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Abstract:

Measurement calculations were carried out to determine the linear optical constants such as
extinction coefficient, refractive index, average excitation energy and dispersion energy for the 3-
amino-7-dimethylamino-2-methyl phenazine (Neutral red NR) doped Polyvinylpyrrolidone (PVP) film.
Further the optical nonlinearities of Neutral Red : Polyvinylpyrrolidone solution have been
investigated by Z-scan technique with CW laser at 657.2 nm The nonlinear refractive index and
absorption coefficient are found to be in the order of - 1.91 x10°cm?%Watt , 1.13x10* cm/Watt,
respectively .These results show that the ample has potential application in nonlinear optics.
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1. Introduction

Nonlinear optical properties have been the coefficient) is vital to scrutinize the atomic
subject of numerous investigations by both structure, electronic band structure and electrical
theoreticians and experimentalists in recent properties. The refractive index provides the

years especially due to the potential applications information about the chemical bonding and
in optical signal processing and computing. electronic structure of the material.

Detailed investigations of linear and nonlinear This paper reports the linear optical
optical coefficients enable to fabricate materials, constant of 3- amino-7-dimethylamino-2-methyl

appropriately designed at the molecular level for phenazine (NR) doped Polyvinylpyrrolidone
specific applications such as optoelectronic (PVP) film through optical spectral analysis,also
devices [1,2] .Knowledge of the optical constant we investigated the nonlinear optical properties
of the materials (optical band gap and extinction of NR:PVP solution by using Z-scan technique.

2. Preparation of sample and experimental method:

The molecular structure is shown in Fig. I. In were obtained. After the sols were filtrated, the
our experiment, the host material is PVP and the films were prepared on a clean glass slide by the
ratio of NR in PVP by weight is 0.6 %. The NR repeat-spin-coating method and dried at room
doped PVP films were prepared as follows: NR temperature for 48 hrs. The thickness of the film
and PVP are dissolved separately in distilled is about 0.7 um, and the film samples have good
water, and then the solution of NR and that of purity and uniform thickness.

PVP are mixed, heated (up to 50 °C) and stirred
for 2 hrs; thus the mixed sols of NR and PVP
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Fig. 1 Molecular structure of neutral red dye molecule

3. Result and discussion
3.1 Linear optical properties

Figs. 2-a and b show the transmittance and
reflectance spectra of the NR doped PVP film.
As seen in the figures, the direct electronic

transitions from 7 toz" orbitals in the 300-
450 nm range results in an intense band called
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the Soret band, which gives the absorption edge
in NR doped PVP film [3]. The other band of
the NR doped PVP film is the Q-band, which
appears in the region between 550 and 750nm.

0.6 —

04 —

Reflectance (%)
1

0.2 —

0.0 L e
400 600 800 1000
Wavelength (nm)

200

(b)

Fig .2. The transmittance and reflectance spectra of the samples.

For understanding the interaction of light with
matter, it is very essential to study the refractive
index and the extinction coefficient .The
reflectance spectrum was used to calculate the
refractive index of the NR doped PVP film. The
refractive index can be determined from the
following relation [4]:

R (n—-1) +k?
(n+1)°
where K is the extinction coefficient and was
calculated using k =aA /4x . Figs. 3-a and b
show the real and imaginary parts of the
refractive index of the NR doped PVP film. It is
seen that the refractive index n changes with
wavelength and shows peak. In the region

between 550 and 750 nm a Q band was
observed .There is a little variation in the
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position of peaks and the magnitude of the peaks
is greater. A normal dispersion was observed at
A <500nm as well as anomalous dispersion at ,
A >500 nm.

Based on the single-oscillator model,
Wemple- DiDomenico [5] is a semi-empirical
dispertion relation to for determine the refractive
index n at photon energy hv can be written as
follows:

Ed E0
EZ - (hv)?
Where h is the Planck constant, v is the
frequency, E_ is the average excitation energy

for electronic transitions and E, is the
dispersion energy which is the measure of the

n> =1+
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average strength of inter-band optical transitions
or the oscillator strength.

The M ; and M 3 moments of the
optical spectra can be obtained from the
relationship.

The M_; and M; moments were calculated using
the above equations and are given in table I. The
M ., and M 3 moments changed due to the
formation coordination of complex. It is found
that M _; values decrease with atomic number of

1000

, M, _, M3 metal ion in the compounds .Whereas M
Eo=—— Ej=—— ... (3 moments do not indicate any certain trend.
IVI—S hA—S
Table (1) The optical parameters of the NR doped PVP film
sample E, (eV) Eq(eV) £ n(0) So (M?) M M 3 (eV)?
NR doped 1.27 3.175 3.5 1.87 2.14x107 2.5 1.55
PVP film
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Fig. 3. The real and imaginary parts of refractive index as a function of wavelength.

3.2 Nonlinear optical properties

The Nonlinear optical properties of
organic molecules are being explored with great
interest [6-8] .The Z-scan technique [9,10] is a
simple and effective tool for determining the
nonlinear properties and is being widely used in
material characterization because it provides not
only the magnitudes of real and imaginary part
of nonlinear susceptibility ,but also the sign of
the real part.

Organic materials exhibiting excellent
third-order nonlinear optical (NLO) properties
have stimulated great interest due to their
potential applications including all-optical
switching, optical limiting , signal
processing ,ultra fast optical communications
and ext [11-13]. The current interest in organic
nonlinear optical (NLO) materials is due to their
potential application in wvarious photonic
technologies [14,15]. Many organic compounds
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that have nonlinear optical properties are known
today. However, optimizing the optical and
electro-optical behavior of these materials has
been an area of intense experimental and
theoretical research [16-18]. Organic materials
with conjugated molecular systems possess large
third order nonlinear susceptibility and ultra-fast
response as a result of the delocalization of =-
electron [19].

The schematic diagram of Z-scan
technique is as shown in figure 4. By properly
monitoring the transmittance change through a
small aperture at the far field position (closed
aperture), one is able to determine the amplitude
of the phase shift. By moving the sample
through the focus without placing an aperture at
the detector (open aperture) one can measure the
intensity dependent absorption of the sample.
When both the methods (open and closed) are
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used in measurements of the ratio of signals
determines the nonlinear refraction of the
sample.

A spatial distribution of the temperature in
the surface is produced due to the localized
absorption of a tightly focused beam
propagation through the absorbing sample.
Hence a spatial variation of the refractive index
is produced which acts as a thermal lens
resulting in the phase distortion of the
propagating beam. The difference between

AT, =0.406(1-5)°%* | Ao,

and
A(DOZI(nZIoLeff
Where S =1-exp(-2r,/w,) is the
aperture linear transmittance with r, denoting

the aperture radius and @, denoting beam

radius at the aperture in the linear region, | _is
the intensity of the laser beam at focusz =0,
Ly =@—exp(-a.L))/a, is the effective

thickness of the sample (L is sample thickness),
(a,=0.279 cm™) is linear absorption coefficient
of the NR:PVP solution and k =27z /4 is the
wave number . The nonlinear refractive index

n, can be obtained from equations 4 and 5, and
the corresponding change in the refractive index
An=n,l, .

AXA
T(2) =1+ 00
(X*+9)(x" +1)
Where x=12/z,, z, =ne’ /2 is the

diffraction length of the laser beam, and @, is
laser beam waist at the focal point.

In the Z-scan measurement, the effective
thickness of the sample was L = 0.986 mm.
The linear transmittance of the aperture was
S$=0.39 and the optical intensity at the focus
point is 5.09 kWatt/cm®. From the theoretical fit

results, the peak to valley AT, , indicates the
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Fig. 4. Z - scan experimental setup.

normalized peak and valley
transmittance AT, ,, can be measured by Z-scan

technique. The peak to valley AT, ,, is linearly

related to the on- axis phase distortion Ag, of

the radiation passed through the sample [18].
The relation is defined as,

(®)

Fig.5.a shows the closed aperture (CA) Z-
scan curve of NR: PVP solution. From the
asymmetric curve there is obvious nonlinear
absorption existing in the solution and the close
transmittance is affected by the nonlinear
refraction and absorption. In order to extract the
pure nonlinear refraction part, we have
computed the value of the closed aperture (CA)
data by the open aperture (OA) data. Fig.5.c
shows the resulting curve corresponding to pure
nonlinear refraction. The sign and magnitude of
N, is determined from the relative position of the
peak and the wvalley with z [20]. The
normalized transmittance of pure nonlinear
refraction is given by

negative sign of nonlinear refractive index,
n, (self-defocusing) for the NR: PVP solution.
The Z-scan signature for sample gives the value
of the transmission for peak to valley (AT) is
0.033.

The nonlinear absorption coefficient
p(cm/W) is obtained from fitting performed
on the experimental data of the open aperture
measurement with the equation.
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For

q.(0)| <1

near the focus is indicative the for TPA process
at high intensity (z = 0).

- gat

Where 0.(z) = Bl L, /(Q+2°122).
Fig.5.b shows the open aperture (S=1) Z-scan

curve of sample. The enhanced transmission
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Fig. 5. Represent Z-scan experimental of NR :PVP solution (a) Close aperture
(b) Openaperture and (c) Close aperture division open aperture, Solid line shows

theoretical fit to the experimental data.

The measurement results are listed in the Table 2. The result exhibits that PVP: NR dye solution
possesses a relation large third order NLO.

Table 2 : Measurement detail and the results of the Z-scan technique.

Laser beam wavelength (})

657.2nm

Optical intensity at the focus

5.09 kWatt/cm?

Nonlinear absorption coefficient (/3)

1.13x10%cm /W

Nonlinear refractive index (n,)

- 1.91 x10%cm3wW

6!
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Conclusion

NR doped PVP film has a lower
cutoff wavelength (220nm) and a wide
transparency (entire visible region) which makes
it suitable for the realization of short wavelength
laser light (by frequency doubling phenomenon)
in the UV-VIS region .The high transmission,
low absorbance, low reflectance and low
refractive index of NR doped PVP film in the
UV-VIS region make the material a prominent
one for antireflection coating in solar thermal
devices. The low extinction value (10?) and
electrical conductivity (10° Qcm™) show the
semicoducting nature of the material. The third-

order nonlinear refraction index n, and
nonlinear absorption coefficient £, of NR : PVP
solution was studied using a single beam Z-scan
technique under CW laser with excitation at
657.2 nm. The Z-scan measurement indicates
that the sample exhibited large nonlinear optical
properties. n,, f# and An values was found to be
- 1.91 x10°cm?W, 1.13x10“cm/W and - 9.76
x10° | respectively. The nonlinear absorption is
regarded as a two photon absorption process.
Thus the sample with many attracting linear and
nonlinear optical properties is suitable candidate
for optoelectronic applications.

Reference:

1- J.L.Bredas, C.Adant .P.Tack, and
A.persoons . Chem.Rev.243 (1994).
P.V.Meth,N.Tripathi , and
S.K.Kummar,Chalcogenide Lett.2.39
(2005)

K.N. Narayanan Unni , C.S. Menon,
Mater. Lett.45 (2000) .

K. Oe. Y. Toyoshima , H. Nagai, J.
Non-cryst. Solids 20 (1976) .

S.H. Wemple , M. DiDomenico , Phys.
Rev. B 3 (1971).

M.G.Kuzyk, C.W.Drik,
Appl.Phys.Lett,54 (17) (1989) .
M.Yin,H.P.Li.,S.H,Tang,W.Ji,
Appl..Phys.B 70 (2000).
M.A.Kramer,W.R.Tompkin,R.W.Boyd,
Phys.Rev.A 34 (1986) .
F.E.Hernandez,A.O.Marcano, Y.Alvarad
0.A.Biondi H.Maillotte,
Opt.Commun.152(1998) .
G.M.Carter, M.K.Thakar,Y, J.Chen,
J.V.Hryniewez, Appl.Phys.Lett.47
(1985) .

R.W. Munn, C.N. Ironside (Eds.),
Principles and Applications of
Nonlinear Optical Materials, Chapman
& Hall, London, (1993).

Chi Zhang, Yuan Cao, Jinfang Zhang,
Suci Meng, Tsuyoshi Matsumoto,
Yinglin Song, Jing Ma, Zhaoxu Chen,
Kazuyuki Tatsumi, Mark G.
Humphrey.Adv. Mater. 20 (2008).

10-

11-

12

62

13- P.Abbamonte , G. Blumberg , A.
Rusydil P,A.Gozar , P.G.Evans ,T.
Siegrist .L, Venema ,
H.Eisaki,E.D.Isaacs & G.A.Sawatzky ,
Nature 431 (2004)

14- C. Bosshard, K. Sutter, P. Pretre, J.
Hulliger, M. Florsheimer, P. Kaatz, P.
Gunter,in: .F A,. Garito, F. Kajzar (Eds.),
Organic Nonlinear Optical Materials,
Advances in Optics Vol.1,Gordon and
Breach, Basel, (1995).

15- D.S.Chemla, J. Zyss (Eds.), Nonlinear
Optical Properties of Organic Molecules
and Crystals, Academic Press, New
York, 1987.

16- T.Kolev, B.B. Koleva, T. Spassov, E.
Cherneva, M. Spiteller, H. Mayer-Figge,
W.S. Sheldrick, J. Mol. Struct. 875
(2008).

17- T.Kolev, T.Tsanev,S.Kotov, H.Mayer-
Figge,M.Spiteller,W.S.Sheldrick
B.B.Koleva, Dyes Pigments 82 (2009).

18- T.Kolev, B.B. Koleva,M. Spiteller,H.
Mayer-Figge,W.S. Sheldrick, Dyes
Pigments 79 (2008).

19- S.Kasap,P. Capper (Editor) Springer
Handbook of Electronic and Photonic
Materials, Springer NY,(2006)

20- M.Sheik-Bahae, A.A. Said,T.H. Wei,
D.J. Hagan, E.W.Van Stryland IEEE J
Quant. Elect 26 (1990).



Badran, Al-Ahmad & Al-Mudhaffer

sl paall J g Addual Agdadd) g ddadl) Ay panl) (a) ) dud
ald gl g m Juid Agn gl

Alal Jald saaa 9 daaly) b s o Ot (S O

A aMAY
aysiiall o) yanl) J 55 g Aral gl Ay SV Jabro s 3 gedd) ooy aliaial 4 poaid) Gl s 5 s
Jsbaall Gsadsom dad Jo 5 araall 420U 4 pad) (ol sall Clua () 4dlaVL L PVP sadspn Jid J s old)
Jalae () 25 85 5iasili 657.2 0,08 o se Jshy el daill )3l (g peaid) sl 3485 3 g asd
10 “x 1135 Ll b fape i w 10 %X 191 - sl JJaddU (aliaial) Jalaey adD L)
AU Sl jeadl Jlae b il il o3¢ o) o jelal bl o3 L Vsl e Ll o/ fiaing

63



