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Abstract

This project introduces a prospective material for photonic laser applications. The material is olive oil which is
classified as organic compound, having a good nonlinear optical properties candidate to be used in photonic
applications. A high purity sample of olive oil has been used. The theoretical calculation to generate third harmonic
wave using olive oil has been determine using MATLAB program. THG (A=355nm) intensity has been determined at
two cases of sample thicknesses Imm and 10mm. The minimum threshold incident intensity to obtain THG intensity
are equal 1,=7530 mW/cm® at L=Imm and I,= 6220 mW/cm® at L=10mm. The possibility of generation of third
harmonic in olive oil inside the cuvette has been experimented using different powers (90-120) mW of CW Nd:YAG
laser. The signal of third harmonic generation has been detected using UV-340 Light Meter.

Kewords: Olive oil, Third harmonic generation, THG intensity.

1. Introduction

The phenomenon of third harmonic generation
(THG) is a well-known manifestation of the cubic
optical nonlinearity of materials, x®. The
efficiency of THG depends on the material
nonlinearity, incident light (fundamental) intensity
and the length of coherent interaction (sample
thickness). High third-order nonlinearities are
often reported for various materials, in particular
organics [1]. Olive oil an organic material
consisted of two main groups of substances:
saponifables and unsaponifables. A Saponifables
compound contains strong n-electron conjugation.
This is a crucial factor in attaining high optical
nonlinearities and, indeed olive oil have been
considered for applications in which a high value
of the nonlinear refractive index, n, would be of
advantage to obtain all-optical switching of
optical signals at relatively low light intensities.
Also, olive oil can be used in biochemical
application because of simplicity and compactness
of the system.
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2. Theoretical Results and Discussion

Firstly, the transmission spectrum of olive oil
is determined using UV-VIS spectrophotometer as
shown in figure 1. THG intensity can be
determined theoretically using the following
equation [2].

(3a>)2 sirf| Ak L/2] ) pp
L,= o e
Y e's) [Ak L2 ’Z( 'z M

This equation shows THG parameters, which
are represented by fundamental frequency o,
which are represented by fundamental
frequency o, interaction length or sample
thickness L, third order nonlinear
susceptibility X(S) of the material which is
determined experimentally using z-scan
technique has a value of = 107" m*/Vv2,
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Fig. 1. Olive oil Transmission Spectrum.

1, represents the excitation intensity of laser
beam. ¢ and g, represents, the speed of light and
vacuum permittivity.

The wave vector at THG signal Ak is
determined from the following equation [2]:
Ak =k, 3k, = 67” (n,, —n,) - 2)
n, and nj, respectively, the refractive index at
fundamental and THG frequency, which is equal

4500

1.46 and 1.4789 [3]. ® is the fundamental
frequency at A=1064nm, which equals 1.77x10"
Hz. the wave vector Ak equals 334.8mm’".

THG intensity is determined using the first
equation at different input excitation intensity and
by using computer program (MATLAB). Two
values of interaction length were used in
calculations (L=Imm, [=10mm) as shown in
figure 2.
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Fig. 2. THG light Intensity Versus Input Excitation Intensity for Different Interaction Length.
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From figure 2, the variation in THG intensity
is proportional to the square of excitation
intensity; the variation is low at (0.0318x10° —
0.122x10° mW/cm®) while after 0.138x10°
mW/cm® for L=Imm and 0.18x10° mW/cm® for
L=10mm the variation increases rapidly until to
reach the maximum value at 3.25x10° excitation
intensity in this figure. The interaction length L
affects the THG intensity.

The threshold intensity Iy, to obtained THG
were found from figure 2 by changing the incident
powers in two cases of interaction length, L=1mm
and L=10mm as shown in Tables 1 & 2
respectively where the spot area A=nd’/4, d
represents the spot diameter was changed between
d=0.2mm and 2mm. Then, Im=4p/7td2 [2], P is the
incident power.

Tablel,

Threshold Values of THG Intensities at L=1mm.
Power In Iz, Spot area
(mW) (mW/cm?)  (mW/cm) (mm?)

80 6220 0.01 1.286
100 6310 0.01 1.583
120 13600 0.1 0.882
140 13720 0.1 1.02

Table2,

Threshold Values of THG Intensities at L=10mm.
Power In Iz, Spot area
(mW) (mW/em?)  (mW/em?)  (mm?)

80 7570 0.1 1.0568
100 7530 0.1 1.327
120 7170 0.1 1.628
140 15860 1 0.882

The maximum values of THG intensities were
observed in the case of phase-matching or non-
collinear. Phase-matching can be obtained when
the wave vector AKL=0 by changing the thickness
of sample. Efficient THG is difficult to achieve in
the olive oil because the wave vector Ak#0 and
N3,>M, [2]. In the case of different thickness of
sample L, phase-matched THG intensity can be
achieved as shown in figures 3. Figures 3 shows
the phase-matching and phase mis-matching of
THG intensity, which is determined at four values
of spot diameter of the fundamental beam d (0.1,
0.12, 0.14, 0.16) mm and for different values of
sample thickness L from 10-100 pm in step of 1.
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Fig.3. Phase-Matched THG Intensity at 80mW
Input Power.

As a result, phase-matched THG intensity was
obtained at the wvalues of sample thickness
(10, 28, 46, 66) um. Phase mis-matched THG
intensity was obtained at the values of sample
thickness (18, 37, 56, 75, 93) um. The phase mis-
match occurs periodically every 18um (i.e. the
coherent length L. equal 18um). Also, the
variation of the THG intensity is proportional to
the value of spot diameter into phase matching
and mis-matching. For the value of spot diameter
(d=0.1lmm), THG intensity has become at
maximum value, while at the value of spot
diameter (d=0.16) it has become at minimum
value. The reason of this effect is that the incident
intensity is increased by reducing the spot
diameter. So, for small spot diameter the intensity
of incident laser beam becomes very high and
THG intensity is increased by increase the
intensity of excitation beam.

3. Experimental

THG intensity is measured experimentally
using a simple set-up in laboratory as shown in
figure 5. The set-up was consisted of the
following components:

1- Nd:YAG CW infrared laser (A=1064nm).

2- The sample, which represented the solution of
olive oil filled in Imm quartz cuvette.

3- UV-light meter, which is shown in the
figure 5.

Figure 4 shows the block-diagram of THG
measurements:
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Fig. 5. Set-Up of THG Experiment.

Assuming a plane wave and non-depleting
fundamental power, the THG output power was
measured for different incident angles in the range
from -30° to 30 increments of 5step. The
measurements of intensity based on two values of
sample thickness Imm and 10mm. The incident
angle of fundamental beam 0 was changed by tilt
the sample forward to the left of the optical axis to
make a positive angle and backward to the right of
the optical axis to make a negative angle. Bevel-
square was used to measure the incident angle.

THG output signal intensity was measured
with respect to the reference value when the
quartz cuvette is blank. At the reference, very low
UV radiation was detected, which represented the
Rayleigh-scattering  or  stimulated = Raman
scattering. This value is regarded in
measurements. The efficient values of THG
output signal intensity was found as shown in
figures 6 to 9:
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Fig. 6. THG Output Intensity Excited at 90mW
Input Power Versus Incident Angle for L=Imm.
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Fig. 7. THG Output Intensity Excited at 100mW
Input Power Versus Incident Angle for L=1mm
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Fig. 8. THG Output Intensity Excited at 120mW
Input Power Versus Incident Angle for L=1mm.
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Fig. 9. THG Output Intensity Excited at 110mW Fig. 11. THG Output Intensity Excited at 100mW
Input Power Versus Incident Angle for L=Imm. Input Power Versus Incident Angle for L=10mm.

The result shows different values of THG
intensity at each input power due the change in
the incident angle of fundamental beam. The 250 —
reason of change the incident angle of the shape-presening
fundamental beam is to obtain on efficient THG 0
intensity. The change in the incident angle of
fundamental beam was induced change in the re-
orientation of the olive oil molecules, which
induced change in refractive index

For L=10mm, THG output signal intensity was
measured with respect to the reference value.
Very low UV radiation of scattering was detected w0
at the reference (when the cuvette is blank). The
efficient THG output signal intensity was found as
shown in figures10 to 13:
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Fig. 12. THG Output Intensity Excited at 110mW

Input Power Versus Incident Angle for L=10mm.
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Fig. 13.THG Output Intensity Excited at 120mW
Input Power Versus Incident Angle for L=10mm.
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The results show different values of THG
intensity for each input power due to the change
in the incident angle of fundamental beam. Also,
the efficient THG intensity was approximately
obtained at incident angle in rang from -15" to 15°
because no signal will be detected at the incident
angles -20" and 20". These angles represent the
best angles of THG signal because of high re-
absorption of THG intensity occurred at these
angles.

The experimental results were compared with
theoretical results as shown in figure 14.

600 : ; ; -
------- theoretical L=1mm ',»J
----- theoretical L=10mm ,.r"
500 experimental L=1mm v
—©— experimental L=10mm '/"
& P -
g 400 -
H ot
€ o
> e
2 300 7
9 ¢
2 e
< L7
0 200 =
£ "
0—r— ==
0
7 7.5 8 8.5 9 9.5 10 105 1
Incident intensity(mw/cm?) x 10*

Fig. 14. Theoretical and Experimental Values of
THG Intensity.

From figure 14, the experimental values of
THG intensity are in good agreement with
theoretical values. This case was obtained when
the excitation beam (fundamental beam) was
incidence in the medium.
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Fig. 15. Efficiency of Conversion The Fundamental
Beam into THG for L=1mm & L=10mm.
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The efficiency of the conversion of the
fundamental beam into THG beam is determined
experimentally using the following formula at
L=1mm & L=10 mm for different incident powers
as shown in figure 15:

I (L
Efficiencwf conversion _ L@ --(3)

1,(0)

4. Conclusions

We have reported on efficient third harmonic
generation in self-focusing in olive oil solution.
We have theoretically determined the threshold
intensity to obtained THG intensity in olive oil for
two cases of sample thicknesses. For 1mm the
threshold intensity to obtained THG equal
[,=7530 mW/cm® and for 10mm the threshold
intensity to obtained THG equal I,= 6220
mW/cm’. Also, the coherence length of olive oil is
equal to 18um, which is obtained from the
simulation results, when third order nonlinear
susceptibility equals ~10"% m?/V? for different
input powers.

THG intensity is changing with the change in
the incident angles. The best incident angles are
equal -10, 0, +10 degree for L=Imm and +5, 0
degree for L=10mm to obtained the maximum
generation.

Notation

A Spot area of laser beam

c Light speed in vacuum

d Spot diameter of laser beam

I,, I(0) Incidence intensity

Lo Third harmonic generation intensity

I Threshold incident intensity to obtain
THG

ke, Wave number of fundamental beam

Ko Wave number of THG beam

Ak Wave vector phase mis-match
Sample length

n Total refractive index

n, Refractive index at frequency ®

N3 Refractive index at frequency 3®

P Incident power
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Greek letters

€ Vacuum permittivity
A Wavelength
® Angular frequency
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