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Measuring the large nonlinear refractive index of pigment

from avocado leaves by a laser pointer

Abstract

This study reports, for the first time, the nonlinear refractive index (n,) of natural
pigments extracted from avocado leaves. While n. has been previously studied in
materials like graphene and other plant extracts such as spinach, coriander,
Hibiscus-rosa sinesis, and olive, our findings reveal that the concentrations of
chlorophyll-a and chlorophyll-b in avocado leaves are significantly higher than those
in previously examined plants. We used silica column chromatography to extract
these pigments, with chlorophyll-a dissolved in acetone, chlorophyll-b in acetone, and
carotenoids in hexane. These samples will be used to measure their optical properties,
contributing new insights into the n2 of plant-derived materials.

When a laser beam hits a sample in a cuvette, the intensity is highest at the center,
leading to increased temperature and a decreased refractive index. This creates
temperature and refractive gradients in the solution. After passing through, the laser
generates a far-field diffraction pattern of light and dark fringes on a screen. The
maximum radius of these patterns (R,,,) and the number of dark fringes (N) vary with
laser power (P), optical path length (€), thermal absorption coefficient (p), and the
thermo-optic coefficient (dn/dT). Analyzing N vs. £ and N vs. P plots allows for
calculating the nonlinear refractive index.

In this study, lasers of different powers and different concentrations of
chlorophyll- a and -b and carotenoids from avocado leaves are used with different
liquid column heights to illuminate the extracted pigments. Comparing to past studies,
results have shown that the concentration of the extracted pigment extracted from
avocado leaves are 4.0 and 3.1 folds of extracted pigment from spinach and
Hibiscus-rosa sinesis, respectively. Even more surprising was that the n, value of
chlorophyll-a extracted from the avocado leaf is 100 times larger than graphene. The
results indicate that the sample possesses a significant nonlinear refractive index,
making it ideal for various optical switching applications, as well as holding promise
for advancements in data storage and optical communication.
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C, =4.0x107°M >
f1C; = 1.9 X 1075M - JEGHEEE =
Cheak » S E RN IRAEEE
F1 FRE {8 i B BRET R R T
2. B 19 BarEC, = 4.0 X 10 SMAYEE
HHEEE 2 OO AR LS IR B G
[ 5k i e B S TR 8 -

3.1 20 GEST EERAYIE SUE N FEEST LT3 T
: : B 20 B B R R TR
AL o BRI RA = 440nm - S BEALE G

25

20 |
y=232.93x- 4.3494

15 |
+C2

10 [1=]

y=97.992x- 0.747

Number of rings N

0 0.03 0.06 0.09 0.12

Power of laser P (mW)

T W0.35mm s S E S = 1.0cm, PP BB N Rk
o VWY /Xt = 4.
FEVASEVE)

2n21,”
Anw?2

N =

P BGSHREIR =GR
R A ERERETHRE R R IERMET TR n,

p=3icy n,(x 10~ 1°m2w-1)
C,=4.0x10"°M -19.7
C;=1.9x10°°M -8.27

4. K. Bouchouit (2010) (47 30ks: MSIEEEIZT5 T46HE 2 I ME-p- S 2
(donor-p-acceptor form) » (= (FIFE 3 THEF -R R AR M A AT B IR
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