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ABSTRACT

Novel mono-nuclear VO(ll)-traizoles complexes hdem=n synthesized and fully characterized by all
possible tools(analytical, spectral and confornratip The neutral tri-dentate mode, was the suggest
bonding feature based on comparative IR spectra. ddtahedral geometry, was suggested for all
complexes except for [VO(CATP)@)] (SQy)(H20), complex. ESR spectral data clarify, the ionic
feature of in plane- bonding as well as in plame- bonding. XRD patterns display the amorphous
feature, as the main characteristic for most testadpounds. Two crystalline complexes, showed
crystallite-sizes located excellently in nanometerge. SEM images displayed rocky-shape surfaces
for all tested compounds, except for the two cHystacomplexes. TGA curves displayed
discriminated thermal stability, among investigatsinplexes, which most of them appeared with
high thermal stability. Conformational indexes cddted predict the superiority features of
[VOSO4(CATB)]H,O complex. This study was strengthen by dockingc@ss, which orients to the
negligible inhibition role of most VO(Il)-complexegainst DNA (2hio). Another application pathway
was interested to synthesize biodiesel from waisée & chosen complex (VO(II)-CATB) was utilized

in heterogeneous-catalytic process. Moreover, #®sVoxide has been prepared from deliberate
calcinations process. The complex and its oxideehlb@en used separately to prepare economic
compound (biodiesel) from waste oil. The two cattdysucceeded in isolating biodiesel, in particular
the complex which produced a perfect product iromdime. Some physical characteristics were
estimated for synthesized biodiesel, which higldynpatible with that reported in literature for athe

undesirable biodiesel-synthesis processes.

Keywords VO(II)-Traizole complexes, Biodiesel synthesisplstular Docking, DFT/B3LYP
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1. INTRODUCTION



One of the challenges facing industry and manyosedh the world is the lack of energy
sources. Scientists around the world are seardbincheap and easy-to-access sources of enérgy
curtailment fossil fuel reserves and more rigoremvironmental assizes have produced a global
concern in renewable energy sources. The altemdtiel, biodiesel, is generated from the trans-
esterification by alcohols of animal fats or vegdteoils [1]. The properties of biodiesel are sanilo
those of petroleum-diesel and can be used in ioadit diesel engines without amendment. Biodiesel
is less toxic, renewable and has minimal environaleeffect compared to diesel extracted from
petroleum [2]. The limitation of the production lmbdiesel is attributed to high costs of raw materi
vegetable oils [3]. Also, using the edible oilstire production of biodiesel will be affected on the
existing food market. So, the researches over tirédwide have focused on biodiesel production from
WCO(Waste Cooking Qil) as a third generation sowbé&h have a positive effect on the efficiency
of such fuel[4,5]. The tras-estrification with hogemous catalysts such as KOH and NaOH has some
advantages as low price and easy availability theitcatalyst cannot be reused. Furthermore, itsgive
soaps when reacts with oil and acids, which redtlvegpercent yield of esters, make the detachment
difficult and also consume the catalyst and carr®isolated from the reaction mixture. So, using
heterogeneous catalysts especially metal oxid#®eisuitable solution to these problems[6,7].0n the
other hand, the discovery of vanadate-dependeninezs and their significance in diverse biological
catalytic operations [8,9] has spurred researchihencatalytic manifestations of vanadium (VOLX)
complexes. Several pattern vanadium complexesagisptalytic activity towards different organic
conversions, also, VO(ll)-nitrogen coordination ysaa good role in catalysis of nitrophenol to
aminophenol[10,11].Triazoles and their Schiff'sdsadisplayed outstanding pharmacological activities
as anticonvulsant, antimicrobial, antitumor, anaigeand antidepressant[12]. From the previous work
reported, we intended to synthesize new VO(ll)zoke complexes. These complexes will be fully
characterized using all possible spectral, anallytad theoretical techniques. Two selected conaglex
will be tested towards biodiesel synthesis from tevasil. Moreover, their oxides yielded from
calcinations will be used in this catalytic applioa after full description. This heterogeneousabaic
process, will be compared versus referenced uratdsirmethod, which mainly used a dangerous
catalyst (CaO). This study, aims to throw a shadoma new distinguish catalyst used to synthesize

economic product from wastes by a safe process.

2. Methodology
2.1. Thereagents



All chemicals, reagents and solvents were purch&sed Fluka, Merck and Sigma-Aldrich.
Also, used as it is without previous treatments SGRXH,0, trifluoroacetic acid, thiocarbohydrazide,
4-chlorobenzaldehyde,  2-brom&aiminoacetophenone,  2-brombrethylacetophenone,  2-
bromoacetophenone, 2-bromtehloroacetophenone and 2-bromebdomoacetophenone, were the
compounds utilized in the synthesis for new comgisun
2.2. Preparations
2.2.1. Synthesis of triazole derivatives

A scientific preparation method for 4-amino-5-uidromethyl-4H-[1,2 4]triazole-3-thiol ) was
reported in previous work[13].As; equi-moles froquaous trifluoroacetic acid) (11.4g, 0.1 mol) and
thiocarbohydrazide?) (10.6g, 0.1 mol) were mixed and refluxed along Bten cooled. The white
crystals obtained were isolated through filtratitmlowed by washing with cold water and re-
crystallized from water to produced pure triazadnpound3. Conversion of triazole derivati&to 4-
((4-chlorobenzylidene)amino)-triazole-3-thiol dexiiwve 4 carried out via the condensation of
aminotriazole thiol3 (4.6g, 0.025 mol) with 4-chlorobenzaldehyde (3.6425 mol) in glacial acetic
acid (20 mL) under conventional heating for 5 Hdaked by filtration for the formed precipitate and
crystallization from ethanol. New traizole composr{@a-e, Scheme 1) were isolated from the reaction
of equi-moles (3.06g, 0.01 mol) from compouh@nd a-haloketone derivatived-€) (2.12g(5a) or
2.13g(5b) or 1.98g(5¢) or 2.31g(5d) or 2.76g(5e), 0.01 mo) . Each reaction mixture was refluxed in
dioxane (30 ml) in presence of 0.35 mL triethylaenim long 8-10 h (tested regularly by TLC (1:1,
ethylacetate n-hexane). The solid precipitates were filtratedaoftl re-crystallized from proper solvent.
The best structural form for five derivatives waspthyed (Fig. 1).
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0,
e 4-BrCgH, 70%

Scheme 1. Synthesis of ligands 6a-e
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Fig. 1. Optimized structures of traizole derivativés-{; CATA-CATB)

2.2.2. Preparation of VO(I1)-traizole complexes



Novel colored VO(ll)- traizole complexes were syglzed by mixing equi-molar weights.
Dissolving 2mmol from VOS@OxH,O (neglecting hydrated water, 0.3269), then addedthanolic
solutions of traizole derivatives (6a-e) as folldw@80, 0.878, 0.850, 0.919 and 1.01 g, sequentiall
All mixed solutions were refluxed for 4-7h. Disset/0.5 g sodium acetate (in bi-distilled water)swa
added to adjust pH of each solution for precipitatiThe colored precipitates were isolated after

filtration and washed by ethanol, diethyl ether &ndlly dried in vacuum desiccators.

2.3. Analysis techniques

The percentages of elements (carbon, hydrogen itnogien) were extracted by implementing
Perkin-Elmer 2400 CHN Elemental Analyzer. The metatl sulfur contents were evaluated using
standard analytical methods [14]. The conductaneasmrements (in DMSO) were recorded by
JENWAY model 4070 Conductance Bridge. KBr-IR and Rilgpectra were scanned over JASCO FT-
IR-4100 spectrophotometer (400-4000 Yrmmand Burker (500MHz), respectively. The electronic
spectra and magnetic susceptibility were obtaiheaugh U\, Unicam UV/Vis spectrophotometer (in
DMSO solvent) and Johnson Matthey Magnetic Suscitipti Balance at 25'C, respectively. Mass
spectra for two selected complexes were condudf&dl ev by using AEIMS 30 mass spectrometer
using 40°C/min, heating rate and the mass/ chatgansng range was 50-1000. EPR spectra were
given at 25°C by using Jeol JES-RE1X EPR spectrometer with DRRiHdard = 9.435 GHz).
TGA/DTG curves were extracted by Shimadzu Thermdgretric Analyzer (20-90%C). The heating
rate was 10°C min® under nitrogen. XRD patterns were obtained (10°<®0° rang) on X-ray
diffractometer (GNR, APD2000PRO, Italy) with a gn#e mono-chromator. The scanning rate is
0.03° min* by using Cu/k1 radiation. SEM images were displayed on Joel 380 equipment.
Molecular modeling and docking were executed byss@m09 and Autodock tools 4.2, respectively.

DNA degradation was achieved in molecular biolcagy. |

2.4. Computational studies
2.4.1. Kinetics

AH, AS andAG were the thermodynamic parameters intended fampatation over DTG
curves. The order (n) and energy of activation \{feye also calculated over chosen stages. Well
identified bordered, was the significant charasterifor chosen stages, which varied completelynupo

investigated curves. Many researchers [15-23] hexbraplished equations for calculating these



parameters and discussing the advantages for alctlations in raising the knowledge about the
prepared compounds and orient for application. ®Reatfern[17] and Horowitz-Metzger[22], among
the researchers interested in this point of rebeanti developed equations for such purpose. These
equations were implemented to calculate thermodimgrarameters over definite stages in DTG

curves.

2.4.2. DFT/B3LYP method

The molecular optimization process, was performgdnplementing Gaussian 09 program
[24]. All triazole derivatives and their VO(II) complexesgere treated by using DFT/B3LYP method at
suitable base set. Log and chk files were extraatetlvisualized upon Gauss-View program [25].All
atoms were numbered according to scientific sch&mgential parameters were extracted from output
files, especially for Romo and Eowmo levels. Also, significant physical parameters wesémated by
using known relations [26, 27], as follow;
1- x=-0.5 (Eumo * Bowmo)
2- p=-%x=0.5 (Ruvo *+ Biomo)
3- 1 =0.5 (Eumo - BEHomo)

4- S =-0.5n
5- o= p¥ 21
6- o=1h

2.4.3. QSAR study

Surface area, hydration energy, reactivity, Poddnilty and Log p are the essential QSAR
parameters calculated. HyperChem program (8.1)usad for optimizing the structural forms for ten
tested compounds. Molecular mechanics force fi&lM{) followed by semi-empirical AM1 is
considered the Pre-optimization process. A freenopation process was executed without restriction
for any parameter till reaching the equilibriumtstdPolake-Ribiere conjugated gradient algorithns wa
the system for minimizing energy content till redlcl optimized structures [28].

2.4.4. Docking process

DOCK module of MOE technique (version 2014) [29,88used a great revolution in drug
industry. Which is considered the pre-computatiom&thod in drug designing. Upon 2hio DNA
receptor, the hydrogen atoms were added after rimgowater molecules around the duplex.
MMFF94x force field, assigns the parameters andgdsa Five VO(II) complexes were docked inside

minor and major grooves, after generating alpha-sgheres using MOE site-finder module. The
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docking scoring by MOE software in London dG scgrinnction and also upgraded by two unrelated
refinement methods. The geometries of docking cergd were built in the best stereo and minimal
energy, to be suitable for obtaining the best lmgdi The free binding energy and hydrogen bonds in
between amino acid in the receptor, were used ddfglthe grad of binding between the tested
compounds and protein molecule. The hydrogen bevete counted based on measuring the bond

length, which is not exceed than 3.5 A.

2.5. Biodiesdl synthesis

The synthesis of biodiesel from cooking waste oiss,considered the main application
interested in this study. The previous articlesolhinterested in biodiesel synthesis, were mainly
focus on using living lime (CaO) as a catalyst B&8l- This catalyst is known by its high activity
which needs restricted precautions during the exy@et. Our process characterized by its safety and
economic. First of all, the cooking waste oil ob&d (WO) was filtered off to separate solid disposa

before trans-esterification process.

2.5.1. Heterogeneous catalysis

A. Using prepared complexes

[VOSQ(CATB)] complex was chosen as a potential catatysiodiesel synthesis. This choice
was based on its expected reactivity, broad suréaea and nano-crystalline nature as well as its
thermal stability (till 147.8°C). In a round flask,25g from the complex was mixed with 30 mL waste
oil and (30 mL) methanol. The reaction mixture vasred under reflux at 120°C for 2h. After
refluxing a mixture, the complex was filtered off tentrifuge, dried and then weighed to asserton i
catalytic role. After that, the reaction mixture svaansferred to separating funnel, after 20 min, a
perfect separation was observed for two phasesbidugesel, the less dense phase (upper layer), was
separated, washed with water then add NaCl tothersolution clear, dried using p&0, (anhydrous)
then weighed

B. Using prepared oxides

A yellow powdered oxide, was obtained from previcosplex, through calcinations process.
This calcinations was carried out over a chosenpbexnin open air and then put in ignition oven (at;
650°C) for complete calcinations till a constant weighite oxide obtained was analyzed (elemental,

XRD and SEM) to establish their chemical formuldée reactivity, surface area and whole



morphology may be significantly different from slari purchased. The heterogeneous catalytic
process (using complex) was repeated by usingréggaped oxide (0.25g), for comparison. Also, such
proposed heterogeneous catalytic process, wasessgr high degree of insolubility for the complex
in the reaction medium, as well as the oxide use@4). Moreover and after filtrating the catalyst, the

weight used was completely unchanged before aed tai process execution.

3. RESULTSAND DISCUSSION

3.1. General features

General features estimated from analytical studibl@ 1), propose 1:1 molar ration among the
ligand and vanadyl atom. The prepared complexesstatde, non hygroscopic, having high melting
points £300°C). All synthesized complexes are insoluble in canmorganic solvents except DMSO
and DMF were completely soluble. The molar conditatis (A,) were measured for all complexes in
DMSO solvent. The values computed were found al-5475 Q™ cnm’mol™ rang, which covering
conducting and non-conducting features [34]. [VOT®AH.0)](SOy)(H20), and [VO(CATC)(H.0),]
(SQy) complexes, were the conducting among the whaelkedecomplexes. This may be discussed based

on the contribution of ionizable sulphate groupuaiththe coordination sphere
3.2. Mechanism of triazole preparation

4-Aminotriazole thione3 and its schiff base 4 were synthesized previously as desgrin
literature reports [13]. The novel five ligands reym 4-((4-chloro-benzylidene)-amino)-5-
trifluoromethyl-3-(aryl)-2-oxoethyl)thio#4-[1,2,4]triazole were prepared by refluxing a mnetuof
equimolar quantity ofu-haloketone derivatives Saamd schiff base #h dioxane in the presence of base
catalyst E{N. Studying all spectral data (Tables 2& 3) of ineducts, proved their structural forms. As
for example, the'H-NMR spectra of all derivatives (Figs. 2 &1S) raled in addition to the
characteristic signals for the aromatic and alighptotons, the presence of singlet signal dueh& t
methylene protons (CHi at 0 3.74-4.80 ppm. The mechanism for the formation ighids was
illustrated in Scheme 2. Moreover, IR spectrunéafexhibited the characteristic absorption bands for
stretching vibrations of Nigroup atv = 3434 and 3152m™. In addition, all derivatives revealed the
absorption bands near 1680 tin their IR spectra, which attributed to the preseof carbonyl groups

in CO-Ar moiety.
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Scheme. 2. The mechanism of synthesis procedure for triazetevdtives Ga-€)

3.3. The mode of bonding in complexes

The mode of binding belonging to triazole derivativ(6a-e) toward VO(ll) ions, was
established based on relative shifts of functiomdsawavenumbers, after coordination. Table 3
summarize essential functional bands which poinbdading attitudev(C=0), v(C=N) andv(C-S)
bands suffer a noticeable lower shift which referscovalent coordination with VO(Il) atom. This
reflects the tridentate mode of bonding for tri@zderivativesv,{SQy) andvy(SQys) bands have been
observed at; 1252-1289 and 1158-1191'eanges in [VOSG@CATA)], [VOSO,(CATM)]2H,0 and
[VOSO,(CATB)] complexes spectra. This appearance coiscitte the bidentate attachment of
sulphate group towards central atom[35]. While, shectra of [VQCATP)(H0)] (SQy)(H20), and
[VO(CATC)(H,0),](SOs) complexes, displayed only one band at; 1405 &%&/dn', respectively.
This agrees comfortably with stretching inside zale sulphate group,(H.O) andd,(H.O) bands
have appeared in most complexes sped@tna. bands were at; 755- 786 and 650 - 672 camges,
respectively. A characteristic band attributing{®’=0) has clearly appeared in almost the same area
for all complexes #1050 cnt); except for [VO(CATP)(HO)](SQy)(H20), (at 992 crit). This band
position is strongly coherent to the number of l®oadrround vanadium atom [36]. The exception of
such complex may refer to differ coordination numilize) from the rest (six). New(V-O), v(V-N)
andv(V-S) bands, shined at low wavenumber region, conthe mode of bonding for traizoles versus
VO(Il) atom.



3.4. Electronic transition bands

Remarkable bands were grouped and displayed ireTablhe spectra have been obtained in
DMSO solvent by influence of Uv-Vis spectral region — n* and n— =n* transitions were the
significant intra ligand transitions observed af6#9.05- 50505.0 and 32258.06-34013.61cm
attributing to free traizole derivatives, respeely37]. The high degree of chromophoric conjugatio
inside the molecules influences on the deep calbeerved attached with charge transfer inside the
free compounds. Most of these bands suffer notleeghift in the complexes spectra, which may
belong to coordinating groups, which orients talifi@ting electronic transition pathway inside gpsu
Also, in all complexes except for [VO(CATP}YE)](SQy)(H20),, significant d-d transition bands
were recorded at 11261-11494 and 14260- 15356 ramges. According to molecular orbital theory,
these bands assign fdB.g—’Eg and’B,g—2B.1g in distorted octahedral geometry (Fig. 3). In the
environment of C4v symmetry, the ground state seglet orbital and the one electron in d is inhon
bonding type (dxy?B.g). The crystal field stabilization energy valus)f were calculated based on;
B,g—2B1g (v1) = 10Dq relation, and the values agree with knogported [38]. As we know that, the
value of crystal field stabilization energy, islyumatching with the first transitional band val(ig)
through the former equation. While, the rest carplisplayed 18182 and 19347 tinands, which
they attributing to’B,—°E and’B,—?B; transition, respectively in square-pyramidal gewynéFig.
4). Also, new charge transfer bands were estimagsijn for > V, N—V and S- V, respectively.
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Fig. 3. Optimized structures of VO(II) -traizole complexes

3.5. Mass spectra

Mass spectral analysis is considered the most &glserol, which used to assert the molecular
formula, particularly with failure in isolating sife crystal for any synthesis. Figure 5 displays MS
spectra of two selected complexes; [VO(CATRIH(SO:)(H20), and [VOSQ(CATB)]. The
spectrum of [VO(CATP)(KOD)](SOy)(H20), complex shows; molecular ion peak at m/z = 606181 (
2.97, calcd. 641.86) which may attribute t6-BH,0. The dehydration process may occur during the
vaporization of complex before its bombardment bgcteon beam. The successive fragmentation
stages were displayed scheme 3, which were ended by a peak at m/z = 43.06 (I 858 which
agrees with vanadium isotope. The spectrum of [V@SATB)]H,O complex shows a molecular ion
peak at m/z = 666.22 (I= 2.28, calcd 666.72). Tore peak is approximately coinciding to"MThis
little difference, is logical with the presenceabflorine atom or vanadium, which are known by their
isotopic nature. Also, successive fragmentatiortgss, was ended by a peak at m/z= 45.03(I= 10.66),

which strongly agrees with vanadium isotope [39].
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Scheme. 3. The proposed fragmentation for [VO(CATPY®)](SOy)(H.0), complex

3.6. EPR study

EPR spectral analysis were conductedvat; 9.435 GHz, upon four investigated complexes.
The binding nature around VO(Il) atom for complexean be obtained through computing
Hamiltonian parameters(Table 5)[40]. Vanadyl! iopresents Hsystems, which transfer electron td D
in distorted geometry. This electron occupigs drbitals, which corresponding tadr (ground state
term). Eight hyperfine splitting lines, is the experl appearance of VO(Il) spectiag 7/2). In Cyy,
symmetry, two sets of lines (eight lines) were potedl, while in symmetry of £, the expectation for
three sets of eight lines. But, the spectra ofctiraplexes have been appeared with poor resolutidn a
highly smooth (Fig. 6). This may refer to high drderaction between neighboring centers which
affects directly on degree of lines splitting.<gg- < ge shows the presence of un-paired electronyn d
which attributing to tetragonal geometry. Isotropgia anisotropic parameters were calculated hy A
(A11t2Ap) /3 and g, = (g1t 2gy) / 3 relations [41].This parameters display high degree of dewat
from free electron value {g 2.0023). These parameters (A and g) point toodedt tetragonal
geometry. The G values calculated from this retat®® = (g,-2.0023)/¢5- 2.0023) = 4, suffer high
reduction except for square-pyramidal complex. Tieguction is corresponding to high-exchange
interaction between vanadium centers in neighbguangjcles. Also, this high interaction orientshe
cause for smoothly curves obtained, which is carsid the main reason prohibiting the resolution for
hyperfine splitting [42]. MO indexe${ anda?) have been calculated using known equations[48].Th
values calculated reflect the highly ionic featafén plane-o- or 7= bonding around central atom[41].
The dipole term (p) values have been calculatedkrmwn relation[44]after using the anisotropic
parameters (Aand A))by negative values. The values agree with thatwknior VO(II) ion. Also, the
Fermi-contact term (K) values, calculated [45],midio the relatively high magnetic interaction of
single electron with the atomic nucleus. The apiiir minimizing A, value against,gvalue,is called

a tetrahedral distortion index (f #/8)[41] which clarify the high distortion of all cortgxes.

3.7. XRD and SEM analysis
XRD patterns have been obtained at 10°0<20° range (Fig. 7 &2S). This analysis gave a
good view about the crystal lattice dynamics. ABssert on purity of tested compounds from starting

materials using known methods [46].Only two patterepresent the nano-crystalline feature for
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corresponding complexes; [VOSEQATM)]2H20 (A) and [VOSQ(CATB)]. While, the rest, which
are treated in XRD study(four compounds), introdpe#erns attributing to the amorphous feature.
The crystallinity advantage, may reflect a perfeatiding for the atomic arrays in distinct layers,
which facilitate calculating the crystal physicaldexes. Using high intense peak, crystallite
parameters; € d spacing, FWHM, relative intensity, particleesz crystal straine] and dislocation
density$) have been estimated (Table 6)using known eque#t@hThe crystallite sizes calculated fall
comfortably in nanometer range. However, the amauphadvantage for other investigated may refer
to the fast precipitation for such compounds whiett to this irregularity in the arrangement of
particles or atoms. The crystal strain and disloocadensity are the two indexes throwing a lightloa
network dislocation. Their reduced values, pointhigh regularity in the crystal lattice of the two
nano-complexes. SEM images (Fig. 3S) for all test@ahpounds were obtained after electron beam
scanning for the solid surface. The topography,pmology and the microstructures of solid surfaces
were mostly in rocky or fused shape except for templexes (VO-CATM and VO-CATB). The
crystallite surface of the two complexes, reflextspherical particle shape. This agrees strondly wi
XRD patterns. Also, large variation between thee fiderivatives and their regarding complexes
confirms the purity of VO(ll) complexes from stagi materials[48]. This relatively similar
topography, may refer to extreme similarity of gegtion conditions conducted. The XRD, SEM and
vanadium content for oxides obtained from the aaltons for [VOSQCATM)]2H,O and
[VOSO4(CATB)] complexes, have been discussed. XRD pat{€ig. 7) was matched with other
standard pattern, which likely to be®; oxide. The distinctive nanometer size calculat&able 6)
the high strain and dislocation inside the crysthlof them may assist its catalytic activity. 8)SEM
image display a regular morphology completely défe from that of original complex. As well as the
vanadium content was determined after completestme for 0.02g (in conc HN$), using a known

complexometric method [14] to verify the moleculamula suggested.

3.8. TGA analysis

Assumptions for degradation technique regardingztle derivatives and their VO(II)
complexes have been displayed in Table 1S. The conis have been heated (20-#0ange) at
constant heating rate (A min™) under nitrogen. TGA curves for traizole derivaswlisplayed three
to four decomposition stages except for 6e (CAT&npound degraded in two stages. The organic
compounds displayed a complete degradation undatinigesystem without residue, except for 6e
compound, leave four carbon atoms. Up to 360vas sufficient for complete vaporization for most
organic compounds, which is logically known. TGA\®s for VO(II)-traizole complexes represented
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three to four degradation stages upon all thermatlstable complexes except for [VOSOATB)].

The mechanism of degradation was proposed separitebach complex, depending on the structural
form of it. The lower thermal stability is the mafeature observed for all complexes except for
[VOSO,(CATA)] and [VO(CATC)(H:0),](SOs) complexes. This exception due to the absence of
crystal water molecules, which conducts to easitegjradation. Up to 86C was sufficient for
complete distortion of coordination sphere, leaw@, which mainly polluted by carbon atoms still.
The plausible degradation scheme, displays an atieqronformity, about; found/ calculated mass

losses proposed in each stage.

3.9. Computational study
3.9.1. Kinetics

The kinetics upon DTG curves have been investigdtedtraizole derivatives and their
complexes. Only one steps{12*® or 3% was chosen for calculating thermodynamic parars€(fe,
AH, AS andAG). The selected stage has a moderate sharpnesdeéinde borders to facilitate
determining fraction decompose) (versus temperature. Coats—Redfern[17] and Horewetzger
equations[22] were the two comparative methods.uBke kinetics, over all degradation process, give
a great impact about the strength of whole chenfiodting. Also, clarify the impact of metal atoms
inserted in organic compounds upon the thermaufeadvf chemical structure. Over extracted plots
(Figs. 4S&5S) and applying the two methods, theynadic parameters have been calculated (Table
2S).AH = E + PV,AG= AH-TAS andAS = R In (Ah/K,Ts) were the equations used for calculation.
Whereas; k and h are the Boltzmann and Plank’s constantqeosisely. T is the midpoint
temperature for the selected stage. The data shibsviollowing essential notices; i) high activation
energy values were generally recorded for compléxe®mparing to relative free ligands. This may
be explained based on thermal stability for coating organic compounds. ii) Negative signs A&
values reflect the degree of randomness for thept®ras versus to original ligands. iii) The postiv
AH values introduces endothermic feature for all dgmosition stages. iVAG values were generally

raise in complexes which attached to the valuggbandAS.

3.9.2. DFT/B3LYP method

The best structural forms for organic derivativegy(1) and their VO(II) complexes (Fig. 3)
were extracted, applying Gaussian09 program. DHI¥Y®3 was the suitable method used for
optimization process using 6-31G base set [49,a&bg resulted files (log and chk) were visualized

over program screen to extract essential phys@aameters. kovo, ELumo andAE(energy gap) were
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the first essential indexes computing belongindrémtier levels. Such level energy values, have a
significant impact on the general characteristios dompounds. The frontiers images (HOMO &
LUMO) for all treated compounds, were displayed-igs 8 & 6S. The HOMO levels in all traizole
ligands, appeared concentrated along traizoleasgell as aromatic-p-substituent moiety. However,
the LUMO levels appeared in the opposite site leediet traizole ring also. This represent, a high
electron density over the bound space, which igégvith the presence of intensive donor atoms in
this area of the compounds. Moreover, HOMO & LUM®@ages upon VO(II) complexes, displayed
divers features belonging to the distribution oflslevels around the central atom. HOMO & LUMO
images reflect a high concentration around the dinating atoms, surround vanadyl. Moreover, the

LUMO levels more prolonged over the whole molecuiesomparing to HOMO levels.

3.9.2.1. Computed physical parameters

Electronegativity ), chemical potentiali), global hardnessy), global softnessS), global
electrophilicity index ) and absolute softness)(were the estimated parameters using known
equations[26,27]. The values of these physicalmatars (Table 7), were obtained based on frontiers
energy gap (Eumo-Exowmo). Electrophilicity index ¢) is the guide for toxicity and reactivity of tedte
compound. As, a measure for the ability of acqgirtectrons from surrounding. With regarding to
traizole derivatives, a significant difference waorded over all estimated physical parameters,
which may attribute to the impact pf substituents. Regarding to complexes, essentigtas were
summarized as follow; i) the complexes showed hajectrophilicity values relative to their
corresponding ligands. VO(II)-CATM has the supatjoin attributing to such index. ii) Global
hardness 7{) and global softnessS), are two faces for the same coin, introduces dbégree of
flexibility for structural form, which excellenceith complexes[50,51]. iii)) ThAE(energy gap) values
in VO(Il) complexes, suffer a significant minimi&at, relative to original derivatives. This poirits
the influence of metal atom in the molecular oilbdagrams inside the molecules. iv) Enhanced
biological feature for complexes, is strongly atiad with their absolute softness {alues, which are
clearly rose beside, their reduced energy gaps f&2prding to numbering scheme, other important
characteristics were gathered from log files anoln&d in Table 8. Charges over coordinating atoms
(S, N and O) were extracted for the free traizodgivditives and their corresponding complexes.
Regarding to free traizole derivatives, the chames these chosen atoms reveal a suitable varjatio
which assure on the influence of p-substituenttherelectron density upon a whole compound. These
charges suffer a significant reduction after comgl®n process. The ionic feature of new
coordinating bonds can be concluded attributingateadium charge which mostly affected by a strong
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charge transfer (& V). The minimization for heat of formation in ceides to compbe formation, is

an indicator for high stability of formed complexeBhe increase of dipole moments, which is
coherently with the complexation, reflect the impacmetal insertion on the overall electron densit
Regarding to VO(IlI) complexes, unsteady oscillativpength features in comparing to free ligand, may
be attributing to variable crowding surround celrdtam[53].

3.9.3. QSAR parameters

Quantitative structure—property relationships (Q3$MARre estimated (Table 9) upon optimized
structures from applying HyperChem(8.1) program.rf&e area values clarify increasing in
complexes compared to original ligands, which ocder®d logically after complexation. Partition
coefficient (log P) values, appeared reduced inly@pmplexes, specifically with VO(II)-CATA and
VO(I)-CATB. This points to the high biological feae which may be expected from such two
complexes [54].While, the reactivity and polarizapivalues for VO(Il)-CATM and VO(Il)-CATB
the complexes, showed a distinguish escalatingufeatrom original ligands. These parameters
likelihood the enhancement for whole charactesstikhe reactivity, polarizability and crystallitee

were the significant characteristic for choosing tomplexes suitable in catalytic application.
3.9.4. Molecular Docking study

This computational study concerning to the degréenbibition for the docked organic
compound and protein of pathogen cells. This issi@red the pre-test in drug designing. The
obtained interaction data were displayed in TalleBach VO(Il) complex was treated using MOE
module versus 2hio DNA- protein, to conduct thabrfon view against infected cell acid[29,30]. The
results appeared discriminated binding scores, lwbligse to lower binding mode except for VO(II)-
6d complex (Fig. 9). The ionic binding is the m&ype of interaction between ligand and receptor.
This may refer to ionic characteristic of most céemps as well as enriched dipole feature over
intensive functional-groups. While the other comple were varied dramatically between moderate to
nil binding mode (Figs 7S &8S). In general the ctewmps herein are not likely to be the target osent
to 2hio protein receptor of infected cell-DNA, whidirected us to another application pathway.

3.10. The catalytic application
The synthesis of biodiesel from waste cooking®ihiajor interest in this study. As we reported
previously, that the cause for this choice is timsafie process which mostly utilized in previous

researches [55]. Formerly reported in the litemttine main catalyst used was CaO, which known by

16



its high reactivity and several requirements, niagstaken in consideration, to achieve the procéts w
adequate-safety. Here and regarding the safetyuof ppoposed process, may be considered a
successful alternative-process for biodiesel syish¢/OSQ(CATB)] complex, was the selected one
for this application based on its distinguish catyaas; surface area, reactivity, polarizabilitygno-
crystallinity, spherical particulate and thermallslity. These features may lead to significant acip

on its catalytic behavior in preparing such ecomoproduct. Moreover, the calcinations techniques
was applied upon the complex through the complgtdation in open air and followed by ignition
oven(650°C). Yellow powdered oxide was obtained and fullyartterized by; XRD, SEM and
vanadium content. XRD and SEM introduces patteaiscide to that attributing to XDs oxide in its
nano-sized spherical particles. Also, the evalumatis vanadium content asserts the formula proposed
The sunflower waste oil (WO) has been used foribs®l synthesis in heterogeneous catalytic process
(Figs. 10&10S). It was known that, this oil mairdgnsists of oleic acid as well as other fatty acids
Trans- esterification process (Scheme 3) has haeked upon two comparative catalysts (complex,
oxide), which they implemented at the same conusti®6,57].The oxide catalyst produced biodiesel,
by a limited yield although its normal physical pesties. Density, viscosity and cloud point were th
physical parameters estimated(Table 3S) for symb@diodiesel and have been compared with that
for ASTM-6751 Biodiesel (reference)[58-60].Finaltire process utilizing the complex displayed that,
the complex plays a best desired role in biodisgethesis at record time compared to oxide. Thig ma
refer to the promising features recorded for theglex from various physical investigations among

experimental / theoretical techniques.

o) i
*O)le —OH R{" O-CHs
0 o)
catalyst +
O)OLRZ * SCHOH — — — -oH Rz)k O-CHs
X i
O Rs OH Rs”“O-CH,

Scheme. 3. The transestrification of the waste oil to bicdike
4. CONCLUSIONS
Novel VO(Il)-traizole complexes, were prepared ahdly characterized. Spectral and
analytical data confirmed the molecular and stmattéormulae for all new synthesis. The obtained
mononuclear complexes were appeared mainly in edtah geometry. This proposal was confirmed
by UV-Vis and ESR spectral data. The conformatiatatly was implemented to verify the structural
formulae proposed. Such, which mainly depends erdistribution of coordinating functional-groups,

that basically obtained from optimization procéaile, the molecular docking study was executed
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by MOE module, to predict the biological activitireew complexes, before practical application. The
absence of significant biological activity, whicbnzluded from docking process as a preliminary step
in drug designing, this orients us for anotherdfief application, as catalysis. After that, distirgi
properties of VO(II)-CATB complex motivate to bepiemented in catalytic application. This study
interested in biodiesel synthesis from cooking wasils (WO). Moreover, the oxide of chosen
complex, which obtained after calcinationsQ4), was also utilized from comparative point of vieaw
introduce the best. The complex revealed supeyiarit biodiesel-synthesis in comparing to its
calcinations-oxide. Distinct physical parametersnested for synthesized biodiesel, were compatible
with standard values. The main advantage of ouerxent lies in its safety and economic validity, i

comparing to others previously reported.
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Table 1 Analytical data of triazole derivative64-6 and their VO(II) complexes

Compounds ernﬁ?mhg?:l Color Elemental analysis (%) Calcd (Found)

(Empirical formula ) [ H N Cl S \V;

1) (CigH13CIFsNsOS)(CATA6a)(439.84) === Yelow  49.15(49.14) 2.98(2.96)15.92(15.92)8.06(8.05)  7.29(7.29)  ------
2)[VO SO,(CATA)](602.84) 6.30  Olive green 35.86(35.85)2.17(2.15)11.62(11.60) 5.88(5.89)  10.64(10.6245(8.41)
3) (CigH14CIF;N,OS)(CATM 60)(438.85) === Brown 52.00(52.05) 3.21(3.20)2.77(12.78) 8.08(8.08)  7.31(7.30)  ------
4)[VO SOi(CATM)]2H,0(637.88) 541  Olive green 35.78(35.79) 2.84(2.82.78(8.77) 5.56(5.53)  10.05(10.10) 7.99(8.02)
5) (CigH1.CIFsN,OS)(CATP6C)(424.82) - Brown 50.89(51.02) 2.85(2.84)3.19(13.21) 8.35(8.36)  7.55(7.57) -----
6)[VO (CATP)(H,0)](SOy)(H,0),(641.86) 51.75  Brown 33.68(33.65) 2.83(2.87.73(8.76)  5.52(5.55)  9.99(10.10) 7.94(7.95)
7) (CigH1:1Cl, FsN,OS)(CATCHd)(459.27) === Faint yellow 47.07(47.02) 2.41(2.4002.20(12.18) 15.44(15.41) 6.98(695)  ------
8)[VO (CATC)(H,0),](SOy)(658.30) 44.63  Olive green 32.84(32.85) 2.30(2.283.51(8.47)  10.77(10.76) 9.74(9.70) 7.74(7.73)
9)(Cy1gH11BrCIFsN,OS)(CATBF€)(503.72) === Yelow — 42.92(42.92) 2.20(2.19)1.12(11.12) cannot determined 6.37(6.36)  ------
10)[VO SO,(CATB)](666.72) 5.81 Olive green 32.43(32.56) 1.66(1.698.40(8.39)  cannot determined 9.60(9.57)  7.64(7.63)

Table 2 *H, **CNMR data for triazole derivative§4-e

Compounds 'H NMR C NMR
6a, CATA 2.14 (s,2H, NH), 4.80 (s,2H, CH), 6.75- 41.68 (CH), [114.28, 121.84, 129.11, 129.55, 130.17,
8.20 (m, 8H, Ar-H), 8.21 (s, 1H, N=CH). 130.93, 133.60, 134.02, 139.30, 142.53, 148.50,
160.39(Ar-C)], 196.50 (C=0)
6b, CATM  1.60 (s,3H, CH), 3.74 (s, 2H, Ch), 7.30- 38.28 (CH), 55.52 (CH), [128.13, 129.17, 129.49,
8.02 (m, 8H, Ar-H), 8.64 (s, 1H, N=CH). 129.76, 129.90, 130.14, 132.11, 132.43, 135.27,
135.60, 142.11, 142.80 (Ar-C)], 194.37 (C=0)
6c, CATP  4.12 (s,2H, CB, 7.16 (s,1H,N=CH) 45.05 (CH), [L16.45, 119.14, 123.93, 125.90, 128.27,
7.19-7.85 (m, 9H, Ar-H). 128.36, 131.54, 135.94, 136.65, 140.54, 147.15,
155.07(Ar-C)], 190.86 (C=0)
6d, CATC 4.25 (s,2H, Ch), 6.80-7.91(m, 9H, Ar-H) 48.0 (CH), [116.48, 119.17, 127.55, 127.70, 128.20,
and N=CH). 128.93, 129.39, 129.72, 130.04, 143.82, 144.09,
154.97 (Ar-C)], 195.0 (C=0)
6c, CATB  4.03 (s,2H, Ch), 7.29 (s,1H, N=CH), 49.20 (CH), [119.08, 127.94, 128.16, 128.93, 129.46,

6.73-7.95 (m, 8H, Ar-H).

130.16, 131.40, 132.68, 132.89, 143.40, 150.03,
154.07 (Ar-C)], 193.21 (C=0)




Table 3 Functional IR spectral bands (¢of triazole derivatives (6a-e) and their VO(Iroplexes

Compounds VonVcH-ar Vec=o Vc=N  Vc-s  Vas(sos) Vs(sos) 8r(H.0),6W(H0) v, Vo VN Vs
1) 6a, CATA NH;,3434,31521679 1603 679 - -—- -
2)[VO SO,(CATA)] 34283153 1673 1591 653 1289 1156 --- 1054 619 519 478
3)6b, CATM 3154 1687 1585 677  ---- - e
4)[VO SO(CATM)]2H,0 B.C. 3428 1677 1576 666 1270 116C 755, 650 1049610 554 470
5)6c, CATP 3187 1658 1572 687  ---- -eem e AR —
6)[VO (CATP)(H,0)](SOs)(H,0), B.c. 3440 1615 1560 672 vy jonic,1405 772,672 992 593 B.c.513
7)6d, CATC e, 3151 1677 1567 680  ---- ---- - .
8)[VO (CATC)(H,0),] (SOx) 3473,3152 1670 1533 657 v, jonic, 1357 786, 660 1048604 524 474
9)6e, CATB . ,3064 1682 1569 655 « ----  -ee- e S —
10)[VOSQO(CATB)] - 1671 1528 640 1252 1191 ---- 1058 606 542 470
B. c. Broad centered
Table 4Electronic transition bands (¢hfor triazole derivativesga-8 and their VO(Il) complexes
Compounds p(effy Dg d-dtransition Intraligand and charge Complex
(BM) (cm™) bands (cm®) transfer(cm™) Geometry

1)6a, CATA = e 47619.05; 32258.06 @ -

2)[VO SO,(CATA)] 1.73 1426 11261;14260  50505.05; 34013.6; 25510.2 Octahedral

3)6b, CATM e e 49504.95; 33783.78 -

4)[VO SO,(CATM)]2H,0 1.74 15356 11494; 15356  51546.39;34246.57; 32051.28; 24154)%%ahedral

5)6c, CATP e e 50505.05; 34013.60; 24038.46 ~ ------

6)[VO (CATP)(H,0)](SOy)(H,0), 1.78 18182; 19347  49103.25; 33015.23; 25343.25 Square-pyramidal

7)6d, CATC e e 50505.05;34013.61 -

8)[VO (CATC)(H,0),](SOx) 1.78 1532.111494; 15321  50000.0; 34246.57; 24271.84 Octahedral

9)6e, CATB — e 49504.95; 3401361 e

10)[VO SO,(CATB)] 1.75 1487.31364; 14873  49456.74; 26178.01 Octahedral

Table 5Spin — Hamiltonian parameters computed for mosfly@omplex (A and p x16)

Complex g8/ 8o g A, f Ag A, G p k o’ B’

2) [VO SO,(CATA)] 1.927 1.971 1.956 161 119.69 62 95.00 2.40615.09 0.779 1.102 1.530

AH[VO SQ(CATM)]2H,0 1.929 1971 1.957 160 120.56 65 96.67 2.342 110.08B30 1.124 1.531

6)[VO (CATP)(H,0)](SQ)(H,0O), 1.920 1.979 1.959 175 109.71 73 107.00 3532 --- -- - 1964 1.090

8) [VO (CATC)(H,0)](SO,)  1.933 1.973 1.960 162 119.32 68 99.33 2.365 109.2867 1.052 1.533




Table 6 XRD parameters for nano-crystalline complexes

0.4286

Compounds Size (A) 20  Intensity d-spacing g 3(A? FWHM

A)
1)[VO SO(CATM)]2H,0 3.339 25.07 7534 35492 0.1276 0.08969 0.4443
2)[VOSO,(CATB)] 3.103 18.86 420.0 4.7015 0.1817 0.10386 0.4731
3) V,05 1.462  26.25 240.3 6.7845 2.8016 0.4678

Table 8.Estimated physical parameters upon optimized tstres by DFT/B3LYP method

Compounds Ey (eV) EL (eV) EEC) =) El-Eh x(eV) uev) n(ev) S(eV-1) w(eV) 6(eV)

CATA -0.21524 -0.09152 -0.1237 0.12372 0.15338 -0.15338 0.06186 0.03093 0.190151 16.16553508
VO(I)+CATA -0.24544 -0.15914 -0.0863 0.0863 0.20229 -0.20229 0.04315 0.021575 0.474174 23.17497103
CATM -0.24915 -0.09103 -0.1581 0.15812 0.17009 -0.17009 0.07906 0.03953 0.182966 12.6486213
VO(I)+CATM -0.26361 -0.18563 -0.078 0.07798 0.22462 -0.22462 0.03899 0.019495 0.647014 25.64760195
CATP -0.25033 -0.08849 -0.1618 0.16184 0.16941 -0.16941 0.08092 0.04046 0.177334 12.35788433
VO(II)+CATP -0.20102 -0.1285 -0.0725 0.07252 0.16476 -0.16476 0.03626 0.01813 0.374322 27.57859901
CATC -0.26025 -0.10538 -0.1549 0.15487 0.182815 -0.18282 0.077435 0.038718 0.215802 12.91405695
VO(I)+CATC -0.19613 -0.13965 -0.0565 0.05648 0.16789 -0.16789 0.02824 0.01412 0.499063 35.41076487
CATB -0.25274 -0.09616 -0.1566 0.15658 0.17445 -0.17445 0.07829 0.039145 0.194359 12.77302337
VO(I)+CATB -0.26764 -0.16272 -0.1049 0.10492 0.21518 -0.21518 0.05246 0.02623 0.441312 19.06214258

Table 9Considerable bond lengths, charges, Heat of filom4E), dipole moment(D), oscillator strengliand excitation

energies(E)

Compounds 8/ NYN® o%oY \Y E @xu) D(pebye) I Ewm)
(coordinated)  (coordinated)  coordinated)
CATA 0.442405  -0.150616  -0.409986 ------- -2200.10305276 4.3324 0.0003 403.84
VO(II)+CATA /0.026146 /0.001056 /0.200855 -0.1976363920.26108263 18.1672 0.0004 11834.2
CATM 0.443330 -0.142443  -0.395659 ------- -2184.06749538 3.1809 0.0185 342.17
VO(I)+CATM /0.090623 /0.004075 /0.330341 -0.280583904.22467118 8.3523 0.0036 8988.13
CATP 0.445146  -0.132537  -0.394706 ------- -2144.75414290 3.1744 0.0316 335.04
VO(IN+CATP /0.126080 /-0.002343 (0.078191 1.700495 -3241.34103856 7.0427 0.0002 2125.97
CATC 0.397484  -0.110515 -0.327687 ------- -2604.73939397 3.5916 0.0074 351.01
VO(I)+CATC /0.043118 /0.008932 /-0.00331D.314163 -3700.44294622 6.6361 0.0015 5768.26
CATB 0.449863  -0.150324  -0.390935 ------- -4715.73185415 3.4109 0.0128 346.48
VO(II)+CATB /0.100144 /0.039138 /0.250164 -0.056456437.00965246 7.2977 0.0162 4807.21




Table 10Computational QSAR parameters for optimized tliazierivatives and their VO(Il) complexes

Function 6a 6b 6C 6d 6e VO-CATA VO-CATM VO- CATP VO-CATC VO-CATB
Surface area (Approx) G 574.23 611.51 568.37 602.71 614.09 583.08 610.7362.93 600.48 603.0¢
Surface area (Grid) ) 655.2¢ 663.2: 638.9°7 658.0( 679.00 672.1! 683.1. 642.4. 667.8: 697.0:
Volume (A3) 1077.751097.92 1045.71 1088.84 1108.19 1198.82 1217.51 3.2%1 1158.03 1238.1:
Hydration energ§Kcal/mol) -16.07 -9.72 -10.90 -10.45 -10.57 -26.40 -20.02 .84 -2461 -18.10
Log P 2.73 4.60 4.45 4.23 4.50 1.23 3.10 2.57 235 1.8¢
Reactivity (,53) 114.3: 115.0¢ 110.7° 115.4¢ 118.3. 129.0¢ 129.8:. 117.2¢ 121.9¢ 133.2(
Polarizability (&) 40.58 41.06 39.22 41.15 41.85 42.08 43.56 39.72 1.6%4 43.4¢

Table 1linteraction parameters for VO(II) complexes agadast thymus DNA (2hio) complexes

Complex Ligand Receptor Interaction Distance(A) E ( Kcal/mol) S( energy score)
VO(II)-Ga 6-ring N ARG 134 (C) pi-H 4.67 -0.8 -6.3282
VO(Il)-6b F 27 Nz LYS 99 (A) H-acceptor 3.04 1.2 -5.5948

C 30 NZ LYS 99 (A) lonic 3.13 3.7
VO(l)-6¢c  ---- ---- ---- -—- -—-- -6.1536
VO(II)-Gd O 8 OD2 ASP 68 (B) lonic 3.07 4.0 -6.3398

S 11 OE2 GLU 71 (B) lonic 3.39 -2.3

N 28 OE1GLU 71 (B) lonic 3.78 -1.0

N 28 OE2GLU 71 (B) 3.39 -2.3
VO(Il)-6e  ---- ---- A -—-- ---- -6.2867
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Synthesis for new VO(I1) complexes from five thaizole derivatives

Characterization for all synthesis by all possible tools, among them was mass spectra for
two selected complexes

Theoretical conformational tools were implemented in this study to strengthen the
discussion part

Docking displayed lower biological activity for investigated complexes

The catal ytic activity was implemented to synthesize biodiesel from waste olis



