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Preysler polyoxometalate supported on functionalized graphene
oxide nanoparticles: synthesis, identification and investigation of its
catalytic activity
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oxide (GO) have been of great interest to researchers in various sciences,
including chemistry. Also, the functionalization of graphene oxide can
improve its functional properties. In industrial chemistry, one of the most
important applications of functionalized graphene oxide is its use as a catalyst.

Use your device to scan and read the
article online

;

Methods: In this project, after preparing graphene oxide nanoparticles, they
were grafted by functionalized polyamine (GO-NH>), and then by Preissler's
heteropolyacid (Pr@GO-NHs>). Preysler is one of the types of polyoxometalate
clusters, which has unique characteristics and is used as a Lewis acid catalyst
due to having a large number of acidic protons. The structure of these new
nanoparticles was investigated by spectral methods such as XRD, FTIR, SEM,
TEM, EDX and TGA. Also, after preparing Pr@GO-NH,, its catalytic activity
was measured in the reaction of producing oxime from aldehyde and
hydroxylamine.
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Findings: By using the mentioned spectral methods and comparing some
spectra of Pr@GO-NH; with GO-NH; and GO, the structure of Pr@GO-NH;
nanoparticles was identified and confirmed. Also, the preparation of oxime in
the presence of these nanoparticles confirmed its high catalytic activity. Based
on the obtained results, this reaction was carried out in the presence of 0.03
grams of catalyst at 50°C for 30 minutes and in the presence of water as an
environmentally friendly solvent.
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Extended Abstract

Introduction

Oximes are a family of organic compounds with
the general structure of imine (C=N) from which
other substances can be prepared [1,2,3,4]. The
most important method of preparing oximes is the
condensation reaction of aldehydes or ketones with
hydroxylamine. Generally, this reaction is
catalyzed by Brunstedt acids or Lewis acids
along with advantages, also have disadvantages;
including the use of oleic solvents, long times, low
efficiency, the use of bio-incompatible catalysts,
the impossibility of recycling and reuse of the
catalyst, and performing the reaction at high
temperatures.

Polyoxometalates are a large group of mineral
clusters [11]. In recent years, various applications
of polyoxometalates have been reported. But one
of the most important applications of these
compounds is their use as a catalyst [12]. The acids
of these compounds are known as heteropolyacids.
One of the types of heteropolyacids is Preysler,
which has important features such as high stability
in the pH range of zero to twelve, insensitivity to
water, high thermal stability, high catalytic activity
level, and having a large number of acidic protons
[13, 14]. The set of these properties has
distinguished Preysler from other structures of this
group of mineral clusters, and its selection as a
catalyst for this research project was based on these
characteristics.

In recent years, numerous studies have been carried
out in the field of nanoparticle synthesis and their
application [15, 16, 17, 18]. Among the various
nanoparticles, graphene oxide (GO) is one of the
most widely used, for which useful and diverse
applications have been provided in medicine,
electronics, agriculture, pharmaceutical
compounds and also as a catalyst [19, 20, 21, 22,
23, 24, 25, 26]. Also, in recent years, many articles
have been reported on the use of graphene oxide as
a suitable substrate for the deposition of metals or
metal compounds to make nanomaterials with
different properties such as catalytic properties.

In continuation of our research work in the field of
catalysts and nanocatalysts [13, 34, 35, 36], in this
article, the synthesis method of a new nano catalyst
from graphene oxide functionalized with
polyamine, intercalated  with Preissler's
heteropolyacid (Pr@GO-NHy,), is reported, and its
structure is confirmed by spectroscopic methods.
In the following, the catalytic activity of this
nanoparticle in the oxime production reaction from
aromatic aldehydes and hydroxylamine has been
investigated.

Materials and Methods

First, graphene oxide (GO) was synthesized from
graphite powder according to the reported method
[37]. Then the obtained graphene oxide was
exposed to ultrasonic waves for one hour in the
presence of 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide  hydrochloride  (EDC)  and
polyethyleneimine (PEI) and then The mixture was
refluxed for 48 hours and the resulting precipitate
(GO-NH,) was separated by centrifugation [38].

In order to implant Preissler's heteropolyacid
(H1sNaPsW300110) on GO-NH, nanostructure, 0.3
grams of functionalized graphene oxide (GO-
NH>), 0.2 grams of Preissler's heteropolyacid and
10 ml of toluene solvent was added. The resulting
mixture was stirred for 24 hours at a temperature of
40-50 degrees Celsius. Then the resulting
precipitate was filtered, washed by toluene, and
dried in an oven at 50 °C for 24 hours (Figure 1).
In order to investigate the catalytic activity of
Pr@GO-NH, nanoparticles, the process of
preparing oxime derivatives from the reaction of
aromatic aldehydes with hydroxylamine was used
(Figure 2). For this purpose, water solvent was
added to 1 mmol of aromatic aldehyde, 1 mmol of
hydroxylamine and 0.03 g of nanocatalyst, and the
resulting mixture was stirred for 20-30 minutes at
a temperature of about 50 degrees Celsius. The
progress of the reaction was monitored by thin
layer chromatography (TLC). Also, at the end of
the reactions, the nanocatalyst was washed, dried
and reused up to three times, and no noticeable
change was observed in its catalytic activity.
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Figure 1: Synthesis steps of Preysler polyoxometalate embedded on functionalized graphene oxide nanoparticles
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Figure 2: Synthesis of oxime derivatives in the presence of Pr@GO-NH; nanoparticles in the role of a new acid catalyst

Findings and Discussion

At first, graphene oxide (GO) was synthesized
from graphite powder according to the reported
method. Then, the obtained graphene oxide was
functionalized (GO-NH;). Next, functionalized
graphene oxide was developed by Preysler. The
structure of these new nanoparticles was
investigated by spectral methods such as XRD,
FTIR, SEM, TEM, EDX and TGA.

In order to investigate the catalytic activity of
Pr@GO-NH; nanoparticles, the process of
preparing oxime derivatives from the reaction of
aromatic aldehydes with hydroxylamine was used.
Based on the obtained results, the best reaction
conditions are in the presence of 0.03 grams of
catalyst at a temperature of 50 degrees Celsius, a
time of 30 minutes, and in the presence of water as
an environmentally friendly solvent. Also, after the
end of the reactions, the nano catalyst was recycled,
washed, dried and reused up to three times, and no
significant change was observed in its catalytic
activity.

Conclusion

In this research, the synthesis method of a new
nanoparticle was reported using Preissler's
heteropolyacid grafting on functionalized graphene
oxide and the structure of nanoparticles was
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confirmed through spectroscopic methods. The
catalytic activity of these nanoparticles was
investigated through the synthesis reaction of
oxime derivatives. The proper performance of the
catalyst in the green water solvent, the ability to
recycle and reuse the catalyst, the possibility of
performing the reaction at low temperature, the
possibility of progressing the reaction in the
presence of a small amount of catalyst, and the high
efficiency of the obtained products, are all the
advantages of using nanoparticles.

Ethical Considerations compliance with
ethical guidelines
The present study had only one author.

Funding

This project was done with the financial support of
Islamic Azad University of Mashhad branch and the
author of the article.

Authors' contributions

Design experiments and perform: Ali Javid
Results and Data analysis: Ali Javid
Supervision and final writing: Ali Javid

Conflicts of interest
The article has only one author and there is no
conflict of interest.



OF o0 1 Fo 598 1 Fo ¢yiawo;

g 3 Ao

5 1413 ol dmST 331,51, ol g Bl 4o sl ULiogueT oy
O 699590 Cllad cwyp g (o lwolind

\ﬂijl? Lfl‘c

Oyl g o colluol Sl oKzl dpuiio A3l consd 09,5

LRV S VFeY/VY/+F el U
YF oY/ eX[ oY 16,90 &0,

dloxjl cilisee pole liize dn g5 3y90 Hluw wdl dmd g3 13 (GO) apuST (313 51 Jols il gl :donde -
DA R2 FR8 VRS AT PER O T

o 2 293 o @S RlsS S e Bl 0 ST (31 (3505 o Jele (riman lodg: (e
el 9368 lgte 4 ol 3l oslissl 04 1> Jole ST GBS slo3 )8 005 e | (S estnio g 5 S il o lSis

2 5 (GO-NHy) jbJole ppal Ly bouwgs il et 31,5 l)3gb ang 51 o 05950 0l )3 2 28 izl (Wil )90 4 Alie
s yollS gyl 5l S Hlaoly .(Pr@GO—NHZ) B3 0303 i ylaslys deel gy alwg & asll
sl (i3 (6oL dlaai yiily o 4y g cawl (638 4 pasmie sla Shg ()b &S conl lliegusST L
2ilo b (cla g,y Alwg 4 e Pl ) Sl D95 oo 3Ll gl Al 5o 3B lgie 4 T ;]
9 9= P95 0gSgSan (odagy (S9N @gSangSen Ga B gdle g ik (Sl Al Al
B8 cleb fjn0 Pr@GO-NHy a5l g (izad 8,5 )15 gy 2 3390 Sy 35 53U]
A odotis el SS9 )k g 2l Sl ST s 18Ty 53

135 3 eS| g e 5 34 5 alulis PI@GO-NH, gt ils GO 4, NH,

TRl
aa‘é:ﬁ?ﬁ?;
ey a]

DOI:
10.30495/jnm.2024.33116.2034

Jade yean y3 STy ol el Cowd 4 gl Lululp g o UL B cls W @l 3gl ol 18IS slansly
LBk JUs Gleie 4 O jain 15 5 4ady Yo ploj ol )5 o dn )3 B0 (glod ) yo3dBIS 5l p )5 /o 1 Ll «lUbogusT sy cuST 48,5 03950

5 2Ty bl 6938 51 saome olizul 5 il bl o o JUs ) eolizal Sl 3 6 S Aot

b odel Cows 4 Slgame UL lossly o iiSTy byt (gl 553 o8 Hlade & 5L oyl (glod
Wl go (gl o3l i) Pr@GO-NH, gl jl eslazwl (cblse I

Ll e i ghmme oy gi *

Oyl eagetin o salluol Bl5T olKiils e 9y ¢ condd 09,5 1 i
~ANAOVAFOYF & 2l

alijavids@yahoo.com : g xSl Cowe


https://doi.org/10.30495/jnm.2024.33116.2034
mailto:alijavids@yahoo.com

O 6195801 Cullad o 1 9 (bl cjiionm 110 Jolo spunST (331,5 1,3 93U &l (ygd plaant] p ULoguaST Sy

s e &S S (o0 Joo (hfgen 93Ul (lgis 4 0nd o b JU>
“i0 0RS 1y okl > Jgazee (sile palls 5 il Jolye 0 g
340 03litusl g Wl (el 13 93BT (gilubia (el (ppiman 9 33,5
For S 55 1y sl otz d Glia L D] sleie Gite ) o )
Ol & 0igen £)93lbl Sl) ol Glgie ol i culie welx
bl BB (aSTy (bl 5 a8l Gied Jhanly g0 nlyd 3905 s
Jolye s 500,80 el () & ol Al yo i (b daore ooliul o
Jdaasli oS peal; s (1S1y Jypaze il Al 5 (iloli
b o)k s 51 o 93BT 51 eyl cpia oslitul 5 bl oSl
23 $b)gilbls & s (o3lal Plus (pizmen g Cunj e

Dl (o plete

Ll )8 5 gl 52t (5 diej )3 (o Slalllae 31 gl Sl
45 plosl sl 5 o2l «Sig iUl gl Kby sladie) 3
5 (GO) st G315 ectlien S35 e 53 [MAGIY 17 0]
[A] 2,35 o o S 5l Jlo V0« 5 o a5 a3l o by 5id o

Sle g Sig ST -] (S5 3 (it g dudo s ol (sl g

@ oszzen o [YV] (g)h SlSs VY] gl 5 giysliS V)]
llao pdl and jd piored .l osd 1) [YE V0 VY] 55001 laic
Sl cwlie yiun S plgie 4 ST (815 )TJE,I; Ao > (5oL
Gl Sliogad bolsegl cals coa @3l SlaS 5 L5 I3l i
I¥Y] CUO-GO wile tcusl o0 555 (wallS Siag ysman

-l » [¥+]JHPA-GO (v4]Zn/Co-GO {¥A]ZnO-GO
05,5 & S o313 Al S8 Jole 95 s b s slo
RedU (g L dlgagilh ang 3 (265 slo Copd 00 (ole o
(AMGO) sol 05,5 Llols slo 05,5 ol j1 (St ool 05 Juols
("] AMGO-Fe304 ;gmen oloys bl jolaio ol & a8 conl

IrY]  AgNPS@GO-NH. ro] COo@RGO-NH;

5 Jied g S gla (28Ts 53 5 4 [P PA@GO-NH;

Wl o o3l b ol )

oz jl aclliogusT (Jy (olg (3)5 a3l an3 &S (pl 4 25 L
oy Sladsd (gl )lS dsbyl ) cuwl 035y yliauiils do g5 5y50 Y]y
Fiww bgy lie cpl 53 Y7 5 YO Y AY] lajg plblsl 5 g IllS
GO-) cymol s b o s Lol 1081 3,5 5 i 553 6 S,
(Pr@GO-NHz) wsl i jhasly swl gy b oS (NH2
caldl )3 ol 0 ol i il (sl g bawgs )] sl g ¢ )55
sl 5l pS] g SuSly 50 05l b 6yl el

sl 4B B sy 3)90 el SS9y dem 9 Silo)]

L %9, 93190

03] 3590 Ol 3 g (o2 bowns 330

b Slgaze 5l ady )5 4 s Jls 5 olond dlge S ojgn ul )
PRI S SSURRRTER- SV GUR ARCNE PN g0 51| VN EQUERS
b Gosled o5 1 (XRD) X awil ol (oo cisbo c0,3956 s lus

J3o il oz 51 (TEM) (6500 (39,280 g8sg o ¢ s ol

V=15 :(OF) VF IFY .o dlge dlxe

dodko
o szt (CEN) el IS Sl b T 0l 5 00lgils 1 lappuss]
byt S, o Jto sl 3905 428 |y 5,500 e e 5l ol (o
PL 4 (Bgyme you dg odlo (i o it pLSUp IS cixio Mg 5>
) Sl sl 1 sl Jl > (1] ol (Sl S (L) 5 35k
Slonns] | s Jlie (sl ol o1 osnlie 3 gy olst
o ygmogdlinw b [Y] wlools lis Sl yu 25 @l 3156551 50,59 il
035t yglo & oS Atud Sig (51 Slogyls 09,5 ) panST (e
8 oslial 390 (2l Sl lacsgae sk glgl L ablie (ol
Slalils gillis » S Hleie a4 baeusT 51 (S5 4 [V] 6,5 0

[f] Cuwl o5 00\l 5 by

bl e b baedl (S5 Sty daeasT 405 B9y 5 mtee
b sy gl bawg (il ool bgos sl (ol JeuS'gy0
sskate cpl 4 a8 ol yg IS I 5y a3 o B g (slosusl
LS T 5] ol 30081 O] Sgomny 1S 51 45 ke W3l o o3latl
2 48l s e g 4] G Slule A by cllegusT (b V] euilis

J.o& 0 300 ;ujU9]o sl OL’)’ “_JI L;LmJlb )'l o3kl dles )’l FRV.Y
g bl Gl pae B 5lub-Cun; (glayg iUl 5l odlaiwl ¢yl
UL slaled o [uiSTy ploxl g ¢yg50U1 51 sazee odlal

e S (5 5 09,5 (10 5T (g1 b ) IoollioguS1 L
b Gl ST claign il Wl e Sy S diten
il g iyt slaesl ST lagil Jols SwlS clliogus'l
o uSdioS” ol ol Cuto (SomliansST Ol b S5 juaie g Jlas
23 o 5l 395 51 U (o (5510l e Sualooga s Lty 53 logos
(S 1y (o giie (g3, 5 laclleguST Ly 5l 3l amy 93 15 [V ]
).u 0jg) 9 Cawl 0045 odnliie wﬁ}g 9 .)lyoyl; (o ‘L5~’~9)") W
Gk s 5 e 31 (S 093 (e 035381 bn ] (53,8 €95
ol 0391 595618 a5 55 Ll 5l ealil ()l Slide g b Ulkiogus]
F K e gl uls by pme badeal (g a4 SlaS 5 cpl Al
33 Ll 51 oolitl b peaitiane o3l divdseol g yin lglyd B puan 5)lge
& 2 Sy 53 ohg 4 ful Ho3dU g 4 503 dlse b S

[NV it ) ] Sy tiail

oS cal [NAPsW300110]™ sl s cllioguST L glosl 51 S5
el oo s S sl H1a[NaPsW300110] ol sl g yea
Cond Caplus pas 03190 U yao PH 03930 45 3L (65l0b yooen
Sl 52l g UL B Jleb o 528 UL oS o)l o &
gl 3> 53 Slalyy (gl )08 &5 2l sl oy oL
Sepshudipl 9 Sopsilow Sl («Sopu 0l men (g8 June
4 garo [ﬁ] olo slasgl J L;Lmé%ﬂ 5 Sl ylas slool gy Lol e
2R3 4 S Hlaal Sl (g pia] SlloguST (s e o oS (0l
@ o bl lals g canl 003 e (gl y2llS jl 09,5 el (sl s les
SRy Grer & i b 5 (Sl 0fg cnl ploxl e 595U lgis
St il del oy 45 il 83 Ll wl canl 039y s

4



ol

Jeols gy o cpl 5l s i 035 o 3,8 il a3 Fo—e glod
a0 glad b gl )3 el V¥ e 4y g s (oo bawgs «blo
- 9y bawgi sl Cand 4 0,363 Hlis b () JSKB) as Sis o5 il

235 206 (i i gla

oidid Pr@GO-NH2 &l)3gil jouas 1d ST and
Sl 593G

1)y 5l Pr@GO-NH2 )3l (sudblS clled )y jolaio 4
el S50 b Sslog)] (laseadl] (2Sy 5l o Sl 4
o o Silag | 1omll Jgo o Vs pslite ol (Y S8) L5 olil
@393l ol JUo 93U 6L p)5 +/o¥ 5 el JpuSgyam Jgo e
)5 ol a3 B dgas (glod pd 4By VeV Gt 4 Juols byl
(TLC) S3b 4l (31,5 55keg 8 bnwgs (28l iy e - 035 o
Cuod & eS| (559 (Jgo Jolae 28Ty losily sl sl 00,8 S
23,5 oo (1) 20> 4 g9 odoi 4B I 4 aadll Jgo jlada b ool
b g S cettunds (8L3L 1 g STy (LY 52 59361 60 (pinen
5 o (65936 Cllad e 3 & b saoe ool o 1 adye s
W20, odaliio awguoxe

Graphene

Oxidation

oBawd I (FTIR) 505 ool g cals X130 Jao Lk
209F3 sl 1 (TGA) o)y o9 50UT 3 470 Jas Bruker
o553 Lawg qoanS| 9> bl s (o b o3lizwl NETZSC

43 pls 9100 Jas Electrothermal

(GO-NHs) s Jols 3001 51,5 15 48 oy

ok S ey b e CadlS 35 5 (GO) 1] 31,8 it 3
Y=l =Yy 3 el Cawd 4 AT 31,5 e [YV] AS i
ok 9 (EDC) wlilsg i sl 3 905 (Jngin sivel Jito 5-Y)
)8 Sogul l glgol (om0 3 el S o 4 (PEI) sl L1
Jeols Gowy g (S8, el FA Cte &y bglowo (ol deldl 3 4 c8)8
LYA] 05 (il 5oas yilor bawes (GO-NHz2)

Pr@GO-NH: w134l (5 and g,
» (H1aNaPsW300110) jlunlyy sl Loyt ool (i pslato &
pS I e i) e 00 Jb S 4 (GO-NH2 Jisls 56 (g,
Sl sl g yim 2.5 <Y (GO-NHz) 015 s Jole 181 (315
Celo S Gl ) ol bglo i a8lsl gl JUs o) Lo Ve g
2 Celo VF Gie & ol (0 g cd )8 1,8 Sogwl ol zlgel (o yme 5o

COOH

—_—

Graphene Oxide (GO)

H ®
N NH,

H
o N NH, o ~
\Mn/ H14NaPsW300119 S)
> H13NaPsW50044¢

Graphene oxide functionilized
(GO-NH,)

Pr@GO-NH,

(Pr@GO-NH2) lsJols saST 531,85 &1)3 95l s a8l s phawntl y SULnganST by i S po Y 505

(o)

/“\ + NH,OH

Ar H

OH
N/

Pr@GO-NH, /L
H,0, heat

20-30 min.

Ar H

Benzaldehyde Oxime: yellow solid; Yield 82%;
m.p. 33-35 °C; *H NMR spectrum (300 MHz,

]

ol jiw Slitde an IR g HNMR b 28Ty plool anb cqs
223l ool sl )3 o ] Lads @lellbl a5 w505 48 )5 qunS ]

Y-15:(OF) IF FY ool dlgo alze



S (55500 93 (g 4 00w algi Ti-10Mo 5L alale g gxdans ($59098,90 9 JUd L 32, (o) 2

wasis )3 (XRD) oS0l g5y ol 33,5 oo 8yl gl poundss 4ol
o3l (Jlun S oS dwsin (g2 2o SRy OmS 9 ook Sl
s a iz dlge s 5 plS Jliw S 4 <ol g o Jliw,S
m(oo e (Jlite (3l o8l g el glite sla ol g losr
o sl il (slajle sl digel dx (L (b cnl > & il

ol 2518 don i 1 S5 Jols il
Pr@GO-NH2 4 181 81,5 ol XRD b & Jsis 5
& basyo gy Sy 23)5 o dianlle d> lin .Cawl o o3l (LS
il > (sl Bl J Ugano 45) (ol & (S g 31,5

LY Jo}}).o BYSCS lem giu 9 ‘..\Jy» < sdalio )u PI’@GO-NHz

O]l 0 oy o Gl 580 &8 2Bl (oo g sl g im
o 1 il o o3ke (65 sl e achin (5 b il o I ¥

ol 0 Ja5 G o Sy dolee 4 by yo luwlre

Counts.

CDCls): 6, ppm: 9.85 (S, 1H, OH), 8.15 (s, 1H,
CH), 7.70-7.42 (m, 5H, ArH); IR spectrum, Vmax,
cmL: 3136, 3046, 1622, 1406, 690.

4-Chlorobenzaldehyde Oxime: yellow solid;
Yield 88%; m.p. 101-103 °C; *H NMR spectrum
(300 MHz, CDCl3): ¢, ppm: 9.90 (s, 1H, OH),
8.18 (s, 1H, CH), 7.58 (d, J = 8.6 Hz, 2H, ArH),
7.40 (d, J=8.6 Hz, 2H, ArH); IR spectrum, vmax,
cm: 3298, 3126, 1609, 1433, 972, 691.

4-Methoxybenzaldehyde Oxime: orange solid;
Yield 87%; m.p. 134-136 °C; *H NMR spectrum
(300 MHz, CDCl3): ¢, ppm: 9.90 (s, 1H, OH),
8.20 (s, 1H, CH), 7.60 (d, 8.6 Hz, 2H, ArH), 7.10
(d, J = 8.6 Hz, 2H, ArH), 3.80 (s, 3H, OCH3); IR
spectrum, Vmax, cm1: 3201, 3135, 1619, 1429,
960, 681.

6500 =

£200

2000

340

200 4

1200

10 0 s

L]

a) GO

b) Pr@GO-NH:
A
MMM

T T T
i L] a

Position [2 Thets] {Coppsr {Cu)}

Pr@GO-NH2 (b) ST 181,5 () 1,346 XRD 5551 Y JSoub

oanlie &S WsSolad m3 o i |y 3,8 dpuST 005 1o Lale 5 Les )
s i S s 3 C31ySs S 8y o] Ll 055 395
5225 &3dsage C S sl 03,9l 329 41 1) ()30 5 Bl pas
Olmen (815 ST Clrio o5 Jlo )3 03 (o0 (LS 1) 6 5)lg00 o8

V=15 :(OF) VF FY oo dlge dlxe

¥ U p0 o s Lis Glydgl gylidle Glaogas 5 (555lsd )50
Sloxio sl Kbl A g (5909890 oyt Caanl 035 030> LS
L 51 e L5 oS w3l on 42 5 315 gl LS 8]

it g B g5 398 (oo nlie o a2 )l 9 S5 jg0 4

L. Lamella



..\agl?

85 )3 )y 3y90 TEM by candblS 3150155900 g s Lo SV S9385 med 9 shuanlyy S (A8 050glST i salie LB
~aogy 485 )15 sl slo 09 S Sl D g 20,5 Sl o 390 Gl 0l 1 Jolo (85 28T ple oS 398 (oo G
A3l o 81,8 1) o] i (Flake) la ol 0 Sl 535 y90 s el 35 oo tnlie &S WS Lo

Electron Image 11

Electron Image 13

_Electron Image 14

b

200 M \jag=27800 KX DayPetronic Company ZEISS

1C 415 Jols suwST (331,85 SEM 39005 1B tanST 81,5 51,3 55 SEM g qu5 1A ¢ 5ig S gty ySeno pagbins —£ IS
Pr@GO-NH2 1,355 TEM y95 :D Pr@GO-NH2 1,34l SEM s

O 435 4 bgyye oS (e gy Voo aga> (slod 13 S0 g 2 iy e doye cptizr TGA Sl s 5L Jlges ()
N/ARIPRCS IV AR WA B dgdn glod )3 59 el (B JS) amd o Lt |y coglite (clales

ol (0) cal Ol JgSUge Bl I 4 basye 3,5 ol dy> Voo

“"IT.[E! (%)
-]

1] 1 . ) X 400 =in i)
Tempseatare ()

Pr@GO-NH; c:1,556 TGA lsgei -0 JSub
I VA5 HOF) VF F+Y g dlge dlome



S (55500 93 (g 4 00w algi Ti-10Mo 5L alale g gxdans ($59098,90 9 JUd L 32, (o) 2

LS G 1 08l e 35 sl 1 C-H (sl 4 bgyye YY5- (GO) 10T 315 5o s el (FTIR) oj3 cponle sl i
OH s ¢ 4ol Ll s Gl ol b b o s ole 5] 15 (Pr@GO-NHy) &35 s (GO-NH2) Jls Jols 10u1 o815
FTIR Gib js sas gl Sy ol aol by S0t5 sl sl Sl Jole 09,5 Sl 31,5 il ol oad eyl £ S
sl (bogn s o8 4 PT@GO-NH: wlgl 4 by CIY g 4l 5 (ol o il ol pllod (55 4 SibnS')S

o> (o L3 1) )l Jele a1 (81,57 (55 1 sl 5 (C=0) UsipsS 0955 & byye iy & T8 M 5 \2FV!

CM™ 6wl o s (il sl o (OH) (ol JuS g0

. ~TT A 4

~ >
o 1633.29
3363.77 1228.9¢
= 1194.43

2 1123.80

70
884.50
68

- \/\/\_,\/\ pf@GO-NHi/\/\
i . AR

i o

1596.32

T GO-NH2

2365.41
56

51
s2
612.64
GO

50 1647.02
43

45

44
3460.29

oL 2360.16

4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 B0O 600 400

cm-1

1593l oaind JuSuts (5, lis s ) bgspe FTIR (slamulio lackb 1 JSu

sdaltio V IS5 )0 dp iy 9 (oo it iged 3 i ol ) (gt T Gl casl By (EDX) (oSl g5 651 Gl (omivw i
ST 815 4 5 4 4 C 5D @ slackb (g pate gl 235 0 S9SN QS Sen JoSo gBly 53 & Jlai 3)50 oS 3 LSl (5 paie
bgyyo 15 Jole 3ausS1 3,5 5 il s shasly 9 )5 ole 101 31,5 i s gl 3985 oo plol olKd (gl Lawsgs g sl SEM i,
;I Pr@GO-NH; )3 U dlsyo 4 dbs o JSUi5 (gbeS igd 0 399 digad ) puild (0 &S polie clale 5o pesd gl cunl b,

il oo duuST 4818 clale wil SUL jlges o paie gly odd sdalin Ko a5

V215 HOF) VF Y Fe Y 00 g dlone I



..\ng‘h

] [ spectrum 11
] Wt% o
7 C 650 0.7
] O 350 07
20
- n
-
a ]
v -
10—'
0 LI I LI L I L L L] I L I LB I LI I LB I LI
5 6 7 keV
(@)
. 7 spectrum 13
] Wt% o
. C 489 25
] N 291 34
b 0O 220 14
20—
- 3
v
8 u
=l -
0 LELEL I LB I LI I B I LI B I ) I L I L I LI B I ) I LELEL
5 6 7 kev
al I spectrum 14
] Wt% o
= © 392 16
] W 249 09
- o 204 09
205 N 154 27
5 by P 01 02
O Na 00 01
a8 3
© -
10
0 LI I B ] l LI B I ) I LI B I ) I L L) I LI B B ) l LI I B ) I LI B I ] I LI
1 2 3 4 5 6 7 keV

(c)

Pr@GO-) IsJole suuST 31,5 3 4l it pwnsl 2 (C) 5 15 Jole a1 31,5 (D) ST 31,5 (a) EDX il ¥ JSs

s o i g i i (sl alod 5 o5l SIS ) i like
o.))?i ) Js..\_> 2 @Lu PO W) ‘)M.‘_ﬂs .))‘9 usl_a.m dl_h:

Lol o

(NH2

oS g STy plol byl 5 05 ad 4o >
g sl el S gphn Lo adlling JS-F ao S
95 o (e V potate ol 4 i S Ol Sl g uS]
ol jy i > el JeuSgytm Jo—o (o Vg 2l

VA5 HOF) VF F+Y g dlge dlome



S (55500 93 (g 4 00w algi Ti-10Mo 5L alale g gxdans ($59098,90 9 JUd L 32, (o) 2

ok )55 sl gy sl IS cul 5 () £95 9 59318 53 caald]
pis Copoyd JiSly 03,5 (oo daslle dx (lix (¥ Joi2) 03,5 ()
3 6y oS shan Jos oppe PT@GO-NH2 53061 51 sl
el gy I oslatul ©yg0)> Nz poren () ) IV Jgi2)
ol Jh ool &0 Lol 3,5 (o plowl (ST 5 2l A Hhanly
Joiz) b (o Gl (aegs JB e 4 Jpame jlade 93l L
9506 b 3l ealal 23,5 o dlaslle a L piomed (¥ casd, Y
oo b 5l 2y ala g o bg) plu 4 s PH@GO-NH;
ol ol Lyl sl plasily o JT ela s 51 oslisl pis «olisS

3336 31 sazme o0lizsl 5 il oSl

e g ) STy plosl byl (g ol Cawd 4 gl ol
2 9addd Yo loj lS ol dpd A (gled jd 4o jl S5 4/
@3 ) Jg) 2l oo Cunnj bape b S5le JUs lgie 4 O jo
395 oo ¥ ey ) Jpi) Jas oyt 8l cop y53B1S a8 s (¥
o b oA 3y Jgiz) ol 556 o o a5l iy Sl
Jos oy il cael a0+ 3l 268 slod 13,5 asdo 5 Loy U
o 55 B Gl L 5l (slolos 5 o (5 s, ) Jyio)
Ordiz chlpd Gen 53 (imen (Y 3y ) Jgi2) 392 1l ol yen
ol s Jos oy oSy g 45 wiss oliul 35,555 Jglse U

LAY Gl cdy ) Jods) susls

Y gl 5951 L ,5 Pr@GO-NH2 O 3gil yguias 45 (iiS Ty baslpid (55l i =) Joo

(°C) s
Y o I
3 ol I
A o 0
A ol 0
7 o 0
of ol Yo
AY & A
AA o -
b P9 b-
vy S gl 0.
¥4 Joill 0.
Yo ol sl NS

(48s83) ylo;  (Or) ;95U lae

5. ofeN )
5. ofeY y
5 ofoy y
v ol <
Y. Ry 0
Y. o/ T
Y- ofY \4
Y- of+ A
Y. ofo¥ q
Y. ooy Ve
Y. ofoy 19
Y. oy Y

295861 5l Gilisen 0lie j0is 53 (el SS9 )0 Jso o ) b iz o) 5-F Joo oo V 28Ty
Gglite gla JUs jois )3 g iz slales )

' Sy Pl byl g 593068 95 G gy 2 oY Jga
(7) glosity STy ploil loj

Yy 448> Y-

»3bojon 7 T
by M 4 Y-
V-] ay celw Y
[] a5 el ¥

] A g
(A] AD 4a8> ¥

Sy sl byl pus

35 ol 423 0- /0] U . )
3,3 le dmpd 0+ /0] JUs Sl A
S o aepos/ol Jl= Pr@GO-NH, ¥
361 sboo Jgibl JUs Cu-SiO; £

361 sledf JU> (93 Bi20s °

3,8 ol ax 3 WYWe/ JlUs ol Ca0 A
IS o andVeof Jls o clliogusT b \4

wilisee Ll yd g 593U glgil jpis 53 sl JonSgphn Jgo (oo VL el 9)IS-F Jgo (lo ) Sy

Jode 3 ATl jshaie «Slog)l (claaaall 5l oslizul 15 4 0395 o]
it iliseo (gl il (gl Soglogy] S 5

V=15 H(OF) VF VP Loy dlge dlome

2 Y Jgn) 805 s el JenS5pn b Giliee (slanadl STy



gl

S (ST 2l Jgrazo 2bl) CEN gy St 5 Ol JgSUse
el 015 &) A S5 )3 005 Slgiiy paslSo oles

S5 Aomais
hoyin Liad 5l eolatwl b b 0)09L S i by «Batod ol )
5 s 5L o8 Bl s e 30T G35 555 0 sl S
Sl el g3l Clled 03,8 Al o i (sl b, o
cuolie 3Sdos S (pyp ST I Slide jiw iSly )b )
693061 51 31500 o3l 1Sel g b3 calbld il jaw JUs y3 59561
e joln > (uiSly byl Sl il (slod ) STy plosl ISl
wblie jl (Sen wdal cund 4 clgame U losily 5 956 oS

Al o Pr@GO-NHz ol pgl 5 eslizal

S (ol
Ao odiuang g e doly sallul ST olily Jbo colos b 059
Ll 00 ‘nl:gdl

o3zl | o e 45 5 05 plosl (gl (3.0 Logas sl 183 4 U
3l alos 5135l alises LUs 4wl o plol Klog ] slaaadl ;|
2o & s b ol g g 35 Slog)l o ST i
bl moa] as cly 39 3585 ol 3 il et 4 o STl
o3lizul Silogl sl ) Pr@GO-NHy o361 5k jl oxliz
b s S b o S 5l o 25Ty 51 el (gl andl a8
sy Jod BB Clg 45 05 plosl Lyl an 3 dnallil 51 oalisl

(392 222 YO 51 i [iiSTy olesly)
logsS g lnanall > JLglSs (iljdl sl 28Ty 5l (6 lome alite
O 38 oSy (nl )3 Ned (oo St el g3l Lawgs oS
S Pr@GO-NHz ¢l,3gb bug sadll Joso 1) 298 0 (i
Oiar JbolSyh Alos sl 0l wigign Wl el o3l 8
5 il JUb 3l 1alS) 093 (o oalel (el JuSTgynn J5SUse)
Bl &y Wlgh o da5xe (gduml o 3BIS dalslyd (JiiSTy s o i3]

(C) ogd abai
yv] b-;-; :v;‘}s ) (;ilr’i :b:) (%) olesst,
TY-Y¥ TY-Yo AY Ph )
Vo) .s Yey—)ey A 4-CIPh Y
Yo-vY YA-A- M 2-CIPh ¥
Ve¥—)-¥ Ye¥-1 -0 Ad 4-BrPh £
oYY WWF-\YA ) 4-NO2Ph °
11T WYY AY 3-NO2Ph 1
YY-V$ Yo-YY AY 4-OHPh v
AT WE-\YS AY 4-OMePh A
YY-vo YY-vf ay 4-MePh b

295068 )5 <1¥ 95 )3 el JouS 500 s oo ) b Slogyl mll Jso (o ) STy
‘L:JL°) 4'8‘.’.5)"'_"4' 9 uj JU> )9«4.1> » ‘)‘)f L;JL.) ) g dLo) 5

VA5 HOF) VF F+Y g dlge dlome



S (55500 93 (g 4 00w algi Ti-10Mo 5L alale g gxdans ($59098,90 9 JUd L 32, (o) 2

_.H—=Cat

G

OH

OH
NH

\' OH OH
N " \N/
| —
g “H,0
G

References

1. E. Rubin, "Synthetic Socialism: Plastics and
Dictatorship in the German Democratic Republic”,
The University of North Carolina Press, 2014.

2. C. Canario, S. Silvestre, A. Falcao, G. Alves,
"Steroidal Oximes: Useful Compounds with
Antitumor  Activities”, Current  Medicinal
Chemistry, vol. 25(6), pp. 660-686, 2018.
doi.org/10.2174/09298673246661710031154003.

3. J.D. Campagna, M.C. Bond, E. Schabelman,
B.D. Hayes, "The use of cephalosporins in
penicillin-allergic patients: a literature review",
Journal of Emergency Medicine, vol. 42(5), pp.
612-620, 2012.

4, A.G. Smith, P.A. Tasker, D.J. White, "The
structures of phenolic oximes and their
complexes”. Coordination Chemistry Reviews.
vol. 241, pp. 61-85, 2003. doi.org/10.1016/S0010-
8545(02)00310-7

5. L. Saikia, J.M. Baruah, A.J. Thakur, "A rapid,
convenient, solvent less green approach for the
synthesis of oximes using grindstone chemistry".
Organic and Medicinal Chemistry Letters, vol. 1,
pp. 12, 2011. doi.org/10.1186/2191-2858-1-12

6. H. Sharjhi, M.H. Sarvari, "A mild and versatile
method for the preparation of oximes by use of
calcium oxide". Journal of Chemical Research, vol.
1, pp. 24-25, 2000.
doi.org/10.3184/030823400103165545

V215 H(OF) VF VP g5 slge alne

7. JJ. Guo, T.S. Jin, S.L. Zhang, T.S. Li
"TiO,/SO*: an efficient and convenient catalyst
for preparation of aromatic oximes". Green
Chemistry, wvol. 3, pp. 193-195, 2001.
doi.org/10.1039/b1020671.

8. D. Sloboda-Rozner, R. Neumann, "Agqueous
biphasic  catalysis with  polyoxometalates:
oximation of ketones and aldehydes with aqueous
ammonia and hydrogen peroxide". Green
Chemistry, wvol. 8, pp. 679-681, 2006.
doi.org/10.1039/b604837d.

9. H.M. Luo, Y.Q. Li, W.J. Zheng, "A novel ionic
liquid/water biphasic system for the preparation of
oximes". Chinese Chemical Letters, vol. 16(7), pp.
906-908, 2005.

10. K. Ramanjaneyulu, P. Seshagiri Rao, T.
Rambabu, K. Jayarao, Ch.B.T. Sundari Devi, B.
Venkateswara Rao, "Cupper supported silica
promoted one-pot synthesis of aromatic oxime
derivatives". Der Pharma Chemica, vol. 4(1), pp.
473-478, 2012.

11. 1. Kozhevnikov, "Catalysts for fine chemical
synthesis: catalysis by polyoxometalates”, vol 2.
Wiley, Chichester, 2002.

12. C. Louis, W. Baker, Diana C. Glick, "Present
General Status of Understanding of Heteropoly
Electrolytes and a Tracing of Some Major
Highlights in the History of Their Elucidation".
Chemical Reviews, vol. 98, pp. 3-49, 1998.
doi.org/10.1021/cr960392I


https://books.google.com/books?hl=en&lr=&id=vlv2DHUSr8QC&oi=fnd&pg=PP9&dq=1.+E.+Rubin,+%22Synthetic+Socialism:+Plastics+and+Dictatorship+in+the+German+Democratic+Republic%22,+The+University+of+North+Carolina+Press,+2014.&ots=IWScs930Nl&sig=PiTJzPihSJ4pxtPOjtTSa-hDaEE#v=onepage&q&f=false
https://books.google.com/books?hl=en&lr=&id=vlv2DHUSr8QC&oi=fnd&pg=PP9&dq=1.+E.+Rubin,+%22Synthetic+Socialism:+Plastics+and+Dictatorship+in+the+German+Democratic+Republic%22,+The+University+of+North+Carolina+Press,+2014.&ots=IWScs930Nl&sig=PiTJzPihSJ4pxtPOjtTSa-hDaEE#v=onepage&q&f=false
https://books.google.com/books?hl=en&lr=&id=vlv2DHUSr8QC&oi=fnd&pg=PP9&dq=1.+E.+Rubin,+%22Synthetic+Socialism:+Plastics+and+Dictatorship+in+the+German+Democratic+Republic%22,+The+University+of+North+Carolina+Press,+2014.&ots=IWScs930Nl&sig=PiTJzPihSJ4pxtPOjtTSa-hDaEE#v=onepage&q&f=false
https://www.ingentaconnect.com/content/ben/cmc/2018/00000025/00000006/art00002
https://www.ingentaconnect.com/content/ben/cmc/2018/00000025/00000006/art00002
https://www.ingentaconnect.com/content/ben/cmc/2018/00000025/00000006/art00002
https://www.ingentaconnect.com/content/ben/cmc/2018/00000025/00000006/art00002
https://www.ingentaconnect.com/content/ben/cmc/2018/00000025/00000006/art00002
https://www.sciencedirect.com/science/article/abs/pii/S0736467911005452
https://www.sciencedirect.com/science/article/abs/pii/S0736467911005452
https://www.sciencedirect.com/science/article/abs/pii/S0736467911005452
https://www.sciencedirect.com/science/article/abs/pii/S0736467911005452
https://www.sciencedirect.com/science/article/abs/pii/S0736467911005452
https://www.researchgate.net/publication/244340323_The_structures_of_phenolic_oximes_and_their_complexes
https://www.researchgate.net/publication/244340323_The_structures_of_phenolic_oximes_and_their_complexes
https://www.researchgate.net/publication/244340323_The_structures_of_phenolic_oximes_and_their_complexes
https://www.researchgate.net/publication/244340323_The_structures_of_phenolic_oximes_and_their_complexes
https://www.researchgate.net/publication/244340323_The_structures_of_phenolic_oximes_and_their_complexes
https://link.springer.com/article/10.1186/2191-2858-1-12
https://link.springer.com/article/10.1186/2191-2858-1-12
https://link.springer.com/article/10.1186/2191-2858-1-12
https://link.springer.com/article/10.1186/2191-2858-1-12
https://link.springer.com/article/10.1186/2191-2858-1-12
https://journals.sagepub.com/doi/abs/10.3184/030823400103165545
https://journals.sagepub.com/doi/abs/10.3184/030823400103165545
https://journals.sagepub.com/doi/abs/10.3184/030823400103165545
https://journals.sagepub.com/doi/abs/10.3184/030823400103165545
https://journals.sagepub.com/doi/abs/10.3184/030823400103165545
https://pubs.rsc.org/en/content/articlelanding/2001/gc/b102067f/unauth
https://pubs.rsc.org/en/content/articlelanding/2001/gc/b102067f/unauth
https://pubs.rsc.org/en/content/articlelanding/2001/gc/b102067f/unauth
https://pubs.rsc.org/en/content/articlelanding/2001/gc/b102067f/unauth
https://pubs.rsc.org/en/content/articlelanding/2001/gc/b102067f/unauth
https://pubs.rsc.org/en/content/articlelanding/2006/gc/b604837d/unauth
https://pubs.rsc.org/en/content/articlelanding/2006/gc/b604837d/unauth
https://pubs.rsc.org/en/content/articlelanding/2006/gc/b604837d/unauth
https://pubs.rsc.org/en/content/articlelanding/2006/gc/b604837d/unauth
https://pubs.rsc.org/en/content/articlelanding/2006/gc/b604837d/unauth
https://pubs.rsc.org/en/content/articlelanding/2006/gc/b604837d/unauth
https://www.researchgate.net/publication/305402656_A_rapid_convenient_solventless_green_approach_for_the_synthesis_of_oximes_using_grindstone_chemistry
https://www.researchgate.net/publication/305402656_A_rapid_convenient_solventless_green_approach_for_the_synthesis_of_oximes_using_grindstone_chemistry
https://www.researchgate.net/publication/305402656_A_rapid_convenient_solventless_green_approach_for_the_synthesis_of_oximes_using_grindstone_chemistry
https://www.researchgate.net/publication/305402656_A_rapid_convenient_solventless_green_approach_for_the_synthesis_of_oximes_using_grindstone_chemistry
https://www.derpharmachemica.com/archive/dpc-volume-4-issue-1-year-2012.html
https://www.derpharmachemica.com/archive/dpc-volume-4-issue-1-year-2012.html
https://www.derpharmachemica.com/archive/dpc-volume-4-issue-1-year-2012.html
https://www.derpharmachemica.com/archive/dpc-volume-4-issue-1-year-2012.html
https://www.derpharmachemica.com/archive/dpc-volume-4-issue-1-year-2012.html
https://www.derpharmachemica.com/archive/dpc-volume-4-issue-1-year-2012.html
https://cir.nii.ac.jp/crid/1130000796616791808
https://cir.nii.ac.jp/crid/1130000796616791808
https://cir.nii.ac.jp/crid/1130000796616791808
https://europepmc.org/article/med/11851498
https://europepmc.org/article/med/11851498
https://europepmc.org/article/med/11851498
https://europepmc.org/article/med/11851498
https://europepmc.org/article/med/11851498
https://europepmc.org/article/med/11851498

gl

13. A. Javid, A. Khojastehnezhad, H. Eshghi, F.
Moeinpour, F.F. Bamoharram, J. Ebrahimi,
"Synthesis of  Pyranopyrazoles using a
Magnetically Separable Modified Preyssler
Heteropoly Acid". Organic Preparations and
Procedures International, vol. 48, pp. 377-384,
2016. doi.org/10.1080/00304948.2016.1206424

14. O. Neogi, "Preyssler Polyoxometalate an
Overview". International Journal of Innovative
Science and Research Technology, vol. 8, pp. 142-
160, 2023.

15. J. Ahmad, "Lipid Nanoparticles Based
Cosmetics  with  Potential ~ Application in
Alleviating Skin Disorders™" Cosmetics, vol. 8, pp.
84, 2021. doi.org/10.3390/cosmetics8030084

16. Y. Dang, J. Guan, "Nanoparticle-based drug
delivery systems for cancer therapy". Smart
Materials in Medicine, vol. 1, pp. 10-19, 2020.
doi.org/10.1016/j.smaim.2020.04.001

17. R.F. do Nascimento, V. de Oliveira, P.B.A.
Fechine, "Nanomaterials and Nanotechnology",
Springer, 2021.

18. N. Sadeghpour, M. Vadi, N. Bagheri, "Efficient
Removal of Omeprazole from Water Samples by
Utilizing of Carbon Nanotubes as Powerful
nanoadsorbent and Comprising with Graphite:
Kinetic and Thermodynamic studies", Journal of
New Materials, vol. 12 (46), pp. 1-18, 2022.
doi.org/10.30495/jnm.2022.28354.1925

19. B.C. Brodie, "On the Atomic Weight of
Graphite". Philosophical transactions of the Royal
Society of London, vol. 149, pp. 249-259, 1859.
doi.org/10.1098/rstl.1859.0013

20. G. Gongalves, M. Vila, M.T. Portoles, M.
Vallet-Regi, J. Gracio, "Nano-graphene oxide: a
potential multifunctional platform for cancer
therapy". Advanced Healthcare Materials, vol. 2,
pp. 1072-1090, 2013.
doi.org/10.1002/adhm.201300023

21. H.M. Ali, "Analysis of heat pipe-aided
graphene-oxide based nanoparticle-enhanced
phase change material heat sink for passive cooling
of electronic components”. Journal of Thermal
Analysis and Calorimetry, vol. 146, pp. 277-286,
2021. doi.org/10.1007/s10973-020-09946-8

22. Y. Yang, R. Zhang, X. Zhang, Z. Chen,
"Effects of Graphene Oxide on Plant Growth: A
Review". Plants, vol. 11(21), pp. 2826-2838, 2022.
https:/doi.org/10.3390/plants11212826

23. L. Liu, Q. Ma, J. Cao, Y. Gao, S. Han, Y. Liang,
T. Zhang, Y. Song, Y. Sun, "Recent progress of
graphene oxide-based multifunctional
nanomaterials for cancer treatment". Cancer
Nanotechnology. Vol. 12, pp. 18-49, 2021.
doi.org/10.1186/s12645-021-00087-7

24. A. Al-Nayili, M. Albdiry, "AuPd bimetallic
nanoparticles supported on reduced graphene oxide
nanosheets as catalysts for hydrogen generation from
formic acid under ambient temperature™. New Journal
of Chemistry, vol. 45, pp. 10040, 2021.
doi.org/10.1039/D1NJ01658]

25. E.M. Abd El-Monaem, M. Abd El-Latif, A.S.
Eltaweil, G.M. EI-Subruiti, "Cobalt Nanoparticles
Supported on Reduced Amine-Functionalized
Graphene Oxide for Catalytic Reduction of
Nitroanilines and Organic Dyes". Nano, vol. 16,
pp. 2150039, 2021.
doi.org/10.1142/S1793292021500399

26. A. Rahman, S. Zulfigar, A.U. Hag, LA.
Alsafari, U.Y. Qazi, M.F. Warsi, M. Shahid, "Cd-
Gd-doped nickel spinel ferrite nanoparticles and
their nanocomposites with reduced graphene oxide
for catalysis and antibacterial activity studies".
Ceramics International, vol. 47, pp. 9513-9521,
2021. doi.org/10.1016/j.ceramint.2020.12.085

27. K. Ganesan, V.K. Jothi, A. Natarajan, A.
Rajaram, S. Ravichandran, "Green synthesis of
Copper oxide nanoparticles decorated with
graphene oxide for anticancer activity and catalytic
applications". Arabian Journal of Chemistry, vol.
13, pp. 6802-6814, 2020.
doi.org/10.1016/j.arabjc.2020.06.033

28. B. Jain, A. Hashmi, S. Sanwaria, A.K. Singh,
M.A.B.H. Susan, A. Singh, "Zinc oxide
nanoparticle incorporated on graphene oxide: an
efficient and stable photocatalyst for water
treatment through the Fenton process". Advanced
Composites and Hybrid Materials, vol. 3, pp. 231-
242, 2020. doi.org/10.1007/s42114-020-00153-5

29. W. Yang, G. Chata, Y. Zhang, Y. Peng, J. En
Lu, N. Wang, R. Mercado, J. Li, S. Chen,
"Graphene oxide-supported zinc cobalt oxides as
effective cathode catalysts for microbial fuel cell:
High catalytic activity and inhibition of biofilm

VA5 HOF) VF F+Y g dlge dlome


https://www.tandfonline.com/doi/full/10.1080/00304948.2016.1206424
https://www.tandfonline.com/doi/full/10.1080/00304948.2016.1206424
https://www.tandfonline.com/doi/full/10.1080/00304948.2016.1206424
https://www.tandfonline.com/doi/full/10.1080/00304948.2016.1206424
https://www.tandfonline.com/doi/full/10.1080/00304948.2016.1206424
https://www.tandfonline.com/doi/full/10.1080/00304948.2016.1206424
https://www.tandfonline.com/doi/full/10.1080/00304948.2016.1206424
https://ijisrt.com/assets/upload/files/IJISRT23FEB214.pdf
https://ijisrt.com/assets/upload/files/IJISRT23FEB214.pdf
https://ijisrt.com/assets/upload/files/IJISRT23FEB214.pdf
https://ijisrt.com/assets/upload/files/IJISRT23FEB214.pdf
https://www.mdpi.com/2079-9284/8/3/84
https://www.mdpi.com/2079-9284/8/3/84
https://www.mdpi.com/2079-9284/8/3/84
https://www.mdpi.com/2079-9284/8/3/84
https://www.sciencedirect.com/science/article/pii/S2590183420300028
https://www.sciencedirect.com/science/article/pii/S2590183420300028
https://www.sciencedirect.com/science/article/pii/S2590183420300028
https://www.sciencedirect.com/science/article/pii/S2590183420300028
https://books.google.com/books?hl=en&lr=&id=bIogEAAAQBAJ&oi=fnd&pg=PR5&dq=+R.F.+do+Nascimento,+V.+de+Oliveira,+P.B.A.+Fechine,+%22Nanomaterials+and+Nanotechnology%22,+Springer,+2021.&ots=Y-uhLuRC6b&sig=ZO6SrLOTWwnzj1I_DuSIKJWjWEE#v=onepage&q&f=false
https://books.google.com/books?hl=en&lr=&id=bIogEAAAQBAJ&oi=fnd&pg=PR5&dq=+R.F.+do+Nascimento,+V.+de+Oliveira,+P.B.A.+Fechine,+%22Nanomaterials+and+Nanotechnology%22,+Springer,+2021.&ots=Y-uhLuRC6b&sig=ZO6SrLOTWwnzj1I_DuSIKJWjWEE#v=onepage&q&f=false
https://books.google.com/books?hl=en&lr=&id=bIogEAAAQBAJ&oi=fnd&pg=PR5&dq=+R.F.+do+Nascimento,+V.+de+Oliveira,+P.B.A.+Fechine,+%22Nanomaterials+and+Nanotechnology%22,+Springer,+2021.&ots=Y-uhLuRC6b&sig=ZO6SrLOTWwnzj1I_DuSIKJWjWEE#v=onepage&q&f=false
https://journals.marvdasht.iau.ir/article_5134_779e5a4982dc9ce65c59f230dab79e16.pdf
https://journals.marvdasht.iau.ir/article_5134_779e5a4982dc9ce65c59f230dab79e16.pdf
https://journals.marvdasht.iau.ir/article_5134_779e5a4982dc9ce65c59f230dab79e16.pdf
https://journals.marvdasht.iau.ir/article_5134_779e5a4982dc9ce65c59f230dab79e16.pdf
https://journals.marvdasht.iau.ir/article_5134_779e5a4982dc9ce65c59f230dab79e16.pdf
https://journals.marvdasht.iau.ir/article_5134_779e5a4982dc9ce65c59f230dab79e16.pdf
https://journals.marvdasht.iau.ir/article_5134_779e5a4982dc9ce65c59f230dab79e16.pdf
https://royalsocietypublishing.org/doi/abs/10.1098/rstl.1859.0013
https://royalsocietypublishing.org/doi/abs/10.1098/rstl.1859.0013
https://royalsocietypublishing.org/doi/abs/10.1098/rstl.1859.0013
https://royalsocietypublishing.org/doi/abs/10.1098/rstl.1859.0013
https://onlinelibrary.wiley.com/doi/abs/10.1002/adhm.201300023
https://onlinelibrary.wiley.com/doi/abs/10.1002/adhm.201300023
https://onlinelibrary.wiley.com/doi/abs/10.1002/adhm.201300023
https://onlinelibrary.wiley.com/doi/abs/10.1002/adhm.201300023
https://onlinelibrary.wiley.com/doi/abs/10.1002/adhm.201300023
https://onlinelibrary.wiley.com/doi/abs/10.1002/adhm.201300023
https://link.springer.com/article/10.1007/s10973-020-09946-8
https://link.springer.com/article/10.1007/s10973-020-09946-8
https://link.springer.com/article/10.1007/s10973-020-09946-8
https://link.springer.com/article/10.1007/s10973-020-09946-8
https://link.springer.com/article/10.1007/s10973-020-09946-8
https://link.springer.com/article/10.1007/s10973-020-09946-8
https://www.mdpi.com/2223-7747/11/21/2826
https://www.mdpi.com/2223-7747/11/21/2826
https://www.mdpi.com/2223-7747/11/21/2826
https://www.mdpi.com/2223-7747/11/21/2826
https://link.springer.com/article/10.1186/s12645-021-00087-7
https://link.springer.com/article/10.1186/s12645-021-00087-7
https://link.springer.com/article/10.1186/s12645-021-00087-7
https://link.springer.com/article/10.1186/s12645-021-00087-7
https://link.springer.com/article/10.1186/s12645-021-00087-7
https://link.springer.com/article/10.1186/s12645-021-00087-7
https://pubs.rsc.org/en/content/articlelanding/2021/nj/d1nj01658j/unauth
https://pubs.rsc.org/en/content/articlelanding/2021/nj/d1nj01658j/unauth
https://pubs.rsc.org/en/content/articlelanding/2021/nj/d1nj01658j/unauth
https://pubs.rsc.org/en/content/articlelanding/2021/nj/d1nj01658j/unauth
https://pubs.rsc.org/en/content/articlelanding/2021/nj/d1nj01658j/unauth
https://pubs.rsc.org/en/content/articlelanding/2021/nj/d1nj01658j/unauth
https://wspc.scienceconnect.io/api/oauth/authorize?ui_locales=en&scope=affiliations+login_method+merged_users+openid+settings&response_type=code&redirect_uri=https%3A%2F%2Fwww.worldscientific.com%2Faction%2FoidcCallback%3FidpCode%3Dconnect&state=XOf6HKudlAY6FbQ4jZNsgpwVv804DH_NaQGrzMXxsKk&prompt=none&nonce=8zQJTbWIagyN7ic4XlWKNWMbypVO7NSXDBUU6S46JP4%3D&client_id=wspc
https://wspc.scienceconnect.io/api/oauth/authorize?ui_locales=en&scope=affiliations+login_method+merged_users+openid+settings&response_type=code&redirect_uri=https%3A%2F%2Fwww.worldscientific.com%2Faction%2FoidcCallback%3FidpCode%3Dconnect&state=XOf6HKudlAY6FbQ4jZNsgpwVv804DH_NaQGrzMXxsKk&prompt=none&nonce=8zQJTbWIagyN7ic4XlWKNWMbypVO7NSXDBUU6S46JP4%3D&client_id=wspc
https://wspc.scienceconnect.io/api/oauth/authorize?ui_locales=en&scope=affiliations+login_method+merged_users+openid+settings&response_type=code&redirect_uri=https%3A%2F%2Fwww.worldscientific.com%2Faction%2FoidcCallback%3FidpCode%3Dconnect&state=XOf6HKudlAY6FbQ4jZNsgpwVv804DH_NaQGrzMXxsKk&prompt=none&nonce=8zQJTbWIagyN7ic4XlWKNWMbypVO7NSXDBUU6S46JP4%3D&client_id=wspc
https://wspc.scienceconnect.io/api/oauth/authorize?ui_locales=en&scope=affiliations+login_method+merged_users+openid+settings&response_type=code&redirect_uri=https%3A%2F%2Fwww.worldscientific.com%2Faction%2FoidcCallback%3FidpCode%3Dconnect&state=XOf6HKudlAY6FbQ4jZNsgpwVv804DH_NaQGrzMXxsKk&prompt=none&nonce=8zQJTbWIagyN7ic4XlWKNWMbypVO7NSXDBUU6S46JP4%3D&client_id=wspc
https://wspc.scienceconnect.io/api/oauth/authorize?ui_locales=en&scope=affiliations+login_method+merged_users+openid+settings&response_type=code&redirect_uri=https%3A%2F%2Fwww.worldscientific.com%2Faction%2FoidcCallback%3FidpCode%3Dconnect&state=XOf6HKudlAY6FbQ4jZNsgpwVv804DH_NaQGrzMXxsKk&prompt=none&nonce=8zQJTbWIagyN7ic4XlWKNWMbypVO7NSXDBUU6S46JP4%3D&client_id=wspc
https://wspc.scienceconnect.io/api/oauth/authorize?ui_locales=en&scope=affiliations+login_method+merged_users+openid+settings&response_type=code&redirect_uri=https%3A%2F%2Fwww.worldscientific.com%2Faction%2FoidcCallback%3FidpCode%3Dconnect&state=XOf6HKudlAY6FbQ4jZNsgpwVv804DH_NaQGrzMXxsKk&prompt=none&nonce=8zQJTbWIagyN7ic4XlWKNWMbypVO7NSXDBUU6S46JP4%3D&client_id=wspc
https://wspc.scienceconnect.io/api/oauth/authorize?ui_locales=en&scope=affiliations+login_method+merged_users+openid+settings&response_type=code&redirect_uri=https%3A%2F%2Fwww.worldscientific.com%2Faction%2FoidcCallback%3FidpCode%3Dconnect&state=XOf6HKudlAY6FbQ4jZNsgpwVv804DH_NaQGrzMXxsKk&prompt=none&nonce=8zQJTbWIagyN7ic4XlWKNWMbypVO7NSXDBUU6S46JP4%3D&client_id=wspc
https://www.sciencedirect.com/science/article/pii/S027288422033683X
https://www.sciencedirect.com/science/article/pii/S027288422033683X
https://www.sciencedirect.com/science/article/pii/S027288422033683X
https://www.sciencedirect.com/science/article/pii/S027288422033683X
https://www.sciencedirect.com/science/article/pii/S027288422033683X
https://www.sciencedirect.com/science/article/pii/S027288422033683X
https://www.sciencedirect.com/science/article/pii/S027288422033683X
https://iopscience.iop.org/article/10.1088/1402-4896/ac8a7a/meta
https://iopscience.iop.org/article/10.1088/1402-4896/ac8a7a/meta
https://iopscience.iop.org/article/10.1088/1402-4896/ac8a7a/meta
https://iopscience.iop.org/article/10.1088/1402-4896/ac8a7a/meta
https://iopscience.iop.org/article/10.1088/1402-4896/ac8a7a/meta
https://iopscience.iop.org/article/10.1088/1402-4896/ac8a7a/meta
https://iopscience.iop.org/article/10.1088/1402-4896/ac8a7a/meta
https://www.scribd.com/document/525185287/Zinc-Oxide-Nanoparticle-Incorporated-on-Graphene-Oxide-An-Efficient-and-Stable-Photocatalyst-for-Water-Treatment-Through-the-Fenton-Process
https://www.scribd.com/document/525185287/Zinc-Oxide-Nanoparticle-Incorporated-on-Graphene-Oxide-An-Efficient-and-Stable-Photocatalyst-for-Water-Treatment-Through-the-Fenton-Process
https://www.scribd.com/document/525185287/Zinc-Oxide-Nanoparticle-Incorporated-on-Graphene-Oxide-An-Efficient-and-Stable-Photocatalyst-for-Water-Treatment-Through-the-Fenton-Process
https://www.scribd.com/document/525185287/Zinc-Oxide-Nanoparticle-Incorporated-on-Graphene-Oxide-An-Efficient-and-Stable-Photocatalyst-for-Water-Treatment-Through-the-Fenton-Process
https://www.scribd.com/document/525185287/Zinc-Oxide-Nanoparticle-Incorporated-on-Graphene-Oxide-An-Efficient-and-Stable-Photocatalyst-for-Water-Treatment-Through-the-Fenton-Process
https://www.scribd.com/document/525185287/Zinc-Oxide-Nanoparticle-Incorporated-on-Graphene-Oxide-An-Efficient-and-Stable-Photocatalyst-for-Water-Treatment-Through-the-Fenton-Process
https://www.scribd.com/document/525185287/Zinc-Oxide-Nanoparticle-Incorporated-on-Graphene-Oxide-An-Efficient-and-Stable-Photocatalyst-for-Water-Treatment-Through-the-Fenton-Process
https://www.sciencedirect.com/science/article/abs/pii/S2211285518310024
https://www.sciencedirect.com/science/article/abs/pii/S2211285518310024
https://www.sciencedirect.com/science/article/abs/pii/S2211285518310024
https://www.sciencedirect.com/science/article/abs/pii/S2211285518310024
https://www.sciencedirect.com/science/article/abs/pii/S2211285518310024

S (55500 93 (g 4 00w algi Ti-10Mo 5L alale g gxdans ($59098,90 9 JUd L 32, (o) 2

formation”. Nano Energy, vol. 57, pp. 811-819,
2019. doi.org/10.1016/j.nanoen.2018.12.089

30. A. Khodadadi Dizaji, H.R. Mortaheb, B.
Mokhtarani,  "Extractive-Catalytic =~ Oxidative
Desulfurization with Graphene Oxide-Based
Heteropolyacid  Catalysts:  Investigation — of
Affective Parameters and Kinetic Modeling".
Catalysis Letters, vol. 149, pp. 259, 2019.
doi.org/10.1007/s10562-018-2595-x

31. D. Zhao, X. Gao, C. Wu, R. Xie, S. Feng, C.
Chen, "Facile preparation of amino functionalized
graphene  oxide decorated with Fe304
nanoparticles for the adsorption of Cr(VI)".
Applied Surface Science, vol. 384, pp. 1-9, 2016.
doi.org/10.1016/j.apsusc.2016.05.022

32. J.N. Jebaranjitham, C. Mageshwari, R.
Saravanan, N. Mu, "Fabrication of amine
functionalized graphene oxide — AgNPs
nanocomposite with improved dispersibility for
reduction of 4-nitrophenol”. Composites Part B:
Engineering, vol. 171, pp. 302-309, 2019.
doi.org/10.1016/j.compositesh.2019.05.018

33. V.B. Saptal, M.V. Spatal, R.S. Mane, T. Sasaki,
B.M. Bhanage, "Amine-Functionalized Graphene
Oxide-Stabilized Pd Nanoparticles (Pd@APGO):
A Novel and Efficient Catalyst for the Suzuki and
Carbonylative Suzuki—Miyaura Coupling
Reactions". ACS Omega, vol. 4, pp. 643-649,
2019. doi.org/10.1021/acsomega.8b03023

34. A. Javid, A. Khojastehnezhad, A. Pombeiro,
"Preparation, Characterization, and Application of

V215 H(OF) VF VP g5 slge alne

Preyssler Heteropoly Acid Immobilized on
Magnetic Nanoparticles as a Green and
Recoverable Catalyst for the Synthesis of
Imidazoles”. Russian Journal of General
Chemistry, vol. 87, pp. 3000-3005, 2017.
doi.org/10.1134/S1070363217120453

35. A. Khojastehnezhad, M. Bakavoli, A. Javid,
M.M. Khakzad Siuki, M. Shahidzadeh, "Synthesis,
characterization, and investigation of catalytic
activity of copper(ll) porphyrin graphene oxide for
azide-alkyne  cycloaddition".  Research  on
Chemical Intermediates, vol. 45, pp. 4473-4485,
2019. https:/dx.doi.org/10.1007/s11164-019-
03843-y

36. A. Khojastehnezhad, F. Moeinpour, A. Javid,
"NiFe204 @ SiO2-PPA Nanoparticle: A Green
Nanocatalyst for the Synthesis of [B-Acetamido
Ketones." Polycyclic Aromatic Compounds, vol.
39, pp. 404, 20109.
doi.org/10.1080/10406638.2017.1335218

37. B. Paulchamy, G. Arthi, B.D. Lignesh, "A
Simple Approach to Stepwise Synthesis of
Graphene Oxide Nanomaterial”. Jornal of
Nanomedicine and Nanotechnology, vol. 6, pp. 1,
2015. doi.org/10.4172/2157-7439.1000253

38. H. Kim, R. Namgung, K. Singha, W.J. Kim,
"Graphene Oxide—Polyethylenimine
Nanoconstruct as a Gene Delivery Vector and
Bioimaging Tool". Bioconjugate chemistry, vol.
22, pp. 2558-2567, 2011.
doi.org/10.1021/bc200397j


https://www.sciencedirect.com/science/article/abs/pii/S2211285518310024
https://www.sciencedirect.com/science/article/abs/pii/S2211285518310024
https://link.springer.com/article/10.1007/s10562-018-2595-x
https://link.springer.com/article/10.1007/s10562-018-2595-x
https://link.springer.com/article/10.1007/s10562-018-2595-x
https://link.springer.com/article/10.1007/s10562-018-2595-x
https://link.springer.com/article/10.1007/s10562-018-2595-x
https://link.springer.com/article/10.1007/s10562-018-2595-x
https://link.springer.com/article/10.1007/s10562-018-2595-x
https://www.sciencedirect.com/science/article/abs/pii/S0169433216310194
https://www.sciencedirect.com/science/article/abs/pii/S0169433216310194
https://www.sciencedirect.com/science/article/abs/pii/S0169433216310194
https://www.sciencedirect.com/science/article/abs/pii/S0169433216310194
https://www.sciencedirect.com/science/article/abs/pii/S0169433216310194
https://www.sciencedirect.com/science/article/abs/pii/S0169433216310194
https://www.sciencedirect.com/science/article/pii/S1359836819300964
https://www.sciencedirect.com/science/article/pii/S1359836819300964
https://www.sciencedirect.com/science/article/pii/S1359836819300964
https://www.sciencedirect.com/science/article/pii/S1359836819300964
https://www.sciencedirect.com/science/article/pii/S1359836819300964
https://www.sciencedirect.com/science/article/pii/S1359836819300964
https://www.sciencedirect.com/science/article/pii/S1359836819300964
https://pubs.acs.org/doi/abs/10.1021/acsomega.8b03023
https://pubs.acs.org/doi/abs/10.1021/acsomega.8b03023
https://pubs.acs.org/doi/abs/10.1021/acsomega.8b03023
https://pubs.acs.org/doi/abs/10.1021/acsomega.8b03023
https://pubs.acs.org/doi/abs/10.1021/acsomega.8b03023
https://pubs.acs.org/doi/abs/10.1021/acsomega.8b03023
https://pubs.acs.org/doi/abs/10.1021/acsomega.8b03023
https://link.springer.com/article/10.1134/S1070363217120453
https://link.springer.com/article/10.1134/S1070363217120453
https://link.springer.com/article/10.1134/S1070363217120453
https://link.springer.com/article/10.1134/S1070363217120453
https://link.springer.com/article/10.1134/S1070363217120453
https://link.springer.com/article/10.1134/S1070363217120453
https://link.springer.com/article/10.1134/S1070363217120453
https://link.springer.com/article/10.1134/S1070363217120453
https://link.springer.com/article/10.1007/s11164-019-03843-y
https://link.springer.com/article/10.1007/s11164-019-03843-y
https://link.springer.com/article/10.1007/s11164-019-03843-y
https://link.springer.com/article/10.1007/s11164-019-03843-y
https://link.springer.com/article/10.1007/s11164-019-03843-y
https://link.springer.com/article/10.1007/s11164-019-03843-y
https://link.springer.com/article/10.1007/s11164-019-03843-y
https://link.springer.com/article/10.1007/s11164-019-03843-y
https://www.tandfonline.com/doi/10.1080/10406638.2017.1335218
https://www.tandfonline.com/doi/10.1080/10406638.2017.1335218
https://www.tandfonline.com/doi/10.1080/10406638.2017.1335218
https://www.tandfonline.com/doi/10.1080/10406638.2017.1335218
https://www.tandfonline.com/doi/10.1080/10406638.2017.1335218
https://www.tandfonline.com/doi/10.1080/10406638.2017.1335218
https://www.researchgate.net/profile/Smriti-Gupta-7/post/Graphene_Oxide_Nanoparticles/attachment/5bd16fbc3843b00675406d05/AS%3A685520719974400%401540452284380/download/GO+synthesis.pdf
https://www.researchgate.net/profile/Smriti-Gupta-7/post/Graphene_Oxide_Nanoparticles/attachment/5bd16fbc3843b00675406d05/AS%3A685520719974400%401540452284380/download/GO+synthesis.pdf
https://www.researchgate.net/profile/Smriti-Gupta-7/post/Graphene_Oxide_Nanoparticles/attachment/5bd16fbc3843b00675406d05/AS%3A685520719974400%401540452284380/download/GO+synthesis.pdf
https://www.researchgate.net/profile/Smriti-Gupta-7/post/Graphene_Oxide_Nanoparticles/attachment/5bd16fbc3843b00675406d05/AS%3A685520719974400%401540452284380/download/GO+synthesis.pdf
https://www.researchgate.net/profile/Smriti-Gupta-7/post/Graphene_Oxide_Nanoparticles/attachment/5bd16fbc3843b00675406d05/AS%3A685520719974400%401540452284380/download/GO+synthesis.pdf
https://pubs.acs.org/doi/abs/10.1021/bc200397j
https://pubs.acs.org/doi/abs/10.1021/bc200397j
https://pubs.acs.org/doi/abs/10.1021/bc200397j
https://pubs.acs.org/doi/abs/10.1021/bc200397j
https://pubs.acs.org/doi/abs/10.1021/bc200397j
https://pubs.acs.org/doi/abs/10.1021/bc200397j

