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ABSTRACT: Visible-light-responsive materials sparked wide 12
interest due to visible light possessing some merits like no 104
byproduct formation, environmental friendliness, and nearly)
zero energy consumption. In this work, UiO-68Ag3CO;

Dark T . o= blank
ark-adsorptiony o gesorption  —e— Ui0-66-NH,
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—<—UAC-150
~—v—UAC-100
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(UAC-X) composites with outstanding adsorption and visiblg} 5} | B
light-triggered desorption performance toward sulfonamidS&angsty/” © o I T

: 1/’ G7 </’ '
(SAs) like sulfamethoxazole (SMX),skazole (SIX), and V 02
sulfamethazine (SMT) were reported. It was believed th&f@rfe-NH/AgCOUACX) | 1] _ . .
interactions betweenNH, from SAs and Agof AgCO, o
(UAC-X) nanoparticles caitiuted to the outstanding 40 0 40 80 120 160 200 240 280

adsorption performance toward the SAs. The conversion T(min)

from Ag to Ad of the photosensitive &0, (NPs) in the
UAC-X composites led to the controlled delivery of SAs, in which the release performance could be tuned by the UiO-66-NH
proportion in UAC-X. Additionally, the DFT calculation results demonstrated that the binding enertyy\Hef(Rlg =

0.925 eV) is lower than the band gap ¢€8g(BE = 2.3 eV), implying that the conversion frofmtééd contributed to
the SAs desorption. The light-induced desorption will provide new strategies to realize environment friendly and inexpensive
regeneration of adsorbents.

KEYWORDS: visible-light-triggered, desorption, UiO-66-NH,, sulfonamides, mechanism

1. INTRODUCTION design, low initial cost, highaency, and easy operafioi.

The pharmaceutical and personal care products (abbreviaféans'de”ng that convent|d3nz_adsorpt|on IS gene_rally a
as PPCPs) are emerging as pseudo persistent orgah ntaneous process, chemical treatment (using organic
pollutants, including substances for the purpose of person olvents, acid or alkali) or energy is needed to achieve

health/cosmetic reasons, along with the products to impro@eserption. which might resuilt in secondary pollution and
the livestock growth and healthElevated levels of PPCPs massive energy consumption. Functional materials, which can

have been detected in the aquatic and soil environmeRf Structurally switchable by light,” have attracted wide
throughout the world, which exert serious threats to thinterest, since light, especially concentrated sunllght,_possessed
ecological environment and even human fehltihe ~ Several advantages such as no byproducts, environmental
antibacterial sulfonamides (SAs) are widely selected to prevg ndliness, and nearly zero energy ifigdence, visible-
infectious diseases and to boost livestock growth, whidgnt-triggered desorption is highly preferred in the wide
resulted in their wide distribution in the environment'®S€arch elds ranging from environmental chemistry,
annuall’® The presence of SAs in the environment carinaterials science, and bloﬁ)gfﬁ ,
become toxic to aquatic life and to humans via drinking N this paper, a series of UiO-66,Md,CO; composites
watet® 12 and even increase drug resistance toward diseaS¥#AC-X, X =20, 50, 100, 150, and 200 mg of UiO-6§-NH
causing bacterid** Therefore, it is essential to monitor and Were fabricated via an in situ ion-exchange solution method,
remove the environmental PPCPs even at trace levels. ~ Which adopted AgNO NaCO; and UiO-66-NH as

Several removal methods includin% adsotptidhad- precursors. It was found that the suitable combination of
vanced oxidationrgcesses (AOPS),“* and biological
technologi€$®® have been utilized to remove PPCPs fromReceived: November 3, 2018
the aquatic systems. Adsorption has been shown to remoueepted: December 26, 2018
PPCPs from the environment due to theible and simple  Published: December 26, 2018

ACS Publications  © 2018 American Chemical Society 418 DOI:10.1021/acsanm.8b01979
W ACS Appl. Nano Mate2019, 2, 418 428



ACS Applied Nano Materials

Scheme 1. Fabrication of UiO-66-NH,/Ag,CO5; Composites (UAC-X)
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AgCO; with UiO-66-NH could achieve better adsorption 200.0 mg L' SMX aqueous solutions were also selected to explore
performance than individual component and could accompligtg € ect of concentration of target on desorption activity. After
visible-light-triggered controlled release. The adsorptionStiring for 60 min to achieve adsorptiesorption equilibrium in
desorption activities of sulfamethoxazole (SMX3psakole  the dark, the light-triggered desorption was tested under visible light
(SIX), and sulfamethazine (SMT) were determined, and thi lumination ( > 420 nmfigure S1 in Supporting Informajifrom

. . . . . 350 mW LED light PCX50A, Beiji Perfect Light
corresponding mechanism of light triggered desorption wqr@chm,gngy Co. Lt(jl%. source ( eying Fenect Lo

proposed and claed. 2.4. Theoretical Calculation.Density functional theory (DFT)
with the PerdewBurke Ernzerh generalized gradient approximation
2. EXPERIMENTAL SECTION calculations were conducted using DMol3 package, and double-

. . ) numeric quality basis set with polarization functions was used for all
2.1. Materials and Instruments. The details of materials and ¢ atomgf"‘wA 0.005 hartree thermal smearing and a 0.37 nm real-

instruments were listed in 8apporting Information space cutowere adopted. The geometry convergence tolerances
2.2. Fabrication of UiO-66-NH/Ag,CO; Composites. UiO-66- were 0.000 01 hartree, 0.02 hartreé,remd 0.0005 nm for energy

NH, octahedra were synthesized following a reported solvothermg|ange, max force, and max displacement, respectively. During

route with & minor modtation:**° Brie y, ZrC}, (1.05 g, 4.5 mmol) geometry optimization, all atoms were permitted to relax freely. The

and 2-aminoterephthalic acid (NBBDC 0.81g, 4.5 mmol) were  pinding energy (BE) is deed as BE & E E where
dissolved in 40.0 mL &,N-dimethylformamide (DMF). Then, g oy (BE) ot “AgCO; | TSMX

acetic acid (17.0 mL) was mixed with the above solution to regulafeot Eagcos Eswx are the energies of the,8@; with an adsprbed

the morphology of the products in a 100 mlofidined bomb. The ~ SMX molecule, the AgOs, and the SMX molecule, respectively. The
Te on-lined bomb was then heated in an oven at 293 K for 24 Hegative binding energy implies that the SMX molecules will be
After cooling to room temperature, the products were collected Bnergetically favorable to be bonded with théenAsp,CO,.
centrifugation and washed with ultrapure water for several times. The

harvested light-yellow material was dried in an air oven at 333 K fgr RESULTS AND DISCUSSION

12 h. L .

UAC-X (X = 20, 50, 100, 150, and 200) composites were fabricated 3-1. Characterizations of UAC-X Composites.The
using a moded in situ ion-exchange solution mefficd, as morphologies and structures of the UAC-X were characterized
illustrated inScheme .1Series UiO-66-N#Ag,CO; with UiO-66- by TEM and PXRD. The TEM imagésglire landFigure
NH,/AgNO; weight ratio of 0.02/0.1 (UAC-20), 0.05/0.1 (UAC- S2 demonstrated that 4@O; nanoparticles were dispersed
50), 0.1/0.1 (UAC-100), 0.15/0.1 (UAC-150), and 0.2/0.1 (UAC- on the UiO-66-NHsubstrates. UiO-66-Nidctahedrons as a
200) were pr_le_zkp])aredt.by"usmg UIO-S%thgNQ, %nd NaCO, 5’215 deposition platform/substrate couldea the growth of
precursors. Theoretically, series UIO-68AYLCO; composites  Aq.CO, crystals and minimize the aggregation sE@g
were fabricated with the same weight g€@gand the dierent NPs. In detail, the higher UiO-66-NHroportion in the

weight of UiO-66-NKH For instance, the weight ratios of UiO-66- . .
NH, and AgCO;in UAC-100 and UAC-150 were calculated as 100/UAC.'X composites induced the smal!er QC. Bg nano-
particles. It was found that the particle size g€@\g

81 and 150/81, respectively. Aftienation, the product was washed ‘ 1
with ultrapure water several times, followed by being dried in an &gcreased from 500 to 800 nm in the pUEé:@sQ(ngfe
oven at 333 K. For comparison, the pristipE@gwas synthesized 1a) to 50 110 nm in UAC-150Rjgure &) and 50 60 nm in
from the same procedure as that for UAC-X composites except for théAC-200 Figure SR The PXRD diraction patterns={gure
addition of UiO-66-Nbl _ _ 2a) of UiO-66-NH match well with those report€d®*’ For

2.3. Adsorption and Visible-Light-Triggered Desorption the pristine AO; NPs, all of the draction peaks can be
Experiment. Series batch experiments were conducted to evaluapéad"y indexed to monoclinic phase (JCPDS card no. 00-026-

the adsorptiondesorption performance of UAC-X toward sulfona- 48 :
mides (SAs) including sulfamethoxazole (SMXyosalzole (SIX), 0339 (RDB)). The pegks .Of both UiO-66-NEnd AgCO,
and sulfamethazine (SMT). The adsorption activities of UAC-€@n be clearly idened in PXRD patterns of UAC-X

toward SAs were tested by adopting 40.0 mL of SAs aqueous soluiginpositesigure 2). The dierent preferred orientation
with concentration of 50.0 mgtland 10.0 mg UAC-X particles at Of UAC-X composites and the interaction between the

room temperature in a 50 mL quartz reactor. As well, 10.6anglL.  incorporated AGO; and the UiO-66-NKsubstrate resulted

419 DOI:10.1021/acsanm.8b01979
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Figure 1. TEM images of (a) AGO;, (b) UAC-100, (c) UAC-150,
(d) UiO-66-NH,.

in PXRD peaks of UAC-X neaf #@at could not match well
with AgCO; or UiO-66-NH individually. The slightly
broader AgCO; peak at 33 in UAC-X composites

(Figure 3), implying that %03 NPs are successfully
incorporated into UiO-66-NH>>°

The successful deposition of@; nanoparticles on UiO-
66-NH, substrate was further proved via FTIR spectra, as
illustrated irFigure B. The two peaks at 664 and 769'cm
are attributed to ZrO, clusters! The peaks at 1449, 1382,
884, and 707 crh were the characteristic peaks fog?CO
from AgCO,>° With UiO-66-NH proportion growth, the
peaks of AGO; at 1449, 1382, 884, and 707 tdecreased
gradually and the intensity of two sharp peaks (664 and 769
cm?l) of Zr O, cluster increased sigrantly.The XPS
spectra irFigure 2 displayed the presence of Ag, C, O, Zr,
and N elements in UAC-X, indicating the successful fabrication
of both UiO-66-NH and AgCO;. Additionally, the XPS
results show that the Ag 3d peaks exhibited a slight shift to the
higher binding energy in UAC-X compared to those of
individual AgCO,, which might be assigned to the synergistic
e ect between the incorporated@@; and the UiO-66-Nki
substrate, further enhancing the light sensitivity oin#ie
composité! The TGA of individual UiO-66-NHFigure @)
revealed that the weight losses from 200 to°@5@ere
presumably due to the decomposition of the BBC
ligand, leaving the zirconium oxide derived frofmolae of
Ui0-66-NH, as residu¥. >* It was worthy to note that there

(including UAC-20, UAC-50, etc.) compared with that ofis over 20% weight loss before @Cresulting from UiO-66-

pure AgCO; indicates the smaller &9, particle sizes in

NH, not being activated before preparation of UAC-X.

UAC-X composites, which is in agreement with the TEMConsidering the pore size of UiO-66,NlEss than 1.0 nm,

images Figure land Figure SR Clear fringe spacing of

Figure SBand the particle size of 895 (500 800 nm), the

approximately 0.264 and 0.230 nm corresponding to the (138blvent molecules in their pores and cages could not hinder the

and (031) crystal planes o£&@5 ((JCPDS card no. 00-026-

AgCO; NPs formation inside UiO-66-BHThe pristine

0339 (RDB) can be observed through the HRTEM imagéAgCO; was decomposed thermally to Ag element via two
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Figure 2. (a) PXRD patterns, (b) FTIR and (c) XPS spectra, and (d) TGA curvegGi)AQAC-X (X = 20, 50, 100, 150, and 200 mg)

composites, and UiO-66-NH
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Figure 4. Uptake and relaese activity ofG%g;, UAC-X (X = 20, 50, 100, 150, and 200 mg) composites, and UiO-60adi] SMX with

di erent initial concentrations, (a) 10 mg Kb) 50 mg L2, (c) 200 mg L%, (d) 200 mg L (adsorption in dark), in aqueous solution without
SMX (desorption under visible light illumination). Uptake and release actiy®0af B4C-X (X= 20, 50, 100, 150, and 200 mg) composites,
and UiO-66-NH toward (e) SIX and (f) SMT with initial concentration of 50 ng L

421 DOI:10.1021/acsanm.8b01979
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Figure 5. (&) N 1s and (b) Ag 3d XPS spectra of SMX apn@®gafter SMX adsorption in the dark. (c) S 2p XPS spectrsgO®AYAC-100,

and UAC-150 after SMX adsorption in the dark. (d) TEM images of UAC-100 after SMX adsorption in the dark. (e) FTIR spectra of as-
synthesized AQO;, SMX, AgCO; after SMX adsorption in the dark. (f) FTIR spectra of as-synthesized UAC-150, SMX, UAC-150 after SMX
adsorption in the dark.

adsorptiondesorption measurementalfle S1 in Support-

ing Informatioh con rmed that the A€O; NPs were

anchored with UiO-66-NHin which the BET surface area

decreased from 745.92 g (UiO-66-NH,) to 26.029 rA

g ! (UAC-20).

3.2. Adsorption and Visible-Light-Triggered Desorp-

tion Performance of UAC-X toward SAs3.2.1. Adsorption

toward SAs of UAC-X. 3.2.1.1. Adsorption Performdince.
Figure 6. Optimal congurations obtained via DFT calculations of Was found that UAC-X exhibited higher adsorption perform-
NH, Agd" coordination interaction. ances toward SAs than UiO-66,NHbnder dark condition,
AgCO; particles could adsorb nearly 100% selected SAs with
distinct steps with AQ as the intermediate compo(ind@he initial concentration of 50 mg*ifor SIX and SMT and 200
weight losses of UAC-X composites matched well with UiQnag L * for SMX within 20 min, whereas the individual UiO-
66-NH, and AgCO;, and the residues were the mixtures of66-NH, could only capture less than 20% of the selected SAs
zirconium oxidés °>* and metallic AY. The standard N with initial concentration of 50 mg/L, as illustrated in parts c,

422 DOI:10.1021/acsanm.8b01979
ACS Appl. Nano Mate2019, 2, 418 428
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Scheme 2. Proposed Mechanism of the Visible-Light Controlled Desorption of SAs from UAC-X Composites

e, and f oFigure 4Moreover, AGO,;, UAC-20, and UAC-50 UiO-66-NH, revealed that SAs particle could not be adsorbed
can achieve nearly 100% SMX uptake (with initial concelvy pores of UiO-66-NH
tration of 200 mg L) within 20 min in the dark, while UAC- It can be seen from the TEM imagdésg(re 8 andFigure
100, UAC-150, and UAC-200 only captured approximately?) that strip-like SMX was absorbed on th&£Bg UAC-
61.0%, 37.9%, and 27.8% SMX after 1 h under the identid@0, and UAC-150. Moreover, the S 2p peak originating from
conditions. It was implied that the adsorption activities 0BMX in the XPS spectréigure §) could be observed, which
UAC-X were mainly controlled by,8@; NPs. Therefore, a rmed that AgCO; UAC-100, and UAC-150 have good
the increase of UiO-66-MHproportion induced decreased adsorption activity toward SMX. In addition, the occurrence of
adsorption performance, in which the adsorption amounggveral characteristic peaks_ of SMX at 3378.22, 3299.1, 3314,
decreased from 1902 ¢&@.) to 1578.7 (UAC-20), 921.0 and 547.13 cmh was found in the_ FTIR spectra of SMX@
(UAC-50), 509.4 (UAC-100), 314.0 (UAC-150), and 245.5A%C0O; and SMX@UAC-150, which further cored that
mg g* (UAC-200). SMX was adsorbed onto,8@; and UAC-150Rigure &
3.2.1.2. Adsorption Mechanisit. is believed that the —andFigure ). _ ,
interactions betweenand NH, of SAs were conducive to _ Compared to as-prepared@@;, the new weight losses in
the outstanding adsorption activity ofC&l for SAS>°° TGA curves figure SBof the AgCO; treated with SMX
Specically, the XPS results show an obvious red shift of x§iSorption in dark and under visible light illumination for 3 h
spectra from 399.79 to 399.34 eV for N 1s ipattdched to ma_tched well with the weight loss of SMX, in which the extra
SMX after adsorption process opCA% (Figure &). On the weight loss nearly was equal to the gxperlmental!y adsorbed
contrary, the Ag 3d peaks demonstrate a blue shift fro MX. As a f?su“’ A0, C.OUId not achieve de.sqrpnor_l and
368.17 eV (3gh) and 374.19 eV (3d) in prepared AGO; p otpca_talytlc degradatidor SMX upon V!Slb!e light
(Figure SYP7*° to 368.5 and 374.52 eV in SMX@@, |Ilu+m|nat|on. It was sugg_ested that the coordination between
(Figure B), a rming that the NH, of SMX had a Adin AgCOz; and NH, in SMX in the dark could_prevent
coordination esct with Ag from AgCO,%° The Ag 3d and the AgCO; NPs photocatalytic degradation behaviors.

.2.2. Visible-Light-Tri Rel f SAs f AC-X.
N 1s XPS spectra of UAC-100 and UAC-150 before and aft§ 3 isible-Light-Triggered Release of SAs from UAC

r. . . P .

; ) . .2.2.1. Release Performandmong various stimuli, light is
SMX adsorpfuon were shown ngur_e S5 and Figure,S6 ertainly prospective with the advantage of a high level of
which were in good agreement with the results of SMX

) ) '2&ontrol over time and locatittiThe combination of UiO-66-
AgCO;. The dierence of BE shift of Ag 3d and N 1s in NH, and AgCO, (UAC-100/150/200) can achieve @ent
SMX@AZC0; and SMX@UAC-X could be attributed to the yptake of several selected SAs and also accomplish good
coordination between Agnd NH, tending to promote  gesorption toward these SAs under the visible light
electrostatic attractions of Agns resulting in the blue shift of jjjumination. For example, the UAC-150 exhibited excellent
Ag 3d, while the AgNH, coordination interaction tends to  gesorption activity with maximum adsorption amount of 314
weaken the electrostatic attractions froNH, group.  mg g’ and 80.8% adsorbed SMX was released upon visible
Theoretically, 1.0 mol of AO; is stoichiometrically Jight illumination Eigure #). In addition, 66.7% SIX and
interacted with 2.0 mol of SMX, implying that 1.0 g 0f43.79% SMT could be released by UAC-150, as illustrated in
AgCO; can capture 1837 mg of SMX. Practically, therigure ¢ andFigure 4 It is obvious that the desorption
experimental adsorption capacity (1902 rgofj Ag¢CO; performance could be tuned by the UiO-66-bihtent in
toward SMX was slightly higher than the calculated one (183¥AC-X composites. UAC-X with low content of UiO-66-NH
mg g'), which might be ascribed to other interactions likesuch as UAC-20 has good adsorption activity and poor
electrostatic interaction, hydrogen bonding interaction, and sesorption activity toward SMX, whereas larger content of
on>? ®* As well, the poorest adsorption activity toward SAs dfliO-66-NH, such as UAC-200 leads to decreased adsorption

423 DOI:10.1021/acsanm.8b01979
ACS Appl. Nano Mate2019, 2, 418 428
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Figure 7. PXRD patterns of (a) AQO;, (c) UAC-100, and (e) UAC-150 as-prepared, after SMX adsorption in the dark and visible-light-triggered
desorption, treated with dispersion in aqueous solution without SMX and visible light irradiation for 3 h. Ag 3d XPS spgt@g ¢iYb) Ag
UAC-100, and (f) UAC-150 after adsorbing SMX in the dark and visible-light-triggered desorption.

and good visible-light-triggered desorption performance. toncentration of SMX like 200 mg!Lno signicant
detail, the desorption performance of UAC-X for SMX withdesorption can be detected with the presence of visible light
adsorption amount being 200 myfgllows the order of 0% (Figure 4). It was believed that it was dilt to accomplish
(UAC-20), 14.8% (UAC-50), 71.3% (UAC-100), and 80.8%5MX desorption under vigblight illumination using
(UAC-150), while under the identical condition, the saturated UAC-X. This furtherraned that UAC-100 and
adsorption capacity of UAC-200 toward SMX is 168 'ng g UAC-150 saturated by SMX exhibited no visible-light-triggered
and 83.5% SMX was released upon the visible ligliesorption behaviors even in aqueous solution, as illustrated in
illumination. Furthermore, the desorption rate was positiveigure 4. Additionally, the desorption activity of UAC-X
related with the UiO-66-NHproportion in UAC-X  toward SMX with lower initial concentration (10 mfy\was
composites. lower than that SMX with relative higher initial concentration
3.2.2.2. Eect of Concentration of SMX on Release (50 mg LY. As a result, the UAC-X which has reached
Activity. At relative low initial concentration (10 and 50 mg saturated adsorption could not release the SMX under visible
L %, UAC-150 can achieve good uptake in the dark antight illumination. Furthermore, the release performance of
visible-light-triggered release performance toward SMX, @AC-X composites toward SMX was positive related to the
depicted inFigure 4 andFigure #. However, at high initial experimental adsorption weight under their maximum/

424 DOI:10.1021/acsanm.8b01979
ACS Appl. Nano Mate2019, 2, 418 428



ACS Applied Nano Materials

Figure 8. TEM images of (a) AGO;, (b) UAC-20, (c) UAC-50, (d) UAC-100, (e) UAC-150, (f) UiO-665Mifter SMX adsorption in the dark
and then visible-light-triggered desorption.

saturated adsorption capacities. It was assumed that thdludged by PXRD, XPS, and TEM analysis results, the
AgCO; NPs saturated by SMX with initial concentration ofenhanced reduction activity of* Aan be obtained from
200 mg L!in UAC-100 and UAC-150 composites had beersmaller A@O; NPs in UAC-X. Obvious characteristic peaks
wrapped with SMX, resulting in,8@; NPs that could not  belonging to Agn UAC-100/150 could be detectedrigure
harvest light for the conversion frorfi thgAd. 7c, Figure @, andrigure S9whereas for AQO5/UAC-20, it
3.2.2.3. Visible Light Controlled Release Mechaltitias is di cult to di erentiate the Aglue to the minor content via
been reported that Ag-containing compounds suckPa3,Ag PXRD patterns after 3 h visible light irradiation. For Ag 3d of
AgVO, AgCrO, and AgCO,; have outstanding photo- pristine AgCO; treated with SMX adsorption in the dark and
sensitive activity, in which the &guld be reduced to Nay visible light triggered release, it exhibited béthodgdinated
obtaining e followingeq 1under light irradiatioti® After with  NH, in SMX (374.52 and 368.5 eV) and’ pgaks
adsorption, the optimal cauration between SMX and (374.7 and 368.7 eVFigure B),”° while there were only Ag
AgCO; was shown ifFigure 6via DFT calculations. The Peaks (368.76 and 374.77 eV) in treated UAC-100/150, as
coordination interaction of NHAG" was formed, which illustrated irFigure @ andFigure 7. Additionally, due to the
consisted of the proposed adsorption mechanism. The DFSynergistic ect between the incorporated,@@; and the
calculation results displayed that the adsorption behavior 9f0-66-NF substrate which is in agreement with the Ad 3d
SMX could be attributed to chemical adsorption (BES25  Peakes shift iRigure 2, the binding energy of ‘Ag treated
eV). As well, the band gap energy o€@gsemiconductor ~UYAC-100/150 was higher than that 0p(GX@;. The TEM
was estimated to be 2.3%Vt could be concluded that the iMages displayed that the” Afpisters increased with the
light with wavelength less than 539 nm can accomplish enod@féasing UiO-66-NHproportion in UAC-X composites
energy to produce photoinduced electrons to rediicde Ag treated with SMX adsorption in the dark and visible-light-

Ad. A It, th ion fromtacad led to the SA triggered releasBigure 3 HRTEM imagefKigure B) could
d. As aresu € conversion o Ad led to the SAs ye further evidence of the presence Bfaftgr SMX

?hees%r%%né_,\:lvglg?oc;)%l:tl%r? (ianflarzhg_rxeggr?]r;)%es?tevsla%?]cg(i\agse gjesorption upon the visible light illumination, in which the
in AgCO, NPs of UAC-X composites can cépture the1‘ringe spacing of 0.234 nm can be ascribed to the (111) crystal
photoindjced electrons to form °Adollowed by the plane of AY® Furthermore, the residual SMX in the SMX@
breakdown of AgNH, interaction between AZO, and UAC-X composites decreased with increasing UiO-66-NH
SAs (as iIIustrate% Bczheme)z which was bro oséd as the proportion in UAC-X composites after visible light irradiation

A . - . brop for 3 h. The results were in agreement with the PXRD and XPS
possible mechanism of y|3|ble light controlled SAs reIe_ase fr?@@ults as stated above. As a result, the SMX desorption activity
UAC'X‘. Tbe S!“a”ef size RO NPS. enhance the light depended on the conversiorciency from Agto Ad which
harvesting! which facilitated the eiency and rate of could be tuned by the UiO-66-Midroportion in UAC-X
Conj’efs'on from Agto Ag, leading to adsorpt_lve sites omposites. The desorption activity of UAC-50 with initial
(Ag) sharp reduction and subsequent desorption of SM MX concentration of 200 mgtlwas inferior to that of 50

under visible light illumination. TEM results illustrated in 1 i ; ; ;
Figure landFigure S2evealed that the smaller sizeC8y tmhg bAg@gﬁ;;&fgb%?g&b?égﬂégggfmhégg fSrOM;]( '(;%rtl(t)ent n
NPs could be achieved via increase of the UiO-§6—NHAd)_ Furthermore, the conversion front fgAd was not
proportion in the composites. Therefore, the desorptioRccrined to the presence of SMX, which wasea by the
activities of UAC-X toward SMX increases with the UiO-66pxRrp patterns of AQO; UAC-100, and UAC-150 being

NH; content. dispersed in aqueous solution without SMX and irradiated
fe S under visible light for 3 h (parts a, c, andrégufre J. It can
Ag + Ad 1) be seen from the PXRD patterns that there were’ meais
425 DOI:10.1021/acsanm.8b01979
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presented in AGO; and UAC-X after adsorbing SMX in the ORCID

dark. Hence, it could be concluded that the transformatio@hong-(jhen Wangi00-0001-6033-7076
from Ag to Ad under visible light irradiation might be the Notes

possible mechanism, as illustrateégtieme .2UiO-66-NH : I

could provide a platform to accomplish the distribution off N authors declare no competingncial interest.
Ag,CO; NPs and subsequently tune the size AfAINPs to
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