Applied Chemistry Today 20(75) (2025) 49-64

Applied Chemistry Today
Journal homepage: https://chemistry.semnan.ac.ir

Semnan University ISSN: 2981-2437

Research Article
Optimized Synthesis of Zeolitic Imidazolate Framework-67 and
its Application as a Peroxidase-Mimicking Nanozyme for

Colorimetric Detection of Hydrogen Peroxide

Zohre Ebrahimpour, Zeinab Moradi-Shoeili*®
Department of Inorganic Chemistry, Faculty of Chemistry, University of Guilan, Rasht, Iran

PAPER INFO ABSTRACT
Article history: In recent years, nanostructures with enzyme-like activity, particularly peroxidase mimics,
Received: 24/May/2025 have been regarded as promising alternatives to natural enzymes in a variety of
Revised: 28/Jul/2025 applications. In this study, a cobalt-based zeolitic imidazolate framework-67 (ZIF-67) was
Accepted: 11/Aug/2025 synthesized with high efficiency by exposing an aqueous solution of the reactants to an
ammonia atmosphere at ambient temperature. The obtained ZIF-67 exhibited efficient
Keywords: peroxidase-like activity. Kinetic studies demonstrated that the synthesized ZIF-67 had a
Zeolitic imidazolate stronger binding affinity to o-phenylenediamine (OPD) as a substrate, as well as higher
framework, reaction rates compared to the enzyme horseradish peroxidase (HRP). A ZIF-67-based
ZIF-67, o colorimetric method was further developed for H,O, detection (linear response range, 10"
Peroxidase-like activity, 4.9.96x10* M). This facile and low cost synthesis approach is expected to facilitate the

Kinetic study,

Colorimetric Sensor. large-scale production and practical application of ZIF-67 and its derivatives as artificial

enzymes in the future.

DOI: https://doi.org/10.22075/chem.2025.37113.2353

© 2025 Semnan University.
This is an open access article under the CC-BY-SA 4.0 license.(https://creativecommons.org/licenses/by-sa/4.0/)

*.Corresponding author: Associate Professor of Inorganic Chemistry. E-mail address: zmoradi@guilan.ac.ir

How to cite this article: Ebrahimpour, Z. & Moradi-Shoeili, Z. (2025). Optimized Synthesis of Zeolitic Imidazolate
Framework-67 and its Application as a Peroxidase Mimetic for Colorimetric Detection of Hydrogen Peroxide. Applied
Chemistry Today, 20(75), 49-64. (in Persian)


https://chemistry.semnan.ac.ir/
https://portal.issn.org/resource/ISSN/2981-2437
https://doi.org/10.22075/chem.2025.37113.2353
https://creativecommons.org/licenses/by-sa/4.0/
https://orcid.org/0000-0001-5315-9566

VP f o lasli VO o)l (i Jlw 39 8O (oot aloxo

iRy i (oole Ao
Mo 023950 (ylgie a1 ol 51 8oLl g FY- Sgi; V¥ 5lanesl Cga la dluga Fw
S |33 (459 0 (o SOy (i (81 3l g

" Shigad (§3pe i 91 bl 2l 0525

PRV o wledb|
e 4 ol Mio (clow T 039 ooy il i Colled b oyl gl 3] (slo Jlo VES/¥1Y i cdly o
2SS )15 55 350 shlio (clody) 5 ) o mile (Slom 5l (s (51 oS ol sl e il VEFS 07 il S
P b 1V Gty b S o iz (LIF-8T) - 235y Y ilhos] b callan o] WA e e
ol odef Cewd s ZNF-BT .k jtes Lao slod 0 5 Sligel g3 ) loodins 25Ty  Jpilil Jploxo s olals
il oo 03 iz ZIF-6T 45 5>yl | Soitoasr ollllan b Liti |y (ol IS gl Ty ded (1) Sl cole

ZIF-67
(sihmS Ty aud collad

Con 5y Vb iiSTy i pr yizmads g Lyiasgoo Slpie 4 fOPD) ol (03 hiSpingl 40 (op7 598
asiis gl ZIF-6T o i 5y gy G 0yl HRP) 055" i jltea Ty o ] 40

i 3,595 il 29y (oo JBT] A 0D drwgr (177 = AF X )T M LS sl 456) H202 oS aslllao
o il e w0 ) o] Slisio g ZIF-6T | ac 30,05 5 S oo 13 Adyi cdis o o5 9 bl T Sy S
las L.e,uu 2 o.ug[,.& (Egla0

DOI: https://doi.org/10.22075/chem.2025.37113.2353

This is an open access article under the CC-BY-SA 4.0 license.(https://creativecommons.org/licenses/by-sa/4.0/)

dodo —)

ol d 5l 55l o (2Bl g ael Sl (6555061 b b s sla 5503 Sl plsie 4y (b slags ]
Sl A 5 4 YL s an3a (ol S slul wile (alse i onl LDV anS o ol Sl p (So5s)se
IVT sl 08,8 dgamme imio g allislesl anT 3 01, oyl 08 S (slas )l i) pué sla 1iSTy b cans 5,55k 4
Mg ane Gl g gao5e (nl 45 aitus laygSsS 5 (SeS (sl itumgun 5l ooliiul wiejls laes 5l el (opuizon
Slam 3T Collae (sl S5rg a5 o 5 sloJon b (emas sl T anwgs 5 95 @ olol L5 el b [¥] 555 oo 0357
S5l g2g il Lo 1) oxnds

S ez a5 Wil axwgl So5elgm mie o STy UL ol ‘5@.}51 lis olge 31 gl 00 s il Bl sl Sl o
& (o jb) Slge 9L » (e Slam T acd (lon ol 3o [F 5 0] W)l 055 (ol hlion & Cos (S 5 5L

Sl 033k cgilwe S Cdgps (oland sloyiiSTy S byl il 0 YU (g Il e b 4 i aile goasie LYo


https://doi.org/10.22075/chem.2025.37113.2353
https://creativecommons.org/licenses/by-sa/4.0/

e §91 0 9 59 el e S 3 Mo 2 3930 (g 4 (1 3l ooliswl 9 FY - d iy WY g3lumes] Ca2 sl A

639536 et (izman [ g V] wlais 5 )13 OISy 4z g5 0590 Do Jasl il 1o Cgllae (695061 codlad g cunlie
czge b Sy ol [l coal J3u8 BB o (2dgs 5 (aloocd S )3 0659098 90 ¢ JSS w03l oaliis 35 5 a9l
5 e lagizes oz 5l esite sloo )5 o (anb slam T 6l w5 Sl lsie 4 b 55l a5 aileads
D= w5 )15 solit] 890 oy daos 5l Cblis g Si3 Gansels  fim

ol & g Jsse S5 5115 09l Jiil o8 Wigd oo gmme 5LS50, 50081 Slam T 51 (29,5 bajlaasTy,
(0950035 lgie 4 (ROOH) 0S5 1000 JoSITL 5 (H202) 555 )00 sme Ty wiile 150 J5SU50 4y 20l o
Sy sla sl sanseis o Ll o)l Jewily alox 5l goaste bYo @ bajlacnSTy 5ol VY o VE] s o 6L
02590 dnmgi )3 e 5 b wlelin Gaogh 5l o 110 9 VF] sl a3 S )18 0505z g5 3590 ladLold arias
o0 ol dlgo i (itne oyian slajlinsSTy e )0 2y BB slacd iy DIVgjlaasl, et clld b o
5 LYY o YY] 5 sloaiow ¥+ o Y] (658 sloacnsT VA 5 V] Coou @l 5l ooliiul Jol b iy opl .ol
il o [V 5 Y0l S b olge

L o3k slagygs o 40,5555 b 45 i (55l Jooin ol Sl (slaats 5l (S (WMOF) JI-36 lacsz )l
cobionds weas CollE g Y o509 prhaw celaie J5dss sl Jdsas WMOF V8] wat oo aisle JT sloosins wgw
Lol o3l ot sl Jlossl loyin plyieas Slse cul ils (Raal sloysilbls Sk 5o long oSl
V] s o 05 | oSy (5,5l 5 ulab o S ame oloml L g aiiS oo Jae (65950615 (sl DS
59 slies sl S 4 1y LMOF ( Lale slaog S =Mool culs 5 YU 5l (s lab aiile (63,54 pamia sla Sy [¥4
WLMOF ;s Slse 93l con 35T acds codlad o,l,0 Slidos o3l slale o el 03,5 hos 5,5506L slas 1S
J Slegaze pj olyie & (LZIF) gy S¥gjlanml slaoszlr [V ] cul o8 Clr 255 4 1) Gliins 425
st o )5 5o celie plierds 5 (S5l 5lnl 9 YU S50 wiile o5 (g LSl lo Sy Jdo & MOF
aile oblie comizmen [¥V] Wlaid 5 13 coliiul 590 (inn) 619 p9as 5 595U a8 g5lulas g 0,58 ales
&lp Jlonsl a5 a1y LZIF (g5 (5l 5 YU Colas olisS moguly olo wols 8, Shas «s,Lo (5 pds Lol
LZIF (6,556l cudlad (ol o o958l L¥Y] cnl 00,5 haw dilizes slac bl asis o ol slo S colo
Sple Glyie & aiily o a5 JB gl 5555 sl doe b 53 lagys 5 JI sl 09,8 50 jpax e 4,
eline Lzl ISl (loS 5 sl asws cpl jo ol Al poe b ol LS Lo ccasl az gy LB caisS Jos (5,950 Jled
YEL ool Jlo,55 5 60ulS Sl 3l mlo 56 sla STy 55 059 & Sy cnl Silo o pal2 1) SV gams 5 laosins STy

Iyy

A



VP f o lasli VO o)l (i Jlw 39 8O (oot aloxo

SIS gzmen oo lon 5 (Jobo ol b (st Sloatanms 30 (H202) (35,000 0nSTy joa> oSl 4y a>g b
Slaal sl sdmn oo ke o HoO2 585 (6,805l Y0 5 ¥F] el ol pon oyl o g paliT o oul 095
Qladl dewgs H2O2 (oS aseis gl (goomie Ldow sla by, sl 10,05 5 oYL Conl | caseis 5 Sladss
5,5 0,Lil (i S5 5 il jold c palonds (iluiag] caale (BT 53leg S« aalontig 2SIl (sl g, 41 Dlgi o0 alox 5l aS
i b o 6y S 4 gl w83 ] ale 69,8 4y pasie sblpe s 4 i K, i, YV]
e (T 55 sla b 0 g [ral wlasd 51,8 o Kengs; azgs o ,50 o B sl 5 5l ool ool e
Ol oo ahox T 51 45 wilatdly comx Jf ornlo Glam 5T 4 Cond (so0aie LYo 4 (53lannSTy 4t clad b lae el »
g b Sy ol 0ged o)Ll calizee bl il jo YL 65lb g Sl odg anse (b o i s pdy Slasl
Ival calons egias slop 5T e H202 Lawseis sla g, dnwgs @ oyliie azgs ial33l

i 5 ot Sl STy wie m3sl lgie @y (ZIF-6T) PY-oss; ¥ gslaeal Coz bz 5l (iegly cnl 5o
(T sl o35l eslinul py ciee Wl oads I35 ZIF-67 jiiw gl Sl a8 oo s, ol sus sslizul HoO2
JHES L ol sk 4 pomie el oS Sl 00y STy (SYsb oy D b g 58 4 WIS VL slacs dacilisdsu
Mg slp SNl L 1T 1 ZIF-9 s (o9, )b s sl o Slidios IS cnl 50 igd oo 2lb Jpamme oslladl
bl 5 Gl A ie Vb S p g (Sl wiile (s BB Sblie s eadiaig (b, (nl b a8 5 S 4, ZIF-67
cdld glls oas yiiw ZIF-67 Jlislugl a5 ol ol (Setiw loiow,p aibice GBI slos ;5 25Ty alol
25,5 15 4 H202 aniis sy (omins 5, S b 53 coollan sla Sy ol ol 255 BB (6 3lamaS ey
b gs 00 135 lie sla )l lugil b avslie ;o wglhas 5 Shae 5 b aeisas b Canles (glls o5 0
I N R

oo ool (sLeaSws g dlgo —V-Y

ot sl &85 aile 6, mlis 5l Seites Slilllae 325 5 455l sl e o ond soliiul gliard Slge plos
X saxisl (oly o&iws UL XRD (slo ool .0 )51 8 solauls 50 (55l (ol d5Sonm (o g wiads dgs S po g Lo
KB slo o3 4,2 ,5 b iges FT-IR il .0l cews 4 Philips pw 1830 Juw (0= 1.54 A .Cu-Ko, X-radiation)
(FESEM) lowe a5 cing, (59,5 09Ky ;Ko pglas .o cs Alpha-Bruker Jos FT-IR miw (il jloolaiul b g
oSl 5 6550 il i il ) eolaul b (g paie BT .ol cews 4 XFlash 6130- Bruker olKiws 5l solazul b
5 oslizal b UVAVIS oloy 4 aily 9,50l iz glacishs o ol MIRA3 FEG-SEM (¢, (EDX)

25 cos UV-Vis Analytik Jena SPEKOL1300 jiogiég xSl

oy



e §91 0 9 59 el e S 3 Mo 2 3930 (g 4 (1 3l ooliswl 9 FY - d iy WY g3lumes] Ca2 sl A

ZIF-67 ,lisLugil i ~Y-¥

51 ¢ mmoly o 8 <NVFF e 0 Jo Joibl id L)+ 50 Jgslawes) e =Y 51 (Y MMOI) o5 <7< AY dal o
S olpen 4 Jole (ol piu s adlol L3 Jeloe 4 (509 &g 4 (CO(NO3)2.6H20) o1 5 =l s ) cils
il Loyl o 4250 )+ D a5 05 0003158 55 oo YO+ M1 Sy 4 TY0 Sligal il (ea Ve sl Sl
A SaS GBI (slod jo s g 00D i Jilil b odel s 4 S5y i Coguny 095 w2 G sled 50 g (Sligel
ol Gy 0+ sga loaily 5 0,5 VYD Jol> g 039

ZIF-67 3l osliswl L OPD (5,356 i LusST  Scitionaw lalllao —F—¥

) g Olgie 4 OPD (ol Jolone yid (o) v 0 555061 plgie ar conds i ZIF-67 5l 0 57 Lea) (39, cnlpo
(g 3 i3y Voo VT ke L(PH =7 5 Vo + /Y cdale b (NagHPOu) lad (55,000 modw 63 3L b oo
UV-ViS ziw cabs olKiws aliwg 4 (2iSTy b pion o a8lal YU Jole 4 oainST olgze a0 7 ¥ &St ST 51 A pl
Cd lade JiSTas al pey Ve o =Y0 e MM ogaome ;0 g ad 8o Vo U110 Guwe 4y (bo) w3 i Jloged ol sy
ibdsiel g0 4 OPD (1lasT @se Jsb ol 5o iz Gl o ssalis YA MM zoo Jsb po 2aSTy Lyl
U @i Gl Gk ) STy ol el a8 (o0 3l c0ads 3w ZIF-BT 95061 9l j9a> )0 1, (DAP)
IV ] s @ =15V - T M em™) DAP clale 2133l 5

LIS, ye9 oY Joe g vo = (Vmax[S])/(Km + [S]) P cpe — sl alolan b 5L5 0590 (St (sl ol )b

_ Km

1 1
s Oy yidions Vimax STy (6 adgl e s VO clolae 0l 5o 0 dslne — = + — dolee 3l colazul

1
Vo Vimax S Vimax

il o g cdale [S] 5 opiiem uelilSie ol Kim o gou 3T o0t 50615 ST

S5 domi g ST

ZIF-67 o lwliss —\-¥

ZIF-67 sl sy oad sanlice i slaasl .ol oad ools slas @) S5 s sads jiew ZIF-67 FT-IR Gl
Gl Sl 4 bgyye V0e e =Fee CMT s oud odalie slaail 09d o 00l Cond Jgjhees] JuieY WIS & bowe
Jeie¥ W 50 C=N wig i o 4y gy e YOAY CMT 5 sl a8 Jb> 8 il Jgjloes] dil> s ¢ S
Sileg, ail> 51 C-H s el @ sy 4 YAYY eM? o YAYY eM? b ,o ol oop! podle il o Jg3lones!

cislhs CO-N (sladigs LFYO CM™ )5 59250 s [FY] gt oo ools olazs! Jgjlowes] JueY o Ssladl o puz

2 -Michaeli-Menten
b _Lineweaver-Burk

oY



VP f o lasli VO o)l (i Jlw 39 8931 (oo alxo

S 008 i ol 5o o ge LS5 o (sloos,5 ay ecenl 00l 35 10 YEY - CMT 5 a5 (glos s Wil [FY] W )ls
698 Sy .l ol ool plis ©N IS j0 ZIF-67 Lslugl (XRD) LuSo) gansl (il 665 0gds (o0 0ol
S A YY) s MH) YY) ) YY) O oY) e (V) 5y5b Slio 4 by o ZIF-67 slo,slsil
ZIF- gly ol 5l i a5 (2ol b aS ol (o YRIO© g YYNT OVIVT AFE7 AFAT AYIOT 00" #/2° 5laY0 o
ol 1) Sl 3550 5)ek B JSiis Ll slaugly condge o oS oo o [FF] 5)ls Clbllae conl oals 3,155 67
ol o aS jeblen .l oo ools lid o) gz ) S 50 eads s ZIF-67 Jlislugl @ by e SEM jglas oiS' o
3995 Cualied g yiagil Yoo vga 50 slojlasl Sl b (S8 s (6,b5 L oas jiws ZIF-67 w055 o osalive o JSs
JLd 5510 4 oaies STy slge g (g yiws ailed oo YU o zdaw b (g esil sla LSl cpl iaiil oo jegil O
s o3l @3e8 s ot ags gl a5 was oo Lis SEM polas 5385 oy oinles wal 3 1) (5595018
2 s pib el ol Ll g o oaalie diges jo (b gazs (5 lake 4z 51 i lie Ken 5 SIS,

5 a8l pans S o o |y b 551 e &y s yiss ZIF-B7 Jiebies sl a5 |z cudls aalyss o951 5 Slas

—_— —
(2] o o]
— & 4 o 'R A 3
> Yy < ~No ~wo
3 9 I o ax A=
© 2 L) )]
= < N N m
> Ji] D 1n
= = o~ oo
] € <
c L
1] a s
3 c o3
c © Ao
£ [ «a
Ll &)
-
<
-

0 10 20 30 40 50 60 70 80 4000 3600 3200 2800 2400 2000 1600 1200 800 400
Position [2° Theta] Wavenumber (cm?)

i ‘S{I&S))J 99y ZIF-67 )L>Lw9;l) 4 Joy),o SEM )J’LAJ

of



e §91 0 9 59 el e S 3 Mo 2 3930 (g 4 (1 3l ooliswl 9 FY - d iy WY g3lumes] Ca2 sl A

ZIF-67 59 (55l 1 and Cdlad (o) o -Y-Y

g 0 oolitu] ai5eST Ol jga> ;0 OPD ioluST gl oo yiiw ZIF-67 (g5lonSTy acs cdled o, p sl lol jo
4>l 0 UV-VIS miw ol 5l oolainl b aido V0 b luSs Sy alols o calizee slagylo; o 2iSTly bl i
oo Jsb 50 o So by by el sals eols las LY S jo oS jshailas ol (608 ojlail Ve o YO M
Y il o STy pame olgic 4 DAP LSis g OPD LiyluST LisSTy soims olis 5w alls $YA NM iy
0l rgos 4 Slaslin ol i ssaliv pds dib )8 (cwgme s H202 § ZIF-67 j92> pas 0 a5 ol S5 4
> 5 2k 4 ZIF-67 JLslogil 1y (silomsT & 5 8l (55lamasTyy Conls sndosalive (5950615 odlad a5 05 o
25 H202 5 01556 Slojen jea> )0 loid (6555061 Codlad g ol g (50,5 ST Ul a3 5uST j00> o
&S oo Jes 9 iSUl o pdy lsis 4 H2O2 QT a5 Cewl e GlojlansTy o Sloe b aglie L3, ) ans o

S 3IhamaS Ty Al (o) 2 (610 Aty fy 0 (o Y-

155061 55 oo V) a el ly sl (yitlo a5 Coli b A B F 5l lins 3l 40 OPD eas ags Jslowo PH (gl oy o
20,5 cd UVAVIS i o b dido 10 S 4 wda Ol g b 00ls s (1 Y 45T O iy S Ae g
i sy s g 00 dlee calizes slo PH jo 28Ty (sadsl e p el oals oals las O S 0 a5 jshilen
PH o o ol o y0 o 43,5 Ll jo aige PH olgie @ Jlode opl a5 ol ol cows 0 A PH o 2aSTy (gad sl
ol 5 A 08l ks (65 s STy 4 o eolitl 3 dBS i da il soles 25,8 ,La o il b 5 aiegy
2l o ZIF-67 95061 Jlake ol o Jglome wda &l s a5 s o Lis 2. JSK& 50 o0 w0505 5 o] s &
e 455 & a5 byl aly 3 55Ty syl e ] 0 5 Jplons i pollia g5 JUIS laia 211
e wsd oo 3l OPD (oYL slaclale (5 055 & 95JUlS VL polie sl Jslome i azmii ;o 5 (2STy e s
£ eV e b silannsTy cudled 4y by o Slallas colod anlol jo g ol azd )3 Jlai jo aigy Jlade (jleie 4 Y MQ
29 ZIF-67 00556 (53lamsTy Collad St iSO (satage jlaiie (e jshite 4y el 00 ol 501" 5
ol (galwy 4 5 00 oy Glalejl sl ytally e (2ls 4S5 Col b e Ll 50 5 AT Ol cilisee sloclile
slabale jo STy adgl Sy polie g ool Cod 4B o 40 Joloe Wi cuS i pl 4,8 eud UV-Vis mw

ol ey VA MM s So e a550eT T gige e oY IS5 illae ol apsloce 45T T cilises

IAA



VP f o lasli VO o)l (i Jlw 395 &0 (oo alxo

8 .
(‘-’) 1 &)
7 1 A max= 428 nm
154nin
6 - 0/8 -
z 2 mi
5 [}
2 € 0/6 - 9 rhin
© 4 ©
=] =
- o in
X 3 - 2 0/4 -
> <
2 -
0/2 -
1 -
0 T T T T T T 0 . . ' . r
3 4 5 6 7 8 9 10 350 400 450 500 550 600 650
pH Wavelength (hm)
6
(©)] 14 (@
5 12
— 4 Z 10
<L =
s F 8
= 3 o
b4 - g 1
S x
Z - o
x@ > 4 4
>
1 2 |
0 T T T T T 0 . . . .
0 0/0002 0/0004 0/0006 0/0008 0/001 0/0012 0.2mg  0.5mg 1mg 2mg 3mg
H,0, [M] ZIF-67

aud yiiSly glp pH Sdiste e o (@ oplej (o 0 ZIF-67 w29l ilaSTy as iiSTly belses UV-vis b (Y s
65MamSTyy ud (1Sl (el 5081 Ol (sine Jdo (s Jlogas (5 LIF-67 )95l e s 1Sy iy Sy (g sl

OPD (gl pummsgu s LusS T (4S9 50 ZIF-67 (gl Ty dcdd Cddlad (Soiomwr b ol sy (gemwlone —F-¥
ool s eslitl L3 as 0 el s 43 gy Lyl ZIF-67 (695605 s St sanlllan gl
LOPD (gl sgs o3l (OH A) i 55,000 oo 55 58 Jsbmo ) o 1+ 40 3lb1S 51 2,5 o ) s
i i STy 5adg) iy (il (5l Ly o Ll (L ¥ 0) a5penST T A L e 5 Y MM il
aries il 5l o0liul Ly 5 FYA NM g0 Job dipdins o diado 5y o alols b aiSly £4,5 5l diads 10 e 4y Jylons
aS Sl 00l sy OPD (gl jiingus calisee slacdale jo adgl ce po Ol s Jloges ALY IS 50 0l s UV-vis
10 aled oo Copn yite — peediilSicn gallne 5 OPD cile s s (Vo) iSTy (ss] e pos ks a0 s o)L
1 STy ity (o (goaiad ki Vin a5 o y0 10m3 e ol |y 5a5b1S 5 |igus oy Sl Kim ¢ alolao o
sisbie 4 255 b ZIF-67 (3lannSTy ah colled &) bogy o Vinax 5 Kin (Seties (glo ol ol (5,55 b1S” ol
MIS) s YENA MM (55 0 g s dwlore O S 50 S 909 Y loged 5 sdwl Cawd 4y Jgl a0 s

Sl Cows 4 VO/FYXY

N4



e §91 0 9 59 el

et 3 wlio 0359306 Glgie a3 o 31 ooliciunl g FV— 55 ¥ g3l gzl dndy

o/3 1/4E-08
() I
(N ° (&
0/25 - 1/2E-08 P
1E-08 o
o2 o o
g — 8E-09 1 e’
= g
= 0/15 S
> =2 6E-09
- ° <5 /e
o1 4E-09 { 4
y =0/001x + 0/0639 '
0/05 1 R?=0/9768 2E-09 -
0 0 . . .
0 50 100 150 200 0 0/02 0/04 0/06 0/08
1/[OPD] [oPD]M

OPD (g1 g GialeST 53 5310eaS T w2390 Sl @ nl 5l G &5 SLaS 5 5l golaws (S sl el ) Jgor
Feh gy 5950l 5 g o IS w0 Bl S sS K az o (IS j5b a4 aws (o Lis |y il oads (3 as
5 COFe20s MNFez0s onis o3l sloca 39l & Cons ZIF-67 130l 098 (oo oaalie a5 jshailen 0] ol
@ S Bk 5l wns o Lis |) OPD (gl jungas 45 (6 yideny (Sianaly s )0 g 35>o5 K jlade [F£] ZnFez04

Collad (sl 6L ey gl (HRP) (255 5 jlagaSTy (meb w3l 52 5 ) Jgiz po 00 (3035 slo i lgil

el g5l

OPD (¢l g alu > il (sl o318 St sl iabl stunlio ) Jpir

sl Vinax ( M/s) Km ( MM) [JEI 195618
[f#] YIA X2y YV OPD CoFe;04
[f#] JJAY X Ay \8dld OPD ZnFe;0s4
[f#] VeE Xy YV/O OPD MnFe;O4
[¥v] XYY XY N3 OPD C0304
(1] *olory X Y. A OPD HRP
adllas ol VO/PY Xy VENA OPD ZIF-67

I PR uu)l)f 1.86 }.LM/mln Oy £

Wlgs oo ZIF-67 Lslo gL a5 ols olis ol Ko jeSw] jpa> ;0 oad jiiw 5350615 (5lonsTy as codled o)y
sadlive oyl i8S oS JIG0l, 008 Hle ST (laie d dl Sy 9] 5l ool o8, e citnST Ol alwg 40 1, OPD
LS5 @y bgrye a5 Sgiid ad sla STy b Yloiml S5 onl 5hmaSTy s codlad ounilSo a5 amd (o ol

oy



VP f o lasli VO o)l (i Jlw 395 &0 (oo alxo

Gl stoline paslSo ! 51 i iled so Jugend H202 @ mlans (g9, 00l 0 OPD 5l 1 g 2531 L] REA e
LEA g fa ] 0gs ous slgiis NiC0204 § C0304 aisle LS sios sl 5B 6l ou 3T ais codlad
ZIF-67 (g jlommS Ty s caallad 31 o5liiaw! b & uoaST T (o2 Lusbils ~B-¥
b 6lp w5l ol gl At cdled 1 Gl o [H2O2 clale 4 ZIF-67 550615 cudled  Swsly 4 az g5 b
oyeils oS5 ol g HaO2 cdale yols 1ss b ojglaie (pau w0ges soliiwl aijpnsT Ol Lawsis lp T 5y S S
5 ooliiad b jegil FYA g Job aicing ;o (iiSTy £, 5l aids To S 4y wde Slpss o 25Ty sla el b bl
L OPD (gl g (2aleSTaS o] 5l Conl oad osls olas GILF UKo o oS shilen o cod UVAVIS mow cals
FCE R S P TRVON £ JAPUR-JCON [FERCPUPP SO 1 U JRC Y FSRY [ RN N OVSRSS SVRE <SS B NP IOt
59 0dd oy Slo loged 4 az g bl ololis B mlus jf it b aS sao o LS (g i S5 s Jele
Ohay 0 Skee byl a5 Conl 53 @ o3Y aibics VAFX TV M BTNV M paseis s g4l 2F 5 O F IS
A Gl oSS Sldlas il ((SK5e0om sdises b soio ool aile) ouory b b dds> slaaises jo
S pdy plxl oan | Glidss o ailgs oo

(¥1])

\.‘\- \‘ ‘\; JMLJ | |

|

| e |

2/5 (@) 3 (@)
27 2/5
g 1/5 1 g 2
g ° &
£ £
E 1 ® g 1/5
< y = 1338x + 0/9242
0/5 - R?=0/9854 1
0 T T T T 0/5 T T T
0 0/0002 0/0004 0/0006 0/0008 0/001 0 0/0005 0/001 0/0015 0/002
[4,0;] M [H,0,] M

oriely ioxio (i cispnS] o ciliza (slacdile )5 i ioxio (0 conly 4 e 1 H2On il Lilsél b Jglone o5, it (cill ¥ S5
L;\azm.n Lgllbw.><> 9009 L,ul) (Y mM) I)wyw clale 9 (\ mg) )9)..”3‘5 )IJ.D.A (e L)"I ).)> ZIF- 67 w.:)yl.: )9.«4> 5 d.J)MuS] u] u;l.wla.w
s 285l STy oo 4 7 Ve aispn] U )

OA



e §91 0 9 59 el e S 3 Mo 2 3930 (g 4 (1 3l ooliswl 9 FY - d iy WY g3lumes] Ca2 sl A

S5 doms -F
aujp 08 g @y el )5 S g, o )b 5l eolitul b cuddge L ZIF-67 sdgs; O¥gslavesl ozl canlllas ol 5o
it GacSiST 5l oS b oslesil ol alhaaseie ol o @) |, sl Jgams 035k 4 o agd 31 slos 4o
s colled a5 sl las angy Lulos 5 OPD (gl yiysn ialeST (STl St o)) 2 ndy alool miwcinls
Ky S 065956 6l (Fhag nl Sl S oo o i il S I ZIF-67 (g5lansT
03995 (SIS (6 s (il L dngi 5 (Hib U1 sles ;o H202 ais sl adonysrhe 5 g wosls

Slgie 4,3 logib ol o5lownS as colad @ ax g5 b el H202 slolss 6l /48X Y METY e M s s

(g ek o lalid (5l (xS S i 4 o] 5l oolisul HISal OPD (gl tumgn (il 50 cor 3T Jia S
)13 3575 523 lge pl g S Sl3l el glavewl alox 5l e JUT

S g o -0

51 oo 5l aesy 035 crl 5l Calem sl S oSS Il w3 SiT g pads (Slpe Bains

a9 lbo S ygd -F

[1] Kaushal, J., Singh, G. & Arya, S.K. (2022). Emerging trends and future prospective in enzyme
technology. In Kuddus, M., Aguilar, C. N. (Eds.), Value-addition in food products and processing
through enzyme technology (491-503). Academic Press.

[2] Sharma, A., Gupta, G., Ahmad, T., Mansoor, S. & Kaur, B., (2021). Enzyme engineering: current
trends and future perspectives. Food Reviews International, 37(2), 121-154.

[3] He, J., Zhang, Y., Zhang, X., & Huang, Y. (2018). Highly efficient Fenton and enzyme-mimetic
activities of NH2-MIL-88B (Fe) metal organic framework for methylene blue degradation. Scientific
reports, 8(1), 1-8.

[4] Kuah, E., Toh, S., Yee, J, Ma, Q., & Gao, Z. (2016). Enzyme mimics: advances and
applications. Chemistry—A European Journal, 22(25), 8404-8430.

[5] Hoarau, M., Hureau, C., Gras, E., & Faller, P. (2016). Coordination complexes and biomolecules:
A wise wedding for catalysis upgrade. Coordination Chemistry Reviews, 308, 445-459.

[6] Shin, H. Y., Park, T. J., & Kim, M. I. (2015). Recent research trends and future prospects in
nanozymes. Journal of Nanomaterials, 2015(1), 756278-756288.

[7] Gawande, M. B., Goswami, A., Felpin, F. X., Asefa, T., Huang, X., Silva, R., ... & Varma, R. S.
(2016). Cu and Cu-based nanoparticles: synthesis and applications in catalysis. Chemical
reviews, 116(6), 3722-3811.

[8] Wei, H & Wang, E. (2013). Nanomaterials with enzyme-like characteristics (nanozymes): next-

generation artificial enzymes. Chemical Society Reviews, 42(14), 6060-6093.

AR



VP f o lasli VO o)l (i Jlw 39 8O (oot aloxo

[9] Wu, J., Li, S., & Wei, H. (2018). Integrated nanozymes: facile preparation and biomedical
applications. Chemical Communications, 54(50), 6520-6530.

[10] Xie, J., Zhang, X., Wang, H., Zheng, H., & Huang, Y. (2012). Analytical and environmental
applications of nanoparticles as enzyme mimetics. Trends in Analytical Chemistry, 39, 114-129.

[11] Gawande, M. B., Goswami, A., Felpin, F. X., Asefa, T., Huang, X., Silva, R., ... & Varma, R. S.
(2016). Cu and Cu-based nanoparticles: synthesis and applications in catalysis. Chemical
reviews, 116(6), 3722-3811.

[12] Kim, M. Y., & Kim, J. (2017). Chitosan microgels embedded with catalase nanozyme-loaded
mesocellular silica foam for glucose-responsive drug delivery. ACS Biomaterials Science &
Engineering, 3(4), 572-578.

[13] Champe, P. C., Harvey, R. A., & Ferrier, D. R. (2005). Biochemistry. Lippincott Williams &
Wilkins.

[14] Sellami, K., Couvert, A., Nasrallah, N., Maachi, R., Abouseoud, M. & Amrane, A., (2022).
Peroxidase enzymes as green catalysts for bioremediation and biotechnological applications: A review.
Science of the Total Environment, 806, 150500.

[15] Peng, Y., Wang, Z., Liu, W., Zhang, H., Zuo, W., Tang, H., ... & Wang, B. (2015). Size-and shape-
dependent peroxidase-like catalytic activity of MnFe 2,04 nanoparticles and their applications in highly
efficient colorimetric detection of target cancer cells. Dalton Transactions, 44(28), 12871-12877.

[16] Zhong, C., He, M., Lou, K., & Gao, F. (2017). The application, neurotoxicity, and related
mechanism of silica nanoparticles. In Neurotoxicity of Nanomaterials and Nanomedicine. Academic
Press.

[17] Gao, L., Zhuang, J., Nie, L., Zhang, J., Zhang, Y., Gu, N., Wang, T., Feng, J., Yang, D., Perrett, S.
& Yan, X., (2007). Intrinsic peroxidase-like activity of ferromagnetic nanoparticles. Nature
nanotechnology, 2(9), 577-583.

[18] Singh, S., Tripathi, P., Kumar, N., & Nara, S. (2017). Colorimetric sensing of malathion using
palladium-gold bimetallic nanozyme. Biosensors and Bioelectronics, 92, 280-286.

[19] Manea, F., Houillon, F. B., Pasquato, L., & Scrimin, P. (2004). Nanozymes: Gold-nanoparticle-
based transphosphorylation catalysts. Angewandte Chemie, 116(45), 6291-6295.

[20] Gao, L., Zhuang, J., Nie, L., Zhang, J., Zhang, Y., Gu, N., ... & Yan, X. (2007). Intrinsic peroxidase-
like activity of ferromagnetic nanoparticles. Nature nanotechnology, 2(9), 577-583.

[21] Luo, W., Li, Y. S., Yuan, J., Zhu, L., Liu, Z., Tang, H., & Liu, S. (2010). Ultrasensitive fluorometric
determination of hydrogen peroxide and glucose by using multiferroic BiFeOs nanoparticles as a
catalyst. Talanta, 81(3), 901-907.

[22] Lin, T., Zhong, L., Guo, L., Fu, F., & Chen, G. (2014). Seeing diabetes: visual detection of glucose
based on the intrinsic peroxidase-like activity of MoS; nanosheets. Nanoscale, 6(20), 11856-11862.



e §91 0 9 59 el e S 3 Mo 2 3930 (g 4 (1 3l ooliswl 9 FY - d iy WY g3lumes] Ca2 sl A

[23] Dai, Z., Liu, S., Bao, J., & Ju, H. (2009). Nanostructured FeS as a mimic peroxidase for biocatalysis
and biosensing. Chemistry—A European Journal, 15(17), 4321-4326.

[24] Song, Y., Qu, K., Zhao, C., Ren, J., & Qu, X. (2010). Graphene oxide: intrinsic peroxidase catalytic
activity and its application to glucose detection. Advanced Materials, 22(19), 2206-2210.

[25] Zhao, R., Zhao, X., & Gao, X. (2015). Molecular-level insights into intrinsic peroxidase-like
activity of nanocarbon oxides. Chemistry: A European Journal, 21, 960-964.

[26] Freund, R., Zaremba, O., Arnauts, G., Ameloot, R., Skorupskii, G., Dinca, M., Bavykina, A.,
Gascon, J., Ejsmont, A., Goscianska, J. & Kalmutzki, M., (2021). The current status of MOF and COF
applications. Angewandte Chemie International Edition, 60(45), 23975-24001.

[27] Nikseresht, A., Shokri, N., Mohammadi, M., Afzalinia, A., Nosratollahi, S. & Rostamizadeh, S.,
(2024). TMU-16-NH.: A metal-organic framework as an efficient, green, and heterogeneous catalyst
for the Michael addition annulations for the synthesis of a new series of 2, 4-Diphenylpyrido [4, 3-d]
pyrimidines. Polycyclic Aromatic Compounds, 44(6), 3771-3786.41.

[28] Nikseresht, A., Ghoochi, F. & Mohammadi, M., (2024). Postsynthetic modification of amine-
functionalized MIL-101 (cr) metal-organic frameworks with an EDTA-Zn (I1) complex as an effective
heterogeneous catalyst for Hantzsch synthesis of polyhydroguinolines. ACS omega, 9(26), 28114-
28128.

[29] Nikseresht, A., Mehravar, R. & Mohammadi, M., (2024). RSM optimization of Friedel-Crafts C-
acylation of para-fluorophenol over the catalysis of phosphomolybdic acid encapsulated in MIL-53 (Fe)
metal organic frameworks. Nanoscale Advances, 6(12), 3158-3168.

[30] Piroozi, S., Tanhaei, B., Ayati, A., Niknam Shahrak, ., & Saei Moghadam, M. (2022). Investigation
of photo catalytic properties of ZIF-8 emitted based on titanium dioxide nano tubes in removal of
aqueous pollutants, Applied Chemistry Today, 17(62), 99-114. (in persion)

[31] Jacobs, P. A., Flanigen, E. M., Jansen, J. C., & van Bekkum, H. (2001). Introduction to zeolite
science and practice. Elsevier.

[32] Azadi, S., Zare-Dorabei, R., Hamidi, F., & Safarifard, V. (2020). Synthesis of GQD@ZIF-8 nano
hybrids and its application as a lead optical sensor, Applied Chemistry Today, 15(55), 327-342. (in
persion)

[33] FurukawaH,Y. (2009). Storage of hydrogen, meth aneandcarbondioxidein highly porous
covalentorganic frameworks for clean energy applications. Journal of the American Chemical
Society, 131(25), 8875-8883.

[34] Dhakshinamoorthy, A., Alvaro, M., Hwang, Y. K., Seo, Y. K., Corma, A., & Garcia, H. (2011).
Intracrystalline diffusion in Metal Organic Framework during heterogeneous catalysis: Influence of
particle size on the activity of MIL-100 (Fe) for oxidation reactions. Dalton Transactions, 40(40),
10719-10724.

4



VP f o lasli VO o)l (i Jlw 39 8O (oot aloxo

[35] Maruyama, W., Dostert, P., Matsubara, K., & Naoi, M. (1995). N-methyl (R) salsolinol produces
hydroxyl radicals: involvement to neurotoxicity. Free Radical Biology and Medicine, 19(1), 67-75.
[36] Hu, A. L., Liu, Y. H., Deng, H. H., Hong, G. L., Liu, A. L., Lin, X. H., ... & Chen, W. (2014).
Fluorescent hydrogen peroxide sensor based on cupric oxide nanoparticles and its application for
glucose and I-lactate detection. Biosensors and Bioelectronics, 61, 374-378.

[37] Niu, X., Lan, M., Zhao, H., & Chen, C. (2013). Highly sensitive and selective nonenzymatic
detection of glucose using three-dimensional porous nickel nanostructures. Analytical chemistry, 85(7),
3561-3569.

[38] Deng, X., Fang, Y., Lin, S., Cheng, Q., Liu, Q., & Zhang, X. (2017). Porphyrin-based porous
organic frameworks as a biomimetic catalyst for highly efficient colorimetric immunoassay. ACS
applied materials & interfaces, 9(4), 3514-3523.

[39] Lu, J., Zhang, H., Li, S., Guo, S., Shen, L., Zhou, T., ... & Zhang, Y. (2020). Oxygen-vacancy-
enhanced peroxidase-like activity of reduced Cos0. nanocomposites for the colorimetric detection of
H>0O; and glucose. Inorganic chemistry, 59(5), 3152-3159.

[40] Ebrahimi, A., & Mansournia, M. (2017). Cost-effective fabrication of thermal-and chemical-stable
ZIF-9 nanocrystals at ammonia atmosphere. Journal of Physics and Chemistry of Solids, 111, 12-17.
[41] Aumiller Jr, W.M., Davis, B.W., Hatzakis, E. & Keating, C.D. (2014). Interactions of
macromolecular crowding agents and cosolutes with small-molecule substrates: effect on horseradish
peroxidase activity with two different substrates. The Journal of Physical Chemistry B, 118(36), 10624-
10632.

[42] Qin, J., Wang, S. & Wang, X., 2017. Visible-light reduction CO, with dodecahedral zeolitic
imidazolate framework ZIF-67 as an efficient co-catalyst. Applied Catalysis B: Environmental, 209,
476-482.

[43] Farid, S., Qiu, W., Zhao, J., Song, X., Mao, Q., Ren, S. & Hao, C., 2020. Improved OER
performance of Co304/N-CNTs derived from newly designed ZIF-67/PPy NTs composite. Journal of
Electroanalytical Chemistry, 858, 113768-113778.

[44] Zhou, K., Mousavi, B., Luo, Z., Phatanasri, S., Chaemchuen, S. & Verpoort, F., 2017.
Characterization and properties of Zn/Co zeolitic imidazolate frameworks vs. ZIF-8 and ZIF-67.
Journal of Materials Chemistry A, 5(3), 952-957.

[45] Samoshina, N.M. & Samoshin, V.V., 2005. The Michaelis constants ratio for two substrates with
a series of fungal (mould and yeast) -galactosidases. Enzyme and microbial technology, 36(2-3), 239-
251.

[46] Vetr, F., Moradi-Shoeili, Z., & Ozkar, S. (2018). Oxidation of o-phenylenediamine to 2, 3-
diaminophenazine in the presence of cubic ferrites MFe;O4 (M= Mn, Co, Ni, Zn) and the application in
colorimetric detection of H,O,. Applied Organometallic Chemistry, 32(9), 4465-4474.

Y



e §91 0 9 59 el e S 3 Mo 2 3930 (g 4 (1 3l ooliswl 9 FY - d iy WY g3lumes] Ca2 sl A

[47] Jia, H., Yang, D., Han, X., Cali, J., Liu, H., & He, W. (2016). Peroxidase-like activity of the Co30.
nanoparticles used for biodetection and evaluation of antioxidant behavior. Nanoscale, 8(11), 5938-
5945.

[48] Dong, J., Song, L., Yin, J. J., He, W., Wu, Y., Gu, N., & Zhang, Y. (2014). Co304 nanoparticles
with multi-enzyme activities and their application in immunohistochemical assay. ACS applied
materials & interfaces, 6(3), 1959-1970.

[46] Huang, W., Lin, T., Cao, Y., Lai, X., Peng, J., & Tu, J. (2017). Hierarchical NiCo,04 hollow sphere
as a peroxidase mimetic for colorimetric detection of H.O; and glucose. Sensors, 17(1), 217.

Y






