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10 INTRODUCTION

11 Background of the Study

Due to swift industrialization and urbanization, our environment
has undergone huge smash wp and a2 large amount of perilous and
superflugus chemical, g-(;se; or substances are relcased, and so now it 13
our need 0 leam about the secrets that are present in the Nature and
its products which leads to the prowth of advancements in the synthesis
processes of nanoparlicles. Nanotechnology applications are highly
suitable for biological molecules, because of their exclusive properties.
The hiological molecules undergo highly controlled assembly fur making

them suitable for the metal nanoparticle synthesis which was found to

be reliable and eco-friendly (Harekrisna et 2009).
The synthesis of metal and semiconductor nanoparticles is a vast

arca of research due fo its potential  applications which  was

1 of novel technologies (Cassandea ef ..

implemented in the
2007). The field of nanotechnology is one of the upéoming areas of

research in the modemn field of material science. Nanoparticles  show

comtpletely new ©of {mproved properties, such es size, distribution and

morphology of the particles efc-



applications of nanoparticles and nanomaterials are  emerging
tapidly on various fields (Kaviya,and Viswanathan 2011},

IMetal manoparticles have a high specific surface area and a high
fraction of swface atoms. Because of the unique physicochemical
characteristics  of nanoparticles, including catalytic  activity, optical

properties, eleclronic properties, antibacterial propefties, and magnetic

properties (Cataura ef al.,2005; Krolikowska er al.,2003; Zhao et al., 2005).
They are gaining the interest of scientist for their novel methods
of synthesis. Over the past few years, the synthesls of metal
nanoparticles is an important topic of research in modern material
science. Nano-crystalling silver particles have been found tremendous
applications in the fields of high sensitivily biomglecular detection,
diagnostics, antimicrobials, {herepeutics, catalysis and micro-electronics.
However, there is still need for economic commercially viable as wiell
as environmenally clean synthesis roule 1o synthesize the silver
nanoparticles. Silver is well known for possessing an inhibitory effect
toward many bacterial strains and microorganisms commeonly present in

medical and industrial processes (Jiang et al., 2004).

In medicines, silver and silver mnanoparticles have a ample

application including skin ointments and creams containing silver to

‘prevent infection of bums and open viounds (Duran ef al., 2003) medical

2
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Green synthesis of metallic NPs by using plant extracts has extensively
been employed in recent research (Ashok ¢ al., 2015; Nakkala ef af, 2011).
Nanoparticles possess completely novel physical (optical, magnetic and
clectronic) and chemical properties. Size range, self-gesembly and high
antimicrobial activily of silver nanoparticles (AgNPs) regarded as imporiant
for their potential role 4in medical devices, optical ‘devices, electronics
biotechnologies and catalysis (Tolaymal ef al., 2010; Alvarez-Pucbla &/ af.,
2009), Small size, spherical shape and high surface-arca-to-volume ratio of
AgNPs facilitate them to interact with the cell walls of pathogens, which gives

them better antimicrobial activily (Paralikar, 2014).

w for nanoparticles synthesis as

Plants provide a better platf
they ere free from toxic chemicals as well 45 provide natural capping
agents. Moreover, use of plant extracts also -reduces the cost of
microorganisms  isolation  and eulture media  enhancing  the  cost
competitive feasibility aver nanoparticles synthesis by microorganisms

(Garima &f al., 2011),




The use of plant and plant extract in nanoparticle synthesis 18
considered advantageous over microbial hased system because it reduces the
elaborate process of maintaining cell cultures. These studics suggested that
presence of phytochemicals in plant extracts are the key component in

veduction and stabilization of silver ions (Parashar ef al., 2011).

1.3  AIM AND OBJECTIVES OF THE STUDY
This research aims to explore more aboul forghum bicolor and the

advances made towards the development of the plant in nanotechnology.

Considering the facts above, the present st framed with the broad

objective. as to Extract nanoparticles from sorghum, synthesize and
characierize the nanoparticles. Exhibit its appheaton in the field

nanotechnology-

14 SCOPE OF THE STUDY
To date, several microorganisms, inchiding bacteria, fungi and yeast,

as well as plants have teen explored for the synthesis of metal nanoparticles,

while the synthesis of nanoparticles have been reviewed elsewhere (Percita ez

al., 2015; Baker ef al., 2013; Thakkar et al., 2010). This research study is
s H

recent advances il the synthesis, characierization and

Limited to e

‘app]j:aﬁun of sorghum bicolor nanopartieles.

&



CHAPTER TWO

20

LITERATURE REVIEW

2.1 Plant of Study- Serghum Bicolor

N

Sorghum (Sorghum bicolor (L..) Moench) popularly ealled as Jowar. is
the “King of millets” and is the [ifth in importance among, the world's cereals,
after wheat, rice, maize and barley. I is a siaple food grain in moany Indian
states. I is grown especially in the arid and semi-arid regions (Vikas, 2003).

Sorghum (Milo} was introduced to the United States from Africain the

early part of the seventeenth century. It was not grown exiensively in this

country until the 1850s, when the forage variety Black Amber (also called

"Chinese sugarcang’} was introduced by way of France. Since then many

other varigties have been introduced [rom other countries and developed

domestically. Sorghum was Lrown primarily as a soutce of sugar for syrup
1mtil the settlement of the semiarid west created a demand for drought-

istant forage orops: By the 1930s. about 90% of the acreage of syeet
resis :

i § Wi for forage.
sarghum in the United States was gmw;l for forag




Sorghum i5 4 tropicl grass grown primarily in semi-atid parts of the
world. T Aftica, & major growing area tuns actoss West Africa south of the
Sahara, through Sudan, Ethiopia and Somalia, It is grown in Upper Egypt and
Uganda, Kenya, Tanzania, Burundi and Zambiv. It is an iraportant erop in
India, Pakistan, Thailand in cenral and northern China, Australia, in the drier
areas of Argenting and Brazil, Venezuels, USA, France and Twly. The crop
has spread over the drier areas of the world it does better when it is dry and
cool, whereas pearl millet is better adapted to dry hot conditions. Sorghum is a
staple food for about 300 million people worldwide (www jn nutrition.org,
2009).

Sorghum originated in Eastern Afiica and first diverged from the wild
varietics in Ethiopia 5000 years ago (Anderson and Martin, 1949). Hence,
indigenous knowledge based sorghum classification and naming has a long
{radition. Farmers have been prowing sorghum for at least 500 years {Melkbib,
2007) Sorghum and millets have been important staples in the scrni-arid
tropics and principal sounrces of energy, protein, vitamins and minerals for
willions of people in these regions (FAD, 1995).

Sorghum was first deseribed by Linnaeus it 1753 under the name of
orglun

Holeus. Moernch later separated the genos sorghum from the Holous and made

g i he current formal taxonomic concept
o Sorghum bicolor. T
the combination of

o i a5 Wi & cstablished by Maench.
% d species agress ith the one csi
of the sorghum genus

8




fthe difforent names given by the varions tax nomists and are hence taken

5 synonym to 5. bicolor (L) Moench (Snowden, 1998), The miany subspeeies
are divided into four EIoups - grain sorphurns, grass Sorghums (for pasture
and hay), sweet sorghums formerly called Guinea ¢om, (used to produce
sorghum syrups) and broom com (for brooms and brushes) {Anderson and
Martin, 1949), "

Sorghum bicolor and i1s other specics are grown in the Northern states
of Nigeria which is ane of the five lacgest producers of the cereal. They are
grains, which hold a dominant position among atable crops in Aftica and
other parts of the world (FAQ, 1995). Sorghum is a genus of nunerous
species of grasses, some of which arc raised for grain and many of which are
used as fodder plants either cultivated or as part of pasture. The plants are
cultivated in warmer climates worldwide. Species are native Lo tropical and

s inaddition 1o the South West Pacific and

subtropical regions of all conth
Australia (Watson and Andrew, 1983).
Wild varicties of sorghum are attested as early as 8000 BP in the

Nilotic regions of Scuthern Egypt and the Sudan, the location of its true

domestication within Fast Africa are still speculative. I is widely held that

genetic separation of domesticated S bicolor from its progenilor did not oceur

much before the B.C.JA.D., changeover somewhere in Fast Aftica, possibly
‘(he Ethiopian bighlands, but mere likel

i)

y further West:



The presence of true domesticated 8. bicolor 15 claimed much earlier
than this (2900-1700 B.C) in India, Oman and Yemen although the identity
of the remains as fi3]1 domesticates is still disputed (www.mdiden.com, 2008).
According to Wikipedia contributare (2006), Serghum plant has been
cultivated in Southern Afiica for over 3006 years. Sorghum bicolor is an
African crop, which is »\-'id.eiy distributed throughout the world. Differant
cultivars are found in different regions depending on the climate. It is adepied
to & wider range of ccological conditions. Tt is mostly a plant of hot, dry

regions, still survives in a cool weather as well a8 waterlogged habitat.

2.1.1 Ecology

Sorghums exhibit different heights and matwiry dates depending on
whether they are grain sorghums (Sorghum bicaler ssp. bicolor), forage
sorghums (Sorghum bicalor), Sudan grass (Sorginert bicolor sp. drimmondid),
or sorghum-Sudan grass hybrids {Sorghum bicolor x Sorghum bicolor var.
sudanense). Growth characteristics also vary depending on the location

growa, inputs. and agronomic practices. In general, forage sorghums are

taller plants with later maturity dates and morc vegetative growth than grain

ghums. Sudangrass and sorghum Sudangrass hybrids fall in befween grain
s01] ¢

sorghums and forage sorghums i height (Undersander, 2003).



It is il ‘ -
 upright, shori-day, sumemer annual tat is 2 member of the

Foneede family. The £rass blades are flat, stems are rigid, and there are 00

eresping rhizommes, Sorghum has a Joose, open paniele of shiort, few-flowered
Tacemes. As seed matures, the panicle may drop. Glumes vary in color from
ted or reddish brown 1o yellowish and are at least three quarters s long as the
elliptical grain. The prain is predominately red or reddish brown (Kearney
and Peebles, 1969; Barkworth, 2003).

Sorghum is planted from seed, usually in rows and in spring. As it is.a
little more frost hardy than maize it van be planted up until mid-summer if the
Tains are late. The seeds are planted |5 em apart in rows 3-5 om deep in
nature and watered if no rain falls 1o germinate thic seed. After harvesting the
stalks can be used for cattle food or fuel, Tt is bast to practice crop rotation and

grow sorghum on the same land every 4 years (wiww. mdidea.com, 2008)




Brientific Classification of Sorghum Bicolor

i Flantae (plants)

e Tracheaobionra(vascular plants)
Superdivision Spermatophyta(seed plants)
o Magnoliophyta (floweting plants)
Class

Liliopsica (monocotyledons)

Order Cyperales

Family Poacege (grass family)

Subfamily Paonicoideae

Tribe Andropogoneae

Genus Sorghun Moench (Sorghumn)

Species Sorghinn bicolor (L) Moench sorghum

2.1.3 Alternate Names of Sorghum bicolor
Alternate Common Names: sweet sorghum, sorgo forrajero (Spanish),

durra (Africa), guinea com, black amber, chicken corn, shattercane, wild cane,

broomcorn, grain sorghum, forage sorghum, Sudangrass

The genus Sorghum is a genetically diverse with both wild (Serghum

halepense and Sorghum propinguum) and cultivated (Sorghum bicolor)
saricties of sorghum have eonsiderably high
i i 2000). Select varieties O
species (Kimber, "
7 ds and antioxidant capacites that are
a1 henolic compoun
woncentrations of P

in the bran fraction of the grain. Flavonoids, phenolic acids
m
12

 loeated primarily




and tanping are three phenalic categories found

uti, The flavonoids
consist of anthocyanins, flavanols, flavones, and Mavanones and the phenclic
acids are benzoic and cinnamic devivatives (Awila et o, 2005).

One type of anthocyanin that is uaique to sorghum is 3-
deoxyanthocyanin (Awika ef af, 2004). Sorghum contains only nop-

hydrolysable tannins as pro yanidins. Of the total

yanin content,
nearly all black and brown vadeties of sorghum contain 36-50% of
apigeninidin & luteolinidin, two types of 3-deoxyanthocyaning (Dykes and
Rooney, 2006). The proanthocyanidins are found in highest concentrations in
brown varieties of sorghum. The phenolic, flavonoid and tannin contents vary

greatly among the different varieties of sorghurm.




7
; 9180
DUE D1 O[OTUS] WO PAALSp 3% SPIE u_ow_.un?c._v%: sl (B30 30

A
ged) T o puosexd S1e pie SPIB SruBTuIRAXCIPAY U SPETE ojozusqIAXIR u

Ol papIAIp SNy N spiw  3poudld spy  ould

“(p00g ‘Kau00y

suonenuaonod #3IR] UIEW0D TED SUBIQ

pue wy) spunodwos apjenayd jo

mnyErog sEenuaya0Liyd paTpnIs 180UL A JO AU X8 spunodwad YOS

ol 281e] € Mg PRYNUSPL

i I} pauEmnAOpUR supma [0S ST
¢ ur L 5

naraosdnd (S TR 210 ‘SISTASIP THOI AuEwr Jo JSH e

A0 DALY
Fuiranpal 0f pajUl| A PNy Spaoj TEd JoTe pue SUTRIE ‘sojqEiadan ‘s ul
spumod0a Juejd JUIMU-UOU 3A10R01] S PSUL3P SI% STROIUA0IATY

SR PIT

Anmarn

D 1py iy

_ s
e )

o
ey




2It; and protocatechuic acids.
Caffeic, ferulic, ‘and sinapic acids consitute: the hydroyoinnantio cids
derived from cinnamic acid (Dykes and Rooney, 2004). Phenolic acids oceiir
i cereal in both free and bound states. Fres phenslic acids arc located in the
pericarp and bound phernalic acids are esterified to ccll walls i the endosperm
(Dykes and Rooney, 200")]. Brown sorghum (a high-tannin category) is a
particularly rich sowrce of ferulic and conmaric acids (Hahn et al., 1984).

Flavonoids: Flavonoids are compounds with a C6-C3-C6 skeleton that
consists of two aromatic rings joined by a three earbon link. They are
subdivided by their differences in the generic strucwure of the heterocyele
carbon ring as flavonols, flavones, flavanols (catechins), flavanoncs,
anthocyanidins, and isoflavonoids

Some of the common types of flavoncids found in fruits and
vegetables include flavonols (quercelin, kasmpferol, and myricetin), flavones
(luteolin and apigenin), flavanols (catechin, epicatechin, epigallocatechin,
epicatechin gallate, and epigallocatechin gallate), flavanones (naringenin),

anthocyanidins, and  isoflavonoids (genistein) (Liw, 2004). Flavonoids

atribute the blue, purple and red colors in plants: Flavonoids possess
€0 5

i iologi ivities including anticancer, antimicrabial, antiviral, anti-
various biclogical activities 10
¥ { io effoets (Kim et al.
inf] i dulatory and antithrombetic effeots. (1 :
inflammatory, immunomo B

2004).




 identification of
-flavonoids in S i

1ds 10 Sorghum, Tt s known, however, that different varisties of
serghum have significant differences in both their type and content of

flavonoids. F
vonoids. For example, black sorghum contains the highest amount of 3-

yaiins, an anl lacking a C-3 hydroxylation in the C ring,
when compared {0 red and brown varictics,

Additionally, 3-deoxyanthocanins apigeninidin and lutelinidin account
for nearly 50% of the total anthocyanin content. The 3-deoxvanthocyaning are

synthesized within the serghwm plant to help protect it from bacterial and

fungal infections (Lo ef af., 1999).

These compounds may prove usefol as natural food colorants as they

el 10 other common

have increased stability in acidic solutions com

anthocyanins found in fruits and vegetables that are easily converted to their

anthogyanidin counterpart (Dukes and Roomey, 2004). Evidence that

anthocyanins in black sorghum are responsible fur its high antioxidant activily

was confirmed by a positive cotrelation between Lotal anthocyanin content and

antioxidant activity (Awika el al., 2005).

wum hran was reported (0 contain the highest amaunt of’

Black sorgh

1 ~d-ols compared 0 other varieties of sorghum wilh luteoforcl and
avan-4-ols E

apiforol pmdbmimting (Dykes et al, 2005).
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Tannins: Tannins convert animal skiz to leather dwring the tenning

process, hence their pame. two types ere condensed tannins or

proanthocyanidins  and hydrolysable tannins, The proanthocyanidins in

erized favan3-ol andfor flavan-3.4-diol wmits,

sorghum are mainly pol
consisting largely of catechin (88%) and cpicatechin (12%) subunits Sumiae

bran (sorghum vatiety) contains nearly 4% tannins (Awika et al 2003); this

stands in contrast to other varicties which may be relatively [ree of such
molecules.

As a sorghum kernel matures, (he flayonpid monomer units are
s

densed, forming oligomeric proanthoeyanidin polymers. Due to the bitier
GO 5

2 anins y types of high-tamin sorghum may prove
5 foods, many WP
taste of tamnins 10

g fi I chocolate.
‘useful i astringent tBSUNE faods such as darl

17




In additi, . " p
tion, the bmsr-tastlng, high-tannin {20 I sorghivmm impacts &

degree of bird resistan,
¢ and protects the grain from mold growth (Hahn et
al, 1984),

Over 60% i
% of the proanthocyanindins in sorghum have a degree of

polymerization over 10 (Awika of at., 2003). Sixiee absorption of molecules
cither by the skin or GI tract is Targely dependent upon the size of molecules,
the bioavailability of these large compounds is in question, Tt has been
reported that proanthosyanindins with degrees of polynerization measuring
less than 7 were readily “absorbed” in the infestinal epithelium cell

maonolayer.

Deprez e al., (1999} showed that large polyniers are degraded by the

colonic microflora into lower molecular weight phenolic acid compounds Ul

can be easily absorbed. The significance of these: metabolites that are

bioavailability renews interest in the biological effects of high molecular t

have many beneficial puarmacclogical and

weight tannins. Condensed taan

biological effects; among these are significant anti-cancer. anti-inflammatory t

and antioxidant propertics. Tamnins have potent oxygen radical scavenging
ipabilities (Xu e al., 2007; Clans &t al., 2006} and can cffectively inhibit
capabili el by, £

oxidation of lipids contained in LDLs (Sanchez-Moreno et af., 2000).




Tanni; .
2nning have also been reported fo [nhib

(Beecher,

Laggregation in vitro

19993 ang fon
) Are efficiont iron and copper metal chelators, reducing

idati
oxidative damage to the myocardium (Begcher, 1999).

Phytosterols: i
Cholesterol-like compounds that are natural components of

lant cell mem s .
P branes are called phytosterols, Phytosterols mimic and compete

with cholesterol absorpi
ol absorption in the GI tract and can produce a cholesterol-

lowerin; e
1 g effect. These compaunds are primarily found in {he wax and bran

fractions of cereal grains. Sitosterol,

ol and stigmasterol have been
identified in sorghum. Awika and Rooney, (2004) reparted nearly 0.5 mg/g of

phyiosterols in sorghum while comn contains 0.9 m

2.1.5 Applications and Uses of Sorghum Bicolor

Sorghum bicolor has extensive applications and uses in healih and
medical aspect for example, in Folk Medicine il is reported 10 be
antiabortive. cyanogenelic, demulcent, diuretic, cmollient, intoxicant, and

poison, sorghum is 2 folk remedy for cancer, epilepsy, flux, and stomsachache

(Duke and Wain, 1981).

The root is used for alaria in southemn TRhodesia; the seed has been
hy

iarrhea; for tubercular swellligs. In
-egse and diathea; the STem
used for breast disedse
i o snthie and insecticidal, and in South
Indi i dered anthelmint
India, the plant is eons!

th Erigeron canadense L.

gt it is used for eczema
Africa, in combination ¥

) ik, 1962).
(Watt and Breyes-Baad il 19




aié:tufn, significant n
2 It i i
irogen, amine acids, fats lon to various other
constituents, vitanuing
and minerals, fiber and as well as cgboh}dtates The
whole plant may be used as medicine,

The seeds or grai
Tal; H
8rains are edible and they uro  hasic staple in Afrioa, the

Middle East, W ies
t, West Indies a‘s well as Latin America. The seeds are grounded

into a meal, and it o
t ¢an also be grounded into flour to make bread. This can

also be used i her t c X
to make porridge and othe: staple meals and they can be popped

just 1i i

justlike popeorn and eaten in the same manner, Nated as a forage, the grain is

al: i : . .
so used fo feed animals. Tt is cultivated in the United States mainly for the

feeding of animal i avT i
g s and is seen as having almost the same nutritional values as

corn.

22 NANOTECHNOLOGY

Nanotechnology is an important field of dem research dealing with
design, synthesis, and manipulation of perticles struclure ranging from
app:o:{inmtul)' 1-100 nm in one dimension. Reraarkable groveth in this up-

and-coming technology has opened novel fundamenial and applied [rontiers,

including the synthesis of nanoscale atetials and exploration of utilization of

their exotic physiccchsmi cal and optoelectronic properties.
Nanotechnology is rapidly gaining importance in a munber of areas

B
h health care, cogmetics; food and feed, environmental health,
such as 0e v
biomedical sciences,
21

& chemical industtics, electronicy; space
mechanies, opics,




industries, drug-gene &

r,ve.ry’ STergy sciency i e

Jsingle elog istors, nonlinear optieal
ng. lectron Tansistors, Iight emitfers, i !
devices, Photoelectrachemy
and photoclectro hemical applications (Colvin et al.
1991).

teorography,
1994; Wang,

Nanomateria
ials are seen a5 solution to many *technological and

eRvironments 5 . .
ental challenges in the field of solar energy conversion, catalysis,

medicine, and weter treatment, T 1he comsxt of global efforis to reduce
hazardous waste, the continuously increasing demand of nanomalerials must
be accompanied by green synthesis methods.

Nanotechnology is fundamentally changing the way in which materials
are synthesized and devices are fabricated. Incorporation of nanoscale
building blocks into functional assemblies and further into multifunclional
devices can be achieved through a “bottom-up approach™ Research on the
synthesis of nanosized material is of great Inlerest hecause off theit unique
ronic, magnetic, and mechanical, winch differs from

propertics like optoelect

bulk (Atul ez al., 2010).




221 Nanoparticles

The term “manoparticles” is used to describe 4 particls with size in the
range of lnm-100nm, at Jeas in one uf the fhrec possible dimensions. In this
Sige range, the physical, chemica) g Yivlopical properties of the
nanoparticles changes i .fundamc;ztal ways from the properties of bath
individual atoms/melecuies and of (he carresponding bulk materials,

materais of divesse chemical natue, the

. metc] oxices, silicaiss, non-oxide ceramics,
polymers, orgaics, carbon and bioolecules,

Nanoparticles exist in several different morpholugies such as spheres,
cylinders, platelets, tubes eic. Generally noparliciey are designed with
surface modifications tailored to meet the needs of speeifie applications they
are going to be used for, The enormous diversity of the naneparticles arising
from their wide chemical nature, shaps and morphelogies, the medivm i

which the particles are present, the state of dispersion o particles and most

i {lie nuImers surfyee modificatians the nunopaticles
importantly, the numerols

e o this an fmpoctant active field of science now-a-days.

e be subj ale &l f :

Nanepariicles bave been in use in pottery and medicine since anclent
Janopariicles b

f gt fcle t phthesized,

erent idcal methods for 0ot opariiele o get ¥
times. There are d 4
e fs fzing 1Anaps icle are nenial pH,
1s invelved for syntliesizing nanoparteie a 1
2 i H ) H

e following aspee

Jaw cost and environmental friendly fashion:

3




Nanosarticles .
anaserticles gt Ploduceg 1,

syhesis is faster 5, that iy o

Behzad Zolfaghari, 2013), Maig)y,

¥ plantg ’
Pats 85I Stable: and the rate of

her e
asy i
of organism (Sjavash Iravani and

F these methgqs for synthes
eloped in difp
'Ped i diffepent Methods in uncoming dy:

ing nanoparticle

i beeause of the
cost efficient and Tequire little g o
¥ Enance

(Naheed Ahmad and Seema

Sharma, 2012).

222 Typesof nanopartieles:

Nanoparticles can te b, :
D s can bz broadly grauped imo two, nan

cles, noble metal

nanoparticles (like goid and s

nductor naseparticles (like

titanium oxide and zinc oxide). There is a growing iaterest in inorganic

nanoparticles ie. of noble metal nanoparticles {Gold and silver) as they

provide superior material properties with fonctional versatility.

A advantages over available

Due to their size featuses

inorganic {ales have been examined us
fmaging drug agents and drugs, inorganic particles
5, [norgatic

cating dises

i e a9 [0
potential tools for medical imaging 83 well &

p widely uzed for &6 cular delivery dog o their vers
nonmaterial have been WICEY #

sk fumetionality good compatibility, and
 pigh funchensi

i
o ke wi ayaliay:
o feaures Jike wide aVEH se of drugs (% and

aelivery and controtied relea
g 3

capability of fargeted &

a4



233 Optical Pl—operties of Nanuparh'cles
One Particylar subset of DANGParticleg |
icleg 15

i the quantum do, These are
generally particles wiy diametors of joq than 19

- : any, although in some cases
the particle size may be gx large e 50 um, ¢

Y bave rethaps the most
istinctive size-related proneper..
dis d QT?‘.LL—.IQL of all nanopart}

es. Quantum dots are

semiconducting nanopartic) i 4 " :
Particles where tpeir dimensions are sa small the size of

the particle affects the inringic band gap of (he semiconductor.

A simple way g understand this i (o consider a semivenductor as

consisting of a valence and conduction band which are the result of the

bonding and antibonding cox

uration

g of the crystal Tattice. A simple
diatomic system will have a single bondizg aud a single anlibonding ciisital.

ds will have slightly

11 1o form 4 continuum which

T T
o final budl material. Tt is thorefore clear that at

18 considered as the band in

s ; S
£ bonds in the semiconductar par ticle will not be
seme point the number of HONGE

« and structure will begin to
ion to an infinite Jattice and the band stouct
imation
good approxima

change.  eemicond iRt
: idening of the bandgap of the seariconduc!
i in & widemng i >
This results in & ! gy
‘ 1 mineséent properties: A pho
l ibit photolus
- quantuin dots exhibi ;

e jeond the
{pe semiconductor 1o
e valenc® Band of
€4 exc) om the T
i tron
€an excite an elec

25
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227 Clhiaracterization of Nanopargiq,
cles

Nanoparticles . Ze,
an by i
© characterizeq by their shape, g i
A , surface arca

and dispersity (Jiang e o/
e their characterization some common
techniques are uged | ;
e Ui SPecltophotometer, dynamic light
scattering (DLS), scann; P
4 ), Seanning electroy miier0seopy (SEMY, trassmission eleatron

microscopy (TEM), Fourier transforms infrared
spectr

diffraction (XRD) & eneray

wscopy (FTIR), X-ray

dispersive spectr oscopy (EDS) (Feldheim and

foss, 2002; S - .
Foss, 2002; Sepeur, 2008; Shaverdi er of L 2011}, auger electron spectroscopy

AES), X- electr roscopy (XPS Al
(AES), X-ray photoelectron spectroscopy [XES), lime of flight secondary ion

mass spectrometry (TOF-SIMS). low energy fon scattering (LEIS), senning
4
tunneling microscopy (STM) and atomie force micrascopy (AFM), scanning
probe electron microscopy (SEM) etc.
UV-Vis spectrophotometar allows identif ation, characlerization and
analysis of metalic nanoparticles. Generally 300-800nm light wavelength is

used for the characterization of size range 2 ta 100nm (Feldheim and Foss,

2002). The dynamic light scattering (DLS) is used 10 characterize the surface

; e o
charge & the size distribution of nanoparticles (Jiang ef at., 2009).

: face and
i . is a commen method for surl
Electron microscopy 1§
i canni Jeomon microseopy (SEM) &
i ;] ization, Seanning ¢
morphological characteriza!

(TEM) are used for the morphological

transmission electron microscopy
i {Schaifer, 2009), SEM

aracterization at the nanometer 1@ icrometer scale

28
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This SCattering Progess s used 14 determine g ; deitity of- the

U

elements preseny in the Outerm st

e Of the material utder malysis,
Recently it is foung that it j5 usefyj

due to it high sensitivity to fhe owermost
atomic layers of 5 Sample (Brongergn, €t al., 2007), AFM and ST provide

surface characterization atthe atomie sole




CHAPTER
THRE
MAT‘ERIALS AND METH()DQ

31 MATERIALS

3.0

311 Plant Mateyiy

Sarglm bicolor straw
Dried straw of sorghim bicolor were the utilized bionass for this
research. The plant was gotten from local market, Liebu-Taho, Ogun Stare,
Nigeria, The area has two distinct seasons: rainy (March/April to October) and

dry season (October/November 10 March/April) {Community portal of

Nigeria, 2003). The plant material was identified and authenticated by a
, 2 :

! ist in the department of Science Laboratory Technology of the
axonomist in e

Polytechnic.



flasks, refrigerator, ang beakers,

The chemicals ang Teagents useq

i the @xperiments and solvent used

for extraction of plant Mmaterial,

AgNO; and distilled-deionized warer, All the
chemicals used were of analytical grade. They were used ag obtained,
The following pieces of equipment were ysed: Analytical balance,
Water bath, UV-scanning specirophotometer (Perkin Elmer, Lamda 25),

Fourier Transform Infra-Red (FTIR).

32 METHODS
3.2.1 Preparation of Plant material
The dried straw of serghum bicelor plant were carefully selected for

i 3 cleaned dried in the
the nenoparticles synthesis. The plant material was cleaned and air driei e

i ace for cr amalysis
Iaboratory for 7 days, and stored in dry place for further anaiy

¢ ial
323 Exiraction of Plant Sample Mater®

5 f plant sample material was weighed using

Approximately, > & © wi

balance. 100 ¢ stilled water was added to the plant material
analytical 2 0 oo

i m’ of dis v :

A ixd was left for & period of Ihr for proper

ixiure ;
‘he mixture was then filtered with

T
= temperature.
ion to be done pt room
Sxtraction -

¥ in 4 230cm® beaker. The
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it noctics containing synthesized silver nanoparticles

324 Characterization of Silver N:

anoparticles

A Perkin Elmer UV-scanning spectrophotometer was used fto
determine the optical measurements. carried out at 450 nm wavelength range.
Maximum absorption wavelength was determined by placing each aliquot
sample taken at time imtervals in quariz cuvette operated at a resolution of
I nm, distilled-deionized water was used as reference solyent

The photoluminescence of the biosynthesized nanopartiles was

measured by Perkin-Elmer Landa 25, spectrophotomelct. The samples were
e A resalution of 1 nm and maximum
i 2 all, operated at 2 resolut
placed in 1 x 1 cm quartz €2,

i sorbance peok.
wavelength of 450 nm SO as to determine the absorbance pe:

d dried nanopowder
ch may support existence of capping

5 Were subjected 10 FT-IR analysis

The purified an

% =
10 identify possible fanctional groups ¥

cts.
and stabilization by the plant extrac s
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- 412 FTIR Result g

Percentage transmittance

Wavelengthin cm-1.
Figure 4.2: FTIR spectrum of Ag- plant extract after S minutes

The following ahsorption peaks were abserved in the FTIR spectrum

of AgNO; nanoparticles: 3752 cm, 3464 con™ (O-1L stretching), 2368 o',
e stching), 1167 e

1640 em”! (0= alkene stretching), 1387 om™ (O=C-H stretching], 1167 em’

{ 40 onw’ (C-Be stretching), 453
() stretching), 112] e (€-0 stretching), 540 em- (L-Br s g

! (C-I stretching).
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Figure 4.3: FTIR spectrum of Ag- plant extract after 10 minntes

The following absorption peaks were cbserved in the FIIR spectrum
of AgNO; nanoparticles: 3758 cm™, 3459 cm™ (O-H strerching), 2368 o,
- s o

1639 coo”! (C=C alkene stretehing), 1387 em™ (C=C-H stretching), 1121 eni
), 457 ey’ (C- siretching). 409

{CO stretching), 581 em™ (C-Br stretching

e (1),




irseBxERAtEy

2

Percentage:

EVbEuNeRERaS

-
Wavelength in ¢im-1

Figure 4.4: FTIR spectrum of Ag- plant extract after 15 minutel
The following absarption peaks were observed in the FTIR spectrum of

AgNO; nanaparticles: 3758 em™, 3467 cm” (O-H stretching), 2367 e, 1630

N . ol
em” (C=C alkene streiching), 1387 em”™ (C=C-H streching), 1129 e (C-0

1 {CT stretching
Sieiching), 583 cm’ (C-Br streiching), 461 em” {C-I stretching)
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Figure 4.5: FTIR spectrum of Ag- plant extraet after 20 minises

The following absorption peaks were observed in the FTIR spectrum of

AgNO3 nanoparticles: 3753 cm’

W il
om! (C=C alketie stretching), 1387 cm™ (C=C-H stetching), 1167 cat

s g |
7 em”! (C-Br stretching}, 456 cm’

stretching), 1126 cm’’ (C-O stretching),

{C-I siretching).




Percentage transmittance

™)
Wavelengthin cm-1 ‘
Figure 4.6: FTIR spectrum of Ag- plant extract after 25 minutes

The following absorption peaks were observed in the FTIR spectrum of

L3437 e (011 stre

AgNO; nanoparticles: 3910 ei™, 3750 ¢ 2, 2361

e, 2146em™ (C=C alkyne stretching), 1637 cr® (C=C alkene stresching),

, 11 em™ {C-

=C-11 stretchi

iy

87 em” (!

1468 em™! (C=C-H stretchin

: - (B o (D).
Ostretching), 1098 em™ (C-0 streching), 385 o™ (G-, 460 et (C-D,




