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Nanoiechnology is making an impact in evelJ: field of life. Re.?earchers

are expanding rheir interest.\' mwards synthesise of silver rumoparticles

as they provide superior properties fOr d{ffererir IJ.¡JeS of applir.:aríons

Conventionally nanopar!idn have been synlliesised hy various physical

and chemical mt:lhods, having negative. impact on r:nvinmmeni. The

production of nanopt1rlicles using phmI i>xrraa is alü.'1·1111/ive rhe

conventional methods The pholo.\J-'nlhcsi.\· is a ¡;run and eco?{riend!y

teclmology 1,sed
_fi11· production of large ?u1k rwnoparticles. Pfonr

cxtra1,:/s may act both as redudng agents and stabilizing agr:nr.? in thi'

syn.rhesfs o_(11a11opar/ll.:le.1. Tiu: 11.1ri1Jus _n/1y1odremica!s present in p!tmr

l!Xfract arc us1:d .for the reâ/./1:tion and .s1,;1biliw11ion n/ nanopanic/es. J'hi,1

reseurch work concer.1ra1ed ;¡¡¡ thic" uJ1,ancr:s synrhe1·is

charac1erizatifm w,d application of nanopanici s
11sú11o; .1orglwm bicolor

p!antex/ra(.'t

Keywords: Charm_'/eri::.mion S'wf!,h/11 hicoiol' -\·'m10¡,arhcil'.1, UV

specrmphorometer, FT!!? 1'Fmirier Tmm.fhrm lnfi-a-rrd)
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l.O INTRODUCTION

1.1 Background of the Study

Due to swift industrialization aud urbaniiation, our environment

has undergone huge smash up- a.-id a la..l'ge amount of perilous and

superflumis chemicc1.l, gases or ?uhstar.ces are rek;,__:;ecl, and so now it is

our m:c<l tu learn about lhe secrets that arç pl'esenl in the Nature ,111<l

its products which leads to the gro..,,,1-h of advancements in the synthe?ís

processes of nanl1pàrtkks. K.mc,tedmology applications are bigl1ly

suitable for biologicHl ml1leculçs, because til' thcil' exdc1?lve prvpcrties

Tue biological molecules 1:fükrgo highly cnn:rnlkd aostmbly for making

them suitabk for th1; mel;c¡l n.;nü:Jctrtlck synü:esis wÍ1.ich \Veis fow1d to

be reliable ¡,rid eco-friendiy (Han.·kri?na et a'.., 2009).

fhc synthesis of metal <<nd semiconductor nilti(,purtid.:? is a vast

arca of research due to pol.enti::11 a:iplica1ion? which wa?

implemented in the clcvclopmcnt uf novel tcchr.olo?ic:s (C,ss,in<lrn. i!l {1!.,

2007). The field of nanotedmology is one of the up.:.simlng aneas of

research in the modern field of material science. l\anop,rrtieks sho,v

contpleteJy new or improved prnper1ii:s, such a.<. size, dii;trilmtion and

morphology of the particles de.



rapidly on various fields (K.aviya,and Vis\vanathllll 201 l).

Metal nanoparticles. ha,,c a high specifü:: surface area and a high

fraction of surface atoms. Because of the LUÜque physicochemical

characterislit,;s of rn.mopartkks, indudlt1g cnmlytic activity, optict\l

properties, electronic propcrlics, antibaclcrial prnpdties., and magneti-:

properties (Catauro er al.,2005; Krolikowsk..t rr a/.,2003; 7.hao el al., 20051

They are gaining the· interest of sdenti;;t for their novi:l methuda

of synthesis. Over the pa?L few years, Lhe synthc.,;is of metal

nanopartidcs ís an 1mporrnm wp1c uf research in modern material

¡:,çience. Nllrw-crystnllinc silvê'r p::rtides lJiivC been fi.1L11'.d tremendous

c1pplications i:1 the field? of j;i¡_;h bior;,,1kcu:?r detection

diàgnosfü?, antimicrobials, thce.peutic? ornlyois . and míao-ekctronics.

Ho,vevcr, there- is still need for ei;onomic c:om1:1crói3.lly Yi:1blc as \Vdl

as environmentally dean syntbesi'> mule to symhesizt:: the silver

nanoparticlc:;;. Silvt,r is v,:ell known for possessin? sn inhibitúl)' effect

toward many bcicterial _i;trnins arid microorganism, commonly present in

medical and industrial processes (Jiang et al,1 2004),

In medicines. ?ilvcr and silver mrno¡iartidcs l1ave a ample

application including skin ointments and creams connüning silver to

'prevent infection of bums and open woW1ds ?1)uran el al., 2005) medical



In- textile industry, .silvei-embedded fabrics are now used in sporting

equipment (Klaus et al., 1999).

Nanopart.ides can l:x; synthesized usi11g v!lfious approaches

including chemical, physical, nnd bialogü:al. A1thDi.lgh d1emical method

of syntltesis req_u1les slmrt period of time fM syn:hdis of large quantity

of nanoparticks, this method requires 1,;appi;;g age11ts for silc

stabilization of the nanoparticies. Che,;licc:b used for 11ai1opartick?

synth{'sis and stabiliutiott are lo>:ic and !e:,t.i te, nvn-ernfrk-ndly

byprodm:ts. ll1e nee.d for er.virnn1;-1e:ntal :wn-to??ic syr.th-.,tlc protocoL for

nanopaitLCles ?ynthesis kat!s to Jh,.;- ¿e,,..i.:k1ping interest ín hinh,g,iwl

approaches which ;;.re fi:r.:.:., from ;hc use t1f !{1:-:ic chcmic,-ils ns

byproducts. Tims, then; is ar, increasing demand frir gn:cn mm'1tecbnology

(Garinm et al., 2011).

Many liiologicai appro:u:h.es foi b?1Lh ç;,mm::eilubr anJ

intra-:c1lular mmopanicles synthi;:sis h..1.;•e be?n rep,)tted ti!! dak u?íng

microorganisms inc.luding bactcrla, fun.£,i <\tij pli:wts (SpringeJ ui., 1995),

Sometimes the syn1hesis
of nm1opacticles u?ing varioug plat?b and their

extracts can be advantageous- ov·er other biologii.:al synthesis processes

which involve the very complex procedures of nrn.intaining rnicrnbia1

'cultures (
Sastry et c,l., 2003).



synthesis of various metal nan.apartides using füngi like Fusorium

oxysporom (Nelson et al., 2005; Hernan.th er al., 201 O) Penidlliu.m sp. and

using some bacteria such as Baci!lus subti/is etc. (Nataranja and Elumala1

et al., 2010), But, synthesis of nanopa:ticks ming -plant extracL? is the

mosl adopted method cf green, eco-fii¡;,ndly prnducfüm (1.f nanopilfticles

and also has a special adva.J1Lage fr.,1.t ·.he ,ilrnm ,uc wiUcly distribut;;d,

easily available, mud1 safer to lrn:idk o.nd act 3.? tl '.'-ource úf several

metabolites (Ankanw,·ar el ed., 2005).

There ha? also been sevçral expcrimen?s performc:-d on thi.:

synthesis of silvt:r nanoparticks using mediclnal plants ?uch ílS 01yw

:;ativa

mays.

llelianOw.s amw.1. S11cdwiw11 Sorghum bi,.:u/o11r. lea

lJa:;d/a oll1a, Aioi: 1'l'r<'.I Cap.1icwn ,m11wJ1n. Mugml!ia k.oh1,,1

Medicago sath'a (A.tfl.Ii(aj, f:h1wml1mrm camp.fwrn 8.tld Gernnium sp j11

the field of pharmaceutical ,?pplications c1.nd 'nioiogic:ü iDLl·..:.suie?.

fhe use of plant ç:,::ffacts hc,s b;õen cxtem'ively exainitK<l for nwtallic

nanoparticle synthesis as they improve füc monú-dispersity oi' nanopanicks.

The bíornoleculcs like phcnulics, polysaccharides, 11avones, terpcuoid?.

alkaloids, proteins, amino adds, coz:,•mcs mid alcoholic uimpci1md.'i presenl ín

plants act as both reducing agents as well as cappi11g agent:; that st?bill7e und

'govern the morpbology ofNPs (Ravindran et al .• 2003: Albrecht et al., 20()6)



been employed in recent research (Ashok er al .. 2015; Nakkala et al., 2011).

Nanopmtic1es possess completely r.ovel physical (optical. mttgnetic and

electronic) and chemical properties. Size rn.ngt:, self-agsembly and high

antimicmbial activLty of silver nanopar1kk,; (Ag:KP?) regarded as iiripartant

for their potential role in medical de\'ices-, optical
·

devices, dectroni¡,:s

biotechnologies and catalysis ("folc1:,xnat er al., 2010; Alvare7-Puebla i•I al.,

2009). Small size, spherical shape and high surface-ar.:::a-10-volmrn; l'alÍo of

AgNPs facilitate them to lnterad wlth th1;,: cd\ ;vali? ofp;tllmgens. \vhich gives

them better antimicrobial acfü·iLy :Pa?ri.lil<ar,2014\

Pllmts proviJe n bdter fc.r

1l1ey ,:rt fret from ·,oxic as -w-dl

agents. Mu:·covcr, \!SC llf pbm re:b.::c3 the cnst uf

microorganlsms isobtiun ar,d -:ultuc rndi? eahariLlng the cost

competiti,,e fea.-;ibihty over n::mor,arlicles syn•.:'lesi? lly mlc.nJ01·g,anism;;

(Garima. et al., 2011)



The use of plant and plant extract in nunopartidc synthesis is

co?sidcred advantageous over microbial based syslem because it reduccs the

elaborate process of maintaining cell cultul't&. These siu.dies suggested thm

-presence of phytochcmü:als. in plan1 extnict,-, are the key r.:0111ponent in

redur.:tion and stabili.:ati1Jn of silver iom (Parashar er a!., '.201 Li

1.3 AIM A ....1'<,m OBJECTIVES Of THE STt.:DY

Tiús research aims w explore mor>': aboul. Sl"H'glnm bk11lor a.aci the

advances made tmvmd? the: devdopmer.t ,?f th? pla::tt '.n m1notedmolog;

Considering thç fn.cts aboYe, th..: presç1\t w.;1? l"ram..:J wl\11 the: hroaJ

objcctivt:: to Ext,.act fron o.orglmrn, syntl1esizç ar.d

çharac\.eri.zc th; 11J1cop:1rticks £:d1\bi·. i:? ap:,licat'.u1; in th? fie!J

nanotc-chnology.

l.4 SCOPE OFTHL STUDY

To date, sevcrnl microorganisms, inducting bacl:eria. fi.mgi and yensl,

as well as plants have been explore-l for th!.! synthesis o\'inetal nll.nopwticles,

while the synthesis ofnanoparti.cles have betn rcvíewc::d d?e,vhr:n: (l'ercira i,¡

al., 20\S; Baker et al., 2013; Thakkar ti ai., 2010). Tlüs rc?ear'.;h study i?

limited to the rccçnt advances in the ?yttthesi?, chn.rnclet·ízallon md

·application
.of sorghum bicolor nanopaniclcs.



2.1

Smghum ('5orghurn hicolor CLJ J\-1oc11cl1·¡ popularly l,alkd a? .Jowar, is

the 'King ufn,íllets" and is the fifth in impúrléllllC anwng the wül'ld's 1..:-ereab

after \Vheat, rice, maize and bitrk·y. It is a ?iaple kn1d grain in má.I!:,' 1.ndlan

stíl.tes. it is grov,,11 e?pecblly ln the ,irid Md semi-ar\¿ rt:gions (Vikas, 2003)

Sorghum (Milo) was intrnd;1ced to rhe Lnit,;d Stutc,; from Afoca in the

early part of the -sevcntei.:ntll cenlW'J, 11 wa..s rwt gwwn extrnsíwly in this

country until thi;: 1850s, when tl1c foragt.c variety Black .:\mbo::r talso i.:a\led

"Chinese su¡;arcane") \Vas imroduced b;· ,-1.·ay
of fram:?. Since then many

other varieties have been introduced frmn other c(11,mtries and d,;;vdope<l

do:roestically. Sorghum was grown primarlly as a source of sugar for syrup

until the settlement of the semiarid west created a <lcmm1r.l for drought-

resistant forage crops. By the 1950s. about 90% of tht: acreage of sweet

sorghum in the: United States was
grov.;

for forage.



wor1d. ln Africa, a major growing area runs across West Africa south of the

Sahara, through Sudan, Ethiopia and Somalia. It is grov.u in Upper Egypt and

Uganda, Kenya, Tanamla, Burundi llild Zsmbia. l( i:, an imro1iant 1.,Top in

1ndia, Pakistan, Th:lliand in central and no1ihem C:bürn, ,\mtrnlia, ln 1he drier

areas of ArgcntiJia and Brazil, Vetlerucb, L:SA, F:w1¡;ç. and Twly. The ;;rop

h:is spread over tbi.: drier are.1:; of ?Le world; it does :1dter ,.v"he,1 it i? dry .1nd

coo!, wher:::r,s pe.rl mill e? is hdtt:T :\ó1:;itd n àt;,' ho: cond'.tiDn-'. Smglrnm is ,1.

staple food for about 300 tllllEor. ::ieüple w<-1rlJwidc (,-vv,'W.jtum'.rition,org,

2009)

Sorghum originated in Eastern /\frie.cl 1n1d f11·st ciiver:,::<::d fi·,m1 tlie wild

varieties in Ethiopia 5000 years ;1g,1 (Andersun ;1-;iJ \.frutin, 19491, H¡;11c.e,

im..ligcnow.:. k.rrnwledgc: based :sNghum d;t;?i!kar.ion.and n,i1r1i11g hcts ct long

tradition. Farmers have: be?t'. gmwü1g sorgh1cn; for i1l k,1?l 5DD ycUJs iJ\'lekbib,

2007) Sorghum and milkl.$ hJ.vc bc::-11 lmpo11,mt ,,aples in foe ;,;rnü-:-1.r;d

tropics and prlntipal sources of ;:r.crgy, prot,c-(n, vitami;:i:;, and mi1,erals for

millions of people in 1..hesc regiam {F.\0, lLJÇ·S)

Sorghur..) was. first ,ksi:ribd by Lin.11aeus in l 75'J und.:.:r tl1c name: of

Holcus. Moe:n.ch later separated the genus sorghum from the 1--fokus. an<l rnarlc

the combination of Sorghum bicolor. Th? current fmmal taxonomic concept

·of the sorghum genus and species agree? wi1h the one established by Moe:ncl1.



as synonym to S. bicolor (L.) Moench (Snowden, 1998). The many subspecies

are divided into four groups - grain rnrghums, gra.;s so .. ghums (for pasture

and hay), sw?t sorghums fonm.:rly called Guinea \:om,
(

used to produce

sorghum syrups) and broom com (for brnoms mid b:i.ishes) (Anderson ami

Martin, 1949)

Sorghu,_,i bicolor med ilS ot11u species ,1rc grown iii the Nmi.h•rn sra:es

of-:-.:igeria \Vhich is ,,ne vf 1he five 18.rgcsr prnC.uC<:.,rs of the ceri;aL 1hcy me

grains, which hold a <laminam pNiLimi 8ml1ng am.hie C.'.rnps ir: Africa and

other parts of the world (FAO. 1995\ S,1rghum. is a }:.:nu,; oi' numewu:s

species of grasses, some or whith é'!K rn.i?ed for s'Jain and tlH\!1}' of wliieh are

used <IS fodder plant:, t:¡ther Cl1í1i1,,1Led m ,1, parl nf pt1sturc, lh;; plwts ru:e

cultivated in ,v,mner climates v,orli..lwid<c.
S;:,1.:ci..::.?

are

subtropic::.!. n.:glom of all

Ln tropicc1.l ar,d

in a<lJ.iti,Jn )l, Llic, SJ1.E1: W?:;1 Paci?ic nnJ

Australia (\'ht?on and Aridre-w. 1983).

Wild va.::ic-1Les ,1f s,•?gbuD are attc?ted a? ce.Jl;, a;; SOO() TIJJ in t:?,e

Nilotic regio:1s of Sou;hern Egypl alld the Suclaa, th: loclllion of its ln:e

domestication \víthin E:ist Africa arc still spccukitivc. lL ís widely held that

genetic separation of domcstkat.ed s. bicolur from it? progeniUJr <lir.l nnt occur

m1.1ch before the B,C./A.D-, clwngeover somewhere in EaM Africa, 'possibly

.

the Ethiopian highlands,
but more likely further \\'est.



than thi:; (2900-1700 RC.) in India, Oman and Yemen, although the identity

of the remains as full domestica.te:; is still J.lsputtd (www.mdidea.com, 2008).

According to Wikipcdia contributors (2006), Sorghum plnnt h,1:;. been

cultivated in Southern Afrlca for over 3000 years. SorghW11 bicolor i:, an

Afrk:an crop, which is wide:y Jistrlbutc:J. :hroughout tllç world, Dlfferent

cultivars arc found in different regions di.:pending on the climate. 11 is aJ,{plc-d

to a wider range of ecological i.:ondltiom. It is m,Htly 8 plant of bot, Jry

regions, still survives in a cool ,;vea!her as well as v,·atcrloggcd hahit.'lt.

2.1.1 Ecofogy

Sorghums exhibit dif!\.?rent h?ights and ::1c1tu.r!ty dat?s .::kp;:nJing m1

whether they me grain sorg:l-ic;ms

sorghums (Sorghum bicolor). Smlhn

s,p. l1icolor'?, fora.ge

(,)'r,rgfo1.,;1 bicoior sp. drum.tnr),,idii},

or sorghur:1-:Sudan gr.:iss !--.yhrids \Svrglmm llicolür x f,;rngirnm hicolor

sudanense) Grolhth chardcteris¡ics also vary depemling on ?hi.: location

grovm. inputs, and agronomic practí1.;es. ln g-ener;il, forage, ?orglmms ru·e

taller plants with later maturity dates and more vegetative griJ1-?1h lh<111 grnin

Sudan.grass and sorglium ?udm1grn.ss hybrids foll ir, bcrn<cen grain
sorghums.

gh s ín height (Undersa.nrlct, 2003).
sorghwns and forage sor urn.

10



Poaceae family. The grass blades are flat, stems are rigid, and there are no

creeping rhizomes. Sorghwn ha,. a loose, upen paniclc of short, few-flowered

racemes. As seed matures, the pa.nicle may dtop. Glwnes vary in color from

red or reddish brQWn to yellowish and are at lé'.ast thn:c quartcn; as lor1g as the

elliptical grain.. The grain is predominately ml or reddish brnwn (Kearney

and Peebles, 1969; Barkworth, 2003).

Sorghum is plm1ted from seed, u:;L1;illy in l'()WS and in spring. As it is a

little more frost hardy them maize ii .;;:;nbe pl:mted llp tmtll nlid-sum:1:.;;.r if Lh<.::

rnins are !:::te. The scr:tb .-irç plar;te-1". : 5 cm apart 1n

nature anr.l \'-'Ulcrr;:Ü if ne rni11

3-5cmDec:pin

Afkr lir:rvesting the

stalks: can 6::: u.sed for .:,il'.k- frwJ c,; '."ud. l'. ls best :o prn:.:tíç;; .;;ntp ,?1,ation a:id

gro\v sorghum o;:: th? same land cv;;,y 4 yecm ('"'wv, .m::lidc:il.1:-Dl'.1, 2008)



Plantae (rlants)

Subkingdom

Superdivis.ion

Division

Class

Orde,

1'rw.:heaobiunlu(vascular plants)

Sperm11tophyta(1>eed plant-;)

Magnoliophyla (tlowt..'fiog plaIJL<;)

lifiop.\ida (monm.:otyledons)

C)pera,lcs

Family

Subfamily

Tribe

Genus

P1!aceae (grc:ss famil}')

P,111içoideae

Amluipogm1,·a?

Specie?

2.13 Alternate /\'units of Sorgh,.mi bicolor

Alternate Common Ka.mes: S\.Veet soJ'ghum, wrgci forrajern (Spmlish),

durra (Africa), guinea com, bla-:k amber, chi-.:-ken corn_ ,11atter-:a:ie, wild c?nc,

broomcorn,. grain sorghum, forage sorghum, Sudangrnss

The genus Sorghum is a genetically diverse with both wild lStirghum

halepense and Sorghum propinqul.lm) c111d culllvalcd lSorghum bicolor)

species (Künber, 2000). Select va.ric:tíi::s of sorghum have ccmsiJ.crahly high

concentrations of phenolic: compou)l(ls and an1.iDxidant c11pacities that are

_l9Cated primarily
in the bran fraction of th.e grain. Flavonoids, pbenolíc acids

12



consist of anthocyanins, flavanols, flavones, and Ilavanones and the phenolic

acids are benzoic and cinnamic derivatives (Awika ,;¡ al .. 2005)

One type of anthocyanlu that is. unique to sorghum is 3-

deoxyanthocyanin (Awika et al., 2004). Smglrnm contains only non-

hydrolysll.ble ta;1illns as pro:mtl\úcyc.n'.dins. Of t!'.c tornl fillthocyanin i;m1ttnt,

nearly all black a.'ld hnw,-r, vaiic:ie? of scrg:,t1111 coc\ain 36-50'}-'(I ¡,if

apig.enirüdin & luteoliniJin, tw,, types (Dyke? and

Rooney, 2006). ·11ie prnanthoey,11J.i<lim a::1;; fo,1:;d inhigl1e?t. concenlrntions in

brov,11 Yarietie-s of sorghum. Tl:e phenolic. flavonuill an<l taunin eon\en!::i- vary

greatly among tht diff1:re-nt varieties ,:,f sc_1rghum

B
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2.1.4 PbJtochcmicab

Ph)'tochr.:micais ,ir.: defo:ed JS biuc.diH:' n(,n•n•.i1rient plant cur.ipnunds

in fruí<.,:, vcg.:tabk:s, grain:,; nnd o,:,cr plmt fol1cls li11kei.i to n:dut:ing

the risk of many chronic di:,e·c1.se.s SOCO plr,,:oche;;n.:ic;:.J:.; have b1c;;;::

ic!ent':fi::J l:Jt ? l,:rgC! peri;;c:ctagc still t·emún? undocu1r!entei.'.. 1'.Liu, 2G04)

Phénolic compounds 8.J'i! eme of Lhe nwst strn.lie,? pltyv:ichemi{:.:,;.b. Sorghum

brans can con1ain large concen1rmions of phenolic compounds (Awilrn <rnd

Rooney, 2004).

Phenolic Acids: Phenolic acid? arc further <livlded into

hydroxyibenZoic
acids and hydro.(ycinnamíc

acids and are pre?ent in all types

o-f cereal grains. Hydroxybenzoic
acids are derivOO from benzolc acid and

14



Caffeic, ferulic, and sinapic acids oonstihlte the hydroxydnnamic acids

derived from cinnamic acid (Dykes and Rooney, 2004). Phenolic acids occur

in cereal in both free and bound slates. Free phet1olic ac:íds are located in the

pericru-p and bound pher..olic acids are csll.'rified to cell walls in the endosperm

(Dykes and Raoney, 21J07). Brnv,11 sorghum (a l1Lgh-rn.1rnin category) is a

puticularly rich source of ferulii: arid wurnmfr acids (Hahn et ill., 1984).

Flavonoids: Flavonuids ;1Je crn:1pnur,J? with a C6-C3-Có ?kdcton that

consists of two arommk rings joint::d by cl

subdivided by their ditforem.:c5 in \he g-cn;;rii: sln1i:•.un::- oi' é11e heteroc-ydc

carbon ring as flavonols, flavonc?. llava11üls fcmechins_), füwanunc:s,

anthocyanidíru;, ,rnd i?oflavonoids

Some or the com1,wt1 typ>õS

vegetabks include fü;V(l!Wh (quercctin, bempfornl. :rn.::1 IT:yrit:din). Jlavones

(luteolin anJ apíge:1in), 11.,-,,,,.noh

liDL Tliey are

flavom1;ds frlund in frn'.t5 ,mJ

õ:pic:,arecdlln, ?pil,;ali,)ca1cchln,

· ·

11 t I il.:;.vi:u10nes (rn.ni.;1g:;ni11),
cpica?edlln gJ.l!ate, a.ad e;iigo.l.Lcc:a!e?t,1np a e,,

anthocvanidin"-, and isoflavonoids (genist,::in) (Liu, 2004). PlawmLlids

contribute the blue, purple am.l red -:olor:, ir. pla.nts. flavnno:ds possess

. .

l d' '!Dticancer antimicrohi,il, antívíral, anti•
various biological activities me u ing' ,

.

d antlthrombotic eficct:o. (Kim et al.,
inflammatory, itnmWlOmodulatory

an

15



flavonoid.9 in Sorghum. Il is knovm, however, tha1 different varieties of

sorghum have significant differences in both their type and content of

flavonoids. For exainple, blat:k sorglum contains the highest .amount of 3-

deoxyanthocyanins, an anthocyanln b.cki11g a C-3 hydroxylation in the C dng,

when compared to red and brow11 varieties,

Additionally, 3,deoxyanthocanin,<. apigeninidin and Ju[diniJin accounl

for nearly 50% oftbe to!al a.11thocymli:-1 cont"2m. The 3-deoxyanthocym1ins are

synthe&izcd within the surgb'.ml plant 1,) hc:lp ¡M,tcct Lt f;·;1:c1 ba?'.nial -and

fungal infections O .,_1 el al,, l 9':cl9}.

Chc?i:: comprn.rnd" may' prov,;: 1;:;efü! ,1s 11.itns'.I

hav<.: incre:.:isc:d st.:bil:ty in

colo1,1nts ;1s lhL.:y

C{m1p:'.rcil 10 other co111.C1on

anthocyrnüm four,d in frui!s cind vçgct:i'.llt'.s tln'. c:n.: t<.1s:ly convcr'.cJ to thclr

anthocyuniJin counterpart (üukcs rnd Roo:ié:y, 2•Jü4). EviLknc-e Ihm

anthocyanins in black sorghum are respunsible fur ÍLS '.ügh <-mLiL)Xid.ant activity

was confirmed by a posillvc correlaüo11 bdweeJ1 tntal .1n1l1úcyanin C(_1mcnl and

antioxidant activity(Awika et ni., 2005) .

.. , , orted to contai:: the highest umnunt of
Black sorghutn bran ,-..a? ro;;p

. ed to other varictie? of sorgllLlm with luteoforol c1ncl

flavan-4•ols compar

apiforol predomir.áting (Dykes et al' 2005)

16



(l!lo

Tanui.:,.s: Ta:,1\ir,s c..,11vc::?L , te, !e::ük: d.i.ring the laruJing

process. htn..:? thdr name condemc:11 La1111ins üT

11roanthucyanidins aLtd hydt·olys;,h',1; ti:1ü11s. lhe proa;11bo?yanidiin 111

sorghum arc mainly polyr,;crized ?1a,:aJ1-}-0l :.wd.'cJL" tbv,n-3,4-diol 1111..Í\S.

consisting largely of cated¡n l8S%"1 and cpicatcchin Sllbunits ?umiitc

bran (sorghum variety) contains n«:arly tillmins V-\wib et al 2003): this

stands in contrill.t to other varictie? whid1 1n.1y hie. rdatiYel.y

molecules.

As 3 sorghuin kcrnd mature?. the 11avonoid mom,mer units are

condensed, forming oligmneric proamhocymüdin polymers, Due to the bitter

taste of tannins in foods, man)' ty11es of h.igh-1at111in sorghum may prove

\L'!efül in astringent tasting foods such as dark chocoliit0.

of such

17



and protects the grain from mold gro1-vth (Hahn et

al., 1984).

Over 60% of the protlnthocyaninditl.'S ín sorghum h:..ve a degr?c of

polymerization over lO (Awika et al., 2003). Sirin, absorpüon CJÍ nwlei.:u.Jc'>

either by tl1e s?:in or GI Imel i? lar¡;dy dcp:ad,?111 upon t:11e siz.;: nf rrwlcculcs..

the bioavailability of :hese lar!;;e c,mrounds i.s in questiNi, Tl ha;, been

reported that proantho:.cyanindins 1,vilh degr?-.;:.:- d' polymerintion measurmg

les,:; than 7 were readily "ab?orbe-d'' i;; 1!1t: l.ntestinal epithelium cell

mono layer

Deprez er al, ( 1999) :,:howni lha! h:rgc pol:,mi::r., .are <lef,r::illed by the

colotJic microílora into ]()\?·er m0lect1lar ws"ighl plirn,,li? 3,;:id compounds th;u

can be ecbily abs0rb1.:,l, The siu:nificallú': t.,{ 1l1c:se- met:1br.1litcs tlml an:

bioavailability renew? i:itcrcsr in \he bi0lugic-:ü e:"fo;;c? (Cf
11ig11

mvkcu!?r

.

·. Condcnsi;d 1a:J1ic1s ?ave imu,y b-:ric::icial ¡::b.11·nncologi1.:,ü Lm<l

weigl1t tanruns

,tnti-c:im.:c:r, E:..nti-infü1u1:11arnry
biological cffi::cts; among ,J:¡;se :ire

-
.

.

T:cnnins h.:i.vi; pe>tcJlt ü.?ygen nr.d1cal sc,ivcngmg
and antioxidant propc::Mics

!
,,()07· Chius d oi., 20Cl6) :md c,m dfoctively inl1ibit

ca abilities (Xu er ª ·,
"' '

.,

p

. . ·ncd in LDLs (Sanc--h;:l-Z---f-Meno
et al., LOOO)

oxídation ofhp1ds e-ontm
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(Beecher, 1999) ?d are efficient iron anci copper metal chclators, reducing
oxidative damage to the myocardium (Beccl1er, 1999).

Pbytosterols: Cholei;terol-líke compounds. that are natural componcnis of

plant cell mcrubranes are called phyto.stcrols. Phytoe.:crnls mimic and compele-

with cholesterol abSorption in tlie GJ tract and can produce a cholesterol-

lowering effect These compound? arc primarily tnun<! in tb:- \Vax and bwn

fractions of cereal grnins. Sitost.:::rol, c<1mp<estoe-r1l au)

identified Íti sorghum. Awikzt and Rooney. (2l'Cic;.'., rcp;1rtcJ ;1car]y 0.5 ili_¡,i.; of

phytostcrob i:1 sorghum while eom cüritnins 0.9 m"

2.1.5 Applications aut.! ll&es of S0qdium fücolvr

ln hç¡,i(';: ami
Sorghum bien/oi' has extcnsi ,;e :ippliç11tio1,s and ·.1,cs

.

in Folk Medi61c iL i;; reportd w oe
medical aspect for ex_:impk,

diuretic, crnollirnl, in:oxiç¡¡1ct_ ami
antiabortive, cyanogcnetic, denrn)cenl,

s a folk r1,;,,rnedy for cancçr, epikpsy, fiux., ,m<l ;t0ma?h:i.che
poison, sorghum i

(Duke and \Vain, 1981)
.

R1 de-ia: th? ?c,,:::1 has bc1cn

The ,oot ;, used foe

m'ala::,:n:¡:':'::::fowLU:,,;,u,?,.,ii .gs. Ju

used for trcast disease ami u1c.1
.., ,

.

d
-

, •'cidH.l a..'l¿ in S!)Utli
on!;ídcrcd m1thel111icth,c ?ir? 111?ec,1 ,

Indía, the plant is e
•

aJe,1se L it :s used for eczemH.

. . combinatio:1
,,.,ri.th Erigcrm1 can ,

A.frica. m

dw:ijk, 1962)
(Watt and Breyer-Bran 19



constituents, vitamins and
rnlneraJs., fiber and as well as carbohydrates_ The

whole plant may be used as medic.inc.

The seeds or graim are edible and they a?e a ha?ic stap:e in Africa, the

Middle East, West lndies as we!! as Lati? i\..":1s"ric,1. Thtl seeds are grounded

i..::-.to t. meal, ar.d it can also b:.; gn:.rni,:Icd ir.to fü,ur to nnke breact. 'Chig cnn

1 also be used to make porridge .:ind (l:b?, staple mec:L and they -:cm be popred

just like popcom and eaten in ih;; same mann?r. J\oted llS rt forng.:, lhe gm.in is

also u.sed to feed animals. lt is cultivated h1 che United Sta:es mainly fr,r the

feeding of animals and is seen a? kving almos{ the S<'m<: n;1trilic.1nai Yalue? ,1s

2.2 '.'\Aj'\OTECTINOLOGY

Nanotechnology is l\li in-,p,?rt::ul fü:ld

de.sígn, syt,thcsi?. a..-.J m:mipul::uiün

re;;ec1rd1ikalir._gwith

struclu.?;::; rnngi::g from

Rei-:::c,rk.ók gJo\vtl1 in this up-
O,) .:oxirm:i.tcly i.- l 00 Ill1l ;ll orn:

_ .
__ ..

Ip

.
,,, has opc1?eJ nuvt:.i furtdmnenLal a,1:.i appl1d frontiers.

rrnd-commg tcclmolog_

including the synthesis
. - .

. ,

h 'sicochemical and optodectromc pwp?rt1es

their exotic P }

. ºdlv gainil)g importm1ce in a mmibcr of meas

Nanoteclwology
,s. rap1 -

.

·d envírm1menlal health.
, food and tee ,

are. cosmetics,
suCb as health e •

·cal induslries, electronic?, space
. iomeôical sciences. c:henu

mechanics, optics, b
21



rcorogr.aphy, . single
.
electron transistors, light emitters, nonlinear optical

devíces, and
pllotoelectrochentlcal applicatiom (Colvin et a{, 1994: V.tang_

1991).

Nanomatc_riab arc seen as soh:ition to maay technological .arid

environmental chalkr.gcs i:1 the field of ?(út cnc:,gy cmwcrsion, catalysis.

r::cdicine, ,ind \V..ter treatnkc:t. In the c-omcxt d t;lobal efforts to rcJucc:

hazardous wc1sk, cu::1tinuou?ly inçre,tEiLg dcrn.md of nari.om:i.1.eriuls mwsl

be accompanied by gn;en synth<:?is method:;.

Nanotedmology ¡? fündc1mem:1lly r.:hanging. ?he way i11 wlikh mHir,;Titil,.,

fobrinitect. lncorporJtion of nanoscaleare synthesized and devices are

hi: • nd tütther into nmlliD.1r.r.:Liem1!building blocks into fum:lional aa?cnt .e? a

''boltl1!11••,1p .:ippr,;x1ch", Kesf;';1rcL ?in thedevices can b? cichkvcd through .:t

- •

synthesis oi nanosizcJ ma·m,l

'.'.':'.:"::,i:,',::::nb,,:i''.::,i:::::?,:?::::
propeniec, like oploelcctromc, m.,gn -

,

J•
bulk (A tul et al., 2010).
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The term
"nanopartícles" is u?ed to des.cribe a particle with size in the

range of lnm-lOOnm, at leaM in one of the three possible <limem.ions. ln this
size range, the physical, cheaiii.'.<1[ aud tioi,1gical prnpcrtícs of the

nano particles chi.nge.s in fundamc;1tai \,;¿¡;, s from :he ¡;r?1pe1iiçs of both

individual atornsimG\ecu:?s ar.d v;' the
i.:ocr.::s_ponJjng bulk 1;1a,c:l'ials.

r,olyme::s, Qrga;;i..:s, l'arbou ,me:. ri ;L1ok::L<ks

cylinders, platelets, lubes Gi.:m:n.11:,

,:1ett th,; n<.:cd;; d' sp,:cir;c applic:•íi.01h fr,eysurface m0ditkatiomwilored Ill

, ... '

,-n,1t·nw1'? Ji1 i;r?itv ?1r iiie r,mw;:,:utlcles ,n1,,'.Q,
arc going to be u::ccd ti..,1 T!1 ?

hwn their wide clic111icc1.l

':e pc,1tid0s m1d mc,·st
,vhich the particles arce presem. tl'? sta::.- llf :füf?l'Sl ;;J of

lLe

Lile m::C:it.:m :li

imj'.t'.:tantly, il:::: nuf.lCJ\;\b
, ·

ç• rcrw a-clav?

,?. to sut;octd \ü '"' '¡ijs nn in,¡ccenn

'::::?".::,:·::::::;:,?,·i:,ccrn,c;,n,
?, 1 J1l u ... e 1 ,

Nc.,1, ¡
:lI,llks l,_\e '

, ..
- for nan¡.is.n',dc tl-' get synthc:ciz.¡,;d

. . .• are diíforent id.:al mct,iuds

át'e 1:C'.1,1,rnl pH,
times. TI,i.:re

ts involved
The following aspee

f hio11.
. nmentol friendly ,u-.

·low oost and enviro
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B<bzad Zolfaghari, 2013
). Mainly these mc1ho,Js foe

syothc,izi.og woop"'tic!eha.ve been developed in diffCrent methods in upcoming d1ys bec..:w?e ,1f thecost efficient and require
¦

Shanna, 2012).!
and Seema

2_2_2 Types of 11a:1op?rtidc.5;

Nanrip1n:cle? cm h br?iad!:, gn,L1¡x:J r1c.11:e:y, (IJgíllllC:

i

tilwliurn u.,idc :rnci

of imhle metalnanopar:.icks i ?'-

-
? ?ioJ1al i·er:;alili\-...

erial pro¡iertic5 v<1tl1 t.m
provide superwr mal

foa!:rcsDue to

â.bPn, ·,··.u:c"dtli? µ::i.rtic:??J
¡ ··¡ 0S ?

ILH);'g<lrúc'
imaging drug

?ge,:?:c::::i,',:,:?log,,, .wtl
potential teals o,

, '.u.,¿
rcr_,,_,:¡ui_:::,::::;'oJ

com¡,mibili.t
y,

,111,:
nonn:a:e?fol

hav._,_·?ce.,',·•··"";;·i•c:•·,?t-,••:.'•• _,.,. LD-,,

x 'llll,
.,,. .,.u

.
'

jç¡; l

rd rele:,se 1Jfdr1.1gs l
u<. features li!?e ,.,ide '

ie!ívcr)' ar,d cu1iro ,c

•J. .::_::i.:;g
Cl

, ·_C'apàbility oí target ...



. "f{ j.2,3 Optical Pl"operties of Nauu .

One parücular subset of
llanoparticle, i, ?., •1uantum do1 These acegenerally Particles \\ith

diaooetcr; of icss füw1 JG nn1, altlioagh in some casesUle particle size may b::: ru br'?t ris 50 rn11. They Jtc11•e redw:ps the most
distinctive s??relfl.t:ê:d pro¡:..:.nies of all 1:anop,t<cks. Qurullum dots arc! semiconducting nanoparticlcs whece then Jimcns'ons ace se sc,.clJ lhe sin of
the particle affects the intrinsic ba:1d g.:ip ofth.:: oem'.;;ond11c.(1_,r.

A simple way tc,i unJcrstfilld this i? lo Clms\der fl semiconduclN

consisting of a valence anJ rnnduvlim1 \i::m<l wr.icl1 :ne L\1? resL1lt or

bonding and :.i..nli:]onJing i.:l_::10:?ilralion c,f ;;rystcti i:Uice, A ?impk

,· ·ow, .. w ... L,?gi:i to fm? a t:l::·:ti:n;_,nn·,v'.lich;'or :.e L??.:.: ;;:i?nce

- '-? fin:.:] tm:k Elclt:;:'.I'ril.It ii' ti1i.:refo?e (;kar (hat a·
is constd::,-?d as ¡tJ,: b<.1,1J in ¡,,...

. '"·nicm1di;ctor p,1r1idc will nol ])..: <L

.

t the numhcr of !:ods 111 the s?,

J ·[rucrnrc will begi11 to

some pom

inlinite lat1icc [t1\d the b:111
s

good appwx:imaüon to an

1 üi'thc serniCL\!ldw:rn:· \'loslchange.
, f ¡\¡e bm:dga;:

.

a
widentng o

-
I o ton of im.:ident lightThis results in

t ropernef..
A

p
l

¡
minesccu P

.

n<luctor to theh'b"t photo
u

f the ser111co........ ,
quantum dots ex I J

the valence :)and o

?"'.•···:_ .

n fron1
·.:__l/? =:ite an electro



various possible fates:
recombination of tt:.e ckctrou and hole with theemission of light, trapping of the electron/hole in a defect in ch,:; crystal,reaction wifü the cap¡.1ing ager.t r?rnilir,g in ?;e-\,: me.:ian of,1 rn.Jical, readion

with the solvem to forn1 a :adi cal.

Mw1y o? these ¡;¡T;:,:-ss.::a ,,,:11
itJ :,_i<i:t?clcs wl:Jc'.1 do not

¦
"'

e,J40i; qi.:.;:i.;:iü1;1to:·,fi:.(;a-:-;:u· mir:Jn-,u;? i:nei?Y ¡q:..iir,:;J tu for::n

tlit siz? d-!:?re,,.,t? in J. q?tanLw.ni-

the excited state will inci-i;::.L?:::

confined system
..

i his minim;.m¡
e11c1"!,'.y

is th,c band.gap oftli(: ;xu-:;?:e. T!ii? i:,

a small but importam area ,.,,f narn .. 1ted1nology the would J:rLd

the reader to some excellent revi?>vs lit\ t.hc prcpa.-11<iun <1nd prupe.rie:, üf

quantum d11ts ifrnon: dcrnil is rc¡¡uin;:J

2.2.4 P'•ytofa'..:-rkat?_;:, of ??;iitvpa,'.'.?ks

The t?r:,l J1hy1ofabric::.tiün im.'.ico.tes

with th.: hcl;) oft;,.:; ¡,:,mt t,rnsür.c:?:s. J'Lct

a;id p:·c1¡?i,: C(,,-_¡_..;nL s1.é1 as ,.-,-hi:i: ..1re in the

reduction of ¡?1e subsll'G.!CS, ?u,::i a:'. silv;,;r nitr.:te, i1L1c"un1 d,kJl'i.:le, and t:t::inium

chloride, into their corresponJing mmop.11ticks sudl as silv1cr, gold, and

titanium. Thc:,e nanoparticles
have a ?vide range of !ht' r.ppli0atio11s iu the

:fid.cts ofphysícnl, chemical, material, and bi0logical sciences

na1,ot::at::ick?

l6



Synthesis of
Nanopartj_cfes

?::r,1

i,-

Nanopart;cJes can be
synthesized

physically, chcmkally º'biologically. Many adverse efftcts have been associated with chemicalsynthesis methods due to the presente üf some toxlc chi;mical ?bsorbed on thesurface. Eco friendly alternatives to Chern.ka) rind physical methods are

I
•

Biological ways of nanop:rrticle? synthtsis t1sing rn¡croorganisms( Khms n
al .. 1999: Konis:hi ef al_, t1007), enzymç? (Wilner c1r:d Wilner, 2006 }. fungus
(Vignes.h\',,aran er ,;·[._ 2007) ,m<l plants or plant cxna.;1s (Shm1kr, 2D04:

Ahmad er ui .. 20 I I
:1

The development th;:?e ceo friendh· mt1l1-0ds l(ii: tl:e ?•mthesi1' ni'.

·,

i

-¡

nanoparticks is l:'H'!hing Ínio an in:.pilrt.int brnch of :1,mot-tdtnology

especially sih·t"r nJ.t1úp8.rlides_ which :1:1\·e m11:1:, (Ami::ndJJiz ;:!

al.. 2002; Kim t'/ at .. 2(11 U: Kyri3?ou d ,1/ __ 200,;:1

2•2,6 lliosynthcsis of L\ano11articl1;s

For 1he bíosynthcsís of nanopartick · Preparall@ of brHa.nic,11 extracts

Bioreduction depends on reaction rr.lxture and inu1bation timc. l\am1p,n1ides

fonnation analysed by UV-Visibk: spcctwscopy, Ciw.rnctié'1i:,-11titm of

nanopanicles by SbM, TE?J, XRD. FT!R, EXD, Purifü::mion and ¡g

application. There are basic steps involved in the bio?ynrhesis (lfmmopartides

CKavitha et al., 2013; Jitendra et al., 20l4).
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Nanoparticles. can be
characterized by their shape, size, surface area

and dispersity (Jiang et al., 2009). For their <:harncteiization rnmc common
techniques are us.ed like UV.visible

spectrophotometer, dynamic light
scattering (DLS), scanning dectron

rnicroscopy (SE\,!), tr-<1.nsmis.sion electron
microscopy (TEM), Fourier transforms infrn.1-.::d

?pe..:tffJ"CDJlJ' (FTIR). X-my

=
diffraction (XRO_) & energy dtspersive

spcctrnscopy (EDSJ ¡Feldhc!ni and

I

FOS'-, 2002; !kpeur. :2008: Sh¡ivcrdi d '-li., 2{] 11
), a•.Jgl;'r G'.cctro:i .,pc.;;tro:,.copy

(AES), X•ray phs1tod:nrcn s.pçntL1scopy iXPS). ti1Le of ílíght scumJ,1ry iün

mass spcctrnmctry (TOF-Sl\.!S). low energy ioE scioll<.:ring \LF1S·1,
t'llllltr.g

tunnelin¡; microscopy rST:\1) and ,1lün;l,.; for·ct mlc\lscvpy (AFM:1, scanrnng

probe electron micrn'>copv (SPl'v[) l'.lL'

.

1

. -

··1?1· allo\\·s. idcnllfo::,1tion, cha?JclcrÍlaLi,,n 8-cdUV-Vis spcctrop1o!Um? ?

- .
. o ar•kks, Cic:ncrnlly 300-SUUrnn light w0ve!engi?1 isanalysis ot metal1c r.;m

P
'

-

iOOrnTI (Pcldhclm an<l
the characterization of S¡h. rangt.:: 2 w

,
-;

LISed for
- .

s med 1,_1 dmrc1ctenz.<'. tbc sun,1.s:c
"002). llle dvnamic light scauering (DLS_11

°'"
-

-

·.
.

tribution ofnanop1u1icles {Jiang d ui,, ""üt)9J

charge & the size dis

common method for sutftte-e and

microscopy is a

(SE\'!) &
Electron

.

S ··ann.ing electron rnicro?CDPY

morphological ch¡rracteri.wt1on.
' L;

-
d for the morphologicc1l

.

roscopy (TEt...-1)
are u?e

transmission electron mie
.

·romett':r scale (Schaffer, 2009). SE\1

!lllometerwm11,eharacterization at the n

"



compared with the SEM.

Char'1Cterization of
nanopmicle

Using FJU< is vo,0, oscfoJ fo, the

?
?

"I'

infonnation at the micron
scale, but TEM Jui,

a IOOO fold high,,- «,cJ<rtion

surface
chemistry becau,e the

ocganic fünctinajJ
gtoops c,n be determinedwhich are attach?

is used to examine lhe overn]I oxidmio,; ,,,,, ol'lhe panic'es as a""ª'"'" oftime, i.e. phase identific.1tion & '-ll"-'"'-''-"•-?.,,
nanopartick:s (Sun,:¡ al .. 201/J).

To knmv tlw clernental rnmpL'S¡liLw, ,1f mçt;¡¡ irn.nopanides p.ns is

used (Strass;:r o al., 2010). f'...ES & XPS. TOfSIJ\JS, ,rn1111i11g p:T•?e

microscopy tSP.'.Vll tedmiqu.:s elle impunant tlic prim;;,_•; .,urfaci;
of nanoparticks. AES and XPS are ustc' l\J de<tr:nir,c-. ?hr;; pr?,:o:;L11..·t,

co111posilion & thickness of mating on n:inop,u1ldc::s, .s¡¡rfr1;:e ::nrichmc:m anci

::::

S1TUC'lLJrc oft11?

depletion ar particle surfaces.

Somccimes XPS is us?J to dctermi11c pi,rtii.'lc size? when c0ndition.-,

are nor appropriute for a11aly.:;is by other methods. ror.SI\,fS is useful far

obtaining molecular information about surfa.;e k1y;;rs, ftu!nional groups whicll

In LEIS process the a11101mt of energy los! hy the ion

scattering process
due to a low energy ion beam can bt

29



clements presem in the
Outem,os, '"nace of >he material >mdec '"'?y,i,.Recently it is found thar it is usefü¡

atomic !ayees of a sample (Beoogecsma ,¡ ai 2007). ACM ond SIM prnvidesurface
characterization at the- atornic scall'

!!
•

30



3.0

3.1

3.1.1

CIIAPT

MATEIUAL
ER THRE

s Allio METnoos
MATERIALS

Phrnt Materi?I

Sorg/111111 hiwlar ?tr;m

Dril'J -?tlél\\ of .,orgiru1n f,i(·o/¡11· \\trv :he utilizd blom:,?s for this

resc-arch. Thi: plunt w::is g,1itcn th?m 1,.:ii::-il marki.'t. l_iebu-Tglio, Ogun Stare.

Nigt:ria_ The area has l\\O dlstim:l :,casons: rainy (:Vlan.:b/Ap?ll to Octohcr) rutd

dry season (Octobcr-/:\'oveml:ic-r lü l1,tan:J1/ApriJ) f(omrn:mi1y portal oJ

Nigeria, 2003
J.

The plant material was identified and authc:mica\cJ by a

taxonomist ín Lhe department of Sdence L:iboratory Tcclmology oí the

PolyLedm.ic.
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Apparatus, Chemicals and E .

The following
qaip.rnent

apparatus Were used
.

paper, funnel, pipette, Wash

tn this work: \\

glasses, me .

'batman No. I fütt:-r

flasks, refrigerator, and b

asunng c?lin<lers

eakers
Standard voltm1etr1c

I he chem11.:als ar.d n.-a

for extrnction of ,

gent:;; used in the ,c:-,;peri1i1t

plant material, AgNO

ms cJml ?úlvcnt used

chemicals used w· ,

3 :md
di$1llkd.deümird

ek of arw.lytical
L':l"<td'C'

- .

Á W."ltcr. All th?·

The fol10wi11,1 .

~ .

111:::ywcrcusedasobwin.:d

"' pio:¡;;cs of

Water hath, LTV-scannin"' "

<:'9Utpm .... rit \\<"re Lhc.:d \t11hlkil [lj[m,,•

, pn:1?ophn•on1ekr 1
'

Fourier Tr<Ulsfo I
·.

I erk111
l::Jn11;."" L111l(b '.25),

ml rl!Ja-Ri:'d (FlJR¡

3.2

3.2.l

METHODS

Preparation uf Plant material

rlant \Vt;lTÇ ?•n:.;t"ul'.y

lhe nano a, .•... •
.

. .

foe

p tick:-, :-.)nthcs1s. 1 Jw pLm\ mati:rial was cle:m..:d:ind air d1i?xl in ihi;

laboratory for 7 days, and stored in dr_y plm:c for fimlw :::maiysi?

fhc dried strav,· of surghum

3.2.2 Extraction of Plant .Sample l\·fatcrial

Approximately, 5 g of plant sampk material wa:;. weigl1cd usin?

analytical balance. I 00 cm} of distilled water was added w the plant ma1crial

• in a 250cm3 beaker. The mixture was Jeft for a period of Jhr for proper

),\,,?• to be done at room ,,ropemtirre.
The mixt.rr• wa, then filtete<l with

1?;?.:; .. ,

,.,
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filter Jlaper. The filtrate \(
n,noparticles - silver synthesis

""'°'<ling to Aluna,¡ and Sh,nn, (2012).

-I
?-· ?.... .·

....

?
Extraction Prm;!és?

31.3 S)ntbesi<, ofSilnT J'\°anoparticb(.--\?:'\l's)11?11.glh1;Plant£ur,u..1.?a170"C

5 ml of th,: pl:ml c:,;.tr,1L·\ was aJlled tci 50 ml oí ;he a.qLi<'ílllS siJv¡;r

nitrate solution 111\l). The n:?sul!ing mi.::ture vins ccmlirtu0L1Sly stim:d and

gradually hcatc-d until reaction solution cbangt>d ir1 colour. The hio-r<educ\i¡m

of Ag
..

ions 10 Ag O wo.s mon.iwn:d by taking ?¡irnpie? (5ml) at 5. 10, 15. 20.

25 minutes intervals of reaction timo::. Tt1c plnnt e:-.trntt acti;d ¡¡S the reduórtg

and stabilizing agents (A.hmad & Sharma. 2012) in this study
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-•
Sample bottles containin svg ., uthesized silver nanorarticles

3.2.4 Cbaracteri:rntion of s·¡ .

A
.

• 1 'er Nano particles

Perkm Elmer lJV-s,:a.1111- ,,lne, srec\roohotom't'·

determine the O
•

.
l

·
""r was use<i to

pli?a mc3rnrcrntnls. c..1nied out 3.t 45()

Maximum , .
.

. run wswlcngth rnng,

ahsorpl1Lm i1av<.:kngth Wê:.S detamlfücJ by pi;h;ing each aliquot

sample taken at ( ·

lll1¢ inter\als in qu,1JiZ ?un:ue operatcd at a re· I ( f

I d
..

I

.

'°""'"o

nm, l:Stil cd-dc.:wnizcd ,,,ner w3.'i used as reference sulve1,t

The photoluminesccrn:<:
uf 1\1e bio?ynthesizcJ. Jkmnparti::ks was

measured by Perkin-Elmer 1.amd.a 25. spcclrüphotomeicr.
lhe s.unples were

placed in 1 x l cm quartz cell, operated at a n;solution of l nm and mll.xinrnm

wavelength of 450 11rn s.o as. to dctcrITiinc the ab:;orbé,nce peak

The purified and dried nanopowders
were sub_jed¡:d W Ff-IR anal}'si?

to identify possible functional groups
which may :o.upport existence of cupplng

and stabilization by the plant extracts.



4J
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RESULTS AND
D1scuss1or,¡

RESULTS

UV Speetrolll<ter
absorbanc, "SUit on th, plant"""''Table 4.1: Absotbance of the extract at different time

Tl.\!F:(mins)
ABSORnA?CR

IJ.Ir:ill

10
0.155

o.os

0.131

o.:9

º'
O.HI

0.16

O.I?

0.12

I O.I

¡ 008
c.;

; O.OIi

¡ 0.0,1

! O.OJ

JI
15

O I

Tlme(mln)



?·)!Jpre
4.1: Absorbauce ot the Pl

t·?;,.
.·.

lat
extract

against .

?-· 4.1J FDR Result 00 the 8 ·ot ,

hme

;::-?·
)'

hes?ed nano .

Particles

I
l

- -
Wa.-el;gth i? ?m-i'

'ª ? "'' -

Figure 4.2: fTJR sp,.:ctrum of Ag- plant extract after 5 mioutes

The following ah?drptil111 pc:?s were Dbservcd i:1 th:: FTIR ?penrurn

of AgN03 nanopartidl.'é>: 375? .'.m-', 3464 cm·1 (O-li stn:tdiing\ 23(,8 c-:11·1

1640 cm·1 (C=C alkcnL" sln:lching). 13S7 cm·1 (C?c-H stn:tcilln!;). 1167 cm.·1

(C-O Stretching), 112 l cn-1·
I (('-O s1rctcbing,l, 54ü i:-rn-1 ¡C-ílr c-(rctchingl, 4S3

cm·I (C-1 stretching).
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Wovele-ngthincm-1

Figure 4.3: FTIR spl'rtrum (Jf :\.¡t- pl:lnt ??lr;1d :1ftcr 10 miuute?

in tlw fTlR?pectn.:r.1

of AgNO:; nanopanicks: Y/58 cm . 345() (0-11 s:retd1inr;\

1639 cm•! (C=C alk?ne s1n:1chingJ, 1387 l-m-i ¡C=C-H slre:;.;f-iin¡;}. 1121

(C-O stretching), 581 rn,-1 (( -Br wetching), 457 cnl1 (C-1 stretdiirtg}, 4rJ9

crn·1(C•IJ.



fJ.
?I

LIl :

Wavelengthincm-1
Figure 4.4: FTIR ?pc-ctrum of Ag- pla11t exrr,1a .tt'ter l5 minute?

The followin:,? ah?orpiiun l\.(T1.' ub?c::n?·J in cl¡,: FTJR ,;:¡:ec-<r1nn of

AgN03 nanop.:irtick< 375¡;; ;.:m·1 )--1-67 çm•: (U-H ?trçrfhmg), 2367 cm·1,

cm•I (C""'-C aJkcnc s1rctchin?J. l3S7 tlll-1 ((:=C-H srretd1!nf), I 129 rn1·' (C-0

stretching), 583 cm·' rC-Br slr,.:¡ching). 4(il crn-1 !C-1 ?m:1.:):ii,g)
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:i

.:I

Wavelengthfncm-1
,

Figure 4.5: FTIR sp?ctrum of Ag- plant ntrtH't afttr 2(1 minute?

Ag.s\/03 nanopanidc:-,: :_; 75) i.;:n{_ 3-+(ilJ cm-1 (O-ii s1rr-tc:hi1:gl, 23lif; c,;n
I

Hi39

cm-1(C-O
cm·1 (C=C alkcnc :,;tn:tclllnºl. t3iH cm-• 1c?C-H Sll'etding),

' ,r .. o. :.trdr-hin,;), 5S7 cm•l (C-Br s!rcrcbi11g\ 456 cm
i

Stretchíng), 1126 c:m ?-

(C-I stretching).
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"'iooo.

Wavelength in cm-1

Figure 4.6: FTIR Spc:ctrum uf :\g- pbnt rxlrnL"t .after 25 minutes

The followin:,: abs.,,rpti<,n pl·,,ks \HT.: obj?T\cJ in t'TJR spectrurn ,,1·

AgN03 nanoparticl,::; ."..9 lü ..::m·1 :-750 ç1!1·1• 3457 cn,'110-11 s'.r?td1ing), ?361

a1kene stretch.ln.!;'!,

l46g cm·' (C=C-1-1 strct..:hin,; I. 1387 çm" lC"'(-1! lt!<'"tchicg), l l 11

'¡C-1t),460crn·11C-I}
O stretching), 1098 crn·1 (C-0 sirctchíng,), 585 cm

(C-
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