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ABSTRACT

Tabernaemontana divaricata Linn oil was extracted and transesterification was carried out using methanol as the
solvent in presence of a catalyst to produce biodiesel. Fatty acid methyl esters in biodiesel prepared from
Tabernaemontana divaricata seed oil was analyzed by IR, NMR and GC-MS. The composition of the biodiesdl is
estimated as 27.0 wt.% methyl palmitate (C16:0), 10.54 wt.% methyl linoleate (C18:2), 56.23 wt.% methyl oleate
(C18:1) and 6.20 wt.% methyl stearate (C18:0).
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INTRODUCTION

Due to depletion of petroleum reserves and incréasenvironmental problems, the worldwide demand fo
alternative energy to petroleum diesel is increasiontinuously. Recently, biodiesel has receivedenrand more
attention as a promising alternative fuel becaukésorenewability, biodegradability, nontoxicitynd carbon
neutrality [1-5]. Biodiesel, mixture of fatty acidethyl esters (FAME), is obtained from renewablerses such as
vegetable oils, animal fats or even waste cookifgyly transesterification with methanol in presend a catalyst
[6-10]. As the demand for edible vegetable oils maseased tremendously in recent years, it is Bajide to
produce biodiesel from edible oils which leadsdod crisis. Moreover, these oils could be more agpe to use as
biodiesel. Hence, more and more research needs tibibe on non-edible tree seed oils which are dersil as
economically viable sources for the production ioflesel.

Tabernaemontana divaricata Linn (Kathanda in Assamese), belongs to tiAgocynaceae family, is a flowering
small woody tree which grows to about 2 to 3 meimdseight Fig. 1). The plant flowers through out the year in the
climatic condition of Assam but heavy flowering da@ seen only in autumn season. The present sealg @ith
the synthesis of biodiesel froMabernaemontana divaricata seed oil by transesterification with methanol and
determination of composition of the biodiesel fochilyy employing various instrumental techniques.

EXPERIMENTAL SECTION

Materials

Tabernaemontana divaricata Linn seeds were collected from Bongaigaon DistdttAssam, India during its
availability of the season. The seeds were driedunlight and the kernel crushed using a grinder go oil
extraction. Methanol used was of analytical gradertk, Mumbai, India). All other solvents and cheais used
were of analytical grade, and they were procuresinftrommercial sources and used as such withoutefurt
treatment.

172



Sanjay Basumatary et al J. Chem. Pharm. Res,, 2013, 5(1):172-179

Fig. 1. Tabernaemontana divaricata plant

Fig. 2. Tabernaemontana divaricata seed

Oil Extraction
Extractability of oil was evaluated by solvent exttion of the crushed kernel. Crushed kernel ingtetm ether (bp

40-60 °C, 10 mL/g) was magnetically stirred at raemperature (22-23 °C) for 3 h, solvent was rerdate45 °C
using a rotary vacuum evaporator to yield the crailleThis process was repeated 2-3 times withstbed cake
using fresh solvent each time in order to extrassinof the oil. The oil was purified prior to trasserification done,
by column chromatography over silica gel (60-12&maising a mixture of petroleum ether and ethgtate (20:1)

as the eluent.
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Transesterification of Seed Oil

The purified oil was transesterified to fatty aométhyl esters (FAME) using a heterogeneous catdlystved from
the trunk ofMusa balbisiana Colla [2, 11]. A mixture of oil in methanol (10 nd_of oil) and the catalyst (20 wt.%
of oil) was magnetically stirred at room temperat82 °C) and the conversion was monitored by TLke
reaction mixture was filtered under vacuum pump tredresidue washed with petroleum ether and thebowed
filtrate was partitioned between water and petnoleether. The organic phase was washed with brined @ver
anhydrous Nz80Q, and the solvent was removed under vacuum to yieldtude product which was further purified
by column chromatography over silica gel using 28etroleum ether and ethyl acetate as the eludwt.pUrified
product was further subjected to high vacuum tooathe last traces of solvents to yield pure lgiseli (FAME).

Analysisof FAME

Fatty acid methyl esters (FAME) in biodiesel preghafrom Tabernaemontana divaricata seed oil were estimated
using Perkin Elmer Clarus 600 GC-MS. The colummrdusas Elite 5 MS with dimension 30.0 m x 2. The
oven temperature was initially held at 90 °C fant, increased to 130 °C at 10 °C/min, held forif,nincreased
to 210 °C at 10 °C/min and then held for 15 mine Tiijector, transfer and source temperatures w2de’e, 200 °C
and 150 °C respectively. Carrier gas was heliumtatal scan time 35 min. Gas Chromatogram of tloelibsel is
shown inFig. 3. El mode of ionization was applied and mass scas from 20 to 400 Da. For identification of
FAME, library search was carried out using NIST, NBnd Wiley GC-MS library. Fatty acid profile ofodiesel
from Tabernaemontana divaricata seed oil is reported ifiable 1. The'H and**C NMR spectra were recorded in
CDClz; at 300 and 75 MHz respectively using Bruker AvaHt800 MHz/54 mm NMR spectrometer. IR spectrum
was recorded with a Perkin Elmer RX | FT-IR speateter as a thin film on KBr platéH NMR (300 MHz,
CDCly): 5 86-0.89 (m), 1.26 (s), 1.30 (s), 1.59-1.64 (MP02.06 (M), 2.30 (£J=7.5 Hz), 2.77 (t}J=6.0 Hz), 3.67
(s), 5.33-5.36 (M)™C NMR (75 MHz, CDCJ): § 13.95, 22.42, 22.53, 24.79, 25.46, 27.00, 27.8592 28.97,
29.00, 29.10, 29.17, 29.30, 29.37, 29.43, 29.512981.37, 31.75, 33.94, 51.27, 127.74, 127.89,58, 129.84,
130.05, 174.16. FT-IR (thin film): 723, 880, 1019,21, 1170, 1197, 1245, 1362, 1437, 1458, 15080,15851,
1744, 2854, 2925, 3005 émThe'H and™C NMR spectra of biodiesel froffabernaemontana divaricata seed oil
are depicted ifrigs. 4 & 5.

RESULTSAND DISCUSSION

Tabernaemontana divaricata Linn is a flowering small woody tree which growsdbout 2 to 3 metres in height
(Fig. 1). The plant flowers through out the year in thienakic condition of Assam but heavy flowering candeen
only in Autumn season. The oil content of the s@gd. 2) is estimated at 24 wt.% crude oil which losesuat®
wt.% after column chromatography. Free fatty acoohf oil sample was removed by column chromatogrdygigre
transesterification. Transesterification of seedtoibiodiesel was carried out using methanol as gblvent in
presence of a catalyst derived from the trunkMafsa balbisiana Colla [2, 11]. The yield of biodiesel from
Tabernaemontana divaricata seed oil was 95 wt.% at room temperature (32 °Ghiwi3 h. The transesterified
products were purified by column chromatography andlyzed. ThéH and**C NMR spectra were recorded in
CDClz at 300 and 75 MHz respectively using Bruker AvaHt&00 MHz/54 mm NMR spectrometer. IR spectra
were recorded with a Perkin EImer RX | FT-IR specteter as a thin film on KBr plate. CompositionFrfME
mixture was estimated using Perkin EImer Clarus GAGMS.

Analysis of FAME of biodiesel from Tabernaemontana divaricata seed ail

Fatty acid profile of the biodiesel prepared froabernaemontana divaricata seed oil was determined by GC-MS
analysis. The individual peaks of the gas chronraimgfig. 3) were analyzed and the fatty acids were identified
using MS database. Relative percentage of fatty asiers was calculated from total ion chromatduyalpy
computerized integrator and results are presemtatié Table 1. From GC-MS analysis, the composition of the
biodiesel is estimated as 27.0 wt.% methyl palmii@16:0), 10.54 wt.% methyl linoleate (C18:2),ZHwt.%
methyl oleate (C18:1), and 6.20 wt.% methyl stea(€18:0). The oleic acid is the major fatty afotlowed by
palmitic acid comprising of about 66 wt.% unsatedsand 33 wt.% saturated fatty acids.

Table 1. Fatty acid profile of biodiesel from T. divaricata seed il

Retention time (min) FAME wt.%
22.82 Methyl palmitate 27.00
25.50 Methyl linoleate 10.54
25.69 Methyl oleate 56.23
26.17 Methyl stearate 06.20
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Fig. 3. Gas chromatogram of biodiesel from T. divaricata seed oil
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Fig. 3a. Mass spectrum of methyl palmitate

The mass spectra of biodiesel prepared ffontivaricata seed oil are shown iRigs. 3ato 3d. Molecular ion peaks
and base peaks of the FAME are showmable 2 and they are at the expected m/z values. The mlaleion peaks

of methyl palmitate, methyl linoleate, methyl ole@nd methyl stearate were observed at 270, 2%a88 298
respectively as expected. It is interesting to olesehat the saturated FAMEs detected in the bgafliélom T.
divaricata (methyl palmitate and methyl stearate) showsGE8(=OH")CH, fragment and appears at m/z = 74 as the
base peak (100%) which is the result of McLaffeggrrangement [12, 13] during the MS analysis dua &ix-
member ring structure of an intermediate. Methybleate shows [C#CHCH=CHCH]" fragment which appears
at m/z = 67 as the base peak (100%). Methyl olglavevs [CH=CHCH,CH,]" fragment which appears at m/z = 55
as the base peak (100%).
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Table 2. Molecular ion and base peaks of FAME from T. divaricata seed oil

FAME Molecular ion peak Base peak
(m/z) (m/z)
Methyl palmitate 270 74
Methyl linoleate 294 67
Methyl oleate 296 55
Methyl stearate 298 74
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Fig. 3b. Mass spectrum of methyl linoleate
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Fig. 3c. Mass spectrum of methyl oleate
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Fig. 3d. Mass spectrum of methyl stearate
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Fig. 4. 'H NMR spectrum of biodiesel from T. divaricata seed oil
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Fig. 6. IR spectrum of biodiesel from T. divaricata seed oil

The'H NMR spectrum of biodiesel froffabernaemontana divaricata seed oil is shown ifig. 4. The multiplet a6
5.33-5.36 ppm represents the olefinic protons (-CHS). A singlet signal ab 3.67 ppm is representing methoxy
protons of the ester functionality of the biodieskhe bis-allylic proton signal of polyunsaturatiedty acid (like
linoleic acid) generally appears arounda.8 ppm [14, 15]. So, here the triplet which appe#td 2.77 ppm (t,
33J=6.0 Hz) indicates the bis-allylic protons (-C=C-EE=C-) of the unsaturated fatty acid chain. Thpléti atd
2.30 ppm (t2J=7.5 Hz) represents themethylene protons to ester (-6BO,Me). Thea-methylene protons to
double bond (-CHC=C-) is seen as a multiplet &t2.00-2.06 ppm. Th@-methylene protons to ester (&B-
CO:Me) also appear as a multiplet&il.59-1.64 ppm. The singlet signalsdat.26 and 1.30 ppm are due to the
protons of backbone methylenes of the long fatigt abain. The terminal methyl protons (C-gttd 86-0.89 ppm

appear as a multiplet.
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The °C NMR spectrum of biodiesel froff. divaricata seed oil is shown iffig. 5. The signal ab 174.16 ppm
represents the carbonyl carbon of the ester maecamhd the olefinic carbons appeab a27.74, 127.88, 129.58,
129.84 and 130.05 ppm. The signab &1.27 ppm in thé’C NMR spectrum of biodiesel is due to methoxy cago
of esters. The methylene and methyl carbons tf éatid moiety appear in the range frérm3.95 to 33.94 ppm.

The IR spectrum of biodiesel from divaricata seed oil is shown ifrig. 6. IR spectrum of biodiesel showed a C=0
stretching frequency of methyl esters at 1744"@mnd C-O stretching bands at 1121, 1170, 1197 2848 ¢m". The
weak signal at 1651 chmay due to C=C stretching frequency. Strong ardpskignals at 2854 and 2925 tiare
due to C-H stretching frequencies. The absorbanc&@5 cni' indicates the =C-H stretching frequency. The
observation of an absorption peak at 723'@mggested the GHocking.

CONCLUSION

The Tabernaemontana divaricata Linn seed oil biodiesel was synthesized by usihgterogeneous catalyst derived
from the trunk oMusa balbisiana Colla with methanol and was characterized by FT*HRand**C NMR analysis.
The chemical composition of biodiesel was deterghing GC-MS analysis. The four fatty acid methyleestwere
identified in the biodiesel frorTabernaemontana divaricata seed oil and consists of 27.0 wt.% methyl palmitate
(C16:0), 10.54 wt.% methyl linoleate (C18:2), 56\28% methyl oleate (C18:1) and 6.20 wt.% metst@arate
(C18:0). The oleic acid is the major fatty acididaled by palmitic acid comprising of about 66 wtsaturated
and 33 wt.% saturated fatty acids. The oil may beful as a source for the production of biodieseloo other
purposes. Therefore, more research is needed torexis potential for future industrial oilseedsg.
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