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Electrochemical and steady-state and time-resolved spectroscopic studies on a disubstituted indole, 2,3-
dimethylindole (DMI), and well-known electron acceptor 9-cyanoanthracene (9CNA) in liquid crystal (LC)
4-(n- pentyl)-4-cyanobiphenyl (5CB) environment demonstrate entirely different spectroscopic and photo-
physical behaviors from those observed earlier by our research group with the same reacting systems in
isotropic media n-heptane and acetonitrile (ACN). From the-Wl absorption spectral measurements of

the donor DMI in the presence of the acceptor 9CNA in liquid crystal medium (in 5CB) in various temperatures
above the nematieisotropic phase transition from 308 to 313 K (pseudo-ordered domain), it was observed
that the lower energy lying absorption band of DMI situates in a longer wavelength region than the
corresponding band observed in isotropic medium n-heptane or ACN. The possibility of the photochromic
effect is discussed. In this band, the degree of mixing of the two closely spaced electronitLstéBesand

Ly (S1) of DMI was very prominent in the ordered LC environment (5CB) whereas in isotropic medium the
dominant contribution for the formation of the lower energy band system primarily originates froth,the

(S)) state, as evidenced from the steady-state polarization measurements. Both steady-state fluorescence
quenching and time-resolved fluorescence studies clearly demonstrate in favor of the presence of only the
static mode in LC environment. The situation differs in isotropic media where the dynamic process possesses
the key role in the quenching mechanism. Expectedly, the transient absorption measurements by the nanosecond
laser flash photolysis technique show a lack of formation of transient ionic species in the pseudo-ordered
domain of 5CB. On the contrary, in isotropic solvents n-heptane and ACN, the transient absorption spectra
measured by the same nanosecond laser flash photolysis technique exhibit the broad band of 9CNA radical
anion at around 560 nm (9CNA and the band of neutral radical of DMI at 540 nm. It is inferred that the
charge-separation reactions occurring within the present intermolecular systems could be stopped significantly
by changing the nature of the environment from the isotropic to the LC’s pseudo-ordered domain which
situates closely above the nematic {N§otropic (I) phase transition temperature. From the steady-state and
time-resolved investigations, it is revealed that, due to the hysteresis phenomenon, the nematic phase properties
persist over a wide temperature range well within pseudo-ordered domain to some extent into the isotropic
phases. The investigations with the different der@eceptor inter- and intramolecular systems in 5CB and
some other LC’s environment are underway.

1. Introduction Spectroscopic measurements conducted on these heated liquid

In recent years, great attention has been devoted to the study?'YStal samples assumed to have the pseudodomain or partially
of intermolecular photoinduced electron transfer (PET) and ordered medium a few degrees above thel [ghase transition
photophysical properties of different molecules in different témperature. The liquid crystal SCB displays a nematic liquid
anisotropic environments due to their wide applications in crystal phase at room temperature, and itsl [ghase transition
electronics devices and photosynthesis and in the areas of solapccurs at 35C. The pseudo-ordered domain of liquid crystals
energy conversion and optical signal processirigAn excellent ~ provides an intriguing environment to study PET. This order
anisotropic medium is a liquid crystalline medium, both below provides a way of controlling electron-transfer rates and also
and a few degrees (K) above the nematsotropic temperature ~ provides insights into the mechanisms of electron-transfer
range>—8 Both physical and chemical properties of many reactiong'2-14 Studies of electron-transfer reactions in LCs
compounds have been drastically changed when the observationprovide a conceptual bridge between experimental results
proceed from isotropic to anisotropic environments. Both theory obtained in isotropic solvents and those obtained in more ordered
and experiments have shown that the domain effect persists atenvironment such as surfaces, monolayers, macromolecular

temperatures several degrees above the nematicighyopic ensembles, and crystals. In all of these cases, the “solvent” has
(1) phase transition temperature of nematic liquid crystal$.  an ordered structure that could have a critical impact on electron
transfer (ET) processes. An understanding of how molecular
*To whom correspondence should be addressed. E-mail: sptg@ q ff( ) F;] f ET 9 has i .
mahendra.iacs.res.in. Phone:91 33 2473 4971/3073 X253. Faxt91 order affects charge transfer or ET processes has importance in
33 2473 2805. developing technologies based on this process.
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HaC wherein a fixed concentration of the latter and varying concen-
trations of the former were used) were excited at 380 nm using
a picosecond diode (IBH Nanoled-07). The emission was
/ collected at a magic angle polarization using a Hamamatsu MCP
photomultiplier (2809U). The time correlated single photon
N counting (TCSPC) setup consists of an ortec 9327 CFD and a
Tennelec TC 863 TAC. The data are collected with a PCA3
DMI card (Oxford) as a multichannel analyzer. The typical fwhm of
the system response is about 80 ps. The channel width is 12
CN ps/channel. The fluorescence decays were deconvoluted using
IBH DAS6 software.
The degree of polarizatiorP] was measured with the help
of UV —vis polarizer accessories including a UV linear dichoric
polarizer, with wavelength range 23@70 nm, purchased from
Oriel Instruments. The observed degree of polarizatiBp (
values were obtained from the following relati#it’

i ICNA P = [lge — (Ige/lge) sl lge T (Ige/lge) sl 1)
Figure 1. Molecular structures of DMI and 9CNA.

H3;C

Here,lee andlgg are the intensities of parallel and perpendicular

In the present investigation, systematic studies were madepolarized emission with vertically polarized excitation, dpgl
on 2,3-dimethylindole (DMI) and 9-cyanoanthracene (9CNA) andlge are the intensities of horizontally and vertically polarized
(Figure 1) in liquid crystal 5CB environment by using electro- emission when excited with horizontally polarized lighte/
chemical and steady-state and time-resolved spectroscopidss defines the instrumental correction fac@r(polarization
(fluorescence lifetime by time correlated single photon counting characteristic of the photometric system). This correction is
and transient absorption spectra with the help of nanosecondmade for any change in the sensitivity of the emission channel
laser flash photolysis) techniques. The results are described infor the vertically and horizontally polarized components.
this paper, and the data obtained from the present investigation 2.3. Laser Flash PhotolysisThe experiments were carried
at temperatures above the nematic to isotropie-fNphase ~ out in a conventional laser flash photolysis (LFP) setup (laser
transition of the liquid crystal 5CB, i.e., within small pseudo- kinetic spectrometer, Applied Photophysics). In the present LFP
short-range ordered domain, have been compared with thosestudies, the third harmonic (355 nm) of a Nd:YAG (DCR-11,
obtained with the same reacting systems in the environment of Spectra Physics) laser as a pump source, and a 250 W pulsed
isotropic solvent® of varying polarity, e.g., n-heptane (NH) xenon lamp as the monitoring source, have been used.

and acetonitrile (ACN). 2.4. Electrochemical MeasurementsElectrochemical mea-
surements were made to determine the redox potentials of the
2. Experimental Section reactants by using the PAR model VersaStat Il electrochemistry

system. Three electrode systems including Ag/AgCl as reference
electrode were used in the measurements. The voltage sweep
rate was 100 mV/s. Tetraethylammonium perchlorate (TEAP)
in ACN (~0.1 M) was used as a supporting electrolyte.
Electrochemical measurements were carried out under Ar
atmosphere.

2.1. Materials. All the samples of DMI and 9CNA (97%
pure), supplied by Aldrich, were purified by vacuum sublima-
tion. The solvent used here is liquid crystal 4-(n-penty})-4
cyanobiphenyl (5CB).

2.2. Steady-State Spectroscopic Apparatus and Time
Resolved FluorescenceAt the ambient temperature (296 K),
steady-state electronic absorption spectra of solutions® (b0
1078 mol dm3) of the samples in 5CB were recorded by using
2 mm path length rectangular quartz cells by means of an 3.1 Study on Spectroscopic Properties3.1.1. Steady State
absorption spectrophotometer (Shimadzu-tiNs 2401PC). A MeasurementsThe optical U\~vis absorption spectra of the
long cylindrical quartz tubing of 2 mm diameter was used for donor DMI in the presence of the acceptor 9CNA were
the spectroscopic study of the samples in the liquid crystal measured (Figure 2) in a liquid crystal medium (in 5CB) at
environmentA 6 wt % nylon solution was made in concentrated Various temperatures above the-Nphase transition from 308
formic acid:; this solution was poured into some of the shorter t0 313 K. The N-I phase transition of 5CB is around 3&
tubes; and, aftef/s min, the cylindrical tubes were emptied, (308 K). From LandattdeGennes theory, the molecular cor-
then baked in the oven at 12Q for 1 h, and then slowly cooled ~ relation lengths(T) is given by the following relationship:
down. A uniform velvet paper was then rolled and inserted into T 1102
the tube so that the thin nylon layers inside the tubes were &M =¢&, lﬁ] (2)
scratched. In this way, the tubes have been prepared for the
measurement of steady-state fluorescence emission spectra usinghere&y is a molecular length ant is temperature just below
the F-4500 fluorescence spectrophotometer (Hitachi). The the N-I phase transition. This shows that the molecular
surface of the tubes could influence LC molecules up to a certain correlation length of approximately 20 exists just above thé N
distance. Consequently, the LC molecules became aligned alongphase transition and gradually decreases to three molecular
the axis of the cylinder; i.e., the preferred direction of the lengths at 343 K. Recent work by Sinks and Wasielefvaki
directorn was parallel to the axis of the cylinder. After that, earlier observations made by Deeg and co-wofkensnematic
the cylinders were used as a sample holder for the spectroscopidc.Cs have shown that even at temperatures above the nematic
study. Polarized spectra were measured with the—\ig to isotropic phase transition, a small short-range ordered domain
polarizer. For fluorescence lifetime measurements, the samplesexists. This existence of a small ordered pseudodomain above
(DMI, 9CNA, and the different mixtures of DMl and 9CNA  the N-I temperature (up to 30640 °C above the phase

3. Results and Discussion
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Figure 2. UV—vis absorption spectra of (1) DMI (cone 4.26 x
1076 mol dnT3), (2) 9CNA (conc~ 8.86 x 1075 mol dnt3), (3) mixture Wavelength / nm
of DMI (conc ~ 7.1 x 107 mol dn73) and 9CNA (conc~ 8.86 x

1075 mol dn73), (4) mixture of DMI (conc~ 1.14 x 1075 mol dn%)
and 9CNA (cone~ 8.86 x 107°> mol dn3) at the ambient temperature B 107
in 5CB. 06
transition) begins to affect the dynamics of the liquid crystal 0.5
and consequently the charge-transfer properties and other
photophysical and photochemical properties of the observing 0.4
compounds. - 03
The donor compound DMI exhibits the lower energy band E N
system in the region 326890 nm in the small ordered g Jo2
pseudodomain of the LC medium whereas it was observed ~
beforé® that in the various isotropic media like nonpolar 0.1
n-heptane (NH) and polar acetonitrile (ACN) the lower energy 1
absorption band of DMI resides in the region 2825 nm. [ 00
Thus, in the LC environment of 5CB, the lower-lying absorption i ] 04
band of DMI undergoes a large red shift. Due to this unusual L |
observation, the experiment was repeated several times, and each PR SR N U YR N NI S N Y )
time highly purified samples were used. The similar large 310 315 320 325 330 335 340 345 350 355
absorption shift in the red region of DMI was found in the Wavelength / nm

pseudo-ordered domain of 5CB nematic liquid crystal. The exact Figure 3. (a) The upper solid line represents the fluorescence excitation
mechanism of this phenomenon is not very clear at the presentspectra of DMI in 5CB, and the broken line shows the excitation
stage of investigations. However, as a plausible interpretation, polarization spectraity= 392 nm) at (1) 308 K, (2) 309 K, (3) 311
it could be stated that DMI being dissolved in 5CB liquid crystal K, and (4) 313 K in the unscratched cell. (b) The lower solid line
may show a photochromic effect under irradiation by UV light Lepreser_lts the fluorescenc_e excitation spectra of DMI in 5CB, and the
T . . . roken line shows the excitation polarization specita, & 392 nm)

as similar or more large absorption red shifts were found in the i, the scratched cell.
cases of some indolylfulgid&swhen the mixture of this and
the nematic liquid crystal are irradiated by visible light. Janicki jzation measurements were carried out. The results obtained
and Schusté? reported a large red shift of the absorption spectra from the polarization experiments have been described in the
of some fulgides when irradiated with UV light in a photo-  following section.
chemically inert liquid crystal. They attributed this phenomenon  3.1.2. Polarized Fluorescence Excitation Spectha.LC
as a phOtOChromiC effect of fU|gUide molecules. As a similar medium, the fluorescence emission of DMI, produced by
large red shift of the lower energy band system of DMI was exciting the lower energy absorption band at either 325 or 340
also observed well within the region of the nematic phase, i.e., nm, exhibits a maximum at the energy position 392 nm.
at temperatures lower than the temperature 308 Kli(phase  However, with the variation of the temperature from 313 to
transition temperature of 5CB), it appears that the small pseudo-308 K, the peak position of the emission remains unaltered. In
ordered domain corresponds to cybotactic groups maintainingthe present investigation, the polarized fluorescence excitation
the nematic character similar to the situations observed earlierspectra (Figure 3) were measured for the DMI within a
by Levanon et a” for a tetraphenylporphyrin (free base) system. temperature range from 308 K (38) to 313 K (40°C). From

The absorption spectrum of DMI looks very similar to the Figure 3a, it is found that the fluorescence excitation polarization
corresponding bands of methylindofésand the lower energy  spectra, measured by monitoring at the fluorescence maximum
electronic absorption band envelope should be due to the392 nm, exhibits a negative value (~ —0.10) at temperature
overlapping of two closely lying electronic transitioHs, — 308 K at absorption band maximum around 325 nm and clearly
1A (solvent insensitive) andl_, < 1A. However, to assign the  a positiveP value ¢~ +0.2) at the longer wavelength side of
nature of absorption bands unambiguously, steady-state polarthe (0, 0) band position around 345 nm. This observation
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demonstrates that in case of the absorption spectra of DMI the 1.9, at various temperatures. Such a high dichoric ratio indicates
nature of the transition involved in the band maximum differs that the long axis of DMI is aligned reasonably well along the
from that of the (0, 0) band. The band around 340 nm has beenLC director of 5CB!>2324Similar dichoric ratios were observed
assigned to mostlyL, and the band at 325 nm th., The within the scratched and unscratched cells. This indicates clearly
fluorescence emission of the compound should originate pri- that, due to the pseudodomain structure of the LC medium,
marily from the lowerL, state. From the observed both positive which appeared closely above the-Nphase transition tem-
and negative values & along the lower energy absorption band perature, most of the molecules dissolved in 5CB are oriented
from (0, 0) to the band maximum, it is revealed that the in a particular direction. This orientation of the particular
overlapping of thelL, and L, states is responsible for the molecules within the LC medium affects the various photo-
observed low energy absorption band ranging between 320 andphysical and photochemical behaviors, some of which, what
365 nm showing the contribution of tH&, state to be much ~ we observed from the present investigations, have been dis-
more prominent® ~ +0.2) at the (0, 0) band position. The cussed above.
negative value oP (P ~ —0.10) indicates the dominancy of From the U\~vis spectrum (Figure 2) it is apparent that the
the 1L, state in the region of band maximum. acceptor 9CNA of concentrationr 8.86 x 107> mol dnr3

In an earlier observatiol¥, the polarization studies on DMI  Possesses a well-resolved band system in the 5CB medium in
in a purely isotropic medium had been carried out. The value the energy region 386420 nm. On the other hand, the donor
of the degree of polarizationP (~0.23), of fluorescence ~ DMI was found to be transparent within the regime 39@0
excitation spectra around the band maximur281 nm) was nm even when its concentration is increased fromf16 1075
found to be a little less than tHe value (0.28) near the (0, 0) Mol dm3. When we observe the absorption spectra of the
band {Ly) position around 291 nm. Thus, throughout the lower Mixture of the donor DMI and the acceptor 9CNA, keeping the
energy band system of DMI, observed in the isotropic medium, concentration of 9CNA fixed at 8.86 10~° mol dnm* and
the 1L, band predominates and a small contributiortlof is using the varying DMI concentrations (10to 10°° mol dn9),
apparent at the region of band maximum which causes a little clearly the formation of an addltlon_al band in the region 400
lowering of theP value. Further, in LC medium, the changes 420 nm is apparent fr_om the considerable enhancement of the
of the degree of polarizatioR also have been measured with lower energy absorption band system of 9CNA. .
the variation of the temperature from 308 to 313 K. In this It indicates that this enhancement is due to the summation
temperature domain, the LC medium can be treated as a shorf the 9CNA band and the newly developed band possibly due
range ordered medium (Figure 3a). The observation clearly 0 formation of a ground state complex between DMI and
shows that as the temperature increases, i.e., as the isotropi®CNA. It is to be mentioned here that, in an isotropic
character of LC increases (pseudodomain decreases), in thénvironment, e.g., n-heptane or ACN, the situation was different
overlapping of the lowest lying energy states, the contribution from the observations made in the present investigation using
of 1L, becomes gradually larger, as evidenced from the increasel.C medium. In isotropic media, the UWis absorption spectra
of P values from the negative to the positive side, in the region Of the mixture of the donor DMI and the acceptor 9CNA appear
of the band maxima, whereas the corresponding value remainsi® be just a superposition of the corresponding spectra of the
more or less same positive in the (0, 0) region. From the above individual reacting systems. The true nature of the complex
experimental findings, it appears that, in the isotropic medium, formed in the ground state from the interaction between DMI
the low energy band consists of mainly the band and a small ~ @nd 9CNAin LC medium is not very clear at the present stage
overlap exists witdL in the band maximum region, whereas, _of investigation. Howeyer, from the present data it co_uld be
in the pseudodomain of 5CB, tH&, band has a tendency to inferred Fhat the formation of the grou_nd state complex is on_ly
shift to the lower energy (red) region making tHe, band in favoreq in the_ pseudp-ordered domain of LC medium, but in
the band maximum position more visible and free from Purely isotropic media (such as ACN, n-heptane, ethanol) no

considerable overlap with the other closely lying stétg, The such band was found to develop.
observed negative value & in the band maximum region 3.2. Search for the Possibility of Occurrences of Electron-
(Figure 3a) demonstrates this fact. Transfer Processes within DMI and 9CNA.3.2.1. Fluores-

cence Emission Spectra in 5CBhe fluorescence intensity of
9CNA (excited at 400 nm) strongly quenches regularly over
the whole band envelope in the presence of donor molecule
DMI at various temperatures ranging from 308 to 313 K (Figure
4). Because at 400 nm DMl is transparent, the inner-filter effect
could not be responsible for the observed quenching phenomena.
However, it is observed that the quenching of fluorescence
emission of 9CNA in the presence of the quencher DMI does
not obey the simple SterrVolmer (SV) relation?>-27

The polarization excitation spectra of DMI, dissolved in 5CB,
had also been studied within the scratched cell at 309 K which
is well above the NI phase transition temperature. The
homogeneous alignment of the LC director of 5CB along the
rubbing direction within the cell was verified using crossed
polarizers. However, in this case, also the emission spectrum
shows no significant change in polarization characteristics
compared to the observations made with the unscratched cell
(Figure 3b).

From the theoretical considerations made by using time- foff = 1+ Ko [Q] (3)
dependent density functional theory (TD-DFT), it appears that
the transition moment of the lowest excited-state of DMI is \yhereKgy (=kqt0) is the SV constanty, is the bimolecular
pOIarized along the |0ng axis of DMFTh|S is aCtUa”y what dynamic quenching rate constant, artdcorresponds to the
we observed from the steady-state measurements: the emissiofyorescence lifetime of the fluorescer 9CNA in the absence of
mostly originates from the lowest lying., level. a quencher DMLf, and f denote the relative integrated

The dichoric ratio (from a polarized excitation spectra) is fluorescence emission intensities of the fluorescer without and
defined as the ratio of the intensities of parallel and perpen- with the quencher concentratio] respectively. It is apparent
dicular polarized emissiondg/leg, see the Experimental Sec- from Figure 5 that SV plots are curved upward at all temper-
tion). The measured dichoric ratios of the lowest energy atures observed from 308 K (3%) to 313 K (40°C). Like
absorption of DMI in all cells are high, within the range £.6  our present experimental findings, the positive deviation from
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4000 TABLE 1: Fluorescence Lifetime Data of 9CNA and
Mixture of Both 9CNA and DMI at Different Temperatures
and at the Different Concentrations of DMI in the Liquid
Crystal (5CB) (The Measurements within Pseudo-Ordered

3000 L Domain Were Made with the Degassed Samples)

70
> T2 (°C) system conc (mol dn?) (ns)
f‘%’} 35 (308 K) 9CNA + 5CB 8.86x 10°° 13.5
£ 2000 |- 40 (313K) 9CNA + 5CB 8.86x 1075 13.7
g 35 (308 K) 9CNAR+ DMI + 5CB conc of DMI~ 7.1 x 1076 13.6
ks conc of 9CNA~ 8.86 10°°
& 40 (313K) 9CNA+ DMI +5CB conc of DMI~ 7.1 x 1076 13.5

1000 | conc of 9CNA~ 8.86x 1075
35 (308 K) 9CNA2+ DMI + 5CB conc of DMI~ 1.14 10°° 13.8
40 (313 K) conc of 9CNA~ 8.86x 107> 13.7

) 2The electronic excited singlet state.
N/ ey v
400 425 450 475 500 525
Wavelength / nm 400000 - 1
r v
Figure 4. Fluorescence emission spectra of 9CNA in 5CB (cenc 350000 | 1)313K
8.86 x 107° mol dn13) (lex = 386 nm) in the presence of DMI of L EZ 311K .
concentration (mol dr¥) in (1) 0, (2) 1.42x 107, (3) 2.84x 107, 300000 - 3) 309K
(4) 4.26x 1075, and (5) 5.68x 107¢in the unscratched cell at 313 K. L 54; 308K
0 __ 250000 |-
X o 3 Y2
1 = 200000 |- 30
a5 L (1313K ) “ L L
‘ (2)311K < 150000 |- 4
. (3)309K 4 4 o5 I
30l (4)308K — 100000 | i
50000 |
25 L
« 0F L
[P 3 L
20 ; -50000 L 1 " 1 L 1 L 1 " 1
0.000002  0.000003  0.000004 0.000005  0.000006  0.000007
5L [Ql
, Figure 6. Modified Stern-Volmer (SV) plot from steady-state
fluorescence emission intensity measurements in the case of singlet
10- W v (S1) excitation of 9CNA in the presence of DMI in 5CB liquid crystal
! . ! . ! . 1 . environment at (1) 313 K, (2) 311 K, (3) 309 K, and (4) 308 K.

0.000000 0.000002 0.000004 0.000006 0.000008
[Q] within the temperature range 36813 K. From the linearity of the

. rve, shown in Figure 6, collision n i rts wer
Figure 5. Stern—Volmer (SV) plot from steady-state fluorescence cu . € sho g.u _e 6, co S.O .aIKéV) and StatCK.(O) parts were
emission intensity measurements in the case of singlpeitation estimated. The negligible contribution of the dynamic pai®) along

of 9CNA in the presence of DMI in 5CB liquid crystal environment at with the observation of a constant lifetime of the fluorescer 9CNA with
(1) 313 K, (2) 311 K, (3) 309 K, and (4) 308 K. and without quencher in the LC medium (from the time-resolved

) ) o experiments) infers that the static mode possesses the dominant role in
the linearity of the SV plot was observed earlier in several casesquenching phenomena occurring within the present intermolecular

of quenching studie¥ 3! .By_monitoring the 425 nm wave-  qonor-acceptor systems. The nature of the ground complex formed,
length, the fluorescence lifetimes of the fluorescer 9CNA were \hether it is charge-transfer type, is not clear from the present study.
megsured both without and in presence of the varipug concen-gyt from the computations of thAGes value (vide infra), a large
trations of the quencher DMI. The fluorescence lifetimes of ositive magnitude indicates in favor of the slim possibility of the
unquenched 9CNAzg ~ 13.6) and the quenched one 13.5) charge-transfer nature of the ground state complex.

were found to be nearly (within the experimental error) the same. 3.2 2. Electrochemical StudieEhe free energy/AGces) for

Thus, the steady-state coupled with time-resolved fluorescencecharge separation is estimated using the Weller expression based
quenching measurements indicates that the quenching shouldy, dielectric continuum model of the solveRi3

be static type quenching. The fluorescence lifetime measure-

ments have been made at different temperatures and are ox N RED, « — &

presented in Table 1. The formation of a ground state complex, AGcs = Eqj; (D/D”) — Ejj; (A /A) — Eg — c

as proposed in section 3.1.2, appears to be further confirmed S DA

from lifetime measurements. However, the possibility of the ez(i + i) (l — ip) (5)

concurrent occurrences of dynamic processes (photoinduced rp  2raf\es €

electron transfer, excitational energy transfer), if any, along with

the static mode has been tested using the modified SV relationwhereES, (D/D*) is the half-wave oxidation potential of DMI

(eq 4%t andERS° (A-/A) represents the half-wave reduction potential

of 9CNA in ACN. Es is the lowest excited singlet state of

[(fo — DA/Q] = (Kgy + Ko) + Kg\Ko[Q] (4) 9CNA, e is the elementary charges is the static dielectric

_|_




Effects of Liquid Crystal Environment J. Phys. Chem. A, Vol. 111, No. 45, 200171485

constant of the spectroscopic solvent, apd is the ion pair It is to be pointed out here that, in NH and ACN media, the
distancerpa was calculated from the energy minimized ground transient absorption spectra of the mixture of DMI and 9CNA
state structure of 9CNADMI. es value of LC medium (5CB) also exhibit a photoexcited 9CNA triplet apart from the radical

was computed from the method of L. Sinks ef‘ahnd was ions of the two reacting species. From the analysis of the spectra,
found to be~10.5 for 5CB.rp andra are the ionic radii of the it is revealed that the formation of the triplet results from the
electron donor and acceptor molecules, respectivglyis the charge recombination of the radical cations and anions, because

static dielectric constant of ACN. A positive value ©0.24 with an increase of delay, the absorption band of the triplet state
eV for AGcs, obtained from eq 5, indicates endergonicity, i.e., enhances at the expense of the corresponding transient bands
a slim possibility, from the thermodynamic point of view, of of radical ions. A similar observation of the production of a
the occurrence of photoinduced electron-transfer reactionsphotoexcited triplet in the case of a typical metalloporphyrin
between the donor DMI and the acceptor 9CNA in LC was also made earlier by Levarféusing a nanosecond laser
environment. The situation is completely different for isotropic flash photolysis technique but in the LC environment cyano-
solvent. The Gibbs free energy of ET reactions from the well- hexylbiphenyl (6CB). From the experimental evidence, he
known Rehm-Weller relatior>~38 is —0.99 eV. This value of  suggested that this triplet is produced by a back electron-transfer
Gibbs free energy suggests the dominant involvement of aprocess within the triplet radical pair. As no experimental
photoinduced ET proce¥sn the quenching mechanism of the  observations of the presence of a radical ion pair was made, it
donor-acceptor system DMI and 9CNA in isotropic solvents. was inferred that the energy states attributed to the radical pairs
The electrochemical results support our propositions made fromshould reside above that triplet level. In the present investiga-
the steady-state and time-resolved spectroscopic investigationgions made in the 5CB liquid crystal environment, a lack of
that primarily the static process is involved in the quenching formation of charge-separated species, e.g., cations or anions,
phenomenon occurring in the pseudo-ordered domain of the LC should possibly be responsible for the absence of a transient
(5CB), whereas in isotropic media NHs(~ 2) or ACN (es ~ triplet, the formation of which in isotropic media NH or ACN
37.5) we observedthat the dynamic process plays the key role. resulted from the recombination of the radical ions. Further
From the observed value afGcs (~ —0.99 eV) in ACN investigations, using both inter- and intramolecular denor

medium, it is apparent from the thermodynamic point of view acceptor systems in 5CB and other LC environments, are
the PET process should occur in the intermediate region (0.4 ynderway.

eV< —AGcs < 2.0 eV).39
The estimated bjmolecular fluorescence quenching rate 4 Concluding Remarks
constantsky's, both in ACN and NH, are found to be nearly
equal to the diffusion-controlled limi€ This observation is in Though highly exergonic photoinduced electron-transfer
accord with our expectation as Kikuchi propo¥ethat ET reactions were apparent within the electron donor DMI and well-
reactions in the intermediate region occur through diffusion- known acceptor 9CNA in isotropic media NH and highly polar
assisted mechanisms, if no other nonradiative processes aré\CN, the pseudo-ordered domain above thellghase transi-
involved. tion temperature (up to 3540 °C above the phase transition)
3.2.3. Transient Absorption Measuremeniising the third of the liquid crystal 5CB begins to affect the dynamics of the
harmonic (355 nm) output of the Nd:YAG laser system, liquid crystal and consequently the charge transfer and other
the transient absorption spectra of the mixture of DMI and photophysical and photochemical properties of the present donor
9CNA were measured in LC (5CB) environment. The temper- and acceptor systems. It is inferred from the present experi-
ature of the cell containing the sample was kept at 309 K (within mental findings that the pseudodomain of 5CB acts as an
the pseudo-ordered domain). No noticeable absorption bandsinhibitor of the production of charge-separated species from the
of transient ions are observed. This observation was in accordpresent intermolecular electron donor and acceptor reacting
with our expectation as electrochemical measurements andsystems. From the steady-state and time-resolved investigations,
steady- state investigations clearly indicate the lack of occur- it is revealed that, due to the hysteresis phenomenon, the nematic
rence of dynamic processes. Time-resolved fluorescence meaphase properties persist over a wide temperature range well
surements demonstrate in favor of static quenching in LC within a pseudo-ordered domain to some extent into the isotropic
medium. phases. Further investigations, using both inter- and intra-
On the contrary, in isotropic solvents n-heptane and ACN, molecular donotracceptor systems in 5CB and other LC
the transient absorption spectra measured by nanosecond lasegnvironments, are underway.
flash photolysis technique exhibitthe broad band at around
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