-
tors [10], UV detectors [11], and gas sen-
sors [12]. Therefore, an investigation of the
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optical characteristics of systems containing
liguid crystals and ZnO nanoparticles is
very important and applicable problem.

But the absence of method of forming
homogeneous and uniform distribution of
Zn0O nanoparticles in liquid erystals at pre-
sent time does not allow us to do such in-
vestigations. Whereas water is the basis of
lyotropic liquid crystal cetylpyridinium
chloride/hexanol/brine [183] it is very im-
portant to investigate at first the behavior
of ZnO nanosized particles in aqueous solu-
tion of cetylpyridinium chloride (CPCL).

An influence of water on luminescence
properties of ZnO nanoparticles in alcohol
medium was studied in the works [14, 15].
It was revealed that increasing water con-
centration in the solution resulted in de-
creasing the intensity of luminescence.
Burakov, Nevar and Nedelko [16] reported
about successful formation of ZnO nanopar-
ticles by an electrical discharge in distil-
lated water. After sedimentation of those
nanoparticles at silicon plate and evapora-
tion of suspension at the temperature 90°C
the authors of the paper [16] had fixed the
intensive luminescence of sediment. That is
why the problem of interaction of ZnO
nanoparticles with water is not solved yet.

We report in the present work on the
results of optic and spectroscopic investiga-
tions of aqueous suspension with ZnO
nanosized particles and the influence of ce-
tylpiridinium chloride surfactant.

2. Experimental melthods

ZnO nanopowder with the grain dimen-
sion <100 nm of the Sigma production (the
maximum of ZnO nanosized particles distri-
bution by size is near the 60 nm) has been
used for the investigations in this work.
Two variants of suspension were prepared
and investigated: the first one is
H,O0+0.015 %ZnO and the second one —
H,0+0.015 %Zn0O+0.015 % CPCL wt. %.
The suspensions were different from each
other with the obtaining method. A prepara-
tion order of the suspensions is following:
after weighting the ZnO nanopowder was
placed in the glass bottle with water and
after mixing it, the suspension was homoge-
nized in Ultrasound bath at 24°C during
30 min. The difference for H,O-ZnO-CPCL
system was that before mechanical mixing
the mixture was heated up to 26°C for ho-
mogeneous aqueous dilution of the surfac-
tant.

The spectra of optical absorbtion were
investigated in spectral region 300—420 nm
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Fig. 1. X-ray diffractograme of the precipi-
tate of the suspension ZnO+H,0 drying at
290 K. The lines — calculated profiles ZnO
compound.

with using monochromator of the ZMR-3
type. The suspension was placed in quartz
cuvette with the thickness 1.05 mm of the
investigated layer. The surface electron mi-
croscope REMMA-102-02 was used for ob-
servation of the ZnO nanosized particles.
For probing in microscope the suspension
was placed on the conductive ITO-type sur-
face-pad than it was dried.

3. Results and discussion

Hydration of ZnO nanoparticles (in other
words a formation of Zn(OH),) was consid-
ered by authors [14] as a reason of water
influence on luminescent properties of the
Zn0O particles. To estimate the charac-
teristics of the hydration process the direct
X-ray phase analysis of the H,O+ZnO sedi-
ment was performed after over a long pe-
riod of time (>150 h.) of the ZnO nanosized
particles sojourn in water. The sediment
drying we carried out at room temperature
for preventing of possible decomposition of
Zn(OH), if it was formed (Zn(OH), decom-
poses at a temperature little larger than
100°C). As it is shown at diffraction graph
(Fig. 1) the X-ray phase analysis with accu-
racy <1 % (the accuracy of X-ray analysis
for Zn) points at an absence of Zn(OH), in
the system. All diffraction maxima belong
to ZnO. That is mean that the presence of
Zn(OH), compound at the ZnO surface at
aqueous solution is available only as surface
passivation process. The authors R.Sreeja et
al. mentioned in their recent work [17]
about thin passivation layer of Zn(OH), on
the surface of ZnO nanosized particles in
PMMA matrix.

In Fig. 2 the time changes of optical den-
sity spectra of the H,0+0.015%Zn0O (Fig. 2a)
and H,0+0.015%2Zn0+1 %CPCL (Fig. 2b)
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Fig. 2. Optical density spectra of the suspension a) 0.015 %ZnO+H,0; b) 0.015 %ZnO +

H,0+1 % CPCL.

systems. As we can see in the Fig. 2a on the
spectra for the H,0+0.015 %ZnO system
two bands (near 376 nm and 310 nm) are
well-observed. The bands intensities change
identically in time with respect to the first
recording spectrum (Fig. 3). It is apparent
from the Fig. 2, that the both peak maxima
are little shifted sideways of the short
wave-lengths. In particular the peak at
376 nm is shifted to 3873 nm during
4000 min (nearly 66 h). At the decrease of
percent of the ZnO in H,0+ZnO system the
intensity, the positioning and the character
of time changes of the dominate peak
(376 nm) are practically similar to these pa-
rameters of the systems with higher con-
tents of ZnO. However the band 310 nm is
fully levelled and the spectrum become
similar to the spectrum for the
H,0+0.015 % ZnO+1% CPCL suspension
(Fig. 2b). The spectrum return practically
to the starting curve after the 143 h proc-
essing of the H,0+ZnO system in the Ultra-
sound bath (lowest curve on Fig. 2a).

It should be mentioned that the spectra
on Fig. 2 are in a good agreement with the
spectra obtained in the work [16] for ZnO
nanosized particles in alcohol suspensions
and the absorption peak at 876 nm corre-
lates with absorption excitonic peak (at
373 nm) for ZnO nanostructured films [18].
This confirms that we have nanoparticles of
Zn0O in the aqueous suspense and hydrates
are absent. The shift of the peak at 310 nm
to the shortwave region testifies that this
maximum is conditioned by light scattering
on ZnO nanosized particles. With the laps
of time the amount of coagulants of big size
decreases in the aqueous solution. It is also
confirmed by the Fig. 2b on which we can
see that adding of CPCL to the
H,0+0.015 %Zn0O solution increases the
sedimentation of ZnO big coagulated com-
plexes. As a result of this process only di-
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Fig. 3. Time evolution of the 0.015 %ZnO +
H,0O suspension spectra at the peak 376 nm.

minutive nanoparticles of ZnQO left in the
solution. There are changes at the short-
wave region — the peak at 310 nm fades
away, and maximum at 376 nm is present
at every curve.

Blooming of H,0+0.015 %ZnO and
H,0+0.015 % ZnO+1% CPCL suspensions up
to total disappearing of the absorption max-
ima (Fig. 2) is undoubtedly connected with
the decrease of the ZnO nanosized particles
concentration in suspension that is with
their precipitation. Simple evaluation by a
Stokes formula shows that the time of pre-
cipitation in water for the ZnO nanoparti-
cles with dimension of the grain 100 nm is
several degrees more than time observed in
our experiment. It means that in our sus-
pensions the coagulation process of ZnO
nanosized particles to submicron complexes
take place and these complexes precipitate
quit rapidly. In case of H,0+0.015%Zn0O
suspensions precipitated ZnO nanosized par-
ticles coagulate in the formless conglomer-
ate, while in H,O0+0.015 % ZnO+1 % CPCL
suspensions these particles form rod-like
structures (Fig. 4).
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Fig. 4. The image of the ZnO rod-like struc-
tures (white) surrounded by CPCL (dark)
after drying the suspension 0.015 %ZnO +
H,O + 1 % CPCL, obtained with electron mi-
croscopy REMMA-102-02.

As shown in Figs. 2, 3 the time changes
of optical density of suspension
0.015 %ZnO+H,0 have 2 regions with the
different signs of time changes (the sign
change is realized in the limit 6—7 h). These
circumstances testify about two different
mechanisms of interaction of ZnO nanopar-
ticles with water which are dominated in
the different stages. At the first stage after
dispersion of the starting ZnO nanopowder
by homogenization in US-bath it is acti-
vated the individual ZnO nanosized parti-
cles interaction with aqueous molecules i.e.
with the hydroxyl group OH™, which even in
light concentrations, as H+ ions, ever pre-
sent in water. As a result the ZnO
nanosized particles surface are passivated
by ZnOOH~ groups that causes obtaining a
negative charge of ZnO nanosized particles.
As it is well known from colloid chemistry
this charge is hindered of the coagulation.
An increase of optical density during first
6—7 h after ceasing of US-action can testify
about the accumulation of charges and as-
sist to the further dispersibility of the ZnO
i. e. the concentration of optical active cen-
tres of ZnO slightly increased. But with
time passing the ZnO nanosized particles
surface (which contain ZnOOH™ groups) are
surrounded by H* ions, which compensate
the charge. Under such conditions charges
do not prevent the coagulation and it be-
comes the dominated mechanism in dynam-
ics of ZnO particles in suspension after 7 h.
This process stimulates the rising of
nanosized particles size and their following
precipitation. In the spectra (Fig. 3) this
process is visualized as the exponential de-
crease of absorption after 400 min.

According to coagulation mechanism as-
sumption it is easy to explain some accelera-
tion of lightning of suspension of
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H,0+0.1 %Zn0O under CPCL adding (i.e. in
H,0+0.015 %ZnO+1 %CPCL suspension).
The molecules of surfactant are polarized.
That is why they rotate in such way to
compensate the charge of ZnO nanosized
particles surface passivated with ZnOOH-.
Therefore it is necessary to find out the
reversible process of coagulation of ZnO
nanosized particles under the forming liquid
crystal phase with cetylpiridinium chloride.

4. Summary

The results on time dependence of optic
absorption spectra of H,0+ZnO and
H,O0+ZnO+CPCL suspensions allow us to
offer the two steps mechanism of coagula-
tion of ZnO nanosized particles: 1) the pas-
sivation of ZnO nanosized particles surface
by ZNOOH™ resulting from interaction with
OH~ groups existing in water. As a second
result of this interaction ZnO nanosized
particles obtain the negative charge which
prevents the coagulation; 2) the next com-
pensation of charges with H* in water. As a
result the neutral compounds form that
does not prevent from their coagulation and
ZnO precipitation from aqueous solution.
The adding of cetylpyridinium chloride sur-
factant into suspension inc rease the compen-
sation of the charge of ZnO nanosized parti-
cles that causes the process of its coagulation
and tends rodelike systems forming.
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OnTHKO-CIEeKTPadbHi MOCHIIKeHHSI HAHOPO3MipHHMX
yacTuHOK ZnO y BogHOMY poO3YuHi
3 HEeTHJINiPUANHIYM- XJIOPUIOM

M.M.Omenvuenko, M.B.3v06po, B.B.Kanycmanuk

IIpuBeneno pesynbraTu [LOCHifKEeHb OITHUYHOIO IOTJIMHAHHS HAHOPOSMIPDHHX YACTUHOK
Zn0O y cycmensiax H,0+ZnO rta H,0+ZnO+CPCL. 3anpomnoHoBaHO ABOCTamifiHHiI MexaHisM
YacoBUX 3MiH CIIEKTPiB MOTJIMHAHHA 000X cycmeHsiii: 1) macuBanif moBepxXHi HAHOPO3MIipHUX
vactuHoK ZnO cnoaykoro ZNOOH™ sa yuacrtio masBuux y Bogi rpyn OH™, B pesyabrari uoro
Ha"opoaMipHi wacTmHKE ZnO oTpUMYyIOTH Bix'eMHUN 3apsanm, SKUH IePenIKkoiKac Koaryaamil;
2) HacTylnHa KOMIeHcallid 3apaziB saBasku HY, B pesyabTari yoro q)opmyoTbcs HefTpanabHL
YTBOPEHH#, KOTPUM HIIO BiKe He IIePEeIIKOJKa€ KOoaryJIOBATHUCH 3 HACTYIHUM YaCTKOBUM
ocigauuam ZnO 3 posuuny. [ob6aska Jiorpomuoro cydpouemarurka cetylpyridinium chloride
y cycneHsio 30iJpurye KoMIleHcallilo 3apdagiB, UMM IPUNIBUINIYE IPOIEC KoaryJdAllili HaHO-
posmipuux yactuaok ZnO i cnpusic GopMyBaHHIO CTEPIKHEIOAIOHUX CHCTEM.
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