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Abstract : This study presents the refractive index and FTIR spectra of virgin coconut oil and virgin
olive oil that have been measured in the wavelength range from 491.0-667.8 nm. The measurement of
refractive index was carried out using a minimum deviation method while the IR transmission ranging
from 600-4000 cm™' was measured using FTIR spectrometer respectively. The measurements were
done at room temperature and the dispersion equations for the studied samples were verified and the
Cauchy constants were obtained by fitting the experimental data to the Cauchy formula. For both,
refractive index and Cauchy constants, the value obtained are higher in virgin olive oil as compared to
virgin coconut oil. A similar result for FTIR absorption spectrum was also observed where the five
important peaks explaining the stretching absorption due to aldehyde (C = O) and esters (C-O),
bending absorption (methylene (CH,) and methyl (CH;) groups and double bond absorptions (C = O)

were strong in virgin olive oil.
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INTRODUCTION

Refractive index plays an important role in many
branches of physics, biology and chemistry. Knowledge
of the refractive index of aqueous solutions and oil is of
crucial importance in applications of adulteration of oils
and purity. Different methods have been developed to
measure the refractive index of liquids, such as the
Brewster angle!'?, ellipsometry®, attenuated internal
reflection  (ATR)™  and minimum deviation
method!®”). The most common and easiest method is the
minimum deviation method. The theory and method
have been discussed elsewhere!®”). Considering the
beam geometry of a prism shown in Fig. 1 one can
determine the minimum angle of deviation D,,, when the
angle o and B are equal. Thus the index of refraction
can be obtained using the well known equation:

_sin[(4+D)/2] (1)
N sin(4/2)

It is known that the dispersion relation of a

dielectric material could be accurately fitted by Cauchy

formulal'®!":

Fig. 1: Nomenclature in derivation of minimum
deviation of a prism

n=A+—+— (2)

where A, B and C are constants and can be
determined simultaneously by fitting the experimental
values from refractive index measurement.

Virgin coconut oil is one of the best cooking oil
and resistant to mutations of fatty acid chains even
when used at higher temperature. It is rich in lauric
acid, cupic acid and rich with nutrient that supports the
body immune system. The common methods to produce
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virgin coconut oil is wet-milling methods where it does
not involve the direct heating or chemical reaction. It is
reported that about 92% of fatty acids in virgin coconut
oil are saturated and two-thirds of these saturated fatty
acids are medium-chain fatty acids. On other hand
virgin olive oil is rich in monounsaturated fat and a
good source of polyphenols. Due to the high
monounsaturated fatty acids in virgin olive oil, it also
stands out as a vegetable oil with excellent benefit for
human health. This study reports the refractive index
and FTIR spectra for both, virgin coconut oil and virgin
olive oil, measured at room temperature 25°C.

MATERIAL AND METHOD

The Virgin Coconut Oil (VCO) used in the present
experiment was produced by natural process where the
solid endosperm of mature coconut was crushed, made
into viscous slurry and squeezed through a filter to
obtain coconut milk which is similar to the one reported
by Nevin and Rajamohan'*'¥. The oil was finally
separated by solidification technique. The virgin
coconut oil was kept at room temperature (25°C) for 24
h prior to FTIR and refractive index measurements.
However, the Virgin Olive Oil (VOO) sample was
obtained from local superstore. The FTIR spectrometer
(Perkin Elmer 1725X) was used to measure the IR
transmission ranging from 600-4000 cm™'. For
refractive index measurement we have employed a
minimum deviation method similar to the set up as
reported in our previous paper®”. To perform the
experiment, an equilateral hallow prism as shown in
Fig. 1, was fixed on a spectrometer table. A collimated
beam from Hg, He, Na and Cd lamps were used as the
light sources. The prism was then filled with oil sample
and then rotated until the angle of o and B become
equal. The minimum deviation angle was determined
from the reading of spectrometer table. By this set up
we have determined the refractive index of virgin
coconut oil and virgin olive oil for eight different
wavelengths, i.e., 491.0, 492.1, 546.0, 577.0, 587.5,
589.3, 643.8 and 667.8 nm. In this study the density of
virgin coconut oil and virgin olive were measured using
gravimetric technique and the minimum deviation set
up was optimized by measuring the refractive index of
distilled water at room temperature.

RESULTS AND DISCUSSION

The refractive indices of these two virgin oils
measured at room temperature are shown in Fig. 2 and
3. All the data points on the graph represent three
independent measurements carried out at a particular
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Fig. 2: Refractive index of virgin coconut oil measured
at 25°C
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Fig. 3: Refractive index of virgin olive oil measured
at 25°C

Table 1: Density and constants A, B and C of virgin coconut oil and
virgin olive oil at 25°C

Parameter VCO VOO
Density (g/cm®) 0.8933 0.8639

A 1.4479 1.4639

B -1.6789 x 10° -4.5367 x 10°
C 1.0723 x10° 1.9439 x 10°
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wavelength. The solid line represents the fitting line
that was calculated based on Eq. 2. The density and
Cauchy constants A, B and C are listed in Table 1. The
refractive index for virgin olive oil is obviously higher
than the refractive index for virgin coconut oil as shown
in Fig. 4.

Fig. 5 shows the FTIR spectra for virgin coconut
oil and virgin olive oil. Generally the FTIR spectra
show five important peaks explaining the stretching,
bending and double bond absorptions of the oil
samples. We observe that the absorption peaks are the
same for both oil samples where the C-H stretching
absorption occurs at wavelength 2922 cm™'. This peak
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Fig. 4: Comparison of refractive index of
coconut oil with virgin olive oil

virgin

¥irgin coconut oil

\/ CcH,

1 bend J
CH, c0
c=c "™ stretch
c=0
- / C-H stretch
E
=1
e O-H stretch Virgin olive oil
k] =, H-bonded . h
2
o
| CH,
-’: || bend
. cH,
v I bend
O-Hstretch | | \ "
H-bonded | C-O stretch
L 1
c=0
C-H stretch
w0 T aom 2000 1500 1000 600.0

Fig. 5: Infrared spectra of (a): Virgin coconut oil and
(b): Virgin olive oil

appears strong in virgin olive oil sample as shown in
Fig. 2b. Two alkanes peaks which is attributed the
bending absorption of methylene (CH,) and methyl
(CH;) groups appears at 1465 and 1375 cm’
respectively. Two peaks observed at 1740 and
1160 cm™ are due to stretching absorption of aldehyde
(C = 0O) and esters (C-O) respectively. All these peaks
are stronger in virgin olive oil than in the virgin coconut
oil. However, the stretching absorption of (O-H) at
3450 cm™' is strong in virgin coconut oil due to the
water content of the coconut oil sample. This stretching
(O-H) absorption is intermolecular hydrogen bonding
for water. This result describes the measured density of
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virgin coconut oil is slightly higher than virgin olive oil
(i.e. 0.893 and 0.863 g cm™)

CONCLUSION

The refractive and the FTIR spectra of virgin
coconut oil and virgin olive oil were successfully
measured at room temperature. The refractive index
was measured in the spectral range of 400-700 nm
while the FTIR measurement was covered in the range
of 600-4000 cm™". All the experimental data were fitted
to the Cauchy formula to obtain the Cauchy constants
and it was found that the refractive index and the
Cauchy constants, A, B and C of virgin olive oil are
higher then the one obtained for virgin coconut oil,
except for the sample density. The FTIR spectra shows
that the five important peaks explaining the stretching
absorption due to aldehyde (C = O) and esters (C-O),
bending absorption (methylene (CH,) and methyl (CHj;)
groups) and double bond absorptions (C = O) are strong
in virgin olive oil than in the virgin coconut oil
samples.
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