[ Downloaded from ijhe.tums.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.20082029.1401.15.4.5.0 ]

B9 ode gaollad (Cows ) o 9 Cuodlw alxo

Olp! e clilogy (oode (pozsil
A LAY Olxao NP s opylez o lods (e 3l 090

&

Available online: https://ijhe.tums.ac.ir

(@

“
@
£

o vewell gy /J»
&
/’ ’
s \
%,
9 £
% (1AEH) \f.‘d(‘

‘,f‘f‘“Jj’:’, Jle

o
&F
7

%, 2
" Of Enyiron®™®

gl L Lw 3l oolicw! b o (W Jadoeo I s  cmSgol S G558 i )5 sy
S8 w1 / Jodiiogil  Sgamlins;gigS (gla oy

LSS58 e Tigred i degan ISl o T 2 aile ! pg o o 4l

OlRl Ol e Sam 5 oSl gond 095 -

Sl el ol (S ke olfils case Cudlag (659055 Ol 3 0 -

Olrl ol «olpl (Kb pole oSt cictlags oaSiadls clarme Cublagy (owiges 09,5 ¥
OlRl 0l o8 (S pole oliiils coublagy ouSails clams Cublage (gwaigs 095 -F

oSl Fo ol M b

5 &l GlapslE )] glym 058l il as Slonl o ailg o (gyle SLLS 5180 g dscno TRV

: : el o )b
an T e ot 45,5 IS ooy ¥T ol Bio (gly sl sla s, (psmSl wisds S

i . . ) BRI IANAL4 towlpg gyl

S ol adlhs o aiwe o)l SluS 5 B jo Laanl B o 5 ee 5l S GBS g8 YEA/NY /) TR
e 5 sl cilS g5 s 4 PMoO/UIO-66 MOF ., cojealsli 0 RN

s S (5l ~ $9 Glge 4 = (e S 2 )90 ¢ VEAY/TE :)l ey ("9)'.:

A 2yl (e 5 il ot ek (S5
PMo/UiO-66 wiuws 5l oolat ol U oyl o S g0l oolias b al jox (ot oty 3 (599
PMo/UiO-66 MOF ceyj5slSsls sl alo yo 15 il 4255 &5 o ikites I olpe b
00 i S jemslS il Slpogas o] JLss 4 ¢ 5w (solvothermal) Jbopglow (39, L
PH asb cilises slloe sla el b 45608 ) » SEM g FTIR XRD (slacSiass L i i
XYY e S gl Ayl Sl (Fe 5 YO Y- O W/W) Endlls clile (@ 55 ) SRDP ok S el tg a5l
sazme oolitl Eo B (i 0nd o 2 B3 Ll o i lies slacle; ;o (0 ML 5 Fr (Sl yords Can JBIS 538 4t iy gl
O ey Sz 00li sl d S > (La sl 5 Tie c JBIS G ST/ Joxliiagil SgmlnsgisS
YO W/W% o505 956 dale & PH o PMO/UIO-66 <o 55,08 53 ols oL goli :lavasdl
0as VYo MIN I o ks (S g0l JolS 4 325 g0 i S50l Yo /L i lale
SIPMO/UIO-66 laugs s oS g0l i St ol (ylis (265 Tg St (o 2 -]
CeJU a8 0l s CnJBLS 31 sz oolaiwl wligle)] zuli oS o (59, Jsl 4z j0 Jos
el s sazme oolaiwl a5 > ez 5l e (e () jeS A
Gi> s mbia IS PMO/UIO-66 bl i a s ols (Lt ol aalllan t gy doess
2l g baulyd ) el oS5l :J gnand 6 Mot 5 Saig iU Conmny

farzadkia.m@iums.ac.ir

Please cite this article as: Mardiroosi A, Fakhri H, Esrafili A, Hasham Firooz M, Farzadkia M. Efficiency of photocatalytic removal of amoxicillin
from aqueous solutions using the sandwich structure of nanoporous coordination polymer-metal oxide. Iranian Journal of Health and
Environment. 2023,;15(4):671-90.

Copyright © 2023 Iranian Association of Environmental Health, and Tehran University of Medical Sciences. Published by Tehran University of
@@@ Medical Sciences. This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://
AT creativecommons.org/licenses/by-nc/4.0/). Noncommercial uses of the work are permitted, provided the original work is properly cited.


https://dorl.net/dor/20.1001.1.20082029.1401.15.4.5.0
https://ijhe.tums.ac.ir/article-1-6731-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.20082029.1401.15.4.5.0]

Seise ahal Glaptianw ;0 651 Culld mle (05,500
» Gz L b (Sjglan arhal (alpli caigh oe
2 e Slalies plge ar ol cnl g 35l Sl 5 ol Sl
ot (b slasnl Bal » oo slagislyisi 5L
SV JU N RO NG RN JECEEIE SN
oy 3 o] ol el o ol el 4285 1 5 aalllas
ol Loty ¥T LelS (i 40 caolie LIS 5 5l YU a5
daSgn 6l B> 10 S50 slaan] B o 51.(-F) wileslss
sl ol s g 5l (S 48t emilienST slaoy 18
a5 Ngyen ot a9yl DS o 4 Sl LS 5 ape
Laowsy ¥l a5 4 et Wlgi oo (598 (ST (glaaisS i si L
Ll oS g3l Game b (omaly (550 013 b abanly Slso 4,
b i ygueoloannST slooi] 8 5l awg il le 3085
ey o Sobw b oIS Jds 4 o JB 48 gnlaST
s yolid (oS lgsusal 51 (S o8 Coroms 5 Sy ST
o gold des LS 5 lawgs a5 ol laoa YT als oy

OV V) 098 o plxl Ho5 20l
b gy ls slaa e ST, Sl oo
w‘g} u;.».:‘u) J#Jé O ‘o):.é 9 W()3 ‘CdS ‘Zno "I‘io2
o oles goll g B ials- JasllsT 4 sal
|y ok gy Gl L it sla 3, 5 (oo yiws St
o Kea 5 Aljeboree .(\V-1Y) cul 05,5 Cl> 095
oole G lge s o5 o0 TIO, 5l aisls (jlis 95 aslllas o
Jlo yo oLee g WU Koo glaadllas jo.(VA) 5,5 ooliul
55 Gl CandBlS S lgie 4 TIO, wisls Les Y- Y-
ax i o T 3o alSlul 25 K g T slmonilogdl
Sl Jdo as Ll oo 15 133 colainl 0 g0 ilgs o yiiis sl 5le
O8) sl 0sT, 5L 0,55 s 515525 (g YU 5 iy
Jodo @ s o SLLS 5 ol oo il eolaiwl (b ol L
Colus 35 g9 00 S (65,5l Wb« odad slalae jo CoM>

FYY

o B 928 Bd> ST s 2

doddio

05illy (slrony¥T lgie 4y sased Codl e SV gama o bag s

390 (2910 DY gazme gy £95 (Nigh go aSLS ol plie
S slacdale b el o el S gy Blaal gl oslazl
Sl sbo 5 S3lugyls Slodl jo wloS 5 ol 5 (2Y6
@l SlaS § jeax 3l gl jo all ails sgg
03905 > 093 4 1) pdiizs | (6 ks ax g ol polie o
oole 13 Sb e Jdo 4 Sl 5 ol gl ol (ol
slocdale (o o piaawsST g oges Cadlw o] CoaS
V) el Gyl

5 SSn 0 ok e Gpas cle 4 L SSen
5 Wb Camjlase Sogll 0 e Kl Sl
Scwglas sbul cely o5 slockile o oo cwl (Ses
Ol 09 ey eslatul g adgi (V) sl 2L ySL gl
Sl 5 Cmilame a4 Ll G38L oly @ e SlaS s
Cely olge pl il ool S5 g cu ) ¢ elaw gs’—‘ &bs
ol 25,50 ©559551 5 AL arias wnTs jo DL
St ;0 DlaS 5 (nl Hgax 150 el ge (ol
R R T S O
Sllae wdle 4 ol o als T olge 4525 oo
30 Oydd Bpas e OloS 5l as sl sl lis
3lae ;s Yemle sgu> 5 Wgd oo opglin JolS jsboay (o
) caleiys 3 tiptopn oslia o ool 53 55 e
S ylanze 3)ly Jlb SLS 5 5L 4 ggdae g )00l &b
a3 oo Hlis 5 ead plol Cldllas S0 Bk 5l aisd o
a5 100g (Sufslser 5 Sl LSge T el
g oler (Bl Sy bz 0 Yok Sawe gl wilg o
(V) wigd ST 1l 50 s ST Canglio 4y i
Olye @ i (oS gal oSS 5T g b e
5 AL adar slaxly ;o YU el L t;v.)}ub.‘j
Gl o 00l mets b ] olie 5 oS polia 4o
Ao Caols ils Lo a4 SllS 5 gl af‘s)sz 3

%ﬁ yﬂy
1Fo ) Glituoj /o laz o e /s 0s93 . 2

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://dorl.net/dor/20.1001.1.20082029.1401.15.4.5.0
https://ijhe.tums.ac.ir/article-1-6731-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.20082029.1401.15.4.5.0]

St 5 g Lo assl]

o (Dland s Jold solaiul oy90 (olends olge
el o5 e (99 IS psisS 1 Ul g9 el
sl S 9l el SIS 5 giel Y WIS (DMF)
sy Sl 5 Sy

el 2t

T s {PMO) (adse il 1 ¥age] Ly i
Caispelisils 5 (UIO-66) psiss iy 4l » 3l
PMo/UiO-66

oSW gy 5l dse il p SVLegST (s
Srve moly YIY g lanl shite ooy et ool
Yo mL b g J> yhie oI VY0 mL s Na,HPO,
Jeloee .o bglses (Y MM) Sloadge moow ol Joloxo
5o b 0302 40 °C sles o ¥ MIN Soe 4 Jol>
353> PH b Lile dsl S0 gilsns 31 oolitionl b s Sis
w bolis STy ot LolS gy o gl ¥ 1 VO
L Jool> ol gy .cd )3 15 WS, cov A h G
(VY YY) 00,8 i S 5 2lpiciasl 1 il (g0 51 solicial
oSl by s 5 el 2 s5t8 T s oy Al
s IYAT g Jlake ozl 0 amgs Jloyslew by, Sl
Y. min Soe 4 g J> DMFE 0 mL o 0105 ss5s5 5
Sl SIS 5 gical =¥ WIS 51+ /VVE 8 s 0 03500
YFfh casa V- °C gles o Jool> Jole g adlol ] &
el Jgibie g DMF (5.8 IS5 b gt Sldas 285 )18
0dd a3 Cozlr 095 9w Cuz e (285
(YY) 2d 5 15 1Y- °C glos 1o YE D oo 4y diged
L PMo/UiO-66 cujeulS 3l ans jelate 4 aslsl jo
Ve mg lanl (Jl Sgdow 5 (ogm) o8 by, 5l eslil
5 Jsl Yo mL Jls P> 5 sl 4 UiO-66
5 il 58 bslses a4 PMO 5 Ve ML s 23,5 138
Byl 3l o balie ol dalsl jo 0l 00500 ¥ h cus o

sles o ol jo g aise; Jbjgnese (pgae Jolis

h 1o 1 glivj /p,lg2 0o /3 5L 6,95
. limoj /p)lgz o) Jol 0J9.

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

VY

UIM Sl U‘“’”"" Sladlas o RO PR WA Sgdote ‘1,5 C.la.w
G2l b (Sorlus; 9595 Sloyims » 3 ST sladsS
ool 4 yorie a5 09y ol er Sl JUST Jld glas > ol
o Ll oges alp enlily a3 S se led S
Qs ylpme 225 jelate 4y (38 0T polie Conis gl p
CondBl 6l oL 0 7 ykae 0)le0 51 (S (6518 auST ol

NCOWR PO 1 LV BPI PR SRR AUV
@l 9 (b ely> el slaol) o 51 (S
P o g C Ky S ST loog,5 ols g e i
Plem Seuts a4 oie s ol Lo Jele Lol LS 5 o
GRIB(5T Ol 5 fss ST aile) (e ely> s )58
Dedise opb g owigh Tl SlaJsse b Wgn )08
il 5l g iyl Vb zhw colue 58 JT Gloji
Cod Sz Fhe Jlams O3> sl e @ Gl oo
5 lsole das do WSLaS doygul c 38 slaansT ol
Sy oKen g HE (V+) sges solaul Jlad slaaiss o
Bi> gz MIL-101(Fe)/TiO, cadbls 51 L sl
CojeeelS s ol lid mls . Woges eolatwl ISGLLl s
Si 0 6V ool 638 ST sz e by end
TiO, § (&l MIL-101 (Fe) 4 coms Sgm sl ol
addllae 3l Buan conds 53 04lge 4y azxgi L .(YY) ol las |,
Fram 2 00d S oulge Al (5008 gl s pSl>
LU ol ol LAl aly » Somlnd,sisS souly
Solad; P55 ram p ceslio Jole slaog S (3505 ool 2
Ol 5095 wold (631 wnST pglie ot sl o3 Laal 15
LB eoren 05l onile, JBlas 4y (38 ST galS
= Sgel B8 )50 50 eud e CojenalSsil

8 B s 0550 (Sye e Gl g i

) g olge
olso _
BE] R WP TS IR VESR VA w#‘t?'ﬁbwlﬁw‘;‘;}ﬂiﬁﬁ


https://dorl.net/dor/20.1001.1.20082029.1401.15.4.5.0
https://ijhe.tums.ac.ir/article-1-6731-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.20082029.1401.15.4.5.0]

» o..\.uyi 9 &L?u‘ u....5|5 Ja..m e G]Jl;u ud}‘s 9 u..\?
0967 ¥ o (398 (rlaw L2 S U 528 mha (59
dnr Lo (FadBl 928wl adsl clela )3 5 s )5 s,
SeS b oanVl gl 51 Y mL jlade 4 V- min ,»
@ bdisges 5 w35zl STy o Job 51 Ky

DA Gews Ol Yoo o TPM Caeyuo L )+ MIN Soe
slodslxes PH o Tp$ o PH @liis 1 o) 2 pslats &
L5l e Gialeyl 5l al> e e 0 s F iz A LY
Syge Slopite plo Jlcowyn Sjge e aige e
MP d.)é; ) r OMYT ‘SA‘AMJL)LYP d.;;?u » adlas
Jsb odgae ;o HPLC olKiws 5l oo ¥T clale 5JGT

A oolawl As e-Ye e M T

Lasl

PMo/UiO-66

FT-IR 7

D0 ge sluily PMo 45405 FT-IR ,.JLJ o=\ s
uul:u)‘ LYY -Y¥o- cm™ 00gde O e &.\_, Jga>
o da i ALU )LP | 4\49_4;_5 ,]a_...)y 03l u\.\_>

i S slaplas,la =L o PMo & by, o S

AYY em™ (v, o) A em? (v, ) N -pAemT (v, )

(YY) Col oo o0ls ylas VAT cm? (VMo—O-Mo) 9
JSCs) UIO0-66 aiges cib o oo ssalive slacSs
@ by C=C 4 V0fA cm’ 5 VYV cm? o (o -)
4l ) oad sswlive Sy sl OCO 5 Silog T il
s Z1-0 ibs,l slaos alisl a4y wilgs oo FYY-VO- cm?

(Y8) ik by e i CH s OH
aS am o lis z -V JSS 50 0 jemelS w53 FT-IR il

Lo MalS 2y 5500lS” s o VLaguST L (55 Lsls

FY¥

o B 928 Bd> ST s 2

Condy Jgame .o ool G 3 VY h by Goe 4 VY- °C
Sy ol gy g g b 00l gty J5ilil g O L ool
T S W e sl s Lol

PMO/UiO-66 o jnalS i Sl oy
SiPBige 5 Jim S (Sl Sliogas ol e
sk I oszlz (PMO) acdse 4y 5 c¥legusT Ly
Lovsss (PMO/UIO-66) o0 g s 5500l5 5 5 (UO-66)
A (FTIR) 468 s 508 (y90ke i il (sl Ul
(SEM) o) (539550 58ss Sn ( XRD) (oS0l 555,
s cyenss (UV-VIS) i) b - e i ciabs 50U
oty ¥ (e G55 oy 55 2iSTy

A 57 X) 0 pH il polie 506 ol adllhae o
adgl Ll (Fe 5 YO Y 0 WIW%) candblS clile
sobes Jsb o 0 mME/L 5 F ¥ ¥ e) (il S50l
2yl ol SU .8 I8 ) p 050 ol b
(one factor at a time) )lo; ;o ;o551 G b, slis
Slhalepe 0 50 a8 (ae cnl 4285 18 cw)n 09
e S L i 9 oyt o (8IS 2o b il
plod b gy 318 SIS 5 O 2l eilie slagle; 5
2 Ok (S50l ploard grmilannST 4 bgs o Sliglojl
> b o5 (S i 5 IS (oS S, S
(@ WA <o nM) ogu> ¥ @ joxe 0+ mL
285 plx]

dglio ;o Sl g8 anTd il )y gz ol
Slaglesl daoan¥T Bl po Qi g 5dsd slaanld L
50 9 plnil oan ¥l clale 5 pH ol bl co J s
aalsl ;00505 aslie Bl g8 anl B L T s sl
5 PMo/Ui0-66 ;50556 oS cwyp jobaie &
Sialesl Sl el po o 50 el oS g0l (U5 528 oy 56
5100 Mg ol jod s ooy augs 0oV Jgloe 510+ mL jlois
@ Jolone g 0d sy ) 1Sy 351 2 o 4 5
Llyd B ol eojes (S0l ulyd cod cenJblS 928 ol o

%ﬁ yﬂy
1Fo ) Glituoj /o laz o e /s 0s93 . 2

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://dorl.net/dor/20.1001.1.20082029.1401.15.4.5.0
https://ijhe.tums.ac.ir/article-1-6731-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.20082029.1401.15.4.5.0 ]

St 5 g Lo assl]

Aol Caolz L) PMO L agzlse o Ll &jls oo
Sooplnle g S e Jos s LS a4 (YL
9 e Sl b S5 S 09,5 (o (Seliwg 2SI 1S w0

Sy e Sl aie )L LPMo lagyssl

Transmittance (%)

PMo 4 UiO-66 o> 5 (5 50,8 Julains) ol o0l
ol (glaog 5 L PMO 598 0 0l SalS K305, S 4o
S denS 50,5 el wiile UTO-66 xlas 2 09250
Gomsl ool S 515 gloog 5« o sl Jslons o0l

(&

400 900 1400 1900
Wavenumber (cm!)

Intensity(a .u.)

2400 2900 3400

(<)

0 500 1000 1500 2000 2500 3000 3500
Wavenumbers(1/em)

r=-—-

- as == o

Intensity(a .u.)

@

I I

' VT B
T ey

I i

0 500 1000 1500 2000 2500 3000 3500
Wavenumbers(1/cm)

PMo/Ui0-66 (z) 3 Ui0-66 () PMo (ill) gbaiges FT-IR cib - JSi

h 1o 1 glivj /p,lg2 0o /3 5L 6,95
. limoj /p)lgz o) Jol 0J9.

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

Yo


https://dorl.net/dor/20.1001.1.20082029.1401.15.4.5.0
https://ijhe.tums.ac.ir/article-1-6731-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.20082029.1401.15.4.5.0 ]

Sl 3 I oszly el Subge pi I ol oS
3529 (z -V JS5) CojselSel XRD (66Ul jo (YF)
030 dls UiO-66 5 PMo « by o slosy ol
Al Gligyen KaS b Llg; an j0 45 iz e oad
Al 1) CajepelSail el Cuge LSas 5IUT ol il

Counts

XRD ;JiT
sl aas o ylas |, PMO 453 XRD (55351 all-Y S
Sophedgidse palls Lge LSS ol osalie By
G315 5 Oty Sldllas mls b a8 was e olis | ol
UiO-66 ages a4y bgspe XRD i1, (6551 (YA) cul

5)1s ol SalS oy 3,135 sladiges by (0 =¥ JSii)

20001

1000

(&b

T T T
20 30 40

T T T
50 60 70

Position [*2Theta] (Copper (Cu))

Counts

(<)

Mol b il

5 10 15 20 25 30 35 40 45 50 55 60 65 70

Position [ °2 Theta] (Copper (Cu))

PMo/UiO-66 (z) 3 Ui0-66 (<) PMo () gloaiges XRD 5T gl -¥ Jsei

%ﬁ yﬂy
1Fo ) Glituoj /o laz o e /s 0s93 . 2

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir

ala


https://dorl.net/dor/20.1001.1.20082029.1401.15.4.5.0
https://ijhe.tums.ac.ir/article-1-6731-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.20082029.1401.15.4.5.0 ]

u‘)&“‘” 9 &5‘“‘9)’3‘))1.‘0 MLT

Counts

6004

4004

200

@

T T
20 30

T T T
50 60 T0

Position [*2Theta] (Copper (Cu))

PMo/UiO-66 (z) 3 UiO-66 (o) PMo (i) gloaiges XRD 56T ol -¥ S aalol

03ga5s el 0 i 538 JI Cszla pliie SLlS
o UI0-66 (o518 JI sz )Lz aisei sl o3l
sanlin z ¥ S5 0 a5 jshailes .caul YO+-F- - M
sloyd &slsise sls PMO (6308 oS diged co5i o0
el 00l sz JlaalST JISEl iy a5 o
csrlez s PMO (3l wSt jlosen jpam (rizmen
el lolis BB S s aes 4 UI0-66 36 Ji

SEM ;Ji1
ol ¥ JSE 5o ead s slawiges SEM LT mobi
(@ - JSs) PMO wises 5JUT ol .ol oo ools
3915890 SIS 0 s EVEageSI L oF S e oL
s aiee B0V N o ojlal eogase jo (gleyd
Ui0-66 36 JI wszlr asei @3slsdio0 (o)
Sidpisse 5 HalS] Sl Sl 5 (o Y <)

(&

PMo/UiO-66 (z) 3 UiO-66 (<) PMo (i) sloaiges SEM s glai -¥ S

h 1o 1 glivj /p,lg2 0o /3 5L 6,95
. limoj /p)lgz o) Jol 0J9.

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir


https://dorl.net/dor/20.1001.1.20082029.1401.15.4.5.0
https://ijhe.tums.ac.ir/article-1-6731-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.20082029.1401.15.4.5.0 ]

(<)

@

WIRAY TESCAN

PMo/Ui0-66 (z) 3 UiO-66 () PMo () slaaigni SEM glai -¥ S dalol

b coluw .cwl 4/F g/cm?® 5 0YV/O /M 55w

SedBl g3 a3 (VL o)1 Wil oo Cu5e0el 936 (YL
(YP) oS coews |

O 5B cdely u“—’rjb/'i"t"’
s 1y Giard S il 5 i T s ¥ U

0ud i CujemelS Oljas x> g @a.w Cols 220 o0

%ﬁ yﬂy
1Fo ) Glituoj /o laz o e /s 0s93 . 2

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir

FYA


https://dorl.net/dor/20.1001.1.20082029.1401.15.4.5.0
https://ijhe.tums.ac.ir/article-1-6731-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.20082029.1401.15.4.5.0 ]

St 5 g Lo assl]

r__‘_,_._*ﬂ,#

b
b
b
4
b

0 02 04 06 08 I 1.2
Relative pressure(p/p,)

Quantity adsorbed(cm*/g)

Ui0-66 digei wizly g i jloges -F JSCi

sl tslugl a8 @ JS8) wss oo olii mbi ooyl

ol sy S aml )0 e e Sl SnjeelS

digei (UV-Vis) iiuls - S, i cib ;U] ol

PMo/UiO-66

S Sl el o s BB S i Sloged onl b B s 9 UV-Vis cibs 1 oslinal b

Dyl Sy ye o

Cawd 4 YV eV oad e &l gl gly g)le S

Absorbance (a. u.)

300 400 500 600 700 S00
Wavelength (nm)

PMo/UiO-66 <y 905l UV-Vis cab -0 Jsi

h 1o 1 glivj /p,lg2 0o /3 5L 6,95
. limoj /p)lgz o) Jol 0J9.

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

£YA

200


https://dorl.net/dor/20.1001.1.20082029.1401.15.4.5.0
https://ijhe.tums.ac.ir/article-1-6731-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.20082029.1401.15.4.5.0]

03N 5 (09 s3a> 5O ek oS 5el Ve MG/L Y5l
DSy cpl i s glalasdle BB o 55 4365 g Cann IS
Qa5 aed oo lid (SO0 bl l o g Ce B jea> o
b S g0l 5lao, 0 YO VY min ylej Soe cdS
S S ooy o 4 o 005 o bl o Gl

V) Sl CaadBS g 00Ty

o B 928 Bd> ST s 2

O (T3] Sl o Cilizo (slodiy 18 sy
CancdBLS g0 g 495 98 40 ooV 5l solows ASG)L;J 3
sl j5bite 555 sl STy plosl iy o 3
JRRERCPENL BRE NCH PRI gt JCH P PP E ]
558 GlaanT b ) b sl (5,558 woan VT Bis
aS ol Hlas (V Lloged) ks 6,.“55,@] Bl 0 Ld>

4+ | —e—visible light

-\_l.ll..l- wheam 13

—uo— PMo/UiQ-66

—o—PMo/Ui0-66 + visible light

{II] i.ll} il

(Yo mg/L (rliw (oS gol CdAle PH=F) cpnlow (oS g0l 45505 50 JIgd g Ldo wiuTyd ()5 -) Hloges

VYIEY o G sleail, 3 L ol pH e ,o 5 ol
anlp oLl 5o i (IS b 4 il el as)s
cde @ plgen 1) o VT Bi> )3 olond gamlins]
5 cdblsys (PHZPO) Sl b kb ol
Cendls calizes slo PH o ooV Slisgas jo s

AR KD

FA-

loyal)l s 3

pH s/

Joged) Sls lis ol asllhe o pH Slpnss (oo,
oSsel JolS i e & 4 ¥ I pH iul5él a5 (¥
oiels cge PH mal38l (b ) b el oo oyl
0ds Cyuduns ‘5..59;,] Bis o bl Re <Ls

%ﬁ yﬂy
1Fo ) Glituoj /o laz o e /s 0s93 . 2

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://dorl.net/dor/20.1001.1.20082029.1401.15.4.5.0
https://ijhe.tums.ac.ir/article-1-6731-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.20082029.1401.15.4.5.0 ]

ublg.a.(b 9 ‘5..45).5‘))1.4 MLT

e ety 3
&
1

1

pH

(\Y+ min ;) wae Y+ mg/L

G CadBls clale politl s cpl bcas] sald as g0
aslos anl g SLS aulEl o Sl 56 Y w/w%
S 65k a4 ] sl Bl anld pals cow S
bV 5l (Sl pels as e ATV 4 Bds leud]
I, PMo (,la5,L (el boanls LIS o gels
PMo jlade (ol38l ams jo ol)d o 0,905 T & ylg5 oo

2,5 oLl celldBlS oo 0 mhuw colue Lol

PMo Ll ol gl
DSy 638 ST iy GIS)L o s el
S0 8 s5a 8 el Sl i JBlS5 y 5
& PMo ;I o ooy> sloos,s L PMo/UiO-66
sdaliv ¥ loges j0 a5 jshailen ol ow,p UiO-66
o YO 4 V0 W/W% 5l PMo loie il58l 050 o

AVIFY &y OFIVY 5l cedllS g an] s olonil, Sialsil

AT Loy a
-
[l

I T I T I T I
‘o T Ta LR

(Powiw) o Ul okl

(Yo min ;o) o ¥e MG/L fybiw oS g0l il

h 1o 1 glivj /p,lg2 0o /3 5L 6,95
. limoj /p)lgz o) L oJ9.

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

FAN


https://dorl.net/dor/20.1001.1.20082029.1401.15.4.5.0
https://ijhe.tums.ac.ir/article-1-6731-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.20082029.1401.15.4.5.0 ]

Sl ol Lyl cos 00 4 ¥ mE/L 5l b oS5l
BOIYY & Ver 5l Bao sl als w2l )b

NGO PRV

b S go | clile 51

S ssboles 285 IE pwyn 390 Sl

T

Yyar
Ao
7
4
3 £
Ya
L

£ -

(mg/L) kL

cdale pH=) suis¥T calizio ikl 1oyl oS g0l 4325 30 PMO/UiO-66 1,15 oy -F 10905
(\Y+ min k) oo YO wW/w% L wlm PMo

sy coli ol oy s IN([A] /[A]) Jloges
a s °C g Vo sloo g0 yo il G“SyoT Jos ool
STy o8 Ao (log el s <1+ VS 5 <[+ YOA i 5
7. 0C ¥+ sles 55 5 ol [A] = [A] /2 &5 355 ol

FAY

BEILSVSNESPII 7o) SUU NENTIV ST B vE ISV

PMO/UiO-66 coerd 5
oo 5Lis (O loges) Setrms lalllas j1 ool Comndds gl
S oo ST gl 4z 0 (St Jae o] a8
s STy ey ol gl azyo and iSTy SO ol

égﬁ yﬂy
1Fo ) Glituoj /o laz o e /s 0s93 . 2

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://dorl.net/dor/20.1001.1.20082029.1401.15.4.5.0
https://ijhe.tums.ac.ir/article-1-6731-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.20082029.1401.15.4.5.0 ]

ublg.a.(b 9 ‘5..45).5‘))1.4 MLT

Lu(AJV/[AJ0

Time(min)

100

dlizeo glos ;o PM0/UiO-66 candUlS joas 3o g lusS| STy ol p Jol 4z 50 Sciaw -0 15405

w55 Hledily jo rals wo s g Bl s anl g o
S S s plpls el oo sanlie pdiw cwSgal
Sle 4 oolanul 090 o jamalS gl YL (6 )1 ST L8

el B3> A...'T)s TN Q—l YL s b

Cebl5 suzo oolan/ @b/y Ot _
daze oolatwl Gl e lp s Glas > slacas
S Gl dlas (ol (Sl (7 loges) b .ol plosl e JUS
Sl Bd> wo )0 090 )b sl cendUS 5l saors solasul o
sleoslarwl jo candblS culled v o el asly jualS

Yaa

il derya
|
L

A
£
Y
] ¥ ¥ £

3dore ealazad aldas

disgy Ll s 30 el oS g0l 43325 8 PMO/UIO-66 duzxo odliiw! (o3Ulgi -8 1o g3

h 1o 1 glivj /p,lg2 0o /3 5L 6,95
. limoj /p)lgz o) Jol 0J9.

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

FAY


https://dorl.net/dor/20.1001.1.20082029.1401.15.4.5.0
https://ijhe.tums.ac.ir/article-1-6731-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.20082029.1401.15.4.5.0]

Al S s ale LelS il ol s ol
51 gy 3 San s DOU (YY) sl o Lialiil G
Lo jpa 50 (bl g8 anlp Ll PH ol i
Olie ol 53 g 8yl 1y eyl cpytin B bl s
JB ol b el s canline 00z VT (Bis Lol oy a8
S8l ol liad bt ol eols ,ows Vo4 pH &5 Kn
wo 3 A e & PH cnl 3o e oS ol a5 gl
543 adlle o 35 o5 g Rashtchi .(8) coul oo,
Bl g8 anT s SIS pH a8l boas wisls olas
&S5 ,5b 4 eail 3l Go@Fe,O, @Ce0, ;50> o
o anlllas cpl o PH YL polie jo B> S5 2ol5l
Sl )0 ks Gizmed g o podenST (60 (rban b i &
pH aliSee ﬁs)LO.A B L)"l*'”‘ L;MS}-Q“— (pKa) »A.o.w‘ u_i&o.s
O (oS 50T G2 (e GRl8l s ol l a5 0 L
olie o 0T Gis Ll Culiys g bS5 mlas
o a andllas cpl jo laise cogdle 45050 5 7 51 SYLPH
Lyl 3 ek caSsal Gio YL oS LYo 51 S5
&5 (OH) oS3 p JISo0l, s o5 o 31 LS

(VF) sy o)L;l‘.»‘ o $8 oS S
GRSl il b celilS anl s LSl
35l S pelans corluno Lil33l o 45 Wl o 3550
Orizmat (5) 0l CenlS mhans yy b glacyl ol
b1 e 05 o sy CnedBS ()35l a5 Sl
WA.AJLJU c.la...: » OMYT deﬁgﬁ"’ g_;d.> 6‘;: ng.wo )
oeals 4 Olalllas (S Bk 51(Y0 AY) b o i3l
SB35, e Gl 331 b (B 528 0 T8 1S
i s 1S 6381 oS o s cilosgas o L
s 008 (68 )l CendBIS Caslieds igl38l o ge 555
oY o 485 8 GBS sliws 3l aile g 95 oo

2% 9 dg o0 ‘) cs"““JL’Lfﬂ"s J“S‘ﬁ f’L’.‘s‘ 6‘)? 0PN RR)

FAY

o B 928 Bd> ST s 2

gho b SlaThy 5 45 Sl oo s sl PH
56 Bl o 28Ty Gl Cnlple 5 CunBE
olas ols adllae o pH Olss cwyp 0105 0
asld o5 2 4 ¥ I pH lBl Loas (Vlaged) ol
el a8l il e S sel Bis s llS 428
Gis jebie 4 LSes s Li g o5 lalllas o
TiO, jpa> o Gdblsd 0] baugs (el 5 50!
5o 0ul3 b 2 PH @i (o) @l cpo 5 pl
Sleaily as e 451 SYLL YV S PH polio a8 ols ylas
PIO ylaie 5 PH (al33l.00,5 (pboms oS5l 415285 0y
Ol L e g Al (o, AYTY) lendl,y iolidl o
el mals as,e YV/F a4 Bis Ll VY & pH lads
Slgee 1y ooV B> o pH 56 (IS ,eb 4 .(\Y)
5 CawndBlS 928 (PHZPC) G iSllgil )b abais oo o
o il PH alizes polie ;5 looais¥T Sliosgas )0 e
CadBlS pHzZpC iy Oldllae 3l (Y)Y (Fr) 05
polie o coplpls (YY) cul B-0/A sogaa o UiO66
5 5 Sl ite CandBlS =k L pHzpce ;1 YL pH
59 sl e CandBlST =xbaws L pHzpe 5l 50l pH
oud Aigigy oaiVl 5 mhas (o asdls (5558 (sl Ll
@9 3 YL PH o 5 090 i wild (alS o
ol digigps caVl g Ll PSP 1SV FRRSSURPPE | K
Ol S g0l SR8 g 3l oo 1alS ) Gl o3l
Gady e)l0 392y Joloe 3 kb g0 G o Sjpe @
05,5 55 2 Sl Sisa sl Gl 5l Jsse Sy a5 (e
» Seliie Sl glacal il g ol ol 5 S5k
Bio o (8) ool bl 5 15 oopnl Gl Lylys
coslisl )50 CendBlS Elaseine s opdle el unS'gol
ot 5o PH L 5l calises Ll 5o 0oV ol Slaseins
ol e PH 5 cbos onSgel oS ails ool
o PH oo Soop b plplo g el (i OlS sl

%ﬁ yﬂy
1Fo ) Glituoj /o laz o e /s 0s93 . 2

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://dorl.net/dor/20.1001.1.20082029.1401.15.4.5.0
https://ijhe.tums.ac.ir/article-1-6731-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.20082029.1401.15.4.5.0]

St 5 g Lo assl]

4325 Slp 9290 Jlad sladisS Azl ;0 oyl 0 Joe @
331 b LT 09aS g s 1 WU sloclle b onsyY
SLaS 5 5l 6ol 3 99 o0 2 Yoy jlown con¥T il
(YA) Sigd oo gyl 59551, 5l cdigd aysos aSST g I
2 a3l B el (Ses (558 slaggist Ses ik
cdr JIolSy 0 by sy candblisd mla
4 Lol oy g Wgd Ol CundblS gl p o
0 pl g ogdle aiiS Cales v 3L CenJUlS 98 o
abanly 5 ol SLoS 5 GBS 5 glansT an] 3
aSST L g ools zals 1) (gile gane F, 45 Wgd oo odg
Syt Blo g a8 S )8 CundblS o Jlud slaculs

(FAUNY) Wgd so SdUlS 928 ..\,.JJS
Ol S g0l adgl e Sl s 0 50 o Se s Moradi
55055l Liwgs o Gi leadl, ; (F--)+ - mg/L)
CusdS 5l e 45 Koy 4l (ol @ 35 CZ@T-GCN
o slns 10 alias caSsel LelS Gix VY- 4 4+ min
S ad Jeols £ mg/L g e oclale bosanVl g9l
mg/L g A cble b oo Jsle 4 4325 oloai], a5 Il
o (Fe) il jials ao o VY 5 40 @ iy a Ve
aae b sla s dlaxs CancdBlS 350 ol ke S
b oo il san¥T clale a5 by ] ol cundbls
b slaome a4 Ceeyu 4 00Tl (5 iy laJ5Sse
Sla s 3oxs ot o (iiS co ales CencdblS mlaws
oai ¥ glaJsSUse (VL olass (nl (gly (oyimss 5o Jlub
G2l g5l ladiss adgi (S, 5l g 09 walys jeS
L St [ RT N PLU S AT U S R e
sy Jlb slaglSe mlaw O laJsSUse iz rals
095 50 JoS g 00 JISG0l) ol g palS Azl o g e U
STy Lol 10 o adgs o1 sla G0l olans ¢ piman
b (S g0l YL slacdale )5 Cas p 0 dgame Jule
iz b e S 50T sloJ5Sg0 VL glacile o ool

Sl 938 Loy witiilys oo a5, lagygigd ) (o5 59

h 1o 1 glivj /p,lg2 0o /3 5L 6,95
. limoj /p)lgz o) Jol 0J9.

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

FAO

(Y8 ) b o (ialidl ol y Bds ol )5 ass
1950 a3l i polde 0 S 0aisS Sguste Jule
& 09I 5o JUub slapSe slaws pals e 4 Wil o
ssbhie & oL Kes ¢ Rezael Lug a5 gladlas o om0
S 9 St R oSt L ol e TiOz UL IR
plosl e lSoLul 15 B 528 B3> g (TFOC) Jlas
51595 ;0 TFOC cujemlS gl calizes slajes b ol
N> i oo gl (28,5 18 oy 9590 =010 gL
a5 plowdly Y GIL 4+ 5l o jenalS ol clale (al8l L
R I I S W

Jals i g aile 3L cols Gis lead, <10 /L 4 550

U"‘"")—a‘l‘Jl—" Qe,‘l-}cd-;-w) Qoo Ve

OF) wl sdslie £+ MIN Sae 5l s SOl s
cilizes slacdale 15U 093 anlllas jo o Sen g Balarak
o |y sl nSsel Bis 43 GO/TIO, e Jils
chale oli8l a5 ols plas 5o adlas o) mls ais S
il S il s <17 QL & /) 5 Canllls
b 35,5 aoys FUAE 4 ADNY 51 cpalens S0l 328
w525 losil, ) /L & CcdBS ke i3l Lo > ol
S5l 5B e 4z .cdly LmalS as,s VAN 4
SLoFe O Sl e ja5dUl v 5l ey Slade caily
Sydse CondblS o b slaple ghaw 4 )8
AL sleckale o a5 Qi ey Gy a

(FY) oy o idlS oIS
clale ol boanlp ol o ead obxl ials cde
S Bl sy Jlab slacol o a5l o)l o |y 00
son¥l cdale a5 Sy .cails oV sloJgge lawgs
Sl 58 mhaw 6 sladsSse cabioe I
Fro DSt b slaaist a5l cnlple g b oo i
chale s jslaie 4y aenSTngm 5 JenS g 000 JS00,
e Gl cancdbligd mdaw 5 ouls G ooyl YL
v pooad Qi dlol chale puzen (YV 0) WS o
Sailon CundbS mhaw 2 (6595 slagigd iz 5l JBlS


https://dorl.net/dor/20.1001.1.20082029.1401.15.4.5.0
https://ijhe.tums.ac.ir/article-1-6731-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.20082029.1401.15.4.5.0]

@090 mE/L a4y jlosn¥lcdale ol b ol o
PH) i Lulyd o j58de (adblsd aiyl 3 IS sk
d)l;\f)l;‘ Soy0 LU&-LA-MJGMASB.A] Y- mg/L cdale o# lJ)J‘)J
51 s0e solail Slisles] b .casl oas VY- min i
ails e oola_wl ¢L>J._> )Le‘_> )‘ o= ké_’? ‘5:|)L§
S99 b p)le a3 2 Olals o &S b il
ool PMo/Ui0-66 e LIS 1S 5las,0 A
onl, s as Olod s S H—b 4 .cwla 3l
oo S ol b e x5 e Sae S JUlS 8
Q*L'-“’gs“‘sﬁ*"" Bi> 3 (e =S g_s—"”li—“-’l—")]

) Al

SN Sl
Sl ool Cd s pas Jolds IS OIS ads B ass s
Cole, dlie cpl o 1) gilwesls 5 osls oy 0 (ailE g0

...\.Z‘oo;

1oy g Sid
Sy G e b i b Jeolb dlie o
5 ek o I5D (s T SUks slaoanYl
gl gl sl sl oolaiwl b ol Joloa 5l (cndSolal 5
Cyae Gl a1 gl (Sgnlind 9595 sla yerdy
3 olpl Sy ablage Sleas 5 (Sop psle oKisls
P 50 a8 Sl AAF-YVPOYY i )b oS L IYAA L
lrsgin s - Cel 0al 2] s Collagy (65999350 Olindos
¢l Sl B g Sby pede olSisls Coles
oB—iils 5l gz b oyl gl jo o=t Sl—s)o
ol jola i oy o 0aS il ujds ey S
Sl i —aa s sladllisle;l ;l eolai

00,5

FAS

o B 928 Bd> ST s 2

i ) e s spbise Jolone Cdlit 2815 el il
ST sla Jool, adsi (2als 4z 1o g 550U Lawgs 53
olis 0g5 adlllas yo ), 4 Wang (T YA) 09l 0
el SSLulzs YL sl ale b ol Joloxe (o a5 wisls
OV ga e dde T i 000 Ol > o..\_._ﬁ”
St LS a8 b s il
5 O Sl oSl slo Jo Sy o Lo ol
o8 Can JLSE maw 5 JLad sl S o 45 o
OASobal 55 slaJsSdgs dnpon S ials cozrge g aiS

(FV) 0g

oolainl az > ¥ 5l o Bd> leall, pal els cle
abhuly OYgame adgi cde 4 Wlgh oo e Ul 51 sasme
cbs ) 2 ol ool (Bl g BA > a8 o
Obosly S e oo a8 Sl el U
Slg—s 039 2l Cle 4 alyS oo uizmon S o0
0390l 9l 5l vz colaiwl ol o b o Sae s

YY) ol

=

e I e S
38 T sl st os s Ve Ly Sl
Sty i st el b Syl Bl g
St e pplns oS 5ol ile (e JBIS o PH. i Cakie
@l .c8S I3 )y 0550 eal VT Bio o il e
W/W% 5IPMO (5,135 b a0 ial381 L ols lis o o)
3 e 2L,V mIn Gley Soe 5l e YO 4 10
5 Cawl a8l iol38] s o AN 4, OF )'IO:J.:.“:‘SMS}J 45
@D el o 00,0 YO 5l e 65135,k s s ol
ootV e 36 oy gl el oid i an] b

Ssel s plaadly pals 5l (S anls Ll

%ﬁ yﬂy
1Fo ) Glituoj /o laz o e /s 0s93 . 2

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://dorl.net/dor/20.1001.1.20082029.1401.15.4.5.0
https://ijhe.tums.ac.ir/article-1-6731-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.20082029.1401.15.4.5.0]

St 5 g Lo assl]

References

1. Pan X, Deng C, Zhang D, Wang J, Mu G, Chen
Y. Toxic effects of amoxicillin on the photosystem
IT of Synechocystis sp. characterized by a variety
of in vivo chlorophyll fluorescence tests. Aquatic
Toxicology. 2008;89(4):207-13.

2. Yamal-Turbay E, Jaén E, Graells M, Pérez-Moya
M. Enhanced photo-Fenton process for tetracycline
degradation using efficient hydrogen peroxide
dosage. Journal of Photochemistry and Photobiology
A: Chemistry. 2013;267:11-6.

3. Zhang Q-Q, Ying G-G, Pan C-G, Liu Y-S, Zhao J-L.
Comprehensive Evaluation of Antibiotics Emission
and Fate in the River Basins of China: Source
Analysis, Multimedia Modeling, and Linkage to
Bacterial Resistance. Environmental Science &
Technology. 2015;49(11):6772-82.

4. Wang F, Feng Y, Chen P, Wang Y, Su Y, Zhang Q,
et al. Photocatalytic degradation of fluoroquinolone
antibiotics using ordered mesoporous g-C3N4 under
simulated sunlight irradiation: kinetics, mechanism,
and antibacterial activity elimination. Applied
Catalysis B: Environmental. 2018;227:114-22.

5. Verma M, Haritash AK. Photocatalytic degradation
of Amoxicillin in pharmaceutical wastewater:
A potential tool to manage residual antibiotics.
Environmental — Technology @ &  Innovation.
2020;20:101072.

6. Dou M, Wang J, Gao B, Xu C, Yang F. Photocatalytic
difference of amoxicillin and cefotaxime under
visible light by mesoporous g-C3N4: Mechanism,
degradation pathway and DFT calculation. Chemical
Engineering Journal. 2020;383:123134.

7. Qutob M, Shakeel F, Alam P, Alshehri S, Ghoneim
MM, Rafatullah M. A review of radical and non-

h 1o 1 glivj /p,lg2 0o /3 5L 6,95
. limoj /p)lgz o) Jol 0J9.

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

FAY

radical degradation of amoxicillin by using different
oxidation process systems. Environmental Research.
2022:113833.

8. Karim AV, Shriwastav A. Degradation of amoxicillin
with sono, photo, and sonophotocatalytic oxidation
under low-frequency ultrasound and visible light.
Environmental Research. 2021;200:111515.

9. Qin K, Chen Y, Li J, Xue C, Wei L, Song X, et al.
Removal trends of sulfonamides and their ARGs
during soil aquifer treatment and subsequent
chlorination: effect of aerobic and anaerobic
biodegradation. Environmental Science: Water
Research & Technology. 2020;6(9):2331-40.

10. Chen Q, Chen L, Qi J, Tong Y, Lv Y, Xu C, et al.
Photocatalytic degradation of amoxicillin by carbon
quantum dots modified K2Ti6013 nanotubes: Effect
of light wavelength. Chinese Chemical Letters.
2019;30(6):1214-8.

11. Le S, Ma Y, He D, Wang X, Guo Y. CdS/
NH4V4010 S-scheme photocatalyst for sustainable
photo-decomposition of amoxicillin. Chemical
Engineering Journal. 2021;426:130354.

12.LiQ,JiaR, Shao J, He Y. Photocatalytic degradation
of amoxicillin via TiO2 nanoparticle coupling with a
novel submerged porous ceramic membrane reactor.
Journal of Cleaner Production. 2019;209:755-61.

13. Qian S, Pu S, Zhang Y, Wang P, Bai Y, Lai B.
New insights on the enhanced non-hydroxyl radical
contribution under copper promoted TiO2/GO for
the photodegradation of tetracycline hydrochloride.
Journal of Environmental Sciences. 2021;100:99-
109.

14. Rezaei SS, Kakavandi B, Noorisepehr M, Isari AA,
Zabih S, Bashardoust P. Photocatalytic oxidation
of tetracycline by magnetic carbon-supported

TiO2 nanoparticles catalyzed peroxydisulfate:


https://dorl.net/dor/20.1001.1.20082029.1401.15.4.5.0
https://ijhe.tums.ac.ir/article-1-6731-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.20082029.1401.15.4.5.0]

Performance, synergy and reaction mechanism
studies. Separation and Purification Technology.
2021;258:117936.

15. Senasu T, Chankhanittha T, Hemavibool K, Nanan
S. Visible-light-responsive photocatalyst based on
ZnO/CdS nanocomposite for photodegradation
of reactive red azo dye and ofloxacin antibiotic.
Materials Science in Semiconductor Processing.
2021;123:105558.

16. Das S, Ahn Y-H. Synthesis and application
of CdS nanorods for LED-based photocatalytic
degradation of tetracycline antibiotic. Chemosphere.
2022;291:132870.

17.Jeevitha G, Abhinayaa R, Mangalaraj D, Ponpandian
N. Tungsten oxide-graphene oxide (WO3-GO)
nanocomposite as an efficient photocatalyst,
antibacterial and anticancer agent. Journal of Physics
and Chemistry of Solids. 2018;116:137-47.

18. Aljeboree AM, Alkaim AF, editors. Removal of
Antibiotic Tetracycline (TCs) from aqueous solutions
by using Titanium dioxide (TiO2) nanoparticles as an
alternative material. Journal of Physics: Conference
Series; 2019: IOP Publishing.

19. Wu S, Hu H, Lin Y, Zhang J, Hu YH. Visible light
photocatalytic degradation of tetracycline over TiO2.
Chemical Engineering Journal. 2020; 382:122842.

20. Ding J, Yang Z, He C, Tong X, Li Y, Niu X, et al.
Ui0-66 (Zr) coupled with Bi2MoO6 as photocatalyst
for visible-light promoted dye degradation. Journal
of Colloid and Interface Science. 2017;497:126-33.

21. He L, Zhang Y, Zheng Y, Jia Q, Shan S, Dong Y.
Degradation of tetracycline by a novel MIL-101
(Fe)/TiO2 composite with persulfate. Journal of
Porous Materials. 2019;26(6):1839-50.

22. Amos TG, Sleight AW. Negative Thermal

o B 928 Bd> ST s 2

Expansion in Orthorhombic NbOPO4. Journal of
Solid State Chemistry. 2001;160(1):230-8.

23. Huixiong W, Mei Z, Yixin Q, Haixia L, Hengbo
Y. Preparation and characterization of tungsten-
substituted ~ molybdophosphoric ~ acids  and
catalytic cyclodehydration of 1, 4-butanediol to
tetrahydrofuran. Chinese Journal of Chemical
Engineering. 2009;17(2):200-6.

24. Fakhri H, Bagheri H. Highly efficient Zr-MOF@
WO3/graphene oxide photocatalyst: Synthesis,
characterization and photodegradation of tetracycline
and malathion. Materials Science in Semiconductor
Processing. 2020;107:104815.

25. Ding J, Yang Z, He C, Tong X, Li Y, Niu X, et al.
Ui0-66(Zr) coupled with Bi2MoO6 as photocatalyst
for visible-light promoted dye degradation. Journal
of Colloid and Interface Science. 2017;497:126-33.

26. Karimian N, Fakhri H, Amidi S, Hajian A, Arduini
F, Bagheri H. A novel sensing layer based on metal—
organic framework UiO-66 modified with TiO
2—graphene oxide: application to rapid, sensitive
and simultaneous determination of paraoxon
and chlorpyrifos. New Journal of Chemistry.
2019;43(6):2600-9.

27. Fakhri H, Mahjoub AR, Aghayan H. Effective
removal of methylene blue and cerium by a novel
pair set of heteropoly acids based functionalized
graphene oxide: Adsorption and photocatalytic
study. Chemical Engineering Research and Design.
2017;120:303-15.

28. Tao M, Zhang D, Guan H, Huang G, Wang X.
Designation of highly efficient catalysts for one
pot conversion of glycerol to lactic acid. Scientific
Reports. 2016;6(1):1-13.

29. Mirzaei A, Chen Z, Haghighat F, Yerushalmi

%ﬁ yﬂy
1Fo ) Glituoj /o laz o e /s 0s93 . 2

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://dorl.net/dor/20.1001.1.20082029.1401.15.4.5.0
https://ijhe.tums.ac.ir/article-1-6731-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.20082029.1401.15.4.5.0]

St 5 g Lo assl]

L. Magnetic fluorinated mesoporous g-C3N4
for photocatalytic degradation of amoxicillin:
Transformation mechanism and toxicity assessment.
Applied Catalysis B: Environmental. 2019;242:337-
48.

30. Yang C, You X, Cheng J, Zheng H, Chen Y. A
novel visible-light-driven In-based MOF/graphene
oxide composite photocatalyst with enhanced
photocatalytic activity toward the degradation of
amoxicillin. Applied Catalysis B: Environmental.
2017;200:673-80.

31. Safari GH, Hoseini M, Seyedsalehi M, Kamani
H, Jaafari J, Mahvi AH. Photocatalytic degradation
of tetracycline using nanosized titanium dioxide

International ~ Journal

in aqueous solution.

of Environmental Science
2015;12(2):603-16.

32. Xie H, Wan Y, Chen H, Xiong G, Wang L, Xu Q,

and Technology.

et al. Cr (VI) Adsorption from Aqueous Solution
by UiO-66 Modified Corncob. Sustainability.
2021;13(23):12962.

33. Balarak D, Mengelizadeh N, Rajiv P, Chandrika
K. Photocatalytic degradation of amoxicillin from
aqueous solutions by titanium dioxide nanoparticles
loaded on graphene oxide. Environmental Science
and Pollution Research. 2021;28(36):49743-54.

34. Rashtchi N, Sobhanardakani S, Cheraghi M,
Goodarzi A, Lorestani B. Photocatalytic removal of
amoxicillin from aqueous solution using magnetic
graphene oxide functionalized with cerium dioxide
nanocomposite. Iranian Journal of Health and
Environment.307-20.(in Persian)

35.Hoseini M, Safari GH, Kamani H, Jaafari J, Mahvi
A. Survey on removal of tetracycline antibiotic from

aqueous solutions by nano-sonochemical process

h 1o 1 glivj /p,lg2 0o /3 5L 6,95
. limoj /p)lgz o) Jol 0J9.

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

£ A

and evaluation of the influencing parameters. Iranian
Journal of Health and Environment. 2015. (in
Persian)

36. Ahmadi M, Motlagh HR, Jaafarzadeh N,
Mostoufi A, Saeedi R, Barzegar G, et al. Enhanced
photocatalytic degradation of tetracycline and
real pharmaceutical wastewater using MWCNT/
TiO2 nano-composite. Journal of Environmental
Management. 2017;186:55-63.

37.Hassani A, Khataee A, Karaca S, Karaca C, Gholami
P. Sonocatalytic degradation of ciprofloxacin using
synthesized TiO2 nanoparticles on montmorillonite.
Ultrasonics sonochemistry. 2017;35:251-62.

38. Galedari M, Ghazi MM, Mirmasoomi SR.
Photocatalytic process for the tetracycline removal
under visible light: Presenting a degradation model
and optimization using response surface methodology
(RSM). Chemical Engineering Research and Design.
2019;145:323-33.

39. Deng Y, Tang L, Feng C, Zeng G, Wang J, Zhou
Y, et al. Construction of plasmonic Ag modified
phosphorous-doped ultrathin g-C3N4 nanosheets/
BiVO4 photocatalyst with enhanced visible-

near-infrared response ability for -ciprofloxacin

degradation. Journal of Hazardous Materials.
2018;344:758-609.

40. Moradi M, Hasanvandian F, Isari AA, Hayati
F, Kakavandi B, Setayesh SR. CuO and ZnO co-
anchored on g-C3N4 nanosheets as an affordable
double Z-scheme nanocomposite for photocatalytic
decontamination of amoxicillin. Applied Catalysis
B: Environmental. 2021;285:119838.

41. Wang X, Qiao G, Zhu G, Li J, Guo X, Liang Y,
et al. Preparation of 2D supramolecular material

doping with TiO2 for degradation of tetracycline.
Environmental Research. 2021;202:111689.


https://dorl.net/dor/20.1001.1.20082029.1401.15.4.5.0
https://ijhe.tums.ac.ir/article-1-6731-fa.html

[ Downloaded from ijhe.tums.ac.ir on 2025-04-19 ]

[ DOR: 20.1001.1.20082029.1401.15.4.5.0 ]

£
£

AN
@ ;
£
(lAER) \"‘dc

ot e (¥7)
7
oy o

&
&

o, o
" of Environ™

Available online: https://ijhe.tums.ac.ir

Iran. J. Health & Environ., 2023, Vol. 15, No.4

HETH AND EXVIRONMENT

Orginal Article

Efficiency of photocatalytic removal of amoxicillin from aqueous solutions using the
sandwich structure of nanoporous coordination polymer-metal oxide

Anasheh Mardiroosi!, Hanieh Fakhri?, Ali Esrafili>3, Masoumeh Hasham Firooz*, Mahdi Farzadkia>**

1- Department of Chemistry, Tarbiat Modares University, Tehran, Iran

2- Research Center for Environmental Health Technology (RCEHT), Iran University of Medical Sciences, Tehran, Iran

3- Department of Environmental Health Engineering, School of Public Health, Iran University of Medical Sciences, Tehran, Iran

4- Department of Environmental Health Engineering, School of Public Health, Tehran University of Medical Sciences, Tehran, Iran

ARTICLE INFORMATION:

ABSTRACT

06 December 2022
Revised: 15 February 2023
Accepted: 20 February 2023
Published: 15 March 2023

Received:

Keywords: Amoxicillin, Ad-
vanced oxidation process, Photo-
catalyst, Nanoporous coordination
polymer-metal oxide

*Corresponding Author:
farzadkia.m@iums.ac.ir

Background and Objective: Pharmaceutical compounds can cause potential risks to
aquatic and terrestrial organisms. So far, different methods have been used to eliminate
these pollutants, photocatalytic processes are one of the most efficient processes to
eliminate pharmaceutical compounds. In this study, the efficiency of a novel MOF-based
nanocomposite, PMo/UiO-66 as a photocatalyst for amoxicillin degradation under visible
light irradiation was evaluated.

Materials and Methods: The study of the chemical decomposition of amoxicillin using
the PMo/UiO-66 system was conducted at different stages. First, the PMo/UiO-66 MOF
nanocomposite was synthesized using the solvothermal method, then the properties of the
synthesized nanocomposite were investigated using XRD, FTIR, and SEM techniques. The
effect of different operational parameters such as pH (3, 6, and 9), catalyst concentration
(15,20, 25, and 30 %w/w), initial concentrations of amoxicillin (20, 30, 40, and 50 mg/L)
at different times on the removal efficiency was investigated. The reusability of the catalyst
for four cycles was assessed.

Results: The results showed that PMo/UiO-66 nanocomposite at pH 6, 25 %w/w
nanocomposite concentration, and the amoxicillin concentration of 20 mg/L led to
complete decomposition of amoxicillin after 120 min. The kinetic of amoxicillin removal
followed the first-order model. Reusability tests showed that the photocatalytic efficiency
of the synthesized catalyst was not substantially reduced after four cycles.
Conclusion: The current study confirmed that the PMo/UiO-66 system has an appropriate
efficiency for photocatalytic removal of amoxicillin under optimized test conditions.
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