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Background: Considered merocyanine molecules have donor D and acceptor A moieties connected by
polymer chain. The conjugated donor D and acceptor A parts of merocyanine molecules are planar in the
ground state. The D-n-A molecular complexes can change their conformations in an excited state due to
cis-trans-conformational transitions. The viscosity of the solvent affects conformational changes,
photoluminescence (PL) decay and PL lifetime. Therefore the PL of merocyanine molecules strongly
depends on medium in excited and ground states. A nematic liquid crystal was utilized as a solvent for
merocyanine molecules since it is characterized by long range order, orientates merocyanine molecules
along its axis and is sensitive to external electro-magnetic field. The molecules with conjugated donor D
and acceptor A parts are promising for molecular electronics (instruments for recording and processing
information), optoelectronics (laser technologies) and biological research (fluorescent probes like
prominent thioflavin T), since their PL essentially depends on the nature of the environment.

Objectives: The main objective of this paper is to investigate and explain impact of liquid crystal
medium on considered molecules. Also influence of molecular conformational changes on their spectral
properties is considered.

Materials and Methods: Two types of merocyanine molecules M-1 and M-2 were investigated. The
spectral properties of molecules in different organic solvents such as acetonitrile, toluene, glycerol, and in
4-pentyl-4'-cyanobiphenyl (5CB) liquid crystal were compared. Stationary and time-resolved emission
spectra of molecular merocyanine solutions were used to investigate conformational changes of
molecules. To determine a lifetime of molecular excited states, a technique of Time Correlated Single
Photon Counting with picosecond resolution in time was used.

Results: The results indicate that optical properties strongly depend on conformation of conjugated
donor-m-acceptor compounds. A relaxation of dye molecules to the ground state is accompanied by
conformational changes. The quantum yield and lifetime of PL increase in more viscous solvents. The
liquid crystal made conformational changes of considered molecules in ground and excited states.
Conclusions: Analysis of the results serves as a basis for constructing a theory that explains properties of
D-n-A molecular compounds under optical excitation. The molecular pairs are formed by merocyanine
and liquid crystal molecules. The liquid crystal molecule defines conformation of merocyanine molecule
in a pair. Moreover, both types of merocyanine molecules in liquid crystal have the same conformation.
This hypothesis explains similarities of optical properties of M-1 and M-2 molecules in liquid crystal.
KEY WORDS: photoluminescence; 4-pentyl-4’-cyanobiphenyl (5CB); D-n-A molecular complexes;
merocyanine dyes.

OJIYOPECHEHIIA MOJIEKYJISIPHUX KOMITIO3UTIB, IO CKIAJAIOTHCA 3
HEMATHUYHOTI'O PIIKOI'O KPUCTAJY 1 MEPOLIAHIHIB
M.B. ManunoBcskmnii, M.M. CeBprokoBa, FO.I1. [InupsaTuncskuii
Incmumym ¢hisuxu HAH Vkpainu, npocn. Hayxu, 46, Kuis, 03028, Yxpaina

AKTyaJIbHicTh. PO3IIIsTHYTI MOJIEKyJIM MepoliaHiHy MaroTh JOHOPHI Ta aKLENTOPHI rpynu 3'€[HaHI MOJIMEPHUM
JIAaHI[IOI'OM. CHpSI)KeHi JIOHOpHa DTa aKOerTopHa A yacTuHH MepOHiaHiHOBI/IX MOJICKYIJI € IUITaHApHUMHU B OCHOBHOMY
crani. D-m-A MONEKyNspHI KOMIUIEKCH MOXXYTHb 3MIiHIOBAaTH CBOIO KOH(opMariro B 30ymKEHOMY CTaHi
3aBJSIKM LIMC-TpaHC-KOH(pOPMAIiHHIM NepexoaaM. B’si3kicTh BIUIMBAae Ha 3MiHy KOHQopMallii, a TaKoxK
Ha 3aracanHs Gotomominectenuii (OJI) Ta 11 yac xutrsa. Uepes ne OJI MeponiaHiHOBUX MOJIEKYI SIK B
OCHOBHOMY, TaK i B 30y/DKCHOMY CTaHI CHJIbHO 3aJIeXKHTh BiJ cepenoBuina. HemaTHuHui pigKuid KpUCTal
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OyB BHKOPHCTaHHWH $K PO3YMHHHK JJIsI MOJEKYJI MEpOIliaHiHy, OCKUIBKH BiH OpPIi€HTYE MOJEKYIH
MEpOIliaHiHy B3JOBK CBO€l OCi Ta UYyTIMBHHA JO 30BHIMIHBOTO EINEKTPOMArHiTHOro moisd. D-m-A
MOJIEKYJISIPHI KOMIUIEKCH € NEPCHEKTUBHUMH JUI MOJIEKYJIIPHOI €JIEKTPOHIKY (MpWiIaan IS 3alucy Ta
00po0OKH iH(OpMAIIil), ONTOEIEKTPOHIKK (JIa3epHI TEXHOJOTIT), a TAKOX I OIOJOrIYHKMX IOCIIIKCHD
(ciexTpanpHi 30HAM Ha 3pa3ok Bigomoro TioduasiHy T) ockineku @JI X MOJEKYI CyTTEBO 3aJIEKUThH
BiJl IPUPOJIU CEPEIOBHIIIA.

Meta po6orn. OcHOBHa MeTa JaHOi POOOTH — JIOCHINTH Ta MOSCHUTH BIUIMB PIAKOKPHUCTAIIYHOTO
Cepe/IoBUIIIA Ha PO3IJISHYTI MOJIEKYJIH. A came: K CEpelOBHIIC BIUIMBA€ HAa KOH(OpPMAIlHHI 3MiHH
MOJIEKYJI Ta Ha IX CIIEKTpaJIbHI BJIaCTHBOCTI.

Marepianun Ta Metoau. /lociijpkeHo Ba THIIM MOJIeKyJ Mepouianiny — M-1 ta M-2. [TopiBHioBanucs
CHEKTpaIbHI BIACTUBOCTI 3ralaHUX MOJIEKYJ B PI3HUX OPraHIYHUX PO3UYMHHHUKAX, TAKUX SIK alleTOHITPHIL,
TONyON, TIiNepuH Ta pigkmid kpuctan 4-neHtwin-4'-mianoOidenin (SUB). dnga  mocmimkeHHS
KOH(POpPMALiHHIX 3MIiH MOJEKYJ1 BHKOPHUCTOBYBAIUCH CTAlllOHAPHI Ta YacOPO3IUTbHI CIIEKTPH
BUIIPOMIHIOBAHHS MOJICKYJISIPHHX PO3YHMHIB MepouiaHiHy. s BU3HAUYEHHS 4acy >KHTTS MOJICKYJSIPHHX
30y/DKEHHX CTaHIB OyJia BAKOPUCTaHA METOIMKA YaCOCKOPEIbOBAHOTO MiPaXyHKy MOOJANHOKUX (DOTOHIB
3 MKOCEKYHHOIO PO3AUTHFHOIO 3aTHICTIO Y Yaci.

PesyabraTu. Pe3ynbratu mokasyroTh, 10 ONTHYHI BIACTUBOCTI CHJIBHO 3aliekaTh Bij KoH(popmamil
CHPSDKEHHST IOHOP-T-aKLENTOPHUX CHOIYK. Y OLIbLI B’SI3KMX PO3YMHHHMKAX 30UIbLIYIOTHCS KBaHTOBUIA
Buxin i yac xurtsa OJI. PinkokpucraniyHe cepeoBHUIIE 3MiHIOE KOHPOPMAIIIF0 MEPOIiaHIHOBUX MOJICKYII
SIK B OCHOBHOMY, TaK 1 B 30y/UKEHOMY CTaHaXx.

BucHoBKkH. AHai3 pe3ynbTaTiB € MIATPYHTSAM Uil NMOOYZOBH TeOpii, sSKa MOSICHIOE BJIACTHBOCTI
MOJIEKYJISIpHUX D-m-A cnonyk micns ontuyHOro 30y/pKeHHs. MOJEKyld MepowliaHiHy Ta piaKoro
KpUCTaTy YTBOPIOIOTh MOJICKYIIPHI TapH. PiIKoKpucTalidyHa MOJIEKyJia BH3Ha49ae€ KOH(OPMAIio
MOJIEKYJTH MEpOIliaHiHy B mapi. bimbmme Toro, oOuaBa THIM MEpOIIaHIHOBHX MOIEKYN Y pPiIKOMY
KpUCTali MamTh OJHAKOBY KoH(popmamito. lle TpHUIymieHHS TMOSCHIOE TMOMIOHICTh ONTHYHUX
BJIacTHBOCTEH Mosiekyn M-1 ta M-2 y pigkomy KpucTaii.

KJIIOYOBI CJIOBA: dotomrominecuenuist; 4-nentin-4'-mianodipenin (51b); D-n-A MonekynspHi KOMIUIEKCH;
MepOL[iaHiHOBI OapBHHUKH.

®JIYOPECHEHI WA MOJIEKYJISAPHBIX KOMITIO3UTOB, COCTOALIUX U3
HEMATHYECKUX XKUJKUX KPUCTAJIJIOB U MEPOLINAHUHOB
M.Bb. ManunoBckuii, M.M. CeBprokosa, FO.I1. [TupsiTuHcKuUii
Hnemumym pusuxu HAH Yxpaunwl, npocn. Hayxu, 46, Kues, 03028, Ykpauna

AKTYyaJIbHOCTB. PacCMOTPEHHBIE MOJIEKYJIBI MEPOLIMAHUHA MMEIOT AOHOPHBIE U AKUEHTOPHbIE IPYIIIbL,
COETMHEHHBIE MonuMepHOoH 1enblo. ComlpsbkeHHble JOHOpHBle D u  aknentopHele A 4acTH
MEpPOLMAHUHOBBIX MOJEKYN SBISAIOTCS IJIAHAPHBIMM B OCHOBHOM COCTOSHUM. D-m-A MonekyisipHbIe
KOMIUIEKCBI MOTYT M3MEHSTH CBOIO KOH(OpManuio B BO30YXKIEHHOM COCTOSHHM OJylaronmapsi Iuc-
TpaHC-KOH(OPMALMOHHEIM TepexoaaM. Bs3kocTh BiHseT Ha W3MEHEHHE KOH(pOpMAlMH, a TaKke Ha
3aryxanne QotomromuHecteHnun (DJI) u ee Bpems xm3HU. [TosTomy DJI MepoMaHMHOBBIX MOJEKYI,
KakK B OCHOBHOM, TaK M B BO30Y)KJJICHHOM COCTOSIHMH, CHJIBHO 3aBHCHUT OT cpeabl. HemaTndeckuil KUkt
KpHCTaJUl ObUT HMCHOJNB30BaH B KAa4eCTBE PACTBOPHUTENS IJISI MOJICKYJ MEpPOLMAaHWHA, MOCKOJIBKY OH
OPUEHTHUPYET MOJIEKYJIbI MEPOLMAHWHA BJOJIb CBOEH OCH W UYyBCTBHTENEH K BHEIIHEMY
3JIEKTPOMAarHUTHOMY TMOJI0. D-m-A  MONEKYIApHbIE KOMIUIEKCHI SIBISIFOTCS MEPCIEKTHBHBIMHU IS
MOJICKYJISIPHOM 3JIEKTPOHUKHU (MIpHOOPHI I 3amucd U 00pabOTKH HMH(OpPMAIIMH), ONTOICKTPOHHKH
(J1azepHbBIE TEXHOJIOTHH), & TaKXKe JUIsl OMOJIOTMUECKUX UCCIIE0BaHUH (ClIEKTpalIbHBIE 30H/AbI, HAIPUMEP
n3BecTHbIN THOGIaBUH T) nockonbky JI 3THX MOJIEKYII CYIIECTBEHHO 3aBUCHT OT ITPUPOJIBI CPEJIBL.
Hear pa6orsl. OcHOBHas LeNb JaHHOW pabOTBl — HCCIENOBaTh W OOBSICHUTH  BIMSHHUE
JKUJAKOKPUCTAIIIMUECKOW CpeAbl Ha paccMaTpUBaeMble MOJEKYJbl. A HMMEHHO: KaK cpeja BIUSET Ha
KOH(OpMallMOHHbIE U3MEHEHHUSI MOJIEKYJI U Ha X CHEKTPaJbHbIE CBOMCTBA.

MaTtepuaabl 4 MeToabl. VcciemoBaHo aBa Trma MoJeKyd Meponnaninaa — M-1 u M-2. CpaBHHBaIUCH
CHEKTpAJIbHbIE CBOMCTBA YIOMSIHYTBIX MOJEKYN B Pa3IMYHBIX OPraHUYECKUX PACTBOPUTENAX, TAKUX KaK
AI[ETOHUTPIJI, TOJYOJ, TTHUIEPHH W >KuAkuid Kpuctawwn SCB. Jlns uccrnemoBaHus KOH(OPMAIOHHBIX
U3MEHEHHUI MOJIEKYJI MCIIOJIb30BAIMCh CTALlMOHAPHBIE U Pa3JClICHHBIE BO BPEMEHH CIIEKTPBI M3JIy4EHHs
MOJIEKYJISIPHBIX PAaCTBOPOB MEpOLMaHuHa. JIJIsl OnpeiesieHnsl BPEMEHH JKU3HHU BO30YKACHHBIX COCTOSIHUH
MOJIEKYJl OblJa HCHONB30BaHA METOAMKA CKOPPEIMPOBAHHOIO BO BPEMEHM IIO/ACYETa CIUHUYHBIX
(hOTOHOB C MUKOCEKYHIHBIX Pa3pELICHUEM BO BPEMEHH.

Pe3yabTaTbl. Pe3ynbrarhl MOKa3bIBaIOT, YTO ONTHYECKHE CBOWCTBA CHIIBHO 3aBHCST OT KOH(opMmauuu
COTIPSAKECHUA HOHOP-T-aKHETITOPHBIX COCﬂHHeHHﬂ. B Oonee Bsa3kux PaCTBOPUTEIIAX YBCIUUNBACTCA
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KBaHTOBBIN BbIXOX M Bpems xm3HH DJI. JKuakokpucrammudeckas cpeia H3MEHSeT KOH(OpMAIHio
MEpPOIMaHNHOBBIX MOJIEKYJ KaK B OCHOBHOM, TaK U B BO30YKIEHHOM COCTOSHHSIX.

BbiBoabl. AHaIM3 pPeE3yNbTAaTOB CIYXXKHT OCHOBOM MAJISI MOCTPOCHHSA TEOPWH, OOBICHSIONIEH CBOMCTBA
MOJIEKYJISIpHBIX D-m-A coennHEeHHH MOocie ONTHYECKOTO BO30YXKIeHHS. MOJEeKyasl MEpOIHaHUHA H
KHUJIKOTO KpHCTaimia 00pa3yloT MOJNEKYJSpHBIE Mapbl. B mape >KUIKOKpUCTAUIMYECKas MOJIEKyna
orpezessieT KoH(GopMalUo MOJIEKyJIbl MepoliaHiHa. bosee Toro, 06a Tua MEpOLIMaHUHOBBIX MOJIEKYJI
B JKHJIKOM KpUCTaJUIE MMEIOT OAMHAKOBYIO KOH(POPMAIMIO. DTO NPEIIOJIIOKEHNE OOBSCHIET CXOJCTBO
ONTUYECKHUX CBOMCTB MoJieKylI M-1 u M-2 B )KHUIKOM KpHCTaJJIe.

KJIIOYEBBIE CJIOBA: ¢dotomomunecnennus; 4-neHTmi-4'-unanodudpenun (5CB); D-m-A  MonexymsapHbIe
KOMILJICKCBI; MEPONUAaHUHOBBIC KPACUTEIIH.

The structure of merocyanine molecules may be either planar or twisted [1]. The
photoluminescence (PL) of D-n-A complexes strongly depends on molecular structure. We
may investigate their properties in different shapes by changing medium, since viscosity of
solvent affects structure of merocyanine molecules [2, 3]. Considering a structure of liquid
crystals (LC) we assumed that it is possible to utilize them as the elastic molecular mediums.
Moreover, liquid crystals might be used as the template for orientational ordering of
luminescent organic molecules placed in them [4, 5]. The interaction of molecular D-n-A
complexes based on merocyanine dyes with LC template produces interesting phenomena:
formation of merocyanine and LC molecular pairs, conformational specification of D-n-A
complexes and delaying of conformational changes of D-m-A complexes during their
relaxation from the excited state. Merocyanine and LC molecular structures form a
nanocomposite material that is easily controlled by external electric and magnetic fields and,
thus, can be used in electro-optics and nonlinear optics.

We are interested in the conformation-dependent optical properties of merocyanine dyes.
For this reason the optical spectra properties of the merocyanine dyes in the 4-pentyl-4'-
cyanobiphenyl (5CB) liquid crystal were compared with their spectral properties in organic
solvents of various viscosities — acetonitrile, glycerol, and polarities — acetonitrile, toluene.
The optical investigation techniques, such as stationary photoluminescence, time-resolved
emission spectra were used to analyze kinetics of conformational transformations.

EXPERIMENTAL SECTION

1.1 Samples preparation
The merocyanine molecules are supramolecular D-n-A complexes (Fig. 1) M-1 (2-(3-{2-
[4-(dimethylamino)phenyl]vinyl}-5,5-dimethylcyclohex-2-en-1-ylidene)malononitrile) ~ and
M-2 (2-{5,5-dimethyl-3-[2-(2,3,6,7-tetrahydro-1H,5H-pyrido[3,2,1-1j]quinolin-9-yl)vinyl]
cyclohex-2-en-1-ylidene } malononitrile). These molecules are utilized as the organic dyes.

=

(Hs

M-2

Fig. 1. Structural formulas of merocyanine molecules. 1 — dimethylaminogroup, 2 — benzene ring,
3 — m-electron system of metin groups (carbon chain), 4 — malodinitrile residue, ¢ and y-torsion angles.
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The M-1 and M-2 molecules consist of dimethylamino group, benzene ring, T-electron
system of metin groups (carbon chain) and malodinitrile residue. The conformation of M-1
molecule depends on two torsion angles ¢ and y. The angle ¢ specifies the orientation of the
dimethylamino group relative to the benzene ring. The angle v defines the orientation of the
benzene ring relative to the carbon chain and malodinitrile residue. The energy barrier of
N(CHS,), rotation relative to the benzene ring equals to 2800 cm™! and energy barrier of
benzene ring with dimethylamino group rotation relative to the carbon chain equals to 700—
1000 cm™1[2]. The M-2 molecule consists of the same elements, but rotation of N(CHs), is
blocked bytrimethylene bridges, thus, ¢ = 0°. Synthesis of M-1 and M-2 is described in the

articles [6, 7].
HyCs—( %{} CN

Fig. 2. Structural formula of liquid crystal4-pentyl-4'-cyanobiphenyl (5CB).

Liquid crystal 4-pentyl-4’-cyanobiphenyl (Fig. 2) was used as a solvent for D-n-A
complexes. The LC was provided by Merck. SCB LC is at nematic phase at 22.5-35.5°C. A
crystalline phase is below 22.5°C and an isotropic phase is above 35.5°C. The supramolecular
D-n-A complexes were provided by Institute of Organic Chemistry, NAS of Ukraine.
Samples were prepared by mixing the supramolecular complexes with SCB LC. Since
merocyanine molecules were dissolved in chloroform by manufacturer, samples were keeping
warm at 80°C to evaporate chloroform. To measure the PL of merocyanine dyes in 5CB
template, we used optical quartz cuvettes 100 um thick. The concentration of merocyanine
molecules was 5+ 107> per LC molecule.The acetonitrile (low viscosity) and the glycerol
(high viscosity) were also used as the solvents for M-1 and M-2 molecules.

1.2 Equipment

The optical density spectra were measured by Lambda 1050 UV/VIS/NIR (Perkin
Elmer). The stationary PL spectra were measured by USB2000 + UV-VIS-ES spectrometer
through optical fiber 600 pm diameter. The light-emitting diodes (LED) LLS-270, 385, 390
(Ocean Optics B.V.) were used to excite stationary PL. A semiconductor laser EPL-405 with
Aex = 405 nm and pulse duration 40 ps was used to excite non-stationary PL. The frequency
of laser pulses could be changed from 20 MHz to 10 KHz. A LED with A,,, = 255 nm and
pulse duration 900 ps was used to excite PL in UV range. The lifetimes of excited states t
were measured by time-correlated single-photon counting (TCSPC) technique. The time
dependence of the PL was approximated by the expression:

1(6) = IRF - Iy Aexp (= ). (1)

IRF — impulse response function;
i — a number;
7; — the lifetimes of excited states;
A; — the pre-exponential factors;
t — a time.
A certified colloidal solution was used to determine IRF. The time-resolved emission
spectra (TRES) were measured by Life Spec II spectrofluorometer (Edinburgh Instruments
Ltd, UK).
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RESULTS AND DISCUSSION

2.1 Optical properties of M-1 and M-2 molecules in acetonitrile

The optical density and PL spectra of M-1 and M-2 molecules in acetonitrile (highly
polar solvent) are shown in Fig. 3. The concentration of each solution is ¢ = 2-107° mol/L.
The bands in PL spectra with A,,,,, < 450 nm are caused by the electronic transitions from
the local electronic states of dimethylamino group. The PL bands with 4,,,,, > 450 nm are
necessitated by first singlet(S, — S;)mn™ electronic transition that strongly depends on a
carbon chain conformation [8]. The absorption spectral bands with 4,,,, = 498 nm and
Amax = 545 nm are also caused by the first singlet electronic transition. The absorption
bands of M-2 solution are shifted to long-wavelength region by 47 nm more than the
absorption bands of M-1 solution. Stokes shift in Fig. 3 is equal to 182 nm (5374cm™1). An
investigation of solution M-2 in acetonitrile was described in paper [8].

10

o
0
T

o
fe))
T

Optical density, PL, a. u.
o o
N EAN

LA

300 400 500 600 700 800

A, NM
Fig. 3. Optical density (curves 1, 2) and PL (curves 3, 4) spectra of
molecular solutions M-1 (curves 1, 3) and M-2 (curves 2, 4) in
acetonitrile at 300 K. A, =255 nm.

The lifetime of PL is an average time of remaining molecules in an excited state.
Determination of the PL lifetime allows us to find energy transfer speed, the reaction rate in
an excited state and information about interaction of excited molecule and medium. The
calculations prove that conjugated parts (dimethylamino groups) of M-1 and M-2 molecules
are planar, that is typically for m-electron systems [9]. The conformational changes of M-1
and M-2 molecules in an excited state lead to decrease of PL lifetime and quantum yield. The
kinetic curves of PL decay of M-1 (a, c) and M-2 (b, d) [8] molecules solved in acetonitrile at
296 K (a, b) and 4.2 K (¢, d) are shown in Fig. 4.

The PL decay of organic dyes in acetonitrile solvent at room temperature (296 K) is
monoexponential with lifetime in subnanosecond range. The PL decay at low temperature
(4.2 K) is well interpolated by biexponential function (2) with lifetimes in picosecond and
nanosecond range.

Ip,(t) = Aje™ "1 + Aye~t/m 2)

The PL lifetimes of different wavelength were determined from PL decay curves and are
shown in Table 1. The date set of M-2 was kindly provided by authors of article [8].
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M-1 296 K
ol 1-IRF
2 - %(PL)=630 nm
5L 3 - M(PL)=680 nm
4 - A(PL)=730 nm
4
3
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1
0
-1
0 1 2 3 4 5
t,ns
a
5 M-1 42K
I 1-IRF
2 - %(PL)=620 nm
4t 3 - A(PL)=690 nm
4 - A(PL)=740 nm
3

In(PL)

In(PL)

M-2 296 K
1-IRF

2 - A(PL)=680 nm
3-MPL)=720 nm
4 - )(PL)=765 nm

M-2 42K
1-IRF

2 - A(PL)=630 nm
3 - AM(PL)=680 nm
4 - }(PL)=730 nm

Fig. 4. Kinetic PL decay curves of molecular solutions M-1 (a, c) and M-2 (b, d) in acetonitrile at 296 K (a, b)
and at 4.2 K (b, d). 4., = 405 nm.

Table 1. PL lifetimes of different wavelengths of molecular solutions M-1 and M-2 in acetonitrile.

The contribution of each of the decay components T4 and T, is determined as a percentage.
x? — standard deviation of lifetime.

Apy.nm 71, PS T2, PS X’
M-2, T=296 K 680 135 1,574
765 135 1,680
M-2, T=4,2 K 630 115 (10%) 1700 (90%) 1,184
680 129 (7%) 2096 (93%) 1,201
730 110 (20%) 1400 (80%) 1,243
M-1, T=296 K 630 520 1,280
680 520 1,236
M-1, T=4,2 K 620 268 (13%) 1980 (87%) 1,141
690 220 (27%) 1940 (73%) 1,740
740 216 (16%) 2100 (84%) 1,120

The molecules M-1 and M-2 in acetonitrile solvent have a very low quantum yield at
room temperature. Such a low quantum PL yield for molecules is explained by its torsional
relaxation (change in angle y upwards to 90°) in the excited state [7]. Torsional relaxation
causes a state that is characterized by almost zero value of the oscillator force and is non-
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fluorescent. The transition from fluorescent to non-fluorescent state is delayed by the
viscosity of the medium and is the main reason for the insignificant quantum yield in low
viscous solvents. However, quantum yield is high in acetonitrile at low temperature because
torsional relaxations are frozen.

2.2 Optical properties of M-1 and M-2 molecules in toluene

The stationary PL spectra of M-1 and M-2 molecules in toluene (weakly polar solvent)
are shown in Fig. 5 a. The emission of the first (S; = S,) electronic transition is shown in this
region. The excitation wavelength A,, = 337.1 nm was emitted by a nitrogen laser. It is
worth mentioning that the PL quantum yields of merocyanine solutions are higher at low
temperature than at room temperature. The PL spectral structure and bands maxima of
investigated samples in toluene do not depend significantly on temperature changes (from
296 K to 42 K). The PL spectrum of M-1 in toluene at 4.2 K consists of
589 nm and 625 nm bands with shoulder at 660 nm. The band at 625 nm and 680 nm
shoulder is typical for PL of M-2in toluene at 4.2 K. The spectra of M-2 in toluene were also
investigated in paper [8].

101 10
0,8 0,8
S 0,6 5 06
< ©
g 04 T 04
0,2 0,2
, s 1 s 1 s 1 s 1 s 1 s 1 n J 0’0 I 1 1 1 1 h J
560 600 640 680 720 760 800 560 600 640 680 720 760 800
A, Nm A, NM
a b

Fig. 5. PL spectra of molecular solutions M-1 (curves 1, 2) and M-2 (curves 3, 4) in toluene (a) and
acetonitrile (b) at 296 K (curves 2, 4) and 4.2 K (curves 1, 3). A, = 337.1 nm.

As it is shown in Fig. 5 a, b, the solvent polarity significantly affects PL of samples in the
region of first electronic transition at room temperature. Changes of polarity of the medium
induce conformational transformation of carbon chain [10] and vary electric dipole moment
of merocyanine molecules in exited state. It is known that the PL of many dye solutions does
not depend on polarity of solvent at low temperature, because there are no solvation
processes. But in Fig. 5 a, b it is shown that the PL depends on polarity even at 4.2 K [8].The
common for both solvents is short-wave shift of the PL bands maxima at low temperature
compared to bands maxima at room temperature.

2.3 Optical properties of M-1 and M-2 molecules in glycerol
The PL spectra of molecular solutions M-1 and M-2 in glycerol with the bands maxima at
697 nm and 710 nm respectively are shown in Fig. 6.
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Fig. 6. PL spectra of molecular solutions M-1 (1), M-2 (2) in glycerol at 296 K.
Aex = 405 nm.

The PL bands maxima of molecular solutions M-1 and M-2 in glycerol are slightly
(3-4 nm) shifted to long-wave region compared to acetonitrile.

The kinetic of PL decay of M-1 (a) and M-2 (b) molecular solutions in glycerol for many
wavelengths is shown in Fig. 7. The kinetic curves for these samples are biexponential.
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Fig. 7. Kinetic PL decay curves of molecular solutions M-1 (a) and M-2 (b) in glycerol at 296 K. 1,, =
405 nm.

The PL lifetimes of supramolecular D-n-A complexes solved in glycerol at room
temperature are shown in Table 2. These lifetimes are much longer compared to PL lifetimes
of M-1 and M-2 in acetonitrile at 296 K.

In contrast to acetonitrile, glycerol is very viscous solvent that is why torsion relaxations
are delayed there, thus, quantum yield increases and the PL lifetime prolongs.
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Table 2. PL lifetimes of different wavelengths of molecular solutions M-1 and M-2 in glycerol.

The contribution of each of the decay components 71 and T is determined as a percentage.
x? — standard deviation of lifetime.

App, nm Ty, ps T, PS X
M-2,T=296K 700 120 (35%) 850 (65%) 1.146
760 160 (25%) 770 (75%) 1.020
M-1,T=296 K 640 120 (22%) 1350 (78%) 1.100
680 1080 1.460
700 160 (11%) 1340 (89%) 1.080

2.4 Optical properties of M-1 and M-2 molecules in liquid crystal 5CB

The PL spectra and kinetic PL decay curves of molecular solutions M-1 and M-2 in the
liquid crystal (LC) 5CB are shown in Fig. 8 and Fig. 9 respectively. The benzene rings of
5CB molecule are non-coplanar in the ground state and coplanar in an excited state. The angle
between benzene rings is in range 0° — 30°[11, 12]. The LC molecules emit in both
conformations. The molecules of cyanobiphenyl in the nematic phase form pre-dimeric
centrosymmetric structures with the arrangement of cyanobiphenyl molecules on a head-to-
tail rule [13]. The pre-dimeric pairs aresandwich-type complexes that are usually formed from
non-coplanar 5CB molecules. Due to steric restrictions, the molecules in such pairs are at a
significant distance from each other. Since the distances between molecules are shorter in an
excited state [12, 14], interaction between molecules increases and pre-dimeric pairs become
excimers.
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i 5
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o
1
0,24 J 0,2
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Fig. 8 a. PL spectra of molecular solutions M-1 Fig. 8 b. PL spectra of molecular solutions M-1

(curve 1), M-2 (curves 2, 3) in the SCBLC at 296 K. (curve 1), M-2 (curve 2) in the SCBLC at 4.2 K.
Aex = 385 nm (curve 1), A, = 530 nm (curve 2), Aex = 405 nm (curves 1, 2).
Aoy = 270 nm (curve 3).

It is known that the classical excimers are characterized by the PL band at 422 nm with
long lifetime (t = 12 ns) at room temperature [12]. Since it is seen quenching of excimer PL of
5CB in Fig. 8 a (curve 3), we propose that the dissolved merocyanine dye molecules displace
one of the cyanobiphenyl molecules in the pre-dimeric pairs and new pairs of merocyanine
and LC molecules are formed. The PL spectra bands at 337 mm and 375 nm in
Fig. 8 a (curve 3) might be emitted by monomers and dimers of LC [12, 14]. Considering the
similarities of spectral shape in range Ap; > 600 nm (Fig. 8 a, b) we assume that the M-1 and
M-2 molecules adjust to conformation of SCB LC molecules. The liquid crystal, as a template
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for the molecular D-n-A complexes, specifies their orientation and can lead to some
conformational changes in the structure of merocyanine dyes in the ground state, but the
significant torsional conformational changes in the excited state are not allowed due to

considerable elasticity of the LC.

Time-resolved emission spectra (TRES) of M-1 and M-2 in 5CB LC at 4.2 K are shown
in Fig. 10. The map of TRES is shown in Fig. 11.
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Fig. 9. Kinetic PL decay curves of molecular solutions M-1 (a) and M-2 (b) in SCB LC at4.2 K. 4., = 405 nm.

PL, a. u.

Table 3. PL lifetimes of different wavelengths of molecular solutions M-1 and M-2 in 5CB LC.

The contribution of each of the decay components T4 and T, is determined as a percentage.
x? — standard deviation of lifetime.

2

A, nm T4, PS Ty, PS X
M-2, T=42 K 550 384 (12%) 1482 (88%) 1.216
600 551 (12%) 1874 (88%) 1.131
680 142 (5%) 2023 (95%) 1.153
M-1,T=42 K 520 162 (32%) 844 (68%) 1.142
620 80 (5%) 2096 (95%) 1.442
680 2167 1.103
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Fig. 10. TRES of molecular solutions M-1 (a), M-2 (b) in the 5SCBLC at 4.2 K. 4., = 405 nm.
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Fig. 11. Map of TRES of molecular solutions M-1 (a), M-2 (b) in the SCBLC at 4.2 K. A,, = 405 nm.

The fastest changes in the PL spectra of M-1 solution are observed at the initial time
interval t; = 0.1 — 1 ns after optical excitation at spectral ranges 480-550 nm and
640-760 nm. There also is a slow PL component at interval t; = 0.1 — 8 ns, that prevails at
the spectral range 550-650 nm. The most intense PL of molecular solution M-1 in the 5CB
LC is at the spectral range 550—650 nm. The main difference of M-2 solution is a high
intensity at the spectral range 460-550 nm at short delay times (t; = 0.1 — 1 ns).

CONCLUSIONS

Analyzing optical properties of merocyanine dye molecules in different solvents, we
summarize that torsional relaxations of D-n-A complexes in low viscous solvents are frozen
at 4.2 K. The solvents with high viscosity delay torsional relaxations of merocyanine
molecules also. Blocking of torsional relaxations significantly increases quantum yield and
prolongs PL lifetime of M-1 and M-2 molecular solutions. The PL spectral properties
(spectral shape and bands maxima) of molecular solutions M-1 and M-2 in 5CB LC are
similar. This phenomenon is explained by formation of merocyanine and liquid crystal
molecular pairs and conformational adaptation of both types of merocyanine molecules to
5CB LC molecules. The concentration of molecular solutions is low 5-107>merocyanine
molecules per one LC molecule. Since the conformations of M-1 and M-2 molecules are
almost identical, the m-electron conjugation of benzene ring and carbon chain is similar in
both types of molecules and, thus, we see corresponding spectra.
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