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ANovel Tris(2-aminoethyl)amine Based Tripodal Ligand:
Synthesis and Solution Coordination Studies with Trivalent
Iron and Chromium

Minati Baral,1 Amit Gupta,1 Rifat Akbar,2 and Bikram K. Kanungo2
1 Department of Chemistry, National Institute of Technology, Kurukshetra, Haryana
136119, India, 2Department of Chemistry, Sant Longowal Institute of Engineering and
Technology, Longowal, Punjab 148106, India

ABSTRACT

(" Anoveltris(2-aminoethyl)amine (TREN) based tripodal ligand TRENOL (L) has been synthesized
and characterized by elemental analysis and UV-VIS, IR, 1H, and 13C NMR spectroscopic methods.
The coordination behaviour of the ligand with H+ and trivalent metal ions, Fe(Ill) and Cr(I1l), was
investigated in aqueous medium at 0.1M KCl at 25 + I[]C by potentiometric and spectrophotometric

studies. Tripodal ligand showed seven protonation constants in the adopted pH range 2—11 and its
electronic spectra exhibited three bands at 216, 323, and 423nm. Ligand formed various metal
complex species of the type MLH5, MLH4, MLH3, MLH, and MLwith trivalent metal ions. The
determined values of the formation constants (for ML species) of the ligand with Fe(Ill) and Cr(Ill)
were 24.19 and 18.64, respectively. Molecular modeling studies revealed that the metal complexes
formed distorted octahedral geometry. Besides, ligand showed fluorescence at 496nm when excited
at 289nm. The fluorescence behaviour of the ligand in the presence of Fe(lll) ions showed noticeable
quenching in comparison to the other metal ions at physiological pH(7.4). So, as per the outcomes of
the present study, TRENOL has the potential to be used as the iron detector in environmental,

\_agricultural, and medical fields. )

1. Introduction

Multifunctional compounds such as polyphenols are highly
abundantinnaturalproductslikepine,grape,andwitchhazel products. They are broadly beneficial for
human health as they are found highly active and protective for red blood cells from free radical induced
hemolysis. However, polyphenols serve as double-edged sword due to their both antioxidative and
prooxidative properties. They are capable of scavenging
freeradicalsandinothercasescanserveasreactiveoxygen
species| 1 Jand,hence,canbeexploredeitherasaneffective antioxidant or as a cytotoxic agent in various
hyperproliferative diseases. Besides biological studies, polyphenols based Schiff bases can be designed
to demonstrate the coordination behaviourof thesebiologicalpotentagentswithmetal ions which may
further provide additive properties to this class of compounds. Schiff bases are much prevailing
compounds in coordination chemistry due to their capability of forming stable
complexeswithmetalions[2]. Theyareknownfortheir high selectivity and sensitivity with specific metal
ions and so they are useful in potentiometric sensing and heterogeneous catalytic processes [3]. Despite

their high significance against potent pathogens only limited data is available in the field of metal
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complexation. This less investigated area can be studied forbetter
understandingofelectronic,molecular,and spectral behaviour of polyphenols based Schiff bases and
their metal complexes. Such studies provide a strong ground for the development of novel sensor or

agents with wider applications.

Iron overload transfusion therapy is generally used to cure such a metal poisoning, which includes
administration of iron chelating agents [4]. Potential chelators are biologically available and are featured
by lesser toxicity, high selectivity towards iron, and forming stable complex upon binding with it. In
these aspects, low molecular weight naturally occurring biomolecules, siderophores, have capability to
bind with iron with high affinity and specificity. Nowadays, iron uptake by those biomolecules is serving
as a novel platform for various applications, based on ironuptakemechanismsuchas drugdelivery
system([5, 6], detection of microorganisms [7, 8], and capture and accumulation of actinide elements
[9-11]. In order to put some appropriate solution, synthesis of novel molecules is required which may be
considered against intoxication of aforesaid metals in the biological systems and may also be used for
developing some sought probes for the detection of these metals in trace quantity if present in the

surrounding environment.

Moreover, for developing novel chelators, it is necessary to coverthestructural aspects of natural
occurring molecules suchassiderophores.Duringtheworldwidesearchforpotential siderophore mimic
chelators, it has been observed that several research groups have developed different strategies for
synthesis of such tripodal chelating agents. Much effort has been channeled into the synthesis of
catechols [12] and hydroxamates [13—16] with typical examples (model chelators) being enterobactin
and desferrioxamine, respectively. The most important work was carried out by the
Raymondgroupwhohavereportednumerouscatecholate [17] and hydroxypyridone ligands [18, 19]. A
number of synthetic analogues have been prepared which retain the high affinity for iron(Ill) and with
other metal ions, typical of enterobactin, and yet are more stable under biological conditions, for
instance, the tripodal molecular Mecam [20]. Mecam is the structural analogue of enterobactin and has
three catechol binding units: the catecholamide groups are appended to 1,3,5-triaminomethyl benzene
rather than to the tri-L-serine ligand backbone of enterobactin. Many derivatives of Mecam have been
reported [12, 21-23]. The thermodynamics, kinetics, and electrochemical studies along with biological
evaluation of these ligands are reported in numerous articles and reviews [24, 25]. Attempts have been
made to synthesize lipophilic tripodal hexadentate ligand, where three bidentate moieties are attached to
core by stable arms such as carbon chain and ether linkers [26, 27] containing C-pivot,
tris(aminomethyl)ethane (tame) as center unit. Another important aspect is the ring strain due to the

rigidity of the benzene ring, as it could be expected if the sp2 hybridized atoms of benzene ring are
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replaced with sp3 hybridized systems like cyclohexane ring, the resulting tripod system would be more
flexible and ring strain will be less comparedtoMecamandcomplexeswouldbethermody
namicallymorestable[28];designofsuchtripodalsystems by replacing benzene ring with a cyclohexane

ring has been reported [29-33].

T houghmany tripodal siderophoremimics containing phenolate, catecholate, and other binding units
have been reported, very few pyrogallol type multidentate chelators have been reported [34] and detailed
studies have been reported. Keeping in view of the above, a polyhydroxy tripodal ligand incorporated
with azomethine spacer has been synthesized from TREN and 2,3,4-trihydroxybenzaldehyde and its

coordination behaviour towards Fe(III) and Cr(III) is studied.

2. Experimental

2.1. Chemicals and Solvents. Reagents for synthesis pur pose of tris(2-aminoethyl)amine (TREN),
2,3,4-trihydroxybenzaldehyde, and so forth were purchased from SigmaAldrich and used without
further purification. Analytical grade solvents tetrahydrofuran, ethanol, and others were purchased from
Loba Chemie Pvt. Ltd. and Fisher Scientific. Before using, solvents were dried over suitable drying
reagents. Solvents were freshly distilled over appropriate drying agents following standard
procedures.2.2. Physical Measurements. Melting points of the com pounds were determined on Microsil
apparatus. Elemental analysis (CHN) was performed on Euro EA 3000, 60Hz1200W elemental
analyzer. For FT-IR analyses, the sample was carefully mixed in homogenous manner in KBrin 1:100 by
weight and a fine pellet was prepared under pressure. T he FT-IR spectrum of the compound was taken
under transmissionmodewithPerkin-ElmerFT-IRspectrometerin mid-range region
(4000—400)cm—1.ThelHand13CNMR spectra of the ligand TRENOL were taken in d6 dmso using
BrukerAvancell400NMRspectrometer. Thechemicalshifts were quantified in alues (ppm).
Tetramethylsilane was used as an internal reference. To avoid solubility problem, the compound was
converted into its hydrochloric salt and dissolved in millipore grade deionized water. Ionic strength of
the solution was adjusted with 0.1M KCI. All the stock solutions were prepared in millipore grade
deionized water. For weighing appropriate amount, high precision weighing balance CAS-CAUW220D
was used (up to level of four digits). The exact concentration of KOH (0.1M) was determined
potentiometrically using 0.1M solution of oxalic acid as primary standards and then exact strength of
HCI (0.1N) was determined by the same method using standardized KOH. All the solutions were
prepared with millipore grade deionized water immediately before use, which was deoxygenated and
flushed continuously with grade I N2 gas to CO2 and O2. All measurements were carried outat 25 +1[]C

maintained by using thermostat.
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2.3. Synthesis and Characterization. 0.146g (1.0mmol) of
TRENwasaddedgraduallytothestirringsolutionof0.4673g (3.0 mmol)2,3,4-trihydroxy-
benzaldehydedissolvedinabsolute ethanol (30.0mL) under nitrogen gas atmosphere for 12 h at room
temperature (Figure 1). The obtained yellowishorange precipitates were filtered and subjected to
crystallization in methanol/tetrahydrofuran solvent mixture. The yellow colour solid (TRENOL) with
yield 80% and melting point 186—188[]JC was characterized by elementary analysis and different
spectroscopic techniques. Elemental analysis of carbon ©, hydrogen (H), and nitrogen (N) in percentage

was foundtobe C 57.83,H5.62,N 10.12; calculated

(C,,H,;,N,0,), C 58.54, H5.52, N 10.14. IR (KBr) v,,, /cm
3365 (O-H), 2925 (N-H amide), 1595 (-C=N-), 1352 (0op, C-
O-H cm™); '"H NMR spectra & (400 MHz, dmso), § (ppm):
27 (t,6H, ] = 8.1, -CH,-), 2.9 (t, 6H, ] = 8.1 -CH,-), 6.0-
70 (m, 6H, ] = 8.0, Ar-H), 9.7 (s, 3H, -N=CH-), 70 (s, 3H,
-OH), 79 (s, 3H, -OH), 8.2 (s, 3H, -OH); *C NMR spectra §

HO

o OH
NH, ' H it /Q' i
=N 4 HO
HO EtOH/stirring at RT/12hrs \L /-,\/I\ HO

> N

N + 3 2

/\/ N
NH, OH HO
HO

OH

(a) (b) (c)
F1GURE 1: Scheme for synthesis of tripodal Schiff base. (a) TREN; (b) 2,3,4-trihydroxy-benzaldehyde; (c) TRENOL.

Journal of Applied Chemistry (Volume- 11, Issue - 2, May - August 2025) Page No. 4



ISSN 2356-7171

(400 MHz, dmso): 8 = 106-158 (18C, -Ar), 164 (3C, -N=CH-),
55 (3C, -CH,), 53 (3C, -CH,).

2.4. Potentiometric Titration. Determination of protonation
constants (log K) of the ligand and its formation constants
(log 8) with two trivalent metal ions, Fe(IIl) and Cr(III), was
done by potentiometry and spectrophotometry methods. The
potentiometric titrations were carried out on HACH Sension-
2 potentiometer using glass electrode and pH was recorded
as —log[H"]. The standard method was used for electrode
calibration in suitable buffers of pH 4 and pH 7 [35]. All
the titrations were carried out using auto pipette with least
count 10 uM and capacity 1.0 mL. In potentiometric method
final concentration 1 x 10~> M was fixed for both ligands and
metal ions. The ligand solution, in the absence and presence
of metal ions, was titrated against 0.1M KOH at y = 0.1M
KClI at 25 + 1°C in pH range 2-11 and adequate time was
given for the attainment of the equilibrium to give a stable pH
reading. Hyperquad 2006 nonlinear least square program was
used for the refinement of potentiometric data [36]. During
the titration with increasing pH, the species formed were
observed using the simulation program HYSS 2009 [37].

2.5. Spectrophotometric and Fluorescence Studies. Spectro-
photometric titrations were carried out under the same con-
ditions by keeping the final ligand concentration 2 x 10> M.
During titration after each addition of base KOH, sufficient
time was allowed for establishment of the equilibrium and
a small aliquot of the solution was taken in to the cuvette
(1 cm, path length) to take the spectra. The computer software
HypSpec [38] was used for the determination of protonation
constants of the ligand and formation constants of the metal
complexes with Fe(III) and Cr(ILI).

The fluorescence study of the ligand was conducted
on Agilent Fluorescence Spectrophotometer. The emission
spectra of the ligand in the absence and presence of metal
ionsin1:1M-L stoichiometry were studied with A, =289 nm
in the same method under similar conditions as mentioned
for spectrophotometric titrations in pH range 2-9. Also,
the effect of increasing concentration of the Fe(III) (2 to
1000 M) on the fluorescence intensity of the tripodal ligand
(20 uM) was investigated at pH 7.4 £ 0.1 using HEPES buffer.
In a similar way fluorescence behaviour of the ligand was
TaBLE 1: Stepwise protonation constants (log K) of the TRENOL (L),
at25+ 1"Cand p = 0.1 M KCL

Reaction log K Protonation sites
L+H=LH 10.02 +0.04 -0~ (aromatic)
LH+H=1H, 8.21 +0.05 -0~ (aromatic)
LH, +H = LH, 7.83£0.03 -0 (aromatic)
LH, +H = LH, 7.45 £ 0.06 -N (apical)
LH, + H = LH; 2.51+£0.03 -N (imine)
LH, + H = LH, 1.82 £ 0.04 -N (imine)
LH, +H = LH, 1.24 +0.05 -N (imine)
=LH , +H" —-8.36 + 0.05 —
L=LH,+2H" -8.77 +0.03 -
L=LH ,+3H" -9.39 £ 0.06 —
L=LH ,+4H" -10.80 + 0.04 —
L—=LH ;+5H" —11.00 £ 0.03 —
L=LH_,+G6H" -11.16 + 0.03 —

also studied in the presence of metal ion (Na*, K, Ca™,
Mgz+, Zn**, Co®*, Pb*, Cu*t, ALY, and Cr*"). Moreover,
the detection limit was calculated for the iron on the basis
of fluorescence titration at pH 7.4 according to the definition
by IUPAC, that is, 3.3 # SD/m, where “SD” is the standard
deviation of the fluorescence intensity of the blank (ligand
only) and “m” is the slope of the calibration curve constructed
between fluorescence intensity of ligand (20 uM) at 490 nm
and the concentration of Fe(III) in yM. For determining
the SD, the fluorescence emission spectra of the blank were
measured 10 times [39].

2.6. Molecular Modeling and Computational Methods. All
computational simulations were done on a Pentium Dual-
Core 3.20 GHz machine in Windows XP environment. The
initial structures of the ligand and their metal complexes for
optimization were manually drawn using Symyx Draw. The
initial geometry optimization of the ligands, its protonated
and deprotonated species obtained in solution, and its metal
complexes leading to minimum strain energy was achieved
through molecular mechanics calculation using MM+ force
field by software HyperChem version 75 [40]. The obtained
structure of the ligand was reoptimized semiempirically
using PM3, self-consistent fields (SCF) method [41]. The
steepest descent method followed by Polak-Ribiere method
with convergence limit of 0.0001 Kcal/mol and RMS gradient
of 0.001 Kcal/mol was used to get geometry optimizations.

3. Results and Discussion

3.1. Synthesis and Characterization of TRENOL. A yellowish-
orange colour product (TRENOL) with reasonable yield
(80%) obtained from single condensation of TREN and
2,3,4-trihydroxybenzaldehyde is stable to air and has melting
point 186-188°C. The compound was completely soluble in
dmso and partially soluble in ethanol but highly insoluble in
dichloromethane, ether, acetonitrile, and so forth. Structural
characterization of the tripodal ligand was done through FT-
IR, 'H, C NMR, and CHN analysis. The FT-IR spectrum
of the ligand showing a sharp peak at 1595cm™ is due to
¥(-C=N-) that ensured amine-aldehyde condensation and
formation of the Schiff base. The strong band near 3365 cm ™'
was obtained due to stretching vibration of the -OH group,

12

10 -
rd

- L
—ea— FelL
—»— CrL
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that is, ¥(-OH). Another peak obtained at 2925 cm™ was
assigned to the »(-NH) of the amide linkage. Theoretical IR
values were calculated by using semiempirical/PMé param-
eters which showed pattern of the peaks similar to that of
the experimental IR. The "H NMR spectra of the ligand
showed peaks at 2.7 ppm and 2.9 ppm which correspond
to the methylene group (-CH,) present in the vicinity of
bridgehead nitrogen and imine groups, respectively. The
signal that appeared at 9.7 ppm was assigned to the -HC=
group and presence of aromatic ring was confirmed from a
multiplet found in the range 6.0-7.0 ppm. Singlets obtained
between 7.0 and 8.2 ppm correspond to the -OH groups of the
aromatic ring [42]. In ?C NMR spectra, the peak obtained
at 164 ppm confirmed the presence of imine group in the
ligand and signals near 53 and 55 ppm ensured the presence
of methylene groups. The aromatic ring C —atoms appeared
in the range 106-158 ppm.

3.2. Determination of Protonation Constants. The protona-
tion constants of the ligand were determined by potentio-
metric and spectrophotometric studies. Due to solubility
limitation of the ligand in aqueous medium its hydrochloric
salt was prepared prior to investigation. The neutral form of
the ligand is considered as LH; and the fully protonated form
is considered as (LH;)‘H. The obtained values in the pH range
2-11 are defined by the following equations:

[LHn—I] + [H] = LHn’

__ [tH,] ®
" [LH,, J[H]

Analysis of the curve (Figure 2) using Hyperquad offered
seven protonation constants (log K) as shown in Table 1.
Although ligand TRENOL has thirteen dissociable pro-
tons, only seven protons could be deprotonated in the
adopted experimental pH range 2-11. The first three proto-
nation constants were attributed to the ortho -OH groups
of the aromatic ring. However, deprotonation of meta and

@ _»

FIGURE 2: Potentiometric titration curves between pH and “a
(moles of base added per mole of the ligand) in the presence of metal
ions, Fe(I1I), and Cr(I11) in 1:1 molar ratio; [M] = [L] =1 x 10" M
atpg=01MKCland T =25+ 1°C.

para -OH groups could not be obtained due to the presence
of intramolecular H-bonding and enhanced electron density
in the ring which triggers after deprotonation of ortho
hydroxy groups. The fourth protonation constant pertained
to the apical nitrogen and the remaining three belong to
azomethine groups. The obtained protonation constants for
-OH groups (aromatic ring), apical “N,” and -C=N- groups
were in good agreement with the existing literature [42,
43]. The experimental curve did not give complete match
with the theoretical curve at higher pH (i.e., >8.5) by only
considering seven protonation constants, but by inclusion
of six hydrolyzed species, namely, LH_,, LH_,, LH_,, LH_,,
LH 5, and LH ¢ in the model, the refinement process gave
best fit to the experimental curve.

Also, as evident from the literature, Schiff bases are
less stable in an alkaline medium and undergo hydrolysis
[44]. The existence of various deprotonated and hydrolyzed
species was pH dependent and formation of such species at
different pH is evident from the species distribution diagram
(Figure 3).

Protonation constants of the ligand were also obtained
from the spectrophotometric technique. Analysis of spec-
trophotometric data obtained in pH range 2-9 also con-
firmed the seven protonation constants of the ligand and
all were found in good agreement with the potentiometric
data (Figure 4). Appearance of new absorption band and
enhancement in the intensity implicate the deprotonation of
the chromophoric groups. The electronic spectra of the ligand
showed three bands at 216, 289, and 423 nm at low pH ~2 and
were assigned to 7 — 7° (former two) and n — 7* (latter
one) transitions.

No significant change was found in the spectra of the
ligand in the pH range 2-6, but pH beyond this causes

TasBLE 2: Formation constants (log ) of M-L complexes, where M = Fe(IlI) and Cr(III), A = potentiometry, and B = spectrophotometry.

Fe(III) Cr(I1I)
A A B
[ML]

—_— 24.01+0.03 24.21 + 0.04 18.64 + 0.07 18.75 + 0.06
[M][L]
_IMLH] 30.01 + 0.05 30.56 + 0.04 26.52 + 0.03 26.69 + 0.02
[M][L][H]

[MLH,]
——— 39.56 + 0.04 39.88 + 0.03 36.75 +0.04 36.91 + 0.05
[M][L][H]

[MLH,]
ey 43.56 + 0.06 43.75 + 0.06 40.79 + 0.06 40.98 + 0.04
[M][L][H]

[MLH;) 45.43 + 0.06 45.75 + 0.05 44.10 + 0.03 44.45 + 0.02
MIILIILE A3+ 0. 75+ 0. 10 + 0. 45+ 0.
Journal of Applied Chemistry (Volume- 11, Issue - 2, May - August 2025) Page No. 6
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TRENOL

LH
LH

LH,

% formation relative to L

F1GURE 3: pH dependent species distribution curve of the ligand
(TRENOL).

Absorbance

400
Wavelength (nm)

500 600

F1Gure 4: Electronic spectra of ligand as a function of pH (2.0-9.0)
during spectrophotometric titration; [L] = 2x 10° M and T = 25 +
1°C.

Absorbance

300 400 500 600
Wavelength (nm)

(a)

shifting of bands from 289 to 323nm corresponding to
deprotonation of the aromatic ortho -OH groups. The shifting
of bands towards longer wavelength is justified by the fact
that on deprotonation the stabilization of 7" state by charge
delocalization occurs which reduces the energy of transition
and also influences the absorption intensity at 423 nm due to
the presence of conjugation between azomethine group and
aromatic ring.

3.3. Metal Complexation Studies. The complexation behav-
iour of the ligand with Fe(III) was investigated in a pH range
2-9 using equimolar solution of ligand and metal ions and
also with another trivalent metal ion Cr(III) for comparative
studies. The metal-ligand potentiometric titration curves
show the deviation from the ligand only at the lower pH
region which implicates complexation of the ligand with the
metal ions (Figure 2). Several models were considered to get
the best fit through the refinement process. The complete
agreement of the experimental and theoretical curves was
obtained by considering the model as given in Table 2.

In Fe(IIT)-L metal complex, no major shift in the absorp-
tion bands was obtained in the pH range from 2.0 to 4.0,
which supported the deprotonation of nonchromophoric
groups of the ligand (i.e., azomethine groups). On increasing
the pH beyond the aforesaid range, one of the absorption
bands (m — m*) for aromatic ring at 289 nm experienced red
shift (317 nm) with concomitant rise in absorption intensity
implicating the deprotonation of -OH groups on aromatic
ring while appearance of a low intensity band at 423 nm
in comparison to the ligand shows the complexation of the
ligand with the metal ions. Similarity in spectral changes
with Cr(IIl) indicates similar mode of complexation of the
chelator. Electronic spectra of the ligand with Fe(Ill) and
Cr(IIT) were recorded between 200 and 600 nm as shown in
Figure 5.

Analysis of the species distribution diagram of metal-
ligand complexes as a function of pH showed that Fe(III)
and Cr(III) coordinated to the ligand at low pH (~2.0)
through imine group with the formation of MLH; type
species (Figure 6). Coordination of weakly basic imine groups
with metal ions at low pH is well supported by literature
[11]. In the pH range 2-4 the deprotonated species, MLH,,
was 88% for Fe(III) and 50% for Cr(III). With subsequent
increase in the pH (4 to 8) the iron complexes MLH, (60%),

0.8 4 l
0.7 4

0.6 4

0.5 4

0.4

Absorbance

0.3

0.2

0.1

0.0 <
300 400 500 600
Wavelength (nm)

(b)
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FIGURE 5: Electronic spectra of L as a function of pH during spectrophotometric titration with [M] = 2 x 10> M where M = (a) Fe(III) and

(b) Cr(IID); [L] =2 %10 M at g = 0.1M KCland T' = 25 + 1°C.

FeTRENOL

100

80

60

40

% formation relative to Fe

20

CrTRENOL

100

80

60

40

% formation relative to Cr

20

(b)

FIGURE 6: pH dependent distribution curves of the species of metal-ligand complexes (a) Fe(III)-L and (b) Cr(III)-L.

MLH (78%), and ML (100%) were found in the solution
due to the deprotonation of aromatic hydroxy groups of the
ligand. Similarly, in pH range 4-8, Cr(IIl) formed MLH,
(80%), MLH (91%), and ML (92%) species in the solution.
The deprotonation of the ligand in the presence of metal ions
at lower pH range (4 to 6 for Fe(III) and 4.2 to 7.2 for Cr(III))
in comparison to the ligand alone (pH 6 to 8) was justified
by the higher preference of the metal ions for the donor

atoms of the ligand (O and N) when compared to protons.
However, the potentiometric data of the ligand showed
that, in pH range 4-6, deprotonation of the apical nitrogen
occurred which might be overlapped by the deprotonation
of chromophoric group in the presence of metal ions. The
prediction was also well supported through the analysis of
electronic absorption spectra of the metal complexes in the
same region. Such deviation in the deprotonation behaviour

(b)

FIGURE 7: Lowest energy structures of M-L complexes (a) Fe(III)-L and (b) Cr(III)-L.
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FiGure 8: (a) pH dependent fluorescence intensities with standard deviations of ligand (L) and Fe(III)-L. (b) Fluorescence spectra of the
ligand with increasing concentration of Fe(III), where [L] = 20 uM and [Fe(III)] = 2 to 1000 uM (from top to bottom) at pH =74, A =

289nm, and A, = 496 nm.

of the apical nitrogen has also been discussed in the literature
with several different concepts according to their ligand
structures [45].

In order to depict the coordination mode of the ligand
with metal ions, molecular modeling studies were carried
out for all the formed species of metal-ligand complexes
(MLH,, MLH,, MLH,, MLH, and ML) using molecular
mechanics with MM+ force field [39] followed by optimiza-
tion by semiempirical PM3 parameters [40]. Among these
species, M-L type species was found to be the most stable
species based on the least strain minimum energy structures
(Figure 7). Moreover, bond length and bond angles for the M-
L type complexes were calculated and it was found that the
metal complexes possessed distorted octahedral geometry.

A13+

= (LK*, Na*, Ca®*, Mg™
C02+' Zn2+ J

150

100 ~

Fluorescence intensity

w
(=1
I

350 400 450 500 550 600 650 700
Wavelength (nm)

F1GURE 9: Fluorescence spectra of TRENOL in presence of different
metal ions: [L] = 20 uM, [M] =1000 uM at A, = 289 nm, and pH =
74.

3.4. Studies of Photophysical Properties. The fluorescence
behaviour of the ligand was investigated in the wavelength
range 350-700 nm under similar conditions as done in spec-
trophotometric method. The ligand exhibited fluorescence at
496 nm with slit width 20 nm and A, = 289 nm. Presence of
transition metal ions in the vicinity of fluorophore changes
its photophysical properties through modulated oxidation
potential of the donor group leading to fluorescence enhance-
ment or quenching [46, 47]. The fluorescence behaviour of
the ligand was initially studied in the presence of Fe(III) with
variation in pH, given in Figure 8(a). TRENOL exhibited
maximum quenching between pH 7 and pH 8 after which
precipitation occurred. The fluorescence behaviour of the
ligand was also studied at different concentrations of Fe(III)
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1. Introduction

The title compound is a benzamide derivative. The compound
consists of an amide group bridged to a benzene ring to which
a methyl is attached on one side and a phenyl ring to which
anamino group is attached on the other side. Benzamides are
derived from benzoic acid, which are slightly soluble in water
and soluble in many organic compounds.

Amides are pervasive in nature. Compounds contain-
ing amide groups show many biological activities, mainly
antiproliferative, antiviral, antimalarial, general anesthetics,
anti-inflammatory, and antimicrobial activities [1]. Litera-
ture reveals that the N-substituted benzamides have many
pharmacologically important properties such as antifungal,
antiallergic, antihypertensive, anti-inflammatory, antibac-
terial, analgesic, antirheumatic, antipyretic, and anti-HIV
activities [2].

Hence, herein we report the synthesis, characterization,
X-ray crystal structure study, in vitro antibacterial activity,

(0]
TBTU/tutidi H
NH, HO /tutidine i
+ Dry DCM
NH, H,C O CH;

NH,

ScHEME 1: Schematic diagram of the title compound.

at 25-30°C. 2-(1H-Benzotriazole-1-y1)-1,1,3,3-tetramethylu-
ronium tetrafluoroborate (0.0037 mol) was added to the
mixture, whose temperature was maintained below 5°C. The
reaction was monitored by Thin Layer Chromatography
using chloroform:methanol (9:1). The reaction mass was
diluted with 20 mL of dichloromethane. The organic layer was
washed with water (25 mL), dried over anhydrous sodium
sulfate, concentrated to syrupy liquid, and recrystallized
twice by ethyl ether to afford N-(2-amino-phenyl)-2-methyl-
benzamide, in good yield of 90%. The melting point of the
compound is 94-96°C. The obtained crystals were white in
color (Scheme 1).

and Hirshfeld surface analysis of N-(2-amino-phenyl)-2-
methyl-benzamide.

2. Experimental

2.1. Materials and Methods. Chemicals were purchased from
Sigma Aldrich Chemical Corporation. 'H NMR spectra were
recorded on a Bruker 400 MHz NMR spectrophotometer in
DMSO-d; solvent and the chemical shifts were recorded in 8
(ppm) downfield from tetramethylsilane. Elemental analysis
was done using Perkin Elmer 2400 elemental analyzer and
results are within 0.4% of the calculated value. Infrared
spectra were recorded on a Perkin Elmer spectrophotometer
in the range of 400-4000 em L.

2.2. Synthesis of N-(2-amino-phenyl)-2-methyl-benzamide.
The mixture of o-phenylenediamine (0.0037 mol) in dry di-
chloromethane (15mL), 2,6-dimethyl pyridine, and 2-meth-
yl-benzoic acid (0.0037 mol) was stirred for 30 minutes

TasLE 1: Elemental analysis for the title compound.

Element Experimental (%) Calculated (%)
Carbon 74.31 74.33
Hydrogen 6.24 6.25
Nitrogen 12.38 12.41

concentration reaches 0.39 x 10~ mg/mL. Finally, 10 uL of
bacterial suspension was added to all the wells.

The concentrations of the prepared solutions were
as follows: 0.5mg/mL, 0.25mg/mL, 0.125 mg/mL, 0.625 x
107 mg/mL, 0.3125 x 107" mg/mL, 0.156 x 10" mg/mL,
0.78 x 1072 mg/mL, and 0.39 x 1072 mg/mL. Blue color
indicates that the compound inhibits the growth of the
bacteria, whereas pink color indicates the bacterial growth.

Inoculated plates were incubated at 37°C for 24 hours.
One hour before the end of incubation 10 pL of resazurin was
added to all the wells. The plates were incubated for another
hour. The change in color was assessed visually. The MIC was
recorded.

Journal of Applied Chemistry (Volume- 11, Issue - 2, May - August 2025)

Page No. 13



ISSN 2356-7171

2.3. X-Ray Diffraction. A suitable white single crystal was se-
lected to collect X-ray diffraction data. Data were collected
on a Bruker Kappa Apex IT single crystal X-ray diffractometer
equipped with Cu K radiation and CCD detector [3]. Crystal
structure was solved by direct methods using SHELXS-97
After locating all nonhydrogen atoms, the structure was
refined by full-matrix least-squares method using SHELXL-
97 [4]. The obtained model was refined by isotropic thermal
parameters later by anisotropic thermal parameter. Hydro-
gens were placed at chemically acceptable positions. 156
parameters were refined with 1929 unique reflections which
converged the residual (R) to 0.057.

2.4. In Vitro Antibacterial Activity. As N-substituted benzam-
ides and their derivatives have numerous biological activities,
it is worthwhile to investigate the antibacterial activity of the
newly synthesized compound.

Antibacterial activity was examined against two gram-
positive bacteria, namely, Bacillus subtilis (MTCC number
121) and Staphylococcus aureus (MTCC number 7443), and
two gram-negative bacteria, namely, Proteus vulgaris (MTCC
number 742) and Escherichia coli (MTCC number 730).
The bacterial strains were inoculated in nutrient broth and
kept for overnight culture at 37°C. Minimum inhibitory
concentration (mic) is the lowest concentration at which
blue color of the dye (indicator) turns to pink color [5].
MIC was determined by microbroth dilution method using
resazurin (7-hydroxy-3H-phenoxazin-3-one 10-oxide) as an
indicator. Resazurin is a blue nonfluorescent, nontoxic,
oxidation-reduction indicator. This was performed on 96-
well microtiter plates [6].

For susceptibility testing the plates were prepared in
duplicates. Nutrient broth of 50 4L was distributed to all the
wells. 50 L compound was added to third and fourth wells.
Serial dilution was performed from the fourth well till the

3

7

9.3055
7.6825
7.6651
7.6619
7.6511
7.6459
7.6306
7.6276

=
o)
™

7.606

7.5712
7.5605
7.5500
7.5416
7.5231
6.9832
6.9617

N

3. Results and Discussions

3.1. Elemental Analysis. In order to confirm the chemical
composition of the synthesized compound, carbon (C) and
hydrogen (H) analysis was carried out. The experimental and
calculated percentages of C and H are given in Table 1. The
differences between experimental and calculated percentages
of C and H were very small and are within the experimental
errors. This confirms the formation of the product in the
stoichiometric proportion.

3.2. FT-IR Spectral Analysis. In FT-IR spectra the peaks
observed at 1660 cm ™" are assigned to C=0 of carbonyl of
the amide group. The peak at 1715 cm ™" is for N-H stretching
vibrations.

3.3.'H NMR Spectral Analysis. The 'H NMR spectra of the
compound are shown in Figure 1. The NMR peak at § 2.25
(s, 3H) clearly indicates that the three hydrogens of methyl
group are attached to aromatic ring. The peak at § 4.25 (bs,
2H) corresponds to the two hydrogens of the amino group.
The peaks at § 715-7.52 refer to eight aromatic hydrogens of
the compound.

3.4. X-Ray Crystal Structure Determination. The compound
C,4H; 4N, O crystallizes in monoclinic crystal system, with
space group P2,/c. The unit cell parameters are a
1471(H A, b 8.269(3) A, ¢ 12.518(4) A, and B =
96.155(14)°. The details of the crystal data and structure
refinement are given in Table 2. The geometrical calculations
were carried out using the program PLATON [7]. The molec-
ular and packing diagrams were generated using Mercury
[8]. Figure 2 shows the ORTEP diagram of the molecule
with thermal ellipsoids drawn at 50% probability. The bond

Y/

5.0370
4.6304
4.3582
3.3345
2.4980
2.4938
2.4895
2.2633

F1Gure 1: "H NMR spectra of the title compound.
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F1GURE 2: ORTEP diagram of the molecule with thermal ellipsoids drawn at 50% probability.

distances and angles are listed in Table 3. Torsion angles are
listed in Table 4.

The phenyl rings are planar. The r.m.s. deviation of the
ring C2-C7 (ring-1/Cg(1)) from the mean plane is 0.011(2) A.
Atoms C5 and C6 deviate by 0.010(2) A from the mean plane
defined for the ring. The r.m.s. deviation of the ring C10-C15

TaBLE 2: The crystal data and structure refinement details.

(ring-2/Cg(2)) from the mean plane is 0.000(2) A. This ring
is highly planar. The O9=C8 is 1.240(2)"; this confirms the
double bond character.

Ring-1 and ring-2 are sp2 hybridized. They are described
by the torsion angles 1.13° and 0.00°, respectively, which
suggest that they adopt +syn-periplanar (+sp) conformation.

TABLE 4: Selected torsion angles (deg.).

CCDC deposit number 1418787
Empirical formula C,H, N,O
Formula weight 226.27
Temperature 293 K
Wavelength 154178 A
Crystal system Monoclinic
Space group P2,/c
a=11471(4) A
b =8269(3) A

Cell dimensions = 12518(4) A

B = 96.155(14)°

Volume 1180.5(7) A’
Z 4

Density (calculated) 1273 Mgm™’
Absorption coefficient 0.619 mm™"

o 480
0.210 x 0.210 x 0.210 mm
3.88° to 64.69°

Crystal size

0 range for data collection

-13<h<13
Index ranges -9<k<9
-12<l<14
Reflections collected 9047
Independent reflections 1929 [R,,, = 0.0384]
Refinement method Ful]—;natrlx least-squares
on F
Data/restraints/parameters 1929/0/156
Goodness-of-fit on F* 1067

Final [I > 20(I)] R1 = 0.057, wR2 = 0.1627

Largest diff. peak and hole 0.267 and —0.428 eA "’

Atoms Angle Atoms Angle
C5-C8-NI17-C10 -17547(16) C2-C3-C4-C5  —0.6(3)
N17-C10-Cl1-C12  175.43(18) Cl1-CI0-N17-C8  124.64(19)
N17-C10-C15-C14 —175.19(16) C4-C5-C8-N17  473(2)
09-C8-N17-C10 3.7(3) Cl1-C10-CI5-N16  174.99(17)
C7-C2-C3-C4 1.5(3) ClI-CI2-CI3-Cl4  0.0(4)
C3-C4-C5-C6 ~1.1(3)  NI17-C10-CI5-N16  —0.2(3)
C4-C5-C8-09  -131.88(19) Cl-C6-C7-C2  176.30(19)

F1GURE 3: Packing of molecules when viewed along a-axis.
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TaBLE 3: Selected bond lengths and bond angles (A, deg.).

Atoms Distances Atoms Angles

09-Cs8 1.240(2) C8-N17-Cl10 125.86(14)
C1-C6 1.504(3) N17-C10-C15 121.87(15)
N17-C8 1.346(2) Cl1-C12-C13 119.14(19)
N17-C10 1.424(2) N16-C15-Cl10 121.05(16)
C2-C3 1.370(3) N16-C15-Cl4 120.69(17)
Cl4-Cl5 1.392(3) CI12-C13-C1 120.94(18)
C13-Cl4 1.375(3) C10-C15-Cl14 118.06(16)
Cl-Ci2 1.378(3) 09-C8-N17 122.60(15)
Cl10-C11 1.383(3) N17-C10-C11 117.23(16)
C12-C13 1.385(3) C4-C5-C8 119.82(15)

Ring-1and C=0 of the amide group are -anti-clinal (-ac), this
is confirmed by the torsion angle —131.88(19)" for C4-C5-
C8-09.

The torsion angle between two phenyl rings bridged
via amide group is -175.47(16)" (C5-C8-N17-Cl10); this
is greater when compared to the corresponding values

Figure 4: Packing of molecules when viewed along b-axis.

FIGURE 5: d,.,, mapped on Hirshfeld surface for the visualization
of the intercontacts of the title compound.

exterior (neighboring molecules) [11]. The Hirshfeld surface
of the title compound is shown in Figure 5. The red region
indicates the hydrogen bond acceptors of N-H--- N and C-
H: - - O interactions (N17-H17- - - N16 and C4-H4- -- Q9).
The fingerprint plot shows the percentage contributions
to the total Hirshfeld surface area. The fingerprint plot data is
shown in Table 6. Figures 6(a), 6(b), 6(c), 6(d), 6(e), and 6(f)

of —168.48(17)" and —173.38(16)  tor the isomeric ben-
zamides 2-iodo-N-(2-nitrophenyl)benzamide (I) and N-(2-
iodophenyl)-2-nitrobenzamide (II), respectively [9]. This
may be due to the presence of methyl group attached to
benzamide or the amino group attached to the phenyl ring
or ring-2.

The packing views of the molecules down a- and b-axes
are shown in Figures 3 and 4, respectively. The molecules are
linked by the intermolecular interactions by three hydrogen
bonds of types N-H.--N, C-H---O, and C-H.--7. The
molecule is also stabilized by weak intermolecular interac-
tions of type C-H---m. Atom C3 of ring-1 in a molecule
acts as a donor to the CI13-Cl4 (ring-2) atoms of another
molecule. In addition, the molecule exhibits intramolecular
interactions of types N-H- - - O and N-H- - - N. The hydrogen
bond geometries are shown in Table 5.

3.5. Hirshfeld Surface Analysis. CrystalExplorer 3.1 [10] pro-
gram was used for understanding the interactions and the
connectivity among the molecules efficiently. The crystallo-
graphic information file (.cif) was imported to the Crystal-
Explorer to generate the Hirshfeld surfaces. The Hirshfeld

surface is the region around the molecule in the crystal
space which can be considered as the boundary separating
two regions—the interior (the reference molecule) and the

TasLE 5: Hydrogen bond geometry (A, deg.).

D-H-- A D-H H--A DA D-H--A
N(I7)-H(17)---N(16)® 086 231  3.123(2) 158
C(4)-H(4)--- O(9)® 093 253  3.462(3) 175
N(16)-H(16B)---O(9)*  0.86 247  2.948(2) 116
N(16)-H(16B) ---N(17)* 0.86 257  2.874(2) 102

*Intramolecular hydrogen bond interactions.
Symmetry codes: (a) 1 —x,1 -y, 1 -z (b) 1 —x,1/2+ y,3/2 - z.

TABLE 6: Percentage of various intermolecular contacts contributing
to Hirshfeld surface.

Intercontacts Cont(r{ﬂ: )u tion Intercontacts Cont(r;t: )utlon
H---H 56.0 C-C 34
C-H/H---C 27.7 N-H/H---N 2.6
O-H/H---0 9.8 N-0O/O-N 0.4

TasLE 7: MIC of the title compound against various bacterial strains.

Bacterial strains MG {mgial
Streptomycin (std.) Compound
Bacillus subtilis 03125-107" 0.125
Staphylococcus aureus 0.3125-107" 0.125
Proteus vulgaris 0.156 107" 0.625-107"
Escherichia coli 0.78 - 107 0.25

and NMR confirms the chemical compositions of the com-
pound. The structure was confirmed by the single crystal X-
ray diffraction. The intermolecular interactions were studied
by Hirshfeld surface analysis. Screening for biological activity
showed that the compound shows better antibacterial activity
against gram-negative bacteria Proteus vulgaris.
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show the fingerprint plots of the title compound. The major
contribution (56.0%) is from H- - - H contacts. In Figure 6(a)
the wings are due to the C-H- - - 77 interactions.

3.6. In Vitro Antimicrobial Activity. The results of biological
activity of the title compound are given in Table 7. The
resazurin assay showed that the compound has lower-to-
average activity against various tested bacterial strains. The
results of the compound with tested bacterial strains were
compared with streptomycin. Streptomycin was used as
standard in the experiment. The compound showed bet-
ter/average activity against gram-negative bacteria Proteus
vulgaris than any other bacteria, though it never outperforms
streptomycin.

4. Conclusion

In this research work we have discussed the synthesis of the
compound N-(2-amino-phenyl)-2-methyl-benzamide. The
preliminary characterizations like elemental analysis, FT-IR,
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contacts. (c) Two-dimensional map resolved into C-H/H.- - - C contacts. (d) All contacts. (e) Major H- - - H contacts. (f) Major C-H contacts.
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ABSTRACT

(" Excessive fluoride in potable water is a serious health problem in rural areas of many developing )
countries. Hence, there is a need to find a simple and cost-effective method for water defluoridation
in such areas. In the northern part of Cameroon, clay pots are used for cooking food and water
storage. The firing of these pots consists of intensive burning using fire wood. They were tested as a
potential adsorbent for removing excess fluoride from water. Experiments were carried out in a jar
test at room temperature (25 £ 2[]C). Effects of contact time (0-90min), pH (4, 5, 7, 8, and 9), stirring
speed (60, 90, 120, and 200rpm), and ionic strength (0—1000mg/L) were investigated. Results showed
that equilibrium was attained in 10min whatever the pH. Pseudo-second-order andporediffusion
models described well the adsorption process. The highest amount of fluoride adsorbed (1.6mg/g)
was obtained at pH 4-5 and the optimum stirring speed is 120rpm. lonic strength has a significant

effect on fluoride adsorption.

A\

J

1. Introduction

Fluoride ion exists in natural waters and it is an essential
micronutrient in humans in preventing dental caries and
in facilitating the mineralization of hard tissues if taken
at a recommended range of concentration. Higher level of
fluoride in groundwater is a worldwide problem [1-3]. The
World Health Organization (WHO) has set a guideline of
1L.5mg/L for fluoride in potable water [4]. Concentration
higher than this value can lead to fluorosis (dental and/or
skeletal) and several types of neurological damage in severe
cases [5]. Many methods have been developed for fluoride
removal from water such as adsorption [6], ion exchange [7],
membrane processes such as reverse osmosis and nanofil-
tration [8, 9], electrodialysis [10, 11], and precipitation [12].
Among these methods, adsorption is a widely used method
for defluoridation which depends on ions (adsorbate) in
fluid diffusing to the surface of a solid (adsorbent) when
they are bound to the solid surface or are held there by
weak intermolecular forces [13]. Adsorption is recognized as
the most efficient, promising, and widely used fundamental
approach in water and wastewater treatment processes [14].

F1GURE 1: Firing process of clay pots.

Different adsorbents such as activated alumina [15], bleaching
earth [16], iron oxide [17], activated titanium rich bauxite
[18], activated carbon [19], red mud [20], and clay [21, 22]
were tested to find out efficient and economically viable
defluoridating ones. Among these adsorbents, clay and clay
minerals are naturally abundant, renewable, and environ-
mentally sustainable [23-25]. They are considered robust
adsorbents [24] due to their low cost, sorption properties,
and ion exchange potential. In recent years, considerable
amount of work has been done on activation of clay and
clay minerals to improve the adsorption capacity and hence
removal efliciency [26, 27]. Chemical and physical activation
methods are commonly used. However chemical treatment
has not always proven to be effective. For example, Ma et
al. [28] reported equilibrium fluoride adsorption capacity by
granular acid treatment of bentonite of just 0.07 mg/g. That is
why some researchers turn to heat treatment which can also
increase ions adsorption capacity in clay [29, 30].

Clay pot is made of a mixture of different types of
natural clays. The process consists of mixing the different clay
fractions, forming the pot, and burning under an intensive
wood fire (around 300°C) where they get cooked. During

TaBLE 1: Elemental compositions of Kouladje fired clays obtained by
EDAX.

Elements Weight (%) Atomic (%)
Oxygen (O) 40.26 55.02
Sodium (Na) 0.20 0.19
Magnesium (Mg) 0.25 0.23
Aluminium (Al) 3.48 2.82
Silicon (Si) 51.30 39.93
Potassium (K) 0.27 0.15
Iron (Fe) 4.23 1.66
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the firing process (cooking phase) some of them get broken.
These broken pots are not useful for water storage but
could be used as an adsorbent, because they are primary
heated clays. The main objective of this investigation is to
study the removal efficiency of fired clay pots powder as
a potential adsorbent for fluoride removal under different
physicochemical conditions.

2. Materials and Methods

2.1. Materials. Clay pots were collected from Kouladje, a
village in the northern part of Cameroon. The firing of
these pots consists of its intensive burning using fire wood
(Figure 1). The clay powder was obtained after crushing and
sieving a clay pot with standardized stainless sieves and the
fraction less than 100 pm was collected.

All other reagents used in the present study were of
analytical grade. A stock solution of fluoride 1000 mg/L
was prepared by dissolving appropriate quantity of sodium
fluoride (Sigma-Aldrich, USA) in distilled water.

2.2. Characterization of Adsorbent. The surface morphology
of the fired clay powder was examined using scanning elec-
tron microscopy (Hitachi S-3000H, Japan) microscope with
anaccelerating voltage of 15 kV. EDAX was also performed on
the same device. The specimens were prepared using carbon
tape.

2.3. Batch Adsorption Studies. Adsorption experiments were
carried out on a jar test (batch mode) at different pH (4, 5,
7,8, and 9) ionic strengths (0-1000 mg/L) and stirring speed
(60, 90, 120, and 200 rpm). In a typical run, beakers (1L)
were filled with 500 mL of fluoride solution of predetermined
concentration, with pH adjusted to the desired value with
0.1M NaOH or 0.IM HCI solution. The ionic strength of
the solution was also adjusted by adding KNO; solution. A
predetermined amount of adsorbent was added to the beaker
and the resulting suspension was stirred at a fixed speed.
After a given time, the stirring stopped, the suspension was
centrifuged (BIOFUGE Heraeus, Germany) at 950g, and the
supernatant was filtered on a Minisart X50 (Prolabo, France)
membrane filter of porosity 0.1pm. The residual fluoride
concentration in the aqueous solution was measured by

means of a multiparameter analyser (Consort 869, Belgium)
equipped with fluoride ion specific electrode (ELITE 201,
England).

Isotherm experiments were carried out at pH = 4, by
varying fluoride concentration ranging from 1 to 64 mg/L.
The amount of fluoride adsorbed (gq) was calculated as the
change in the aqueous phase concentration from initial value
according to

C,-C
g=G 9y, (1)
m
where C, and C (mg/L) are the initial fluoride concentration
and at contact time ¢, (min), V (L) is the volume of solution,
and m (mg) is the amount of adsorbent added.

3. Results and Discussion

3.1. Morphological and Elemental Composition of Fired Clay.
Clay morphology at different magnification is presented on
Figure 2. It is observed from this figure that the morphology
of the fired clay is compact with interlayers which are
favorable for adsorption phenomena. This compactness of the
morphology is due to the effect of the temperature applied
on these clays during the firing process of pots. The EDAX
spectrum of Figure 3 showed the presence of Na, Mg, Al, Si,
Fe, K, and O. Clay is mainly composed of silica as shown in
Table 1 and can be explained by the fact that the extraction
zone is composed of the sand-clay types [31].

3.2. Kinetic Study. 'The kinetic study was carried out in an
agitated vessel as described earlier by changing the various
operating conditions.

3.2.1. Effects of pH. Figure 4 shows a comparison of the
amount of fluoride adsorbed at different pH as a function of
contact time. The examination of these kinetic curves reveals
a rapid adsorption to attain the equilibrium adsorption. In
all the pH used, two phases were observed: (a) the first phase,
where the adsorption is rapid and appeared within the 10 min
contact time; (b) the second phase, where the amount of
fluoride adsorbed remained constant after 10 min of contact
time, implying that equilibrium was reached. In general,
the fast adsorption could be attributed to a surface reaction
process. It is also shown in Figure 4 that the adsorption
density decreases with the increase of pH. This can be

F1Gcure 2: Electron microscopy image of clay pot powder at different magnification.
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F1GURE 3: EDAX spectrum of the fired clay pots.

attributed to competition between hydroxide and fluoride
ion having the same charge and similar radius [32]. The
maximum adsorption was obtained at the pH 5. The obtained
result for maximum adsorption is in agreement with fluoride
removal studies on red mud (pH 5.5) [20], refractory grade
bauxite (pH 5.5) [33]. Adsorption is also not favored in the
acid range; this may be a result of the formation of weakly
ionized hydrofluoric acid [20].

The pseudo-first-order, pseudo-second-order, and intra-
particle diffusion models were used to test the adsorption
kinetics data to investigate the mechanism of adsorption. The
pseudo-first-order rate expression of Lagergren is given as
(34]

ky
2,303

log(q. - q,) =logq, - o= —t, (2)
where g, (mg/g) is the amount of adsorbed fluoride at time
t, k, (min’l) is the rate constant of the first-order reaction,
and g, is the equilibrium sorption uptake derived from
extrapolation of experimental data at time ¢t = infinity. A
straight line of log(g, — g,) versus t suggests the applicability
of this kinetic model (Figure 5(a)). g, and k, (Table 2)

1.8
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FiGUre 4: Adsorption kinetics at different pH (stirring speed
120 rpmy; initial fluoride concentration = 10 mg/L; adsorbent dose =
1g/L, T=25+2°C).

were determined from the intercept and slope of the plot,
respectively.

The pseudo-second-order kinetic model [34] is integrated
and linearized form has been used:

t 1 . 1 ¢ 3)
a ka4
The plot of t/q, versus t (Figure 5(b)) gave a straight line
showing that second-order kinetic model was applicable and
g, and k, (Table 2) were determined from the slope and
intercept of the plot, respectively.

From Table 2, the wvalues of correlation coefficients
obtained for the pseudo-first-order reaction were not appro-
priate to describe the adsorption of fluoride on fired clay.
On the contrary, the values of correlation coeflicients for
pseudo-second-order model were all greater than 0.95 and
the adsorption capacities calculated by the model are close
to those determined by experiments. Hence, the data was
well correlated by the pseudo-second-order model as shown
in Figure 5. This fact suggested that the rate of fluoride

TaBLE 2: Kinetics parameters for adsorption of fluoride on fired clay.

o ) First-order model
Initial concentration

Second-order model Intraparticle diffusion model

(mg,'L) qe,exp kl qs,cal Rz kZ qe.cal 3 kp R2
(mg/g) (min™) (mg/g) (g-mg'lmin'l) (mg/g) (mg-g_l-min_g's)

10 1.40 0.25 0.87 0.87 0.48 1.30 0.97 0.45 0.99

40 2.17 0.49 0.90 0.90 0.28 2.06 0.98 0.73 0.98
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FIGURE 5: First-order (a) and second-order kinetics modeling of fluoride adsorption on fired clay pots (adsorbent dose 1g/L, pH = 7, and

temperature 25 + 2°C).

adsorption onto fired clay is dependent on the availability of
adsorption sites rather than the adsorbate concentration in
solution [35].

To evaluate the limiting rate of the fluoride adsorption on
fired clay, the possible contribution of intraparticle diffusion
on fluoride adsorption process was explored using Weber-
Morris model [36]:

q= kinttO,S + C’ (4)

where k;, can be calculated from the slope of the plot of g
versus t'/2. As shown in Figure 6(a), the linear portion of
plot is not passing through the origin at each of the tested
concentrations, which indicates the fluoride adsorption on
fired clay is a complex procedure. Both the surface adsorption
as well as intraparticle diffusion contributes to the rate
determining step [16, 37].

The data was further used to investigate the slow step
occurring in the present adsorption system. The applicability
of Bahangam’s equation [38] was tested

loglog ( COC—:—qu) log (

where C; is the initial concentration of the adsorbate in
solution (mg/L), V is the volume of the solution (L), m is

0
2303V ) +alogt, (5)

constants to the present system which was examined. As such,
log log(Cy/(C, —gm)) was plotted against log t in Figure 6(b).
The plot was found to be linear and the correlation coeffi-
cients are greater than 0.95 indicating that kinetics confirms
Bahangam’s equation and therefore the adsorption of fluoride
on fired clay was pore diffusion controlled [37].

3.3. Adsorption Isotherms. Fluoride ion adsorption was car-
ried out at pH 4 and stirring speed of 120 rpm. Two isotherms
equations have been applied for this study, Langmuir and
Freundlich. The linear form of the Langmuir equation is given

by
C

[

. 1
—_— + _—,
qE Qm me

where g, and C, are the equilibrium concentrations of
fluoride in the adsorbed (mg/g) and liquid phases (mg/L),
respectively. Q,, and b are the Langmuir constants which are
related to the adsorption capacity and energy of adsorption,
respectively, and can be calculated from the intercept and
slope of the linear plot, with C,/q, versus C,.

The adsorption equilibrium data was also applied to

C

(6)

Freundlich isotherm model. The linear form of the model can
be expressed as follows:

the weight of adsorbent used per liter of solution, g is the 1 1
, ogq, = logk, + = logC,, (7)
amount of adsorbate retained at time ¢, and « (<1) and k, are 84 Bl T 0B e
25 -1,5
.
2,0 -2,0 1 /
B
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1,0 { g -30
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Journal of Applied Chemistry (Volume- 11, Issue - 2, May - August 2025) Page No. 23



ISSN 2356-7171

e 10mg/L
o 40mg/L

(a)

e 10mg/L
o 40mg/L

(b)

F1GURE 6: Intraparticle diffusion model (a) and Bahangam’s equation plot (b) (adsorbent dose 1g/L, pH = 7, and temperature 25 + 2°C).
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FiGure 7: Adsorption isotherms of fluoride on fired clay pots
(stirring speed 120 rpm; pH = 4; contact time = 30 min).

where g, and C, are the equilibrium concentration of fluoride
in the adsorbed (mg/g) and liquid phases (mg/L), respec-
tively. k. and n are the Freundlich constants which are related
to adsorption capacity and intensity, respectively. These
constants can be calculated from the slope and intercept of
the linear plot, with logq, versus log C,.

To show the ability of different isotherms to correlate
with experimental results, the theoretical plots from each
isotherm have been fitted with the experimental data for
adsorption of fluoride on fired clay pots (Figure 7). Langmuir
and Freundlich parameters and regression coefficients (R
are presented in Table 3. From Figure 7, the adsorption

data fitted well with Freundlich isotherm model indicating
16
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TaprE 3: Langmuir and Freundlich isotherms parameters for the
adsorption of fluoride on fired clay pots.

Models Parameters
= 5
Langmuir b(Lmg) G (ME/E) R
0.067 4.16 0.95
2
Freundlich k; (mg/g) n R
0.35 0.602 0.98

the heterogeneous distribution of active sites on fired clay
pot [39]. The value of the correlation coefficient is 0.98,
indicating a good mathematical fit. The Langmuir plot model
has lower R? than the Freundlich model. In order to predict
the adsorption efficiency of the adsorption process, the
dimensionless equilibrium parameters were determined by
using the following equation:

1

R=———,
1+bC,

(8)

where C; is the initial concentration and b is the Langmuir
isotherm constant.

The value of R varied from 0.93 to 0.19. These values are
less than 1, indicating the favorable adsorption of fluoride on
fired clay [16].

3.4. Effect Stirring Speed. Effects of stirring speed on the
adsorption of fluoride are presented in Figure 8. It is clear
from the figure that the adsorption density increases with
agitation speed up to 120 rpm and beyond this it is almost
constant. The external mass transfer increases with the
agitation speed, resulting in an increase in fluoride transport
from the bulk to the adsorbent sites and thereby increasing
the rate of adsorption. Fluoride adsorption density is almost
invariant beyond 120rpm, as the external mass transfer
not affected by the variations of the ionic strength, then an
inner sphere surface complexation should form, whereas the
presence of outer sphere complexes is indicated by changes
in adsorption with changing ionic strength. Based on this
theory, it is postulated that the adsorption of fluoride on fired
clay pots may take place by the formation of outer sphere
complexation.

4, Conclusion

Adsorption of fluoride onto fired clay pots from Cameroon
has been studied in detail. Fired clay is composed of
different oxides. Kinetic studies reveal that equilibrium is
attained within 10 min whatever the pH studied. The max-
imum adsorbed fluoride is 1.3mg/g at a stirring speed of
120 rpm. Adsorption follows pseudo-second-order and both
the surface adsorption and intraparticle diffusion contribute
to the rate determining step. Freundlich isotherm fits the
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Ficure 8: Effect of stirring speed on adsorption density of fluoride
on fired clay pot powder (pH = 4; initial fluoride concentration =
10 mg/L).
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Ficure 9: Effect of ionic strength (KNO; salt) on adsorption
density of fluoride on clay pots powder (pH = 4, initial fluoride
concentration = 20 mg/L, and contact time = 20 min).

resistance does not decrease appreciably beyond this rpm.
Therefore, it was suggested that 120 rpm could be suitable for
fluoride adsorption by fired clay and no reduction of fluoride
retention was observed as found by Ndi et al. [22].

3.5. Effect of Ionic Strength. The effect of ionic strength on
fluoride adsorption was studied by varying the concentration
of KNO; (0-1000 mg/L) (Figure 9). The result showed that
the amount of fluoride adsorbed on fired clay pot was
significantly affected when the concentration increases from
0 to 1000 mg/L KNO;. The same effect of ionic strength was
also observed for the adsorption of Cr(VI) on bentonite [40].
Studying the influence of ionic strength is a simple approach
to distinguish between inner sphere and outer sphere surface
complexes when direct evidence from microscopic data is
absent. According to Hayes et al. [41], if the adsorption is

[10] M. A. M. Sahli, S. Annouar, M. Tahaikt, M. Mountadar, A. Soufi-
ane, and A. Elmidaoui, “Fluoride removal for underground
brackish water by adsorption on the natural chitosan and by
electrodialysis,” Desalination, vol. 212, no. 1-3, pp. 37-45, 2007.

[11] E.Ergun, T. Ali, C. Yunus, and K. Izzet, “Electrodialytic removal
of fluoride from water: Effects of process parameters and
accompanying anions,” Separation and Purification Technology,
vol. 64, no. 2, pp. 147-153, 2008.

[12] E. ]. Reardon and Y. Wang, “A limestone reactor for fluoride
removal from wastewaters,” Environmental Science ¢~ Technol-
ogy, vol. 34, no. 15, pp. 3247-3253, 2000.

[13] T.N.De Castro Dantas, A. A. D. Neto,and M. C. P. De A. Moura,
“Removal of chromium from aqueous solutions by diatomite
treated with microemulsion,” Water Research, vol. 35, no. 9, pp.
2219-2224, 2001

[14] K. Y. Foo and B. H. Hameed, “Insights into the modeling of
adsorption isotherm systems,” Chemical Engineering Journal,
vol. 156, no. 1, pp. 2-10, 2010.

[15] S. Ghorai and K. K. Pant, “Equilibrium, kinetics and break-
through studies for adsorption of fluoride on activated alu-
mina,” Separation and Purification Technology, vol. 42, no. 3, pp.
265-271, 2005.

adsorption data adequa‘jtely. The effect of ionic strength has
a significant effect on fluoride adsorption.

Being a useless and abundantly available material, fired
clay pots can be used for industrial application for removing
fluoride from water.
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ABSTRACT

(" Vegetable oil-based fuels are promising alternative fuels for diesel and light fuel engines because of )

their environmental and economicstrategic advantages. In this study, Ongokea
goreoil(OGO)anditsfullyhydrogenatedoilweretransesterifiedbymeansof ethanol in the presence of
sodium ethoxide. Fatty acid ethyl esters (FAEE) products were confirmed by
1HNMRandcharacterized by physical-chemical methods in accordance with the ASTM D 6751 and
AFNOR M 15-009 specifications for biodiesels and light biofuels. These methods concern
determination of color, density, viscosity, flash and pour points, ash, water and sulfur contents, and
corrosion on copper. It was found that pure fatty acid ethyl esters of Ongokea gore oil (B100) and its
hydrogenated oil (B100H) meet standard requirements for most of the biodiesel characteristics
studied. Only the kinematic viscosity and density values were outside recommended biodiesel
standard limits which makes them unsuitable for use in diesel engines. In accordance with the
AFNOR M 15-009 specifications of light fuels, they can be used in light fuel engines. Physical-
chemical properties of B20, a FAEEblend in petrodiesel, are within the limits prescribed for
petrodiesel standards. In brief, Ongokea gore seeds, a nonedible and high-oil-producing feedstock,
are suitable starting material for production of light biofuel. The latter blends in petrodiesel can be

\used as fuel in diesel engines.

J/

1. Introduction

Vegetable oils are considered as a long-term promising source
of renewable energy because of their potential to solve prob-
lems of environmental safety caused by constant dependence
of the world on fossil fuels [1-9]. Commonly used fossil fuels
such as oil, coal, and natural gas are associated with negative
impacts on environment, particularly on global warming [10-
12]. In addition, the supply of these nonrenewable energy
resources is likely to end in a near future [13-15]. Therefore,
the search for renewable energy resources, such as vegetable
oils, is strongly encouraged. It was reported that, in diesel
engines, vegetable oils can be used directly as a fuel or as
a mixture with petrodiesel [16, 17]. Nevertheless, their high
viscosity and low fuel atomization in engines lead to an
inaccurate fuel-air mixing and inefficient combustion [18-
21]. Problem occurs also during the coking in the injector,
deposits in the engine, and thickening lubricants during
(FAEE) of both O. gore oil and its fully hydrogenated oil. Their
physicochemical properties have been analyzed according to
ASTM D 6751 and AFNOR M 15-009 specifications and their
potential use as biofuel in diesel or light fuel engine evaluated.
A FAEE blend in petrodiesel, B20 (20:80 mixed), has been
also prepared and evaluated.

prolonged operating of the engine [22, 23]. Hence, prior
to their use as biodiesel, these vegetable oils have to be
subjected to a pretreatment, such as transesterification with
short alcohols [24-27].

In a previous study, we have shown that seeds of Ongokea
gore (Hua) Pierre, which contain about 55% of oil (also
called isano oil), possess interesting sustainable chemical
applications [28]. Major fatty acids in O. gore oil contain
diacetylenic groups such as isanic acid, bolekic acid, 8-
hydroxy-octadeca-13,17-diene-9,11-diynoic acid, 8-hydroxy-
octadec-13-ene-9,11-diynoic acid, and octadeca-13,17-diene-
9,11-diynoic acid.

Nowadays, the O. gore oil has limited application and the
natural production of seeds remains underutilized. To the
best of our knowledge, there is no report on production of
biofuel using isano oil. In this study, O. gore oil has been
used as a potential source of starting material for light biofuel
production. Therefore, we set to prepare fatty acid ethyl ester
B100-H, respectively. For comparison purpose, a mixture of
80% of fossil fuel diesel and 20% of B100 was prepared; the
latter was called B20.

Proton Nuclear Magnetic Resonance analysis of B100 and
B100-H (*H NMR) was carried out to confirm that the above
hydrogenation and transesterification reactions took place.
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2. Materials and Methods

2.1. Materials. Adam’s catalyst (PtO,-H,0) and sodium
ethoxide (NaOEt) were purchased from Acros and were used
without further purification. Analytical grade solvents, ethyl
acetate and ethanol, were purchased from VWR.

Dried seeds of O. gore were collected from the Eala botan-
ical garden in Mbandaka, Democratic Republic of Congo
(DRC). The material was authenticated at the herbarium
of INERA (Institut National de Recherches Agronomiques),
Department of Biology, Faculty of Sciences, University of
Kinshasa, DRC.

2.2. Methods

2.2.1. Extraction of Oil. The oil was obtained from dehulled
and milled seeds by solvent extraction process (macera-
tion), using cyclohexane as solvent at room temperature for
48h, followed by filtration. After filtration, the solvent was
removed in a rotary evaporator, to give 55% of a yellow oil.

2.2.2. Hydrogenation of Isano Oil [31]. Isano oil (0.15 gr) and
Adam’s catalyst (5 mol%) were mixed in ethyl acetate (50 mL).
The reaction mixture was purged twice with argon and then
3 times with hydrogen. The mixture was then stirred at
room temperature for 48 hours under hydrogen atmosphere
(double balloon, I atm) and then filtered through celite before
being concentrated in a rotary evaporator. A white powder
was obtained with a quantitative yield.

2.2.3. Preparation of Ethyl Esters of Isano Oil. Synthesis of
ethyl ester of isano oil was carried out by transesterification
with sodium ethoxide according to the method of Christie
[32]. In a1 L round-balloon flask (immersed in a temperature
controlling silicon oil bath, equipped with a magnetic stirrer,
a thermometer, and a condenser with a balloon filled of
helium) containing a known amount of ethanol (6:1 molar
ratio to oil), isano oil and then sodium ethoxide (6 :1 molar
ratio to oil) were added. The reaction mixture was stirred
vigorously and heated at 70°C for 1h. Upon cooling, it
separated into two layers. The ester mixture formed the upper
layer and glycerin formed the lower layer. Excess ethanol
from upper layer was recovered, using a rotary evaporator.
Ethyl acetate (30 mL) was then added to the residue, and

the resulting solution was washed with water and neutralized
with few drops of aqueous HCl 1N followed by extraction
with ethyl acetate (three times). The organic extracts were
dried over anhydrous magnesium sulfate, and the solvent was
removed under reduced pressure.

The hydrogenated isano oil fatty acid ethyl ester was
prepared following similar procedure. Isano oil and its
hydrogenated oil fatty acid ethyl ester were named B100 and

'H NMR analysis was recorded on NMR Bruker Avance
500 MHz spectrometers. The chemical shifts were reported
in ppm downfield from internal tetramethylsilane (TMS) at
6 =0.

The physicochemical properties of different fuels
obtained were determined at the SEP-Congo Society
(Kinshasa, D.R. Congo). The physicochemical properties
determined according to international standards ASTM
D 6751 [33] and AFNOR M 15-009 [29] are color (ASTM
D-1500), density (ASTM D-4052), viscosity at 37.8°C and
40°C (ASTM D-445), viscosity at 50°C (NF T 60-100), flash
point (ASTM D-93), pour point (ASTM D-97), ash content
(ASTM D-482), water content (ASTM D-95), sulfur content
(ASTM D-4294), and copper corrosion (ASTM D-130).

3. Results and Discussion

3.1 Transesterification of il to FAEE. "H NMR spectrum of
the a-methylene groups of the long-chain ethyl esters should
present a signal in the region between 4.00 and 4.40 ppm as
quadruplet (characteristic of ethyl esters), while the spectrum
of oils showed signals associated with the a-methylene groups
of the triacylglycerides (doublet of doublets) [33].

3.1.1. Production of B100. Transesterification process yielded
about 80% of Isano oils FAEE which was attested by a
quadruplet at 4.13 ppm "H NMR, due to methylene hydro-
gens of the ethyl carbon (C1) neighbors oxygen of the ester
(Figure 1(b)). Isano oil’s 'H NMR spectrum exhibited signals
at4.14 ppm and 4.30 ppm due to two glycerol hydrogen atoms
(Figure 1(a)).

3.1.2. Production of B100-H. The effectiveness of the oil
hydrogenation reaction was confirmed by comparing 'H
NMR spectra prior to hydrogenation (Figure 1(a)) and after
hydrogenation of isano oil (Figure 2).

Vinylic hydrogen atoms located in the region between 4.5
and 6.5 ppm in isano oil's 'H NMR (Figure 1(a)) disappeared
in the "H NMR of the hydrogenated product. Only signals
due to the protons of the central glycerol part of tri-, di-, and
monoglycerides present in the oil remained (Figure 2).

All triglycerides were converted to ethyl esters. Com-
paring 'H NMR spectra before and after transesterification
of hydrogenated oil (Figures 2 and 3, resp.), one can notice

multiplets corresponding to glycerol hydrogen in the region
between 4.00 and 4.30 ppm which changed to a quadruplet
after reaction in the same region, corresponding to ethyl
hydrogen atoms of methylene neighboring oxygen. The pres-
ence of signals at 3.55 ppm, 3.66 ppm, and 5.30 ppm (central
hydrogen atoms of the glycerol part) could be due to the
presence of mono- and/or diglycerides which would be still
present in the obtained product.
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3.2. Fuel Characterization. 'The samples were tested to deter-
mine the fuel characteristics according to ASTM D 6751 and
AFNOR M 15-009 Biodiesel and Light fuel oil Quality Assur-
ance Standard Test. Table 1 summarizes the test methods
used, the standards limit as recommended by ASTM D 6751
and AFNOR M 15-009, and our results.

Color has no direct influence on functioning of an engine
but just gives an indication of the quality of samples. Indeed,
for diesel, the color shows the quality of cracking during
the refining of crude oil; it indicates trace pollution from
black asphalt products [34]. For vegetable oils, color is due
to either the presence of suspended solids or the presence of
the pigments that contain oils such as 3-carotene.

The density is a basic physical property which can be
used (in addition to other properties) to characterize the
light and heavy fractions of a fuel. A density in the range

k114
bbo5_'H CDCI; {D:\Bruker\ TOPSPIN} ORRR 21

FIGURE 3: 'HNMR of B100-H. DG: diglyceride; MG: monoglyceride.

810 < d < 890 Kg,"m3 ensures good running of engine [34].
In view of our results, Ongokea gore oil (OGO), its FAEE
B100, and its hydrogenated oil FAEE B100-H have all densities
beyond the maximum limit required of 890 Kg/m®. In their
study on ethanolysis of Waste Cooking Oil Ethyl Esters
of olive and sunflower oils, Encinar et al. found that the
density of FAEE obtained was in accordance with limitation
standards [35]. B20 (80% fossil fuel diesel) has logically a
lower mass than O. Gore oil, B100 and B100-H, and hence
a lower density (865 kg/m3). Since a too dense fuel tends to
deplete the fuel mixture in the combustion chamber due to
poor fuel atomization by the injectors, causing an increase in
particulate emissions (unburned) O. gore oil, B100 and B100-
H products, will have bigger risk of impoverishment of their
fuel mixture as compared to B20 and diesel.
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TaBLE 1: Physicochemical properties of GO, OGO, B100, B100-H, and B20.

. Ongokea
Properties (units) Limitations ((}ésé};l gore oil Bl100 B100-H B20 héf;h; [;118
(0GO) ’
Yield (%) — — 55 80 80 100 —
ASTM
Color (code) 5,0 max 4,0 4,0 4,0 4,0 4,0 D-1500
Density at 15°C (Kg/m®) 810,0-890,0 867,0 965,0 943,0 928,0 865,9 3_53;]1;/[2
Viscosity at 37,8°C (mm?/s oucSt) 2,0-6,0 4,11 — — — 5,30 ASTM D-445
Viscosity at 40°C (mmzfs oucSt) 2,0-6,0 4,09 — — — 5,22 ASTM D-445
; . o 240 AFNOR
Viscosity at 50°C (mm~/s or cSt) <15 — — 4,5 3,2 — NFE T 60-100
Flash point ("C) 60 min 73 102 88 79 64 ASTM
D-93
Pour point (°C) +5 max -10 -31 -25 -1 -13 ASTM D-97
Total sulfur (% weight) 0,5 max 0,219 0,025 0,022 0,025 0,140 3—5421;/51
Ash contents (% masse) 0,01 max 0,01 0,0031 0,0198 0,012 0,0161 ASTM D-482
Water content (% vol) 0,05 max 0,0 0,4 0,0 0,4 0,08 ADS_EI;{
. ASTM
Corrosion of Cu (code) 1 max la la la la la D-130

One of the properties to be considered in assessing the
overall risk of a fuel flammability is the flash point. This
is the highest temperature at which a fuel can be handled
without risk of explosion [36]. The flash point is much higher
for starting raw oil (102°C). Other less dense products have
lighter constituents than those of the oil. Thus, their vapor
pressure is higher, making their flashpoint lower (88, 79,
and 64°C, corresponding to B100, B100-H, and B20, resp.).
However, the flash point observed for B100, B100-H, and
B20 (Table 1) meets the ASTM specifications for all biodiesel
products. So, as a fuel, they are all expected to be safe during
transport and storage.

The pour point of a fuel is the lowest temperature at
which fuel freezes. In other words, this is an index of the
lowest temperature of its use for certain applications. This
value determines the fuel heating conditions to consider in
cold weather by appropriate additives [34]. Ongokea gore oil
is more viscous; thus, it should freeze much slower (-31°C)
than its corresponding ethyl esters B100 and B100-H (-25
and -1°C, resp.), which are more fluid. B20 also presents a
lower pour point than Ongokea gore oil (-13°C). This latter
was not purified before use; it thus may be possible that a high
content of heavy fraction is responsible for its high viscosity
and therefore its high pour point. Maximum permitted sulfur
content is fixed at 0.5% by weight. Sulfur compounds are
known to cause corrosion of shirts diesel engines and foul
odors of diesel exhausts. The use of sulfuric acid in the
preparation of biodiesel by acid catalysis may cause, in the
case of a noneffective elimination of the acid, deterioration of
rubber components and corrosion of parts of metal engine. A
base catalysis is therefore recommended.
acid derived from the oxidation of the engine oil or fuel
[36]. The test of corrosion on the blade copper is used to
control the corrosiveness of fuel toward the copper metal,
which is used in diesel engines. According to the standard
method, corrosion should not exceed level 1 (light yellow)

The ash components are considered as undesirable impu-
rities or contaminants. These are salts and inorganic oxides
that remain in the solid state after complete combustion of
the fuel: among them, silicon, iron, calcium, sodium, and
vanadium, with the latter representing, in some cases, 50% of
the total ash [34]. The specifications provide no measurable
traces of ash in the fuel to avoid solid deposits on the cold
parts such as valves. In this study, the ash content is within
acceptable standards for all tested products.

In itself, water would not be a drawback but it usually
contains either dissolved or suspended inorganic matter
which may give ash, especially sodium and magnesium
chlorides. The water content is thus set to no measurable
traces. Moreover, the purification of heavy fuels can be
achieved by stirring with water, which dissolves the soluble
inorganic matter, followed by centrifugation, which removes
the contaminated water and solids suspension [34]. However,
in the case of biodiesel, which are ethyl esters, it would
be better not to have any water because the presence of
residual base or acid would hydrolyze esters into carboxylic
acids which undoubtedly wear engine gaskets. A measurable
amount of water content was detected in the Ongokea gore oil
(0.4%), in B100-H (0.4%), and in B20 (0.08%). These values
are slightly above the required standard of 0.05%, which
would be due to poor drying after aqueous workup during
preparation of these fuels.

Corrosion is, with rust, one of the phenomena that lead to
an increase in wear and, in extreme cases, to the destruction
of certain parts of the machines. Corrosion is caused by the
attack of metals by acidic compounds. In diesel engines, these
compounds are sulfurous and sulfuric anhydride and sulfuric
4. Conclusion

This study elaborates the use of underutilized, nonedible O.
gore oil as a starting biomaterial for the production of a high

quality light fuel oil.
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in a reference scale. In this study, all biodieselsvand crude
oil have the maximum recommended value of 1. They do
not corrode the engine neither during operation nor during
storage.

Viscosity was performed at different temperatures: at
37.8°C for conforming to national standards, at 40°C for
conforming to ASTM D 445 requirement for diesel fuel oil
grade D2, and at 50°C for conforming to ASTM D 445 for
diesel fuel oil grade D4 or light fuel oil.

The kinematic viscosity of B20 is 5.30 centistokes at
37.8°C and 5.22 at 40°C. These values are slightly higher
than that of diesel fuel at the same temperature, but this
is without harmful consequences to the engine because the
value obtained is found to be within acceptable limits (2-
6 cSt). Regarding Ongokea gore oil, B100, and B100-H, their
viscosities at 37.8°C or 40°C were not carried to completion
because, after 30 minutes of evaluation, analysis was not over,
while it took only about 5 minutes for diesel. Obviously,
the mobility of the particles is smaller in B100 and B100-
H as compared to diesel explaining the lower fluidity and
the increase in viscosity. However, this increase makes more
difficult fuel atomization and reduces the effectiveness of
injectors [34]. These viscosity values obtained certify that
FAEE B100 and B100-H have an adverse flow and spray
quality for diesel engine and therefore a poor quality of
spontaneous combustion. We thus proposed to measure the
viscosities of these standard FAEE at 50°C, comparing them
to light fuel oil. Indeed, according to French 7 standards
AFNOR [30], a light fuel oil is a mixture of hydrocarbons
from mineral or synthetic origin, particularly destined for the
production of heat in the combustion plants and meeting the
following specifications:

(i) Distillation: distillate volume < 65% at 250°C and
<85% at 350°C

(ii) Viscosity < 15 ¢St at 50°C
(iii) Sulfur content < 2% (w/w)
(iv) Water content < 0.5% (w/w)
(v) Flash point = 70°C

(vi) Pour point < 0°C.

Thus, B100 and B100-H whose viscosities are above
15cSt at either 37.8°C or 40°C and 4.5 and 3.2 centistokes,
respectively, at 50°C are good alternative light fuel oil instead
of diesel.

In general, the behavior observed in this work, in relation
to color, flash and pour points, ash, water and sulfur contents,
and corrosion on copper, agrees with that obtained by other
authors [35, 37, 38].

[7] A. B. Chhetri, M. S. Tango, S. M. Budge, K. C. Watts, and M.
R. Islam, “Non-edible plant oils as new sources for biodiesel
production,” International Journal of Molecular Sciences, vol. 9,
no. 2, pp. 169-180, 2008.

[8] S.P. Singh and D. Singh, “Biodiesel production through the use
of different sources and characterization of oils and their esters
as the substitute of diesel: a review,” Renewable and Sustainable
Energy Reviews, vol. 14, no. 1, pp. 200-216, 2010.

Two different FAEE (fatty acid ethyl esters) and one
biodiesel were prepared and analyzed: O. gore oil (B100),
a biofuel obtained by ethanolic transesterification, B100-
H, which is a biofuel produced by transesterification of
hydrogenated isano oil, and B20, a mixture of 20% BI100
and 80% diesel. These three biofuels have been subjected to
physicochemical tests according to international standards
ASTM and AFNOR. It should be noted that B20 biodiesel
is a fuel of high quality able to replace diesel in a diesel
engine because all its physicochemical properties studied
(color, density, viscosity, flash point, pour point, ash content,
water content, sulfur content, and corrosion on Cu) are in
the range of required standards. Since fuel physicochemical
properties of B100 and B100-H are of the same order, it is
likely that B100-H will be more stable during storage. Both
fuels are not effective biodiesels candidate but they can be
used as light fuel oil. Thus, FAEE of Ongokea gore oil appears
to be promising alternative fuel for conventional light biofuel
engines. The production of O. gore light fuel oil could be an
added value to an underutilized agricultural product.
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