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(ppm)): 14.2, 14.6 (4CHs), 60.9 and 62.6 (40CH,),
100.7 (C-C=C), 143.6 (C=C), 164.2 and 168.0
(C=0); Anal. Calc. for C;sH,3NOg: C, 54.08; H,
5.96; N, 3.94, Found: C, 54.15; H, 6.05; N, 3.98.
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FTIR (KBr, Vpay, cm™): 1742 (C=0 ketone), 1632,
1685 (C=0 ester); '"H NMR (300 MHz, CDCl;, &y
(ppm)): 3.68, 3.81 (6H, 2s, OCH3), 7.15 (1H, s, CH
olefin), 8.04 (2H, d, *Jyy=4.3 Hz, Ar-H), 8.33 (2H,
d, *Juy=4.3 Hz, Ar-H); >C NMR (75 MHz, CDCl;,
8¢ (ppm)): 52.7 and 53.4 (20CH,), 124, 129, 133,
139 (arom), 131 (C=CH), 150 (CO-C=CH), 162.9
and 164.1 (C=0 ester), 190.7 (C=0 ketone); Anal.
Calc. for C;3H;NO;: C, 53.25; H, 3.78; N, 4.78,
Found: C, 52.99; H, 3.71; N, 4.66.
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FTIR (KBr, vy, cm’): 1742, 1685 (C=0); 'H
NMR (300 MHz, CDCl;, 8y (ppm)): 3.79, 3.81
(12H, 2s, OCH3), 5.82 (2H, s, CH), 11.66 (1H, br s,
NH); *C NMR (75 MHz, CDCl, 8¢ (ppm)): 52.2
and 53.2 (40CH3), 100.5 (C-C=C), 143.4 (C=C),
164.4 and 168.3 (C=0); Anal. Calc. for C;,H;sNOs:
C, 48.17; H, 4.38; N, 4.68, Found: C, 47.99; H,
4.42;N, 4.85.
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FTIR (KBr, v, cm™): 1737, 1689 (C=0); 'H
NMR (300 MHz, CDCl3, &y (ppm)): 1.29 and 1.33
(12H, 2t, *Jyy=7.1 Hz 4CH3), 421 and 4.27 (8H,
2q, *Jyy=7.1 Hz 40CH,), 5.81 (2H, s, CH) 11.57
(1H, br s, NH); C NMR (75 MHz, CDCls, ¢
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d¢ (ppm)): 52.7 and 53.4 (20CH;), 130, 132, 134,
145 (arom), 133 (C=CH), 149 (CO-C=CH), 163.3
and 164.2 (C=0 ester), 190.2 (C=0 ketone); Anal.
Calc. for Cy3H,,BrOs: C, 47.73; H, 3.39; Br, 24.43,
Found: C, 47.56; H, 3.31.
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Ph3P + ROZC_CEC_COZR + CH3C02NH4

1 2 4

FTIR (KBTI, Vpay, cm™): 1759 (C=O ketone),1680
(C=0 ester); '"H NMR (300 MHz, CDCl;, &y
(ppm)): 3.67, 3.80 (6H, 2s, OCH5), 7.11 (1H, s, CH
Olefin), 7.48 (2H, d, *Jyy=4.3 Hz, Ar-H), 7.83 (2H,
d, *Jyu=4.3 Hz, Ar-H); >C NMR (75 MHz, CDCl,,
8¢ (ppm)): 52.6 and 53.3 (20CHj3), 129, 132, 133,
144 (arom), 130 (C=CH), 151 (CO-C=CH), 163.3
and 164.1 (C=0 ester), 190.1 (C=0O ketone); Anal.
Calc. for Cj3H,,Cl0s: C, 55.24; H, 3.92; Cl, 12.34,
Found: C, 54.99; H, 3.79.
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FTIR (KBTI, Viay, cm™): 1719 (C=0 ketone), 1630,
1685 (C=0 ester); 'H NMR (300 MHz, CDCls, &y
(ppm)): 3.66, 3.79 (6H, 2s, OCH3), 7.11 (1H, s, CH
Olefin), 7.62 (2H, d, *Jyy=4.3 Hz, Ar-H), 7.75 (2H,
d, *Jyy=4.3 Hz, Ar-H); °C NMR (75 MHz, CDCl;,

RO,C CO,R

CH3CN N e
4 |

4h R0, H  COR

R|Me Et

9l a b

S 53 ki (ool b i b5 5y L ol aghs BIoss =Y o S5 sl b ¥ S

g logn)S & baye WYY ppm g Ve ed ) Sl
09,5 oz sl VEAY ppm 4 VWYX Sl 9 Ll
2 98 ol 9 IR cads 3 058 0 osalivo (gl JuisyS
b 1y oyl Jun)S sloog,S 3929 VSAD 5 VVEYCm
oSl P 0Bl LA S 5 (alad cend g LS lo S e
G ZZ Jon b (slolin (¥ JS5) 5 e g S5
FLad Cygod GiSly & amde Gl (pdg) ek

Cwl ob)f us)w,u

VE+Y QMU ¥ b)w 5.@#.&&% le

a¥

oy s ¢ 4 L @b slaosygls kil

2 A gy Spais 45595 ¢ IR °C NMR /H NMR
5 YV aslics SSlis ¢ %2 S5 'H NMR b
SOLES S5 (oS 9o 09,5 ez sy 1y VIAY ppm
Sy ks Oan 90 Sl OAY ppm > 5 LSS
odnlin uol 939y (slp VVES ppm i lacs SSlis
5 OVY ;5 Sl 93 %2 oS 5 PC NMR s )5 39 0

9 9 Soe sleogS lapyS 4 bgye OV ppm

JARC) o0 5 5954, (5 sihos 42



e oy logs fi5g 1 g loclylogs, o3 ol e [iI=Y oY [ S5 jiiaw

oy, sS4 bgrpe FYF ppm g £o/F > Sl
4 boyw YWY ppm g VooV o SOl 90 5 olite
VA ppm g VEEY 0 SOLiS 90 ] (g (slap S
9 LIR b 395 oo odaliio 6yl i) 09,5 ez sl
JeinS cloog)S 3909 WYY em™ g VPAX 5 g Lo
S o 2 1y (6 il

» @b gbeedygld LS sl ooleing g5l
e gddiud yiul8l b (uiSTy ol oadd edly lis ¥ IS
VY buwlgts LS 5 el gl 4 1 bdw jaub
os 3 o <8l ) o & dsde LT Y s 8 oS sk S il i L T S
el Jole  cwgddtun dlos (o 40 bl > amd o JSiS
Ol bl e g sl gl JiSse (megd &
a5l e ol p .J.JL;a dpg & A lwlgs
BV SIS i S5 5 29 5 33550
Dod oo bt A il ylogd 63

L adliaw Sl ¢ Ab oSy 'H NMR b

sygsn lp VYV 9 VYA ppm p» V)Y Hz  S6ls
PV Hz (Salss b aslilas SSlis 99 ¢ Juio 09,5 5la>
e olite 095 e sbogan lx FIVY ppm 5 ¥YY
5 hivg 55ap 93 sly OAY ppm o 55 LS SOl
u;,,oT OF9y e WOV ppm p B Sl S
» Silis 93 9b Sy PC NMR b (5 amd o )l
80 ¢ Juto (slaog)S (slacp)S 4 basye VFF ppm g VF/Y

+ + -+
Ph.P CO,R _ Ph;P CO,R
3 . 2 CHJCOzNH4 PhsP Q COZR-NH CH.CO 3 A\ 2
Ph3P:+R02CﬁCOzR - - e >—< + o NH+ L2 > NH,
RO,C rRo,c \u_/ RO,C y
1 2 3 5 6
+
RO,C CO,R
RO,C —==— CO,R Ph;?  CO,R CO,R |I,2~H| PhsP ) CO;R co,R Y b3 2 i
! T ol S I
N 7N 7 AN
RO,C j H RO,C ﬁJ\( N
CO,R CO,R RO,C H CO;R
7 8 9

da-b dh&l)hgdé&ldbolﬂ—\/c\' S5 sl (ooleiig ) g5ke 0)le )b ¥ S

Ao §) docllogiJigsirY 5 a5 plsl GBI s > SMeS Skl Jiesd b cuind ubis s STy

ool i) 09,5 4 Y Ssyng) bawly do (sgdais Sy dsea () sl gl Sy LS
(B JS5) 50 LSt cnslio 035l | 9 Oeg 6> Mo 55 (iiSTs AD gy 5 Cawgdyg Sl
VEY bl oY 5 lowd copodia JUo (JARC) o y3 32,5 5l g}y &1 puiii

a0



d/)[’(“‘”}’w}‘“’

o
PhsP + H3CO,C—C=C—CO,CH; + 5
X

10

CO,CH,3

_cmcn

Tr12h CO,CH,

X|NO, CI Br

1313a b ¢

b b5 S 3 aaallzs L DMAD (Sl Sl lagd g3t it o)l o & JS5

P 9 i dw LFTIR Gab e 0

L G958 S
2wl Iy JeoyS sloog,S 2929 VYEY ppm 5 VEAD ASYD
FTIR 4 "C NMR /H NMR bbb .S -

g dwd Wa oSy slaab alie VWh-c claeuSy
A5 o by e sl

P Va-C glaodyghd St sl (ooleidy , 95l
awgddiwd il b yiiSTy ccawl odd ooy lis £ S
YA bslgs Jsuts il yrel 4 (8)baw i
09,5 & (hwgddiud do> b a9 0 ST ¥ by
4 Ok lrale bam ) bl 4 bl aadl s
9 09U aloals I aled 3 29800 Jas WY baulgis
D9 o JoSui W 03918 (e Jibis 5 oS

/\‘ PhyP.”

Phg.P‘ + H3CO,C ﬁ CO,CH;

H;CO,C
1 2 3
H2C02C
Ph3P4) \
H3C02C
12

o
CO,CH; @ X +
>_/ H PhP >

H o Gl oo 5 ajps b WWac gbaodyglyd jlisle
Gl )3 A (6 paic 4555 9 IR C NMR NMR
ppm o YA 5 alscSs SOl 99 WWa oo 5 'H NMR
Sl &J ‘L:.uf}m 05; 9 dtmuy9); LS‘)’. AN
SOl 93 9 g oFgn sl VYO PPML 3 55 3T
1 Silis 93 WYa oS5 PC NMR Gibs 348 0 onlie
e uSgio 05,5 50 (slaipyS (gly OF)F ppm 4 AYY
sy gl WA ppm 5 WYY AV AYF Sl
slacpyS lp V0 ppm g WYY SSLE g «Sleg)]
09)5 93 Lgl)z \;\;/\ ppm 4 \;’Y/c\ » Slis 9 ‘LS‘L")B
09,5 lyp VAV ppmyp Sl K g gyl Jun)S

H;CO,C X

[1,3~H]
B

—_—

H
H;CO,Cc ~O
1

OCH;
Ph;P
. Hs;cO

Wa-c glacllogd g5 JoSis (sl bt )15951*» ooyl & JS5

VE+Y QMU ¥ b)w 5.@#.&&% le

(JARC) (s y3 (63,2)5 (sl g3y 1 ol



e oy logs fi5g 1 g loclylogs, o3 ol e [iI=Y oY [ S5 jiiaw

(5 25 oS
il S b pdlisg Sl
5 dwl NH lgiets linl auigel )L 3 oMnS ') 60
VY U Gl slod jd g o pdgiel M
OiiSly opizmed b Mg g o3l b lylegd g
A S pSephinl Jeesd b onud by
oo 3B gled jd g lieg IS oo M o sl sl e
iS5 05 sl 033l b lylegd Lo pir ¥ sl giie g5 4
SPGB Jas ama Sl syl ol
b alBaw sltgn & wgddiun dles )d pbwd fud
gt oyt il 015 355 J oSN 33008
bS5 ol jriw Cal 0SS 509 )5 lyics byl

ool el olem lopd 3 85 1)aiSS (g9 > sl giie Glgisa
ol Sl (gyld gl o 03]

[1] Corbridge DE. Applications of phosphorous
compounds. Phosphorus. an outline of its
chemistry, biochemistry and technology. 5th ed.
Amsterdam: Elsevier Science; 1995.
Yavari I, Adib M, Hojabri L.
Vinyltriphenylphosphonium  salt  mediated
serendipitous synthesis of
aryliminophosphoranes. Tetrahedron.
2002;58(36):7213-9. doi: 10.1016/S0040-4020
(02)00788-3
[3] Engel R. Synthesis of carbon-phosphorus
bonds. London: CRC press; 2003.
[4] Trost BM, Dake GR. Nucleophilic a-addition to
alkynoates: A synthesis of dehydroamino acids.
Journal of the American Chemical Society.
1997;119(32):7595-6. doi: 10.1021/ja971238z

Mosslemin MH, Anary-Abbassinejad M,
Hassanabadi A, Mohebat M, Nateghi MR.
Reaction between triphenylphosphine and

(2]

[5]

VE+Y QMU ¥ b)w 5@.&&% le

v

oy i3 b cslossi)l
bulgas JiiSly (gm N JSS 0 D e (o)
crl Epo9e) Cglite Cuwglig Sl ST (S0 b (Soays)
S5 g Slie 85 5,5 15 1y (olmodysld (g
S5 6505 b by Slilogd Jutags> X VY Jlo J) st
oelel @ Mo JWSy5 03l Sl A5 (lgie 4
33 odoxie YL (5953 5 138 losl al 3)50 0aiiS3ge
DY) col a8 )3
s Blocs 5 el 51, b o ol
oslazwl (Multiple sclerosis)  wlpl (sjlows (jloyd (sl
b alylogd Jutacsd 31 (Sibzs solatwl ¥ VY 10 [VO] 25 0
usly  (Skilarence) NSl (gybw pb
Al > [VF] 45 40T g &3] Lawgs (S Ll ypm

Oleyd

““‘5)-’ Ui‘ ARAR! ).} ‘u‘)l.o99 J:_U;d.} _))9‘ )3 L“’u*%)-’
3,8 518 byl 390 Wiluy o VA-nee8 loyy lp
Y]

&l
acetylenic esters or acetylenic ketones in the
presence  of  mercaptoesters.  Synthetic
Communications. 2009;39(19):3482-92. doi:
10.1080/00397910902778027

[6] Salehitabar L, Yavari I. One-pot synthesis of
phosphorylsuccinates and
triphenylphosphanylidenesuccinates containing
a thioamido group. Phosphorus, Sulfur, and

Silicon and the Related Elements.
2018;193(11):731-9. doi: 10.1080/10426507.
2018.1506784

[7] Nair V, Vinod AU, Nair JS, Sreekanth AR,
Rath NP. The reaction of cyclohexyl isocyanide
and dimethyl acetylenedicarboxylate with o-and
p-quinones: A novel synthesis of
iminolactones. Tetrahedron Letters.
2000;41(34):6675-9. doi: 10.1016/S0040-4039
(00)01114-X

JARC) o0 5 5954, (5 sihos 42



LJ'/JK“‘”}’L;‘}‘“’

[8] Yavari I, Hekmat-Shoar R, Zonouzi A. A new and
efficient route to 4-carboxymethylcoumarins
mediated by vinyltriphenylphosphonium salt.
Tetrahedron Letters. 1998;39(16):2391-2. doi:
10.1016/S0040-4039(98)00206-8

[9] Yavari I, Adib M, Hojabri L.
Vinyltriphenylphosphonium  salt  mediated
synthesis  of  functionalized  coumarins.

Tetrahedron. 2001;57(35):7537-40. doi: 10.1
016/S0040-4020(01)00703-7

[10] Yavari I, Amiri R, Haghdadi M.
Triphenylphosphine-mediated synthesis of 5-
0x0-2, 5-dihydrofurans through the reaction of
dialkyl acetylenedicarboxylates and butane-2,

3-dione. Journal of Chemical Research.
2004;2004(11):766-7. doi: 10.3184/0308234
043431546

[11] Yavari I, Khajeh-Khezri A, Halvagar MR. A
Synthesis of Novel Perinaphthenones from
acetylenic esters and acenaphthoquinone—
malononitrile adduct in the presence of
triphenylphosphine. Synlett. 2018;29(15):2011-
4. doi: 10.1055/s-0037-1610253

[12] aSomarajan Nair J, Rath N.
Triphenylphosphine promoted addition of
dimethyl acetylenedicarboxylate to 1,2-

benzoquinones: Facile synthesis of novel y-
spirolactones. Journal of the Chemical Society,
Perkin Transactions 1. 1997(21):3129-30. doi:
10.1039/A7062721

[13] Nair V, Sreekanth AR, Abhilash N, Biju AT,
Devi BR, Menon RS, Rath NP, Srinivas R.
Novel pyridine-catalyzed reaction of dimethyl
acetylenedicarboxylate with aldehydes and N-
Tosylimines:  Efficient synthesis of 2-
Benzoylfumarates and 1-Azadienes. Synthesis.
2003;2003(12):1895-902. doi: 10.1055/s-2003-
41000

[14] Lategan TW, Wang L, Sprague TN, Rousseau
FS. Pharmacokinetics and bioavailability of
monomethyl fumarate following a single oral

VE+Y QMU ¥ b)w 5.@#.&&% le

aA

dose of Bafiertam™ (monomethyl fumarate) or
Tecfidera® (dimethyl fumarate). CNS drugs.
2021;35:567-74. doi: 10.1007/540263-021-00

799-9
[15] Linker RA, Haghikia A. Dimethyl fumarate in
multiple  sclerosis:  Latest developments,

evidence and place in therapy. Therapeutic
advances in chronic disease. 2016;7(4):198-
207. doi: 10.1177/2040622316653307

[16] Blair HA. Dimethyl fumarate: A review in
moderate to severe plaque psoriasis. Drugs.
2018;78:123-30. doi: 10.1007/540265-017-08
54-6

[17] RECOVERY Collaborative Group, Horby
PW, Peto L, Staplin N, Campbell M, Pessoa-
Amorim G, Maftham M, Emberson JR, Stewart
R, Prudon B, Uriel A. Dimethyl fumarate in
patients admitted to hospital with COVID-19
(RECOVERY): A randomised, controlled,
open-label, platform trial. medRxiv.
2022:2022-09. doi:_10.1101/2022.09.23.22 28
0285

[18] Azizian J, Hosseini J, Mohammadi M,
Sheikholeslami F. Efficient route for the
synthesis of highly substituted pyrroles.
Synthetic =~ Communications®. 2010 Nov
3;40(23):3472-9. doi: 10.1080/003979109 034
57266

[19] Ali-Asgari S, Hosseini SJ, Pourshamsian K,
Bagheri M, Naghizadeh E. Diastereoselective
synthesis of stable phosphorus yields by a three-
component reaction between Ph3P and acetylenic
esters in the presence of hydrazine derivatives.
Journal of Applied Chemical Research.
2014;8(4):65-73. dor: 20.1001.1.20083815.201
4.8.4.7.3

[20] Baharfar R, Tajbakhsh M, Hamedaninejad A,
Hosseini SJ. An efficient synthesis of
substituted alkyl acrylates using a-keto amides.
Chinese Chemical Letters. 2008;19(2):175-9.
doi: 10.1016/j.cclet.2007.12.014

JARC) o0 5 5954, (5 sihos 42



JARC in i

T eV 55 315 3 2915 sl 01,5150 e iz
»9»0 ..\J,S 9 b..\J.g'yi %)56’ )

Y . #qY - #9) . .
ool (agalawly 9 777 (65wl Cpaudmo ¢ Sl dxo

oyl olss b pole (eSS O Muass oSl ¢ o 00D (¢3S 0l g}
Oyl oo ab pole  LaSS CMuass oSl ¢ cow 03501 (S8 cousd 09,5 HLutily Y

OB (ooMa—(gy3ld 9 Cladods Slhy (yulShn j5d o (g Sl i lo duwge Silmgsy ¥

VoY yoiopmd VY 00,0500 WY cigua )l il o

d 10.30495/JACR.2023.1984952.2120 @ 20.1001.1.27835324.1402.17.2.9.5

T
195 0 y55 Baa b layl 3,018 5 o jlae latigd slbeaS 5 g ooy ololys polic ) oslinl b wel,lS" ojlusin il dlge ans
2 (025 38) o Cogu lgicds o,k b g 0aLYT Bl (gl ol 3 pealy 6 g 1 g STyl dlge aUlS
B oy 5l jsken S M5 sl g jie (MEFe04) e mjsio )i logl (sblojas gl cnl > ol (yte sl
3,5 Lasedio gy b ol (3] Jite) 951 5 polio 01V (bS5 o 55 9 HoS Jl oad o (LB Jolomo (555
Slopping cundBl 528 Culled dgu0 sl sl J1ay08 0 9,k 155 g 0a VT o 55 il oY (Ul Sl st CannUIS 920
S| BT b e ojlusingl aloS Ol jih )5 melites IS5 4 Gl 1 g ad endpMol Spele g, 4 dpuST 315
Iy Oiarid Mg o 0555, oUles Canl jol8 ojluiin gl LSis g oualS auST 81,5 5gng ol Lo waleds s eolatiw] snualS
03 Il (g B e 4 (o5 o Cugll g 0pinm e SUl CuS Hil el (Bl 95 o Colus (1381 o,
2ol J5o9,Se BOFY byl (59,00 (53Lodlil sy g sioyd AT L oy olRitiSTggid )18 sl S5l g 59 033,

ol CS g g5 g 00V Bls (clys 0jlwtin gl CundBlS 423 Lo 5 Shas Sl 4 Lol Cawndts CunJBlS 33 p,5

ST 815 ey ma st Bl yoss 0jlodiz gl ¢y, 0 a5 oy VT Bl 96 oy 55 udlgus (19,00 2SS (W04

VLY lual oF olond cpdada Jluw m.ghanimaty@iasbs.ac.ir :L5K ,lboage
e AR i aa Lashgari@iasbs.ac.ir &



U/JK“‘”}J)K“JﬁW

bl 5 o oy gublce S5cmn) (oo )
9 Cuwgy o ouuntlS ol edB ( plin) oy O e il
Gl S50 sla)Saly 5l [0 5 VF] casl (Ub))sS olSitund
(lesd oy & glgie oYl ol o g Bl
059 s bendg Sl slaghy) (Gp S5 sjlead
DV g V]38 0yl (i) B8 5 oy U 23
0998 ) okl b stV el (B 58 0 55 e 0l 0
o5 el g ()] e (g )] U 98 lacuS 5
ooy VT sl w55 98 sly A 5 V7] sl o Sl
Ago b dehlS 5 dr Gblojes slaceS 5 s 9 (b
CobilB YU pdaw ol (gl o jlas Jlaiwgd g o3l
5 S 42l P Gglaen @08 (Susly i s
sladlo > cunl 5l 3)90 038/ 958 295 Ol oS 3L
5 Shhud (Shdlgn (18] SUloyes slacuS )y 3

[P canl o jis g (Byne (S95UsS (53
oinS] wrd e cbwdblgm ol
boxe 3 YU (g)luly il Jdoay dawly (lajls s logl
W (SgpSl g publise (U STy (A5l
oo SeaSy m 3 [NA] Cunl 0392 drgidy90 i
L (MgFe;04) copd oo N g5 (oblite (sblujoss
(5 08 ySINVA=YN) Skl GBS asle blje 2l
Clld o 9 Gl (Ineeer omb Ced
9 bl g ple Jly culie Cusdge Vb (Ul 923
g ol dngidyae yiday lolyd U clolls il
o1 oolizl T CalSS 5 oan ¥l Gl ety )5
cloau ¥l s LUl el)ls cuS )5 ol [YY B Y] el
Jb ol b sl ddlgu 595000 b g (ESony 9 Sglise
S Pl Jba oSyl ejl gy bl b
IS I el gl easidy 58 oo sy sl
op= oSl Gl dge sl BBl il
B8 03jl Rl i 5 g (cuS ik RelS)
Conl bgrye S8l ojlusingl sbacausy colo
oly 51 b5 5, Shae Ltalsél (el g bl ol 5 [Y¥]
(KaiSly 9 0Fs8) Clo QUlF doe daw Cole ol

VE+Y QMU ¥ b)w 5.@#.&&% le

EVRT
Se el Camer Il g @lio dawgi 9 5S L
ol )55 s 3l g Sl ol g il e el g
A Gopobe U pfete Olsisd et slooisY]
i Jl 53 Seste) bSde (ol it glas (5950l
Jlosiz b 485 pbxl b dupin by Sk U cwl
Snyge ol 5 6551 ol sl Glaer blie I (5 ks S50
5 ofete Al giag) e JSiie b g
s HoS & glgier (aomecun; otV oy 5stjlas
o ot S5 LS ¥ 5V ] 58 o)lal T oSS,
Gy > 3 &5 Cunl 03j Olgge slp pae 5 ST
o g Cogw g (29,50 i) (b Sgliste slaial b b
o) el Sl jsilgw ornlS sbas Sk
s | (i 21)ysilgm) (sas 5 (Stassl ole)S
e GBS (29 del (55 S g Ck gl sl
Gl Lol Ll L[5 5 0] dsde s (eidow (g5l
ol g gl (585 s o )3 g Chgw g
So IS8 4 HoS Wy g9d90 ccnpmd S5 5 C5
s3>yt @lio cpl 3 55 Ol b SLjhs (655 oYl
15 g oS (ol Laoms colS5555 [A 5 V] sl 005 - oo
s g ol ige oS Bgy ige S g
[3] cool e oan¥T ol 5l ange odlitul § Gls (¢l
sy & st (6,505 SUjks oYl e S S S
ol dlge o9yl (olie (s Sglite wlio )3 gy
o boysdie lls mlus cpl [Vo] 5yl 5,8 i2lS 5 o>
(o @) Comjlame 3)ly 1) (S5 Slge a4y ogl] Gl
YU 65k el o sty 531 slacSs, [VV] S e
olgsas By pulo & Coms Folol 2,08 5 awd U39) 5
Ngyse edar Gler it oSSy a2
2 e Ol g s ow Ad 4 eSS cpl [VY]
5 odete I b Cumilame g ok Sligrge Ml
Syl dete 98l S5y @ plgie g3l Sy ol
(ol (ol Golite mlus )3 xuwg jobday a5 58 o)Ll
ol Y] 25 00 odlital p 2 5 (blage ()] Slse )l

JARC) o0 5 5954, (5 sihos 42



s ol ke Vs (bep W oo L
e Joloxo opladojlad (13jen b olyen e D ans
03938 ol 4 W L plp pH 4 yduwy b, Vg0 ) s hin
o )3 g Jiie HLided 4y ool Cawddy bglste byl )3 s
Cowy bl o al 2bS cele VW Gsea VF4OC
clod o jhie Ol b gdiud Jb i 1 L odelcuna
u.S).) cal dl)) A S celo WY Gsea VeOC
Jya pd i Aily8 eadlS ST 815 gols oluiin gl
ol Sy 35 ol ([¥+] 33 o V) GO sl s
2S) 313 ool ol Jgke yid e B il cpelaie
A g A 0uiSTy fc;yol)é gloel plox b csluwps oy
Jgocdho Vo 5 Ol mjuie Joo duo O ool cawdey bglse
e S i Sl eadple Jolye 9 03538 Sl ol
A5 s ey
Py b edjine slacwnJblE gl wlid)sl sl

i 3k Sy s b A8 s (A= 15 )
A% e Varian CarySe giwcads b (¢ taw gbablo you
slgiloll g i olly 5l sl
BELSORB ) o&iwd b (19lS" YV (slod jo  oxiw Jodso
b Wbloyes (oS 53k) »i shds .05 plogl (max-BEL
zse Jsb) Cary Eclipse  ylwgisld miwcad ol
Sy, oemen A5 ddlas (fegl YO Sy 8
I R SR RNY S NS e
—ohaulyd b ub wyyp (JEOL JSM-6390LV olSiwd)
¥err Jao UV-Vis mwaab L (S5 sloJelowe Sye

.o 45 Pharmatic Biotech Ultrospect

e )l g 0t lS ST 490,570 48 o ko 0 lolis il

o2lits] (FGO) azbly alS 1T 5,5 5 S 53l LinlS
ooyt TGO/MgFe 04 ojluringl oS5 4 [YO]
2 b e s8] QS L il e Sy ale SO
015y (LlE Jolone BB 5 0 055 slaanyb

15 o2lizal YU 0351 b 9y k8 g5 Ciua L H,S )

L 5l oaspdol gy Sl asST 035 5w (sl
£S5 Y ) jelate opl (gl [VF] A oolatul jiuw yuss oS
b TSyl Sleegl cliiss 8,8 cals) cudlS o
il NaNO;) @l i p,5 F g (o) A4 osls
slowe oo Voo & (o 88 pogls | 3 <50
03938l (S yo S b CAlo 20> W) Lol sl S 9l gus
.z P . i . . .
9 C85 B Rl 5 f ol ples (9950 S e bglse i
G D 0djem (Yoo pM Cs s b) Coluesd Do 4
ol b adhl o gy of plos 28Ty BB (0876
UK p liy )5 ¥ jlade oy blinl b g (ool OIS
Jolore & (Mo )0 A ools L 6ls 8 4 sl KMnOy)
-2 Gy 3d) Ab 0djed Celw ¥ iedy g 03438] addisl
o & il 5 Mo I ST oSSy (slo> (B3
— i A el odelcnddy (gaml g)),S bgle (amd
Voo eagdiog ol e Voo gl Jslme 4 )]
(1o Ve pogls L S po 835 cal) st Ol i e
—d Cgwy o M 00jed AiBd VO Cidedy g b 03938
oY) B8y ] SIS g 0m b g Blo als e ol 5l selcand
03 b s 0393509 Sl bl ez o1 5 e g (Yse
S S Ve °C (glod )3 el & Ogwy bl

;| tGO/MgFe 04 5 MgFe;04 bS5 5w (glp
Fow Sy yglate s [V B YV] 05 elizl ole, ST oo,
0 ool o> Jglome il o B L) b mjite oS 5

1. Modified Hummer’s

VEY Ll o) 0,lowd cobais Jlu

2. US Research Nanomaterials

3. Hood 4. Ultrasonic bath

JARC) o0 5 5954, (5 sihos 42



Ohlen 5 (K 5 ois

rGO/MgFe,0,
A A _k.a._,_.}\k A
-~ ) ," MgFe,O,
L PO . SRR TN W Amamar e
< <
%’ A GO
5 et st e,
= —— ICPDS 01-073-1960 (MgFe204)
—
: 1 L | ; l : ‘ ;
0 20 30 40 50 60 70 80

26009
o1 U 528 (claaS 5 XRD (slasSII ) S5

rwdib b bewblgs oxjle ol jeas

5 odelcunda (slaass a5 b aul (EDS) (o550 SSas

P 4 g oaalie ol sl ond eay9l VIS
el oS 5 ol (390 St g (2165

1300
1600 +
1400 +
1200 +

(N

y

£'1000 £
800 £
600 £ || Me Fe O
100 £
200 £

Intensi

keV
1800

1600 £
1400 +
1200 £

£'1000 + Fe  gan

800 + @

600 £ Mg

EJIF o
400 £ €
200 + N Fe
0 lras s : -

keV
ShCwdblS 58 jolie (Sj9 2oy g EDS b ¥ S0
(u) rGO/MgF6204 9 (L_O.”) MgF6204 d).u.w

(o)

Intensity

V&Y QMU ¥ b)lo.az 5~.§m JLM)

VoY

bt Y ()57 oy

ol 93 o (39,0 a1 (6y9 o5 sla i8]y
b og) oY Gl cot g idde B0 oo b jlocan
oYl oolaiwl o) @ipesie il p lg Jee Ver Gl
9 b oY ol b cpolie (AU @ie Olgis (93]
Jobre cdlsiagd isly ploxl gl b plosil (Conl o>
H,S 515 NaOH j¥ge ws sl sl s 0+ 4 H)S
oS bl 5l 055 s sl (59300 5 Jolome b 0 oaed
2 Oy SIS by 59k silodlil e o it
& (Col dindi Mg o2 sldee PH () 53) 035L bl pH
A ealal oajl dae  Jelwe pH o coplply e
aly (Priwezs gy 4 oxdl]l iayn S (5 uSojll
S giSly plsl sl [¥] a8 plol oty Slo)lS
Voossl) SOy Jobre il B0 o Sy gl ()95
CandUl58 05 o 00 Jlado (3ol Jto yid 2 p)S (e
SlEn lp b Jime oaisly 4 byl o b 03939l
bylys jo aads Ve Gty bole opl Clslg-0ls Jols
3fes e ooy lp [TV 5 TV A8 0djen ()1
Sl iges (gylue Jl S5 ahE Ve (g5t slaCun Il g
b silubia 5 gm g 2 2 (B cou GuSly Jole
el Canddy o] Spem ianl s cab @il 5

Coy g bl
CanllS 355 sl dasiito

e jete ST G315 (XRD) (uSol 95 (A (slagS
2 gl 5l ondas ojluskasl oS 5 5 (MgFes04) o b
ali GO <S5 XRD (6651 )3 .cawl oas adygl VS5
083 dasin A8 VY% L lp YO 0 oddosalie (go8
Sl sga &5 3)b 392y (+) wxio 4 bgpe) 2]
b plp YO ) osdosalie Cams db 5> .l cuS 5 ol jiiw
(V)9
L MgFe,04 (gly osdosalie (slaald [¥F o ¥V] conl cudl §
odad i 5 Sloen S5 opl sl ond 5 sladls
Y0 Ve ] ol Bl yos () (6l Jims! Jlis Lo

(“Y) dl&ad&wp 4 Joy/w w).: 4 ).u \CY/&O 9 Y?/(b

(JARC) (s y3 63,2)5 (sl g3y s ol



()
e S (ingy (F95S 0gSng Ko polad ¥ S
5 (<) MgFe,0; (cill) GO ¢ fitas sladigas (FESEM)
(z) rtGO/MgFe,04

e U0 5 05 heansST 38),57 0 18 s ko 0 jltis iU

ol anlp dGO/MgFe,04 (ol Sol) fiw o 5
28| 31,5 dasiiie ali g o3l Fy ST 315 Sl SO
s YEO L ).3‘).3 YO »» dld g ‘_;9 s o bl (\Y,a“)
dasuive sald lgcd ald -yl S 20 o odnlie FV/A°
Oilyr eoX 50 [YF 9 YY) sl oas 555 aale 0 TGO
@ bgye cloald (938l ojlusiagl oS 5 cpl WSl 9y
(o2 o u.»S)J 4 Joy).o LgL&’JJB (I’GO) DMK .LMS‘ uﬁl)f
S P ey (2l & b odalie G5 o)
» b by avg L .cwsl TGO/MgFe 04 ojluiiz gl
yoglb VW oyl b )b ddlee g dluly Gud Chal
Y5 sl ey

VoL e . - .

e S olng) (S9SU @gSung)Sue (sl g
Y USs s gl ead e TGO/MgFe;04 ojloi gl
2enST 315 34 oo odnlie 45 A5gS lads ol olb 034l
Cope & & e ladodoglh I (AHY JS) g5
Cop e oSy g S8 15 o gy aYaY
odd S o gl g S gl 5l (o JS5) o i
rGO/MgFe;0; ojlwsizgl cuSy o uomen .Cowl
bszyn (slaoydgl 5 (15 slbeoniuogl 9 (¥ JS3)
clopgel] dgdie odalie aBa Cob mipie oSS 4
an (P JS3) o gl (BET igy) Noo Glely/Cls
(el B+ By jh) 0)ingie g5l ordfii slacS 5
Slajbges ) Slowy dils Cjgon ggoge (ul &S [F] W92
Sy cdle b Dgd o odalie u»lg/u» slodpn
Cabll g1 o colus @l oSy 3l ojluisgl
3Sla il & prie l5e 85 (1 Jpi) Ll
29 o (bl 528

1. Field emission scanning electron microscopye

VEOY s ) 0land (opaid Juo

JARC) s 13 (53,25 slo st 405



Ohlen 5 (K 5 ois

&1y BET g, jl odelcanda slodoes \ Jgis
0l i (sl

Coluo LYY 3 Sl
oty e b8 (ke | s g5
(m’g") (nm)
VY \V/V() MgFCzO4
) WY 1GO/MgFe;0,

IS5 50 e jiw lacw bl g8 3y il b

; plp
WS)J dgud oo odalin af d);uto.m Gl oA o))5| I 120 ’
asl ) ol oud wjleis S 5 1GO 3458 L 4 g 1
a4 s ol b le Ll (Sye o il B) 03 ys i —
(0 JSs) el canday 0 mmseeseveste i
0 0.5 1
Ppo
MgFe;,04 (6 5w (sladiges laly/ls slodea ¥ IS
08 +~ ST~ 2 T MgFe204
—— rGO/MgFe204
Y ~
L 03 |13 38 —-.‘- ---------
% 0.4 + ”:gfé : 1GOMgFe,0,
L 02 4 i
= o , L 026
0.2 + o0 02 ¢
0k 0
1 5 148 1.6 1 1.84
hv (eV) hv (eV
e
100 200 300 400 500 600 700 800 900
(yiagil) Zgo Jsb
la gyl 5l sdalcwnday Sigo SLgS cla v
VE+Y bl oY o lowd odadd Lo (JARC) comi 33 (65 1,5 sl yidg s g i

\oF



ris sl plpiey Copd mjste sl yogl OYR 5 B0
b IFA 5 YY) ol 0 G155 S 55 ol sl ondaislis
oiludizgl oSy Cale 5 Sl S 35
sy i Hlde g damy Hb Liulis a51,8 TGO/MgFe, 0,
03l (Il corge Mg &5 Mo LA a2 g LB

IYV] 558 (B8 o286

Ao g loose YT s e g Cundlilpid 3 Slac
sk
b (6y55 <55 (1STy ) eadaljl (jg ke e
0l jaw S 90 yb g o oddline &S WS len Ll
S e i ol e cESgE LUl
45 5 ST LS 39581 51 3 (p3grae (giludlil ey
Syt Ml Ol (g B Hsba ojlurizgl oS 5
1y osals aS] 3S 058l 1 5 Cundblgn LUl
il Bl g e Colus LialiEl o, §) ol
orim 5SS xS g b ol
25 Ay

mMgFe204

mrGO/MgFe204

(5 slao) o>

0 20 40 60 80 100 120 140 160 180
(ad) ol
Jsloe )95 <55 oy 31 5astn (siboslil jlade V' ISs
eyl y Olg e Ve v OAS L (955 599 b o9
5 S |9 J9l>m pH 9 & d.o.é.) 0d y» DAJBJ‘)'] )'lf W"")
(A..» WJa.u 25 )N

VEY Ll o) 0o cobais Jlu

e )l g 0 lS ST 490,570 48 o i 0 lodis il

P oFe it el 5 Vb ghe colue il LS
ol CundblS g8 S (il g b I slod S iy
8l 51y95 2 35 (Al 0= 09 I S 5 5Ll sl
JK8) eiluinglgid puis adlllas b (lgi e |y 9090 () &S
dgd s oanlin S5 ul )3 &5 £5 los [8]3)5 oy (P
VL) roluiseglgid i lade oy pie MgFe,04 a8
20 1) (S 55b lade
X5e X0- VY o 5 sndosnlie pi5 cloald
loald plosa Copb miie sl pegil OYR 5 00+ FAS
IYA 5 ¥V] sl 0k S )l5S S 5 o] (sl orbaslis it
ojludizgl oSy il 5 ST GALS 3938l L
Jobds i Hlade 5 daue 4L Gl wul,8 TGO/MgFe, 0,
o3jl hll cage Sy & Wb L g LB
LYV] 05 cwnUlS g2

P05 w8 el 9 YL ghe colue fuil LS
olhe CudblS 93 S (Ll g b ) slod S iso
AL )l3)0 5 Gl 09 S oS 5 5L I (oo
JS) ilepegld i adllas b lgiioo |y g9:850 ol &S
18]35 oy (7

i i
A o 1
N hh n \
X BEoLE
B e e
jx
’;:‘ \—,———M&J\L—J
E | me—-- MgFeO4 ——rGO/MgFe204
380 430 480 530 580

(Fogil) z9o Job
s s SVl 55 uiluiseglyss (slacib & S5

MgFe;,04 S 5 394 00 odalie JSS (] )5 &5 4365 o

L (e 55k slade (03 VL) (pileinoglyid puis jlude oy piiin
FAS X5+ Xb+ FYY Lf”? 2 odusosalie ).w) dlbdlﬁ ..))1.)

(JARC) comi 33 (65 1,5 sl yidg s g i



Ohlen 5 (K 5 ois

Eord o i) (spiw b Cundblsd p SOy Clop
1) Sy Gl LUl oS 5 ol & wmd e s (ST
ojludizgil jiw 5 cuS 3 cnl 4 ST 8IS (39581 L
Rl Cla g Jlade foamls apST 81STCu S mjte)
S ly eadyi OS5 g3 odjl b e
9 MgFe;,04 lacaS 5 clp cui iy 2o yd AV 5 Y ()
il b lis wyp cpl el cwsdy TGO/MgFe,04
Uly oals wuST S jeas g ojluringl oSS
SEFHE e 4 5 S5y 5 s )3 1) cun bl g

Gl 031> yil38l

1.2
f ——ba (<)
1.0 £ ——0min ﬂ
E — 10 min
08 + 20 min
F ——30 min
0.6 + 40 min

s

- 50 min
0.4 4 —60min

0.0 e B S
220 320 420 520 620
(e9il) Z90 Jobo
1.2
[ =—Dba )
10 F ——Omin ﬂ ’
[ =10 min
F 20 min
0.8 ;—301nin
. r 40 min
4 0.6 -; 50 min
¥ [ =60 min
0.4 +
0.2
0.0 —t t .
220 420 620

(Fogil) z9o Job
Wl (b Bl dete (Spempiiilp (e ik A S5
3 () MgFe,0 5 (lobleyes b iS55 o 55
Sl Gla w8 el 1 iy (o) rGO/MgFe,0,4

w055 Aol > (0) STy g9,5 (ba)

V&Y QMU ¥ b)m 5‘vém JLM}

slaas > 3 el a3V 8 Cond B g6 S 45555;31)’1
Sy Gl ‘.EL)Q.;‘LA)"T ol sl eslawwl BB ool
by oy (A JS5) 05 )85 5L 4w TGO (gl 0jlosin il
(68819518 )18 el A) Jlgie 48 dw 1 Ly Dby i
Sl e 4 fiepe Mo ly cuddbl g SUlg

b o ials

400

Z 350 F

=

g 300 £

2 250 F

2 200 §

E OIS0

Py

£ 100 £

s | |
D_Il I| I|

m 1strun u2nd run m 3rd run
£ S il & oadad g ()9 e S e A JSS
4 > dw b (rGO/MgFe,04) ojlwlin ¢l Conlls'sd
aielo dw oo

LS gy 30 (S yem il (il by b 3Ll Jute
W odlasiol Y aoles 1 e 55 033k e (gl (A JSKE)

Sy ek dey =L % 100 = B A 100
0 AO

(V)
P Ky cble C 3 K adol clale Cp o) doles jo
oYy 058 4 a2 b ol e Sl o sl dlad o
Aol A5 oolitwl yegil YFY zgo Job j0 wds jolis
P ol e (ials 9o &) Jegll ¥FY 290 Jsb 3 0l
390 3hsl Jwte ) 55 9 2B S5 Sl asb
S5, Sy $hyl Jste amde ol st adlas [YR]
98 0 P yP Ol CoS g Cwl pdice PEcsuw
e ¥ ]2 0 0,59 12l )0t bl b

(JARC) (s y3 63,2)5 (sl g3y s ol



1 ool jge U8 928 ld L (65531 41903 i ol
Oiares bS] g oFan G Gl pY Uy
wb coS 5 4 28T LS (938l Ll )08 g o
ST GBS (gl ojluiz gl oS 5 e g Cupb e
Wbl g paw colue (ol L (TGO/MgFe,04) oanls
Mo &g o3 olyen Sk GRS 5 i Ll
Sl Mg lp caddilln oUls eyl
9 Algw Giopen Sl eddpme QU Jole 51795
My Jhie a3 e dgue |y (3l Jeite) S0y oyl
S 3l o TGO/MEFe 0, ojlusagl cly ()j)nn
DOFY CandblS 525 5.5 Sy (sljl & olSiiSlagtd S el
ol b Bhl dste S5y up3 033l g csles p JgegySee

Aol Canddy o3 AY o5lodin gl oS )5

[1] Luo C, Wang S, Wu D, Cheng X, Ren H.
UV/Nitrate photocatalysis for degradation of

Methylene blue in wastewater: Kinetics,
transformation  products, and toxicity
assessment. Environmental Technology &

Innovation. 2022;25:102198. doi:
j-eti.2021.102198

Yonten V, Sanyirek NK, Kivang MR. A
thermodynamic and kinetic approach to
adsorption of methyl orange from aqueous
solution using a low cost activated carbon
prepared from Vitis vinifera L. Surfaces and
Interfaces. 2020;20:100529. doi: 10.1016/j
.surfin.2020.100529

[3] Ahmad K, Parveen S, Aziz T, Naseem HA,
Ashfaq M, Rauf A. Metal Organic Framework
(KIUB-MOF-1) as efficient adsorbent for
cationic and anionic dyes from brackish water.
Journal of Molecular Structure.
2021;1242:130898. doi: 10.1016/j.molstruc.2
021.130898

Lashgari M, Ghanimati M. Photocatalytic
degradation of H,S aqueous media using
sulfide nanostructured solid-solution solar-
energy-materials to produce hydrogen fuel.
Journal of Hazardous materials. 2018;345:10-
7. doi: 10.1016/j.jhazmat.2017.10.062

10.1016/

[4]

VEY Ll o) 0,lowd cobais Jlu

VoV

e )l g 0t lS ST 490,570 48 o ko 0 lolis il

S 5 4o
s> 5 o3l Slse 31 oslil b lazl yol imgg
D9y ) ST GBS Jlslegl ScS 5 cunjlace
s (oSl gy &) MgFe04 g (sadgMol jyele
S5 Sygods g 2o Sl Gogy a adhl o e A3
o) g edddns TGO/MgFe04 ojlwiingl  (glals yo
oS glanlp bl Gy Bleyes slacsS s

Sbbs 58 )9 w0y g Byl dete SOy (Sl gib
Slagyy Lad edlitul (y5g,0d s CSgw ddg g HoS
Sy b ol SEM g BET (x5 XRD
Worhw colwe b Jodstogie jisle gl ond piuw
ooyl g baxiogl I JSite 5 p)5 » @yerie
Fegb W )ok sl (0o 9 CB19iSs e b 29z

&l
[5] Rao VN, Reddy NL, Kumari MM, Ravi P,
Sathish M, Kuruvilla KM, Preethi V, Reddy
KR, Shetti NP, Aminabhavi TM, Shankar MV.
Photocatalytic recovery of H, from H,S
containing wastewater: Surface and interface
control of photo-excitons in Cu,S@TiO, core-
shell nanostructures. Applied Catalysis B:
Environmental. 2019;254:174-85. doi: 10.10
16/j.apcatb.2019.04.090
Lashgari M, Ghanimati M. An excellent
heterojunction nanocomposite solar-energy
material for photocatalytic transformation of
hydrogen sulfide pollutant to hydrogen fuel
and elemental sulfur: A mechanistic insight.
Journal of Colloid and Interface Science.
2019;555:187-94. doi: 10.1016/j.jcis.2019.07
.095
[7] Lashgari M, Ghanimati M. A new efficient eco-
friendly quaternary solid-solution nanoenergy
material for photocatalytic hydrogen fuel
production from H,S aqueous feed. Chemical
Engineering Journal. 2019;358:153-9. doi: 10.
1016/j.cej.2018.10.011
[8] Mestre-Escudero R, Puerta-Arana A, Gonzalez-
Delgado AD. Assessment of a sour water
treatment unit using process simulation,
parametric sensitivity, and exergy analysis.

(6]

JARC) o0 5 5954, (5 sihos 42



U/JK“‘”}J)'K“JﬁL;‘M

ACS omega. 2020;5(37):23654-61.
10.1021/acsomega.0c02300

[9] Vikrant K, Kim KH, Deep A. Photocatalytic
mineralization of hydrogen sulfide as a dual-
phase technique for hydrogen production and
environmental remediation. Applied Catalysis
B: Environmental. 2019;259:118025. doi:
10.1016/j.apcatb.2019.118025

[10] Deb A, Kanmani M, Debnath A, Bhowmik
KL, Saha B. Ultrasonic assisted enhanced
adsorption of methyl orange dye onto

doi:

polyaniline  impregnated  zinc  oxide
nanoparticles:  kinetic,  isotherm  and
optimization = of  process  parameters.

Ultrasonics sonochemistry. 2019;54:290-301.

doi: 10.1016/j.ultsonch.2019.01.028

de Oliveira Guidolin T, Possolli NM, Polla

MB, Wermuth TB, de Oliveira TF, Eller S,

Montedo OR, Arcaro S, Cechinel MA.

Photocatalytic pathway on the degradation of

methylene blue from aqueous solutions using

magnetite nanoparticles. Journal of Cleaner

Production. 2021;318:128556. doi: 10.1016/

j-jclepro.2021.128556

[12] Khan AU, Zahoor M, Rehman MU, Shah AB,
Zekker I, Khan FA, Ullah R, Albadrani GM,
Bayram R, Mohamed HR. Biological
mineralization of methyl orange by
pseudomonas aeruginosa. Water.
2022;14(10):1551. doi: 10.3390/w14101551

[13] Liu S, Wang W, Cheng Y, Yao L, Han H, Zhu
T, Liang Y, Fu J. Methyl orange adsorption
from aqueous solutions on 3D hierarchical
PbS/ZnO microspheres. Journal of colloid and
interface  science. 2020;574:410-20. doi:
10.1016/j.jcis.2020.04.057

[14] Dhir R. Photocatalytic degradation of methyl
orange dye under UV irradiation in the
presence of synthesized PVP capped pure and
gadolinium doped ZnO nanoparticles.
Chemical Physics Letters. 2020;746:137302.
doi: 10.1016/j.cplett.2020.137302

[15] Narendhran S, Shakila PB, Manikandan M,
Vinoth V, Rajiv. P.  Spectroscopic
investigation on photocatalytic degradation of
methyl orange using Fe,O;/WO;/FeWO,
nanomaterials. Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy.

[11]

VE+Y OMU ¥ b)lo*z 5@.\&% le

AREA

2020;232:118164. doi: 10.1016/j.saa.2020.

118164

Naikwade AG, Jagadale MB, Kale DP,

Gophane AD, Garadkar KM, Rashinkar GS.

Photocatalytic degradation of methyl orange

by magnetically retrievable supported ionic

liquid phase photocatalyst. ACS omega.

2020;5(1):131-44. doi: 10.1021/acsomega.

9b02040

[17] Sun X, Xu D, Dai P, Liu X, Tan F, Guo Q.
Efficient degradation of methyl orange in
water via both radical and non-radical
pathways using Fe-Co bimetal-doped MCM-
41 as peroxymonosulfate activator. Chemical
Engineering Journal. 2020;402:125881. doi:
10.1016/j.cej.2020.125881

[18] Lashgari M, Ghanimati M. Pollutant photo-
conversion strategy to produce hydrogen
green fuel and valuable sulfur element using
H,S feed and nanostructured alloy
photocatalysts: Ni-dopant effect, energy
diagram and photo-electrochemical
characterization. = Chemical  Engineering
Research and Design. 2020;162:85-93. doi:
10.1016/j.cherd.2020.07.024

[19] Mark JA, Venkatachalam A, Pramothkumar
A, Senthilkumar N, Jothivenkatachalam K,
prince Jesuraj J. Investigation on structural,
optical and photocatalytic activity of
CoMn,0,4 nanoparticles prepared via simple
co-precipitation ~ method.  Physica  B:
Condensed Matter. 2021;601:412349. doi:
10.1016/j.physb.2020.412349

[20] Yuan X, Wang H, Wu Y, Chen X, Zeng G,
Leng L, Zhang C. A novel SnS,—
MgFe,O4/reduced graphene oxide flower-like

[16]

photocatalyst: Solvothermal synthesis,
characterization and improved visible-light
photocatalytic activity. Catalysis

Communications. 2015;61:62-6. doi: 10.10
16/j.catcom.2014.12.003

[21] Bose S, Tripathy BK, Debnath A, Kumar M.
Boosted sono-oxidative catalytic degradation
of Brilliant green dye by magnetic MgFe,O4
catalyst: Degradation mechanism, assessment
of bio-toxicity and cost analysis. Ultrasonics
Sonochemistry. 2021;75:105592. dei: 10.101
6/j.ultsonch.2021.105592

(JARC) o0 5 551,85 (5 sihgi 42



[22] Sahoo SK, Hota G. Surface functionalization

of GO with MgO/MgFe,0, binary oxides: A
novel magnetic nanoadsorbent for removal of
fluoride ions. Journal of Environmental
Chemical Engineering. 2018;6(2):2918-31.
doi: 10.1016/j.jece.2018.04.054

[23] Fan W, Li M, Bai H, Xu D, Chen C, Li C, Ge Y,

Shi W. Fabrication
heterostructure
photoelectrochemical
2016;32(6):1629-36.
muir.5b03887

of MgFe,0,/MoS,
nanowires for
catalysis.  Langmuir.
doi:  10.1021/acs.lang

[24] Jia J, Du X, Zhang Q, Liu E, Fan J. Z-scheme

MgFe,04/Bi;MoOg heterojunction
photocatalyst with enhanced visible light
photocatalytic activity for malachite green
removal.  Applied  Surface  Science.
2019;492:527-39.  doi:  10.1016/j.apsusc.
2019.06.258

[25] Cai D, Qu B, Li Q, Zhan H, Wang T. Reduced

graphene oxide uniformly anchored with
ultrafine CoMn,0O,4 nanoparticles as advance
anode materials for lithium and sodium
storage. Journal of Alloys and Compounds.
2017;716:30-6. doi: 10.1016/j.jallcom.2017.
05.023

[26] Aghajani M, Safaei E, Karimi B. Selective and

[27]

[28]

green oxidation of sulfides in water using a
new iron (III) bis (phenol) amine complex
supported on functionalized graphene oxide.
Synthetic Metals. 2017;233:63-73. doi:
10.1016/j.synthmet.2017.08.003

Yan Z, Gao J, Li Y, Zhang M, Guo M.
Hydrothermal  synthesis and  structure
evolution of metal-doped magnesium ferrite
from saprolite laterite. Rsc Advances.
2015;5(112):92778-87. doi: 10.1039/C5RA
17145H

Ghanbari D, Salavati-Niasari M.
Hydrothermal  synthesis  of  different
morphologies of MgFe,O, and magnetic
cellulose acetate nanocomposite. Korean
Journal of  Chemical Engineering.
2015;32:903-10. doi: 10.1007/s11814-014-
0306-x

[29] Wang Y, Hu G, Cao Y, Peng Z, Du K. One-

pot synthesis of pre-reduced graphene oxide
for efficient production of high-quality
reduced graphene oxide and its lithium

VELY Ll o) 0,lowd cobais Jlu

ARR

e )l g 0t lS ST 490,570 48 o ko 0 lolis il

storage application. Materials Chemistry and
Physics. 2021;265:124523. doi: 10.1016/
j-matchemphys.2021.124523

Zhang P, Liu H, Li X. Plasmon-driven
engineering in bimetallic CuCo combined
with  reduced  graphene oxide for
photocatalytic overall water splitting. Applied
Surface Science. 2021;559:149865. doi: 10.
1016/j.apsusc.2021.149865

[31] Abbas M, Trari M. Contribution of adsorption

[32]

and photo catalysis for the elimination of
Black Eriochrome (NET) in an aqueous
medium-optimization of the parameters and
kinetics modeling.  Scientific =~ African.
2020;8:¢00387. doi: 10.1016/j.sciaf.2020.e0
0387

Boukhatem H, Djouadi L, Abdelaziz N,
Khalaf H. Synthesis, characterization and
photocatalytic activity of CdS-
montmorillonite nanocomposites. Applied
Clay Science. 2013;72:44-8. doi: 10.1016/
j.clay.2013.01.011

[33] Rout DR, Jena HM. Removal of malachite

green dye from aqueous solution using
reduced graphene oxide as an adsorbent.
Materials Today: Proceedings. 2021;47:1173-
82. doi: 10.1016/j.matpr.2021.03.406

[34] Gomez-Alvarez MA, Diaz A, Mota I, Cabrera

[35]

V, Resendiz L. Nanocomposites of zinc oxide
on graphene oxide: A rapid reduction of
graphene oxide. Digest Journal of
Nanomaterials & Biostructures (DJNB).
2021;16(1). doi: chalcogen.ro/101_Gomez-
AlvarezMA

El Shabrawy S, Bocker C, Riissel C.
Crystallization of MgFe,O, from a glass in the
SyStem KzO/BzO3/MgO/P205/Fezo3. Solid
State Sciences. 2016;60:85-91. doi: 10.1016/
j-solidstatesciences.2016.08.007

[36] Lashgari M, Ghanimati M. A highly efficient

nanostructured quinary photocatalyst for
hydrogen production. International Journal of
Energy Research. 2015;39(4):516-23. doi:
10.1002/er.3265

[37] Wang L, Yang H, Yang J, Yang Y, Wang R,

Li S, Wang H, Ji S. The effect of the internal
magnetism of ferromagnetic catalysts on their
catalytic activity toward oxygen reduction
reaction under an external magnetic field.

(JARC) o0 5 551,85 (5 sihgi 42



U/JK“‘”}J)K“JﬁW

ITonics. 2016:2195-202. doi: 10.1007/s11581-
016-1746-6

[38] Yamamoto T, Tayakout-Fayolle M, Geantet

C. Gas-phase removal of hydrogen sulfide
using iron oxyhydroxide at low temperature:
Measurement of breakthrough curve and
modeling  of  sulfidation  mechanism.
Chemical Engineering Journal.
2015;262:702-9. doi: 10.1016/j.cej.2014.09.
093

[39] Zhong W, Jiang T, Dang Y, He J, Chen SY,

Kuo CH, Kriz D, Meng Y, Meguerdichian

VE+Y OMU ¥ b)lo*z 5@.\&% le

\AE

[40]

AG, Suib SL. Mechanism studies on methyl
orange dye degradation by perovskite-type
LaNiOs-6 under dark ambient conditions.
Applied Catalysis A: General. 2018;549:302-
9. doi: 10.1016/j.apcata.2017.10.013

Azad K, Gajanan P. Photodegradation of
methyl orange in aqueous solution by the
visible light active Co: La: TiO,
nanocomposite. Chem. Sci. J.
2017;8(3):1000164-74. doi: 10.4172/2150-34
94.10001

(JARC) o0 5 551,85 (5 sihgi 42



Application of nanohydrogels in improving the performance of wound
dressings and drug delivery
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Abstract: One of the most common clinical diseases is skin scarring, which is defined
as damage to the structure or integrity of skin tissue. Nanohydrogel can help in
sustained release of drug by entrapping drug or loading drugs and thus promote wound
healing. A hydrogel is a three-dimensional hydrophilic network that is insoluble in
water or aqueous solutions and is able to absorb water or other biological fluids that can
promote wound healing. Various nanohydrogels have been designed to improve the
design of wound dressings. Nanohydrogels are also used in drug release. The advantage
of hydrogels over traditional wound dressings is their ability in the wound healing
process. Hydrogels meet most criteria for modern wound dressings due to their unique
properties. Among the unique properties of nanohydrogels, the ability to absorb wound
secretions, maintain a moist environment, gas exchange, removing the dressing from the
wound surface without pain, and ease of movement for surgery can be mentioned. In
this research, an overview of the use of nanohydrogels in improving the performance of
wound dressings and drug delivery, along with the investigation of antibacterial
properties, introduction of commercial wound dressings, and wound healing
mechanisms, has been discussed.

Keywords: Wound Dressing, Nanohydrogel, Metal Nanoparticles, Drug Release,
Antibacterial.
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A. Davoodimehr?, A. Shakeri?, M. Barati**"

1. M.Sc. Student of Applied Chemistry Department, School of Chemistry, College of Science, University
of Tehran, Tehran, Iran.
2. Professor of Applied Chemistry Department, School of Chemistry, College of Science, University of
Tehran, Tehran, Iran.
3. Assistant Prof. of Applied Chemistry Department, Faculty of Chemistry, University of Kashan,
Kashan, Iran.
4. Institute of Nano Science and Nano Technology, University of Kashan, Kashan, Iran.

Abstract: In this study, biodiesel was produced from castor oil in the presence of
lipase/calcium alginate biocatalyst. Porcine pancreatic lipase was immobilized on
calcium alginate and used in the esterification of castor oil to fatty acid methyl esters
(FAMEs). The synthesized calcium alginate was characterized using Fourier transform
infrared (FTIR) spectroscopy, field emission scanning electron microscopy (FESEM),
and Brunauer-Emmett-Teller (BET) analysis. Also, after lipase immobilization, the
protein content of the synthesized biocatalyst, as well as the hydrolysis activity and the
esterification activity were evaluated. In order to optimize the reaction of biodiesel
production, the design of the experiment was carried out using SAS JMP Pro software.
For this purpose, three factors of reaction temperature, amount of catalyst and ratio of
methanol to oil were considered and data analysis was done using response surface
methodology (RSM). The results showed that the highest biodiesel yield (86.96%) was
obtained at a temperature of 48.2 °C, the ratio of methanol to oil of 0.50, and in the
presence of 0.32 g catalyst. It was also found that high amounts of each of these factors
have negative effect on the efficiency of biodiesel production, which is due to the
inherent characteristics of the enzyme, including inactivation at higher temperatures and
high methanol amounts, as well as coagulation and conformational changes in the high
catalyst concentrations.

Keywords: Biodiesel, Biocatalyst, Lipase, Process optimization, Castor oil.
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Abstract: Protein is one of the non-elastomeric constituents in natural rubber that has
important effects on its properties. In this work, a comparative study on the effect of the
natural rubber protein content obtained by Kjeldahl method and Fourier transform
infrared spectroscopy was conducted on the tensile properties of rubber compounds and
second order correlation models were obtained. These models were used to predict the
tensile properties of natural rubber based compounds. The results showed that the
Fourier transform infrared spectroscopy method is more successful for prediction of the
properties. Tensile strength and modulus 100% were predicted by less than 10% error,
elongation at break and modulus 300% were also estimated by less than 25% error. This
new approach makes it possible to predict the tensile properties of rubber compounds
before preparing, by consuming a small amount of natural rubber and using a fast and
non-destructive technique.

Keywords: Protein, Natural Rubber, Kjeldahl method, Fourier transform infrared
(FTIR) spectroscopy; Tensile properties.
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Abstract: In this research, the clinoptilolite (clin) ore from Mianeh in East Azarbaijan
was used for the preparation of nanocomposites. MoO3 and Mn,0O3-MoO3 oxides were
loaded on acid-washed zeolites by impregnation method and MoO3/Clin and Mn;0s-
MoQOg3/Clin composites with 18 wt. % of corresponding oxides were prepared. The
prepared composites were characterized using X-ray diffraction (XRD), Fourier
transform of infrared (FTIR) spectroscopy, field emission scanning electron microscopy
(FESEM), and energy dispersive spectroscopy (EDS). The presence of patterns related
to the MoO3; and Mn,0O3 oxides in the XRD patterns of the composites and the existence
of approximately spherical nanoparticles with sizes of lower than 100 nm in their SEM
images confirmed the preparation of the composites. The catalytic activity of the
nanocomposites for removing thiophene was studied by adsorption/oxidation process
and the effect of solvent type, temperature, and oxidant on removal efficiency of
thiophene was investigated. The results showed that Mn,03-MoQO3/Clin composite has
better catalytic activity than MoQOs/Clin in removing thiophene. Moreover, the
increasing of temperature and applying NaClO as an oxidant improved the thiophene's
degradation efficiency by this composite. The highest removal efficiency was obtained
at 298 K in water-ethanol solvent by using oxidant for Mn,Os-MoOs/Clin composite
which was about 66%. By changing the solvent from a polar solution (water and
ethanol) to a nonpolar solvent (n-hexane), the removal efficiency decreased.

Keywords: MoQj3, Thiophene, Clinoptilolite, Composite.
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Abstract: The production of edible films based on the carboxymethyl cellulose as a
biodegradable polymer containing the essential oil extracted from the mint plant as a
source of antioxidants, was performed in this work. To improve the quality of these
films, materials such as calcium ascorbate as a binder, sucrose as an emulsifier, and
olive oil to make the films hydrophobic were used. The results of the quality control
tests showed that the addition of peppermint essential oil and olive oil significantly
improved the quality of the base films. So that 27% of humidity, 31% of swelling, 30%
of solubility, and 39% of water vapor permeability were reduced in the case of the
modified films. The results of the stress-strain diagrams showed that by adding calcium
ascorbate to the composition of the films, the average tensile strength increased by 3.8
times and the elongation at break point increased by 2.3 times. According to the
electrochemical measurements, the films containing peppermint essential oil had
antioxidant properties and the stability and efficiency of the essential oil inside the film
was high.

Keywords: Edible film, Electrochemical measurement, Antioxidant, Mint.
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Green synthesis of silver nanoparticles mediated using Mentha spicata
leaf extract and electrospun silver/polyamide 6 nanofibers preparation

for removal of copper ions from aqueous medium and isotherm and
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Khomeini (RAH) Shahre Rey Branch, Islamic Azad University, Tehran, Iran.

Abstract: In this study, the efficient and fast adsorption of copper ions on
silver/polyamide 6 (Ag/PA 6) nanofibers from an aqueous solution were investigated.
Green synthesis of silver nanoparticles (AgNPs) was obtained from the leaf extract of
the Mentha spicata and silver/polyamide 6 nanofibers were prepared using the
synthesized nanoparticles. The characterization of synthesized AgNPs was investigated
by scanning electron microscopy (SEM), Fourier transform infrared spectroscopy
(FTIR), and X-ray diffraction (XRD). Also, morphology of polyamide 6 and
silver/polyamide 6 nanofibers was studied with a scanning electron microscope. To
optimize the experimental factors, one factor at a time (OFAT) method was used. The
maximum removal percentage was obtained at pH equal to 5, contact time of 75 min,
the adsorbent dosage of 2 g, and initial concentration of 20 mg/Il. The isotherm models
study showed that the Langmuir isotherm with the coefficient of determination (R?)
equal to 0.9976 was the best fitting model to describe the adsorption process. The
maximum adsorption capacity (Qmax) Was obtained at 71.42 mg/g. In addition, the
pseudo-second-order kinetic model showed a better fit for the removal of copper ions
(R?=0.9994). The results showed that Ag/PA 6 can be used as a simple, efficient and
environmentally friendly adsorbent to remove pollutants such as heavy metals from
aqueous environments.

Keywords: Silver nanoparticles, Mentha spicata, Polyamide 6, Copper ion, Adsorption.
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Abstrcat: Cefixime is one of the most widely used antibiotics in the world that its
presence in the environment, even at low concentrations, causes serious health
problems. The current study was conducted with the aim of evaluating the efficiency of
copper oxide/graphene oxide nanocomposite functionalized with platinum nanoparticles
as efficient nanoadsorbent in removing cefixime antibiotic from aqueous solutions. For
this purpose, the effect of the main operating variables on the efficiency of the
adsorbent in antibiotic removal was studied and optimized with the surface response
method. Also, the adsorption behavior was investigated by isotherm, kinetic, and
thermodynamic studies. The results showed that under optimal conditions, the
experimental removal efficiency of cefixime was 99.38+1.25% and the Langmuir
maximum adsorption capacity was calculated to be 21341 mg g*. Also,
thermodynamic studies indicated that the adsorption process was spontaneous in nature,
endothermic, and reversible. The obtained results showed the potential ability of the
presented nanocomposite in removing cefixime from polluted water.

Kywordes: Antibiotic, Method optimization, Water treatment, Adsorption,
Nanocomposite.
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Abstract: The reaction between triphenylphosphine, dialkyl acetylenedicarboxylate and ammonium
acetate in acetonitrile under mild conditions leads to the production of 2,2'-azanediyldifumarates with a
good vyield. Also the reaction between triphenylphosphine, dimethyl acetylenedicarboxylate and
benzaldehydes in dichloromethane under mild condition and room temperature leads to the production of
2-benzoylfumarate derivatives with a suitable yield. In both reactions, triphenylphosphine, as a catalyst,
produces a 1,3-dipolar intermediate by nucleophilic attack on acetylenic carbon, and it is removed as a
leaving group in the final stage of the reaction. Both reactions are stereoselective, and only one isomer
was isolated among the possible stereoisomers. Synthesized compounds are important as derivatives of
the Tekfidra drug (dimethyl fumarate) which is used in the treatment of MS disease. The structures of the
products were determined by HNMR, “CNMR, IR, elemental analysis and single crystal X-ray
diffraction data.

Keywords: Triphenylphosphine, Dimethyl acetylenedicarboxylate, 2,2'-azanediyldifumarates, 2-
benzoylfumarates
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Abstract: Preparation of effective nanocomposite materials using Earth-abundant
elements and eco-friendly chemicals for application in photocatalytic degradation of
hazardous materials and production of fuel is a sustainable strategy for pollutant
removal and supplying hydrogen, the green/carbon-free fuel in modern world. In this
article, the nanostructured magnesium ferrite (MgFe,O4) semiconductor was
synthesized and employed for the production of hydrogen gas through the light-induced
splitting of alkaline solution saturated with H,S and photocatalytic degradation of
methyl orange as a refractory azo dye. Investigations revealed that the synthesized
photocatalyst has the ability to destroy pollutant and produce hydrogen. To improve the
photocatalyst activity, graphene oxide (GO) precursor was prepared through the
modified Hummers method and utilized directly in the hydrothermal synthesis of
MgFe,0,/rGO nanocomposite. The evidence showed that the presence of rGO (reduced
graphene oxide) and the formation of nanocomposite can significantly increase the
decolorization ability and hydrogen release in terms of enlarging the photocatalyst
surface area, slowing down the electron-hole recombination, and enhancing photon
absorption. The degradation efficiency was 84% (measured after one hour operation of
the photoreactor) and the rate of hydrogen release was 5567 pmol/h (per gram of
photocatalyst), indicated the good performance of the nanocomposite photocatalyst in
pollutant removal and fuel production.

Keywords: Hydrogen sulfide, Photocatalytic pollutants degradation, Hydrogen
production, Semiconducting nanocomposite, Magnesium ferrite, Reduced graphene
oxide, Methyl orange dye removal.
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