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Abstract. In this work we present the results of structuraldaelectrooptical investigations of the
new-created composites based on lyotropic liquigbtals (LLC) of potassium caprylate and viologens.
Provided structural analysis showed the presenca $Mmectic ordering in the investigated samples and
allowed to determine its main parameters. It wasmithat the electrochromic properties of viologars
preserved after their solution in the liquid-cryfitee matrix. They reveal themselves as a coloratibthe
samples under applying of an electric field and preved by the optical absorption spectra. Also we
analyzed the processes taking place in LLC-viologenposites in the case of an electric field apylyi
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Introduction Materials and methods

The idea of creation of new liquid crystal Lyotropic liquid crystalline phase was formed at
materials with regulated optical properties lays imixing powder of a Potassium caprylate
doping lyotropic liquid crystals (LLC) with photo- (C;H;sCOO K*) with water in 1:1 weight proportion
and electrochromic admixtures. Molecules thait the room temperaturé € 293K). Then samples of
belong to the class of viologens obtain needdd C were doped by the viologens of two types: the
properties, e.g. they are able to change theiucato first one N,N'-diheptyl-4,4'-dipyridilium dibromide
the case of ultraviolet radiation or external eiect (HD*2Br), and the second one s
field application [1]. These properties remairN,N'-di(2-carboxyethil)-4,4'-dipyridilium dichloril
completely at solving viologens in different(CED*"2CI"). The viologens differ in substitutes at
solutions. Thus, the same result should be Obsﬁved\litrogen atoms and counterions. The general

solving viologens in water-containing LLC. Highstructural formula for both viologens is given as:
viscosity of LLC might facilitate the prolongatiarf

coloured states lifetime in comparison with theid R- N@_@Nt R 2A”
solvents. ,
Analysis of investigations and publications whereR is a substitute{ is a counterion. In the case

of HD?*'2Br R= C;H;5, A = Br ; for the CEB"2CI'R

of research in the field of display and optoeletito ~ (C|'I|2)2COOH’ A = CL' \éiolog_e?]s content in the
technologies. Such investigations are particular§AMPIES amounts to 2 % by weight.

effective and acknowledged in the area @ Saf‘dW.‘Ch cells (fig. 1) were used for the
thermotropic and polymeric liquid crystals. As foe investigation of the created samples. Samples were

lyotropic liquid crystals, it should be mentionéuht placed between_two glass plates whose inner surface
these materials are not used so widely and thdyas covered with ITO electrodes. Then'the_ plates
investigations are still not full. However, thesesiset WeTe fastened and pasted together to avoid aisacce

of articles [2—4] devoted to the investigations ofnd further spoiling of the samples. The thickreiss

impurity LLC, whose mesophases gain new opticil€ Sample was set with using teflon pads. The

properties peculiar to the admixture materials. voltage was applied using constant voltage source.
The aim of the present work lays in following:
— creation of electrochromic composites based or glass plate
lyotropic liquid crystals and species of viologens ‘,/
class: (/ Ig\
— developing working cells for studying the L : electrodes
created materials; electrodes  the sample

— ascertainment the structure of the LLC-viologen
composites; i

— realization of complex investigations with slass plate teflon pads
purpose to reveal electrooptical properties of *
LLC-viologen systems.

Liquid crystals investigations are in the firstdin

Fig. 1. The experimental sandwich-cell
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Structural investigations

The method of small-angle ¥y scattering wa
applied for thestudying the structure of LLC on tl
base of aqueous solution of Potassium capry
X-ray experiments were carried out for both pure
viologendoped LLC. They allowed determining t
type of the formed mesophase and the impar
viologens solved in LC on a liquid crystal orderin

The obtained radiographs are presented in
fig. 2. The presence of an intense maximum in
smallangle area is a distinctive feature of Sme
liquid crystals. This maximum points at the exisie
of bilayer orderingof molecules for the investigat
samples.
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Fig. 2.Radiograph of pure LLC samples (solid lin
LLC-HD?2Br” composite (dots), and LLI-CED**2CI”
composite (triangle

The width of Smectic bilayers was calculated fi
the smallangle peak position using WtBragg
formula. For pure LLC it comes upd = 27,14, for
LLC-HD*2Br and LLC-CEB"2CI" composites
d=27,8A andd = 28,5A correspondingly. Therefor
doping LLC matrix with viologens doesn’t break
structure in general but leads to a little broaderuf
bilayers. In addition we determined the dista
between hydrocarbon chains within one le
(s= 4,9A) and correlation length of Smectic order
for non-oriented sampleg,(= 350A).

Basing on the obtained data we made a mod
the LLC-viologen arrangementid. 3), which take:
into account Smectic A ordering and bilayer strre
with cation-anion iterlayers consisting of wat
molecules, Potassium ions and negatively cha
Oxygen atoms of caprylate carboxyl groL
Hydrocarbon chains of the caprylate molecules
perpendicular to the catieamion interlayers
Estimation of the interlayers widttives following
values:Al = 8,8 A for pure LLG Al = 9,3 A and
Al = 10 A for LLC-HD**2Br™ and LLC-CED**2CI”
composites corresppondingly.

Al

Fig. 3.Schematic representation of bilayer structur
LLC Smectic mesophaseitiv built-in viologen molecules

Most probably viologen molecules are locate:
LLC matrix so that their central units and ani(Br
or Cl) are situated in cati-anion interlayers. With
that the substitutes are located along sin
hydrocarbon caprylate chairfig. 3). Such a location
is the most advantageous from the energetic poi
view. Also it is proved additionally by the simiiyr
in sizes of electrostatic LLC layer and cen
viologens units.

Electrooptical investigations

It is known that application of an ctric field
leads to the reduction of viologen molecules
formation of coloures radical cations and dimers
1]. Investigations of volempere characteristics
LLC-viologen composites presented in the article
showed that viologen$iD?*2Br and CEDB"2CI
being contained in lyotropic liquid crystal redt
under the action of an electric field in two stages
the first stage they turn into bl-coloured radical
cations, on the second stage radical cations redt
biradicals. The last onggin together with initia
viologen molecules and thus form dimers v
characteristic red colouring. In the caseHD**2Br
it is possible to distinguish both reduction stade:
the case of CED2CI reduction processes are
quick that radical catimand dimers occur almc¢
simultaneously. According to the data of -ampere
characteristics reduction of viologens in LLC i
reversible process. This fact points at a possill
a multiple repetition of colourir-decolouring cycles.

It should be rantioned that reduction takes pl:
at the LLCeell cathode, which serves as an elec
donor for viologen molecules are able to ci
electrons. Thus, after the application of an ele
field one observes formation of a bilayer cell, et
consists ofthe thin insoluble film of viologe
reduction products and liquid crystal la
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It was determined that both pure LLC and = 595 nm (fig. 5, curve 1). Factorization of the
coloured LLC-viologem composited arespectrum by Gauss profile allows distinguishing two
characterized by dichroism [7]. In the first casesi separate absorption bands, which belong to radical
explained by dichroic properties of the liquid dafs cations £ = 600 nm, fig. 5, curve 2) and dimers
itself. In the second case it points at the ordeoha (A = 515 nm, fig. 5, curve 3) as well. Therefore,
viologen reduction products film. spectral investigations prove simultaneous fornmatio

Data obtained with using methods of voltammetrgf radical cations and dimers in LLC-CERCI
were proved and completed by optical spectroscoggmples.
experiments.  Electrooptical characteristics of

LLC-viologen samples were studied basing on
electron absorption spectra in visible region. 1,2 505
Both pure and viologen-doped LLC in the initial 10, 515
state do not absorb in the visible region (fig. 45 "] 595
‘D
curve 1). § 0,84 \600
21 i
] 395 20’6_
1,8 3‘65 O 0,4
1,5; 0,2
5 ]
ju 112_ 0,0' T T T T T T T T T T
g 605 450 500 550 600 650 700
T 09 Wavelength, nm
% 0 6—- 520 Fig. 5. Absorption spectrum of LLC-CE[2CI” composite
o after application of voltagd = 2,5 V (curve 1); factorized
0,3 spectrum (curves 2 and 3)
00- N\ The lifetime of coloured radical cations and

dimers of viologens in LLC medium depends on the

value of voltage applied and duration of its action

) ] _ ) such a way the lifetime could be varied from sesond
Fig. 4. Absorption spectra of LLC-I—FQBr composite 15 hours. Besides, this time is much bigger in
without VOIta_ge application (curve P' after apption of comparison with liquid solvents for which the

voltageU = 2,5 V (curve 2) antd = 4,0 V (curve 3) L . .

lifetime of viologen reduction products amounts to

When studying LLC-HB2Br samples in 10-100 us [8]. Thus, from the point of view of
sandwich cells one-electrone reduction and formaticontrolled colouration processes LLC-viologen
of blue-coloured radical cations were observed abmposites are promising for their further usage in
voltage value olJ = 2,5 V. Absorption spectra areoptoelectronic technologies.
characterized by bands with optical density maxima
ati = 395 nm and. = 605 nm (Fig.4, curve 2). The
first band is stipulated byt-n' electron transition 1. New composite materials were created on the
polarized along the long axis of radical cationeThbase of lyotropic liquid crystals doped by viologen
second band is stipulated by electron transitiampurities. Having liquid crystal ordering they abt
polarized in the plane of the dipyridilium core anelectrochromic properties peculiar to viologem
perpendicular to the long axis of radical cation. molecules.

Two-electron reduction of viologen molecules 2. Methods of small-angle X-ray scattering
that leads to decolourization of a sample occurs @¢tected the presence of bilayer Smectic ordering o
voltage value ot = 3 V. Dimerization takes place atmolecules in lyotropic liquid crystals — viologen
U =4 V; absorption bands of the dimers have maxin@mposites. Furthermore, impurity molecules are
atL = 365 nm and. = 520 nm (fig. 4, curve 3) and organically built into LLC matrix without breaking
correspond to the red colouring of the samples.  its structure. We evaluated space characterisfics o

The samples of LLC-CED2CI™ gradually colour LLC structure such as Smectic bilayers and
in violet after voltage application starting frdth=  cation-anion interlayers widths and correlation
=2 V. Optical density maximum is observed a@rdering length.
voltage value ofU = 3 V. The spectra has a wide 3. It was determined that during the voltage
absorption band with two maximaJlat 525 nm and application the reversible reduction of viologens i
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LLC medium takes place. It leads to the formatibn« 5. Grachev V. N., Zhdanov S. I., Supin G. S.
coloured radical cations and dimers whose preser1978.The investigation of chemical properties of
was fixed by optical absorption spectra. We showibis-(0,0-dimethylphosphate)-N,N'-dimethyl-4,4-dipy
the possibility of managing colouration processes ridilium using methods of classic and alternating
LLC-viologen samples and mentioned the prospeccurrent polarography. Electrochimiya. V. XIV, 9.
of their further usage. P. 1353-1361. (in Russian).

6. Bordyuh A.B. Garbovskiy Yu.A., Bugaychuk
S.A. et al.2009. Dynamic grating recording in
1. Monk P. M. S.1998. The Viologens. lyotropic ionic smectics of metal alkanoates doped
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I'. b. Bopaior. Pinkokpucrasiuni MaTepiain 3 KepoBaHUMHU ONTUYHNUMH BJIACTHBOCTIMHU

HaBeneHo pesyibraTv CTPYKTYpHHX Ta EIEKTPOONTHYHUX JOCIHI/DKEHb HOBOCTBOPEHMX KOMIIO3MTIB Ha OCHOBI
JIOTPOITHUX PIAKUX KPHUCTATIB KampwiaTy Kajlilo Ta BiosoreHiB. [IpoBeieHO CTPYKTypHHWH aHaili3, SKUH IOKa3aB
HAsIBHICTb Y JIOCJI/DKYBaHUX 3pa3Kax CMEKTHYHOTO BIOPSIKYBAHHS Ta I03BOJIHMB BU3HAYUTU HOrO OCHOBHI MapamMeTpH.
[TokazaHo, 10 eIeKTPOXPOMHI BIACTUBOCTI BiOJIOT€HIB 30€piraloThCs i MPU PO3UYMHEHH] B PIIKOKPUCTAIIIYHIN MaTpHILi,
IO TPOSIBIISETHCS B 3a0apBIICHHI 3pa3KiB MiJ Hi€I0 30BHIMIHEOTO EICKTPHUYHOIO MO 1 MATBEPIKYETHCS ONTUIHUMHU
CIIeKTpaMH TOTJMHAHHS. [IpoaHalli30BaHO MPOIECH, SKi MPOXOIATh B JIOTPOIHUX PIAKMX KPHCTaIaX — BiOJOTCH
KOMITO3HTaX Yy pa3i MpHUKIaJaHHs eJIeKTPUIHOTO OIS,

KoaiouoBi ciioBa: 1ioTponHi piiki KpUCTaIH; BIOJIOTCHH; CTPYKTYPHHI aHalli3; eJIeKTPOXPOMI3M; EJICKTPOHHI CIIEKTPH
MOTJINHAHHS.
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A. B. Bopawor. ’KuakokpucTaninyeckne MATEPHABI ¢ YIPABJIsgeMbIMU ONTHYECKHMH CBOWCTBAMH

IIpuBenensl pe3ynbTaThl CTPYKTYPHBIX M AJIEKTPOONTHUECKUX MCCIEJOBAHUI HENAaBHO CO3JAaHHBIX KOMIIO3UTOB Ha
OCHOBE JINOTPOIIHBIX JKUAKNX KPUCTAJUIOB Kalpuiara Kajlus U BHOJIOTeHOB. IIpoBeneH CTpyKTypHBIN aHaIHU3, KOTOPBIH
MOKa3aJl HAJIM4ME B HCCIEIYEMBIX 00pa3lax CMEKTHYECKOTO YMOPSAOYEHHS M MO3BOJIMI ONPENEIUTh €r0 OCHOBHBIE
napameTpel. [loka3aHO, YTO 3JEKTPOXPOMHBIE CBOMCTBA BHOJOIEHOB COXPAHSIOTCS U IIPU PACTBOPEHUU HUX B
KUIKOKPUCTAIUIMUECKON MAaTpHIle, YTO MPOSBISIETCS B OKPAIIMBAHMM OOpa3loOB MOJ BO3JCHCTBHEM BHEIIHETO
NIEKTPUUECKOTO HONS M MOATBEPKAACTCS ONTHYECKUMH CIIEKTPaMH IOTJIOIIEHH. Taxke ObUTM MpOaHAIN3NPOBAHbI
MIPOLIECCH], KOTOPBIE MPOXOAAT B JIMOTPOMHBIX >KUIAKUX KPUCTAIUIAX — BHOJIOTEH KOMIIO3UTAaX B Cllyyae MPUI0KEHUS
ANEKTPUUECKOTO MO,

KnioueBble ci10Ba: JHMOTPONHBIC JKUAKH KPUCTAJLIBI, BHOJIOTEHBI, CTPYKTYPHBIH aHamn3, 3JIEKTPOXPOMH3M,
AJIEKTPOHHBIE CIIEKTPHI MOTJIOMIEHUS.
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