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Optical properties of thiophene-containing liquid crystalline and hybrid liquid
crystalline materials

. . . . o ogah A p ~
Jerzy Romiszewski," Zita Puterovd-Tokarovd, **” Jozef Mieczkowski® and Ewa Gorecka’

Mesogenic and optical properties of thiophene-based stilbenes and azobenzenes were investigated. A new hybrid
material built of AuNP coated with thiophene-containing ligand is presented.
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We report new mesogens made of thiophene and ratilb®ieties as main building blocks that exhibit
nematic and/or smectic phases. The liquid cryselfiroperties in their thiophene/azobenzene anatogu
have been found to be strongly suppressed compéuitige thiophene/stilbene analogues. In twinned
“bent-core” thiophene/azobenzene compound relatigtiong fluorescence was found. A new hybrid

10 material built of AUNP coated with thiophene-contag mesogenic ligand that forms smectic phase is
shown. In solutions of thiophene-mesogen coated AuNusual decrease of ligand fluorescence decay
rate was observed. Fluorescence lifetime increasesdribed to two—point anchoring of ligand molecul
resulting in molecule orientation tangential to ANurface. UV-Visible absorption and fluorescence
data of all synthesised compounds are presented.

s Introduction structures with possible application for new types
optoelectronic devices. These discoveries have exn our

so continuous research on development of novel mesogen
compounds with 2-aminothiophene core as main strakct
feature containing stilbene or azobenzene moietpnd\ with
investigations on  mesogenic  properties  of  target
thiophene/stilbene and thiophene/azobenzene comdpouhe

ss recent introduction of aminothiophene core helpsdurther to
develop a mesogenic thiol-ended ligand for funetlmation of
gold nanoparticles (AuNPs). Recently much interesteing

Conjugated materials have received much attentiothey offer
new possibilities for devices combining desiredaadt electrical
and mechanical properties. Thiophenes and theirctifomel
derivates are among the variety of heterocyclic mmmds used

2 as key structural units in optoelectronic devicesch as field-
effect transistors (OFETs) organic-light emitting diodes
(OLEDs)*5, photovoltaic cels and chemosensotd. In fact,
performance of such functional material is strondgyendent on
fts moleculqr structur'e a.n.d. organl.zatl.on_ Majorosth‘ are placed in the use of liquid crystals (LCs) for iothg controlled

s presently being made in utilizing the liquid-crykte (LC) state = 4 eventually stimuli-responsive self-assemblpoNPs *%as
to organlzen-comugated semlc.onductlrlg. organic molecules Nwell as for combining desired properties exhibited both
such way that high charge carrier mobilities carablieved. As g piates that could result in new unique magetaf
attractlye as thlophene-c_onﬁalnlng materials greth‘elr physmal Functionalized AuNPs are key materials in nanockegniand
properties their synthesis is often challendinglternating -

. . . . . 2 nanomaterial science with numerous applicationgjirgnfrom
30 conjugated thiophene units with azobenzene artksi moieties opto-electronic®, catalysi&®, to energy conversion devicds.

can be used f_or changm_g and enhancing gompounﬂeabp es Particle size and interparticle distance dependerafeoptical
and/or (_:onductlng [properties as well as for |ntmdg. “ght' propertied®3?in resulting AUNPs based materials make them a
responsive properties. Azobenzene groups undergapid cis- very promising building block that nevertheless uiees
trans reversible isomerization by photoirradiatibh Therefore, appropriate method for controlled assembling

% alzobenze?es are t?/plicalrl]yl used hgs a pt;ptochroa?mltc;s?g We describre, herein, the synthesis, liquid-ctiist optical
fsements or exampie In holographic recorcing @andior . hehaviour and supramolecular organization in a hoyge of
image storing applicatiori3.Stilbenes also belong to systems that hybrid AuUNP grafted with amidothiophene-based siafger
show reversible photoinducets-trans isomerizatiof?, exhibit (Fig. ). The mesogenic and optical properties in

strong blue fluorescenteand as pro-mesogenic entities in host thiophene/stilbenéFig. 2 and thiophene/azobenzene compounds

10 thiophene-containing structures can introduce mesphic (Fig. 3 are investigated and compared, if possible. Préparaf
. 4 . . . y .
fr:gngfiag:: z?tga?g:gnﬁgﬁtOTnSUSEELDCs szlit;m;agljlow% substituted 2-aminothiophene core as a main eleriverthe

fluorescence which is of interest for security lat&*® structure of all designed compounds was carried mutthe

Gewald reactioii® The availability of reagents and the mild
Advantage of both, azobenzene and stilbene elementeir y 9

] - . . reaction conditions all contribute to the versstitf this reaction,
4s acceptable synthetic accessibility requiring ortiaightforward . . !
A 920 L . . g where by choosing a suitable substrates the steuciuthe final
purification step$®® Their insertion into thiophene-based

: ) ) _ thiophene-containing material is precisely predicfe®
materials can lead to formation of a variety of amerphic ° P g P yP

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00—-00 |1
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Experimental

/ = AuNP
\2 H ~w = primary grafting ligand

n-decanethiol

J<’\_\_\’\:'\/7§\T\% ‘ = secondary grafting ligand

L1 Au@L2

Fig. 1 Molecular structures of ligand used as secondeaftingg layerL2 and its brominated precursiot. Schematic structure of grafted nanoparticle
Au@L2.

s Synthesis of all presented compounds is describeitheé ESIT X M1: R'= CyoHas, RR=H, X=H

(Schemes SandS2). Gold NPs were synthesized according to /’/“ | M2: R'= CaHyy, RP=H, X =Cl
the Brust method, using-decanethiol to passivate the metal ] O / O © R M3: R'= GHy, R= Br, X =Cl
surface. The diameter of the metal particle cors determined | D—nh M4: R'= CgH,7, R2= 2-thienyl,

from the small angle X-ray scattering of NPs iruesle solution. rZ~ S X =Cl
wln the next step, part of tha-alkylthiol molecules were

N\ 7
exchanged for the mesogenic molecules of compa2ngFig. 1) o 2 \/i—( Q o
by Murray reaction. The efficiency of the ligand change . H . H -
reaction was unambiguously confirmed By NMR spectra: "o o
broadening of signals coming from ligands covaleattached to MS
1s the metal surface was observed. No traces of fgamds were Fig. 2 Chemical structures of studied stilbene-containiigphenes.
found. Identification of the liquid crystalline pkes was based on
the type of texture exhibited by the compound. Thaures were /7 o /NOO—W M6: Riz G, RE= H
observed with a polarizing optical microscope (PQid)ss Axio }—@.{ L w )
Imager A2m equipped with a Linkam hot stage. The Ié M7: Rl_ Cofyr, = Br, )
2 identification was confirmed by X-ray studies cadiout on a  ® M8: R'= Cefyr, R= 2thienyl,
Bruker GADDS system equipped with a VANTEC 2000aare " .
detector and a hot stage controlled with a Linkamtwller and o \\i_i// o
on a BrukerNanostar equipped with a Vantec 200@atet. /I
CuKa radiation was used. Phase transition temperatures,csy,. /O/ N\\N/O)( N s H)\\QN’/Nﬂ _Cathr
2s enthalpies and melting points were determined bfergintial © ©

scanning calorimetry measurements on a TA InstrasnBSC Q
200 calorimeter. In case that DSC measurement neasclusive

(no clear transition signal) or impossible (samplegradation  sybstituted precursot1 (Fig. 1). The synthesis ofM1-M5
accompanying heating) transition temperatures wietermined  required preparation of stilbene fragnférierminated by long
30 by POM observation. Absorption spectra were reabnasing a so alkyloxy tail (C12, C8) and for compound$6-M9 substituted
Shimadzu UV-3100 PC spectrometer for solutionsppirapriate ~ azobenzene with incorporated octyloxy chain wagamed in
compounds in  dichloromethane (¢ ~ 5%Ifol.dni®). advancé? The 2-aminothiophene-3-carbonitrile as a main pért

Fluorescence measurements were performed for dibligions ~ Central core in compoundsll, M2 and M6 was synthesized

in dichloromethane using FluoroLog HORIBA Joblanon utilizing the fourth version of the Gewald reactinUnder
s spectrometer equipped with a TBX-04 PMT detector standard reaction conditions usinlg-bromosuccinimide the

correspondlng 5-bromo-substituted derivatid3 andM7 were
Fluorescence lifetimes were calculated from fluceese decay  t5rmed® New stilbene-containing  bithiophen#4 and its

curves obtained by time-correlated single-photoruntiog  azobenzene homologueM8 were synthesised employing
method using the same FluoroLog HORIBA JobinYvon palladium-catalysed  coupling  reactiofis. 2,5-Diamino-
instrument with NanoLED excitation source. eo thiophene-3,4-dicarbonitrile as a core unithtbs and M9 was
obtainable from tetracyanoethylene according to digithn®’
The central unit inL1 and L2, the biphenyl-substituted-2-
In our Study we have Synthesized three series Ufpmnds: aminothiopheng, was formedia mOdIerd GeWald reaction
series A — stilbene containing thiophene§l1-M5 (Fig. 2); sequence published by us recenflyGenerally, the Gewald
series B— azobenzene containing thiopherds-M9 (Fig. 3 _reactlon pro_V|des broad synthetic pqtt_antlal in matehemistry
and eries C — thiol-ended ligandL2, which was used for in synthesis of thiophene-containing metamatéfialsnd

) . . optoelectronic§® The methylester group in a position next to
4s the preparation of gold nanoparticks@L2, and its bromo- amino group stabilizes 2-aminothiophene core andbles

subsequent reaction steps coupled with amino gsabgtitution.
70 It has to be noticed that substituted 2-aminothéo@ls are stable

Fig. 3Chemical structures of studied azobenzene-contathiophenes.

40 Synthesis

2|Journal Name, [year], [vol], 00—00 This journal is © The Royal Society of Chemistry [year]
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only if the electron-withdrawing group is presentthe position
C-3 adjacent to the amino group in C-2 of five-meneldl
ring.3*** Exchanging bromine in1 with thiol group inL2 was
conducted according to the pioneering wbrk with
hexamethyldisilathiane (HMDT) as thiolating agent.
Passivated gold nanoclusters were obtained by Beisiffrin
method® using n-decanethiol. The particles with simpie
alkylthiol (~ 55 thiol molecules per metal particléid not form
any long-range structuf8. The radius of gold core,
10~1.0£0.2 nm, was determined by small-angle Xsesttering
(SAXS) experiments for particles dissolved in tole2*° In a
ligand-exchange Murray reactiim-decanethiol molecules were
then substituted by mesogenic thiophene-contaititand L2
with thiol group pending at long C-10 alkyl chaifid. 1). The
israte of exchange depends strongly on the Murrayctioea

o

conditiond?, and thus the temperature and concentration of

incoming ligand were chosen to ensure that ~ 50f #xohange
ligand ratio was obtained. This result indicatest thetween 25
and 40 mesogenic groups were attached to a sinddepgurticle.

20 It was foundpreviously thathe type of nanoparticle organization
is not affected by the number of mesogenic pendaiitsn the
limits given abové® For the detailed synthesis and
characterization of all compounds see ESIt.

Mesomorphic properties and X-ray structural studies

25 All of the obtained stilbene-containing compoundsnf liquid-
crystalline phases. Mesomorphic behaviour of compeuM1-
M4 is typical for rod-like molecules, exhibiting neficaand
smectic A phases with relatively high (above 15) filting and
clearing temperatures. Compouli® despite its bent-core shape

30 forms non-polar smectic C phase at elevated terhpesa(above
300 °C). Because of high temperatures and modstakdlity of
M5 compound it was not possible to confirm liquidstajline
behaviour by XRD or DSC and the phase determinagtad on
POM observations. Among azo-compounds dvly compound

s with bromine in C-5 position of thiophene ring shauv
mesomorphicproperties; itexhibits monotropic nematic phase.
For L1 precursor no LC phase was observed, while ford o
monotropic smectic A phase was found. Mesomorplapgrties;
transition enthalpies and temperatures for allistldhaterials are

40 sSummarized imable 1
Although all stilbene-containing compounds show onesrphic
properties, only M3 and M4 exhibit a relatively broad
temperature range (ca. 20 °C) of LC phase. Staldihge of LC
phases increases with elongation of alkyl chaionffM1 to M4)

ssand also upon introduction of halogen atonh$2( M3) or
additional thiophene ringM4). Unfortunately M4 undergoes
partial decomposition at clearing temperature. \Wsume, that
due to the exchanging of C=C bond by N=N bond igeid
crystalline properties of azo-compoundd6, M8, M9 are

so hindered®® The lateral chloro-substitution on the benzeng rin
acts as a supplier of-electrons lowering the dipole moment of
the molecule, causing the decrease of the meltoigt pf rod-
like and banana-shaped stilbene-containing mes&tEns
whereas the dipole moment thins azobenzenes is equal zero

ss regardless of the substitutidfi™® CompoundM?7, with bromo-
substituent on thiophene ring, is the only azoxd@give among

Table 1 Mesogenic properties, phase-transition temperafiimeC) and

e0 enthalpies (in parentheses, kJ-Mpknd layer thicknesses in smectic A

phase (in A).
Com T/°C [AH/kJ-mol™] Layer thickness in
P- SmA phase [A]
M1 Cr 181.6 [30.58] Iso 180 [¥SmA 35.8
178.78 [31.4] Cr
M2 Cr 158.6 [20.4] N 164.4 [0.1] Iso -
163.7 [0.7] N 150.62 [22.82] Cr
M3 Cr 158.2 [29.1] N 167.8 [0.55] Iso -
170.4 [1.11] N [29.6] Cr
M4  Cr61.7 [19.9] SmA 188.0 [0.47] R42.€ 33.7
[0.15] Iso 235.2 [3.49] R
M5 Cr 310 [*] SmC -
M6 no LC -
M7 Cr 211.6 [34.8] Is0 201.9 [0.2] N -
198.0 [27.0] Cr
M8 noLC -
M9 noLC -
L1 noLC -
L2 Cr 75.7 [40.8] Iso 53.2 [0.5] SmA 35.1
31.9[30.0] Cr

3detected only by optical and X-ray measuremenis)d*data available
Plprobably due to partial decomposition on heatinly @o-nematic
transition is clear in cooling cycle

65 9 phase transition is accompanied by decompositiansition

temperature based on POM observation, [*] no dedilable

Q.
|||||||||||||||||||||ii% ‘?¢¢E<¢‘!ks>ﬂ’éi‘is ;

Fig. 4 XRD pattern ofL2 ligand in SmA phase just below clearing

70 temperature, and the scheme showing arrangemenbletcules in SmA

phase and the molecular structuré_df

1000

750

Intensity (a.u.)
@
8

250

3,0
2-theta angle

45

Fig. 5 Integrated X-ray pattern obtained fau@L2 at 140 °C together
with schematic drawing showing arrangement of thes.NThe intense
signal results from the layered structure with khigssd = 52.2 A

studied that shows mesomorphic properties; it forms ., eaker, diffuse signati= 37.3 A) results from liquid-like in-plane order

monotropic nematic phase 10 °C beneath the magiat.

of gold particles inside the layer.

This journal is © The Royal Society of Chemistry [year]
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Table 2 UV-Visible absorption and fluorescence data fopadipared compounds.

Comp. UV-Visible Fluorescence
A max [nm] € [dm*cm’mol™] E,™ [eV] A max [NM] 1[ns] Relative amplitude

[%]
M1 350.5 25200 3.11 451 0.16 97.4
0.50 2.1
M2 349.5 40400 3.14 438 0.20 93.2
0.13 6.5
M3 347.0 40500 3.10 438 0.40 98.7
10.8 1.3
M4 359.0 23580 2.85 443 0.49 91.2
0.28 8.4
M5 355.0 26200 2.92 516 1.4 67.6
0.17 27.6

M6 369.5 27900 2.34 - - -

M7 371.0 27200 2.34 - - -

M8 374.5 5940 2.27 - - -
M9 365.5 17190 2.34 510 1.60 84.2
0.72 12.0
L1 267.5 21100 2.79 392 0.17 92.3
1.70 6.7
L2 268.0 29500 2.82 392 0.16 95.1
1.50 3.4
Au@L2 267.5 - - 371 0.17 48.6
1.50 43.6

8.70 7.8

Measurements taken in dichloromethane at room teahyre, typical concentration ¢ £18° mol.dm®

TheAu@L2 system was designed with the aim of producing aThe gold nanoparticles coated witl2 ligand show lamellar

s gold nanoparticle-basetlC with relatively simple coating layer

phase Fig. 5. Long-range positional order for the structure

that could be compatible for doping with M-seri@gnpounds or 20 formed by hybridAu@L2 was confirmed by X-ray studies; two

could be used as a dopant for these compounds.

Ligand L2 forms a monotropic SmA phase with layer

thickness ~ 35.1 A which is close to the lengtla @dilly stretched

10 molecule Fig. 4. Due to the presence efSH terminal group
(Fig. 1) it can be also introduced as a secondary lighygartial
exchanging of primary alkyl ligand at the metal faoe of
AuNPs.

T T T T B T
—— Au@L2, M4 at 130 °C

| —— Au@L2, M4 at 100°C
\ — Au@L2, 130 °C

Intensity (a.u.)

[] 10

2- theta angle

8 10

2- theta angle

15 Fig. 6 Integrated XRD patterns foAu@L2 and the composite of
Au@L2 with M4 compound. In the inset is magnified region at bigh
angles, showing the signals from crystal structdni#4.

25

30

3!

a

40

sharp, commensurate XRD signals in a small angtgome
indicate the presence of a lamellar structure wtib layer
thicknessd = 52.2A ig. 4 that is only weakly dependent on
temperature. The measured layer periodicityXo@L2 system
is much larger than observed for ligan2 in smectic phase. The
mean distance between the gold particles inside layers,
calculated from position of diffuse signal, is 3A3Taking into
account diameter of metal particles (~ 10 A), molaclengths of
n-decanethiol and2 molecule, one can propose the model of the
structure in which gold particles are arrangedhia sublayers
separated by organic sublayers. The organic sulsiagre made
of L2 molecules that are collected below and above noetas.
Ligands attached to the particles from neighbourimgtal
sublayers intertwine with one another, whereaskyl ligands
are evenly distributed around gold centres andraéte the
distance between gold particles in the sublayerckLaf
measurable birefringence of the structure showsttiexe is no
orientational order of2 ligands in the organic sublayer. Heating
of the Au@L2 above 160 °C causes decomposition; such
decomposition prevents observation of isotropictmel

Because melting temperatures of M-series compolares
close to decomposition temperature &u@L2 material
composites were prepared by dissolving batf@L2 and M4

4|Journal Name, [year], [vol], 00-00

This journal is © The Royal Society of Chemistry [year]
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compound in appropriate solvent and slow evaparatib the 12
solvent. The XRD measurements prove that only atdom
amount of M4 compound can be incorporated infu@L2
matrix and the rest of the M-compound precipitatesrystalline

s State. The X-ray pattern of mixture shows signamiag from
the layer structure formed by NPs and a few sheftpations (the
signal at 3.4 deg overlaps with the peak of sedwmunonic of
NPs smectic phase) coming from crystal structur@l4f(Fig. 6).
The layer thickness of composite is unchangeahpared tqpure

10 Au@L2 material but the in-plane distance between NRghiti
increased, which is probably due to the introdurctid some of
the dopant molecules and/or secondary grafting cotés (2)
between the AuNPs within the layer. The composittsnat 7o Fig. 7 UV-Visible absorption (solid line) and fluoresceng@ashed line)
lower temperature (~ 13@) however, evenin the melt the  spectra foM1-M5 compounds.

15 excess ofM4 phase stays separated. We believe that slight
modifications of both ligandL@) and dopant molecules should
improve stability of composites, paving the way flight
responsible AuNP LC’s.

o
=}

Absorbance

Fluorescence intensity (a.u.)
@
(3]

Wavelength (nm)

10 12

1
o
©
~
[

20 Optical properties: UV-Visible absorption and Fluorescence

Absorbance

1
o
rS

For all studied compounds, ligands as well astia@L2 gold
particles, UV-Visible absorption spectra, fluoresoe spectra and
fluorescence lifetime were measured. Results amararized in
Table 2 00 R~ , SR P
25 Stilbene derivatives Hig. 7) M1-M5 exhibit single optical . ” Waj;:’engm (nm)eoo ”

absorption band around 350 nm and fluorescence bamahd

445 nm. The twinning of molecular structure (compduM5) s Fig. 8 UV-Visible absorption (solid line) and fluorescendashed line)

does not change much optical absorption spectrintroduces a  spectra oM7.

considerable redshift in fluorescence spectrum, ssion is

Fluorescence intensity (a.u.)
@
o

30 observed at 516 nm. Azo-compound$§-M9 are characterised igggaﬁ:@:ﬁn
by the main absorption band at 370 rmrtf transition intrans oal (350nm < 2 < 380nm)

— after irradiation
(1> 400 nm)

form) with small tail without very clearly differéiated peaks at
longer wavelength. From data fit one can deducd&iposof the
second absorption band at around 465 nm. Twinnihghe

35 structure (compountfl9) leads only to a very slight blue-shift of
absorption to 366 nm~(g. 8). Stilbene compounds!1-M4 are
characterized by fluorescence in blue region wabt,f single

exponential decay (with lifetime below 500 ps) wdas M5

Absorbance

0,2

exhibits more complex, multiexponential decay, isajor 00— - - o
40 component having lifetime ~ 1.5 ns. For azo malemhd6-M8, Wavelength (nm)
fluorescence is strongly quenched. Contrary to typical Fig. 9 UV-Visible absorption spectra ok6 before and after UV

behaviour, for the materid$!9 with two azo- units, relatively jadiation.
strong fluorescence at 510 nm was observed withydéme of
1.6 ns. The Uv-Visible absorption measurementsoperéd for %
45 M6-M8 (Fig. 9 during, or shortly after irradiation with Uv ligh —— before iradiation
(350-380 nm) showed typical spectrum changes ekatghoto- o o onm)
induced cis-isomerisation, i.e. a sharp decrease of intensity _;f‘ffjgg‘:j;‘;”
absorption band due tw1t* transition intrans form at 370 nm,
occurrence of new absorption band with maximum2&t@m due
sot0 TET transition in cisform and increased intensity of
absorption band due tomi-transition incis-form at 442 nm. For 04
bisazo compoundM9, even after longer Uv irradiation
absorption at 370 nm remains but also increasabsorptions at

02
95

Absorbance

ca. 460 and 300 nm, as typical forans-cis transition, are 00— o s S
ss observed. Still irradiation oM9 with visible light reproduces Wavelength (nm)
original shape of absorption spectrufng( 10. Fig.10 UV-Visible absorption spectra oM9 before and after UV
irradiation.

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00-00 |5
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The absorption band &flL andL2 compounds due to coupling

of biphenyl and thiophene moieties is red shiftath wespect to
components and exhibit maximum absorption at 268and
fluorescence at 392 nm with very short decay tiheao 170 ps.

temperature ifM5. Although both azobenzene and stilbene unit
are often used as promesogenic enfti®in M6-M9 — that are

ss close structural azo-analogues of compoukdsM5, only M7
displays mesogenic phase. This behaviour is inwitke general

s Also ligandL2 attached to gold particles shows fluorescence withtendency for lowering of nematic-isotropic phasansition

a slight blue shift (371 nm). This is rather undsolservation
since in most cases proximity of metal surfacergflp affects

temperature upon exchanging C=C by N=N unit fAPR-X=X-
Ph-R compounds (X = C, N¥ Generally, the influence of halo-

fluorescence of attached ligahd? resulting in fluorescence e substitution on mesophase stability is ambiguous$ @mbably

quenching and shortening of fluorescence lifeti@entrary to

10 this general behaviour, for ligant2 attached to the gold
fluorescence decay time becomes introduction of of bromine ta-position of thiophene ring iM7

nanoparticles Au@L2),
significantly longer than for free ligandFi¢. 11), due to
appearance of anew decay term with lifetime of &%
Fluorescence lifetime increase in the proximitynoétal surface
1s was theoretically predicted already over 10 yeayg™>?but to
our best knowledge such effect was reported onte @o far and
for a fluorophore structurally constraint to aligarallel to AUNP

surface®
1000000
L2 20
©=0,16 ns
100000 | !
Au@L2
Fit function
10000 1,=0,17 ns;z,=1,5 ns
S
s
> 1000 |
B
=
2
£ 100k
10 E
25
1 1 1

0 10 20
Time (ns)
Fig. 11 Fluorescence decay for free ligab® and nanoparticlAu@L2.
Bumps onL2 fluorescence decay signal are experimental attethee to
characteristic time of excitation signal.

2 Results and discussion

2-Aminothiophene ring as a main structural elemesss
introduced into two series of rod-like and bentecaompounds
differing in the structure of the side fragmenttitbene M1-M5

vs. azobenzenkl6-M9. Their mesogenic and optical properties

3s were investigated and compared, if possible. Odisteuctures
are promoted by planarity and aromatic charactestitifene unit
in the mesogenic core. Previously we have
investigations on stilbene-containing thiophenessspesing
mesogenic properties with high transition tempeetf In order
wto lower the clearing temperatures, herein we hprepared
stilbene fragment with chloro-substituent adjacemtoctyloxy

substituent on benzene ring of rod-like and barsraped

mesogens containing stilbenes is a common procedore
s decrease their melting poirfts?” Nevertheless high stability of

crystalline phase iM1-M5 results in relatively narrow range of . . S .
54 P y 9 105 ligand contains one thiol group in its structureotvpoint

LC phases. Higher stability of LC phases formed\8/ andM4
may be rationalised by higher number of halogemat(? versus
1 in other compounds in this seriesM1-M4) and therefore

so larger dipole moment foM3 as well as increased length of

aromatic core (by introduction of second thienyituim M4. The
same extension of aromatic core leads to very higgiting

reported

introduction of halogen would have only minor impan the
formation of mesophases M6, M8 and M9.*3°6%8 sl the

leads to the formation of monotropic nematic phatseelatively
es high temperature (200 °C). Therefore the influemdelateral
halogen substituent in azobenzenes cannot be ctaiyple
neglected and could become a topic of further sorut
Stilbene derivatives exhibit, as typical for thigoup of
materials, optical properties with single stronga@ption band
7o around 350 nm and fluorescence band around 440FomM5
compound the fluorescence band shifts to 516 nm anc
fluorescence decay time increases, due to the dirignof
mesogenic core by additional aromatic rings. Siragte-group
derivativesM6-M8 are not fluorescent, such behaviour is typical
s for azo compound$ These materials show also typical
absorbance spectrum consisting of high intensispgition band
around 370 nm due toeTt* transition in transform and small
intensity tail at longer wavelengths. Absorptioit immostly due
to the weak m* transition for transform. Quite unusual is
so relatively strong fluorescence observed for azomoummdM9.
Changes in absorption spectrum upon Uv irradiatioicate that
only part of azo groups can underge-trans isomerisation
whereas the rest remainstiansform.
New liquid crystalline hybrid material was obtaineyy
ss exchanging part of-decanethiol primary grafting layer at gold
nanoparticle by mesogenic thiophene-biphenyl comgoL2).
To the best of our knowledge, aminothiophene chieynigas not
applied for the preparation of such nanomateriads far.
Advantage of this thiophene-based ligand besiddigas
90 secondary grafting for gold nanoparticle, is itslighto form
smectic A mesophase with relatively low transittemperature
(52.2 °C Table 1).The gold nanoparticle with thick deformable
organic layer formed lamellar structure build of taleparticle
rich sublayers divided by organic sublayers howewé&h no
o5 intrinsic orientational ordering of ligands. Theusnal elongation
of fluorescence decay time AU@L2 solutions in comparison to
solutions of free ligand is rather surprising ag fadial
distributed ligand a contrary effect is expectet.On the other
hand for ligand aligned parallel to the metal stefaas predicted

chain on benzene ring/@-M5). Incorporation of lateral halogenmo theoretically, fluorescence decay time becomesdprigan for

ligands aligned perpendicular to gold surfat&Such effect was
observed for dithiol ligand (4-acetamido-4 -maleigistilbene-
2,2 -dithiol) which parallel alignment to the AuNfrface was
enforced by double point anchoring to the surfiedthoughL2

anchoring to AuNP surface is also possible. It mown that
thiophene derivatives exhibit ability for binding gold surface
via sulfur atom, forming self-assembled monolayens planar
surfaces and partially coating Au nanopartitlebus one can

uo expect that at least part @2 molecules is bound to AuNP
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surface botlvia thiol group and sulfur atom of thiophene group. "Department of Chemistry, University of SS Cyril afethodius, Nam. J.

Au@L2 fluorescence decay can be fairly well describea hyo
exponential model with almost equal share of fast Q.17 ns)

Herdu 2, 917-01 Trnava, Slovakia. Fax:+421335921,403
60 Tel:+421335921408; E-mail: zita.tokarova@ucm.sk
T Electronic Supplementary Information (ESI) avaléa Synthesis,

and slow {=1.5ns) decay. As the time constant of the fastexperimental details of methods used for synthekiatacterization of all

decay is almost the same as that measured for ligaed
molecules, one can propose a model in which theréwe types
of L2 particles on AuNP surface: 1) only thiol bound,awerage

obtained compounds, figures of UV-Vis absorptiord dtuorescence
spectra for all compounds. See DOI: 10.1039/b00g000

radially oriented and exhibiting fluorescence decaig close to s ACknowledgements

that of freel.2; 2) bound by thiol and thiophene and thus oriented
inclined towards AuNP surface with a slower fluaessce decay.
Such an arrangement in which there is no clearfepenced
orientation of ligand particles would also implyrgoor very low
birefringence. This is in agreement with our obaé&on in pure,
planarly oriented (layers perpendicular to the aej, hybrid
nanoparticle LC state. Concluding a plausible exqii@n of
observed elongation of fluorescence lifetime isvigted by the
assumption that at least part of ligand partickkAu@L2 is

bound via thiol as well as thiophene group resulting in rathe
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