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Influence of donor-donor transport on excitation energy transfer
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Abstract: Energy transfer and migration from Coumarin343 to Rhodamine6G in Poly(methylmethacrylate)
have been investigated using steady-state and time domain fluorescence spectroscopy. It is found that the
influence of energy migration on energy transfer can be described quite convincingly on the basis of theories of
Loring, Anderson and Fayer(LAF) and Huber. At higher acceptor concentrations direct donor-acceptor transfer
occurs through Forster mechanism. It is suggested to use a mixture of these two dyes in the LSCs.
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. Introduction

Long range Forster energy transfer is a well known process responsible for the transfer of excitation
energy from donor to acceptor molecules[1]. It is a useful means for enhancing the performance of light
emitting diodes/OLEDs[2], solar cells[3] and polymer lasers[4]. However, the short range energy migration
between the donor molecules themselves may modulate the former and the resultant rate of energy transfer is
due to the contribution of both the processes active simultaneously. Time dependent studies of donor emission
in the presence of different concentrations of the acceptor enable to provide the insight into the Forster energy
transfer and migration rates. With these studies it is possible to explain the energy transfer characteristics
between several donor- acceptor pairs for a clear understanding of the energy transfer and migration processes
[5-21]. The donor —acceptor interaction strength (o) and donor —donor inteeraction(B) can be determined
separately. Depending upon the values of a and B two models viz. (i) the Yakota Tanimoto diffusion model [6]
for a » [ and Burshtein model for o <« [7,8] are applied to explain the overall energy transfer mechanisms. The
former is applicable in the case of slow diffusion. In this case the Fdrster long range dipole-dipole energy
transfer takes place explicitly and the decay follows a non exponential behavior. In the Burshtein hopping model
short range energy transfer occurs from one donor to another neighboring donor and this continues till the
energy is finally transferred to the acceptor molecules. In this case the decay is single exponential. Gochanour,
Anderson and Fayer (GAF) [14-15] developed a model for excitation transport in a one component system.
Later on Loring, Anderson and Fayor (LAF) [16] extended the GAF technique to the general problem of
electronic excitation in a two component disorder system and applied it to the case of dipole -dipole interaction.
Huber[9] proposed an approximate theory based on the coherent potential approximation for a special case of
comparable donor —donor and donor — acceptor interactions (o ~ 3 ) for low as well as high concentrations[10-
11]. Jang et al[21] proposed that by considering the constant distance between donor and acceptor, modification
in a fast excitation migration limit could be introduced.

Energy transfer studies are important because of their applications in luminescent solar collectors
(LSC). These collectors have been found to be cost effective and possess high efficiency [22-24]. The aim of
these studies is to find suitable donor acceptor pairs to utilize the solar radiations in the UV- visible to augment
the intensity in the infrared region by means of energy transfer. This is done by doping high quantum yield
luminescent dyes absorbing in the UV- visible range of the solar spectrum and emitting in the infrared. This is
achieved by using two or multiple dyes doped in thin polymer films used in solar concentrators. In the present
work we have studied excitation energy transfer and migration in a new donor- acceptor pair of Coumarin343
and Rhodamine6G dyes doped in transparent thin films of Poly methyl methacrylate (PMMA). The aim of the
study is to increase the Rhodamine6G (used In LSCs) emission by energy transfer from Coumarin343. Both the
dyes have high absorptivity as well as high quantum yield of emission. The host material PMMA has been
chosen for its excellent properties for use in luminescent solar collectors (highly transparent and large refractive
index)[25].

Il.  Theory
The overlap integral J(A) expresses the degree of spectral overlap between the donor emission and the
acceptor absorption,
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where Fp(X) is the corrected fluorescence intensity of the donor in the wavelength range A to A + AL with the total
intensity(area under the curve) normalized to unity. ea()) is the extinction coefficient of the acceptor at A
expressed in units of M cm™ and A is in nanometer, then J(X) is in units of M™*cm™nm?* .

The Forster distance Rga is expressed as
Roa= 9.78x10° [k*n™* Qp J (W)]¥® (in A) (2)

where Qp is the quantum yield of the donor in the absence of acceptor; n is the refractive index of the medium and
«? is the molecular orientation factor. At the distance Rya, one-half of the donor molecules decay by energy
transfer and one-half decay by the usual radiatve and nonradiative processes. It is the separation distance between
donor and acceptor which yields 50% energy transfer efficiency. Another important parameter, the reduced
concentration ypa is calculated by

[Aal

YoA = —— 3)
[Aoal

where [Aa] is the acceptor concentration and [Aoa] is the critical acceptor concentration given by

[Aoa]=3000/27**NRa> (4)
where N is Avogadro’s number.

In case of pure donor and in the absence of energy diffusion within the donor molecules, the decay function of the
donor is given by

Ip=lgexp ('t/TD) (5)

In presence of acceptor the donor fluorescence follows Forster kinetics of energy transfer [1]

Ip=loexp (-t/tp) exp [ -2ypa(t/to)™?] (6)

where 1p is the decay of the donor in the absence of acceptor. The first term in Eq.(6) indicates the first-order
deactivation and corresponds to unquenched fluorescence lifetime of the donor, while the second term accounts
for excitation energy transfer due to dipole-dipole interaction with acceptor molecules. Férster kinetics for energy
transfer assumes no diffusion and is applicable in the limit of low donor and high acceptor concentration.
Therefore, it does not account the excitation migration. The donor-acceptor interaction strength and the donor-
donor interaction strength are given by (a) and (B) as follows[9,10]

0=1/1p(Roa)® and B=1/1p(Rop)° (7)

where Rqp is the critical transfer distance for excitation energy migration among donors. This is obtained from
the spectral overlap of the absorption and fluorescence spectra of the donor. In the limit of high donor
concentration, when donor-acceptor interaction strength (a) is comparable to donor-donor interaction strength ()
( o= B), donor decay kinetics is modified. According to the theories put forward by Huber[9,10] and LAF[16]
when o and B are of comparable strength, the donor fluorescence decay follows the following expression

Ip=loexp[ (-t/tp) -2(yoo/ 2% + YoA) (t/TD)m] (8)
Where the parameter ypp is defined as
[Ap]
Yoo= "~ 9)
[Aop]

Here [Ap] is the donor concentration and [Agp] is the critical donor concentration given by

[Asp]= 3000/27**NRgp? (10)
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I1l.  Experimental Procedures
Materials. Coumarin343 and Rhodamine6G dyes were purchased from Sigma Aldrich USA and poly
(methylmethacrylate) (PMMA) was purchased from Hi-media, India and were used without further purification.
The solvent (DMF) used in this study is of spectroscopic grade. The molecular structural formulas of C343 and
Rh6G are shown in Schemel.

o
C /\\ff‘o“
NK Z S0 >0

Coumarin343 (C343) Rhodamine6G (Rh6G)
Schemel

Sample Preparation. Coumarin343 and Rhodamine6G doped PMMA films were prepared by dissolving the
required quantity of PMMA in dimethylformamide (DMF) and mixing it with the desired concentration of dyes
dissolved in the same solvent. This homogeneous mass was slowly heated to a temperature of about40°C and
poured in a Polypropylene dish and allowed to dry for 2-3 days at room temperature to obtain transparent films
.The films were then cut to required shape and size. The thickness of the films (= 0.3mm) was kept constant by
using equal weight of PMMA for all the samples.

Steady-State and Time-Domain Fluorescence Measurements. Absorption and fluorescence spectra were
recorded by using Perkin-Elmer Lambda-35 UV-Visible spectrometer and Perkin-Elmer LS-55 fluorescence
spectrometer respectively. The fluorescence spectra were recorded under constant geometric conditions.
Fluorescence decay times were recorded using Edinburgh Instrument (EI) FLA-199 time domain single photon
counting spectrometer and analyzed by related software as described in ref.[18]. The excitation source was a
thyratron gated hydrogen lamp. The excitation and emission wavelengths were positioned at 444nm and 495nm
respectively for recording the decay. The instrumental /Lamp profile (IRF) was measured at the excitation
wavelength using Ludox scatter. Photomultiplier tube (PMT) XP2020x was used as detector. The decay curves
were fitted using single exponential fit and Forster fits by judging the y2 values, standard deviations and
residuals.

IV.  Results and Discussion
Steady state analysis. Absorption and emission spectra of coumarin343 (donor) and rhodamine6G (acceptor) in
PMMA are shown in Figl.(a) and Fig.(b) respectively and the positions of band maxima are given in table 1.
For coumarin343 the absorption and emission maxima lie at 444nm and 496nm respectively. Rhodamine6G
shows an absorption maximum around 535nm and a corresponding emission maximum at 600nm.
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Figl.(a).Absorption and emission spectra of coumarin343(1x10*M) in PMMA
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Figl.(b)Absorption and emission spectra of rhodamine6G(1x10“M) in PMMA.

Table 1 Photo physical parameters for Coumarin343-Rhodamine6G system in PMMA

Donor Acceptor
Nabs Aem Nabs Aem JA)(M*cm3) Ro(A) Joo(M(Mcm3) Ron(A) (a/p)
444nm 496nm 535nm 600nm 2.2x10"8 52.6 1.5x10" 49.8 1.3

Aas Wavelength of absorption maximum; A., wavelength of emission maximum; J(\)(M™cm®) overlap integral for donor-acceptor
interaction ; RO(A) critical transfer distance between donor-acceptor molecules; Jop(A)(M*ecm®) overlap integral for donor-donor interaction;
Rop(A) critical transfer distance between donor-donor molecules; (a/B) ratio of donor-acceptor and donor-donor interaction parameters.

The absorption and emission spectra of coumarin343 and rhodamine6G do not show any concentration
dependence up to the concentration used in this study and it rules out the possibility of the formation of dimers
(or) higher aggregates. No new absorbing species is formed when coumarin343 and rhodamine6G are mixed
together in PMMA matrix which is evident from the fact that the spectra remain unaffected upon change in the
concentrations of the dyes. The overlapping of the absorption spectrum of rhodamine6G and emission spectrum
of coumarin343 is shown in Fig.2 (a).The overlapping condition is an important factor for an efficient energy
transfer from donor to acceptor as envisaged according to Forster theory[1]. In addition, there is also a
significant overlap between the absorption and fluorescence spectra of the donor itself as evident from Figl(a)
indicating the possibility of donor-donor migration of excitation energy. In the present case ,therefore the
possibilities of both types of energy transfer viz. long range Foérster energy transfer and short range migration
should be present. The values of overlap integral J(A) for donor-acceptor system using Eq.(1) is 2.2x10™%and
the critical transfer distance Ry between donor-acceptor using Eq.(2)(using measured values of Qp=0.63[23] and
n=1.4[26] is 52.6(/@). On the other hand the values of overlap integral Jop(A) and critical transfer distance Rop
for donor-acceptor interaction are 1.5x10™® and 49.8(1&) respectively (Tablel). The ratio of donor-acceptor and
donor-donor interaction parameters (a/p) is 1.3 which suggests a higher dipole-dipole energy transfer rate.

The fluorescence spectra of coumarin343 in the prescence of different concentrations of acceptor
(rhodamine6G) are shown in Fig.2(b). In all spectra, the concentrartion of coumarin343 has been kept
constant (1x10“M) and the concentration of rhodamine6G has been varied from OM to 6x10™*M. For all the
samples the geometrical conditions were kept strictly identical . The excitation wavelength was kept at 444nm
as at this wavelength the absorption by rhodamine6G is very small. It is evident from these spectra that with
the increase in the concentration of rhodamine6G succsesive quenching of coumarin343 fluorescence occurs
accompained by succsesive enhancement in the fluorescence intensity of rhodamine6G. Since rhodamine6G is
not directly excited at the wavelength of excitation(444nm), the enhancement of rhodamine6G fluorescence is
due to energy transfer from coumarin343,which depends on concentration of rhodamine6G. A red shift is
observed in the acceptor fluorescence maxima with increase in the acceptor concentration. This can be
attributed to the spectral overlap between the donor and acceptor fluorescence which recodes with increasing
acceptor concentration. There is also an apperent blue shift in the donor emission possibly due to self
absorption. However, the steady state data qualitatively indicate the presence of energy transfer and no
quantitave analysis is possible only on their basis. For a clear understanding a time domain analysis is
necessary. In the present study the steady state analysis has been used only to evaluate the overlap integral
from the spectra and the critical transfer distance with decrease in the intensity of the donor emission upon
increase in the acceptor concentration.

DOI: 10.9790/4861-07620313 www.iosrjournals.org 6 | Page



Influence of donor-donor transport on excitation energy transfer in binary system C343-Rh6G...

1.2 — — (343 350000
I‘menum‘ Absorbtivity
- 1O e RO GG R 300000
= A
= i
£ ose -.-.,omu-)_
- -
— 200000 S
= 0.6 e
= - 150000~
= 0.4
= - 100000
» c ‘
= 0.2 50000
0.0 v v )
450 500 550 600

Wavelength(nm)

Fig.2(a) .Spectral overlap of the absorption spectrum of rhodamine6G and the emission spectrum of coumarin343 in PMMA.
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Fig.2(b).Variation in emission intensity of donor (C343 fixed at 1x10“M) on increasing
acceptor (Rh6G) concentration (from OM to 6x10™M).

V.  Time Domain Analysis.

Donor Dynamics

Life time of the pure donor C343 (1x10™M) is 5.3ns. The decay is single exponential with y? value
equals 1.1 and the fit is very good as the data points are properly distributed (Fig.3(a)). Addition of
rhodamine6G results in deviation from single exponential decay to non-exponential (Fig.3(b)) and the lifetime
of donor fluorescence decreases (Table2). The deviation from single exponential becomes more pronounced
with the increase in the acceptor concentration and % shows a gradual increase. The decay curves at higher
acceptor concentrations fit well into the Forster’s equation of energy transfer (Eq.(6)). The decay parameters
obtained from the fitting of decay curves with single exponential and Forster function for different
combination of donor-acceptor concentration are given in Table 2. Experimentally observed data can be
divided into two categories: (i) low acceptor concentrations and (ii) high acceptor concentrations.

(i)Donor Dynamics at Low Acceptor Concentration The decay curves for coumarin343(donor)(1x10*M) in the
presence of low concentrations of rhodamine6G do not significantly deviate from single exponential although
good fit is obtained with the help of the Forster fit as evident form the x° values and standard deviations. The
decay parameters obtained from the fitting of decay curves with single exponential and Forster fit for different
combinations of donor-acceptor concentration are given in Table 2. There is a regular increase in the value of y
with increase in the acceptor concentration consistently in accordance with the Forster theory. In order to
compare these y values with theoretical data they have been reproduced in Table 3. The values of the critical
acceptor concentration [Aga] and the critical transfer distance Ry for all donor-acceptor concentrations are also
given in Table 3. Values of Rga and ypa have been calculated with the help of Egs. (3) and (4). A comparison of
Yobs @&Nd ypa has been made in order to find the agreement between the experimental and theoretically obtained
values. It can be seen that on increasing acceptor concentration the observed value of the reduced concentration
(yons) Shows a regular increase. However, it is close to the observed value only at higher concentration. Also, at
low acceptor concentrations up to 1x10™°M the observed values of critical transfer distance Roa is greater than
the value of critical transfer distance R, obtained from steady-state spectral measurements (52.6A). Thus at low
acceptor concentrations fitting of data with Férster’s function (up to 1x10°M) seems inconsistent. This
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inconsistency is due to the fact that Forster theory assumes low donor and high acceptor concentration. At low
acceptor concentrations the rate of donor-donor migration is prominent and the donor-acceptor transfer rates are
comparable only at higher concentrations. Therefore, the role of donor-donor excitation migration becomes
significant as suggested by Huber[9,10] and LAF[16]. The modified decay functions according to Huber[9,10]
and LAF[16] are given by Eq.8 and assumes the same form as the Forster function with ypa replaced by y
ca|(=YDD/21/2 + vpa), 7Yoo IS related to the donor-donor interaction and can be calculated by using the relation
voo=[Ap]/[Aop]. Values of yc obtained from the values of ypp and ypa are quite in agreement with yops. This
agreement can be better realized from the corresponding values of Ry also given in Table3. Thus at low acceptor
concentrations the theoretical models of LAF and Huber satisfactorily explain the energy migration. The value of
voo Which is equal to 0.0263 is more than the vypa values at low acceptor concentrations. It means a higher
contribution of the migration at low acceptor concentrations.
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Fig.3(a). Fluorescence decay curve of C343 (pure donor at 1x10™) in thin film of PMMA at 495nm (Ae:444nm) with varying concentrations
of Rh6G(acceptor). Rh6G concentrations are (i)OM, (ii)5x10°M, (iii)1x10°M, (iv) 1x10*M, (v)2x10™M, (vi)2x10™*M, (vii)4x10*M and

(viii)6x10™M.
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Fig.3(b). Fluorescence decay curve of C343(pure donor at 1x10)in thin film of PMMA at 495nm(Aex.: 444nm).
Fitted with a single exponential function.
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Fig.3 (c).Standard deviations for Férster function fitted decay curves of C343( donor at 1x10) in thin film of PMMA at 490nm(Aexc:444nm)
with varying concentration of Rh6G(acceptor).Rh6G concentrations are (i)5x10°M, (ii)1x10°M,(iii)1x10*M, (iv)2x10“*M, (v)4x10“M and
(vi)6x10*M. Plotted are the experimental data(points) and the fitted data( colorful lines). Residuals and y? values are also shown for each
donor-acceptor combinations.
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Table 2 Experimentally obtained parameters for C343-Rh6G system in PMMA for single exponential and Forsters fit (Aex: 444nm)

Acceptor concentration Single exponential fit Forster fit
[AI(M) ©(ns) e (V) obs (ns) e
0 5.3 11 - 5.3(fixed) 11
5x10° 5.2 12 0.025 " 12
1x10°° 49 19 0.030 " 13
1x10* 4.4 3.7 0.080 " 11
2x10* 34 9.4 0.087 " 13
4x10* 25 10.2 0.132 " 15
6x10™ 1.8 11.6 0.201 " 2.0
t(ns) fluorescence lifetime of donor ; (y) &s reduced concentration obtained from Forster fitting.
Table 3 Experimentally observed and spectroscopically calculated values of various parameters in C343-Rh6G system.
Observed values Spectroscopic values
[AI(M) Yobs [Aoal (x10°M) Roa (A) YpA Yop ¥ cal(=yon/2% + ypa)
5x10° 0.025 0.20 130.1 0.0016 0.0263 0.020
1x10°° 0.030 0.62 89.2 0.0032 0.0263 0.021
1x10™* 0.080 2.29 58.0 0.0326 0.0263 0.051
2x10* 0.087 2.82 54.1 0.0653 0.0263 0.083
4x10* 0.132 3.01 52.9 0.1307 0.0263 0.149
6x10™ 0.201 3.14 52.2 0.1960 0.0263 0.214

[Aoa] observed value of critical acceptor concentration ; Roa  observed value of critical transfer distance between a donor—acceptor pair.;
voa reduced concentration obtained from spectroscopic measurements; ypp  value of reduced concentration for donor-donor interaction;
¥ cal(=Yoo/! 212 4+ Yoa)

(i)Donor Dynamics at High Acceptor Concentrations The deviation of the decay of donor from exponential
behavior to non-exponential behavior becomes more prominent as the concentration of the acceptor is increased.
Decay of coumarin343 in the presence of high acceptor concentration with respect to the donor concentration
fitted with Forster function is also shown in Fig.3(c). As mentioned before, the decay data fit well with the Forster
expression as evidenced by the good values of the y2. The observed values of vy, increases with increasing
acceptor concentration and as the concentration of rhodamine6G increases, the observed values of the critical
transfer distance decreases and finally attains a constant value that match well with spectroscopically calculated
value (52.62\) . This indicates that the Forster [1] mechanism dominates over migration at higher acceptor
concentrations.

The influence of energy migration in energy transfer in a dye pair acriflavin-rhodamineB and acriflavin-
malachite green in PMMA has been studied earlier [25-28]. Pandey et al.[25-26] studied the excitation energy
migration and transfer in a dye pair of acriflavin and rhodamine6G in PMMA. Tripathi et al.[27] studied the
migration and diffusion modulated excitation energy transfer in a dye pair 7-diethylamino-4-methylcoumarin and
3,3’-dimethyloxacarbocyanine iodide. Excitation energy transfer between the dye pair acriflavin to rhodamine6G
in various polymers PVA, cellulose acetate and PMMA has also been studied [28]. Our results for the C343 to
Rh6G donor acceptor system are in agreement to the view that the migration of energy between donors is also an
important pathway of energy transfer particularly at low acceptor concentrations. However, at high acceptor
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concentrations the migration effect is masked by highly efficient Forster dipole-dipole energy transfer between
donor and acceptor molecules.

Coumarin6é and its derivatives, rhodamine6G and other dyes are used in luminescent solar
collectors(LSC) since Zewail and coworkers have proposed their importance in increasing the efficiency of solar
concentrators [29-31]. Absorption of rhodamine6G extends mainly in the spectral range 470nm-550nm Fig.1(b).
On other hand Coumarin343 absorbs in the spectral range 400nm-4700nm. A mixture of coumarin343 and
rhodamine6G will enable absorption within the spectral range 400nm-550nm. Energy transfer from coumarin343
to rhodamine6G will increase the intensity of emission of rhodamine6G. As both migration and dipole-dipole
mechanisms are responsible for energy transfer, by optimizing both donor as well as acceptor concentrations an
efficient energy transfer can be achieved for proper use in LSCs.

VI.  Conclusion

In the polymer matrix PMMA, at higher acceptor concentrations with respect to the donor
concentration, direct energy transfer can be explained on the basis of the Forster [1] theory of fluorescence
resonance energy transfer. At low acceptor concentrations with respect to the donor concentration, excitation
migration among donor molecules influences the transfer kinetics, and the results are satisfactorily explained on
the basis of theories given by Huber [9,10] and LAF[16]. However, there is an efficient transfer from
Coumarin343 to Rhodamine6G at higher acceptor concentration and the pair may be well suited for use in
LSCs.

Acknowledgments
Financial assistance from Uttarakhand Council of Science and Technology (UCOST) is gratefully
acknowledged.

Reference
[1]. Forster T. Discussions of the Faraday Soc 1959; 27:7-17.
[2]. Baldo MA, Thompson ME, Forrest SR. Nature (London)2000; 403:750.
[3]. Liu Y, Summers MA, Edder C, et al. Adv. Mater. (Weinheim, Ger.)2005;17:2960.
[4]. Berggren M, Dodabalapur A,Slusher RE, et al.Nature(London)1997; 389:466.
[5]- Dexter D L. J. Chem. Phys. 1953; 21: 836-850.
[6]. Yokota M., Tanimoto O. J. Phys. Soc. Jpn. 1967; 22:779-783.
[7]. Burshtein A I. SoV. Phys. J. Expt. Theor. Phys. 1972; 35:882-886.
[8]. Fedoranko SG, Burshtein Al. Chem.Phys.1985; 98:341-349.
[9]. Huber DL. Phys. ReV. B: Condens. Matter Mater. Phys. 1979;20:5333-5338
[10]. Huber DL. Phys. ReV. B: Condens. Matter Mater. Phys. 1979;20:2307-2314.
[11]. Hegarty JD, Huber L, Yen WM. Phys. ReV. B: Condens.Matter Mater. Phys. 1981; 23: 62-74.
[12].  Klein UK A, Frey R.,Hauser M,et al. Chem. Phys.Lett. 1976;41:139-142.
[13]. Haan SW, Zwanzig R. J. Chem. Phys. 1978; 68:1879-1883.
[14].  Gochanour CR., Anderson HC, Fayer MD. J. Chem. Phys.1979;70:4254-4271.
[15]. Gochanour CR., Fayer MD. J. Phys. Chem. 1981; 85:1989-1994.
[16]. Loring R F, Anderson HC, Fayer MD. J. Chem. Phys. 1984,80:5731-5744.
[17].  Miller RID, Pierre M, Fayer MD. J. Chem. Phys. 1983;78:5138-5146.
[18].  Joshi HC, Mishra H, Tripathi HB, et al. J. Lumin.2000;90:17-25.
[19].  Misra V,Mishra H. J. Chem. Phys. 2007;127:94511-94521.
[20].  Pande KK,Pant TC. Chem. Phys. Lett. 1990;170:244-252.
[21]. Jang S,Shin KJ,Lee S.J. Chem. Phys. 1995;102:815-827.
[22]. Bailey ST, Lokey GE, Haynes MS, et al. Solar Energy Materials and Solar Cells. 2007;91: 67-75.
[23]. Renolds GA,Drexhage KH,New coumarin dyes with rigidized structure for flashlamp-pumped dye lasers;Optics
commun.1975,13,222-225.
[24].  Naithani S, Singh K, Joshi GC. International Journal of Sustainable Energy 2011;1:1-9.
[25]. Pandey KK, Joshi HC , Pant TC. J. Phys.1989; 63-72:32.
[26]. Pandey KK, Joshi HC, Pant TC. J. Luminescence.1988;197:42.
[27].  Tripathy U, Bisht PB. J.Chem.Phys.2006;125:144.
[28].  Misra V, Mishra H.J.Phys.Chem,B 2008;112:4213-4222.
[29].  Batchhelder JS, Zewail AH ,Cole T. Appl. Optics.1979;18:3090-3110.
[30]. Mulder CL, Reusswig PD, Beyler AP, et al. Optics express.2010;18:91-99.
[31]. Rowan BC, Wilson R, Richards BS. IEEE journal of selected topics in quantum electronics,2008;14:1312-1322.

DOI: 10.9790/4861-07620313 www.iosrjournals.org 13 | Page



