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Luminescence spectra in liquid crystalline (LC) solvents were measured for stilbene,
p-terphenyl, o-POPOP, 2-(1-naphtyl)-5-phenyloxazole and other compounds commonly
used as luminophores or scintillators. The choice of substances was prompted by the ability
of their molecules to assume different predominant conformations in different phase states
(e.g., standard organic solution vs. melt-grown single crystal). For each compound studied,
the luminescence spectra were compared within the sequence "standard organic solution —
solution in LC matrix — single crystal”. Several distinct cases could be singled out, with
the luminescence peak A, ,. shifted to longer wavelengths, to shorter wavelengths, remain-
ing essentially unchanged, or being split into two separate peaks corresponding to two
conformations with close distribution probabilities. For each compound, the observed
luminescence behavior could be easily associated with the corresponding changes in the
effective molecular shape supposedly induced by the LC and crystal ordering. The obtained
data could serve as a basis for future search of efficient liquid crystalline scintillators.

Ona crunnbena, n-repdenunaa, o-POPOP, 2-(1-madrun)-5-peHusoxcasona u APYyrux Be-
IIeCTB, MCIOJbL3yeMBIX B KauecTBe JIOMHUHO(MDOPOB M CIMHTHUJJIATOPOB, M3MEPEHBLI CIEKTPbI
aroMuHeceHnuu B sKugkoxkpucreiaaunueckux (MKK) cpemax. Bbeibop 06beKTOB 006yC/IOBIEH
BO3MOJKHOCTBIO MX MOJIEKYJI IPUHUMATL PA3JMUYHble KOH(MOPMAIMKA B 3aBUCHUMOCTH OT (has30-
BOrO cocTodAHuA. s KaKAOro JOMUHOMPOPA CIEKTPHI WMCIIYyCKAHWS CPABHUBAJIU B DPILY
"cTaHZApPTHEIN opraHmuecKkuil pacrBopuTesb — KK marpuma — momokpucrama . B KK
cpeJax OTMeYeHO HeCKOJBbKO XaPAKTePHBIX CIy4aeB, KOIJA MUK JIOMUHECIEeHIUU A, . CABU-
raercd B JIUHHOBOJHOBYIO 00JIaCTh, B KOPOTKOBOJIHOBYIO, OCTAETCA HEM3MEHHBIM WJHU pasie-
JdeTcs Ha JBa OTAEJbHBLIX MHUKAa, KOTOPBIM COOTBETCTBYIOT JBe KOH(MOPMAIIMH JIOMHHO(pOPA.
i KasKAoro coeJUHEHWs TaKoe IIOBeleHNe MOMKeT OLITh CBSI3aHO C COOTBETCTBYIOIIMMU
uaMeHeHUAMU 3(PPeKTUBHON (POPMBI MOJIEKYJabl, nHAynupyeMmbiMu KK wim xKpucranaudec-
KUM ymnopsgoueHreM. IloJiyueHHbIe Pe3yJbTaThbl MOTYT CIYXUTh OCHOBOM AJS JaJbHEMIIero
noucka s¢pdextnBubx KK criuHTHIIATOPOB.
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It is a well-known fact that luminescence
spectra of many commonly used luminopho-
res, measured under the same excitation
conditions, can be substantially different
depending on whether the luminescence is
studied in the state of a standard dilute
organic solution or, say, for a single crystal
sample. One of the obvious examples is
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trans-stilbene, with its luminescence peak

xmax
lengths for a single crystal sample as com-

shifted by ~40 nm to longer wave-

pared with its solution in heptane or cyclo-
hexane [1, 2]. This effect can be routinely
associated with stilbene molecules packed in
the crystal lattice in a conformation differ-
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ent from that occurring in a quasi-free state
of the diluted liquid solution.

It has been long known [3] that the aver-
age angle between phenyl rings of p-substi-
tuted cyanobiphenyls can vary from its cal-
culated value for the ideal gas state (~42°)
to the firmly established value of 0° in the
solid crystalline state [4] passing through
values of ~30° (isotropic liquid state), ~20°
(nematic state) and ~10° (smectic-A state).
This suggested that actual effective confor-
mations of stilbene and other luminophore
molecules could also be varied in the liquid
crystalline state (i.e., when these lumino-
phore substances were introduced into LC
solvents).

The importance of this study was sup-
ported even more by the expected applica-
tions of stilbene, p-terphenyl and other
similar organic scintillators in the form of
pressure-compacted polycrystalline pellets
[6—T7], where pressure effects could substan-
tially affect the quasi-equilibrium confor-
mation state of the respective molecules [8].

The idea of introducing organic lumino-
phores into a LC matrix is not new in itself.
To avoid a long list of references, we would
just mention the use of LC+luminophore
systems for developing of electrooptical de-
vices with controlled color changes [9], as
well as other works [10—12] where such sys-
tems were used under the aspect of tunable
lasing. Generally speaking, in these works
luminescent dopants were used as invariable
chemical units, with little attention paid to
possible effects of the LC matrix on the
luminescence spectrum.

One of the few works describing the ef-
fects of the LC solvent upon the luminescent
spectra [13] refers to 3-oxy benzanthrone
dyes, which displayed a strong shift of the
luminescence maximum 2,,. to the short-
wave region (by more than 30 nm) upon dis-
solution in the nematic matrix ZLI 1840 (no
data on its chemical composition were given).

A presumably comprehensive publication
on liquid crystal-based scintillators could be
found in [14, 15]. In these works, however,
the authors used luminophores with know-
ingly high emission efficiency in cyano-
biphenyl-based LC matrices. This could re-
sult in technically good luminescence char-
acteristics, but the physico-chemical
problem remained untouched. It has been
known [16-18] that cyanobiphenyl liquid
crystals show their own luminescence, the
intensity of which is of the same order of
magnitude as compared with that of stil-
bene or similar compounds introduced into

Functional materials, 16, 4, 2009

the LC matrix in quantities of several per
cent. Moreover, further complications arise
from the fact that cyanobiphenyls can show
excimer bands with their intensity depend-
ing upon the confined geometry [19]. This
makes cyanobiphenyls (and, consequently,
most of the standard LC matrices) clearly
unacceptable as solvents for studies of LC
ordering upon luminescence.

Thus, the idea of our study was (a) to
use a LC matrix that would not be a source
of its own luminescence capable to interfere
with the luminescence coming from the in-
troduced dopants, and (b) to use organic
luminophores of relatively simple chemical
structure and known characteristics, allow-
ing a simple and unambiguous interpreta-
tion of conformational changes in their mo-
lecular structure that could be induced by
the nematic matrix.

The LC host used was a nematic mixture
ZhK-805 (50:50 % mixture of 4-butyl- and
4-hexyl-trans-cyclohexanecarboxylic acids).

The luminescent dopants included:
trans-stilbene, p-terphenyl (p-Tph), py-
rene, 0-POPOP, 2,5-diphenyloxazole (PPO),
2-(1-naphtyl)-5-phenyloxazole (NPO). The
dopants were dissolved in the LC matrix in
the isotropic phase with subsequent cooling
to the nematic state.

The absorption and steady-state lumines-
cence spectra were measured in a standard
cell (thickness ~10 microns) with planar
alignment of LC at room temperature using a
Hitachi 8330 spectrophotometer and a Fluoro-
max-4 spectrofluorimeter. The concentrations
used ensured optical density similar to di-
luted (~1074-1075 M) solutions in hexane.

The measured photoluminescence spec-
trum of nematic ZhK-805 is shown in
Fig. 1. For comparison the luminescence
spectrum of commonly used nematic LC ma-
trix 5CB measured under the same condi-
tions is shown on the same picture. The
intrinsic fluorescence intensity of 5CB is
several orders of magnitude higher than
that of ZhK-805. Moreover, the broad shape
of 5CB spectrum, in fact, reflects a super-
position of the monomer emission at 320—
380 nm and emission of 5CB aggregates in
the long-wavelength region (380—500 nm), in-
cluding excimers (405 nm), J- and H-dimers
(at 395 and 380 nm, respectively) [16, 19].
Thus, we chose ZhK-805 as a LC solvent for
luminescent dopants because of its negligibly
low intrinsic fluorescence intensity.

For all compounds we studied absorption
spectra in the LC matrix and a standard
organic solvent, and photoluminescence
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Fig. 1. Photoluminescence spectra of LC matrix
5CB and Zhk-805 measured under the same
conditions in our experiments, A = 320 nm.
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spectra in LC, isotropic solvent, and in
crystalline form.

It has been known that some trans-stil-
bene derivatives in the isotropic solutions
form supramolecular aggregates, which are
manifested in the luminescence spectra [20].
So, in the first stage of our studies we
attempted to wvalidate our idea that LC
order could facilitate aggregation of stil-
bene molecules. However, no such evidence
was found — it seems that excimer-type
aggregation is really limited to some of stil-
bene derivatives [20], but is not observed
for stilbene itself. In ZhK-805 matrix, as
compared with hexane solution, for stilbene
we observed an insignificant red shift
(about 4 nm) of absorption spectrum (Fig.
2), without change in its shape. However, in
the same conditions photoluminescence
spectrum in LC demonstrated strong batho-
chromic shift (22 nm) with respect to hex-
ane solution. The position of stilbene spec-
trum in the LC was a sort of intermediate
between the isotropic solvent and a single
crystalline sample. It is worth mentioning
that fot p-TPh the same qualitative picture
was observed, but the red shift of the pho-
toluminescence spectrum in LC matrix with
respect to the isotropic solution was much
smaller (4 nm), which presumably reflects
the fact that conformational movements of
benzyl rings in p-TPh is more restricted
than in stilbene. This hypothesis is sup-
ported by the fact that stilbene polycrystal-
line samples appeared to be more sensitive
to combined pressure-temperature effects
than those of p-TPh [8].

0-POPOP is known for its large Stokes
shift due to flattening of its molecules in
the excited state [21]. In the LC matrix, we
observed no significant changes in the
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Fig. 2. Absorption (I, 2) and luminescence (3—
5) spectra of stilbene, A" =260 nm: I, 3 —
107® M solution in hexane; 2, 4 — 2 % solu-
tion in ZhK-805; 5 — single crystal sample.

I,_a.u.

08 : 4038

0.6 ‘ 406

0.4 Joa

0.2 R 0.2

0.0 L 0.0
250 300 350 400 450 %,nm

Fig. 3. Absorption (I, 2) and luminescence
(3-6) spectra of 0-POPOP, 1" = 260 nm: I, 3
— 1075 M solution in hexane; 2, 4 — 3.6 %
solution in ZhK-805; 5 — 8.6% solution in
5CB, 6 — single crystal sample.

shape and position of 0-POPOP absorption
spectra (Fig. 3). But in the emission spectra
we observed broadening of the peak and in-
creasing of the Stokes shift (by ~20 nm) in
the LC solvent as compared with the iso-
tropic matrix. This effect was approxi-
mately of the same order of magnitude in
LC matrices of different chemical nature
and polarity — ZhK-805 and 5CB (Fig. 3,
curves 4, 5. A short-wave shoulder at 350—
360 nm in curve 5, Fig. 3, corresponds to
emission of the pure 5CB matrix). This sug-
gests that in these cases the key role is
played not by the chemical nature of the
solvent, but just by the presence of LC or-
dering. As distinct from the cases of stilbene
and p-TPh, the 0-POPOP single crystal emis-
sion spectrum was blue-shifted with respect
to LC and even isotropic solutions of o-
POPOP. This can be explained by the re-
straint of o-POPOP molecule conformation
changes in the crystalline form and their
more flexible state in solutions. The LC en-
vironment facilitates additional flattening
of the luminophore molecules in the excited

Functional materials, 16, 4, 2009



L.N.Zavora et al. /| Effects of liquid crystalline ...

D |, a.u.
/'\‘ n
ST
E
0.8 8 Jos
N b
0.6 4 os
0.4 N Jo4
3
0.2 ;‘.~_< 0.2
0.0 1 <A I 1 ) 0.0
200 300 400 500  ,nm

Fig. 4. Absorption (I, 2) and luminescence
(3-6) spectra of pyrene, A" =817 nm: 1, 3 —
1075 M solution in hexane; 4 — 0.2 % solu-
tion in ZhK-805; 5 — 1 % solution in ZhK-
805; 2, 6 — 2 % solution in ZhK-805.

state, causing an increase of the Stokes
shift.

Unlike the previous cases, absorption and
emission spectra of pyrene demonstrated ab-
solutely the same behavior in LC and iso-
tropic solvents. No spectral shift depending
on the solvent ordering could be noted (Fig.
4). In the LC matrix we observed the ex-
cimer formation fully corresponding to the
well-known pyrene properties in the iso-
tropic solutions [22,23]. A broad excimer
band appeared at ~475 nm and slightly
shifted to the long wavelength with in-
creased pyrene concentration. It can be as-
sumed that, because of its rigid structure
and very small anisometry, pyrene hads no
reasons for changing its conformation or
obtaining a preferred orientation in a LC
matrix, which results in the observed simi-
larity of the measured spectra in isotropic
and anisotropic solvents.

For PPO and NPO (well-known organic
luminophores of similar chemical structure
[24]) we obtained qualitatively similar re-
sults, which (as it could be expected) were
more pronounced in the case of NPO.
Changing the solvent from isotropic (hex-
ane) to anisotropic (ZhK-805) led to a slight
blue shift (~4 nm) in the absorption spectra
of NPO (Fig. 5). The changes in emission
spectra were more pronounced. Instead of a
single luminescence peak noted in the iso-
tropic solution at ~389 nm, two marked
peaks appeared in the LC solvent at ~378
and ~447 nm (Fig. 5). The position of the
long-wavelength peak (447 nm) is rather
close to the photoluminescence peak of
NPO crystalline powder (449 nm) [24]. Ad-
ditional microscopic observations showed no
dopant crystallization from LC solution.
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Fig. 5. Absorption (I, 2) and luminescence
(8-5) spectra of NPO, A* =820 nm: 1, 3 —
107* M solution in hexane; 2, 4 — 2.7 %
solution in ZhK-805. 5 — crystalline powder;
data from [24].

We can ascribe this effect to the exist-
ence of two favored conformations of NPO
(and PPO) in LC environment. One confor-
mation corresponds to the planar-shaped
conformation of NPO molecule with naphtyl
group in plane with the phenyloxazole moi-
ety, as in the case of crystalline state of
NPO. This conformation corresponds to the
long-wavelength photoluminescence peak at
~447 nm, and NPO molecules are coplanar
to molecules of LC matrix. The other con-
formation is close to that predominant in
the isotropic solution with the naphtyl
group perpendicular to the phenyloxazole
moiety and to the plane of LC molecules.
Because of the shortening of m-conjugated
chain, in this case the luminescence peak is
blue-shifted (~378 nm).

Thus, it can be concluded that lumines-
cence spectra of many compounds in the LC
solvents show substantial differences as
compared with their spectra in the isotropic
organic solution and crystalline state. The
effect of the LC ordering on the photolumi-
nescence peak position (A,,,) of the sub-
stances studied is due to favoring of their
certain conformations by LC environment.

For stilbene and p-TPh in LC matrix,
Amar takes intermediate position between
isotropic solvent and crystal.

For 0-POPOP, the Stokes shift in the LC
matrix was further increased because of LC
ordering facilitating flattening of the lumi-
nophore molecule.

There were no remarkable changes of
Amax Position for pyrene because of its rigid
structure and little anisometry that remain
the same in the different phase states.

For NPO and PPO, A,,. splits into two
separate peaks corresponding to two confor-
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mations induced by the LC matrix with
close distribution probabilities.

The obtained effect of LC environment
on emission properties of organic lumino-
phores, together with detailed study of
mesomorphic and physico-chemical proper-
ties of such doped LC systems [25], could
serve as a basis for future search of effi-
cient liquid crystalline scintillators.
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BnauB pigKOKpHCTAJIYHOTO BIOPSAAKYBAHHS HA CIEKTPH
JIOMiHECIeHI[il MOJAEeJbHUX PEYOBHH 3 MOJIEKYJIAPHOIO
CTPYKTYPOIO, YYTJHUBOIO M0 e(deKTiB MaKyBaHHS

J.M.3a60pa, M.1.Cepbina, H.O.Kacan, FO.A.I'ypxanenko,
B.M.lllepwyxoe, JI.M./Tuceyvruil

Ona ctunbbeny, n-rtepderiay, o-POPOP, 2-(1-madTin)-5-penisokcasony Ta iHmUx pevo-
BUH, III0 BUKOPUCTOBYIOTHCA AK JIOMiHO(GOPU Ta CIUHTUJIATOPU, OTPUMAHO CIEKTPU JIIOMiHe-
cruennii y pizkoxpucraniuaux (PK) cepemoBumax. Bubip 06’€KTiB 3yMOBJIE€HO MOKJIUBiCTIO
ix MoJieKyJ mpuiimaTy pisHi KoHpopwmarlii B sajexHOCTi Bif dasoBoro crany. [asa KOMXKHOIO
JOMiHO(Opa CIEeKTPU BUMPOMIHIOBAHHSA MOPIBHAHO y HUBI[L  CTAHJAPTHUM OPraHiuHUN pPO3-
unHHUK — PK Marpuna — wmosokpucran . SHalijeHo IeKiibKa pisHmx Bumagkis y PK
cepeloBUINAaX, KOJU BifOyBaeThcsA 3CYB MiKa JIIOMiHecIeHITil kmax
POTKOXBUJIbOBY 00JIACTb, TONOMKEHHA A, . SAIUNIAETHCA He3MiHHMM, abo MK posminseTbes
Ha [Ba OKpeMUX, AKi BixmoBimaroTh mBoM KoHMopMmalism Jominodopa. asa KOKHOI crory-
KM Taka IIOBEeJiHKa MOKe OyTu mnoB’sas3aHa 3 BimmoBiguummMmu smimamu edeKTuBHOI (popmwu
MoJIeKyJIu, AKi iHgyKyoreea PK a6o xpucraniunum BumopagrkyBaHHAM. OTpumaHi pesyiabra-
T MOXKYTH CJIYMKHUTH OCHOBOIO JAJf IIOAAJNbIIOro nomyky edpexruBHux PK cnuHTHIATODIB.

Y AOBI'OXBUJIBOBY YMU KO-
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