\L.!g)ti.&moJLn_-b(ll‘oa)pg;gﬁmL_HdLm;9JUL5ITE.':A

Sguiw S 7 G dlgo Mol 9 1 31 : Lo igd 9 Sk JT ez >
e sw § 9

Y bl oo ¢ gole ol
'UI)?“ ‘L')LZ:‘S £QLA)L§ Olia.fu.}].) cw& OMI) cd.‘)‘)}.l’) W 09).? )

4 o)

4 gl b ole B g 03,28 ()5l 935 ualats BB S5 VU oy o > 42 (MOFs) s36= I soosz >
SloapiiSen s dlonl bl Jds 4 olse cpl wlosd hiasd (liendy iUl (6 yguntas 09> )> &by Slso o Fintee 3l S
o) Sty g (xS S8 dogyls amo sloosia¥T iy 23S 9 (wles pads Sl Ban (slaisS | polais]
o33 5 = slalagmo 5 dgu e 3k comly (S by a5 alacadgiome (Jlo ol b a8 o pal)d )
3y Shos 35ty IS sladyunl) ccsy9y0 Alie l 53 sl 4l d2lgo (e L) gl 03,28 3,8 s (6l lie
Silwyb Jole sla yigy 9 (531893 (sLaMOF sl MOF | i (glacy j5008' ¢l dawgs MOF p e (sbd yguuiian
= 0de sl 0a 500 59055 (Soa VT 5 logyls (el )3 b yguius (l 3,18 piad sl 005 (g 5B
cslaodl> diadgn Jlod g bajgusts 3)Sdas (o (i @l (Ahb )3 ile (6150L 5 (Eotan (e lais)yld I ]
o ) ey (sladileles bl dlgagil | MOF pléal &8 3o b ol sl 48,5 15 Comy 3,50 o lony 2S]
by Sl (slajguian )3 el s> (il 5 Colus da g LB dgp 4 oxie Wl e j5ome 03l sl )5Sl 5 Ll
Casdybo LaMOF 4’ a0 ()L i8] sy «gjlo)lon 9 sndylie «o)lly b laspe sl 2529 2295
Wl oD g (lie dlge sl cun jlaze (glaojen pd Meddigr ol (sladilolu drwgi (gl oYL

g 93-tbg sLaor VI MOF jy (gis pleordg ;S (slo g (MOFs) (53=JI sloosz o i gbel8” s lo0
Oedle (6 53L ¢ eghan

- /

( )
m.golestaneh@cfu.ac.ir : Jstus oo s Joos!
. J

I

7
(@]

VECOLYIY et il g VEOLYAY g S5k gl VECENY0 el gl

Rl

Ol

e oaiS Jisce bS5 il JT eleon VT plas cgie dodBo—3

J> & o s W Szodly 9,5 5 Sgn 531 )90

co AN ) e Cell g e (il Vb Cpen
4 d%’ Sg-dse e Gl Codlws g apiuwsST (sl o>
sl Slaisl B 5 385 ey slabgy dmgi egrcnlil Y]

e slacagsl ol (S o ol ol Bk 5 elolis
Laoas VT Gaseis Gl Jb 3 sl 00 i (sl

D

Age Mgi Al g olend @il @y M) 3] slaans 5
A elerd CLS 5 5l (glod s b 3955 cage (Souan
alyslas oluS 5 ool 5l (—ise ol 0 Cow jlasxe
bl codw ¢l La )] 05l ol bl 5 Jaocons
yotbgs slmor bl flyie coog wunl srdaslis Sl

o5 Jolis Lbo,\;g'YY ol V] Lgui g0 izl (ECS)



o
A

\SﬂgétﬂmoJM(lFoQ)pg_\gﬁmﬁHde;9JUL5I*.':)

by s lacydgime ¢ JUs ol L V] wlazs 5 1 3
(o glmla o 55 (BLST bl omly (oS
ool )3 Mg (6)lp8 g ajlidlo (B dgioe s pdy i 5
o any ol 2,18 dnwg (Lol @lge 5l lizmen o ixto
Jols alisee (sladynly o s ped 4 [V AN] K9y 0
ELAMOF s da.UISL (5Ll Jole gl i ugil
bl 5 005 e slacaaeligl cole (g5lég
dawgi dlgo (l 3)Slas S5 Sl S yup Slo)lSLuanls
oMol g ol 5 Jols clacs b 5 oMol ail,
e @il o (o ghan (o (las)gld Hrb aMOF
0j9dm § (Sy—an (eb Ll 039S 059> il 3,
Sl Gt A 15 Alg e ble 6,80k slapisyeS)
londy Sl odomy (glaosly oo sy lajlislo (b
pleal S m s 1) Kodign (£yguins (sl dawgs 4
el el sl o bl 6 ) o tbey (slaeiloles L BMOF
698 Uil ladibols dang Sl (ogian Sign p (e
s g Sl 4B Lo ol 8 1) oig baiigndgs o i
Ol Sbipcun) 5 dareun o) gl ] g
Gy adlie ol Bua bl oyl pcasl 035 slool slge
Srgmi 3 30— clacs s pola )y
o ol (o)l 2ol 5 52k sl punl) y950  abordy S
o 9 0539 slwes ¥l ezt ) b MOF (165 oy
Uit sln oLt Uy dlse ol ol iSan 5l 236 elbcas
s 3 39290 Lo le (rizmen El (egian
MOF oy (s (sbsygmitasr (—=8ly s03,)8 9 (5locs )b
1) 09> oyl 03] (sl i g 45,5 8 Eoxs 390

Do o 0dalino V SS > allde L ogpbe Al e o

s Jghie (Lo Lty by Baes j5oloy
5 (LCMS) (o (i bl S5l sg)S
pLos! (GE-MS) (s (riwcib—(gjLS (S5 gileg S
@ 5l Lol exsyloyss e (Yl 8o 5l g ol 42 ST 09 0
el Lo g asges adzmy (sjlwosle] wuaidl S Clies
dgdme Jome p> g bd s (il |y ol 0l ¢ SYsb
ds a ol g, sl yg sl < Jolio jo [Y] d5le 0
CrhB g ol Gl Cuopn pieS At VU Cupslis
ke 038 ool (Rl plgis s (Sliwe baalpd 5> oolil
sl Shg 4 @b 2 b bjguin (pl 5Sles [¥] wloss
] Al ly 0dlawl 3 )50 601 Z Mol dlge g 34 1Sl prlaws
i g Sl sl (glp dniz Slgs dangs 9,0l
b g piaphin S amlas GR35 (loAliS (s
0] 3yl (g5 puminm slaailobs

SLrog)le (g)guin 3 odlitul 3590 4 iy Slge (e 5
4_>¢ (Metal-Organic Frameworks; MOFs) (¢318 — I
Sl Jodssie (6)5-b dlge oyl Wiled,S s g5 &y 1y (glodinS
g B9 S J claslsd 5 58 shadp Jlasl
sl el o6 J5dss YU jls 0y o S
bl Gl elie pn gjloybJele bl g iy Sllas]
IVET A8 (o il )3 )iy (oo S (Lo jgsis
a8 Cowl 0 g0 LMOF 3,84y pawis ()ld b (sl Sig
2 06 g Glayg)ls B Qi (gilwoydS 5 ogMle
Slodyins GLadp)l5 55 (5yguine 9 (JoNge (s ojg>
JAY] as

3929 > 4 Lo MOF ¢ plean g iUl (65w 059> 5
LSl g LacadUl sl s ol olsld b celacolu
ol lools oLt 365 51 Lgllas Sl 3,Skos ¢ 3l 2!
9 O Sl 518 5 5l (o il (ool (gl dlge
o3litl 3,90 5 low (1, SilisCun; b 48,5 JI (slaosn, V]

* o



R

Ol

i‘[u’ L

Jhsgries g9, tlnst 2SI w“‘“r“*

8 s |

Sl

( e G el j

i 31 S8 : é, i

G- T lacszlz
(MOFs)

( e slas T

g,lo JM’"" 6‘"*‘-”5”
izl s G| STl P
Sgmisl) | (LOYLS e Jgtins) | [P HEEw
R (s ke
/
@ ot 3
) Grasirsd é)ﬁ.o.ﬁ D9l -
iy ;996
(g MXene CNT 31,8 b S )
/sl

s g g5l390 SLMOF

| G k)
mew¢¢@y$

P>

by 5 JUs slacalo 330
oalS sla Sy

i jlitas b e T A N2 _coom bl jlu,ls Jole

| 9 otizte shaulisiluslodole) < _»w Sloloole collli @ sl £55 @ i JB JHST @ VU oy grlaw SSH i (G5 1 9 (8 eyl gl330)
\ (o j5eels s P R ) Iy S i1

\ > i/ h5,L5Lagil

( il & (o 5 Ganamsil 1399l alagili)

= R 0 2l i1 (gl yguins

S slabme 53 dgume (g by

Sy diazh g iyl

BOOS

2319 5,15 & ol&itulesl 51 Ul

MOF

Current

Orile 652500 9 (Lghan Sign F

« BMOF aiadan o)k

e 6l olss i
o

o olosdiy 2SIl (glaosls Ll

Potential
obajgatin s Slas (g3loazg

K

PR B R PP

Sy sbailoly (I0T) eludl iyl

(213€ slgo el

Wialigh g oled (80 a0 (GB)gunnian

9 S ygmiw §W35,15 (615 3L 290 Tl g (21yb 53 (Egman Higr 9 G- JT (g sl 5 ogpde i —Y JSUS
oo 5

2 g g e S5 allen slatigy Gyl Sl (Slomg o
Lo imgd (sinSe laasld L plale o)l lo coly
o2l DIV ] S o Slon] o 5 MalS” I g (ghmseas
5 lilw YU o piodllasl s 4y olss jlodlgls
5 il claadss lae allon bl Sl ) 6,Slae
atony g (A GLASES (gpScan g3l )0 g9 izeen
[V ] e

5l e garme (glls LaMOF (g )il sl S5 s ;]
Gl Slgo 1) bl &5 st 5,84 oo Sluoguad
059 gdaw dlge Cpl Cuwl 03,8 Lo b iy (glad S 4l
Ul 5 e 10— 56 glacole (oo as YU e
Ay o Gl ) iegll QAL+ dgds 03ga5we )0 pulais LB
Sl &S el wrdige B slgS e o] lslo cpuioran
pald ]y (ol 9 (S5 sla Sy 38> (sileiod)lin
» LaMOF ol oas el b Sio omed [VY] 35l 0
G5 Dl (555 siloodd Jolid a5 I (glod S cab
a2 3y90 (JoSUge (gyguins 5 Sl JIUS dmosiy V] Bls
DIY] 8,8 8

o953 o9) =T

Aopllas (o) Ban b &S sl (53550 £95 51 Gk
2 Lagl 3,08 5 sl slocoge o | bye ol
il mele mlie il ouds plogl olosdig Sl (glo jguino
Google 4 ScienceDirect (Web of Science Scopus (slaolSol
Sleslawl U eoYlds (somiuwe Alos s gl ysuiwl Scholar

Metal-Organic  Frameworks , a5 oL ;ojlga IS
Artificial ¢ MOF modification «Electrochemical Sensors
ploul Y-¥8 L YN0 Sboj o)l o Intelligence in materials
CstS (Eodse b it byl ulol p &YGs Gl .us

C8)S O ygo cals dliwl 50 o Wodly

Wil ¥
(MOFs) (534 ~ I sbogr o -V

5 a5l (s e dlge I el (5518 — N slacsz )l

3 slaadg b 3 gy Jlail I &S aitn s

lsss JI claosms Lt b (CO 4 VNI CU 1lo)

Sslog)] LS5 g aluio y slac Sy S dlenjl)



=
A

\SﬂgétﬁmoJM(lFoQ)pg_\gﬁmﬁdm;9JUL5I*.':)

sla oo L (65L csdml cogb po slalama )3 jlisbe
ol 45 )l ok s V] aits iyl ody
L5 V0. g0 slaled Jooo 4 26 s s MOF 5T e 0
M2l s SYL lales )3 5 aiten 3l )S ile 42> Y-
Jds an 4 SOl (gl cpams [VA] Wgs 0 (5 Bl
Ag—e ol 39500 el (Jobie Szl S (Saiss
oSl slads m o b cse Yol edlaiwl Loyl s )
L b oyl s 3 ¥+ ] Wigd 65l a5 4l
33 Lyt 5 syl > oASonlio oadly b (slotisS
a5l o il b g 58 Gl 5l & wis Slinie ol
) o3 sl S g b nagaS] A5l g o Sl
Loy cdled g kbl e adasl) (380 poads Sil5 oo 00

[¥] 55l axlge (g0 (sla 2l
a0 s LaMOF 1 (5l (g3 50 8 ol 2 0gdle
pie 5l b Wlgy e altine ot B Bua slac Ul
coais] s 42 s 955 b Il L dblio o3l polles
»hLagl sy Slee clys p aS aisb MOF e )
slapille %00 (g jl A8 (o0 391000 odomn (o o
9 jiw YL sloainjp oS )5 (wlade ) Ay L)y
G368 s > g glo o b slasil ) S
Lacudgize pl &8y (cplply YV] b o Comxo dlgo oy
(S Gtal3dl s Sly o tiobim oMol 5 sl 30,k ;|
dawgd (gly o aBly byly i p> eolawl . bld 5 (o lil
2932 oS MOF 1y e oo ing 250 sl g

Sl

MOFs i ((BSLST -Y-Y

S5 slagby Gk )l el sl ol
o9k ol aile ola Shy p So 2 &35 Mg e sitie
e 2 g sl glapad ol (SIS (si5led)se
5y Slas 45 Lol 1 35,35 o 31 loy] (olianiy S 5,Slac
ol (b > S oy Sl (S i gy Sl )
(Sl e lm by 09yl il 00 o dlgo
5 (stloa—d9 Sl ¢ 9ol ig99, S0l 5l 48,5 S5
L bagoey cnl slaShy onpmte j lamlie V Jou>

S e

03yt jgbas LAMOF ( glarg iUl (g 059 )5
8 oolawl 3y50 39, Sl o 00 LS EMsl Slgo lgieay
Ot b jguitas 3y Slas (L) 5 (VL Jeiliy 9 wlas S
5 ol sl S5 5l b baes jlies 3,Sles oyl ilodl
2 oo (6318 55 plaie L] ol gl gy (53,8)as
IS 3ol o iy illanl T cloosins Jlasl LS
ogde 2gd g0 (wyisd 33 g A Jlb (slacobs 5l VL
2 g S i (Sl MOF (gylisbo 555 ¢yl
i o9 ) I sladslge 5 58 s plojer Bl
St 4o b (2l 5l g S (e 0al8 Ol (Sidns
DY S oo S8 JiSw i 95k Jlin]

(Si9rd A 3le 98 J9Ngem slaiiS
ot B g Silisly iUl glag s g mom (slo S wn
o 3 Gas clacc Ul bl gess 5 Jlad! Jsgus
Y 0325 o S 5 el 2 0gMe [V0] A5 o iy) BMOF
Ol cge SISl sl S g a2yl JB S5
lacolis 3525 255 o Lac bl Ll S arsets 5 ol
18 308k ol JLob (5 51,0 Jeli it 53,0as
5 S Sl (g5 SOl wgdl (sl S et
& ygmins cdilols S1b el us) bl eyl
D8] 55k e oal 3 1y bl JoSgo ameds cullé |

L olizen LaMOF «olia sl Shy o=l 2925 L
oo iUl (6ya i slad )8 0 bl glacudgizes
5519 s (S 7S Gl il 0t i 42l
(V) 2l o Jols 93 51 36 Baas &S cal Lalls cBMOF
TPe T i ladd 51 56 S o)ldle slacydgises
O i ()Mo Gligen Grizmen o Bile I slasls
Lol 1> Cdgisme (V) 5 V] LUK 5 (o385,
aS ol 0T @ o3V DA] clases slaylisbe 55 4L Jlx)
2wl alls Ll MOF 4 by e Baas Codgdore oy
MOF o6}194; g blwy (sld MOF dawgs 131 (slo Juw 5o ¢ Jilds
Pyl Jlas! el (ool s U cul asly gamgd sl
3] 223 350 dlge oy

45 CwlaMOF I (gl (SBL (5)lk otee (Bl (3092
A dw yd Al opl WS e dgae |y byl les (glas )8
asaS olerd ()l (wss ieiwl wyp BB Lol
o=l g el aly SB35 Sllen cladign plSoul
Al ol )b L (318 (sloo S (55l SLMOF cive
59,8 b SE (pals s Sl gdgyam pl 53 Cu™ g Zn™



\L.!g)tifhmoJLmb(lFoa)pg;gﬁmL_HdLm;9JUL5ITE.':A

MOF 3w (sl g, gola dugliio - ) Jgua

@y spholie Oy (Bl () el (ceby) gloy P Brae gyl B o)

(F]  lowgie Lowgie At - (J)) YL YL koS o

(0] Yl Yl AV VoD Lasgio buogio sgaySulo b ok (S8
[YV] Yb (S56 @Y Lis) oS Vo-0- 02 () o5 oS 2 bowssg Sl
YY) g e Bea¥d VYooY oS bsgie Syol

[Y¥] YU Lsgio W-Ae VA d  Jlolpe oS otbropd Sl

CEE ™ N0 Wt VD -~ S e el

il s g oS, 3l (Su gy ol 19l B g
ol 93 48 395 o gme WMOF i (6ly o jlamo b
G Sl S e Sax8 plysd Sye gloel jI Jol 5
ool cage w8 cpl WS o Joe 6yl sladin JiSiis
MOF (glaylidlw JSois (31985 (alj-8l 5 yo-Ls (lsj
Lacojomls 9 LMOF glgl jiw (sl (bo) cnl {YA] 298 0
485 )8 olisl 3)90 alie S 5 (5318 slacsas ]
byl lw 3 g yoxte MOF-5 4iile )lge (S0 53 9
Ol omiomen (ol 00l yiagil Vo—0 dgaome )0 (g5iegils
cord Jool b SUlas sl D> 4y jls 2al8 > 4 b
ol Ll y ot juw

kil b (lordgSolo g 102 liopmigSilSe (409
ploml N> B pas Joluis L L Sl g 5 (S6ilSe (555
S5 Byman chuw (owd Jgol b )55l Jd> 4 9 258 0
3 4y dy50 3l s Jlo 3 s plie cull g b
Ol G (alonboSlSe (sLad o9y dnwgs Canl 485
03,5 palyd o ooy, 5 gl 1) LMOF 5 solaidl W5
[PY—Ya] ol

bl I (S 5 & Gy S13,Sug) (5ST o0
2 i ©g08 b 9299)S0le I 48 S S8 glasbg) b e
Jolejer pSope b (55 lopiuns cpl Slasws b
sy 35 o o Fgo L (il 5 9 SHle (5]
h ol @Y gae CudS g (BI9S0 g 03> (I8l ) i8]
3el)l8 g )l i (sl (shdn poae 4D )3 5 Aimd d9up
i MOF o Lo (gladioed ¥ Jodo .55l o2lyd LMOF
sl 03,8 W11, 358L58 (SlaSuS Gy o 3l ok

5 Sl (Al i syl ISl ol
LaMOF i yne o5 Jghte (lizmes ()l P>
Sl 5 (3 modleieg g cnl 2 9800 Cgune
st 013, S )Lt g lod o g ity gl g5, 5o I
9SS L slaysh Wi () nl e (et g oo
oy g (Vb s s gloj a2 p el plite o5
0599 o=l 9y slacd 4 o] clacadgise I YU (65l
2 ol 3)50 SLAMOF I ()l 35 sl (Lo
V0] 39500 S84 (alondy ySIl (sl gt

U S5 gy cnl > 299,50k I 4385 SeS (g,
cge 9 03y Jos @y 2le)S @rie plyisdr 299)0Le
otalS 5 oMo b9, cal 290 5l Al B pKady @ e
Chd g 4 e @y ljdies Sl s 4 G ol
[V8] 258 o0 pdless Jodsue it 5 5Sos8 o500l b
DSy Gloj e st (Sl hg) & Capmd ST ol (S sbo
A oo ol 8 2l Ul g S g FebisS e
S5 ¢ oleanbg ySUl g, )3 1ot oty i1 (109
B > Vg azo g 39,8l mlaw (69 o lowiiuwo b MOF
Osed (2blie il by ol D9 e plxl SHU e
9 g 03l (b 0lsS jiw Gloj e STy Lasl 3
2 el (5l s (59) 2 MOF friiane (2309 (Sl
OS] (51 lacSas jl ookl (gl 4 wanlp )l
245 a8 Mg ) 5l 0)90 (318 slayssls Slg e 39Sl
Jb b [YV] 398 oo MOF S5 & bl gl
Sleslawl asy 5L ¢ yog) ool pte slacudgi e jI S5
5 Sl Bl e 4 ol WIS o sl JT sla M
Mg slp opga oy cnl VAL 28 I3 51 Jae (4,5 5ke
oolsie ) (2liordy Sl (g gt o3)8 9 S3U slaayY
sl 48515 4245 3)90 g



\Sﬂgéuﬁ;moJM(lFoQ)pg_\gﬁm%HdLm;9JUL5|15.':)

55 alond By dlins Sy 5l i ey sl 4 and e

sl ygin (63 )Shos (olyS (cwdine sl )l 4 g 48,
LIY=Y¥] caol oy 105 MOF p e

MOF (¢3 ,5os Mol lad paly - Y-V

3 = Lo Ly wby ity (sleop)S axug (ol
ilwdingg 9 3lge opl S clacadgize 28y daos YT s
JL@&] uLﬂ) » u9>)l_'> u.».u.os u.ul.wl » LQMOFLSD)&LQ.C
oMol w1 i Mol ol Lol diwd dw 4 &l s
(¥ Jgin) B9doo ghingmnds i Jl g ol 9 320 >
0526 5 4L yloj | Suilatiunw S Kl sanadls oyl
w2l 81y LaMOF jd (60, Sloe g g lidlw oy s Jlosl
'J}L“#A

P Sy (Sl lio Julos
U9y @k 4S5 Amd e LS Jie iliste (sl yhg) (o)
Cgune 435 (ke o SOl (ooled sl g5
Ll 3y50 Sy olel p L Fhe s O] g 39 0l
Vgoas oo S N> 5 oo ST (sl igy 35 pll jguis
S o Lol iS00y Vb (g)ld Lo cotS' L olo)sls
Sla ey (e )3 5 (g iy (555 Bpae g Yok
J=B b ) i gloj Gaeld g 9299,S0le 5l 4385 S8
paly 81y JesleSs gl wlg Sl g 0oly (ialS o8
A8y el s 4 (ol Sl 09y 03 (59 1 S oo
by 3L (glp 09,5 dassr oy MOF (ditane
Jolpe o ls 1 o)y (g5 B oo (oliondy il
A2 o halS 1y 0g, Sl g9y Jlad ool sy 8L
o (2lbosdsSSlSe 5 (alandsSHle (sl bg) yizpen
(s pigelaie Cbl g 1S Ao (Mo jab B pas
e (S1oyguins ($3los) oS (sl (10aiS lgael (slaaly S
ol 3l Gldllas Mgy ¢ oplply 0595 o gmze MOF

OF Uss SLSESS G15b 5l 0w 3w MOF ciliseo (sdiged — ¥ Jga>

&> obj (oC) Le> ghlts S s Ko MOF diges
oSl

(VY] celo YE Y- DMF H2BDC ZrCl4 UiO-66

[VF] el A A DMF H2BTC Ni(NO3)2-6 H20 Ni-MOF

(¥a] celod VA ojwigd ol H2BDC Cr(NO3)3:9 H20 MIL-101
gl by

(V5] el ) - DMF MelM Zn(N0O3)2:6 H20 ZIF-8

[¥V] celo ) - DMF Hdthp Mg(NO3)2-6 H20 MOF-74

(YA celo ) - DMF H2BTC Cu(NO3)3-5 H20 HKUST-1

299550k L 0188

[¥4] B e Voo DMF DOT Ni(NO3)2.6 H20  Ni-MOF-74

\Q B e Yo DMF DOT Mg(NO3)2-6 H20 Mg-MOF

[¥)] 488> Y0 - NMP H2BTB Zn(NO3)2:6 H20 MOF-177
cstlosdy Sl

[¥Y] - - Joitil H20 H2BTC Co(NO3)2-6 H20 Co-MOF

\ad - - Jyte H2BTC Cu 39Sl HKUST-1

\ail - - DMF, H20 H2BTC Cu(NO3)3-3 H20 Cu-MOF
lerdSslSe

[¥o] - - I s H2BTC Cu(OAc)2:H20 Cu-MOF

\td - - I o9 &ylogd FeCl3-6 H20 MIL-88 A

[¥V] - - DMF H2bptc Cu(OAc)2:-H20 MOF-505

H

[}
C
°
E.

C
T



I

7
(@]

Rl

Ol

i‘L‘d 5

\L.!g)tifhmoJLmb(lFoa)pg;gﬁmL_HdLm;9JUL5ITE.':A

LMOF (63,5os Vol (52 oy ds o g (gvall Y Jgus

Syome sadigel oles iy oS )
O3S hdele « B g )Sdawly  Hsb wby oljais 3l LS MOF jiw 3l 18 b B/ l3ls/ bilSy) # Mol s 3 ol M
S
S oS Siggd sgk 23y Jsb Job 3 3 8dee lipl o gilocin g (Spme Fw o
MOF A,
oS yrda aw Kool (g3locin o S o o asl clbes Bl o0 Skes il (Syre i I e

MOF oly S5

Srgbods 1S (oo wal )3 1) yoh 0y g Al st S8 S
SlgT o oAy yxi i 5 Sy pdaus b jguame layses oS
P8k &g g9 sok ojlal (ulidcdn) i psbody
5 Coiw I diwd 93 4 LB wonle ol 2,135
g o e p ) gla I

o=l eb o edlatil oS AL b IS ped wile et
(s i3l ol o wiin slacodgise Jdd 4 bs i
29 WS o el sl ol sl gt JB e
hee o=l 3 ialedon S |y oyl 48 (6 S e Aot
o il b &Sl oy cous slacdB 5l (S IS ped
L) 1y (6595018 9 S ) Sdoe g9 JLE 390 5 S
S-S5 pgd (59y = Iy Ni-Co-MOF S35 508 (slodnangls
JS8) 238 fitts el 5l )58 (albondg iUl () guin (61
by g g o B lsiea IS pgb el ol 3 (Y
Ol S o xS gl Bl geo jl g 038 Jes o
sl 3 glo sl dete g Jub e GIE cago
D (g

2 sl 35y o GBSl S (S g S a2k
b glos 3 5 ()8 42k 9y 2 M oS © )50
Ao ay pliwd g bl Gislidlay e a5 0 S st
Iy NiCo-MOF (531843 (sladoxangl [OY] ) Kan 5 SS9
O gea 1yl ol 48 asal a0 el 9 2
WS Sgate ) g S JUil g 035 (5 S ol

Foww 1 s Mo ()

SLeMbl o] 13 a8 505 0,Lil (63,505, 4 jiiw 5l Liw g
Gk 3l osly a5, auld Sl 5l iy 90,8kes sl S99
)51 MOF Lo, STy o b Unoola iy 8
g (68 UK Tao> s 1> S8 gy ol 53 29800
g b (Lo Shy medin (2lb (el 5 39800 el
bl Cujo 3,5 oo oal8 (alend

oo gaw 53 e 3 Slas (580l Gl )3 355
e Jols 2,559 (nl sunl i (olog sl St Sl
O3S adele (V) B dawly b o) (V) el (ol s
{FA] o3t 0)8 S (¥) 5 S

sl ptbe b Jsse B 1B davly U g 5
Ol 29 o 0dlaie] MOF  glidiuss jl iy Ay (slad iy o0
511, ody 05 sl s g 36lia 0151 cuokitn Alg5 L Lol
9 Sidghre o (B> S8 Gk cnl jl g ST e Lt
58> otine Sl gy ol bled sl oles il
2 djlee @l ) Jodsae ldls oot 5 ol 03y Solizd
© il st Ll clbog,S WIS 53,5 b els
g oo Hlinlw d)lg WS b als o 5 - NH 9 COOH
33,5 ekits tl lad 5 MOF _gliasd 5 oxbaws _olss b
S9ake 9 (Pl S S b el (el 350l (nl [¥4]
G §38 0 Singgd 3 S e el )8 |y bl
o yo 53 (gilBaz S1he b (SBUS) 45l Sleblo slasolg
oy )8 Gl g e LB Le 3y 9 (b i 4yl
s SLnllB 39 g 393b slacallad Lol
[0+] 5445 o0 MOF

B dlasly b 3
oSl $lige sk il Vaane Jiils MOF i Al
Jlasl g (SBU) 456 Slaidle sbassly b JoSUse  Sloslo
LacdB 1 oslil (yle opl 53 305 0 JS5 BB @ ol



dﬂg)meM(lFoQ)pgbgﬁmﬁHdm;9JUL5|15.':)

5 4l iy (lsieas b PP sy (¥ JS5) Sl desi
o=l S o Jes ZIF-8 diwgy Ay sdiS Colia laisdy oo
Mol g CalgiSs £ 0055 il Sl el a8 gy 5 )Sas

A5 MOF g3y )33l

\"fbbu

n2reep

PON222 PON222a ZIF8

059 duwgy Sl lwgil s Suilowd lag05 —€ JSU
[o0] PCN-222@7ZIF-8 £ po

W 3,5 el

Sl slassly 5l Baes s MOF (g5 bl s Sl coles
o] ol 9955 o o3 T i 5 (SBU) 4yl
Silwaine sl Ladpaly (5550 1 (S A iedin
0P 2l b 9o guite (alondy ySUl (6 )guis 3 Slos
S byt 5 el b S5y 15le Jole lnogS
5,5 e e JobB jebay 1) Bus bl g MOF jlo
5 el slmogy S 5l b cbaslES (ols jsbay [F4]
(oSS 2o 5306 2 0950 Silog] ol s
W) D9y S OIS sla g ply 0 1) WS90, 58, 4
sloog) S €8s iyl f ol )3 oo lapueslSo 51 (S
sl (39580 Jl g (gl oSS (gl 2815 )5 (il
blw) (gdmgd LaMOF (s xdw slo,lid L 5l 51,8
wPled e cbld g (gl Gl | s 4 (cMOFs)
i e LS (6 ygmmiun 33 6y sl 3 Sdes (S yS]
5 92 b wgi 4 S Cuz(THQ)2 jlid s p> dSges (ylgicdy
(THQ) (398 500815 3K [08] 15 s S
JL slaculo 5 el 1)) slooyis ) sl cage
e sylsbe 4 Cuns 65Vl (Qble) & A8 e 15T 510
5,80 Sl e > dilobw (pl 3,8 slboo] HHTP
Aoy DM VY 395 4 )] s ds g0l LS oYUl
ol ) (s =B 250 po—iye sLaby) 4 Cuns &S
TSI

autoclave dried
15 min 180°C,24h 60°C,3h

|

= stirred [\ @ 7

¢

=) =
N
L% = &
DN "W F
AN q
Y = S i
2
£ / tried
= rie
Qo i
(g e
To v o4 o5 or 1o 17 60°C,3h
E/V vs Ag/AgCl
PuaE NiCo — MOF NF

9 Ni-Co-MOF ,lidlwgili g3lw a3le] Silowd yguai —F S5
[09] comwluSald 155 b ygmuiw Sl

wignnd Lo S e G2k jl ) slac B (Ll 5
il oy opigollan] el kbl by oS e pdas (olo laymo
Ot 3 (S W pedy )18 oo 3 5k Ay g aljein
S by 5 Singg> ol (o syl
= it ) ey g ey Wl Slge ) [FA] it
DUT- 35, S {0F] o)L Sat 5 bl L asgi (gladllas 5
olitl g cdy J8 o JSuael JS asuis ly 4/pTSA/GCE
A dasty o)V USE) b edaliie ol (> a2 g8 BB
WL > YL (g JISs b sl (slaogS s925 b

S byt g g (PTSA) Sl Sigly—u (J55

&y C "ogz,l 6)""31’ Lng;,JlS uu.cu MOF-on-MOF .5ls

Electrochemical detection °::\©\v° on o
< x A, o
Square wave voltammotry

3 u

S o

H cap Lt
e B b

‘5‘)4 DUT-4 L«g‘),mlsg ‘5:,4,15 m.l.",flg‘ A&;M -y Js.w
[0£] JSuihol 5 st

L ol bz M ol PCN-222@ZIF-8 dilolw ;3 ¢ Lo (gly
[00] ) Sen g PLS basgs 45 (PVP) (y93dg s Jeing b

e LelilE]

;L.d L

)5



I

7
(@]

Rl

Ol

i‘L‘d 5

\L.!g)tifhmoJLmb(lFoa)pg;gﬁmL_HdLm;9JUL5ITE.':A

ol Bin claaisS pya Sl LIS g 59,5 Jlabg S
5 JLsd o il 4 oeie 9l elide 4 ) ol JialS
ogMe [OA] 54 o STy (slacols & bl oyt dgu0
5 ol yodlades 55 (glaylislas glls (SMOF (il 5
oyl Uy (g ngd Slomiogih siile odimg slo s loss
2 S oo i ) 098Il g oy JU) (6l e (52
0 awdigs sl Syl L MOF (gl ,lidlugil drawes cdons

)1 1 yguies Fuwly Gloj (Bl 5> (ST s

MOF 2 (e (5l jgmiw 39142 (5L o9, —0-Y
(S o9 ySee sLaasgel Ly duglie 3 HlisLugll SLMOF
S pidiay o yiwd > JLed e g s lwgl MOF
Uit LSy elacgl as |y clll o Jis) o s
95 9 58U (LS Gl 3l @ oo la Sy cul S (o
> ) lis Lol ol (IS jgbods L9 oo jgminr ool
GBS Y gesSy (> g Y509l s pulide 4 | asuls
oaalS s wh flis e 5 (J (Jle laisay .lesls
Fogls Yoo d ogySie 1,0V I NH2-Ni-MOF &ily3 o5l
[08] 15 (6,93l I edlub 5y YV Lil3] o
9 Ni-MOF 45lo  ywldogil (sLaMOF | (soixio (sbrdiges

Aloss )35 calisee (slacb] jasis (¢ly Cu-MOF
81 lgieds Jli3logib Zr-MOF G 5l o), Kan g b Cpien
LFe 5,8 eolatnl (gn s slaailols > Jjladd

s2)S dlge b LMOF uS')5 :MOF I 5 (slacy jamelS oil

Vb 2bloy b lacy jorelS 6l sl &y oo (536 LS5
Aged Glaisdny 5S e 0ABCsE alends pSl Cllid
Rl e yS sylile b e ST g e S 5
9 Copmmlus 9ty 4ot 0 5 (Sl bl jSeie
g Sl Lo ol gl cnl D98 00 jguinr syt 35
Juisl gla (S »505 s 5l g BMOF (YL o035 pxdaws
olejen |y )5 sldgdglb b (815 wile )8 dlge 9,28
b S )b Jasl & e oliblen cpl )l HLast po
Sy oo Lac Il 55885 jasels g pseb (olendy Sl
Sl YL lerd (ol Jds 4 byl le ol rioren

V] std cuslio it Y sb (slad oyl
35 9% 3925 U 4 531893 sl MOF 353189 (SMOF
do S YL ()9 IS 9 sl b ecogldie (6543
aile calises @lidd y olidlen )l (56S MOF
JUis) 39z g b cslacalo sl Lial3l e Ni 5 Cu

Fouw o 0! (o

ol 3> a8 0l ,Lil (63,505, 4 (in situ) jiw o gl
sl 3)ls MOF glaysh 4y Ly plojon (63 Ses (sl
adgl (bl 4 i Sl Gl 2ol BMS g
b s5Skae il gy o) 3 ol S aosle i
S )lidie MOF JolS5 55 Jlub jsboay jlisls (605 S sl
il (V) il Lol pudlSo 95 Jobis 5yly cpl a5yl
il y dwldediz wilals (V) § S yide gaw Sl
Olyedn BS L (u)S sldgdgl aile Lo, dlge «Saliy>
g S MOF S by (lojen 9 03) Jos Ayl
oty s 3 25 o Sl 1l 5 oo S i
cBle y Do dLas sl STy sla il L5 L
Pl e o Shy g Ble @i (ol )il g
90 3 4295 JlB (sblie 592 b [OV] )5 oty ABly (o
s a1l s iy ] a3 e 5 bl
2 S)lg=3 Bl sbyyiwy 9 MOF 45 o lojen o,
bulyd ) iS5 pials s Syide gaw (6551 J S
o=l Gaesds (o)lub ooyl g ogMe ] dnlge yiiSTy oduzmn
sl 0 (pdg) JolS yobods Soid (o puanr (Sl L

Foww 31 o ! (2

$9) = Al Ol Jloel Jolids s 5l gy 2
MOF aJol jLdlu cl> o opl 53 .l 00 oS5 (sMOF
b ol e s s Sl 4 b ogd e i
(V) 9 MOF (slacyjouals (V) 2398 oo pamads (ol i 93
Lo Lol isle MOF slacy;aelS ;5 MOF claie
(Jolie ;> g5 0 03938l o 4 s (03,Sdes slinl g o
L )l aldes coow aJgl jld L MOF cla ey
L ST aile (g Sy dy g 4Bl p ol olerd
[¥A] 25800 ot (538 (lospuSg)am

MOF 3 a0 (5 ygamniws —£-Y
MOF (YL cudys I (gt joboas (oleand yiSl (gl guuis
)b £95 g ol BB 55 ol oy o U 4 L
s olio (i 4 |y BMOF I S 325 ol 1 s0 058
23] b iy ol 03,5 s Ul glyil 50 ol
Silwdisry p BMOF (gilu)ls Jole g 5w ( 2k ojg> 5
0391 35 oo bojguias (nl (o)l 5 (Sl S cumlus
g 5l (2 olar by yiSl o SO Cuwlus ol




=
A

\SﬂgétﬁmoJM(lFoQ)pg_\gﬁmﬁdm;9JUL5I*.':)

LI MOF s e (s ygaiw dawgi o)l (sla JLuw
035 a8 Gl sl loclale 1) Gl 5l pasess
MOF 1 (o (gldygunia jl oladiges 8 o ¥ Jod> .Cul
sotbg dl.mo.&_;.).\ﬂ S5 0ll 5 asuis jo ) sadz o]
) uqu

MOF y o (51 ygamniw 3 Sos gl o Julooi
a8 1ad o L 0 9 ¥ sla Joun 13 oabddl)] sladiges dslllas
5y Slos 04GS yroudy ¢‘5)’lé—gﬂ Gyl S 5l eolainl B po
9 ol gy b (b g9 4l s jgui i
2 $loasiS e i dlge o U MOF (g5lwds LSS 040
aS aad o gl p Al clalas wyp )b ol o Sles
395 g0 odnlie  glaailols 1> Yoane Camwlun dguty oy
le ey U (518 @l 3l ¢ uyS (bl dlge L MOF oS
S ySI oblisy ]380 L dlge oyl ] o oS 5 bl
slp S gl 535 w3 5 5k JUl cuoglis ials
Iy uaJl_> &LMOF | )l u.'s’\S Codgdone ‘05)‘:5." Js!
Ol (39 JlB BN (LOD) s iy s L
yoias o JLie ylaie dy g o 0dblie Calidre (sl lislu
2 pasds do & b o (60505l (gly AgaSiFg-MOF
aS I o el a8l cowd sl e g p,5 oS yolido
39 (bl (58S GLMOF py isie (5byjguiion | ()lems
g Jsdoeie Jlis b (b b g Clal & s o bl
Camwla 1 ooyl Loy sy jorelS b I oolizusl
L67] 5,5 ) gamnins

$il3sd MOF FLY 2 o i @L.: duslie )55 (gom 5!
Sl o3 8T LaMOF a cud (g 3 Sas Yﬁ“"
Holoel cezrge (6588 35 50 93 lojod 3t ALS
5 0958 sl dgups (Jled slacolo sl iolj8l (o158l on
(Jds ed 255 o (6593B 1S (o] b gy s
4wl sl Ju ;3> Co-Fe g Ni-Co «Cu-Ni Wil (gl )lisbe
A o g (b sl ban S o Faee 5
LY ] wloss as

S gyl lo IS o crgr LB slag) J s (o
S sed byt lugl ¢ (samgd LMOF Cuows & Joliiio
JLan] e b 5obeS Coge Hile Cobs ials .ol
VT 3985 g0y 5 o> > JU s Sl 90
bl (samgd SMOF &S wlod,S" 4i)l58 lalllas 345 oo
sleytis L 5l o)l 4 Co s (Conductive 2D MOFs)

89> SMOF Cowl oddis el (Sihg oyl 29d 0 (9]
Sl S 3 )8 (SS a5 o) slayguin )
2 @YU LUy Cu-Ni cS 5« Jlso (gl sl az il
ol 030 Lt S Sl Ly o Sl s
MNiS, (el )l A silo by iy (el nlb (e ioran
) (abordg Sl glaailols 3 1) 2Vl glas 2 g5luk
¥ wiles S

Lnsasly Uy LaMOF g5k s Lols 20 5l Jole (cMOF
Lagbss et e (oS sl b o315 bl
Ol sl (o 3y Slos 2900 5 (BLuy Gl (6
JUisl St 390 o JUsb s Gl38] g Do
L MOF oS 5 39 0 bl Gl cud )l (il53l g 9,5
Sy Kb ms s I3 el 155 S S
oSl Lo Sy ml A8 (o gl 3 |y jgivn (aliod
S5 3 S5 9e olal 5§ s B syl S
G w3 le ol by puizmen [FY] 35lu o p2ly8 )
dxs MOF o Ulas, Jsdse el yislo g5 gl 50
Lilasl

MOF 3 (a0 (L guminn (5123 30,5 -V
2 L MOF 5,8 :MOF (5,58 3l odlawl b lag)l> yauseis

culie gplyin S b cowlas S 4 295l (o jguins
L3l gy A5y diedia byylisle b oKl
ale olagyhy e s ay B byguiw opl [63,64] Cunl
cladsses 1 Lo Soue g Lo 55, wblis oS gn ol
g s «Jlto (Sl it (So5ol3 9 (anecans s
Olis NH,-UiO-66/RGO 5908 5y Sie Ciprofloxacin
355 YL bl b MOF Jlé sclbculis oS 5 5 ol
39850 2oy Sl JUSw pSaiia iol3l cage ol

[65]
laod YT :MOF jl oslaiwl b yoebgs (slaos VT ausuis
308 oS [ ise oS 5 5 oSl dng s Jols el
5 bl oMo (lyy (i g 48 A 090

S0 L 4 boso VT ol g o Ooguone Cony jlame
CoMw g (Hasrocoum; @l 3l s @Tﬁsl b Slodds 3w
s acdale ) Ygano [V] wilaid,5 )18 an g5 5y50 Sl
d929 Ly Lol cig g cdly laomo 1o (IHg L7 i 9) s
&2 Sl Vb g)lub wile ola Shy J> 4 o8 clale
Sl i g Yok Jelgd > Jlisl (el g (s
23 [66] 895 o Cgnie LS| g (sl Cedlw



Bf=ial]

Ol

i‘L‘d )

\SJS)MOJLQJ»(IFOQ)[DS)SWJL&M 9.|L|L5Lu)

5p)S il Sl & simd @l it (cloies 5 olié

[73-67] casl b Sus ol os
dawgi gy 45 Amd e Ll Olallbe 9, cggaie )
4 ol gloylid L jl oolaz wl 51 MOF y ite (sloygucian
2 Neddgh g (jeelS gl (S glaalls (b Cuow
ol alb Lol 5 48 laablo fowl <8 p Jbo
sbapi sl s pSope 5 38 e Sl aw o]
O rer o i i Glejen ©jgod (Sotas Gign
wB)5 ) 4 o)lly i g paslds o (e i
S g 02 5] s daiogi o gy (] 295
S (o o (1934 ) MOF 1y (e (oliondg yiS)]

M=l g pide Cowles G SE e Gl (il
S glpay 55l g a8 e al)) (6 3VL (pliopdy Sl
o Jon BB g (Sandsy sl jguiiis drgi gl 008 lgal

[YOF] Kgy 00 Hlasis
S ygivns D9 o0 omlin (olaglds 5 3 g5 LS ]
Oil38l sy Vg omo Lang)ly (g pSojlasl (gl odlaiwl 5)50
a8 Jbo pd iyl a5 Ban JoSUge ) Cans Gl S
ool owlus o ogdle ¢ lamecin ) sl jguin )
sle s J3ls ply o Cuoglis ‘uj sbbow o slewds
Syl Copotl (28l (sladigad > (655 o)l Clld o caliee
aS amd o i 0 5 ¥ sl Joun glaodly awyp LS o o
A0 51 pYL ol Slaslss sad 8 e sladilobs | (g5l

Lo 15 comrd (159 (o2 bvommig ST (6 yquuius o (g3 51,18 — £ Joua

2r )l HBlydse pasiiae b edgie ) MOF 2 S ¥
(LOD)
(67 Qq Y5 V-FA sl 0.849 0.001-0.05 EIS  AgMOF  AgGiFg MOF oyl oy
pgmL™* ng mL ™!
(68]  4£,..100.0 a4l o] 0.03uM 1.0-2000uM  CV Cu-MOF ErGO/Cu- S Ll 5
MOF/PtNPs
(691 avy-1127  &lyg, o]+, Yfum  01-100uM  DPV  CoCu-MOF  (o3CusSe@NC/  SLglSys
GCE
(701 Qv ¥A-103.7  Jobxo  +)\VepM  YOY,.—+¥uM DPV  Ce-MOF CB/Ce- Odgiolinl
el MOF/GCE
O
(711 ay Y981 sl sl &Y nM 0.09-30yM ~ DPV  Cu-Hemin CHM@MWOCNT .5,
N
IRDB Y ixio gAY prd (61 2 hoaiy SSUT (S jgumiw e (503,15 - & Joa
>y (%)U»L)L stl dgod Rl > u“a} 8dgdxe (g MOF ) G Sy
(LOD)
[72]  q¥,e—Vee A Spass YAmM Y,o—Y+,» mM DPV  Cu-MOF Au-AgMSs@Cu- A Jotdann
MOF
JeSTe
[72]  a¥,.—y.. sale oy ¥.Y mM V,e=Ve,o mM DPV  Cu-MOF Au-AgMSs@Cu- S Jgibans
. MOF
SopiS
(73] aaY-Ve£¥  Olages Y UM  ),e-Vde,e UM DPV o ZIF-67  MCHS3/Co@CNTs  (ygiS g dud
e /GCE
73] aay-Ve£¥  Olauges  EYVUM Ye-Veeepm  DPV ZIF-67  MCHS3/Co@CNTs — Jgw,s))
e /GCE




=
A

\SﬂgétﬁmoJM(lFoQ)pg_\gﬁmﬁdm;9JUL5I*.':)

2 odlaiwl 3y50 (53189 LAMOF )b 35 Jlie )y
52 iy il 7S 5lo i 5 35,550
Sloads 4i8)5 )5 4y Sl dige Consd 5 £95 S sl il
9t 5 $93ISL 9 S Clld al38l 4 oo colg > &S

175] sl o o yguian 3 Slos

BB )i dr—wgi D Eg—o wg_?o uu-&
MOF p o0 ‘_,‘."QWS;SSJ'

Jlpe j0 a4l g e 2g9d2e dlge b 4 leid AL 5yl
L) a2 55 b S (5l it i
sla JUSw Jdo wwaln byl b (gilwding by jgwls
> 9 oAy duﬁl u_:l_wL.w Y Bl ‘L_S’LAH.O?)»SJ]
S8 odlizl 3590 bl ausets (clp Jedgn (6 S paona
25

e (6 ygiws (Sl ma ] )3 A Sges lg—ied
i S 5 w)lgdis 0,8 sladdgl/MOF
OLSel ele 6250k Lot )9Sl b (oluondg iUl il
polyd 1) (980 )l JT Ol 5 385 § oM ol
u-”I)J"’ 2 09)e Al &S 2 o i guls u.:] [76] ol ob)f
digo) 9 05S (ilwaigy jo |y gl 5l Jols claosls o3l
1y Ll oyl 4 Juate g jgeldgs cliobgn (sl jguins dzwgs
35l w3

WMOF dawgi ;3 (Soman (pigh 13,2, ol
LaMOF (5)guiw 3 p)lS" 2 dlio oyl (ol 39505 4251
Wlgi o dlgo oyl drwgi 0 AL (lad )8 plo jg5e Lol el
2 3l gy5lid ol el Sl gy g Sllds
sile (alaoje 5> (eotae Sier et )eSl sl by Sl
P ot G 55 Ol dsiaad g BB (gilube G5 s
5 3le3, S Lol MOF (slajlisbos gy 808 5 (S
lgo dxogs 4y Al e ol ) W3 ygliand ol 1 (6 b

Kigd e s (st jlame (S g (gl canlie

;B ol (W

ke slp (Fohae Ghr lapi sl G ol oje
o2lawl 5y5 0 MOF (glalid L diodin Clsasl 5 Gls 413,
5 ols SleMbl (oS 5 b jgmondls sla Jto bld S )5

ol LSl sl ool o Saude sdills j> MOF
Jlo gly Canl 038 ol )8 1) sy jlairo 5 oDl S50
Gy 2y JoiysS Cundlys UiO-66-NH2@PDMS 59008’
lals 4l ¥ Gl ploj 5 Vgesl 4} paseis s L
Fe(I)- Olxiogl o (e JS oI5 (slojguiias (imon 1S
Sloalsy L 5y (sl slalame j3 sl 5)Sles MOF
Lasyolid ool [74] wled,S 1)l 1) W2 UM [asuis d> 4
B e digrn duw (gl yguins Cuows 4y &Sy odimd oyl

Ayl Sl 4 Jete 3 Jo>

L MOF jm Jiw &Wsﬂ' S ) gaiw -y-y
S0 Ggh Colad

(ML) ele (63653b 09 (= gian (Bop 3l sy Jlw )
S sl )slid I (S 4 (LIMs) S5 SLj sla e
ol 005 a6 yquins sladilolu g b iy dlge drwgd )
1l b & oygld ol s3l-JI slaogle oje 5
Silwaiae 5 &b wlod S m s 1y Las dlge (b 5 oS
O Ladgr sadibly dawg g sl wlySy bl
MOF p ise (slbygumimw dawgs ol 53 0568 oo ] oo
Phb Caws s g (geil p (e 9 (228 2S5 S ]
Canl 03,8 &S > s iy 9 ygre0dld

ol 5 b 3 e 5o iy
sk sbog )l

s>l LaMOF ojg> 3 AL (sl )l ySetes jl S
5 Gty ol 3 )8as (b 5 e o)l abie
LaMOF 03 yiuS 03l (sloolSob i oolaiw] .l 2 lsjl
Ll gl el GLSl (pile 650k s L ol pon
ool 1) ol 5, Shos 5 (plosd S 5 Lo Gle odomn
obai gla K wile oo Jao 0)S5gy ol 53wl 03,8
Graph Neural ) 81,5 uac ¢loaSii ¢ (Random Forests)
sl 55 s ol S5 25,0 (Networks; GNNs
LaMOF (olong pSUl clled 5 0l s pdy i 52Ul
S-bise g alB ) S i Jyd JB oL,
I bl el olame 9 53105 B g4 Sl
5 09o)l Oloj 9 4nse 53,5 plonl iadin Cpp0a 2 )8y
b pielS (aey JB Glie 4 s



sm(:m,COz/N 5

EEEE

e
£

c
<

® IL@MOF composites
MOFs

10° 5 9
0 " -, ‘i.g
10* o Soeed o’ o, ©
o8¢ - 1
3 ® °® "‘I . ....o 5
10° 4 e . S
9 ° Sl
o N o
2] L% - IL@Ui0-66 -
e Q@z‘mgﬁfs«s*
-

° )." (] S
o] _COsticcive JREITY
1074 N, selective
10* 10° 10° 107 108

Pco (Barrer)

Sl= (Sy—ao w,—h = =0 MOF dubx,‘S —0 JSW
YoAY (sly= CO2/N2 g iy 35 9 CO2 (gl 5 (o vl
[77]1LeMOF slis

Sl (2
gl Ol (egimas (hen 55 silulie el )
L MOF jlsbo ()55 @y 6380y 9 3 Sos—) sl Lasly)
03> glaol L 5l (6050l L Lo Juo opl sl 035 ol 8
oSl g 03,8 gzl |y 3)Sos— b Lo odomy Lalyy «5)5
Slapias 5 @l 1 G loba sl dlse @y 5, Xye

’ S oo a3 1) JI0

Lol el 26551 Ygomo 515 (it (sjlulin 555 56 (gjluli>
Yan 0load b Meden slap il 4 AT SWS' L lMOF
el a5 15305 L5 ML 5 (gjlodands S 5 b o)) Sam
(F JS8) 8,5 02/N2 i S ) @l i b 548
Ayl ygdly Bl (gly s ML Jaw 55 o, o Ren [81]
9 R0/N2 sla gt > GBls olossly ZAD 51 i 45 Lol
2 AT &ya 8 aaiad s ol ool [82] ls 451yl Rn/O2
ol s MOF wiadia )b

Jao (a) g llan ;3 b MOF Sghan (sigh 1 hino (g2 )5 -~ JSUi
1) CoRE-MOF 031> 050y > clieo Ol 3kd jgas Jloks oS (5 pais @595
danylio 45 (1515 04515) 459 MOF Ve v e 45 318 £45 @357 (b) 3 g0 Uit
aSg0om0 415 3 daaly OI38 Jloisl 21595 (c) (> 5B 2215) L MOF JS' U
[81] st

bl LSl (o5 laedls o J9Sge slagjluand
lod)S walyd |y Lal )5 sl g

S 059 g (2l BB (gyol sl JJ> 4 LMOF
9 i Glp bab S ooyt jl qedal BB S8l (o 9 YL
A 5lg5 o AT sl Jis Wb o Cawme LS (g5luwlis
3y i sl 5 a5 b e lad 4 5le la Sy
Az 4o g AiS pledl g gl sl 0y20 g (gilwand slrodld
5 A9 slaodly pleal sl m s ) Hlidbe (gjludigy
S3loo 33 53 LMOF (ilo giato yoms ey (5l Jo
S oo i 1) 5B (gilslie 5 S (g5l

SIS il o e S (o 2813 (S i) Sl
Foa codir sl o Slacld ol il Sy 3
5 Zhang .Cowl (595 (ol Ol s alS (6l COz
Sl oolaiwl U g uoly dawgs 1) IL@MOF 63l ol )],
a5 lenedn |y IL@ZIF-67 CyjgelS « JoSIg0 (gjlwdpd
o [77] (0 JSd) 4558 (Byme CO2 i gl iy
SrigoinS Jbod gl pile 6150k slapisNl
i s e salS Jelge 5 503 4B IS 4 COZ/Ng

1,8 ol

S L SL 55l Jeb plgisar (5g)n 1059
Jds a0 )] ojlme 3 Ll eagis o i lios YU (65,1
el 5 Sy oLz oo Ly i (slo S on s
g Liu )b aliwe ol o 0 e (i ile (o500
Lgl_mc,g.aj.\m Guos d)ﬁfali dl_asJ.La )'l odlaiwl L QI)lSw.ab
L Hy LS e silwJie 0 1) SwdlS (59505 oylie
Jde o)) Ke 4 Salehi [78] 15,5 )by 5L (o568 slacole
50539 pdaw 4 S U0l LS 5 Wb drwes |y CMIS oS
[79] s (5950 (sl i3S Jelse (e B8lo woe>
4SS walizee Jao £ oyp b o) Ken § Cao pimen
R =) 408 ymo Jao (25055 olyiees |, GRNN (pae

[80] (O XY s slas (0.9946



o
A

\SﬂgétﬂmoJM(lFoQ)pg_\gﬁmﬁHde;9JUL5I*.':)

Ol y0 ool J B g pulaiing 3 e dgn (sl s wiuw
s 393050 el gyl sl 03,87 jlgen 1) Con Lo
5 = ol GL 5 (S o] ol > (o gtas

9 Jodd MOF (o (6l guiv dags

V9 (BMOF o ,Ked o0yl (51 pows g Il g
(s beoandg 2SN (G2 ygmian 9 (oS g

i glaogle gl 2Sen o8] ol
— g sl )l g (Egiae (b Lmisygl
lonl abyly dlge (Alhb )5 L bl S Jasecan
Sgs lsieas By ;K03 BMOF gl il 55 sl 03,8
Olyedn 4l Wgb s 48,5 Hlai > (03 Slas e
Sygmeinw Sladilelw duwgs (lp (sjopaelp S8 slop ity
5 P9 el (olss o] ) 48 Aits g)las Modgn
e (ol Sl S (gl Modin &gy Ll oo (rdans
Dgud

$x5L slapiyssll g (eguae Gign olge (b ate |l
ilwaiary 5 adS A8 s 3 Gl B Gedlo
s by, gl sl U oyl ol aiiS e Lyl WMOF
S5 8 g9 (Jdss aile) gyl sla Sy ol
o 3y Slas 5 (38le ol 5 (v
el 1y dlge (ogSae (b Sl (o pdi S 9 paseis
o 0318 (225 slad g a5l sl 4 comi > Wiled S
250033 (Sl Jdo Cuos 4y MOF (it (slojguiv (10
sl 03,8 &S > s St 9

Bl 3lsagis | BMOF plés! g guivs (slodilols geaws 3
o L olien (s i slas)lone 5 diadon (slojock
a8 Cowl 0dd ol yguunins drwgd Ay oxie Al o (slaodld
o=l i plands xS ola LS (698 (ijloy 4 06
slaallo g b jguin gall 3 ohga 2llen
slapn ) S as ols o) cowal Ll ol 4 Juate
stbrordg Sl by ozmn slagSll Wil oo (dle 550k
b ile 13 1y Lol T (5285 sl g 03,8 s |y
il il (Bl

2 e O 2o il i Jaecinj oo )5 jlats Sl
e S yguitas oS 5 S (o0 Wil Horbog slmos VT il
&y gz Gl Ggeodls mie g se b MOF
LSy g LaptS el dagls sl SLS 5 ayznnS
w23 Sl Galale 3 1) 50500900 208 0aiS Jiee

A pwles) )

cald | (56 (Siom @le 5L iple 5L il
S 5 L ol)len g Mohd Agib .Yl jlwy (J5-Sgo
158 18lis 0511l b (S MOF (o) S Cige o Jlad (5,5L
Uigy ol [83] 85,8 slwlids ALI-LL gilwlis glp FA )
0.9 ) YU o yias <83 ( Slwbro di i ialS 5 ogde

b @l as gy BB g pds 45535 5 (11.39 £mmol g

HO8 (e
x50 et )sSIl MOF (o (slayg 1L (&b
o Sty 9 03,5 oligS | aigy S8 5 QLI e (edlo
S5 L ol)Len ¢ Zhou alosly (el |y s o 905
19506 lgieay Iy NigFeq (gjlais MOF DFT 4 (g9lS0l
[84] 055,8 olwlis 208mV by a8LsI L OER 5y
8l gl Slasy CO2 bl sl 0 o )San g Mou
[85] WS gl el 1) WK (59Ul il gl g 318 (Sho siile
Silwdsaps b o )San ¢ Bhavya Jaksani «jJilS g7 059> 4
mol g 1 Jpilie dlg¥ &5 g (b2 whe > S5y
YL ol Ver LY aS[86] ud S iyl 1, V¥ h?

ool Jgosre sl by,

ol aduas (»

9 Gemlio b QL ode cud)b Lnpin cly (Souan
5 Wei .olas 5 18 oolasiwl 350 LMOF 5 )Slos (55ludisgs
Sl 3SR LI Cd 9 Pb ds Y 90 ANN L ],

) eds iy 5 ol Sen g Abdi [87] 05)S (g jlw J400.999
) slmoao¥T 5> [88] wiabl cuwd + AADA Cds 4 As(V
© x50 g In-Eu (5318 93 MOF S 5 s () )LSe 9 Yu
R 10.0-12.0 UM oL jo |y pdSSlul s asis o uile
dl)_g L;l_o.ul S350 peitren [89] J..Sa)f ).».Lsul.{.ol = 0.96
5 oan Y s lojen Bls caa ke Hldle (ojlwang
L] 005 w)f

2 Egman (e sLad S il gl 45T g gorne )
UK (glols 6B Cis sl slaojes 3 eSG MOF
Sldlbs ool 5 Jols il Lol axilasl, dnwg Of aduas
oy pSIl (sl jguitr ot s ()b 5> erifins joboay
ool (glisln o She cwin Sl odlatwl LB 50
dawgd yraunn bl 6 ) cladilobu b W yguniw (6 5lwds LS

WY



E

O

]

G

i‘t‘d 5

\L.!g)ti.&moJLn_-b(ll‘oa)pg;gﬁmL_HdLm;9JUL5ITE.':A

i d2lge o odony labime 4 (2L Clids
$13ySagy b gl syl siloaige Jobs aille (]
slacodgiome p ade doyp obaasle p e g 4l
lptin (gilo)Sal eagm Lo b slaosy YT jasuis
Gilwdde 9 by i b SUST ool b omdlSo
Sub I e sl oo 8 G (Sl
g Sykde golaw olge gaw aw  lles b BN
b 3 slooys 5l ool b (Jaoe (ol (ol ol
Bl gl 5 65 Ceew
Sub )l Gl s ol 3 9 Srdien PO
ol SbgSw dug y banie el G e
03l (6)9l8 (] drwrgi s o )3 ALl se 0yglatasis
lasMe g olSwd (utige wlge 2k gl (Sl

ol oot

Lol el dgizne limass LMOF giziuo (o pdy 4l 2929 b

5 <dbik b

Syoe Ople (615 g (Sghae Jhea (llen odlizsl
@ 3l bl 03,5 wald ad &lge pade (ol aal S
oved luwg sddcole cboyaly amlegl g o ,X!
sS4 1) LMOF uilg e ol j Soas
S ool S S5 b g sk el
4 1) MOF p (e (olendg Sl (lanjguiasr c(slaidy oo
5 Gl b il lacudlye i i9p5 )l
odi] goame j3 3,8 dalgs had mio desl (slad S
g Wby dlge le Madgr olSen 95 ) 0je>

el ygomaoals slasilabe

(13,98 9 S -0

s s LS oSl 5 o LSim b oSy ) S K
S o 3,38 5 55 sy ool ] Eole

&8be o)l -1

sl 0085 3] B My bagy sodlio o)l gt

Kbe -
[1] Escher BI, Stapleton HM, Schymanski
EL. Tracking complex mixtures of
chemicals in our changing environment.
Science. 2020;367(6476):388-92.
https://doi.org/10.1126/science.aay6636
[2] Wang F, Xiang L, et al. Emerging
contaminants: a one health perspective. The

wdly il 8l ]y (o pSejlnl cds s & 2,5, opl wcawl 03,8
5 1) b g O CadeS S5,00 g gy iy Sl &S,
il oo ol 3

aifpo dw 5as pledl 55 )3 05>l o] o ol
slaodly Jlos MOF ;o iwe dlgo sl a Lol
— g (o8ly LB g ATy (e Mo bgn
o daogi Slasdie () Son (i ol (Jametins
9 42 jpeS 3ludgs (i gladblw | i
9 olosl oMb (ol 3 (ot (i o5 2L oy plide
28 sinlgs o) Conn jlame

6 35 ot £

ap yaio oing poas (g Lo b g3 - slacg )l
Dl 4 g el o o 5 s B J555 25
294 (2lorB9 Sl (6 ygniw 0jg 3 028 (65 53 (g3lga
cwdige CblB o @ dlge cpl sl (gla Sl jo il 03 )8
Wy (b yguins (b 3 slofg ol 0)Sles 5 L5 L
538ly Lo Ly slod o i dwags b3S iy
9 a3y 6)hl 5 (Lble) laills 4 Cudbge L wlge
5L ySan B gdioS (sl |y YU Copols b it
= ade U LaMOF a8 aad o jlid b jgliwd (ol .l
S L 555 S sk 395 b slacysgios
b ooy & 15 oo aw (plond olgs g Ao Laome
g s 525 S5 i > Y Sy 5 Cpnlun
"4 opdle (650L g (Eghae hga plodl bl Jl dix )
03)5 @y |y BMOF 5p)8 5 (b «iiS (dree yobo
sgilwans « Sy wlis 0 050 bodld oS 5 ol
g JB sk 4 jeme ol glagt oSl g Sl
o0g e SIS g odls solS 1) Ibg 5 opil (sloass s
5 cpile (6,80L o oli8led ol sduiSy deu 1) dlge
035 Jos gl sy s 0 s i ol 4 WMOF
Nedin ohb 3 liles ol & b
sl Yl oy b 6y Xbye g3895 MOF (slay5 )T sl
4 Modgr (6w srdilol dawg g (olb b5 Cls
b5 gypeods AE plee cnl > ol dgpde (05>
5 ot JB GledShgy 4 dlge (2l i sl
ol 04 i Mol diosign

@ o s lp ey BB lacdpin oy L
2o lendeySll lajguin loe glady)lS
S sl o goasie slaills b jein il Mol slMOF



\Sﬂgéuﬁ;moJM(lFoQ)pg_\gﬁm%HdLm;9JUL5|15.':)

[10] Li K, Yang J, Gu J. Hierarchically
porous MOFs synthesized by soft-template
strategies. Accounts of chemical research.
2022;55:2235-2247.
https://doi.org/10.1021/acs.accounts.2¢c002
62

[11] Shen M, Forghani F, Kong X, Liu D,
Ye X, Chen S, Ding T. Antibacterial
applications of metal-organic frameworks
and their composites. Comprehensive
Reviews in Food Science and Food Safety.
2020;19:1397-14109.
https://doi.org/10.1111/1541-4337.12515
[12] Hao X, Song W, Wang Y, et al. Recent
advancements in electrochemical sensors
based on MOFs and their derivatives.
Small. 2024:2408624.
https://doi.org/10.1002/smll.202408624
[13] Dai Y, Zhang G, Peng Y, et al. Recent
progress in 1D MOFs and their applications
in energy and environmental fields.
Advances in Colloid and Interface Science.
2023;321:103022.
https://doi.org/10.1016/j.cis.2023.103022
[14] Cruz-Navarro JA, Hernandez-Garcia F.
Novel applications of metal-organic
frameworks as redox-active materials for
elaboration of carbon-based electrodes with
electroanalytical uses. Coordination
chemistry  reviews.  2020;412:213263.
https://doi.org/10.1016/j.ccr.2020.213263
[15] Jahangiri-Dehaghani F, Zare HR,
Shekari Z. Measurement of aflatoxin Ml in
powder and pasteurized milk samples by
using a label-free  electrochemical
aptasensor based on platinum nanoparticles
loaded on  Fe-based metal-organic
frameworks. Food Chemistry.
2020;310:125820.
https://doi.org/10.1016/j.foodchem.2019.12
5820

[16] Karmakar A, Velasco E, Li J. Metal-
organic frameworks as effective sensors
and scavengers for toxic environmental
pollutants. National Science Review. 2022;
9: nwac091.
https://doi.org/10.1093/nsr/nwac091

Innovation. 2024;5(4):100612.
https://doi.org/10.1016/j.xinn.2024.100612
[3] Yousaf A, Zhao Z, Boota MW.
Enhancing electrochemical detection with
metal-organic frameworks: advances in
functionalization, synthesis, and
application. Journal of Solid State
Electrochemistry. 2025;15:1-24.
https://doi.org/10.1007/s10008-025-06477-
w

[4] Yang W, Li X, Zhang M, et al. N/O co-
doping porous biomass carbon constructed
electrochemical sensor for universal and
sensitive detection of mycotoxins. Food
Chemistry. 2025;475:143397.
https://doi.org/10.1016/j.foodchem.2025.14
3397

[5] Chen J, Ding X, Zhang D. Challenges
and strategies faced in electrochemical
biosensing analysis of neurochemicals in
vivo: a review. Talanta. 2024;266:124933.
https://doi.org/10.1016/j.talanta.2023.1249
33

[6] Huang XC, Lin YY, Zhang JP, et al.
Ligand-directed strategy for zeolite-type
metal-organic frameworks: zinc(I1)
imidazolates ~ with  unusual  zeolitic
topologies. Angew Chem. 2006;45:1557—
1559.
https://doi.org/10.1002/anie.200503778

[7] Roth J, Trukhina O, Allouss D, Stoian T,
Schertenleib T, Felder T, Queen WL. Post-
synthetic modification of a MOF via
continuous flow methods for gold E-waste
recycling. ChemSusChem.
2024;18:202401642.
https://doi.org/10.1002/cssc.202401642

[8] Chui S, Lo S, et al. Frameworks for
commercial success. Nature Chemistry.
2016;8:987.
https://doi.org/10.1038/nchem.2661

[9] Duan D, Si X, Ding Y, et al. A novel
molecularly  imprinted electrochemical
sensor based on MOF/CNTs and Prussian
blue for detection of 17B-estradiol.
Bioelectrochemistry.  2019;129:211-217.
https://doi.org/10.1016/j.bioelechem.2019.0
4.014



1l

[«

L4 L.U/ g} [30]

x;!g)ti.&mo_,h_-b(llﬂoa)pgégﬁmg_gdm;9.‘|UL5|15.':A

material [Cu3(TMA)2(H20)3]n. Science.
1999;283:1148-1150.

https://doi.org/10.1126/science.283.5405.1
148

[25] Yousaf A, Zhao Z, Wu L, et al
Sensitive detection of bisphenol A and S in

plastic-packaged  frozen meat using
trimetallic MOF-coated electrospun
nanofibers. Process Safety and

Environmental Protection. 2024;191:102—

111.
https://doi.org/10.1016/j.psep.2024.08.132
[26] Jabbar Khan A, Gao L, Numan A, et al.
Recent advancements in the tailoring of
nanomaterials  via  microwave-assisted
synthesis: a comprehensive review. Critical
Reviews in Solid State and Materials
Sciences. 2024;50(1):515-538.
https://doi.org/10.1080/10408436.2024.244
6049

[27] Liu Y, Wei Y, Liu M, et al
Electrochemical synthesis of large area
two-dimensional metal-organic framework
films on copper anodes. Angewandte
Chemie International Edition.
2021;60:2887-2891.

https://doi.org/10.1002/anie.202012971
[28] Chatterjee T, Rahaman SKK, Alam
SM. Sonochemical synthesis of metal-
organic frameworks. In: Azim Y, Rather S-
U, Bhawani SA, Bhatt PM, editors.
Synthesis of Metal-Organic Frameworks
via  Water-based Routes.  Elsevier.
2024;121-142.
https://doi.org/10.1016/B978-0-323-95939-
1.00015-0

[29] Nath B. Mechanochemical synthesis of
metal-organic frameworks. InSynthesis of
Metal-Organic Frameworks Via Water-
based Routes 2024;(pp. 93-120). Elsevier.
https://doi.org/10.1016/B978-0-323-95939-
1.00014-9

Pathak DD, Grover V.
Mechanochemistry: synthesis that uses
force. In: Tyagi AK, Ningthoujam RS,
editors. Handbook on synthesis strategies
for advanced materials: Volume I:

[17] Bai J, Wu M, He Q, et al. Emerging
doped metal-organic frameworks: recent
progress in synthesis, applications, and
first-principles calculations. Small. 2024,
20: e2306616.
https://doi.org/10.1002/smll.202306616
[18] Li J, Kumar A, Johnson BA.
Experimental manifestation of redox-
conductivity in metal-organic frameworks
and its implication for
semiconductor/insulator switching. Nature
communications. 2023; 14:4388.
https://doi.org/10.1038/s41467-023- 40110-
6

[19] Healy C, Patil KM, Wilson BH, et al.
Tuning electrical and mechanical properties
of metal-organic frameworks by metal
substitution.  Coordination ~ chemistry
reviews. 2020;4109.
https://doi.org/10.1021/acsami.3c08470
[20] Shi Y, Yang B, Song G, et al. Rubik’s
cube PBA frameworks for optimizing the

electrochemical performance in alkali
metal-ion  batteries.  Science. 2024;
673:807-816.

https://doi.org/10.1016/j.jcis.2024.06.032

[21] Luo HB, Qiu R, Wang P, Zhang J,
Wang L, Ren XM. Materials, interfaces,
high proton conductivity achieved by
encapsulation of imidazole molecules into
proton-conducting MOF-808. ACS Applied
Materials & Interfaces. 2019;11:9164—

9171.
https://doi.org/10.1021/acsami.9b01075
[22] Yaghi OM, Li G, Li HL. Selective
binding and removal of guests in a
microporous metal-organic  framework.
Nature. 1995;378:703-706.
https://doi.org/10.1038/378703a0

[23] Li HL, Eddaoudi M, O’Keeffe M,
Yaghi OM. Design and synthesis of an
exceptionally stable and highly porous
metal-organic framework. Nature.
1999;402:6759.

https://doi.org/10.1038/46248

[24] Chui SY, Lo MF, Charmant JPH, et al.
A chemically functionalizable nanoporous



\Sﬂgéuﬁ;moJM(lFoQ)pg_\gﬁm%HdLm;9JUL5|15.':)

[38] Timofeeva M, Mitusova KA,
Akhmetova DR, Marukhnich PA,
Davydenko VK, Povarov SA, Timin AS,
Milichko VA, Shipilovskikh SA. Control
morphology and biological properties of
HKUST-1 MOFs using an ultrasound-
assisted approach. ACS Applied Bio
Materials. 2024;7(9):6201-12.
https://doi.org/10.1021/acsabm.4c00765
[39] Givirovskaia D, Givirovskiy G,
Laitinen V, Park Y, Amin P, ur Rehman A,
Rezaei N, Repo E. Efficient water splitting
with a MOF-74 (Ni)-derived composite
electrocatalyst prepared via microwave-and
laser-assisted  synthesis. Nano  Res.
2025;18(2):94907100.
https://doi.org/10.26599/NR.2025.94907100
[40] Xie L, Ding J, Kong X, Qin J, Wang J.
Microwave-assisted synthesis of Mg-
gallate for efficient CO2 capture. Materials
Today Sustainability. 2023;22:100356.
https://doi.org/10.1016/j.mtsust.2023.10035
6

[41] Glowniak S, Szczgéniak B, Choma J,
Jaroniec M. Advances in microwave
synthesis of  nanoporous  materials.
Advanced Materials. 2021;33(48):2103477.
https://doi.org/10.1002/adma.202103477
[42] Zhang Y, Li N, Xu Y, Yang M, Luo X,
Hou C, Huo D. An ultra-sensitive
electrochemical aptasensor based on Co-
MOF/ZIF-8 nano-thin-film by the in-situ
electrochemical synthesis for simultaneous
detection of multiple biomarkers of breast
cancer. Microchemical Journal.
2023;187:108316.
https://doi.org/10.1016/j.microc.2022.1083
16

[43] Beladona SU, Rochliadi A, Patah A. A
facile synthesis of hkust-1 MOF through
reductive electrosynthesis method. Key
Engineering Materials. 2021;874:3-12.
https://doi.org/10.4028/www.scientific.net/K
EM.874.3

[44] Shakeel N, Khan J, Al-Kahtani AA.
Morphology-driven electrochemical
attributes of Cu-MOF: a high-performance
anodic material for battery supercapacitor

techniques and fundamentals. Singapore:
Springer Singapore. 2021,657-682.
https://doi.org/10.1007/978-981-16-1807-
9 20

[31] Chen D, Zhao J, Zhang P, Dai S.
Mechanochemical synthesis of metal—
organic frameworks. Polyhedron.
2019;162:59-64.

https://doi.org/10.1016/j.poly.2019.01.024
[32] Wenger SR, Kearns ER, Miller KL,
D’Alessandro DM. Green, one-Step
mechanochemical synthesis and techno-
economic analysis of UiO-66-NH2. ACS
Applied Energy Materials. 2022;6:9074—

9083.
https://doi.org/10.1021/acsaem.2c02460
[33] Li W, zZhou C, Li C, Zhu W, Shi J, Liu
G. Synthesis of UiO-66 series metal—
organic framework composites and the
adsorption effect on gallium. Chemical
Engineering Journal. 2023;455:140881.
https://doi.org/10.1016/j.cej.2022.140881
[34] Campbell MG, Liu SF, Swager TM,
Dinca M. Chemiresistive sensor arrays
from conductive 2D  metal-organic
frameworks. Journal of the American
Chemical Society. 2015;137(43):13780-3.
https://doi.org/10.1021/jacs.5b09600

[35] Niu K, Sun P, Chen J, Lu X. Dense
conductive metal-organic frameworks as
robust electrocatalysts for biosensing.
Analytical Chemistry. 2022;94(49):17177-
85.
https://doi.org/10.1021/acs.analchem.2c0376
6

[36] Du PD, Hieu NT, Thien TV.
Ultrasound-Assisted Rapid ZIF-8
Synthesis, Porous ZnO Preparation by
Heating ZIF-8, and Their Photocatalytic
Activity.  Journal of Nanomaterials.
2021;2021(1):9988998.
https://doi.org/10.1155/2021/9988998

[37] Yi J, Lee G, Park SS. Solvent-Induced
Structural Rearrangement in
Ultrasound-Assisted Synthesis of Metal—
Organic Frameworks. Small Methods.
2024;8(12):2400363.
https://doi.org/10.1002/smtd.202400363



=l

'E‘E
EH

c
<

L)

L%

x;!g)ti.&mo_,h_-b(llﬂoa)pgégﬁmg_gdm;9.‘|UL5|15.':A

serum using a flexible Ni foam based Ni-
Co-MOF ultrathin nanosheets derived from
Ni-Co-LDH.  Microchemical  Journal.
2021;160:105747.
https://doi.org/10.1016/j.microc.2020.1057
47

[52] Wang S, Chen Y, Long M, Li W,
Huang Y, Lai S, Yang G, Song Y, Chen J,
Yu G. Fabrication of well-aligned Co-MOF
arrays through a controlled and moderate
process for the development of a flexible
tetrabromobisphenol A sensor. Analyst.
2024;149(6):1807-16.
https://doi.org/10.1039/D3AN01950K

[53] Dong Y, Li J, Zeng H, Li T, Hu D, Li
Z, Fu Q, Bateer B. Construction of
bimetallic MOF derived nickel-cobalt
selenide on carbon cloth as integrated
electrode for acetaminophen sensing.
Microchemical Journal. 2025;208:112400.
https://doi.org/10.1016/j.microc.2024.1124
00 [54] Rafi J, Daniel M, Neppolian B.
Ultrasensitive detection of chloramphenicol
in water using functionalized polymers
with an aluminium organic framework.
Chemosphere. 2024;357:141981.
https://doi.org/10.1016/j.chemosphere.2024
141981

[55] Cao Q, Xiao VY, Liu N, Huang R, Ye C,
Huang C, Liu H, Han G, Wu L. Synthesis
of Yolk/Shell heterostructures MOF@
MOF as biomimetic sensing platform for
catechol detection. Sensors and Actuators
B: Chemical. 2021;329:129133. https://doi.
0rg/10.1016/j.snb.2020.129133

[56] Niu K, Sun P, Chen J, Lu X. Dense
conductive metal-organic frameworks as
robust electrocatalysts for biosensing.
Analytical Chemistry. 2022;94(49):17177-
85.
https://doi.org/10.1021/acs.analchem.2c037
66

[57] Karmakar A, Velasco E, Li J. Metal-
organic frameworks as effective sensors
and scavengers for toxic environmental
pollutants.  National science review.
2022;9(7):nwac091.
https://doi.org/10.1093/nsr/nwac091

hybrids. RSC advances.
2024:14(46):33941-51.
https://doi.org/10.1039/D4RA05790B

[45] Mason JR, Weyrich JN, Yang H.
Mechanistic study of porosity formation in
liquid-assisted mechanochemical synthesis
of metal-organic framework Cu3 (BTC) 2
for adsorption-based applications.
Sustainability. 2022;14(15):9150.
https://doi.org/10.3390/su14159150

[46] Gao Q, Sheng Q, Zhang S, Tang Y.
Recent trends on MIL-88 (Fe) metal-

organic  frameworks:  synthesis  and
applications in pollutant removal and
detection. RSC advances.

2025;15(32):26184-200.
https://doi.org/10.1039/D5RA03049H

[47] Swain J, Priyadarshini A, Panda S,
Hajra S, Das N, Vivekananthan V,
Mistewicz K, Samantray R, Joon Kim H,
Sahu R. Metal-organic frameworks:
synthesis methods and multifunctional
applications. Energy Technology.
2025;13(5):2402354.
https://doi.org/10.1002/ente.202402354
[48] Li M, Bu T, Liang Y, Zou Y, Wen K,
Shen Y, Shao B. Functionalized MOFs for
electrochemical sensing of emerging
contaminants: From design to deployment.
TrAC Trends in Analytical Chemistry.
2026:118891.
https://doi.org/10.1016/j.trac.2026.118891
[49] Mamaghani AH, Liu J, Zhang Z, Gao
R, Wu Y, Li H, Feng M, Chen Z. Promises
of MOF-based and MOF-derived materials
for  electrocatalytic CO2  reduction.
Advanced Energy Materials.
2024;14(39):2402278.
https://doi.org/10.1002/aenm.202402278
[50] Cui Y, He B, Liu X, Sun J. lonic
liquids-promoted electrocatalytic reduction
of carbon dioxide. Industrial & Engineering
Chemistry Research. 2020;59(46):20235-
52. https://doi.org/
10.1021/acs.iecr.0c04037

[51] Umesh NM, Jesila JA, Wang SF,
Vishnu N, Yang YJ. Novel voltammetric
detection of norfloxacin in urine and blood



\Sﬂgéuﬁ;moJM(lFoQ)pg_\gﬁm%HdLm;9JUL5|15.':)

some magnetic metal-organic framework
nano composites for pharmaceutical
applications. Inorganic Chemistry
Communications. 2022;138:109251.
https://doi.org/10.1016/j.inoche.2022.1092
51

[66] Li X, Shen X, Jiang W, Xi Y, Li S.
Comprehensive  review of emerging
contaminants:  Detection  technologies,
environmental impact, and management
strategies. Ecotoxicology and
Environmental Safety. 2024;278:116420.
https://doi.org/
10.1016/j.ecoenv.2024.116420

[67] He H, Wang SQ, Han ZY, Tian XH,
Zhang WW, Li CP, Du M. Construction of
electrochemical aptasensors with Ag ()
metal— organic frameworks toward high-
efficient detection of ultra-trace penicillin.
Applied Surface Science.
2020;531:147342. https://
doi.org/10.1016/j.apsusc.2020.147342

[68] Xu H, Zhang D, Weng X, Wang D, Cai
D. Electrochemically reduced graphene
oxide/Cu-MOF/Pt nanoparticles composites
as a high-performance sensing platform for
sensitive  detection  of tetracycline.
Microchimica Acta. 2022;189.
https://doi.org/10.1007/s00604-022-05304-
-

[69] Dong Y, Li T, Su H, Zhang X, Zhang J.
Cobalt—copper bimetallic selenides
embedded in nitrogen-doped porous carbon
nanocubes for diclofenac electrochemical
sensing. Journal of hazardous materials.
2024;477:135281. https://doi.org/10.1016/j.

microc.2023.109430

[70] Wang X, Ma Y, Zhou Z, Zhang Z,
Zhang J, Fan L, Du X, Lu X. Ultrarapid
synthesis of dumbbell-shaped carbon black-
doped Ce(lll,IV)-MOF composites for

fabrication of simultaneous electrochemical
sensor of dopamine and acetaminophen.
Microchemical Journal. 2023;195:109430.
https://doi.org/10.1016/j.
microc.2023.109430

[71] Mousaabadi KZ, Ensafi AA, Rezaei B.
Simultaneous determination of some opioid

[58] Beaver K, Dantanarayana A, Minteer
SD. Materials approaches for improving
electrochemical sensor performance. The
Journal of Physical Chemistry B.
2021;125(43):11820-34.
https://doi.org/10.1021/acs.jpcb.1c07063
[59] zZhang J. Electrodeposition of novel
nanostructured and porous materials for
advanced applications: synthesis, structural
characterization and physical/chemical
performance. Universitat Autonoma de
Barcelona,; 2016.
https://ddd.uab.cat/record/167813

[60] Yan W, Su J, Yang ZM, Lv S, Jin Z,
Zuo JL. High-performance lithium-ion

capacitors based on porosity-regulated
zirconium metal— organic frameworks.
Small. 2021;17(22):20052009.

https://doi.org/10.1002/smll.202005209
[61] Yousaf A, Zhao Z, Boota MW.
Enhancing electrochemical detection with
metal-organic frameworks: advances in
functionalization, synthesis, and
application. Journal of Solid State
Electrochemistry. 2025:1-24.
https://doi.org/10.1007/s10008-025-06477-
w

[62] Rizwan K, Bilal M. Metal-organic
frameworks-based emerging platforms for
recognition and monitoring of

environmentally hazardous organic
contaminants. InMetagenomics to
Bioremediation 2023(pp. 577-593).
Academic Press.

https://doi.org/10.1016/B978-0-323-96113-
4.00002-0

[63] Mousavi ~ SM. Metal-Organic
Frameworks (MOFs): An Analysis of
Synthesis Methods and Their Applications.
Nanomeghyas.  2024;11(4):56-43  (In
Persian).

[64] Mandanipour V. 'Preparation of MIL-
53(Fe)-COOH@PANI composite and its
use for the removal of
tetracycline'. Nanomeghyas. 2024;11(3):35-
45 (In Persian).

[65] Abu-Dief AM, Alrashedee FM, Emran
KM, Al-Abdulkarim HA. Development of



c
<

i‘t'd 5

x;!g)ti.&mo_,h_-b(llﬂoa)pgégﬁmg_gdm;9.‘|UL5|15.':A

https://doi.org/10.1016/j.jhazmat.2026.141
493

[77] Zhang Z, Cao X, Geng C, Sun Y, He Y,
Qiao Z, Zhong C. Machine learning aided
high-throughput  prediction of ionic
liguid@ MOF composites for membrane-
based CO2 capture. Journal of Membrane
Science. 2022;650:120399.
https://doi.org/10.1016/j.memsci.2022.1203
99

[78] Liu S, Dupuis R, Fan D, Benzaria S,
Bonneau M, Bhatt P, Eddaoudi M, Maurin
G. Machine learning potential for
modelling H 2 adsorption/diffusion in
MOFs with open metal sites. Chemical
Science. 2024,15(14):5294-302.
https://doi.org/10.1039/D3SC05612K

[79] Salehi K, Rahmani M, Atashrouz S.
International Journal of Hydrogen Energy.
2023;48:33260-33275.

https://doi.org/10.1016/j.ijhydene.2023.332
60-33275

[80] Cao Y, Dhahad HA, Zare SG, Farouk
N, Angi AE, Issakhov A, Raise A. Potential
application of metal-organic frameworks
(MOFs) for hydrogen storage: Simulation
by artificial intelligent  techniques.
International Journal of Hydrogen Energy.
2021;46(73):36336-47.
https://doi.org/10.1016/j.ijhydene.2021.08.
167

[81] Yan Y, Shi Z, LiH, LiL, Yang X, Li S,
Liang H, Qiao Z. Machine learning and in-
silico  screening of  metal-organic
frameworks for O2/N2 dynamic adsorption
and separation. Chemical Engineering
Journal. 2022;427:131604.
https://doi.org/10.1016/j.cej.2021.131604
[82] Ren J, Wang S, Bi K, Cheng M, Liu C,
Zhou L, Xue X, Ji X. Machine learning-
enabled framework for high-throughput
screening of MOFs: application in
radon/indoor air separation. ACS Applied
Materials & Interfaces. 2022;15(1):1305-
16. https://doi.org/10.1021/acsami.2¢c19207
[83] Osaro E, LaCapra M, Colon YJ.
Harmonizing adsorption and diffusion in
active learning campaigns of gas

drugs using Cu-hemin MOF@MWCNTSs as
an electrochemical sensor. Chemosphere.
2022;303:135149.

https://doi.org/10.1016/j.chemosphere.2022
135149

[72] Nandhini C, Huang CH, Mani G, Arul
P, Huang ST. Development of ternary
hybrid composites of transition metal and
noble metal-based heterostructures:
ultrasensitive simultaneous electrochemical
detection of bisphenol A and bisphenol S in
food samples. Food Chemistry.
2024;459:140451.

https://doi.org/10.1016/j.foodchem.2024.14
0451

[73] Zhang L, Li J, Yang Y, Wang C, Wang
Y, Zhao P, Xie Y, Fei J. A novel
electrochemical sensor based on
mesoporous carbon hollow spheres/ZIF-67-
derived Co-embedded N-doped carbon
nanotubes composite for simultaneous
determination of dihydroxybenzene
isomers in environmental water samples.
Microchemical Journal. 2023;191:108754.
https://doi.org/10.1016/j.microc.2023.1087
54

[74] Koukouviti E, Plessas AK, Pagkali V,
Economou A, Papaefstathiou GS, Kokkinos

C. 3D-printed electrochemical glucose
device with integrated Fe (1I)-MOF
nanozyme. Microchimica Acta.

2023;190(7):274.
https://doi.org/10.1007/s00604-023-05860-
6

[75] zafar F, EI-Bahy SM, Sami A, et al.
Machine-learning-assisted  synthesis  of
bimetallic metal-organic frameworks for
the optimized oxygen evolution reaction.
ACS Applied Materials & Interfaces. 2025;
17:25289-25298.
https://doi.org/10.1021/acsami.5c00455
[76] Choi Y, Kim S, Kim D. Machine
learning-integrated metal—organic
frameworks/multi-walled carbon nanotubes
sensor array for real-time detection of
fungal VOCs. Journal of hazardous
materials. 2026;505:141493.



\Sﬂgéuﬁ;mo_,b.ﬁ':(l\‘oa)pg_\gﬁm.g’gdm;9JUL5I*.':)

https://doi.org/10.1016/j.snb.2023.133678 separations in a MOF. The Journal of
Physical Chemistry C. 2025;129(21):9877-
91.
https://doi.org/10.1021/acs.jpcc.5¢00922
[84] zZhou J, Xu L, Gai H, Xu N, Ren Z,
Hou X, Chen Z, Han Z, Sarker D,
Levchenko SV, Huang M. Interpretable
Data-Driven Descriptors for Establishing
the Structure-Activity Relationship of
Metal-Organic ~ Frameworks  Toward
Oxygen Evolution Reaction. Angewandte
Chemie. 2024;136(36):202409449.
https://doi.org/10.1002/anie.202409449
[85] Mou LH, Du J, Li Y, Jiang J, Chen L.
Effective screening descriptors of metal-
organic framework-supported single-atom
catalysts for electrochemical CO2 reduction
reactions: a computational study. ACS
Catalysis. 2024;14(17):12947-55.
https://doi.org/10.1021/acscatal.4c03937
[86] Jaksani B, Chauhan R, Kshirsagar SD,
Rana A, Pal U, Singh AK. A MOF-derived
CuO/TiO 2 photocatalyst for methanol
production from CO 2 reduction in an Al-
assisted continuous flow reactor. Chemical
Communications.  2024;60(96):14212-5.
https://doi.org/10.1039/D4CC05008H
[87] Wei Y, Yu J, Du Y, Li H, Su CH.
Artificial intelligence simulation of Pb (lI)
and Cd (II) adsorption using a novel metal
organic framework-based nanocomposite
adsorbent. Journal of Molecular Liquids.

2021;343:117681.
https://doi.org/10.1016/j.molliq.2021.11768
1

[88] Abdi J, Mazloom G. Machine learning =
approaches  for  predicting  arsenic = EE=
adsorption from water using porous metal— ol-!
organic frameworks. Scientific Reports.
2022;12(1):16458.
https://doi.org/10.1038/s41598-022-20762-

y »
[89] Yu L, Li X, Lu Y, et al. Simulation 12
monitoring of tetracyclines in wastewater *
based on fluorescence image processing

and machine learning classifier. Sensors

and Actuators B: Chemical.
2023;385:133678. \Ye.



