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1.0 Porous Materials

Because of their umerous industrial uses as fon cxchangers, adsorbents, and
catlysts, porous materials are of tremendous interest (1], Different porous
malerials have different degrees of erystallinity, pore size, geometry, end
ehemical content. Porous materials are divided into three classes pee the IUPAC
definition [2,3], Porous matorials can be classified aceording to their size in
nanemeters, 0-2 om called microparous, 2-50 nm called mesoporous and 50-
1000 nim called macraparvus as shown in Figure 1.1[4].

Mesopores ' Macroporss

Micropores

I
'
'
'
I
1
'
'
'
2 o
Pore diameter (nm)
Fig.L1: IUPAC classiication of poreus manerals[¢].

1.1 Rice and rice husks (RH)

Rice is the mest important food crop in the Asia-Pacific regienf5], with
increasing demand for it from the population of these regions, and more than
$0% of the worlds rice is produced and consumed[S]. Moreaver, these
aforementioned regions constitule aver 56% of the global populace. As  result
of the increasing consumgtion of rice duz 10 the increase in popalation density in
these countrics, these producing countries are developing a plan for self-
sufficicncy in rice. Also, not all counics are able to produce rice, as they
import it in large quintties{7]. It is expected thit the percentage of rice
production will increase by 208 by 2025[%]
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me Bil mgﬁ:
©) Use as a sonrce of inorganic materials: husks ash contains inorganic
‘materials, incloding silical 20]. When extracting these matcrials, it is less time-
consuming and cost-¢fective, and i5 wsed in the food industry as an antioxidaat,
a8 well os a strengthening ingredient in the rubber, cosmetic, and toothpaste
sectors[21). Fine amerphous silica is becoming more and mere in demand for
‘powr plants, bridges, mariti and

of high-performance cement and concretel22). Rice husk (RH)-prepared silica
aerogels are used as dielectric muaterials, catalyst supports, and superthesial
insulators. Tt might bo a raw ingredient that meakes silicate and silica
‘manufscuure cconomically feasible[23].

d) Additional uses: The Indian Space Research Organization has effectively
ereated o method far extracting high-purity silica from RHA, which applies to
the production of silicon wafers end 1o ereate bigh-fficiency phosphoe[24]
Rice Husk (RH) is also used to reduce insect pests in food items that are stored.
ISRO has found that RHA. works well as an oil spill absocbent, fire retardant,
water regellent and pesticide carrier(24].

1.2 Silica

Silica is a substance compased of silicon dioxide Si0j, which is the main
component of quartz and sand{25). Silica s many remarkable properties such

poce size,  Strong anda

comparatively inert chemical composition, making it suitable for verious
applications[26]. It has been widely used in food and medical industrics duc to
its safe and non-toxic mature[27). A]M@Lhmls:mﬂ‘mmmm
structure, all types of sik P inls, o5 is
‘main types of siics, erystalline and amorphous silica (see Figure 1.4). Quanz is
the most common form of erystalline silica, and there are other types as well,
‘which are less common [28]. The silicon and oxygen stoms in crystalline silica
are arvaaged in  specific geormetric shape, and there is no spatial arrangemént of
‘atoms in smorphous silica[29].




phous silica
Pigd: Crysalline: and amorphous forms of silic,

Al parts of the environment, ineluding rocks, sand, clay, seil,air, and water,
contain silica compounds[30). Many commercial products, including taloum
powder, cleaners, granite, bricks, glass and ceramics, plaster, and conarste,
include silica[31). Amorphous silica comes in various forms and is utilized in
watlspaste, cosmetics, food wrappers, and additives[32]. An inorganic substance
called amorphons silica (SI02) is frequently ilized in semicanductor circuits to
separate various conducting zoncs,

Amorphous sitica bas also emerged a5 a crucial compoment in
chromatography and microelectronics because of its selectivity for chemical
modifieation.[33] It hus good immovebility of mechenical and high dielectric
strength, Molecular biologists use (SI05) in resins and eptical beads to study bio
‘macromalecules due to its unigue qualities, making it essentisl for 3 wide range
of applications[34]. Many applications involving macromolecules and sifica
have been. possible in recent years, his s duc to the great development in
technology[35].

1.2.1 Surface of silica

There are ko types of functionsl groups on the silica surface, which are
silanol (S-OH) groups, through which the first path on the silica surface is
‘modified, and the second type is siloxane ($i-0-Si) [36].

s



Gosperone Biiagriy,
There are two main methods by which silancl groups are formed an the
surfice]37]. These types of groups are produced during the production of silica
by condensation[38]. Second, when handled with water or other aqueous.
solutions, surfoce groups may develop a a resull of the rehydroxylation of
[39]. Three types of s can be distinguished an
the surfuce of silica, as shown in Figure 15[37]:
1. Isolated groups, also known as free silanols, in which the bulk structure of the.
surface silicane atom consists of three boads, with the fourth bond being jodned.
108 single ~OH grou[40]
2. Vicinal silanols, also known 25 bridging silanols, are silanals with two
isolated groups linked to separate silicon atoms that are sufficiently closs to the
hydrogen bond(41).
3 Germinal silanols are two hydroxyl groups attached to a single silicon atom
bond[42].

.70
,, s, /
e il

Isolated sitanats Vicinal silanols Geminal sikanols
Fig1.5: Differean types of siliosl group on the sarface f iles(43),

13 Sol-gel process

This process invelves construeting a 313 model through the Formation of an
inarganic suspension that form 2 gelatinous substance in the liquid phase
Organometallic compounds with reactive finctional groups encircling them
make up the precursors used o create colloidal sols [44]. Afier being heated,
sal-gels can take the shape of films, particles, fibers, seropels, and dense
structures at the micro- and nanoscale[45].

3
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Since sol-gel products are originally amorphous, the right heat treatments
can be used o convert them into erystalline forms[45]. Through this chemical
process, a “sol* (a colloidal solution) is created, which then develops gradually
into a gel-like diphasic system with a liquid phase and a solid phase with
morphelogies ranging from diserete particles to continuous polymer networks
(Scheme 1.1). When it comes to the colloid, it's possible that the volume fraction
of particles, or particle density, is 5o low that  sizable amount of fluid must be
«evacuated before the gel-like characteristics can be identified.

i—OR & H0 =3 =Si—01i + ROK (Hydrolysis) [1)

=8i-0M + RO-5i =3 =Si—0~5i + ROH ({ condensation with formation of aleohal) (2)

=5i-0M 4 OH—Si = SEi-0-8i ==, H,0 {condensation with formation of watar) (3)
Seh

e. 1.1: Sol-gel formstion equations.
There are numerous ways to achieve this. The easiest way is to let the
sedimentation happen naturally and then drain the liquid that remains. Phase
separation can also be expedited using centrifugation[46). Metal oxides,
particularly silicon end fitanivm oxides, we produced via the sol-gel
process[47). Inorganic salis or metal precursors are typically wilized as
‘precursors[48]. The pH. of the solution and the amount and rete of water addition
arc the two primary factors that define the final product’s characteristics[49], The
sol-gel mothod, a gel substance, i ons way to make sodium silicate from rice
‘usks. Silica is extracted from the leRover ash to create sodium silicate[S0], then
Which is used in the production of id catalysts [1].

14 i ion of the surfs ica by Agents

Surface modification of a substance is a change in the properties of that
substance from a biological, physical, or chemical perspective, and these
‘properties must differ from those present on the surface of the substance whose
surfice is o be modificd [52). A veriety of techniques can be used to modify the
surface in order to change a broad range of propertics, including reactivity,
‘roughness, hydrophilicity, surface charge, and surfuce energy [53).

7
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In order to alter the surface and interface characteristics of powdes, silica is
frequently wilized as an agent{34]. In adsorption and jon exchange, the active
silica surface with a large specific surface area is crucial[SS]. Any procedure
that results in alterations to the surface’s chemical makeup is eonsidered &
modification of silica surfaces[6]. It is possible to modify the surface
chemically, changing the silica surfaces chemical propertios, or physically,
through thermal or hydrothermal treatment, which slers the concentration of
silanol and siloxane on the surface[S7).

There are two different ways to modify the surface of silica: inorganic
functionalizstion, where the group ancharcd on the surfsce might be cither &
meallic axide or an organometallic camposite, and ergani functionalization,
where the modifying agent is an organic group|S8). Two different types of
functional groups mke up the silica surface: silanol groups (Si-OH) end
siloxane groups (Single Band O Single Bond Si). It has been discavered that the:
primary mechanism for modification happens when a certain molceule rencts
with silanol groups that are present on the silica surfice[59). An essentinl first
stap s the coraion of « vaciet of skie-beood prvdicts i 62 orge chloro

Ot be anchored to
the silica. i hik it silica with a
©-Cl end group. Additiomally, it can serve as  foundational ingredient in the
mifacaring of heteropéneous calysts{60].

‘The most commen method for surface functionalization of silica with 3-
(chloropropylyricthoxysilane (CPTES) is & solid-liquid mixed phase reaction
As shown in (Scheme: 1.2) [61][36]. the reaction noeds reflux in toluene for 12
hours. Reflwx in tolucas can also cuse silica to form for 24 hours, In order to
CPTMS) can be used
1o activate silica surfactant fonetionalization by refluxing CPTMS with silica for
awhole day [62].




0
% L | o3
T y ool
HMORT U (a)
Sodium silicate + (ECH.5iCH.CH.CH.CI - |
pH = 3 (T35 min. )
g :_l'-\. e A
N S (G
[ ——— St J
@ L
3
| (b}
H

Secheme. 1.2; (a) T3 — three siloxane bonds to sllica, £b) T2 — two
alloxane bonds to ellica

In addition to fonctionalizing the gilica surface with chemicals that had
chloro groups, the resulting functicnalized gilica was emploved it the creation of
catalysts by reacting Brensted acids (Schems 1.3). Due to their specisl qualities,
which inchude high efficiency because of their lorger surface ares, move thertmal
gtability and reusability, low toxicity, greater relectivity, ease of hemdling, and
high selectivity, Rrenxted acid-supported silica, like polyphospharic acid and
sulfonic acid, have attracted a lot of interest in organic syntheaig[63] [64][635].
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Schente, 1.3: Synthesis mnd Structore of SRA-Pr-50,H.

Sulfonic acid har been docimented to he used in 2 momber of diverse
organic reactions, There are two applicatione for silicate mylfyric arid catalyst
1.4)[66]. Since sulforic acid adsorbed on silica may be recovered and ntilized
again for multiple cyeles without effocting the catalytio system's activity, it is a
very sirmightforward mnd cost-effective method for lerge-acale synthesia[65]. It
is & reusable, safe, and envirommentslly friendly etimulant, acconding to
studice[ 6&6][67][68].
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1.5.1 Catalysis in chemical industry

Nearly 90% of the goods produced in the chemical industry are the result of
catalytic processes, which are highly significant for sustainable development,
energy production, environmental protection, and food production[80]. Due to
its significant strategic and economic value, the topic of catalysis is one that is
developing quickly[81]. Gaining a basic understanding of the structure and
phenomena of catalytic surfaces as well as the connections between a catalyst's
composition, synthesis method, characteristics, and industrial process
performance is imperative in light of the major difficulties of the modem
era[82]. To enhance current catalysts or create novel systems that may
effectively and selectively produce a specific product through a particular
reaction (Figure 1.7). The development of early industrial catalysts was
primarily driven by quantitative factors. In order to achieve the criteria needed
for contemporary catalytic processes, new catalysts must be developed. This

development was seen in the World War II boat and automobile industries.

Fig.1.7: Different forms and shapes of catalysts[83].

The following are the general qualities that an industrial catalyst must
possess [84]:
1) Activity: the quantity of product compared to the reactant utilized or the

guantity of catalyst.
12
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2) Selectivity is the quantity of desired product generated per reactant
consumed, in a catalytic reaction,

3) Lifetime, or the amount of time the catalyst can be utilized without losing its
ability to function.

4) The catalyst regeneration's ease of use.

5) Toxicity in the sense of being easy to use and causing less issues with toxic
waste.

6) Price is the total of all the procedures that, when the catalyst is used in a

process, result in extra expenses.

1.1.5 Types of catalysts

Catalysts are typically categorised based on their solubility or insolubility in
the reaction medium [84]. Homogeneous and heterogeneous catalysts are the
two broad categories of catalysts. While heterogeneous catalysts are typically
not soluble in the reaction medium, homogeneous catalysts are soluble in the
reaction medium. However, since soluble catalysts, for instance, may generate
insoluble metal particles in situ, using solubility as the only criterion for catalyst
classification is not truly adequate. Then, these metal particles can serve as
catalysts that are heterogeneous[85]. The next subsection goes into detail on
both forms of catalysis.
1.1.5.1 Homogeneous catalysts

The creation of organic catalysts provides the foundation for the majority of
developments in industrial homogeneous catalysis. The last several decades
have seen the discovery of thousands of organometallic complexes, or molecules
containing metal-carbon bonds. The potential uses of transition metals as
industrial catalysts has fueled the rapid advancement of their organic
chemistry[86]. The reactivity of organic ligands attached to the metal centre is
used to explain the chemistry of organo transition metal catalysis. Transition
metal d orbitals enable the binding of ligands such alkenes, CO, and H (hydride)
in a way that activates them for additional reactions[87].
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Reactions involving ligands in the coordination sphere of the same metal
centre are the most significant in catalytic cycles. The products must be easily
released from the coordination sphere and the reactants must be loosely
coordinated to the central atom for the chemical changes to occur.

Extremely labile metal complexes are necessary for both processes to
proceed with the lowest feasible activation energy. These complexes contain one
or more weakly bound ligands, or an empty coordination site. The ability of
transition metals to exist in a variety of oxidation states and to display a range of
coordination numbers accounts for their binding capability. The ligands of the
coordination complexes can be categorised into two groups: ionic and
neutral.[88].

and alkenes, phosphates, phosphines, arsine, H;O, and amines are a few
examples of neutral ligands. This distinction is helpful in characterizing the path
of reactions as well as assigning oxidation states. It is important to note that this
explanation is mostly formal and occasionally misses the mark on the actual
bonding scenario. Therefore, while it is true that alkyl groups react as R~ and
hydrogen ligands typically respond as H-, it is also plausible that other groups,
such methyl groups, react as CHsz or CH". This chapter aims to provide an
overview of the most significant types of reactions, which is adequate to
comprehend the reaction cycles of homogeneous transition metal catalysis,

instead of delving into the principles of organometallic chemistry.

1.1.5.2 Heterogeneous catalysts

Solids catalyst reactions between molecules in a gas or solution in
heterogeneous catalysis. Catalytic reactions take place at the surface of solids
because, unless they are porous, they are often impermeable. Catalysts are
typically nanoscale particles supported on an inert, porous structure to make
economical use of the frequently costly materials (such as platinum) (see Figure
1.8). Heterogeneous catalysts are the workhorses of the chemical and
petrochemical industry[89].
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Size & Fa_cet Surface vs. Bulk

®» B

Structural Heterogeneity

& 5
O-O @&
Catalyst Restructuring Local vs. Average
Fig.1.8: Types of structural heterogeneity in Nano catalysts.

In the field of catalysis, nanoparticles have been used commercially for
nearly a century, if we define nanotechnology as the branch of materials science
that aims to regulate material properties on the nanoscale scale[90]. To create
small particles for heterogeneous catalysts and maintain their stability under the
frequently harsh conditions of an industrial reactor, numerous synthetic
approaches are available. Nanotechnology is at the forefront of modemn
catalysis[91]. Contact catalysis is a type of heterogeneous catalysis. This type
describes catalytic processes or reactions that involve solid materials, materials
in the liquid phase, or materials in the gas phase [92].

The main advantage of using a heterogeneous catalyst is that it can be
readily isolated from the product stream and reused multiple times, making the
chemical processes more profitable and continuous. Furthermore, heterogencous
catalysts usually withstand harsh working conditions better than their

homogeneous counterparts[75].

15



Chapter ome iblagraphy
16 Imidazolo

e sciemtst Tieinrch Debus ceiginslly reporsd. imihoele in 1358,
omever several of s esesgounds were Fond as caly as the 1405 [73]. 1t bas
oem despastrd that imidsznls, or glyoralin s it was iuitally fecmed, is
formed when glyosa, fomaldehyde, and smmonis cendesas (94 This
preparuion. pcess yields & modest seeunt o the moloeule; howenes,
imidole derivatives e sevectheless mod using it Imidsaole cam be produced

wing 3 viciery sititian
bl

By modidying the feciional grusgs on the reastans, many of these

s b ukd " i L The

amount of companents that resct desermines how these tochniques sre typically

topueise. Bocwss Hydogen can estiblsh 4 ooemestion with any one of e

o it atos, i ssists it oquivalent oems, Besirass the imidazale bas

s rng wih s cerncn, i oot s aoeste 56, el ln

mclecales cverl

— ikogly deeoping substmcs, Uk as bl s th lod

i, il i i v it prescat 1

mber. ini o5, nnsifungals, and

o e—r

1.6 Chemistey of Imidazale

Imidszole s 48 arganie compound wilh the foemuls CyHENy and s

fght is 68,077 gimal, it s 5 142 bealimal,
which is iht of pyase, 1
wet e s 8 divszcle

i chemisry. Bocamse it can amch hydrogen t cther or both itrsgen aioms,
imidsaols is & planar, five-memberod sing wilh two garalil taviomeric types.
With a dipole moeent of 3.67 D, imidszale & a sirangly polar malecule tat
dissalves readlly In wtes,



hapler e B Geyraply,
The ppbrticién i chisgifled o ashineliz deg 1o e poebins of @ plaair sing
wilh iz = electcs, Eidirslo hsicinos fEncianed oy g8 Rlcw;

Broceuss imideclc i s=phipeetis, il oen Soctizn ax both & Bess and an i
smubmercaly. With u pEe of 1S, imideecls 45 ot more seidic thea
alornls bt stighty Loes acidis San meborytiz aside s phaoly,

T aidke povbon v e ore #a% bar 0 commeciin o pimpes. The
yrstreal imidemnbdn amios i prodaced by depovdamasan 5] Becwee he
comjugete il ks o pHs of abond 7 (aso imewn as pEBIG @ prevet
or=fulen), iebdaseds by eppemisately sidy dmes Ty bule then, pyridiee
The basie site & the nisogen wilh the lsoe palr. The cremebiced f=dsiie
emtice is predeced by prolsoation[95] Fislhesseer, Imidesols typcally
Edape dosmophil; sdwiwlish, ohie b guls mdsge sudospilic
whwsmlint wieh i clectn-widdmwing U i grovent [100].

1652 Phvalea] propecths

ikl 1 o Ripily polar dubdtancs (bt dikiclvisk reaedily in wedir i 2
eoleuriena or white moderisl el cveperais in wlsr o produsr 3 combizstion
Ut e ommwhinl bein, Ax en eeptotaric maleeale, eidearcle e (he sty
farction s bt m baas end i3 acid, 11 s slighdly mens noidte S alochols, et
porediee i sy theee lase basts thu Iredacndsl 161],

Wik & meltieg paies of ®PC, iretdeards i & Sedemero malers] weh &
week base since poakions 4 end 5 e oqual.

I= diameme, brddemle exbibin & sl #eele sweent =f 4.8 Dl
Comgered 0 py=sanle esd preisiee, Sridesale bes ¢ pla of 7.2 aed exbibie
simghterts pruperes [00].

n



Chapter ome Hibtigropty
163 Syatbesis
1631 Systhesis of imisuaniz in gescest

Bunctional greup, wany of these synlbeses cun also be appled fo various
bt imidsanles, Frkdazsl derivatives ean be synlbesissd uing 4 vuricty
of methods, icluding Wellch symikesis fom smiscnimile and. sidhyde,
Murckwald syubess, Debus synibecs,  Radiosuski  cpuibess,  and
tpdrogoation of imsdazlzes| 0] The sysiaic proveses” spocfics are
st el

1) Debus Sytheis Using formaldchyde and. glyonal in seeocein, Debus
symbesised imidazole. Coubeiuiod imidaaoles are sl made wwing his
st desgits 1 v o visds 102,

2 Radlseewli Symthess: In the prescnce of ammcain, Redisecwski showal
o o sondense benzil s o heinldetyle beorablebyle, or lkebonss,
vieking 2,4, Sispheoyiimidiasie [10]

3) Delytrogeaatian of Imidszoline: (s the prescrce of Sulphes, Knago e .
o repoted using barn mimganais, 4 genler esgent, o comvrt
imidssolines &0 ks, 2 sebstinied midacles ars prodaced wban
imidaalioes made fom Ayl wices w4 | Zelunctmine st wilh
BeMa0NH104].

4 Wallach Syihess: Wallch cbeerund ihas N, ¥dimeibylusanide esssd
il phosphamas patacaloide yiekls & mlsale Sostaining Shlocive, vk

RN i - nehloros
‘malecale, which upan redticn yieks 1-cihyl-J-metiyl imidarmie] 105),

5) By the production of ene bond: An Imidie sed an pamisoenl o
amisseldehde <am reaet o generate the (1.5) or (3.4) ink, which cses an
midin o cycle inln s imiduacts,




Chapter ome Hibtisgrapty

@ o imiduzsles is
the cxestion of 2emeseapuoimidazales frocs samies keuones of dchyde and
s e R i o

easily otsined by remaving the Sulphes using a varety of uridative methods,
The prissary chatcle 1o the Mickowald sibesis is ikely the wavadabibey of
the sarting chesicels, o aminoaldhyde o kesme 104],
1.63.2 Syatbenis of 24 5-risubsltuted insidasote

The lierature Bas docemented & varieey af tochniques for the snepat
syrihesis o imidaact deivatbaes o e, seumisi ableby, seu
acetae. Hecerogeneous catalysts o the effective symlhesis of subskned
midsasles inctode Lewss asigs(106], lanbe liquids {IL) [107), O the athes
and, I arw eceely i iffivalt 1o recye [106]. There hirve also boen reports
aFthe syorbesi wceic sid,
i sl ndcatural cids, Mulligl sided syt o 18 5-tisubatired
imidsaole have been reparsd. A convemtieal spproach for dbwsining 245
igen imidanl s i independenily reparied by Sharm, 8. Laksbest [109). 1
involved comdensing 1.3-dicubomy] compesnds with varioss aldeiydes and
amemonin in-an seldic medium (Scheane 1.6).

o At 5
- —— =0
o i

“Teinmours et o1 [LL0] eponiod ca » susighiforwand, mcredibly ataptable, 4nd
effective method for cresting 2,45 wisbtinned imidacoles. The method
volves uilizing elaye, asalie, sl nase-ceystaline salfied oot (97) as

"
condensation. of | 2diearhoey] coespounds, eldehydes, and NILOAR 33 an
amemorin s,

»



Chapter ome Hibtisgropty

This process yiehls 2.4, S-isubstituted imiazoles i bigh viekls, millee
onditisas, shan resction simes, easy warkaup, 1A purificasice of the products
wing nor-chramsiographic medhods. Withow signifesnely lusing ey of theie
effiiency, the caialysis can be rericved and employed again fer the oenl
pessacs (Seherse 1),

Lwis atid-caalyzed syetbess of r subaised imidnrole dervatives was
sepanted by Keers, M. et aL{111] ssing corsbisations of phesanthroguinone and
bruzalieiye dervalives in the pevence of ammmsnim seeale. P solvenls
were employed in cach resction, w4 eflex condiions were mainisined
cgh, T T, esd THNME wore w50 somliem he sictres of al
substances, This fehmigas showed a mamber of benefis, sach as good yilds,
ease of separation, and simpliciy of use. T rcomes deaceseret has ow
reacion tmes anl Lgo yickds of produces were groeraind, Addomly, the
Lews ocid catalysfs meta atce lengihen (i reacion time and. rased the
SIS ractvity (Sebee L),

%5%

Sl 13: Do oo el spalbess o bl mdasles i the
revce af e s unler e ol e,
»



e, SamTE,

Acorctmy o Dak o g, [1IX] , boexl wig inmsed will fdayde £nd
EEEin sachaln i waler wder relox while pdedenyThafmcsssiomic acid
wii roichi a4 o celslyt o Gmle DA S-shehiiheed imldcla, Ot o
s iz added o S0 mac pocstae b0 predaes |34 Stctrambetiioged
imidanies. [indder mnvirermamally Simdly condiSions, the prodects davolop in
tizh yislde o4 houms. (5o beme 1.4

c &

= (u] Mg AL
FOROMD 3 MHOke DERAHG o n

e Raf dh et e

L e Sl

Bt L83 Sysebedls of 34,5 Ehebtissted brddaede detbatho et relle.

Bt B ).
L&A AppHoxdamn

fx drug developmeet, the tidarcde mucess is 4 emaial pckeds spemah.
clomieerele, mavaline, opotiene, misonsote, md cloeldse,

The me of =hlssnle detvacives i & sy foe denters siomatities &
oo ol ek eseal aignificend e Emifecaln fs mow o sruslal composed =
ngnsen Eolisalicss Nossew legiciles safimgl acereloeas], sl
Eiemertien v Jeiga ceniais pnietic il penie

Theichyline, @ chamisl indlided ih orifes bosnd sod o [ived et
civviced the cobity] St byfesi, Selodsd istidicocks, Beciss il isbtfche
wilh DA ncthvity, Ssorcpbipuriin, i enfciin S, comsbie (L 11 wind 8o
trest leudeeris, o the indawinial mocter, imidernly v ulss wed o prevent e
comen of sme Sasition moisls, incdadag copper, Coommion susey G
coppa's condactivisy o drop.

Enifsrale derrrthvs sre present in severm] scheaecee of ppsifcssct
Indoetriad m=d technclogicel wine. As a See etacdent, Sie theomornble
palybeneiesida sols tmbdezale fued to o bemoene ring. Additionaily, ieeidaaots i
Lesxbarked i & movreder of dhemizals naed In alnosvalon s plocograpied 113].

n



Chapter ome iblagraphy

The purificaion of bis tagped proteins wsing immebifised metal affiity
ehramatography (IMAC) s ome e for Imidazale. n the chromuscgreghy
column, ol is ilised w0 chee tagged prescins bord to N fors e are
boscid t the surface of beads. When foo mech imidazcle s ran trough e
cotuinn, the His-tsgaed peoteies e seleased froos niekel eoocdination and are
dislocated

Hocen tesperature buffers widh & pH range of 6278 cn be mide wilh
imidazole 1t is advised to ioshud it i & buffer for the heeseradich peroxids
assay. Addiseally, i funeeioea 15 o chelator 1 help various divalenn estions
connest tn ane e 114

Imidazole usod crally bas bosn shows Lo be effective for poariass and

tn three months lnser. Pasents with sckorrhes deemsiis tan 1o experience.
Hiching




Chapter ome Hibtigropty

1.7 Alms of tho study

1) Preperacion of Sedium siices from rice ek

2) Prepacaion of recursar i of ke RH-Si0FCl.

) Th wso of RE-SIOHPRCI o sputhesis of briscopsncous caialysts which are
RH-SOPANSA 100 RE-SIOOPDA-SOH,

#) Chrcaiziion. of these camlysts vsing ions. specwsoapic and
micsoncopie ieshniquess such a5 CHNS analysls, TGA, pomier X2y,
sitwogen wdserpliondceocplion wlysi, FT-IR, AFM, FESEMVEDS and
To.

53 Syl groducion of imidinl: Servatives wing solil swifpss, o8
oo peodurts can be casity movitoeed, give good productics rabes and
shorter resction e,

&) Charareciation of these imidszolo derivatives roveled by FTTR, “HNME,
and masa sgocienscogy.



Chapter Twe

Expevimental Waenkt




A



T i )




Hise hmss

o P, s o 5 I. ﬂFHl:

srned B M s, 1w e |

Vi i 4 i 1 1

I Py R

§ ek il el st By

R ) S oo 1 min Cmaphensd | dptmin =l
=
-'- 3
REREHE PR B0 PrA NS AL
R L] S
Sl bk A, ||:|_
Tk UM amd £10N

- — AT
bl ke el barm

RE-SHRF O -5 00H

- L
wakck i i

Mmbda e dird vank s e il a it chet by alivis jda 1
i mm————— Al =

FTIR SO0l ol e

g L2 Sohoirvdbe 5T g reape rlicm a1 afu byl afal beskdaends i lvvilie

1.2 Preparation methods
‘13.1 Preparacim Prases: of Bire Hosla

PRics bk {FH) was coffectd frem o qeesry rios of Weied amd wes weshed
[hems: iy with citillod wader wd dried ol roem temporstane for 2 duy. 53 g nf
chenad mos bk wa ptmed with 500 miL of IM ofiniz acid & room fesperdure
far 24 = and werhed many Smes vy oell md wite disisd waes il
pancked pELET and deied in o ovee ol 110 *C oveemight 1o o¥tain RH-200,.

=



Shepter tro Experimentel york,
222F of Sodium from Rice Husks

The preparation process of the non-erystalline sodium silicate from RH was
performed using a recently reported method[116], briefly, 30 g of RE-NO, were
mixed with 200 mL of IM sodium hydroxide in a plastic centainer and stirred
for 24 brs. The mixture was filtered to remove the cellulase, and then was dried.
The fillered part represented sodium silicate, was used as 2 precursor to the
synthesis catalyst as shown in Scheme 2.1.

2.2.3 Preparation of Rice Husk Silica-3-(Chloropropyltriethoxysilane (RH-
Si0:PrCly

About 6 mL of 3-{chloroprapyl)iriethoxysilane (CPTES) was added to 50 mL.
of the prepared sodium silicate solution. The mixture titrated with 3M HNO;
until the pH value reached 3. The formed gel was separated by centrifuge at
4000 e/min for 5 min. The mixture was washed with distilled water five times,
and finally washed with acetone, then dried up 10 24 h at 110°C in the oven. The
prepared sample was labeled as RILSIO;PiCl, as shown in Scheme 1. The

weight of the product was 6.4 g.
‘stired 24 hra
Ricehusk  + NaOH ————— Sedium Silicate
RH

w0, g
Sadium Silicate + CoHsOLSICHCI > | &

CPTES RH-SI0;PrCI

Scheme, 2.1: Preparstion process of RH-SI0:PICL

2.2.4 Preparation of acid catalyst (RH-Si0:PrANSA)

(lg. mmol) RH-Si0:PrC] was added to (2 g 83 mmol) of I-Amino-2-
naphthol-4-slphonic acid, the mixture was refluxed for 24 hrs at 115°C in a
mixture of 30 mL of toluene and (1.16 mL, 8.3 mmol) tricthylamine (EtsN)}
(Scheme 2.2). The resulting solution containing the yellow solid was filtered and
washed with ethanol, acetone, and DMSO. Then dried for 24 hrs at 110°C.
Finally, 0.7 g of the powder was collected as RH-Si0:PrANSA.

o
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OH
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RH-SIO,PrCI 1-Amino 2-Naphthol 4-Siphenic Acid RE:SEPrANEA

Scheme.2.2: Preparation process of RH-SiO;PrANSA

2.2.5 Synthesis of imidazole derivatives (4a-f) using RH-SiO,PrANSA as a
catalyst
A mixture of (5 mmol) ammonium acetate, (1 mmol) aldehydes and (1

mmol) benzil were dissolved in 5 mL of ethanol, and then 0.08 g of RH-
SiO;PrANSA was added as a catalyst. The mixture was heated under reflux with
stirring for 2.5 hrs. After the reaction was finished, the crude product was
poured on dichloromethane (10 mL) with stirring for 15 minutes, and the solid
Brensted acid catalyst was removed by simple filtration. The catalyst was
recovered in three successive cycles under the same conditions (Figure 3.13).
The filtrate was poured into cold water (10 mL) and stirred for 10 min, a
precipitated solid was filtered, washed with distilled water, and then dried. The
product was purified by recrystallizing in ethanol:water mixture to afford
imidazole derivatives as shown in Scheme 2.4. All the products were confirmed

by melting points, FTIR, 'H NMR and mass spectra.

R}ISOZP:ANSA
| + NHOAc —Comet l }—@

©¢¢a¢¢ |

N(CH5)

Scheme.2.3: Synthesis of some useful imidazole derivatives using RH-SiO,PrANSA as a
catalyst.

28
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2.6 Preparation of RE-SI0:PrOPDA

An amount of (1 g) RE-SiOfPCl was added to (2 g ,8.3 mmol) of o-
Phenylencdiamine and the mixture was reflaxed for 24 brs at 115°C in 30 m of
tolugae and trietylamine (EN) (1.3 mL, 0.0148 mmol), The resulting solution
containing the yellow solid was fltered and washed with ethenol, aeetone, end
DMSO. Then, 24 brs. of drying at 110°C. Finally, 0.7 g of the pawder was
eollected as RH-Si0:PrOPDA. Then, 40 mL of 0.5 M sulfuric acid was stirmed.
with (1.3 ) of the product at room temperature for 24 brs, and the solid was
filtered, washed with three times of distilled. water, and dried in an oven at 110
C for 24 bre. Finally, brown powder (0.9 g) was obisined, and the product
compound was designated s RE-SIO:PrOPDA-SOGH. As shown in Scheme
23.
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RHSI0;POPOA

R S0,PC1
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RIHSTPOPOR FHSIOOPDA-SOH

Seheme.24: Progarstion pracess of RH-SIOPrOPDA-SO.H

2.2.7 Synthesis of imidazale derivatives (4g-) using RH-SI0;PrOPDA-SOH
288 catalyst
A mixnme of (5 mmol) ammonium acetats, (1 mmol) aldehydes and (1 mmol)

benzil were dissalved in 5 mL of ethanol, and then 0.4 g of RH-Si0:PrOPDA-
SO.H was added as 2 catalyst, The mixture was heated under reflux with stirring
for 4 his, After the reaction was finished, the crade product was poured e
dichloromethane (10 L) with stireing for 15 min, and the solid Brensted acid
catalyst was removed by simple filtration. The catalyst was recovered in three
successive cycles nder the same conditions (Figure 3.36), The filtmte was
‘poured into cold water (10 mL) and stirred for 10 min,  precipitated solid was
filtered, washed with distilled water, and then dried, The product was purified
by recrystallizing in ethanol:water mixture to afford imidazole derivatives as
shown in Seheme 2.5. All the products were confirmed by melting points, FTIR,
'HNMR and mass spectra.
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l © + NH,OAc

3

RH-8i0,PrOPDA-SO,H

EtOH, ref,

©©@©©

N(CH;)

=

4(g-k)

Scheme.2.5: Synthesis of some useful imidazole derivatives using RH-SiO2PrOPDA-SO4H

as a catalyst.

Table. 2.4: Some physical properties and other characteristics of imidazole derivatives using
RH-Si0,PrOPDA-SO4H as catalyst

‘oN dmo))

4h
4i
4j

4k

Name

2,4,5-triphenyl-1H-imidazole

4-(4,5-diphenyl-1H-imidazol-
2-yl)-N,N-dimethylaniline
3-(4,5-diphenyl-1H-imidazol-
2-yDphenol
4-(4,5-diphenyl-1H-imidazol-
2-yl)phenol
2-(4-chlorophenylj-4, 5-
diphenyi-1H-imidazole

Color

white
beige
gray
beige

white

¥[uLIo)
IB[NRI[O]

CaiH16N2
C2sH21N3
C21HiN-O

C21HiN-O

Cz1H;5CIN;

31

(1omu/3)
MW

296.37

339.34

312.36

312.36

330.81

(%) PIRIA

\o
o

71

84

44

m.p. (°C)

Found

267-269

224-226

256-259

232-235

258-261

Lit.

267-269

220-222

258-260

233-236

262264

‘BA

[120]
[121]
[122]
[119]

[123]
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Clhapter three Resuits & discussions

Characterization of RH-SIO:PrCl and its derivatives RH-
SiOPrANSA, RH-Si0:PrOPDA and RH-Si0;PrOPDA-SO:H
3.1 Intreduction.

Rice busks were treated with nitric acid and sodium hydroxide 10 prepase
sodium silicate. 3-{chloropropyl)ériethoxysilane was added 1o the propared
sodium silicate to form RE-Si0,PrC]. The chloro group preseat in RE-Si0:PrCl
was Teplaced with a 1-Amino-2-naphthol-4-sulfonic acid group to prepare the
new cotalyst RH-SIO:PrANSA, The chloro group was also replaced with o-
‘phenylensdismine in the functionalized silica to form the secand new catalyst
RH-Si0;PrOPDA After that, sulfuric acid was added to the second catalyst o
form & catalyst supportcd with sulfuric acid, RH-SiO:PrOPDA-S04H.

3.2 Characterization of RH-8i0:PrCl and RH-Si02PrANSA

Sodinm silicate was treated with 3-(chloropropyliricthoxysilane (CPTES)
and titrated with 3.0 M nitric acid until the pH value reached 3, and the resulting
el was. separated by centrifugation to produce RH-Si0:PrCL Scheme 3.1 shows.
the preparation of RH-SI0:PrCL

The stabilization of 1 phth ipt acid in
silien was performed by replacing the chloro group with the 1-Amino-2-
nspithol-4-Sulphenic cid group by using wriethylamine 35 & scavenger for HCI
molecule. As it appears in Scheme 3.1. To get the required samples, the
combination was refixed st 110 °C for 24 hours in toluene.

Scheae. 3.3: Synibicsis of RH-SI0:PC] soed RE-SIDPANSA
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Chapter three. Results & discastions

321 FT-TR of RE-SIOWPrCl and RE-SIOPrANSA

i this techaigoo, it i possible to Obtin the envissian spocrur of paseas,
solid o liquid materials, or e Abaceplion spoctrum of Tose materinls, At the
sama time, an  wide piate, the sperrometer of this techigue collects daia o
et mterial with high securacy [124].

It wes observed thst the pesks in tho FTTR speetrum of the RH.SI0;PrCl
comples were weak and ot well defined, but when (e first catalyst was
prepared and 1-Aming-2-naphihol-4-salphoaic acid was ndded. the peaks
appeared beter,

i Figase 3.1, FT-IR images of thi conspeund femed from RH-SI0:PC1
st the presence of extendod pesks rangng (rom 3603300 fox the (SLOH)
roup, and these e causod by watet abicrbiod o the surface of 1be suspie. The
e 2958 e e o ssvetchig vibration mondes of (€-11{125]. The band at
1647 o could be dse o the berafsg vibration of absorbed waten. The FT-IR
spectrum of s RISIO;PYCY shorwed the band ot 802 e, which are sssigned
1o slovane (§i-0-5 1261, A
10 the C-C1 end in the RH-SI0-PICI bond. These results indicate that CPTES is
sl incorporatod into sodiun siicste.

While, the TR spectrum of the new eatalyst RFESIOSPRANSA in Figise
3.1 shoved the peeseace of & band 3240 con’, which is the stetching vibeaticn
o dliea [127)[128], the
Jresence of bz 21 2908 e due o the C-H group siretching vibrosies(125],
The bends at 1354 ert and 1168 et were attributed 1 the vibration of the
extension of the $=0 group e to e presence of sulfboic acid [129]. The basd
of 1219 o' indicates the group of sweichiag vibrations (C-¥). Furthermore,
the hands observed a1 1658 cor’ are wsually sscigned o the vibeasion of
‘dsorbed water, 1087 e is assigaed 1o §1-0-Si vibretion sad 635 <o duc 10
500 growp [130). All hese absorpsion bands induciod 0 the sucesssid ided of
functionslized silica RE-SIO-PICl with 1-Amine-2-naphthol-4-sulfoaic seid.
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Fig31: FT-IR of RH-8i0:PrC] and RH-8i:PrANSA.

3.2.2 X-ray diffraction of RH-8M0:Pr{] and RH-810:PrANSA

Figure 3.2 shows that the resulting silica has a broad peak at 20 = 22°,which
iz an indicator of the amorphous natnre of RH-8#0.PrCl [131]. However, mo
absorption of any cryxtalline structore can be seen through the absence of sharp
peske afier iomobilization of 3-{chloropropyl)iriethoxysileme {CPTES} on
sitica[36].

Figure 3.2 shows the XRD patiern of the RH-8i0;PrANSA catulyst, it was
noted thet no sharp peak appepred in crystalline form, Thie indicates that
cutalyst RE-Si0-PLANSA ig amorphons and pives two broad peaks at 20 =21°
and 23" [132, 133]. However, no change in the catalyst phage after the 1-Aming-
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RH-5i0, PrANSA

Intensity(a.u)

RH-SIO5PrCI

¥ | I i ] I ] I ! I

—
10 20 30 40 50 &0 70 80 90
2(8)

Fig. 3.3: Xoray diffrurtion of RE-830:PrCl and S0, PrANSA.
3.2.3 Thermal analysis TGA/DEC of RH-SI(LPrC] end SEO:PrANSA

Thenmogravimetric analyxia (TGA) was used to ascertain the thermal
stability of RH-8:0:PrCl. The TGA thermwogram of RH-5i0.Pr(1 (Figure 3.3)
shows two distinet phages in the first phase, at 3 tanperaturs ranging from 50 to
200 °C, abiribmted to loss of water adsorbed on the compound sample surface
{abont 10%). In the second stage, at o temperatnte from 308 @ 850 °C, the
weight loss mcreased by 37% due 1o the decomposition of the chloropropyl
groupa anchored onto milica and the condensation of zilanol groups to form the
stable Si-0-%i siloxane bonds [134]. An exothermic reaction cauged by
crystallization wae indicated by the exothermic peak that was seen in the DSC
histogram at abont 102 *C, A "decotnposition” endotheemic reaction is indicated
by the endothermic peak that was sesn at abont 425°C,

While, TGA thesmogram Figare 3.4 of the catalyst RH-S102PrANSA, shows
two distinct phazes m the first phase, &t & temperstuore rangmg from 50 o 200
°(, attribuied to the loag of water adsorbed on the compound sample murface
{about 18%).
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Chapter three Results & discussions

Decomposition of the 1-Amino-2-naphthol-4-sulfonic acid bonded to the
silica accounts (about 60%) for the second mass loss at a temperature from 200
to 650 °C, at high-temperature silanol groups were aggregated, as seen between
650 and 900 °C (about 20%) [10,11].
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Fig. 3.3: Thermal analysis (TGA/DSC) of RH-SiO2PrCl
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Fig. 3.4: TAG analysis of RH-SiO;PrANSA
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3.2.4 Nitrogen adsorption/deserption Analysis

In Figure 35, the results for niwogen adsorption/dosarprion are shown,
‘where the pare diameter of the compound formed RH-Si0:PrCl was 3.97 nm, as
well a3 the surfoce area of the same compound was 20542 m*. g, and these
results are within the TUPAC classificasion. The hysteresis loops of the formed
compaund are of the H2 type, and the nitrogen isatherm of the sample appears.
10 b of the (TV) type [137]. Hence, it can be assumed that the higher specific
surfice arca of RH-SIO:PrCl is due to CPTES, which acls as a template-
divecting agent. The pore size distribution was shown in the inset of Figure 3.4,
the RE-$i0-PrC] ghowed distribation of pores widsh ranging from 2-20 nm and
wag within the mesoporoas materials.

In Figure 3.6, the results for nitrogen adsarption/desorption are ghovwn, where
the pore diameter of the catalyst formed SiO;PrANSA was 5.14 nm, as well s
the surface eree of the same compound was 61.739 1. g, and these results ere
within the TUPAC classification. The hystecesis loaps of the formed compouad
are of the H2 type, and the nitrogen isotherm of the sample appears to be of the
{IV) type [28]. It was obscrved that the decrease in the valuc of the specific
surfice area of the catalyst RH-SI0:PAANSA could be dumlherwlanemem of

xphihol-4-sul acid with a the
mn‘lx,whmh i crowdcd with the ligand netwark on the surfece snd thus clogs
pores
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Fig. 3.6: Nirogen adsorption/desorption analysis of RH-SH0.PLANSA.
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1.2.5 FESEM/EDS of RH-SH):Pr{] and RH-B10:PrANEA

Field esnission scanning slectron microscopy (FESEM) of RH-SiO-PrC] are
shownt it Figure 3.7, The imeges indicates a heterogatecnd potud sttuctute
where a large mumber of particles aggregate locsely on the surface of the seample
to form meny egglomersies a8 8 result of the functicnalized silica by milylating
agent [138] with an average diameter of ca. 50.6 nm. The EDXX epectrom of RH-
Si0:PrCl ig ghown in Figure 3.7, The spechum analysie revealed that the
compounds contained carbon, chlorids, in addition to oxypen and silicon
elamenis in compomnd,

Shows images of fiold emission scaming electron micoscopy (FESEM) of
RH-8i0+PrANSA camlyst in Figure 3.8, where & large gathering of particles
aypeare on the surfaces of the catalyst to form gaps similar to channels and
grooves. These gape facilitete the diffmsion of the formed particles on the
sample's purface, with an gverage diameter of 61.8 nm, Figure 3.8 shows the
EDX of RH-SiQ:PrANSA. EDX spectrum showed a peak silica density at
27.83%, carbon at 25.80%, sulfur at 23.32%, Oxygen at 16,33 % and Nitrogen
at 6.72. The manufectored compotonts of this cambyst indicate the presence of
sulfir and nitrogen and are not foond m the previoms compound [139] due o the
ireatment of thiz catalyat with 1-Amino-2-naphthol-4-Sulphonic scid
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Fig. 3.7: FESEM amd EDE of RH-8i0:-P1CLL
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Fig. 3.8: FESEM and EDS analysis of RH-SiO2PrANSA.

3.2.6 CHN Analysis

The elemental analysis (CHN) of the RH-Si0,Pr(Cl compound showed that
the percentage of carbon and hydrogen reached 16.24% and 5.3%, respectively,
as shown in Table 3.1. The elemental analysis of the RH-SiO.PrANSA
compound indicated that the percentage of carbon, hydrogen, nitrogen, and
sulfur was 29.41%, 7.3%, 3.5%, and 4.65%, respectively, where the high
percentage of carbon, nitrogen, and hydrogen as well as the percentage of sulfur
are due to the association of RH-SiO;PrANSA with 1-Amino2-naphthol4-

sulfonic acid.

Table. 3.1: Elemental analysis (CHNS) of the RH-SiO2PrCl and RH-SiO,PrANSA
Sample C(%) H(%) N(%) S (%)
RH-SiO:PrCl1 1624 5.3 - -
RH-SiO;PrANSA 2941 73 3.5 4.6

3.2.7 AFM images of RH-Si0;PrCl and RH-SiOPrANSA

AFM images of RH-SiO2PrCl are shown in Figure 3.9. The structures
appear pyramidal in shape and irregular pore arrangements, showing an average
roughness modulus (Ra) of 1.295 nm and a root mean square roughness (Rrms)
of 845 pm for RH-SiO;PrCl. These results can be attributed to the

immobilization of CPTES in sodium silicate.
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AFM images of RH-SiQyPrANSA are shown in Figure 3.10. The structures
appear to be hismrchical m shape, the pore amangements are iregular, and the
hierarchical strocture of RE-Si0:FrANSA iz more compact, The regnlis show an
average ronghness modutus (Ka) of 1.433 nm, and root mean squane ronghness
(Rrmz} of 934 pm for the RH-Bi0-PrANSA catalyst. Those results can be
atbribated to suocedsfully modifying the sarface of RH-S10,1PrCl by 1-Amine-2-

Fig. 1.18: ATM mmsages of RH-Si(:PrANSA.
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3.2.8 Transmission Electron Macroscopy (TEM)

The TEM results are shown in the micrographs of the RH-SiO,PrCl
composite composed of amorphous silica in Figure 3.11. It can be observed that
the particles and pores were well distributed, although interparticle aggregates
also occurred. The estimated pore diameter measured according to the program
Fiji Image] is approximately 4nm. This result is in good agreement with that
obtained from the BET analysis.

Figure 3.12 shows TEM images of the new material RH-S1O;PrANSA. The
distribution of particles on the surfaces of the material can be observed, as it 1s
more porous than the distribution of particles on the surfaces of functionalized
silica RH-S10,PrCl, and 1t may be a result of treating this with 1-amino-2-
naphthol-4-sulfonic acid. The estimated pore diameter measured according to
the program Fij1 Imagel] 1s approximately Snm. This result is consistent with that
obtained from BET analysis, which gives the impression that RH-SiO,PrANSA

1S a porous material.

Fig.3.11: TEM images of RH-Si0,PrCL
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Fig. 3.12: TEM images of RH-SiO2PrANSA.
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3.3 Synthesis of some wuseful 2,4,5-trisubstituted imidazole
derivatives using RH-SiO;PrANSA as catalyst

RH-SiO,PrANSA as the catalyst was used to synthesize some 2,4,5-
trisubstituted imidazole derivatives via reaction between various aldehydes,
benzil and ammonium acetate (Scheme 3.2). The new methodology provides
good yields through simple work in addition to the mild conditions and easy
synthesis of the new catalyst.

CHO / |
H
Y.z O
4 EtOH, ref. ” / \ \/
y/
0 \\R N N R
- =z
1 2 3 4a-D

-0-Q QY

N(CH3)

Scheme. 3.2: Synthesis of some useful 2,4,5-trisubstituted imidazole derivatives using
RH-SiO;PrANSA as catalyst

3.3.1 Optimization of reaction conditions

The benzaldehyde, ammonium acetate, and benzil reaction (4a) was selected as
a model reaction to investigate the most favorable reaction conditions (Scheme
3.5). The investigation encompassed an examination of several solvents and
molar ratios for the reaction, with the outcomes being consolidated in Table 3.2
and Table 3.3, correspondingly. The greatest percentage yield was attained when
ethanol was used as the solvent, as indicated in Table 3.2, Entry 3. According to
the molar ratio analysis, it was determined that the optimal and most appropriate
choice for the reaction was a ratio of 1:1:5, as indicated in Table 3.3, Entry 5.
Furthermore, the experimental procedure for the model reaction (4a) mmvolved
the utilization of different quantities of the catalyst, as indicated m Table 3.4,

Entry 4, and that was demonstrated to improve outcomes by utilizing 0.08 g of
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the catalyst A set of 2,4 5-triphenyl imidazole derivatives (d4a—f) was

synthesized after the effective optimization of the reaction conditions.

Table .3.2: Effect of solvent on the synthesis of 2,4,5-triphenylimidazole (4a)

Entry Solvent Yield %
1 Hx0 72
2 Methanol 20
3 Ethanol 97
4 CH3CN 58
5 THF 40

Table. 3.3: Effect of mole ratio on the synthesis of 2,4,5-triphenylimidazole (4a)
‘/ W cuo r///w
.\//\ /IO &/‘\\ 14/%
T * + NHOAc —HORTL o T />_©
/“o\x\w/"\\\o s

Entry Mole ratio (A:B:C) Yield %

1 1:1:1 32
2 1:1:2 51
3 1:1:3 69
4 1:1:4 84
5 1515 88

Table. 3.4: Effect of the catalyst amount on synthesis of 2,4,5-triphenylimidazole (4a)

Entry Catalyst Yield (%)

1 0.01 64
2 0.02 T
3 0.04 87
4 0.08 95
5 0.16 74
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Inthis d m
2,4 Sorickcined imidacl derivatives feum acious oldeeydes, ammoiom
avetwie, wnd bemil with RH-SIOPANSA w & sialyat is reporid, The
symthesis of imidazole darivalivesis showa & Schcm 3.5, Toe FT-IR spoctm of
A derivatives a1 showed twc aaportant bcds, o 51 3437-3315 e’ e 10
N steching and the other m 166-1600 e atrbuted 1o - srsching
whide he NMIR spesira. extlbicd 2 peak i 13.10-12.32 ppm for e ¥-H ol the
i o i, Marsovst, 006 compenad peskid it 297 pycs fox C-F1 o s
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315 s ol
11244 5-riphenylimiduaole

The soademsation. seaction of beuxil with benzaldetyde and ammonium
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IR (K} i fom): 3317 (H), 3063 (A ), 166 (C-N)

MR (400 Mz, DMSO-ds) & ppm): 129 (5, 1EL NI, 8.10 (& S~ 5.0 fl,
2, A HL 747231 (i, 13 A )
MS (ESI): miz - Found 296.3 (M, eslculated 296.1.
2 2-{teniteopbemy T4, -diphempimidazole (41)
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‘The condessation teaction af benusl with nizubenadebyde and ammonium

(Section 225,

TR (KEq) 6 (e?): 3375 (NH), 3059 (Ar-H), 600 (CK), 1516 and 1338
o2y,

1 NMER (800 M, IMSO-) 5 (g 13,16 (11, NED), 857833 (m, 38,
Ar-H), B32-726 m, 11, Ar-H).

MS (ESI): miz = Found 3411 [M'], calaated 3413,

34045 dipbenylimidinnl 34 J Vit (4]

The condemsation reaction of henz] with dimethyl benesldchyde and
amenoniuns aostal in the presence of the sew calslys: oceoeding to the general
procsdurs in (Section 225,

TR KB § (em): 5578 (B8, H036 (Ar-E0), 2099, 2877 mnd 2800 (C- D, 1612
[

1 NMR (800 Mz, DMSO-) 6 (ppeml 1232 (s, 11, NED, 7.92-759 (m, 20,
AH), 51730 {m, 108, AR-H), 681678 (m, ZH, Ar-H), 297 (5, 64,
NICHI),

MG ESI): miz = Found 339.2 (M'], calcaated 339.2

3445 dipbeny ool 2 yiphens] (4d)
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H NMR (400 Mz, DMSO-t) § (ppm): 12.79 (5, 1H, NH), 8.10 (&, J= 8. Hz,
2H, Ar-H), 7.57-7.52 (i, 9H, Ar-H), 7.50-7.32 (m, 2H, Ar-H), 7.31-7.21 (m,
1H, Ar-H).
MS (EST): iz = Found 3303 [M*], calculated 330.1.
333 Catalyst reusability

A feature of wilising the new catalyst, RH-SIOPrANSA, is that wtilized
again, rendering it both ecologically sustainsble and cost-effective, In order 10
invesigate the polential for catalyst reusability, & typical responss was selected
and examined using identically cuhanced circumstances. Following the
completion of the intcraction, the catalyst was readily scparated by s of the
reastion combination by a filtration process and subser
washed with dichloromethane. The catalyst that was retieved underwent
drying process and was put thiough three more times of testing (Figewe 3.17).
Reusability the thind tie, the activity of the catalyse decressed, This is due o
Ioaghing in the catalyst salution upan revsability[141].
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Fig, 3.13: Reusability of the catalyst
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3.4.1 X-muy diffiraction of RH-8HAEPrOFDA aml RH-RAPrOPDA-S0LH.

The XED spectrum of RH-SI0,PrOPDA is showm m Figure 3,15, A broad
potk appears ot 20 = 20° thip ndicetes the emorphons oators of the prepared
RI-Si0;FrOFDA. sample [147], & few ubarp peaks in diffecent pattem are
observed this could be a8 ¢ result of immebilizng o-phenylensdiamine oo
ailica which shows some crystallinity on the RH-S10:PrOFDA.

The XRD spectrum of the catalyst RH-BiOPrOPDA-S0.H i shown in
Figure 3.15. A broad peslk eppesrs gt 28 = 12", where 6o shaseption of amy
eryginlline strocture can be seen throngh the absence of charp peals degpite the
immohilizgtion of milfuric scid on the calalyst RH-Si0LPrOPDA. It is wiath
noting that the broad peak at 20 = 22° is dus to the smerphous nators of silics
[148), end this is consistent with nmch of the previons Literatare.

RH-Si0,PrOPDA-S0,H

RH-5/05PrF DA

Intensity (a.u)

RH -5 g Prl

W 20 3B 40 B0 G0 TO 8O0 90
2(8)

Fig- 1.1%: X-ray diifrction of RH-50-PrOP DA and RH-RI0:Pr0FDA-S0H,
343 Thermual enalysis TGADSC of RE-SIOFrOPDA
Thermogravimetric enalywis (TOA) wes wed to escertain the thermal
stability of the RH-SI0.PrOPDA. The TGA thermogram Figuse 3,16 shows two

distinct phares, in the fiont phase, 81 3 tempershoes ranging from 50 to 200 *C,
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22 430 i B0 T

Tamparatum ("C)

Fig.3.17: TAG analysis of RH-Si0.PrOPDA-SO4H.

3.3.4 Nitrogen adsorption/desorption analysis

In Figure 3.18, the results for nitrogen adsorption/desorption are shown,
where the pore diameter of the catalyst formed RH-SiO,PrOPDA was 3.6 nm, as
well as the surface area of the same compound was 190 m?, g, and these results
are within the TUPAC classification. The hysteresis loops of the formed
compound are of the H2 type, and the nitrogen isotherm of the sample appears
to be of the (IV) type [28]. The decrease in the value of surface area for the RH-
SiO;PrOPDA could be due to the immobilization of o-phenylenediamine
molecules on the silica surface, which causes a closure in some of the pores. The
pore size distribution was shown in the inset of Figure 3.20, the RH-
SiO,PrOPDA showed distribution of pores width ranging from 520 nm and
was within the mesoporous materials.

In Figure 3.19, the results for nitrogen adsorption/desorption are shown,
where the pore diameter of the catalyst formed RH-S10,PrOPDA-SO4H was 3.5
nm, as well as the surface area of the same compound was 170 m?, g', and these
results are within the IUPAC classification. The hysteresis loops of the formed
compound are of the H2 type, and the nitrogen isotherm of the sample appears

to be of the (IV) type.

54



LRt S Hrxnl A dbaeriorn

A, deireien [ he e wea of the ralilye wd olisied i 5 el of de
tndvdacticn, of walfii acdl dnia B RIEMLDSOOTA, costve meirk, end
deda wnd Amchr obserred @ aicdler ool [25]  H-SO0GMCETIALSOGE
v i i ROt puie i i R, be e Y - 1) i Theese £ wichi
AP R

(1]

§

-]

oot D s el o™ T
w

a - —_————————r
L1 LT s BN an 18
Erlair pressamipp i
Fag bk Han ol EE R i,

oY B

[T ————
s BE N3 BEIdERE




Chapter these Resuies & discursiins

Fieht cmivsion scecicg cletien microsecpy (FESEM of the peww caalyst
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gt stapes v seall oty disimibuiod oo he surfees of e g,
and the T sl i Figre 320 o
ofsilics ot 46.92%, Cryzen
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factuned f . fhe raeo o d carbon is e
AL oF G At o Sl pctd Wi -y epeimti:
Field emissien scanning electron microscepy (FESEM) images of the now
DASGH 1

s parous han thess of the Previcus compound REFSIOPOTDA, with an
avernge diameter of 613, 2. EDX mmalysi 8 shoran in Figure 321, The EDX
specaram shiwd peal silica deasicy a2 40,7854, Creygen a1 22.16%, nitragen ot
15.99%, carbon at 11.36 and sulfur a 8.77%. Spectal

sion,
and. arbon i the ey, 25 el of ho sicn i bing sppered by
sulfeie acsd [130]
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There resulte can be attributed to the succeasful surface modification of RH-
SOLPr(] by o-phenylenediamine.

AFM impgse of RH-Si0:PrOPDA-SOH are shown in Figure 3,23, The
suctures appear imegulady pyranidal. The estimated avetags ropghness
modnlns (Ra} is 1.915 nm, end the root mean sqoare ronghness {(Rrmz) is 1.363
nin for the RH-8i0-PHOPDA-S0.H catubyat, which is Larget than the ronghtiess
modnlns and root squere roughmess of RH-8i0;PrC1 and RH-510,PrOPDA
catalyst. Thie ig etidbuted to the additon of sulfimic acid m the RH-
Si0LPrOPDA catalyst.
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3.4.8 TEM images of RH-Si0.PrOPDA and RH-SiO:PrOPDA-SOH

Figure 3.24 shows TEM mmages of the RH-S1O,PrOPDA catalyst, and it can
be seen that the distribution of particles on the groove surfaces appears less
porous than the distribution of particles on the RH-S10,PrCl functionalized
silica surfaces. As a result of the treatment of this porosity-reducing o-
phenylenediamine catalyst, the estimated pore diameter measured according to
the program Fiji ImagelJ 1s approximately 4nm. This result 1s consistent with that
obtained from BET analysis, which gives the impression that RH-S10,PrOPDA
18 a porous material.

Figure 3.25 shows TEM images of the new RH-SiO,PrOPDA-SO4H catalyst.
It can be observed that the distribution of particles on the surfaces of the catalyst
is more dispersed than the distribution of particles on the surfaces of the
functionalized silica RH-SiO,PrCl and the catalyst RH-SiO;PrOPDA, and this
may be a result of treating this catalyst with sulfuric acid [149]. The estimated
pore diameter measured according to the program Fiji Image] is approximately

4nm. This result is consistent with that obtained from BET analysis, which gives

200 nm

F o © RASTAK LAE
Fig.3.24: TEM images of RH-SiOPrOPDA.
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Fig.3.25: TEM images of RH-SiO-PrOPDA-SO4H.
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optimizing the reaction conditions, a series of 2,4,5-trisubstituted imidazole

derivatives (4g-k) were prepared.

Table. 3.6: Effect of solvent on the synthesis of 2,4,5-triphenyl-1H-imidazole (4g)

entry Solvent  Yield %

1 H>O 35
2 Methanol 46
3 Ethanol 99
4 CH3;CN 28
5 THF 71

Table. 3.7: Effect of mole ratio on the synthesis of 2,4,5-triphenyl-1H-imidazole (4g)

N

///\/H CHO & m

L\/ S L\/\ R

[ s + NHy0Ac —BOH. e o ﬂ >_©
(\ ( /é\\‘*o TN

. [

A B C

Entry Mole ratio (A:B:C) Yield %

i 1x1=1 92
2 1:1:2 39
3 1:1:3 42
4 1:1:4 96
5 1:1:5 99

Table. 3.8: Effect of the catalyst amount on synthesis of 2,4,5-triphenyl-1H-imidazole (4g)

Entry  Catalyst Yield (%)

1 0.01 36
2 0.02 78
3 0.04 99
4 0.08 35
5 0.16 53
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3.5.2 Characterization of 2,4,5-trisubstituted imidazole derivatives
The spectral analyses of synthesized products were confirmed by
comparison with those reported in the literature, and melting points (Table 2.4)
were also recorded and compared with known compounds [19-20]. 'H NMR
spectra exhibited the N-H proton of the imidazole ring in the downfield region
while FT-IR spectra of the compounds (4g-k) showed pecks at 3480-3174 and
1666-1604 cm™ for the (N-H) and (C=N) groups, respectively. The spectral
data for all products (4g-k) are as follows:
1) 2,4,5-triphenyl-1H-imidazole (4g)

The condensation reaction of benzil with benzaldehyde and ammonium
acetate in the presence of the new catalyst according to the general procedure in
(Section 2.2.7.).

IR (KBr) b (cm™): 3315 (NH), 3063 (Ar-H), 1662 (C=N).

'H NMR (400 MHz, DMSO) & (ppm): 12.79 (s, 1H, NH), 8.10 (d, J = 8.0 Hz,
2H, Ar-H), 7.57 — 7.54 (m, 3H, Ar-H), 7.52 — 7.33 (m, 8H, Ar—H), 7.29 — 7.21
(m, 2H, Ar—H).

MS (ESI): m/z = Found 296.2 [M"], calculated 296.1.

2) 4-(4,5-diphenyl-1H-imidazol-2-yl)-N, N-dimethylaniline (4h)

¥

-l
H
R\\l\\/ ~..—N
T _CHg
H P N
R 27T CHs
K‘,/// }

The condensation reaction of benzil with dimethyl benzaldehyde and
ammonium acetate in the presence of the new catalyst according to the general

procedure in (Section 2.2.7.).
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IR (KBr)  (cm™): 3480 (NH), 3059 (Ar-H), 2939, 2866 and 2800 (C-H),
1612(C=N).

'H NMR (400 MHz, DMSO) 8 (ppm): 12.31 (s, 1H, NH), 7.90 (d, J = 8.0 Hz,
2H, Ar-H), 7.50-7.20 (m, 10H, Ar-H), 6.79 (d, /= 8.0 Hz, 2H, Ar-H), 2.96 (s,
6H, N(CH3)2).

MS (ESI): m/z = Found 339.4 [M"], calculated 339.2.

3) 3-(4,5-diphenyl-1H-imidazol-2-yl) phenol (4i)

The condensation reaction of benzil with m-Hydroxybenzaldehyde and
ammonium acetate in the presence of the new catalyst according to the general
procedure in (Section 2.2.7.).

IR (KBr) © (cm™): 3317 (OH), 3190 (NH), 3063 (Ar-H), 1666 (C=N).

'H NMR (400 MHz, DMSO) 8 (ppm): 12.61 (s, 1H, NH), 9.56 (s, 1H, OH), 7.55
—7.49 (m, 5H, Ar-H), 7.44 (t, J = 8.0 Hz, 2H, Ar-H), 7.39 — 7.20 (m, 5H, Ar-
H), 6.78 (d, /= 8.0 Hz, 2H, Ar-H).

MS (ESI): m/z = Found 312.2 [M7], calculated 312.1.

4) 4-(4,5-diphenyl-1H-imidazol-2-yl)phenol (4j)

The condensation reaction of benzil with 4-Hydroxybenzyldehyde and
ammonium acetate in the presence of the new catalyst according to the general

procedure in (Section 2.2.7.).
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IR (KBr) © (cm™): 3313 (OH), 3174 (NH), 3032 (Ar-H), 1604 (C=N).

'H NMR (400 MHz, DMSO) 8 (ppm): 12.40 (s, 1H, NH), 9.69 (s, 1H, OH), 7.89
(d, J= 8.0 Hz, 2H, Ar-H), 7.53 (d, J = 8.0 Hz, 2H, Ar-H), 7.49 — 7.41 (m, 4H,
Ar-H), 7.37 — 7.18 (m, 4H, Ar-H), 6.84 (d, J= 8.0 Hz, 2H, Ar_H).

MS (ESI): m/z = Found 312.3 [M7], calculated 312.1.

5) 2-(4-chlorophenyl)-4,5-diphenyl-1H-imidazole (4Kk)

The condensation reaction of benzil with Chlorobenzaldehyde and
ammonium acetate in the presence of the new catalyst according to the general
procedure in (Section 2.2.7.).

IR (KBr) © (cm™): 3182 (NH), 3063 (Ar-H), 1666 (C=N).

'H NMR (400 MHz, DMSO) & (ppm): 12.69 (s, NH), 8.08 (d, J = 8.0 Hz, 2H,
Ar-H), 7.53-7.46 (m, 8H, Ar—H), 7.39-7.36 (m, 4H, ArH).

MS (ESI): m/z = Found 330.3 [M"], calculated 330.1.
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3.5.3 Reusability of the catalyst

The advantage of employing a novel catalyst (RH-SiO;PrOPDA-SO4H) that
i3 reusable is that it was both economical and ecologically benign, Selected
typical reactions that happen in the same way under the same optimised
conditions were investigated to look at the catalyst's recyclability. The catalyst
may be readily filtered out of the mixture when the reaction is finished, and
dichloromethane can then be used to wash it. The dried catalyst was re-tested
three times (Figure 3.34). Reusability the third time, the activity of the catalyst
decreased. This is due to leaching in the catalyst solution upon reusability[141].

Yield (%6)

Fig. 3.26: Reusability of the catalyst
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3.6 Conclusions

13 This study relied on preparing heterogensous sofid catalysts. 1t ws wsed o
synthesize 2.4,5-trisubstituted imidazole desivatives, where exirseted silica
rice husks) was prepared from Iraql rice husks by soaking and drying at room
tempesature for two days. After that extracted silica was finetionalized with
Chlorapropyiriethosysiline (CPIES) via tiiradon o prepare Rl
SIOPRCL RH-SI0:PrC1 ceactod with 1-Aming-2-aaphtliol-4-sulfonic acid, o
Fhenylenediaming, and sulfurie acid io prepare RH-SIDIPrANSA, RH-
SI0.PrOPDA, and REL-SIOWPrOFDA-SO.H, respectively, through reflux

2)The XRD diffraction pattern showed o strong and broad peak diffused with
musimum infensity =1 22-23° (20) indiating the amorphous e of 4, K11
SIOPeCL, RH-SIOPrANSA s RE-SIOPOPDA-SO,

) The functionalized perticles arc granular and imrcgularly  shaped, a5
demonstrated by the FESEM picures. For RH-SIOPTANSA and R
SHRPIOPDA-SOMH, the average diameler is around 61.8 om and 61,3 nm,
respectively

AVEDX analysis showed the presence of nitogen and sulfur for RIL-
SiPrANSA and RH-Si(LPrOFDA-SOGH respectively, which can be
regirded w5 furiber evidenee of the effestive incorporation of the organic
mokecules on the.

a surfioe.
) Nitrogen adsorption/desorption amalysis showed that the speeific sisface area
of RI-SIOPPANSA and RE-SIOPIOPDA-SOM less than the specific

surfuce area of RH-Sil

1PrCI, due 1o large molecales attached o the surfices
of the functional silica mutrix.

6)The TOAMSC anged from 50 10 600°C and showed 1wo decan position
stages for the RH-Si0LPEANS A and RH-SI0:PIOPDA-SOH

T)Using RH-SIO:PrANSA. and RH-SI0:PIOPDA-SOWH a3 ew catalyst, an
elfoctive and convenient one-pol. thres-companent sythesis of 2.4,5-tri-
substituted imidazole derivatives has been developed, This process is reusable

&
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under reflux at room temperature and involves the condensation reaction of
benzil, various aldehydes, and ammonium acetate in ethanol.

FTIR, 'HNMR, and mass spectrometry were used to characterise all of the
synthesised 2.4,5-trisubstituted imidazole derivatives (see Appendix). The
method has a number of benefits, including high yields, quick reaction times,
ease of setup, safer reaction conditions, and the catalyst's reusability. It's also
cost-effective and ecologically friendly, with moderate settings and

straightforward catalyst synthesis.

3.7 Future works

1) Preparation, characterization and study of new catalysts and benefit from
them in a synthesis of imidazole derivatives from different compounds using
simple, safe and rapid methods.

2) Extracting silica from various sources such as corn, wheat and sunflower.
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Appendix

Fig. 9. MASS spectrum of 4-(4,5-diphenylimidazol-2-yl)-N, N-dimethylaniline (4¢)
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Appendix

Fig. 10. FTIR spectrum of 3-(4,5-diphenylimidazol-2-yl)phenol (4d)
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Fig. 11. '"H NMR. spectrum of 3-(4,5-diphemylintidamol-2-vIiphenol (4d)
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Fig. 13 MAES spectrnm of 3-{4,5-dipbemylimidazol-2-vl phenol (ddd)
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Appendix

Fig. 13. FTIR spectrum of 4-(4,5-diphenylimidazol-2-yl)phenol (4e)
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b
Fig. 14. 'H NMR spectrmm of 4-(4,5-dipbenylimidszol-2-yl)pbenal (4e)
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Fig. 15. MASS spectrum of 4-{4,5-dipbenylimidsool-2-v¥i)phenol (de)
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Fig. 16. FTIR spectrom of 2-{4-chlomophemyl -4, 5-diphemylinridemole (41)
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Fig. 17. '"H NMR spectrom of 2-{4-chlorophenyl}-4, 5-diphenylimidazole (if)
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Fig. 18, MASE sperirom of 2-{4-chloropheryl)-4,3-diphenylimidarole (#f)
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2. Characterization of 2 4,5-trisubstituted imidazole derivatives using SIO.PrOFDA-SOH as catalyst
Fig. 19. FTIR spectmm of 2,4,5-triphenyl- LH-imidazole (4g)
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Fig. 28. 'H NMR. speotrum of 2.4, 5~triphenyl- LE-imidazole (4g)
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Appendix

Fig. 21. MASS spectrum of 2,4,5-triphenyl-1H-imidazole (4g)
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b
Fig. 21, FIIR speotrom of 4-{4, S-diphenyl-1 5-imidemol -2 -y [N _V-dimefirylaniline (4i)
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b
Fig. 13, 1H NMR specirom of 4-{4,3-diphenyl - LiFimidazol-2-71)-N N-dimethylanitine (4h)
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b
Fig. 24. MAXS spectrmm of 4-(4,5-diphenyl-LA-imidasol-2-yI}-N V-dimetrylaniline (44)
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Fig. 15, FTIR spectrom of 3-{4, 5-diphenyl- 1 5-imidanol-2-y1) phenol (41)
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Fig. 16, 'H NMP. spectrom of 3-(4,5-diphenyl- L irmidszal-2-y1} phenal (41)
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b
Fig. iT. MAXS spectrom of 3-(4,5-dipbenyl-18-imidazsl-2-y1) phenol (4)
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b
Fig. 24. FTIE mpectrum of 4-{4, 5-diphenyl-1 B-imiderol-2-yliphenol (41)
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Appendix

Fig. 29. 'H NMR spectrum of 4-(4,5-diphenyl-1H-imidazol-2-yl)phenol (4j)
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Fig. 38, MASE specirom of 4-{4 5-diphenyl- LE-smidazol-2-yl yphenol (d])
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Appendix

Fig. 31. FTIR spectrum of 2-(4-chlorophenyl)-4,5-diphenyl-1H-imidazole (4k)
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Fig. 32. 'H NMR speotrum of 2-{4-chlocophenyl)-4,5-diphenyl- L imidazole (4k)
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Fig. 33. MASS mpectrum of 2-(4-chlorophenyl}-4, 5-diphenyl-1 5-imidexole (4k)
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