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• Catbocuud Citric acid fonns self .....mbly structure at controlled condition. 
• Grapbeoe Qu;annnn dal:s (GQDs) demonstraa,d efflcimt and stable llooresa,x,e. 
• GQDs bas high lumilJ"Sl'fflCe at -vmiable pH and Tempernmre. 
• Reproducible ·lloon!soeoce foe prolooged period of time at ambient temperamre.. 
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1. lntroductioa 

ABSTRACT 

The present irm!:stigatioa deals with a comparative �I of various techniques for IN! syntl,es;s- of blue 
lnminesc,eoce Graphene Quantum Dols ( GQDs) using various equipmer!IS like furnace, domatk mia:owa.ve 
synthesiser and sdeotific: microwave synthesiser using citric add as a precur,or. A bottom-up method was 
adapll!d to develop pbololumioesa;nt (!'.I.) GQUs and � for luminescmc:e Jntensity of GQUs at different 
eoviroomefflaJ conditiom. The methodology requin:, VttY le.. ronceotration of NaOH to di,pcr,e GQDs. The 
prc,e,t approach is advantageous avtt od,er roovent:ional organic solvent mediated synthesis, as it requires less 
tim<!, e;,sy to reproduce and disperse in water, furthermore ir produces smble fluorescence for a longer period of 
time at ilillbient tmJperllMe CIIDditlom. 1be $YDlbesiud GQOs are primarlly charactedzed by UV fo.- detect.Ion 
ol !be DUOR!lttllCe intemity and simultaneously Uluaviolet-V.isible (UV-Vjs) specaosa,py and Fow:it:r 
Tcmsbm lnfta Rm {Frlll) Sjem • op) ID......., the up cmvemion from. the pcecac,or molecak. A pert from 
the9e redmiques, Particle Siu and 7.era Potential, Scanning Electron Mkrosmpy (SEM), Hlemental Analysis 
(EDX), Raman Spa.boswpj aod },1uottscena, spcctropholometty were used ID cbarllcter:ise synthemed GQl>s. 

From last few decades when the naooredmology starts exploring at 
the edge; becoming- a new area that represents small sized materials, 
structures, devices, and.systems. Nanometer scale size ranging between 
1 and lOOmn is aimidered the most promising application in Di!DO
medicine and odiel- tedmial approaches [l]. Novel tedmical aspects 
can be pcmible 1litb help of N/lnrwnatedab to produce an efficient 
system with wide raose of applications 5UCh as drug ddivuy systems; 
pefuanance based 11iedical.derices, dlagnostic materials, etc. (2,3]. 

The demand of nanomaterials has increased in recent years, due to 
their unique properties and structmal features. The applicalioo area is 
going to inc:nme day by day -with varying its phases or in different 
types of areas such � catalysis, biomedical. drug delivery and many 
mo.re attaS are still exploiting. Few of these materials iocludes the 
carbon-based luminescent nanomaterials (a.NMs), carbon quantum 
dols (CQDs) (<IJ, nanodiamoods [5], Carl>oo naDO!Ubes (OlTs) frag
ment and sw::face functiooalized Cl'm [6,7]. Grapbene qaantum dots 
(GQDs) tD name a few, are exp)oring more due to law toxicity, high 
1uminesceJce. robust materlaJ, cbemlcally inertness and ease for 
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Development of graphene-drug nanoparticle based supramolecular self 
assembled pH sensitive hydrogel as potential carrier for targeting MDR 
tuberculosis 
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ABSTRACT 

The Myc:obamrium tubetru/asis (MTB) resides in mononuclear phagocytes (macrophages} hence 
selective targeting at the molecular leYei using Graphene � (GO} Air Dried Hydrogef (ADH} is 
investigated in present investigation. The GO has capability to form supramoleOJlar self assembly, 
due to n - n stacking. and hydrogen bonding interactions between suiface groups of GO and 
oppositely charged drug molecule in presence of water. The hydrogel was fabricated using GO and 
Para-aminosalicylic acid (PAS) in solution phase. The fabricated hydrogel was lyophllized to obt.ain 
air dried. hydtogel (ADH). The ADI-I shov.>ed potent antimicrobial activity and in-vitro cytotoxidty 
against S.Aureus and E. Coli, and MCF -7 ceBs respectively. The Alamar blue assay demonstrated the 
invasive characteristics of ADI-I in MlB (H37Rv). From the results obtained so far we lead to conclude 
that ADI-I is more invasive compared to the equivalent amount of pure PAS. 
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Introduction 

Tuberculosis (TB) is amtn"buting major cause of 
death amon.gst global health population Smith [I]. It 
was considered diseases of the past but eventually 
about 30% of the global population are affected with 
TB. The world wide diseases burden comprises major 
causes of morbidity and mortality is related to TB [2]. 
It is a chronic, contagious [3], airborne (4), proto
typic [5) and fatal respiratory bacterial infection. TB 
is caused by the rod-shaped, obligate [ 6). non-spore-

forming aerobic bacterium [7]. In 1993, World 
Health Organization (WHO) declared that TB is 
a global threat for health community [8]. 

'Super Carbon' denotes the potential applications 
of Graphene, it is one-atom thick honeycomb lat
tice structure, two-dimensional (2D) sheet of car
bon atoms and is considered as the potential 
revolutionary material with electronic potential of 
zero band gap scmimetal [9]. Grapbene Oxide 
(GO), also known as grapbitic add, was discovered 
long time back (10). The GO bas large number of 
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tumor targeting 
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ABSTRACT 

The present investigation emphasizes on synthesis and characterization of thiol functionalized 
reduced graphene oxide (TrGO) as a novel platform for loaaing of anticancer drug methotrexate 
(T!©-Ml)(), through amide bonding. Thi� of graphene oxide (GO) was achieved by transes
tetification process._ The introduction of sulfur containing chemical groups and the partial reduc
tion of GO to TrGO were proven by analytical techniques. Thiol CQntent was found to be 6.98�M 
by Ellman's method in a quantitative manner. Furthermore. antineoplastic action of TrGO-MTX 
against human gllobfastoma astrocytom U-373 MG eel line was studied. wherein TrGQ.MTX dem
onstrated significant inhibition rate as compared with pure MTX. 

GRAPHICAL ABSTRACT 

OH OH 

� Ollklt (GO) 

� 

l1llollled Reduced Gnpllene Oxide (TrGO) 
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ARTICLE INFO ABSTRACT 

K,ywonl<: 
surfacepi.........,-
� •• piJtc 
G:apl>c1»-bil=I libc:r optic 
Smalla.oo.l�detrcticn 
Sensitivity mbaDC"""""
Naaoocmo, 

Surface plasmon rc:sona.ooe (SPR) o«.n <=q>tional advantages such as label-&tt, in-situ and real-time mea• 
suremeot ability tbal facilitates the SlUdy of molecular or cb,,niral binding events. Beside!, SPR lades in the 
detection of various binding events, particularly involving low molecular weigb.t molecules. This dr.swback 
ultimately resultrd in the development of several S<!DSitivity enhancement melbodologies and thdr application 
in the various area. AmDll8 � materials, grapbeoe-bmcd llftU()(.1)t:1tpo,ite samds ou.t owing to its sig• 
oificant properties such as strong adsorption of molecules, signal amplification by optical, high carrier mobility, 
electronic bridging, ease ol fabrication and thm:fon; have es.tablisbed as an impor.taUt sensitivity enhancement 
sub:suauo for SPR. Al.lu, grapbene-b;lsw D3DOWIDpa>i1es could amplify the signal p:oera,ed by plasmuo mate1 iaJ 
aod .increase tbe sensitivity d moleculat detection up to femw to aao molar Ja,ei. This n,vle,v � oo the 
cum:o.t impom,nt di:vclopmeuls made io. lhe polmtial. teseasxh aveau,, of SPB. and fiber optics based SPR for 
chemical and biological sensing. Latest uends aodcballeoges in engineering and applications of gra� 
nanocomposi� enhanced 2050n for dea:cting minute and low rona,nt:ration biological and chemical analytr.s 
are reviewed comptt:bemively. This ·review may aid m futuristic designing approaches and applicatioo of gn>
pbeneous seosor platfonns r« sensitive plasmooic nano-sensors. 

1. IDIJ'Odaction 

From its .inception, surface plasmoo resooaooe (SPR) technique 
plays a pteY8iling wle In the field of optical semom. The SPR bas 
evolved from a moderately impeoet:rable pbysical -phenomenon to an 
optical tool that islridelyused in cbemical and biological UM5tigatioos 
(Slavik ct al., J 999; Yamamoto, 2008; Zeng ct al., 2014) to study the 
binding eveu5 between two molecules of interest. S"mce its fiist inter• 
vention in 1990 bya Biamre p,up (GE Healthcare), the technology has 
established expooential. growth in the last yt:arS, which is evident from 
the iDcrease In the mmiber of publicatiom as well as the number of the 
methodology developed, till 2019, total of24,148 papers are published 
as per PubMm se.m:h dalabase (Fig. 1). 

SPR tmllllque is advantageous in tenns of an ln-.silu,Jabel.free 
methodwitbealnomical and ease of fabrications as compared with the 

• Corre!lpcodlng: lllllbor. 
E-mail ad<hss: rxpaulpr:ivin@yllhoo.co.in {P.O. Pad)). 

1 Tbe,e audxucmtribuud equaDy as .lilJC alllbors. 
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electrocbemical and other methods (Men-.-e, 2001). The SPR phenom
enon occms in between the me131 surface of sensorgram with specific 
molecule recognition elcmmt and a medium either VllCllwn/air or Ii• 
quid. Whenever there is -m:ognltloo of the partkular molecule specific 
to the site/scaffokl/receptoc of this element. it results in the chilll8e of 
the $1U!ace of the metal, causing an angle shift as shown in Fig. 2(i). The 
shift resulted due to the changes in the refractive index (RI) at the 
surface of the metal. A � SPR sensor either wo:b in the angular 
interrogatioo mode or the wavelength inter.rogatioo mode. Ar 1he re
sooance wavelength or angle, the dlspea:ioo relation of the Incident 
light matche! with that of the 5'll1fBce plasmon, at which the refleclllnce 
shows a dip as seen in Fig. 2 (ii). The refleclance dip is attributed to the 
txansf'er of enei:gy � by the pbotoos incident to the surface 
plasmon and is more sensitive to the changes in the dielectric medium 
adjaca1t to the semor surface (Ekgasit et al, 2004; Vasic et al, 2013) • 
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Fabrication and characterization of colon specific eudragit coated graphene 
oxide microsphere for sustained delivery of tramadol hydrochloride 
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ABSTRACT 

Present investigation reports a straight forward method for synthesis of graphene oxide (GO) follpwed 
by fabrication d graphene oldde microsphere (GMS) using water in oil (w/o) emulsification technique. 
For coloo specific drug delivery, enteric coating is"desirable, which was done using Eudragit S100 and 
characterizedbyfouriertransformlnfraredSpectroscopy{FTIR). lhesu_rfacemorphologyoffabricated 
microsphere was confirmed using scanning electron microscopy (SEM). Drug loaded microspheres 
demonstrated a high pa'/load capacity for model drug tramadol hydrochloride (Tml-l). The compara
tive In-vitro drug � showed around 72.37% release from uncoated microsph�. whereas 
eudragit coated miaospheres retarded the drug release uptO 1 O h. 
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1. Introduction

Ari inftaromamry Bowel disease OBD) intensifies in many 
traumatic conditions such as ulcerative colitis. Crohn's 
disease. amebiosis. colonic cancer, etc. Specifically, IBD is 

most common functional.disorder in colon region.I' 1 Due
to many transportation barriers such as acid reach envir
onment in stomach. differential pH condition and larger
micro flora in small intestine, therapeutic agent is unable 
to reach at.the colon site. 121 It seems to be very difficult for
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Abstract 

® 
CrossMark 

Graphene quantum dots (GQDs), impressive materials with enormous future potential, are reviewed from 
their inception, including different precursors. Considering the increasing burden of industrial and 
ecological bio-waste, there is an urgency to develop techniques which will convert biowaste into active 
moieties of interest. Amongst the various materials explored, we sdectively highlight the use of potential 
carbo.n containing bioprccursors (e.g. plant-based, amino acids, carbohydrates), and industrial waste and its 
conversiou in.to GQt>s with negligible use of chemicals. This review focuses on the effects of di.lferent 
processing parameters that affect the properties of GQDs, including the surface functionalization, 
paradigmatic dwacterization, toxicity and biocompatibility issues of bioprecursor derived GQDs. This 
review also eumines current challenges and the ongoing exploration of potential bioprecursors for 
ecofriendly GQD synthesis for future applications. This review sheds further light on the electronic and 
optical properties of GQDs along with the etkcts of doping on the same. This review may aid in future 
design approaches and applications of GQDs in the biomedi<:al and materials design fields. 
Keywords: bioprecursor, quenching, GQDs, graphene, funcrionalization of GQDs, hetero-atom doping, 
fluorescem material 

(Some figures may appear in colour only in the online journal) 

1. Introduction one of the most celebrated and fascinating 'wonder macer-
iaJs' and is UM:Stigah:d by many bnmches of scic:nce. The 

With recent advancementll in material-. sciencei; and advanced grapbene family includes grapbenc, graphene oxide (GO), 
materials, resean:h on the cost of the effective synthesis reduced grapbene oxide (IGO) and grapbene quantum dots 
or malerials hilS gained a lot or allenlion. 0rdphene is (GQDs). Grapheoe-based nanomaterials generally exist as 
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Abstrad 
Surface grafting of nanocarricn could modulate their properties and characteristics. As carbon nmotubes 
synthesis is a very tricky process and .requires high-end methods, hence the present investigation was aimed 
to develop an ero-fuendly method for synthesis carbon nanotubcs (CNTs) and subsequent surface grafting 
for enhanced drug dclivery application. The present study clab orates two-step chemical modifications; 
wherein the first step is catalytic cleavage of natural precursor in the presence of ferrocene and the second 
ru:p involve chemical grafting of Ac..-yclovir {ACV) as a moJel drug to understand the drug rd ease behaviour. 
Toe catalytic deav:ige of sagan;ane cubes (natural prccunor) was carrird out in a dosed copper tube, which 
prevents 11xicutiun ilnU results in a convi:n.ion of tubufar nan0$lroclures to .unorphous carbon. '(he cov.ilenl 
attachment of ACV on purified CNTs (fCNTs) was done using carbodiimide chemistry. The preliminary 
Uv-Vis absurl>ana: spcctr.i. dclineil at 260 nm w-.u ariseJ duie lo ir-n• stacking of ilTOmalic C-C bonds. lbc: 
Fourier Transforms Infrared Spectroscopy (FTIR) indicates the hydroxyl stretch at 3300 an-1 while amide 
I bond formation was observed at 1672 cm·•. The XRD spectra confirmed successful synthesis of CNTs. The 
cakulated a.wnge crystallite size {Scherer equation} of synthesized CNTs was found to be 42.84 and 44.45 
nm; it"Wall alw lll i!CCOrdance Wit!l the rnorplwlog!Ci!-1 oh�rvatiop. � co11finned simultanro� using SEM 
analysis. The covalently attached ACV was released up to 80'l' during 8b of in vitro drug releue stud}! The 
surface grafting potential of CNTs was found lo be promising compared to other nano materials. 

Keywords: Acyclovir, Am0Tphous Carbon; Cm-bodiimide Chemistry; Natural Precursor; Purification. 

Howtodtc tlliavtldc 
Narkhtdt It.Morr Mv Potil S.,PorJ P., Potll A. DtsJanukh P. Ea>-JrlnulJy sy,,lhais of surfaagraftt4Carlxm nanotubajrom 
�at«S far thedewlcflmmt of pn,/onged rdcwue lhgddmrypltltfemt. Int./. Mmo Dmtffls., 2JJ2l; 12(3); 2ll-22l. 

INTRODUCTION 

Even thouah the investigation on allotropic 
forms of carbon was begun before 1990, but the 
most intuitiv& form of carbon allotrope i.e. carbon 
"'Corresponding Author Email: pkdeshf!rediJfmoiJ.com 

nanotubes (CNTs) were reported in 1991[1]. 
Numerous classical approaches for the synthesis 
of CNTs are reported by academic researchers 
and industry experts for their promising 
physicochemical properties. In case of CNTs, the 

j{cm ThlnlllkillicaucduadcrtMCmlneCommou.Attributioa4.0intmaatioaalI.lmuc. 
To view a copy cf thla U«me, visit http://creativ=immons.org/licenses/by/4.0/. 
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Fab r i cat ion of N-Dop ed Grap hene@TiO 2

Nanocomposites for Its Adsorption and Absorbing 
Performance with Facile Recycling 
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Abstract 

The present work aims to synthesize nitrogen,doped reduced graphene oxide-titanium dioxide 
nanoc omposile (N-rGO@TiOJ using a simple, ecosfriendly method and its applications in 
spectroscopic detection of heavy metal ions soch as lead (Pb,.), mercwy (Hg''), and chromium-VI 
[Cr(VI)) in potable water. Initially, TIO, oanoparticles loaded N doped rGO sheets were fabricated 
by an ecological method using Gpssypium him,fum (cotton) seeds e.'dract as a gn:en reducing agent 
Then. the N-rGO@TI02 oanocompositcs were subjected for characterizations such as spectroSCopic 
techniques, particle size aualysis, u:ta potential analysis, and spcctmscopic sensing. Notably, the 
n:sults af this smdy confi.rmcd thal N-rGO@TJO, cxh!l>ited coDDtlcss stupendous features in tcnns 
of sensing of an analytc_ BricOy, the U\t-visible spccuoscopy and Fourier tr.msform infmcd (FTIR) 
spectro$COpy collfinnctl the successful synthesis of N-.rGO@TiO,. T.be SEM images showed the 
wrinkled, folded, and �-linked network � that confirmed the surface modification and 
nitrogen. doping in the tGO sheet and syntbesis or N-IGO@TiO,. The EDAX study confirmed the 
elemenlal COl!p)AUOD of the N-tOO@TiO, mnocompositi:. Fill3lly, due IO the larger surface aiea, 
porous � high efectron mobility, etc. the N-tGO@TI02 probe provides the lower detection 6mit 
for Pb"'. l:lg"· and Cr (VJ) as low as SO nM, 15 µM, and 25 nM, .n:spc:ctivcly. Concisely, our study 
affirms the admirable scmmvity ofN-r00@1iO, naoocomposite to the Pl?', Ht'· and Cr (VI) in 
potable waier can provide better environmental remediation. 

Keywords: Graphene oxide, N-rGO@Ti02, Na.nocomposite, Cotton-seed, Heavy metals, 
Biodegradable, Sensing 

Introduction 

Over the past two decades, graphene-base d  
materjals are gaining tremendou s attention from a 
scientific fraternity in various fields (1-3]. It may 

because of its astonishing properties and potential to 

revolutionize the scientific sector (3-5). Graphene can 
be used to fabricate several dimension materials such 
as 1D nanostructure [6), 2D layer stacked films [7], 3D 

graphene hydrogel [7-9), and aerogel [10-13], etc. Out 

h11p://www.nanobc.org 
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1. Introdac:tion

ABSTRACT 

Gout is the world's most popubr inllammatOI}' :uthritis and the prevalenc,e of gout is r:ipidly rising worlch<1de. 
'l)lpic:illy, gout develops in a single joint as exces.sive swdling and intense pain wherein exeessive deposition of 
uric acid (UA) ay.tals results in inll.munation of the joint .Accordingly, UA is considcr,ed ;m effective biomarw 
(o diagno&e gout. Reeentl}t, th,e tR of imlov� sason bas attraded great attt!Dtion, as it � dwttless,
n:sponsive, 4uiclc, 3Dd powmul. � w, l!:ldition:tl � for UA =-ment :ire widely used, they I"""' 
=Y limit:1tions :ind hu.n:lles in terms ol ..,,,.;tivity, S<Ole<:tivity, and simplicity. In this vein, metal ions and 
organic ligancl-based mc:taH)zpnic fr.unc:wotk (J,!OP) hav,e gained much att.:ntion !or lh,e recognition ofUA duo, 
to its liuger surface an,a. porosity, high =itiv:ity, and defined selectivity. 1n this review, w,e provid,e details on 
tbc lat,est devdopments of MOl'<enlfi"'1 m=rs for sensitiv,e ddection of U/1. Tho, status of gout, funda· 
m,:,otals ol MOP, .ind MOP avaiJcd for detection ol UA have been el:Jborared. Beside&, we hlghligbted the 
D.IDOpruticles :ind CDDjuptes tbalt n,iy OD ad\';lDc,ed str.:ill!gies lllong with MOP that boost tho, =ltivity and 
se1ectivity towards the UA. lnterestingly, differuit surface :m:hitectured MOFs biosensors showed a lower 
detection limit far UA m,m µM I.a nM. Pin.ally, the thn,ats and potl!lltial oppo,tunities for MOl'.:based UA bio
scoso.rs h:iYe been suaun:IIi:r.ed. Th<,re{� b:m,d Oil ongoing n,sean,h, the rotllDl=ialization ol this advanced 
platfonu lice !be biocenciJ18 ol diverse l>iomatk.en will open a new do« foe the in vitro diagDo.sia of -,rt,,d 
diseases. 

Prom its ina:ptioa, arthritis is a severe health i� oi a joint in 
almost all developed mid dewdoping nations. Arthritis is a term that
derives from the Gms word "diaeese of the joiJJt." Commonly, it can be 
stated as acute ioflammali'lll 0£ chronic ioJlammalioo of the joint that is 

somdimcs with the effect of pain and :sometimes co-exists with struc
tural damage (l]. As many as ioo classes of arthritis have been char
acterized acaxding to the research. Genetally, it can be c:Jassifled into 
two type•, namely DOD-inflammatory arthritis and inllammatrxy 
arthritis. In the fint category, non-inflammatory arthritis is commonly
known as osteoarthritis, while inftammatory arthritis is ca�orized 

• Coaespalldiag author. 
E-mail adofresr: o:patilpravin@yahoo.eo.in (P.O. Pa!il). 

l Tbest: authom contnl>uted equ.illy :II fiat 3Ulhon. 
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Green synthesis of Fe-doped Ag-loaded 
I 

reduced graphene oxide ternary 

nanocomposite for efficient photocatalytic 

degradation of toxic dyes 
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Abstract 

® 
CrossMark 

The green synthesis of iron nanoparticles (FeNPs) doped and silver nanoparticles (AgNPs) 
loaded reduced graphene oxide (rGO) (Fe-Ag@rGO) nanocomposite and its applications in 
methylene blue (MB), malachite green (MG), rhodamine B (RB) degradation were reported. 
Initially, AgNPs loaded rGO (Ag@rGO) nanocomposites were synthesised simultaneously by an 
ecological method using Tamari11dus indica shell extract as a green reducing agent. Then, the 
doping of FeNPs into rGO@Ag nanocomposites afforded Fe-Ag@rGO nanocomposite. 
Interestingly, the finding of this study confirmed that the Fe-Ag@rGO nanocomposites exhibited 
countless stupendous features in terms of dye degradation. Briefly, the UV-visible spectroscopy 
and Fourier-transform infrared spectroscopy (FTIR) study confirmed the synthesis of Fe
Ag@rGO nanocomposite. The scanning electron microscopy (SEM) images showed the 
spherical shape with cross-linked network structures that confirmed the surface modification and 
synthesis of Fe-Ag@rGO nanocomposite. Finally, the dye degradation potential of the 
photocatalyst was found to be 97.20%, 98.43%, and 97.33%, for MB, MG, RB, respectively. 
Herein, the improved photocatalytic performance of the Fe-Ag@rGO was found due to the larger 
surface area, porous nature, high electron mobility, and synergistic effect of the Fe-Ag@rDO 
nanocomposite. Additionally, the effective interfacial hybridisation of 'Ag', and doping of 'Fe' 
on the rGO sheet extended the duration of the photogenerated electron (e-) hole pai.rs that can 
also be contributing to dye degradation. Conclusively, the present experiment provides the new 
Fe-Ag@rGO nanocomposite to the dye degradation, which could be improved environmental 
remediation. 

Keywords: dye degradation, nanocomposite, Fe-Ag@rGO, Tarnarindus indica shells, graphene 
oxide, Green synthesisClassification numbers, 2.00, 5.00, 5.11 
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1. Introduction

Today is the era of accelerated industrialisation, which 
seen rapid developments and has played an essential role 

C 2021 Vietnam Academy of Science & Te 
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nd water samples: current challenges and future prospects 
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stract 

anophosphorus pesticide (OPP) is regarded as an important food-chain and environmental contaminant that causes pri-- .__..,,. 
acut� toxicity and numerous severe health issues. Therefore, the minute concentration of OPP present in food materials 

environments needs to be identified before it causes any brutal harm to lives. Despite the plenty of merits of qualitative 
d_quantitative sensing methods, the lower sensitivity, poor selectivity, detection speed, etc. towards the interest OPP are 
�or drawbacks. Nanoparticles have attracted a lot of attention because of their unique and intriguing features, which have 

variety of applications including sensor development as compared to their bulk counterparts. Recently, the structural design 
fnanosize-metal-organic framework (MOF) is gaining huge consideration from researchers for sensing applications owing 
their ver�atile and tunable properties. Additionally, MOF-based sensors offer the rapid, simplistic, selective; and sensitive 
nsing of interest analyte. The present review provides brief information about OPPs and their toxicities. The emerging 
nds of structural design of nanosize-MOF including their properties have been summarized. Finally, nanosize-MOF-based 
uorescent sensors, electrochemical sensors, and colorimetric sensors have been discussed with central focus on sensitivity 
d selectivity to OPPs. Due to the higher surface area, rich topology, ease of structural tunability and functionalization, 

unable pore size, plenty of binding sites, good adsorption potential, excellent charge conductivity, and chemical stability, 
c., MOF based sensors are endowed with the ability of OPPs detection upto aM. Hence, MOF as nanoporous sensors can 
preferred as an excellent alternative for highly sensitive and selective recognition of OPPs in food and water samples. 

Sopan N. Nangare and Sayali R. Patil contributed equally as a first 
uthor. 
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Design of ((Turn-Off" Fluorescent Nanoprobe 
for Highly Sensitive Detection of Uric Acid using 

Green Synthesized Nitrogen-Doped Graphene 
Quantum Dots 
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Abstract 
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Green synthesized graphene quantum dots (GQD) have been doped with nitrogen in an attempt to boost their opti
cal characteristics and application sectors. In the present investigation, the blue luminescent nitrogen-doped GQDs 
(N-GQDs) were synthesized by single-step hydrothermal synthesis using tamarind shell powder as a precursor. The 
particle size and zeta potential of N-GQDs were found to be 11.40 nm and be -35.53 m V, respectively. A quantum yield 
as high as 23.78 % was accomplished at an excitation wavelength of 330 nm at neutral pH. It gets quenched sensitively 
in the existence of uric acid (VA) combining static quenching, electron transfer, and an inner filter effect mechanism. A 
linear range was obtained for VA from 10 µM to 100 µM, with a limit of detection (LOD) of 401.72 ± 0.04 p.M. Addition
ally, the N-GQDs were selective toward VA in presence of metal ions and biomolecules that indicated its impending use 
to monitor VA in clinical samples. In conclusion, this work demonstrates that the N-GQDs as a sensing probe for VA 
recognition with notable advantages including socioeconomic, simple, and less lime-consuming methods as compared 
to other methods. In the future, it can be potentially explored as a biosensor for UA detection in clinical samples. 

Keywords: Graphene Quantum Dots; N-GQDs; Uric acid; Biosensor; Tamarind Shell Powder 

1. Introduction tabolites in blood or other biological samples. Therefore, 
a rapid, responsive, precise, and cheap method of assess
ment must be developed to track such metabolites in body 
fluids including serum and urine.5 

Principally, UA (2.6,8-trihydroxypurine) is the pri
mary product of purine synthesis.1 As per literature, in the
general population, UA is referred to between 0.13 mM to 
0.46 rnM and 2.49 mM to 4.46 mM in serum and urine, 
respectively.2 As we know, the abnormal levels of such me
tabolites in body fluids can cause several diseases.3 Plenti
ful literature revealed that the increased UA levels in body 
samples are indicative of hypertension, gout, cardiovas
cular disease, kidney disease, high cholesterol, and many 
more.4 In comparison, low concentrations of UA are also

196 
connected with multiple sclerosis and oxidative stress.5•6
lo diagnosis and healthcare, it is crucial to quantify me-

Literature survey reported that electrochemical 
sensing,? a colorimetric method,8 a chromatograph
ic method,9 etc. are currently engaged detection tech
niques for UA in different body fluid samples. However, 
some in-conveniences such as complicated synthesis or 
challenging extraction, advanced equipment, expensive 
and tedious limiting their practical uses, are present in 
these approaches.5 There are no exceptions for benefit
of fluorescence. It is highly sensitive, and it shows a fast 
reaction, and operative simplicity in contrast to the oth-
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1. Introduction 

ABSTRACT 

Lactoferrin estimation is increasingly acquiring prominence as a novel biomarker for the diagnosis of periodontal 
disease. To date, diverse lactoferrin detection methods which include electrochemical, swfac�ced Raman 
scattering. colorimetric, and others have been extensively portrayed. Unfortunately, these systems have signif
icant shortcmnings including low sensitivity, selectivity, high co.st, arduous and time-consuming technique, and 
w fc,;-� n.e:.ceutl-j, the fluoresccuec-�d mct,'-;CG shews rc.wwlmb!a ,.;;:'JGUC,jJess t.hot o·vg-cou1e.s the demerits of 
traditionally reported techniques. Therefore, graphene quantum dots (GQDs) and manganese dioxide nanosheets 
(MnO:z-NS) based simplistic, highly sensitive, and selective fluorescent tum 'Off-On• mediated GQDs@MnO:z-NS 
nanoprobe was designed. Herein, Mn(½-NS addition demonstrated the quenching of GQDs containing fluores
cence through inner filter effects (IFE) and strong interaction between GQDs and MnC½-NS. The lactoferrin 
udilitk,.n dcStn:,ycd t, .. e :t.:nO2-N!:. �.nd fh-4vresceL.Ce f:.iliissici1 of GQDs reuy�.red .villch u.Mj be �..ise of rec:Ox 
reaction between lactoferrin and prepared MnO:z-NS. Herein, nanoprobe offers a wide concentration range and 
low limit of detection of 5 to 1600 ng/mL and 1.69 ng/mL, respectively. As fabricated GQDs@MnO:z-NS 
nanoprobe sensor demonstmted high selectivity, good stability, and reproducibility towards lactoferrin that 
assuring applic:ibility of biosemor. Therefore, the GQDs@MnOrNS n.moprobe will offer a simplistic sensor with 
'1tleqtw:i.e �tivity to acl-.icvc highly r�por&Sivc rand sele....-tive detcctk,u vf luctvferri.u. 

Periodontal disease is common in many countries [ 1 ], and is 

accurately diagnose it. In this regard, biomarker detection is essential in 
the prediction of heaith difiicuities, and scientists are presently inves
tigating novel biomarker; foe sickness diagnoos. In latest days, advances 

of connective tissue and the prevention of bone surrounding the teeth at 
the ollSet of illn= (2,3). Despite this. its following inflammatory 
response adds to the loss of periodontal tissues in a patient. As a result, it 
is a prolonged inflammat<>ry illness in people that causes not only 
regional mouth diseases but also systemic organ abnormalities [3]. 
Importantly, periodontal disease if remain untreated, the illness pro-
8tes:,c:, iu �uttluctl wuc: U�e, ,esuiiiut j" i.uuW WVYeweui. c:W<l 
eventual tooth loss. As pe.c literature, periodontal disease affects more 
than hl>.!f cl cit� er<>wnur �� i.u th� IJultP.':l-5tat�, with art>un<l lc:i% 
suffering from serious disease those results in earlier tooth loss [ 4 ]. To 
prevent additional severances of periodontal disease, it is critical to 

• Corresponding author. 
E-mail addr=< rrpatilpr:1'in@'yahoo.co.in (P. Patil). 
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evolved into ways for measuring periodontal threats employing quan
tifiable evidence kind of as biomarkers [5]. 

Lactoferrin (family: transfenin) is an iron-binding glycoprotein 
found in secondary neutrophil granulocytes [ 6 J. As per literature, it 
demonstrates responsiveness to acute inflammation [3]. In addition, 
lactofenin is observed in tears and saliva [ 6]. Lactoferrin estimation has 
u::�.:civt<l a lul uf ai.lt:UUuu <lwiut Ult: iill;i lwu <le1..'.c:t<lt::, as a uew 
biomai:kei:: [7] for the diagnosis of periodontal. disease- Furthermore, it 
may � �mm�ndP.<l fur th� diaznc,$is ,:,f varfous i1d'!a.mmat,:,ry ill

nesses [8]. Several identification studies have proposed various ap
proaches for lactofenin detection. Mainly, single radial 
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1. Introduction 

ABSTRACT 

Evaluating para-aminoltippuric acid (PAH) is emerging as a promising biomarker tor the diagnostics ot renal 
disease .and other kidney-related illnew:1- The present study _ajm to develop novel bovine sernm albUJllin
rlPrivM roly-1--eJurnmir ;iriti (PJI'.A) funrtinnali:,:P<I e:m.vhPnP '111;10t11m rink (PLr.A.k'�Tl.!::) Pmt)P<kiP<f in fTi� 
66-NH2 metal--Organic frameworks (PLGA-fGQDs@Ui0-66-NH2 MOFs) for monitoring of PAH. Initially, GQDs 
were achieved from bovine serum albumin (green precursor) via the single-step hydrothermal method. Here, 
tunctionalization with PLGA otters a tremendous increment in optical properties of GQDs. Then, highly lumi
nescent Ui0-66-NH2 MOFs wei-e achieved using zirconium tetrachk!ride (ZIC!.,) and 2-Aminoterephthalic acid 
(?-ATA) :ts :;t mPrnl inn .snnrfYI :;inti n,�nir liinkPr HPrP., �•rfuN. mnrlifi�rinn nf r�Tk t.vith Pf.(;A nff,ana,,rl meh 
quantum yield (QY), and responsiveness. Also, luminous Ui0-66-NH2 MOFs afford a wide surface area for 
decorating of PLGA-fGQDs. The addition of gallium ions (Ga37 into the probe solution resulted in fluorescence 
quenctting (Tum-Oft) whereas the incorporation of PAH resulted in fluorescence recovery (Turn-On). It is 
because Q{ interaction with c.ubQxylic functionality of PAH to Ga3+ followed by Ga-PAH complex f01mation. 
H(-r�!n .. th':" widP ro�ntrn.rion ffi!l,.ZP -:mQ !ow� limit t:\f �tt"rlion (1-0D} WPfP fn1mrt to bP 10 nzjmL t0 Q('W) nz.,t
mL and 15.88 ng/mL, respectively. The specificity and real-time analysis in artificial wine validated the real
time adoption of a sensor for PAH detection. As well, it demonstrated good intraday/inteitlay precision, sta
bility analysis, and repeatlbiUty. In near future, tbe bundled illuminating PLGA·roQDs@Ui0-66-NH2 MOFs 
nanoprobe will be an attractive preference for tmcki:ng PAH in clinical specimens. 

Rt!Utti <l.i� uuve ttireu<ly � t.'Oll&Ul!l-eu li UJajur jJIIOiic iie&Ut 
concern around the globe. .In this shade, the scientific collllllllllity 
con..<tlmtly co!l!!:citted tQ the advam:ement Qf ,;,:reenin:,: meth.oos [l ]. In 
this ray, para-amino hippuric acid (PAH, 4-amino derivative of hippuric 
acid) is utilized in the assessment of renal plasma flow (RPF) as a 
diagnostic agent [2). Hence, PAH is a valuable agent for accurately 
measuring effective renal plasma flow (ERPF) in clinical and laboratory 
research to evaluate renat tunctioning [3,4]. Basically, PAH is an amide 
derivative of glycine and para-aminobenzoic acid. It doesn't naturally 

occur in humans. As a result, it must be injected via intravenous (IV) 
prior to diagnosis. As an outcome, at low plasma concentratious (1 mg to 
i 1ugfiOO wL), ii� iu<l11eyg cw.1 re111uve 90 % of Wlliuuiuvvurale fruw 
the renal circulating_hlood.in asi.ngle circulation.As a function, PAH can 
l"':? exploited to exa..'lllne renal fttnction as an �ritia! indicatQr [5]. The 
renal extraction ratio of PAH in a normal individual is between 0.92 and 
1.65 mL/win/kg [6]. Traditionally acknowledged indications of renal 
dysfunction encompass high uric acid levels and an imbalance in PAH 
levels [7). In this regard, numerous analytical techniques, such as HPLC 
with UV detection [6], colorimetric detection [8], tandem mass spec
trometry [9], and electrochemical detection [1 O], have been proposed 
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Abstract 

Quercetin. can help with a Yariety of health problems. Most methods for measuring quercetin. in 
bioiogicai fluids are characterized by iow sensitivity and seiectivity. The empioyment of 
metal-«ganic frameworks in sensor applications with carbon-based materials ushers in a new era In 
this st!!dy .. !!!ue fl:!C..�!;cent grap.hene qn...antum dots {GQD!:) embedded in � Ui0-66-NHi 

metal-<>rganic framework-based nanoprobe (GQDs@Ui0-66-NH;J were constructed for quercetin 
sensing. Initially. maize husk was used to produce blue fluorescent GQDs. whereas zirconium 
tetrachloride and 2-aminoterephthalic acid were used to synthesize e:-..1remely luminous Ui0-66-NH:. 
The addition of quercetin to GQDs@Ui�NH: leads to fluorescence dmnpening due to the 
adsorption potentiai ofUi0-66-i'H12. The compiexation of zirconium ions with the 3-0H and 4-C=O 
functionalities of quercetin resulted in fluorescence quenching. The sensor has a linem- concentration 
nmge and lfm1,- cf detecti.cn fer querceti!! cf 5(L500 en.rl 2.82 ng.lmL. r�cti,;e�.r. The r.!1!'.oprcbe's 
usefulness for quercetin detection was then validated by a selectivity investigation in the presence of 
interfering chemicals. FwtheIU1ore. the percentage relative standard deYiations were 4.20% and 
2.90%. respectiveJy. indicating great stability and repeatability. Fluorescence "Tum-On-Off' 
nanoprobes prmide a simple, quick. sensitive. and selective method for monitoring quercetin. 

Keywords: quercetin: graphene quantum dots (GQDs): fluorescence; nanoprobe: metal-organic 
fnuw:woOC GQ1Js1@Ui0-66 l'rC12: seusiliviiy 

introduction 

Quercetin is the most important flavonoid m fruits 

and vegetsb!es [l]. It doe� net produce in human 

bodies [2]. Quercetin is widely reported for 

ant.1ox1dant, ant.1vIral, 1mmunomodulat.1on, 

antitumor [3], and anti-inflammatory [4] applications. 

The literature claimed that 945 mg/m� is the safe dose 

different several heaJth issues including hypertension, 

a decline in potassium levels in serum, and 

emesis [2]. Therefore, accurate measurement of the 

,;,oncentration of q1Jercetin is P<:oPnti:11 in the 

biomedical field [3]. Moreover, to measure the 

bioavaiiabiiicy of quercetin, it is essentiai for 

pharmacological response [I]. In general, analysis of 

quercetin with a simplistic, speedy, highly selective, 

httpsJ/www sciopen.com/jownal/2150-5578 
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