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Abstract

The seadsact of Amomum Subulatum commonly known as bl
Nanoparticles (AgNps) via green route. The char-acsebli ecg
transform Infrared (FTayR)adcHpfamnt r(oRD)pyand Transmi ssion
techniquesvi sThepdJivtra showed sharp absorption maxi mum
synthesized successfully. The TEM measurements i faiwc ahte
hexagonal and trigonal si{dpesn. wiDtymasni ze L @mde Saefatl3ring
AgNps having negative zeta pot-emystadl | XRRiDt goof i r medptt diee
of i nohni biistiobserved by these nanopart incelgeast i avgea ibmasctt eg ri aam
exhibit a significant catahiyticpaBRIIVIi THe wsy ht Tesipzed A
and degraded theMethggheoedBeése (MB) and Met hyl ene Or aipg
confirmedilbby spéctroscopy.
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How t o:BGigtheel , S. , Khur ana, M., Gupt a, P. (2025). Charac
Synthesis from Amomum Subul atum: Investigation of its A
Degraddatuildretin of Chemical React,2dd) 4HAGi{rdewari Mg . B CHI/ Dbl

Per mal i nkhtD®ls: / / doi .org/ 10. 9767/ bcrec. 20374

1. Introduction synthesized using variot
Nanoparekbal st pumipeuas and reducing agents, t

compared thei countlerdue t method posing a serious
di fferempaesi icthar ac,tseurcihs environment. In recent
sizei,spersion, [drndT hsehsaep nanoparticles through gr
nanoparticles have di st extractsahead trlegpluse of
because of their high st [1.3]Gre.en nanop.artlclg S
The rapidly developing f!eld in -mater|al scier
made intelligent and wi biocompatible and easy
optical [f2eadt]JuAeddi,tAiccma ldli bi omol ecules and it do
sever al studi es: t hese dangerous chemical s. De
catal[ytilcand electroche percentage, gde@metproda
[ 12] I n gener al, silve are 1 nteresting prospegc
such as bi osensors, -basa
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nobl e met al nanoparticl e Eastern Hi mal ayan Regi ¢
in the chemical and mat e mar shy areas near strec
Met al nanostructures spice -kesowel fFor its dis
di fferent fields in t aroma and is commonly us
indusftédpsbi omedical res t he Hi mal ayan regi on,
employed for medicati on- Bhut an, and Imgiao Abeo
i maging and bi omol ec and Unani systems of me.
Il ntegration of green C is widely used in ethnort
nanotechnol ogy i s key of this herb include
research. There is gr ewm congestion, pain, st oma
friendly green nah®fpray ti otheail ments. Due to ad
doot use toxic chemicals analytical and phar maco
[ 15Flungi, bacteria, enzy t he popul arity of -brazt
are commonly wused in th medi cine, the therapeuti
silver nanoparticles (Ag i s gaining a new di mensi
the synthesis of AgNp 4 Recent studies reporte
Pineappolr¢ Kal md@hul 19] Ne contains high levels of
[ 20] On[i ] Shat[a2y2a]rNiagaf Ba@ assi st in reducing and
Shal pdr2mdi] Si |l ver nanopa-r [ 1430 1] These bi oacti ve
known for their [ 280n tHAB: antioxidant, anti mi c[r3xy
catalytic and optical Ci and antifda4Bpalanalgi8di &
demand and scarcity, t i nfl ammatory]| 44alnt¢ &audlacpetrc
expensi ve and di f[f2i9c]udit and hypolipidenmi ccopnnrmome
nanoparticles are congil bl ack cardamom (BC) i s
whi dhhere is the possib beverages, mout h freshe
reduction meitmotdoxiecsudhe medi ci ne. I'ts antioxida
[ 3®leing adsorbing onto t o provide heal t h bene-
mu st be removed i n an reported that bl ack ca+
resul t, medi cal applicat infl ammp49) gschitab¢tlidd and-
adver se Seof,f etchtesraen ur geni cancer proapmditi ées a ver
develop environmentally many potenti al heal th b
Nan®il ver has been sh¢ used i n removing Cld4 TaJin)
publications to have ne;/ Congo red f{d®] Wwat erur
and the environment. The protocol s, BC is used a:
ot her hand, all ows -foeel study, we estab-tompatai br
environmentally frien[d3. green AgNps synthesis f
AgNps are inert, they ha extract from bl ack car
[ 32] which i s i mportant reducer.
applications l' i ke they
easily conjugated wit[h3.: 2. MateriBbét aods
The si ze and mor phol ogy .
their activity, whi ch 2. Materials
preparation, solvent tyrg The Chemical s Silver
agent and temperature. Borohydmiide,optpmenol , Me t
surface pr opemaides tdfe mA Met hyl owern@er chased fr
bi osens3@bgd hyperther mi at Al dri ch Chemical s priv
delivery systems for t h Nutrient Agamwe amur chhiassce
material s, anti futngmdr i Hi media Laboratori esGrR¥w
abi l[i3tdhd =mtaigul ati yeB8.8dc positive bBaccitlelrusa MJCICt i4
Because of their ant i StaphylococtMui€CaBgaiénsy, -
such nanoparticles are negative bPascet uedroi rao n & s
items e. g. cosmetics, t MTCC 64Escher iMThGCa 1c6obliin
substantial contributior procured from GJU wunive
to agriculture and t e India. All the reagents
systems, and Hrthreiyd iufsieedr entire study wer e of
and treating plant disec experiments were conduc
|l eaching to increase cr. Doube Distilled water. 1
in solar and oxide batte further purified befor
cardamom i s t he dried Cardamom was obtained f
herbaceous pl ant iibrertafcés Pl ant authenticity of b
One of the foremost co done by RHMI,ScCPR,R New D
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2.2 Preparation of Seed

of Silver Nanoparticles

Bl ack cardamom seeds
pl ant exg rsaecdds 50f Dbl ack
gi ven -@ai mewvowashing with
water t o get free fron
particles, then they weCr
for 30 minutes and then
powder using pestle and
prepared dry seed powde

mLof di sti ll4edc dwabtod rl &d f
1.5 hours on mhg6eeThe p
plant extract was filte
paper no. 1, keeping S
experiment @&. use at 4
0. 4 of AvpMOtakewat ch
di ssol ved LafMiil wad ¢m Aln
thenmll®df plant extract v
the mixture wa% heat 80 &

magnetic stirrer, chang
yellow to dark brown in
AgNgd6lhe resulting Silywv
stabilized o[vee]lr 2 mont hse

2.8haracterization of Gr
Nanoparticles

2. 3UNMOVigectroscopy

An ul tr-aivéioblee spect
(Shi madzlu800yY was used
formation of Silver M d®
water as a bl ank. I n thi

mi xture absorbance was

and 700 nm. For r ecomldai
prepared coll oidal AgNps:s
a cuvette andnLdi I-@ iveat dn

2. 3TRManal yssi $ vafnoparti cl

I n depth anal ysis o1
di stribution, and aggr e
perfor med by Hi gh res
el ectron mi croscopky) .(T
synthesi zed AgNps col |
centrifuged at 10, 000 r
0C for 15 minutes. The s
for TEM measurements. B
the AgNps were sonicate
then Ql1Wwas pipetted out
TEM grid to make a thin
pl aced invanhat &©Or 80 1
order to ensur e its d
conducted at a vari ety
determine hhroparei ofes.

2. 3XBDst udy

Xray diffractometer (
equi pped -KArtaldi @ai on sou
monochr omator filter \
measurement. The spectre

of -82MWoféa2t the scanning 1
per mi hb6OE Average part
deter mi ned-SxyheDeelry eequat

D=Ki/(ac oé&) (1

|t consists of Kchaehes'e
ranges between 0.9 and 1
as the cshapel IfDatcg otrhe

crystallite size in the
the lattilkies plhemewavel e
rays source aissed hien wwrdDd,
at bhmalxfi mum) eofayt e fXrac
radi ansé iasndt he Bragg Téau
numeri caKdépehds not onl
of crystallites, but al
average gbBtzal biftes. I n
i nformati &knv ad fu es iazpep,r o X i

as 0.9. According to Scl
applied to averagel Bl]ze
2.3Fdur-Teransform I nfrar.
( F-TR)

I nfrared spectra of t
recorded using FTI R
(Shimadzu I R affinity 1
silver nanoparticle S
wavel ength r-40 g espm4 QO
after rqdbwWPs i prr the st
Wangt .oannl t he phar macol og
bl ack cardamom, and they
components -caneol Xk, 8MP6 h%
(0. 85%)ATeampdneol (7.92Y%
di scovered|[ 6BRTMIiR admectr
extract and the synthesi
[ 53]

Size and surface-Thbaactc
pot enatniteydr odynami ¢ si ze
AgNps were determined u
ZS, Mal vern I nstrument s
were centrifuged at 100C
t hen supernatant was
measurements. One ml san
was taken for DLS studie

2. Mpplicafi dgdNps: EC&t aly
Si|l M@amoparticles
2.4.1 Conver-sitomopbénop

aminophenol

wastes ar
causing

dustri al
onents of
stry and agrochemic
o phenol which is
l e compound but it «
a conveni esamiorc opnhpe
h further can be us
r i mportant compoun
stry. I n this repor
s place by wusing Ag

~—0os—w3—o0
QS5+ T 350

7\_0.3_"_"93'_"0.3_
O cCc ®O O T T cCc T S
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was observed by Uv spe
Mi I-Q iwater as bl ank. AmLf
of MM NaBH54Jo!l uti on was
mL of OnM pitrophenol s
i mmedi at e color change
guantitatively -Meassped:H
Subsequeritdfy ,mhgl/OmAg Nd sOwe r
added and t he recorded
reaction by scanning f
spectrophotometrically &

and graphs were plotted
wavelength usi[nsgs] Ari gi
experiment was al so ci@ami
p-ni trophenol, as well act
pnitrophenol Experi men
triplicates. I n this rez:

determined by the
nm over ti me.

chang

2.4.2 Reddgchdetof gany €s
Organic Dyes |l ead to
various water bodies. S

There are two chvairsacdtles
peaks in methylene bl ue,
caused by MB 5fadrdomdrher
peak at 612 nm resull 58] T

first peak originates f
di met hyl amine substitut
MB' s sul fur and nitroger
substitution of benzene
additional bands appear
245 andm?2%®TNo study deg
organi ¢ mglleso, utd ons of

(MB) and met hyl orange

Mi I-Q iwater . To study dnyle

of MB and MO were Omofix el
NaBHsol uti onOLarid mg®umAgNp
The degradati on of dy e
measuring the absorbanc
usi ngViUsv spectrophot omet
intervals and graphs v
absorbance and wavel engl
experiment wasdalilgioap e #

dye solution and Ad dviat
performed in order t o] 5t
Experi ments were perforrtr
2.4.3 Ant eftfa cadecryA N p s
The @rmtciteri al efficac
determined against f ot
i ncludi ngposGrtainv e Baaccti €
SUbtMTCG 4Sitlaphyl ococMTUG(
3160), ameég@t a me Msaecu dean
aerugiMioG@ 64 Escher i MhQC(
16521) on nutrient aga
di ffusion met hods. Al
obtained from Departm
Nanotechonol gy, GJU, Hi-¢

nutrient
prepared

agar plate of f
usingestendke

Air Flow hood. For evenl
plateL6&6D @&vernight cult
pl ates were wel/l |l abel |

straiTrheAgNgpsol uti on i s
di fferent concentrations:
to a sterile What man
size. Then the discs
trient agar pl atlelsacstee
Il ture. For the control
S maintained on each
cubateACatomB724 h in
X
a
r

o
=)

t day, t he pl ates W
meter of zone wafs imehi
each concentration
tbiacteri al
rain were
ameter of
bul at ed.

efficacy of
performed i1
each conc

~onp—r"az—"s05—
Y " 5SSO0 —TO®MSYCCS

N
N

determinat
Bi osynthesi :z

. K4n vitro
ivity of

QD
o -
—

synthesi zed AgNps
Xi dant act i viitpyh e
l hydrazyl radi cal |
radi cal OmnatiMe dDWPIPeH [h!
racteristic absor b
VWDiPdPIHe tr)adi c al absc
es by Scavenging of
tigxieandescol ori Asc
t of its convenier
adical scavenging
ree radical sca\
i s, di fferent v
, 100, 1590 @y[ 5180e0r
used a its vol umleby sadt
met han amldo ft hekmPH was
vortex it and incubate
contr oL mefhanol ma®DdPPH v
taken. The DPPH radical
terms of percentage riami
was calcul ated accordincg

O TO—~® T ®
TOoO< T o = =3
TY D Oo0o D0 —~m
T<C 9 >0 0O =~ — =
—s5QUT o < oo

r

assess
For

AgNps

—Qo oS o

t
(
n
0

[ 59]
DPPH rascawaéngi ngl %9 c &bssf
contTtADsSizampfADbsSizon)rbl 00 (2

wherAdssizontir® t he absorbar
andébsszampi & t he absorbanc
di fferent concentrations:t

3 Resudndi scussi on
3.1 Characterization of
3. 1U\Mspectroscopy

The UVsi bl e
i mportiaaftor mati on about
formation of met al nao
range, nanoparticle sol
bands that are caused b
pl asmons of Ag met al e

spectro
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information regarding tF
si g60rlhe syntdidgiezedanop
i mmedi ately spectroscopi
study. The spectrum whe'
reaction mi xt ur emL doifl ud e
di still edMiw-&tievratTehre.se r ¢
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not vary
mont hs of
lc) whi ch
phyt ochemicals to

significantly

storage at amb
demonstrates

stapbl

3.1TRManal ysi s

spechawe bbhewnFiigurlet lhas . . .
observed that the absor Transmi gbeonron micro
nanoparticles are |l ocat: have been conducted to ¢
nanometers indicates t h the synthesized AgNps sa
There are no peaks in t spectroscopic analysis.
bet ween 450 and 600 n morel early seen in the |
namarticles are not a i nseRi pdr eORBservations s
gesearchers have ?g types of synthesized
oroperties of met al nan triangul ar, hexagonal st
position and intensity a sgenFiigwrlesian the .DLS t
[ 61] Bl ack Cardamom seed st ze o.f the colloidal
vari ety of phyt ochemica determined to_ b e b_etwg_el
and phenolic compounds reason for wi doef dp asrttriich
act as both a stabilié synthesized Angs i_s_due
during AgNps production. gnd natural wvariability
was mi xed wsbhuAgNO t he in the pl_an—avgarxagGaCWalLZ
reduced to Ag atom,s " nm. DLS size is always
producel envaenlo particl es. [6.2]
g;zfézcznggat!”qg fogctAgiN 3. 1X-BRay Di f fPraagctteironn ( XRD
resonance (SPR) band cdfe: X-r ay di ffraction me
perfor med t o deter mi ne
AgNps. Aay Xdi ffractogr
a synthesized i 5i gholen 3iisn
from the peaks, 27.92 (
(112), 46.31 (200), 57.
pl anes of Bragg's reflec
with a lattice" unid. @a8bi
in good agreement wi t h
described by t he Joint
Diffraction Standards (
wi t h XtRlbe anal ysi s, the p
AgNps display strong n (
Plant AgNO; AgNps Colloidal which indicate their cr)
Extract solution Solution
3.0
(b) .
25
;32-0' 437 nm BN\
3 3
5
51.5 _(EGZ
o [e]
2.0} E
1
05
0%OO 3;0 4(.)0 4;0 5C.)O 5;0 600 300 360 420 480 540 600 660 720 780
Wavelength (nm) Wavelength (nm)
Figure 1. (a) Pictur esssoofl ukRli amt, AxgtNmpac tG o bA @NMI\A Il
absorption spectra of synthesized ;AgNpat stdabfériect
from O ta 2 month
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particle size al soetr elpi
(JCPD& 783 &-0 W18 as ed o}
observed relationship b
peakssimilllar planes éanak!
Using the Debye S[cth3]rrer
D=0.i@c o6 (3

whebDés the
of-rdy wused

cry$italtihe ewa
(& .s5&&l j wj d
maxi mgmWHM) é&insd the Br a
The average nanoparticl:
20. 73 which is in wel!/l
and TEM sUsuidnigBst.ag@g6s .enb
= d2si@a[ 64d,spacing i s, cad

spacing is f onum ch ttcdaistee. -
3.1. 4 Fourier Transfornm
(FTI R)

FTI Rpectr omsacsopwysed to
l ant extract to deter mi
tability to théeOhBmepa
omponents present i n
xtract can be identifi
pectr@.ofBlDack cardamom

record the FTIR

ofassish

sed to
he bioreduction
Fi gurETI4R spectrum of

p
S
C
e
S
u
t
i
extract before and afte
some peaks in the. 4R0Wi d
at 3259ji scmattri b4t esdt r ¢
vi brations of di fferer
compounds. The peakiadi)]
stretching vibratH oo nodf.
possible to assign thet:
aromatic ringos C=C str
phenolic @r osutprbest c@i ng |
shown by t he peak ™
There are additionalli bhahb
the spectra, t hat i s, i
to and following the re
1770 toldMd menar |l y i dent
to reduction and after |

intensities.

di fferent (
compounds a

of phenolic

stretching, varies slig
pl ant extractfThesfuedtute
present i n pl ant e XON Hxp
car bodsCWYWIOHY] , hyabrHg x y la n(d
(C=0) act as stabili
agenRbenoboH, al dehydes,
equi valents in the extr

reducét AgAg The di sapped
stretch peak -AtsttO8tlclansg
shiftdhei mpeak position a

the involvement of t hes
stabilization of synthec
3.1.5 Dynamic Light Scat
By studying t hes odatntaan
synthesized AgNps, it ow
their polydispersive i
hydrodynamic [&i53 metlesrisn
technique, the size of
AgNps was determined to
60 nmved age val ue was bal)
DLS size is always TEIM 6t
It i s t he Ssi ze of t he
120
32.27

105 | (111)

90 F

- 38.17 4613

S (121) (200

2 60}

[0}

g

§45-

30 F

15

0 Il Il Il Il Il Il Il Il Il Il Il

20 25 30 35 40 45 50 55 60 65 70 75 80
2 din degree)

Fi gBr eXRD pattern of s

FigwreHREM i mages of
nm (c) at 200 nm

synthesi zed

AgNps wunder di ff
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embedded
(sol vent
| es t hat det er mi |
] . The PDI repres

t al

d

c

7

n al[ 86&mpl 8ynt hesi z
%

a

d

i

wal |
e

on
wa

ue of 0.353,
[ es ar e monoc
g 0.7 indicate
t
e

~+ ® O

unf
val uan
ues cl os
natur e, c

pol ydi sy
The zet a

that i s
PDI
, Wi v al
doi spersive
icating a
oparticles.
total charge that a
ironment, as wel | as
geni c nanopaespoaoHdseisb It
el opment of propul sic
possible to deter min
oparticles i n a s ol
enti al There is a s
zeta potenti al of dadi
di stribution, as W
ever, although the 2z

O X9 Qg Too T

< O0O< OSSO NDOWOS ——FO0—-Q0oO0

i on
of
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100

Yo}
o
(2]
N
C-H Stretch

90

/

8oF C=C Stretch

N~
[32]
©
—

C-OStretch

70 -

e
Q@ O-H Stretch
N
(32}

Transmittance (%)

50 |

4000 3600 3200 2800 2400 2000 1600 1200 800

Wavenumber (cm™)

Fi gurFeFI R spectra of
Size (d.n... % Number: St Dev (d.n.
Z-Average (d.nm): 1 Peak 1: 19.07 100.0 5532
Pdl: Peak 2: 0.000 00 0.000
Intercept: 0903 Peak 3: 0.000 00 0.000
Result quality Good

Size Distribution by Number

Number (Parcant)

o
01 1 10 100 1000 10000

Size (d.nm
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hi gher than 30 mV or I
distribution remains S
potenti al val ue wasbb) .16
generally thought that
charge typically have m
are prevented from aggr e
3.2 Applications
3.2.1 Cacttail witsitilyov @ef nanop
3.2.1.1 Rediddtrioprh-B®@fp | p (

The synthesi zed AgNps
catalytic activity as re
nitro phenodami hntophpn
degradation efficiency
reaction exhfiibrigts qrscaird
a ramestodnt0. 422 miNauee®:
the catalytic activity
reducimigt rmphenoknowan wel
and very stabl e compout
degrade. To prevent pho-t
nitrophenol, the entirert
dark conditionsFki gAs,e-gpbo

110

—— Plant extract after reduction |

100 (b)
—~ 90
S
%80- N
E C=C Stretch
870- §\
E ™ O-H Stretch

60 |-

50 |

40 L L L L L L L L

pl ant

4000 3600 3200 2800 2400 2000 1600 1200 800

Wavenumber (cm')

extract Madudotif om eo fr.ep

Fi gwrSsshowi ng t he

Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -163 Peak 1: -163 1000 44
Zeta Deviation (mV): 4.41 Peak2: 0.00 00 0.00

Conductivity (mS/em): 2.31 Peak 3: 000 00 0.00

Result quality

Zeta Potential Distribution

400000 ¢

300000 {
'; 2000

1000

100 0 100 200
Apparent Zeta Potential (mV]
size distribution and

(a)
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phenol is co#awmémnbe@hiemiot 4-NP anAlP 4was de taesr rhiond v
phenol atFei giuores.lbow it)he a
maxi mum-noftrpphenol at p Degr.Btf i c( %BnAA)A] 10% 4)
after addismng ngaBdphenol
changes to ykot mabfduarod Because the concemwtasatioc
nitrophenol ate and absor as compared to the-N®onc
at 400nm. t he i mntierrcogrhv reducti eNiP otféAP4 by NaBH
i nteampnophewmeépll ate afte presence of silver nanopg
Howevarssi | ver nanoparti¢ in a pseudo fiorfstr earcdaetr
catalytic reduct-niotnr ogfh therefore believed that
happened very fast ast s concentration remai ned
absorbance ofnmedkcr¢eas reactFiigru.r estbows i tyWies Us/p e
nearly becomexayias alahdl the continuous-NPe dwdt4iuos
simultaneous fndrtmat ipdre nc AgNps antinl10 nterval s. Tt
by increase in abtdrmibmn} absence of Agiip € hi $lsii gvhe
we conclude that the re compared to AgNps as sh
10 minutes which is in =& rate formula is expresset
reported st (@®i]ésnasqgwent
nanoparticles function K= 1 & &/ Ati me (5
the redueNP obny odfecdr easi n
activati onlhenaerbgy.rbarPce The rate constant of
proportional to itsdsAdtnitt nanoparticles stabilize
t= 0 and its condie#fitrBas found tki dwer,ga méhci ch di sp
the formula below, degra l' inear associ atAlAgand et iwn
(1) B — aNp
\ —— 4-NP & NaBH4|
——2min
—— 4 min
;_\ Gmin
S., —ElgomrlT:n
3 —— 12 min
% —— 14 min
2 —— 16 min
8 —— 18 min
Q
<

200 240 280 320 360 400 440 480 520 560 600
Wavelength (nm)

\. . 400 nm .
ol © (@ e
ofs (© '\.
140 \ =3
. s
?m-s \. §2
Zi2to AN S
£ (] S
- [%]
12 F5 \. _2:1-
i3 }o \_
1 3L5 \
] ok
14 FO0
0 2 4 6 8 10 200 240 280 320 360 400 440 480 520 560 600
Time (min) Wavelength (nm)
Figua &Vvisible speafitaoofphdémldO.pdiM). 9 (cioin)secuti ve |
nitrophenolate ion with time int(emyalbhbpf (Zaimii)ymoprpe
(a) in presence of N@Gndm@alpalbysti nA@Mmse n(ce) ofF | oy pcsf
against time for Mmheropheasaami amtphempol using S(id
reduct i-roint rod pheami nonpbepol
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