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ABSTRACT

A new two-dimensional zinc(ll) coordination polymei 5-aminoisophtalic acid @AIP),
namely [Zn(AIP)(DMSO)] (Zn-CP), has been successfully prepaveiconventional heating at
100°C in a (2:1) dimethyl sulfoxide/ethanol solvemtixture. The compound has been
characterized by FT-IR spectroscopy, elemental thedmogravimetric analyses, powder and
single-crystal X-ray diffraction techniques. Cryss&ructure ofZn-CP shows the presence of
neutral layers of composition Zn(AIP) aid-hcb topology, which are decorated only on one
side with dangling DMSO molecules. Moreover, thenpositeZn-CP@Foam has also been
fabricated growingZn-CP crystals on the 3D porous structure of a melanonealdehyde
foam (MF) by immersion of pieces of MF in the presar solution of the coordination polymer.
Both Zn-CP and Zn-CP@Foam materials have been studied for the adsorptiowater of
cationic dyes, such as Crystal Viol&\(), Victoria Blue {¥B) and Malachite GreerMG), and
anionic dyes, such as Sunset Yelld®Y}, Congo Red CR) and Aniline Blue AB). Results
show selective sorption of cationic dyes only, Wakter and larger adsorption capacity observed
for the porous composite material which has anmdiem capacity for Victoria Blue\(B) (102

mg g~) more than twice larger than that found for pristZn-CP powder (48 mg d). This
selectivity towards cationic dyes is attributedetectrostatic interactions between the cationic
dye molecules and the negatively charged surfatieeatinc coordination polymer, which shows
a zeta potential of —13.7 mV. Moreover, dye adstrBe-CP and Zn-CP@Foam can be
regenerated by immersion in water/acetic acid goiufl:1) and reused with almost the same

efficiency.
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1 INTRODUCTION

Organic dyes as essential textile industrial complsuare widely applied to wool, silk, and
nylon fibers manufacturing [1]. Wastewaters prodLibg these industrial activities, therefore,
contain dyes and pigments which, being harmfuldosgstems and human health, need to be
efficiently removed [2]. So far, physical adsorptidiological and chemical treatments, among
other methods, have been developed to treat wptdhsted by dyes [3-5]. The adsorption of
organic dyes in water by zeolites and activatebaais a cost-effective method on an industrial
scale [6]. However, the development of new matgriahore efficient and selective in dye
adsorption, is of significant importance from thianslpoint of the environment. In this context,
inorganic-organic hybrid materials, including cooation polymers (CPs) and metal-organic
frameworks (MOFs) are excellent candidates [7-8&s @nd MOFs, thanks to their tailored and
tunable structures and easy variability in chemamahpositions, which have been obtairnvesl
various synthetic methods [9-11], have attractedagrinterest and have found potential
applications in many fields, including gas storagel separation, catalysis, drug delivery,
sensing, and pollutants adsorption [12-16]. In gatgmn-related applications, the topology and
the chemical functionalization of the structuresGits and MOFs, as well as the formation of
composite materials, have been exploited to allogv gelective adsorption of guest molecules
such as organic dyes and other polluting matefials-22]. Usually, interactions such as
hydrogen bonding, electrostatic, acid-base, Cetndz---n stacking govern the relation of the
guest molecules with CPs and MOFs as host [23, P4this regard, preferential sensing,
separation or adsorption of molecules could beedriby the strength of such host-guest
interactions. Moreover, additional interactionswen CPs or MOFs and guest molecules,
involving unsaturated metal sites and functionalizigands, have rendered these materials
superior to other porous and non-porous adsorlien&sficient adsorptive removal of hazardous
compounds from the air or aqueous phases. As expant the literature, CPs constructed by
different linkers and Co(ll), Cu(ll), Zr(IV), Zn(J)] Mo(VI1), Fe(ll), Al(lll), Cd(ll), and also

lanthanide metal centers have been investigatedissbents and some of them can be used for
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selective adsorption of organic dyes on the bastzefexclusion or electrostatic effects [25-28].
In addition to the adsorptive removal method, pbatalytic degradation of dye molecules in the
presence of metal-organic materials is another fwayhe removal of dye pollutants from the
effluents [29-32].

Despite of that, one of the issues to use theserialst as an adsorbent is their hard separation
from the application systems. However, concurrexatetbpment of metal-organic composites
with a variety of functional materials, such asamg polymers, magnetic metal oxides, metal
nanoparticles, quantum dots, polyoxometalates, ocartierivatives and biomolecules, has
significantly enhanced the properties and appbeestiof CPs and MOFs that are superior to
those of the pristine components [33-36]. Polymeoiganic foams, with their good
characteristics such as cheapnkssg,toxicity to the environment, and suitable plegschemical
stability, can help to overcome the obstacle ofdhseparation through the fabrication of
foam/CPs composites. Moreover, in addition to pifeva stable and easily removable support to
CPs, the three-dimensional porous structure ofdam composite allows a better mass transfer,

giving a more effective sorption behavior.

Taking into account the aforementioned points, his twork we have synthesized and
characterized a new two dimensional zinc(ll) cooation polymer of 5-aminoisophthalic acid
(H2AIP), namely [Zn(AIP)(DMSO)] (Zn-CP). In addition, its melamine-formaldehyde foam
(MF) composite Zn-Cp@Foam) has been successfully prepared and characterizbd.

capability in dye adsorption of both pristida-CP and Zn-CP@Foam composite has been

evaluated in water, revealing the ability of thesserials to selectively adsorb cationic dyes.

2 EXPERIMENTAL SECTION

2.1 Materials and instrumentation

All experiments were carried out in air. All mass and solvents were purchased from

commercial sources and used without further puaiiom. Infrared spectra (4000-400 ¢n

were recorded from KBr disks with a Perkin EImee&pum Two FT-IR spectrometer. CHNS

elemental analysis was performed on an ElementarioV&L Il CHNS analyzer.

Thermogravimetric analysis (TGA) was carried outad®8TA PT1600 (Linseis) thermal analyzer

at a heating rate of 10°C minunder N atmosphere in the temperature range of 50-800 °C.
3
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Electronic spectra were recorded on a GBC Cintgdl WV-Vis spectrophotometer. Powder X-
ray diffraction (PXRD) patterns were recorded oRlalips X'PertPro diffractometer (Cu K
radiation, A = 1.54184 A) in the @range 5-50°. Zeta potentials were measured byitdeern
ZETASIZER ZEN3600 with the liquid concentration ®) ppm. Scanning electron microscope
(SEM) images were obtained using a LEO 1455VP atpar Simulated PXRD pattern gh-
CP was obtained from single-crystal X-ray diffractidata using Mercury [37]. Topological

analysis was performed using ToposPro [38].
2.2 Synthesis of [Zn(AlP)(DM SO)], (Zn-CP)

0.30 g (1.0 mmol) of Zn(N€).-6H,O and 0.18 g (1.0 mmol) of 5-aminoisophtalic a¢idAIP)
were separately dissolved in 20 mL of a DMSO/ethgdd) mixture. The two solutions were
poured into a test tube, mixed thoroughly, andrdseilting mixture was heated at 100°C in an
oil bath. Colorless single crystals 8h-CP suitable for X-ray diffraction analysis were grown
by slow evaporation of the solvents, under heaiimgbout 4 days. The crystals were collected
by filtration, washed with DMSO/ethanol, and theted in air (0.21 g, 65% yield based on Zn).
Anal. Calcd for GoH1iNOsSZn (%): C, 37.22; H, 3.43; N, 4.34; S, 9.93. Fo(): C, 37.18; H,
3.74: N, 4.56; S, 9.96. FT-IR (¢t 3140 and 3248 (-N}), 1344-1368 (-COO, sym), 1574—
1628 (-COO, asym).

2.3 Fabrication of the composite Zn-CP@Foam

0.89 g (3.0 mmol) of Zn(N¢).-6H,O and 0.55 g (3.0 mmol) of AIP were dissolved in 50 mL
of a DMSO/EtOH (2:1) mixture and stirred for 30 nah RT to afford the precursor solution.
Then, several pieces of a melamine-formaldehydenf@F) with dimensions of 5x5x5 nmim
were activated by sonication in EtOH for 30 min audcessively dried. The foam pieces were
fully immersed into the precursor solution and bdaat 100°C in an oil bath for 2 days. The
supernatant solution was removed and the sparé@oluas absorbed by non-woven fabric. The
resultingZn-CP@Foam pieces were dried at 80°C for 24 h. During thisgess, crystals ain-

CP were grown on the surface of the foam skeletorditeato loading of about 650% (obtained

by gravimetric analysis).

2.4 Dye adsor ption and release
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To increase the surface area of the adsorbentritstals ofZn-CP were ground in an agate
mortar before dye adsorption experiments. 10.0 fivgetl ground crystals oZn-CP or 24.0 mg

of Zn-CP@Foam were poured into 10 mL of dye solutions with disticoncentrationM G 40,

CV 10,VB 15,SY 50,AB 90, CR 40 ppm) and then stirred at room temperature (kOfor
cationic dyes and 180 min for anionic dyes). THelsavere separated by centrifugation and the
supernatants were used to determine the adsorpat: by UV-Vis spectroscopy. The
absorbance was measured at 590, 600, 617 nm fonicatlyes Crystal VioletQV), Victoria
Blue (VB), and Malachite GreerMG), and at 484, 497 and 605 nm for anionic dyes &uns
Yellow (SY), Congo Red@R), and Aniline Blue AB), respectively.

To release adsorbed dye molecules and to recoeeladsorbents, the useth-CP or Zn-
CP@Foam composite were washed thoroughly with a mixed watetic acid (1:1) solution

(3x5 mL). The recovered adsorbents were then wasitadvater and dried in air.
2.5 Single-crystal X-ray diffraction analysis

X-ray data were collected on a Bruker Apex Il diffftometer using M&a radiation (0.71073
A). The structures were solved using direct metrarasrefined using a full-matrix least-squares
procedure based oR? using all data [39]. Hydrogen atoms were placedyeometrically
estimated positions. The dimethyl sulfoxide ligaaddisordered over two positions. The two
overlapping images were refined applying soft ests on bond distances and bond angles,
based on the mean values obtained from a survéhedCambridge Structural Database. Details
relating to the crystals and the structural refieata are presented in Table 1, while a list of
relevant distances and angles can be found in T3btegether with the definition of all the
symmetry-equivalent positions used in the struttdezcription. Full details of crystal data and
structure refinement are available as Supportirfgrimation in CIF format. CCDC 2011679
contains the supplementary crystallographic datZ feCP.

3 RESULTSAND DISCUSSION

3.1 Crystal structure of [Zn(AlIP)(DM SO)],, (Zn-CP)

Single crystals oZn-CP suitable for X-ray diffraction analysis were olotad from an equimolar
solution of BAIP and Zn(NQ)»6H,O in DMSO/ethanol (2:1) after heating at 100°C and

5
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successive cooling at RT. The compound crystaliizése monoclinid®2;/c space group with Z
= 4 (Table 1) and exhibits a 2D layered structdiee asymmetric unit contains one Zn(ll)
cation, one AlP" anion, and one coordinated DMSO solvent moledtilgufe 1a). Each zinc ion
is coordinated by three oxygen and one nitrogemstérom three distinct AP ligands in
addition to an oxygen atom from the coordinated OM$#wolecule, adopting a Zn®
coordination environment. The coordination geomaifyzinc center lies between square-
pyramidal (SPY) and trigonal-bipyramidal (TBPY) Wia calculated index of trigonality of 0.6
(ts = 0 or 1 for ideal SPY or TBPY, respectively) [40]

Each AIP~ anion interact with three zinc atoms through threna group (Zn-N 2.0501(12) A)
and the two carboxylic groups, one chelating (Zn-@934(10) and 2.5743(12) A) and one
monodentate (Zn—O 1.9307(11) A) (respectively, Jafd 1.10 according to the Harris notation
[41]). Connection of Zn(Il) centensia ps-AlP? linkers generate layers which extend in e
plane and haveé®-hcb topology [42-44] (3-c nodes are, alternately, zatoms and AlP
centroids) (Figure 1b). Coordinated DMS&® molecules (Zn—-O 1.9702(12) A) decorate only
one side of the sheets and, being two neighboriagts oriented in opposite direction and
slipped in relation to each other, DMSO accommalatehe interlayer region by interdigitation
(Figure 1c). Single layers padédBAB along thea* direction to give the bi-layer motifs described

above, which stack in the same direction witlA&#®A arrangement.
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Figure 1. The structure of [Zn(AIP)(DMSQO)](Zn-CP). (a) Asymmetric unit with additional
atoms to complete the coordination environment hef zinc atom. (b) A single 2D sheet
extending in théc plane and witl6*-hcb topology. DMSO molecules and hydrogen atoms were
omitted for clarity. (c) View of the interdigitatiobetween two adjacent sheets, which pack in
ABAB mode alon@g*. Interdigitating DMSO molecules are disordered &ne major component
only is here shown for clarity.

In addition to coordinative bonds generating the I2ikrs, weak interactions are also present
between neighboring interdigitated bi-layers meotifswhich extend the structure to a
supramolecular 3D framework. In particular, thesteractions are hydrogen bonds between
amino N-H groups and oxygen atoms of carboxylabeigs belonging to neighboring bi-layers
motifs (N1--O1" 3.0210(16) and N1O4" 2.9851(17) A), andt-x interactions involving
aromatic rings of linkers belonging likewise to axfnt bi-layers (distance between centroids
3.8997(11) A, distance between least-squares pBa&99(5) A, slippage 2.109(3) A; the rings
are defined by atoms C1-C6 and"a16).



The [Zn(AIP)(DMSO)} (Zn-CP) reported here is analogous to the already regptreictures
[Zn(AlIP)(solvent)], in which solvent = KO (refcode: UFULEM) [45]N,N-diethylformamide
(DEF) (refcode: OCEYAX) [46], an#ll,N-dimethylacetamide (DMA) (refcode: CIFBUQ) [47].
This confirms that the 2D layer [Zn(AIR)Wwith hcb topology can be obtained in different
synthetic conditions and is the preferred reagimduct in the presence of coordinating solvent
molecules. The structural features of the [Zn(AlR3lyers are essentially the same in all the
structures [48], while what is different is thedriayer distance within the bi-layers motifs

which is dictated by the volume of the differentvemt molecules. Interlayer distances for

O 00 N o U A W N B

[Zn(AIP)(solvent)}, computed as the distance between the planesedeby the zinc atoms
contained in the two layers, are 2.43, 5.68, 6at@l 7.25 A for solvent = 40, DMSO, DMA
11  and DEF, respectively (Figure 2).

=
o

12
o<C
DEF S
o<g
DMA 9
(Vo)
oL
DMSO %3
o<g
H,O 2
13 o

14  Figure 2. Interlayer distances in the four related structui@n(AlIP)(solvent)]. From top to
15 bottom: solvent =N,N-diethylformamide (DEF),N,N-dimethylacetamide (DMA), dimethyl
16  sulfoxide (DMSO), and water.



1 Tablel. Crystallographic data and structure refinementildefar Zn-CP.

Zn-CP
Formula GoH11NOsSZn
Formula mass 322.65
T(K) 150(2)
Crystal system monoclinic
Space group P2)/c
a(h) 9.8364(16)
b (A) 7.6758(13)
c(A) 16.125(3)
B(°) 95.100(2)
V(A% 1212.7(4)
z 4
Dcalcd (g Cm_3) 1.767
No. of reflns collected 15083
No. of independent reflns 3824
No. of observed refins 3434
Rint 0.0201
(SiNO/W) max (A7) 0.739
Data / restraints / params 3824 /86/193
S(all data) 1.097
Ri[l > 26(1)] 0.0249
WR, (all data) 0.0673

3 Table2. Selected bond lengths (A) and angles (")Z+CP.

Bond Lengths (A)

Zn1-N1 2.0501(12) Zn1-03 1.9307(11)

Zn1-01 1.9934(10) Zn1-05 1.9702(12)

Zn1-02 2.5743(12)

Bond Angles (°)

N1-Zn1-O1 105.00(5) 01-Zn1-03 101.82(4)
N1-Zn1-02 81.81(4) 01-Zn1-05 120.80(5)
N1-Zn1-03 114.39(5) 02-zZn1-03 156.83(4)
N1-Zn1-05 114.85(5) 02-Zn1-05 87.33(4)
01-Zn1-02 56.43(4) 03'-Zn1-05 99.47(5)

5 z (iii) =x, = Y2 +y, 1% -z, (iv) %, =, 2 -z, (V) %, 1 -y, 2 -z

7 3.2 Synthesis and characterization

9

Superscripts i-v indicate atoms generated by thewiag symmetry operations: (¥, =1 +y, z; (ii) X, Y2 -y, —%2 +

The newZn-CP was synthesized by reactingAP and Zn(NQ),:6H,O in a DMSO/ethanol

(2:1) mixture under conventional heating at 100F@e Zn-CP@Foam composite was prepared
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via immersion of MF pieces in thén-CP precursor solution and subsequent heating at 100°C

(Figure 3a).

Zn(NO5),.6H,0

— DMSO/EtOH

EHT =23.00 KV Shahid Chamran University of Ahvaz  sigsal s-st1
Zone Mag= 200X

EHT =23.00kV  Shahid Chamran University of ANVZ  signis- 51 Date :22 0ct 2018
Zowe Mag= 200K X WD = 28 mm

WD~ 29 mm Phota . 920 Time :9:17:35 Phote No. 9253 Time :9:21:27

Figure 3. (a) Fabrication of th&n-CP@Foam composite from the bulk MF foam and tAa-
CP precursor solution. SEM images of (b) the unteédt# foam and (c) the foam over which
theZn-CP microcrystals have been grown.

Phase purity of the as-synthetiz&h-CP and Zn-CP@Foam composite was checked by
comparison of the experimental PXRD patterns witht tsimulated from single-crystal X-ray
diffraction data. The good agreement between theettpatterns confirms the purity and
crystallinity of the samples, as well as the growthzn-CP on the surface of the MF foam
(Figure 4).

10
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Figure 4. Comparison of the experimental PXRD patterns Zor-CP (orange) andZn-
CP@Foam composite (magenta) with simulated pattern (gréemy single-crystal data

In the infrared spectrum an-CP the absorption bands with weak to medium intensitthe
range 2900-3100 cthare assigned to the stretching vibrations of thenatic C—H bonds of the
AIP? ligand (Figure 5). The bands at 3140 and 3248 @re attributed to the stretching
vibrations of the N—H bonds of the AlPas expected red-shifted (24 &rwith respect to free
H,AIP [49]. The infrared spectrum of th&n-CP also shows two intense bands in the ranges
1344-1368 and 1574-1628 Trwhich are assigned to the symmetric and asymmsthétching
vibrations of carboxylate groups, respectively [0} The peak at 1010 ¢fnmay be attributed

to the S=0 stretching vibration of a DMSO molectterdinated to a metal center by means of
the oxygen atom [52]. Infrared spectrum of the-CP@Foam composite is also shown in
Figure 5. The presence of additional peaks in¢hse can be considered as an evidence of the

coexistence of the coordination polymer and thef&#m in the composite structure.

11
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Figure5. FT-IR spectra of the coordination polym&n-CP (orange) and the MF foam (blue) as
separate phases and #eCP@Foam composite (magenta).

Thermogravimetric analysis was performed to veltiky thermal stability oZn-CP (Figure S1).
TG analysis of the [Zn(AIP)(DMSQ)khows a small weight loss in the temperature rafd®-
250 °C, attributed to the release of adsorbed watez compound is stable up to about 250 °C.
TG curve also show two main weight losses in timeperature range of 300-700 °C. The first
loss of 24.2% in the range of 300-400 °C is comsistvith the departure of DMSO solvents
from the structure while the next loss of 50.5%the range 400-700 °C is attributed to the
combustion of the AIP organic ligands. The residual weight of 25.3% dmsistent with the

formation ZnO.

SEM images of the MF foam and tt#n-CP@Foam composite have been recorded. As
depicted in Figure 3b, the dominant morphologytfa free MF foam is an open cell structure,
with a large number of uniformly distributed andtertonnected pores. Images @h-
CP@Foam nicely confirm the deposition of microcrystals fi-CP on the surface of the MF

foam substrate (Figure 3c).

12
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3.3 Dye adsor ption and release

Organic dyes can be classified according to marthef features, such as their structure, main
chromophore, size, and ionic character. Taking iatoount the latter aspect, dyes can be
distinguished into cationic and anionic and, toestigate the adsorption propertiesZof-CP
andZn-CP@Foam towards them, some representatives of the twayoats were chosen and
studied. Malachite GreerM(G), Crystal Violet CV), and Victoria Blue YB) were selected
among the cationic dyes, while Sunset Yell®Y), Aniline Blue AB), and Congo ReddR)
were selected among the anionic dyes. The adsorpkperiments were performed according to
the following procedure. Typically, a ground sampfe&Zn-CP (10 mg) was added into a vessel
containing 10 mL of an aqueous solution of eaclaigdye at a given concentration (the initial

dye concentration is detailed in the caption taiFeg).

The supernatant solution was monitored by UV-Vissoaption spectroscopy at room
temperature during a period of 180 min. After tliglision of theZn-CP adsorbent, only the
color of the cationic dye solutions faded signifitg, while the color of the anionic dye

solutions remained unchanged along the whole exyat time (Figures 6 and 7).

VB

wzm._ (
& ; ‘ e 1

Figure 6. Photographs showing the color change of dye solstiefore and after adsorption by
Zn-CP (10 mg). Cationic dyes (up): Malachite Gre&h@), Crystal Violet CV), and Victoria
Blue (VB). Anionic dyes (down): Sunset YellovsY), Aniline Blue AB), and Congo Red

MG

SY AB

13



1 (CR). The initial concentration of the dye solutions gpm) are as followd G 40,CV 10,VB
2 15,SY 50,AB 90,CR 40.

a b
MG =0 min
;; —10 min ;
@
H 2
= =
b e
=] @
2 =
< <
400 500 600 700 400 500 600 700
Wavelength(nm) Wavelength(nm)
c d
. SY ===() min
VB ==( min 2
5 =10 min ) 180 min
& @
<9
g
] ™
£ g
=
2 <
<
400 500 600 700 800 200 400 600
Wavelength(nm) Wavelength(nm)
- ==180 min ;
3 g
& 8
P =
2 2
< =
£ 2
s 2
2 <
=
<«
400 500 600 700 400 500 600 700
3 Wavelength(nm) Wavelength(nm)

4  Figure 7. Absorption spectra of some dyes solutions befatkeadter the addition aZn-CP (10
5 mg). Cationic dyes (left column): (a) Malachite &émeM G), (b) Crystal Violet CV), and (c)

14
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Victoria Blue (VB). Anionic dyes (right column): (d) Sunset Yello®Y(), (¢) Aniline Blue
(AB), and (f) Congo ReddR).

Various factors can play a role in the adsorptioocess, such as the size and shape of the dye
molecules with respect to the porous structurehef ddsorbent, as well as different types of
adsorbent-adsorbate non-covalent interactions. Ayritese, electrostatiorn stacking, C—
H---x, and hydrogen bond can have a significant impadhe adsorption mechanism of organic
dyes by CPs and MOFs adsorbents. The selectiveisoof cationic dyes only on thén-CP
surface indicates that, in this case, electrostatieractions possibly rule the dye adsorption
mechanism. Moreover, the large negative zeta patenteasured forZn-CP (-13.7 mV)
supports the presence of a strong electrostatezaation between th&n-CP surface and the
cationic dye species. The contribution of othertdex can be tentatively ruled out since
preliminary competition experiments, using strualyr different cationic dyes, do not show

significant differences in the adsorption amounts.

Given that Victoria Blue \(B) is adsorbed fast and in larger amount, it has) b#®sen to
perform a detailed adsorption-desorption experisieéhie quantity of the adsorbed organic dye
at the equilibrium was calculated using the follegvequation:

_ V(Cy—C;)

eq m

where Qgq is the adsorption capacity or loading (the amooihtdsorbate taken up by the
adsorbent per unit mass of the adsorbedy)is the initial concentration of the dy€; is the
concentration of the dye at the equilibriuxhjs the volume of the dye solution, andis the

mass of the soaked adsorbent. The calculated asogapacity oZn-CP for VB is 48 mg g

To facilitate mass transfer during the adsorptioscpss and hence enhance the efficiency of dye
adsorption,Zn-CP has been grown on the surface of the 3D porouststie of a melamine-
formaldehyde foamv{de supra). Foam substrates have proved to be excellenfopiad for
surface modification: this approach is simple, edftctive and can be applied to fabricate
various porous structures covered with selected &Rk MOFs, granting an enhanced mass

transfer due to a larger surface area [53].

The obtainedZn-CP@Foam composite was tested in the adsorption of twoooati organic

dyes in agueous solution, namely Victoria BlMBJ and Crystal Violet €V). Results of the
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adsorption experiments are depicted in Figure & ddsorption capacity a&n-CP@Foam for
VB is 102 mg g, more than twice larger than that calculated fostine Zn-CP powder.
Percent adsorption efficiency values measure@ feCP andZn-CP@Foam on the removal of
VB from its aqueous solutions are 47% and 100%, otispéy. The better performances Oif-
CP@Foam cannot be attributed to the foam only since itsoggtion ability have been evaluated
and proven to be negligible. Noticeably, the rdte/B adsorption byZn-CP@Foam is much
higher than that found fa&&n-CP (compare Figure 8a and 8c). The different behavidhe two
materials could be ascribed to the larger exposddce area of the coordination polymer in the

composite.

The adsorbed dye molecules could be also rapiddased in a water/acetic acid solution (1:1)
after stirring the mixture for about 10 min, aneé tiecovered adsorbent material can be reused

with almost the same removal capacity.
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Figure 8. Temporal evolution of UV-Vis absorption spectra (a) adsorption o¥B (100 mL,
25 ppm)by Zn-CP (10 mg), (b) adsorption &V (10 mL, 10 ppm) by n-CP@Foam (24 mg),
and (c) adsorption of B (10 mL, 15 ppm) by n-CP@Foam (24 mg).

4 CONCLUSION

The new 2D coordination polymer [Zn(AIP)(DMS@)EZn-CP), containing 5-aminoisophtalic
acid (HAIP), has been synthetized and characterizedry&at structure has been elucidated by
single-crystal X-ray diffraction, revealing thaighs a new derivative of the [Zn(AIP)(solvent)]
family (solvent = HO, DEF, and DMA). The present findings confirm thigh stability of the
two-dimensional motif Zn(AIP), that can be isolatedder different synthetic conditions and
stabilized by diverse solvent molecules. In additiorystals ofZn-CP have been successfully
grown on the highly porous 3D structure of a meta¥formaldehyde foam (MF) to produce the
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compositeZn-CP@Foam material. Both materials have been proven to setdg adsorb only
cationic dye molecules in aqueous solutions, wétids performances for the porous composite
Zn-CP@Foam. The negatively charged surfaceZof-CP (zeta potential of —13.7 mV) explains
the selective removal of cationic dyes from watehnjle the porous structure of the composite
material, with a larger exposed surface area, allohe removal of large amounts of dyes
followed by an easy separation of the adsorbemh ftioe solution. The composite provides a
high capacity reversible adsorption/desorption benatowards VB with a comparable
performance to other well-known adsorbents sucfiyagsh, activated carbon, MCM-41, ZnO
NPs, zeolites, and MOFs.
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A neutral layered zinc(Il) coordination polymer (Zn-CP) has been synthesized, characterized,
and successfully grown on the surface of the 3D porous structure of melamine-formaldehyde foam
(MF) to fabricate a new porous Zn-CP@Foam composite. Both Zn-CP and Zn-CP@Foam

materials show selective sorption of cationic dyes only, due to the negatively charged surface of the

materials, with faster and larger adsorption capacity for the porous composite.



Highlights:

A new 2D zinc-coordination polymer (Zn-CP) has been successfully prepared and characterized
The compound show selective sorption of cationic dyes
A highly porous composite of melamine-formaldehyde foam and Zn-CP has also been fabricated

The composite has an adsorption capacity more than twice larger than that of pristine Zn-CP
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