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ABSTRACT

A facile one-step anhydride hydrolysis strategy wasonally designed to
synthesize a novel dual-functionalized micropororganic network (MON-4COOH)
with enriched naphthalene and carboxyl groups fitcient removal of cationic dyes.
The pre-designed electrostatic, hydrogen bondirg,and hydrophobic interaction
sites on MON-4COOH led to the complete removal loké¢ typical cationic dyes
methylene blue, malachite green and crystal vi@8t mg L* for each) within 20
seconds and gave their maximum adsorption capscifig564, 3126 and 1114 mg,g
respectively. The adsorption of these cationic dyétted well with
pseudo-second-order kinetic and Langmuir adsorptioodels. The adsorption
kinetics and capacities of these cationic dyes @NMICOOH were much faster and
higher than many other reported adsorbents. Thativety charged MON-4COOH
also gave much faster adsorption kinetic and laagisiorption capacity for cationic
(methylene blue, malachite green and crystal Viotlies than anionic dye. The
excellent flow-through water treatment ability andeusability also made
MON-4COOH highly potential for the remediation dationic dyes polluted water.
This work provided a feasible way to design andtlsgsize of dual-functionalized
MONSs for efficient adsorption and elimination of vionmental pollutants from
water.
Keywords:
Microporous organic network; Dual-functionalizeddgorption; Removal; Cationic

dyes;
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1. Introduction

Water pollution has received increase attention tduihe safety and scarcity of
drinking water [1,2]. According to the World Ban&port, the water-soluble organic
dyes are considered to be the main contributovgater contamination [3]. The abuse
and illegal discharge of organic dyes have causedus environmental pollution and
threat for human beings and aquatic life becauseotganic dyes are usually highly
toxic, mutagenic, carcinogenic and hard to biodegi@-6]. Therefore, development
of efficient and convenient methods for the remavad elimination of organic dyes
from water are of extremely significant for envinoental protection and drinking
water safety [7-9].

The adsorption has been proven to be an attrastigeegy for the elimination of
organic dyes from water because of its high efficie and simplicity [10]. The
adsorbents play the dominant roles either for tlecsivity or for the efficiency
during the adsorption of organic dyes. The ratiafesign and synthesis of efficient
adsorbents to remove organic dyes from water haerbe an emergent and
challenging topic. Until now, porous materials sashcarbon nanotubes [11], layered
double hydroxide [12], yolk-shell magnetic porousgamic nanospheres [13],
lignocellulose gels [14], magnetic grapheme oxiti],[ polydopamine nanoparticles
[16], metal-organic frameworks (MOFs) [17-20], ctard-organic framework [21],
MWCNT/alumina composite [22] and silsesquioxaneeblaBybrid porous polymers
[23-26] have been explored as advanced sorbentfffoient adsorption and removal

of organic dyes. Development of novel adsorbenth l@rge adsorption capacity and
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fast adsorption kinetics is still quite desirabte the removal and elimination of
organic dyes from water.

Microporous organic networks (MONS), constructech ihe Sonogashira
coupling of alkynes and arylhalides, are a recésscof functional porous materials
[27-29]. The good solvent and thermal stabilitiewge surface area, designable
structures and easy loading on other matrix madé&M@otential in diverse areas and
as advanced adsorbents for the efficient adsorptiod removal of hazardous
pollutants from water [30-34]. Aromatic benzeneggrand ionic functional groups are
usually included in organic dyes’ structures [4-Bhe n-n, hydrophobic, hydrogen
bonding, metal coordination and electrostatic extgons are the possible adsorption
mechanisms for the adsorption and removal of omalyes from water [12-26].
Taking some of these factors into account when gdésj or modifying the
adsorbents would largely improve their removalogfincy for organic dyes.

MONs with conjugate networks may possess good Ipydrbic and n-n
interactions for organic dyes [35]. Incorporationhgdrogen bonding sites or ionic
function groups within MONSs’ networks would be aas$éle way to improve their
removal efficiency for organic dyes or hazardoukupants [36-38]. For example, Liu
et al reported the post-synthesis of a pyrimidine medifMONs for improving the
adsorption efficiency of anionic dyes from wate6][30ur group also showed the
fabrication of hydroxyl and amino functionalized M© for enhancing their removal
efficiency for tetrabromobisphenol A [37,38]. Tharlsoxyl groups were served as

prior binding sites or groups to cationic dyes P09, The carboxyl-containing porous
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materials such as MOFs and resins have been egdtaré¢he efficient adsorption and
removal of cationic dyes [19,20,39]. Thereforeraduction of carboxyl groups along
with hydrophobic sites into MONSs’ networks may lalyg enhance their adsorption
kinetic and removal efficiency for cationic orgardges. However, the synthesis of
carboxyl enriched MONSs for cationic dyes removat hat been reported so far, not
to mention the fabrication and application of diwaletionalized MONs for cationic
dyes. Anhydride hydrolysis is a typical and commyamded reaction to prepare target
acid or carboxyl functionalized materials.

Herein, we report the facile synthesis of a novehldunctionalized MON
(MON-4COOH) for efficient removal of cationic dydsom water (Fig. 1). The
naphthalene-contained and carboxyl-enriched MON-@8Qvas easily synthesized
using 2,6-dibromonaphthalene-1,4,5,8-tetracarboxdianhydride (DBTD) as the
starting monomer. The anhydride groups within thBTD can be hydrolyzed to
provide multi-carboxyl groups within MON-4COOH umd¢he basic synthesis
condition to enhance the adsorption kinetics anabxral efficiency for cationic dyes
via electrostatic attraction and hydrogen bondimgeraction. In addition, the
naphthylene groups on networks can further enhaheern-n and hydrophobic
interactions of MON-4COOH to the aromatic organigesl Based on the above
predesigned interaction sites within the networtee MON-4COOH gave fast
adsorption kinetics and large adsorption capacifiesthree model cationic dyes
methylene blue (MB), malachite green (MG) and @alysiolet (CV), underling the

great potential of MON-4COOH for the removal oficaic dyes and environmental
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pollutants from water.
2. Materials and methods
2.1. Chemicals and reagents

All chemicals and reagents used were at least odlyacal grade.
Bis(triphenylphosphine) palladium dichloride (Pdii@pCl,, 98%), DBTD (98%) and
2,6-dibromonaphthalene (98%) were obtained from TG, Ltd. (Shanghai, China).
Tetrakis(4-ethynylphenyl)methane (97%) was boughmomf Tongchuangyuan
Pharmaceutical Technology Co. (Chengdu, China).p€qp iodide (Cul, 99.5%)
was supplied by Aladdin Chemistry Co., Ltd. (Shaaig&hina). Methylene blue (MB,
80%), malachite green (MG, 98%), crystal violet (®@8%), acid brown 75 (AB75,
98%), alizarin red (AR, 85%) and methyl orange (MB%) were purchased from
Heowns Biochemical Technology Co., Ltd. (Tianjinhiga). HCI @, 36%), NaOH
(98%), NaCl (95%) and toluene (98%) were obtaimethfGuangfu Co., Ltd. (Tianijin,
China). The ultrapure water was bought from Wahabads Co., Ltd. (Hangzhou,
China). Ethanol (99.7%), methanol (99.9%), acetd@ii{99.7%), dichloromethane
(99.5%), and triethylamine (99.5%) were purchasethfConcord Co., Ltd. (Tianjin,
China).
2.2. One-step preparation of MON-4COOH

Typically, Cul (8.8 mg), Pd(PppCl, (33.6 mg), toluene (30 mL) and
triethylamine (30 mL) were placed in a 100 mL flagkfter dissolving under
ultrasonicating, DBTD (409 mg, 0.96 mmol) and tes&l-ethynylphenyl)methane

(200 mg, 0.48 mmol) were added. The suspension magnetic stirred at room



127 temperature for 4 h to synthesize MON-4COOH. Thée gaown powder was
128 collected under centrifugation (8000 rpm, 5 minheTcollected precipitate was
129 thoroughly washed with dichloromethane and ethamaolkl dried under vacuum
130 overnight. The MON-NAP (a control MON without diaydride groups) was
131 prepared under the same procedures by using Z6radnaphthalene (275 mg, 0.96
132 mmol) as the monomer. The MON, MON-COOH, and MON=ZIH were
133 synthesized according to our reported methods 735,3

134  2.3. Characterization of MON-4COOH

135 The synthesized MON-4COOH was characterized wigmehtal analysis, solid
136 '°C nuclear magnetic resonancEC( NMR), thermogravimetric analysis (TGA),
137  fourier transform infrared (FT-IR), Raman spectaps¢ N, adsorption-desorption
138 experiments, field emission scanning electron nsicope (FE-SEM), water contact
139 angle and Zeta potential evaluations. Elementalyaisawas measured on vario EL
140 CUBE analyzer (Elementar, Germany). The sdf@-NMR data were measured on
141 Infinityplus 300 (VARIAN, USA). The Raman spectrumas collected on laser
142  confocal Raman spectrometer (InVia Reflex, UK). TI@A curve was recorded on
143 PTC-10A analyzer (Rigaku, Japan). The FT-IR dataeweecorded on Nicolet
144  AVATAR-360 (Nicolet, USA). N adsorption-desorption isotherms were recorded on
145 ASAP 2010 micropore physisorption analyzer (Microites, Nor-cross, GA, USA).
146 The FE-SEM images were measured on Apreo LoVac, (EEdch). The water contact
147  angle was tested on OCA150pro (Beijing, China). Zb& potentials were performed

148 on a Zetasizer Nano-ZS (Malvern, U.K.). The UV dpeevere recorded on UV-3600



149 spectrophotometer (SHIMADZU, Japan). The X-ray pletdctron spectroscopy
150 (XPS) was measured on Axis Ultra DLD (Kratos, Brija
151  2.4. Adsorption experiments
152 The stock solution of three cationic dyes MB, M@daCV (10000 mg L for
153 each), and an anionic dye MO (2000 mg) lwere prepared by dissolving proper
154 amount of dyes with ultrapure water. The stock smuwas stepwise diluted with
155 ultrapure water to prepare the working solutioeach dye.
156 The adsorption kinetics of four dyes on MON-4COOHrev evaluated by
157 dispersing 10 mg of MON-4COOH in 20 mL of targetedgolution (initial
158  concentrations of 25, 50 or 100 mg)Lunder vortex shaking. After adsorption for a
159 pre-determined time (0-5 min for MG, MB and CV, &®d20 min for MO) at room
160 temperature, 1 mL of each solution was collectelieréd with 0.22um filter
161 membrane, and measured with UV. Based on the ctratiens of target dye before
162 and after adsorption, the adsorption capacityrig g*) at timet (s or min) can be
163 calculated for the kinetics studiyased on the pseudo-second-order kinetic model (1)
164 [35]:

t 1 1

—= +—t 1
qc k292 qe D

165 wherek, (g mg* min™) is the pseudo-second-order rate cons@gnimg g') is the

166 adsorption capacity at equilibrium.
167 The adsorption isotherms were studied at the temtyer range of 25-5%C. Ten
168 microgram of MON-4COOH was dispersed with 20 mLtloé target dye solution.

169 After maintaining at the specified temperatureZdr, the suspention was filtered with
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0.22um filter membrane and determined by UV. The Langradsorption model was

fitted according to equation (2) [37]:
e 1 Ce

de b Qo

whereCe (mg L?) is the equilibrium concentration of target dgg.(mg g%) is the

(2)

maximum adsorption capacity. The (L mg?) is a constant of the Langmuir
adsorption model.

Ten microgram of MON-4COOH was mixed with 20 mL a@ye solution at
diverse pH (3.0-10.0) or NaCl concentrations (®58g LY). After contacting for 2 h,
the suspention was filtered and then measured WAthto explore their effects on
adsorption.

2.5. Dye polluted water sample treatment

The solid phase extraction columns were fabicatedgtudy practical use of
MON-4COOH for dye polluted water samples. BrieB® mg of MON-4COOH was
loaded in a 3 mL empty solid phase extraction colithermo Scientific, USA) with
both frits fixed. The dye polluted water sample (2§ L) was then separately
passed through the column at a flow rate of 2.0mirt* with the aid of a FIA-3100
flow injection analyzer (Beijing, China). The fitie was then collected for UV
analysis.

3. Resultsand discussion
3.1. Characterization
The elemental analysis, solfdC NMR, TGA, FT-IR, Ramarspectrum, M

adsorption-desorption experiments, FE-SEM, Zetami@l and water contact angle
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evaluations were used to characterize the obtd@M-4COOH (Fig. 2; Fig. S1-S2
and Table S1). The chemical shifts of sdfi@d NMR at 120-150, and 60-95 ppm were
ascribed to the signals of benzyl carbon, arometig and internal alkyne on
MON-4COOH, respectively (Fig. 2a) [35]. The chenhishift at 150-170 ppm was
assigned to the characteristic peak of carboxyugso The FT-IR data revealed the
typical -OH and C=0O peaks for carboxyl groups abuab3400 and 1700 ch
respectively (Fig. 2b) [40]. The characteristicesthing vibration of -€EC-H and
-C=C- were located at 3200 and 2250 ¢respectively. The FT-IR peaks at 1500 and
800 cm'® were assigned to the stretching and bending Visratf aromatic rings on
MON-4COOH. In addition, the peak at 3010 trwas ascribed to the stretching
vibration of C-H of aromatic rings. Raman spectraso showed the typical
characteristic peaks of -OH (3400 YnC=0 (1440 cnt), C=C (2450 cnt) and C=C
(1525 cnt) for MON-4COOH [41] (Fig. S2). The elemental arsi$yrevealed the O
content of MON-4COOH was much higher than that oDMNANAP without
dianhydride groups (Fig. S3-S4; Table S1). Thesali® showed the successful
synthesis of carboxyl-enriched MON-4COOH. The, Mdsorption-desorption
isotherms showed the Brunauer-Emmett-Teller (BETWrfage area of the
MON-4COOH was 847 g™ (Fig. 2c). The pore size of MON-4COOH was about
1.4 nm (Fig. S5). The TGA curve showed that the MBDOOH was stable up to 320
°C (Fig. 2d). The FE-SEM image revealed the sphkricsorphology of
MON-4COOH with the size of about 400 nm (Fig. ZE)e MON-4COOH gave the

water contact angle of 7§Fig. 2f), which was much lower than that of MOMR

10
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(145, Fig. S4d), revealing the introduction of carboxgroups onto MON-NAP’
networks can largely improve its hydrophilicity. @HEeta potential of MON-4COOH
was -55.1 mV at pH=7, which was much lower than tidVlON-NAP (-3.8 mV, Fig.
S1). All these results revealed the facile andifdasnhydride hydrolysis strategy to
synthesize carboxyl-enriched MON-4COOH. As all ttoair alkynyl groups on
tetrakis(4-ethynylphenyl)methane can possibly ceuplthe Br atoms on DBTD via
different coupling types (linear-substituteattho-substituted or quater-substituted),
the exact chemical structure of the obtained proadannot be confirmed at the
present stage. However, considering the charaatene results and the steric
hindrance effects, we assumed that the obtained MOSOH was probably the
mixture of linear-andortho-substituted polymers.
3.2. Adsorption kinetics

Three initial concentrations (25, 50 and 100 nT{y were selected to evaluate the
adsorption kinetics of three typical cationic dy¥&, MB and CV on MON-4COOH
(Fig. 3; Fig. S6-S10). The MON-4COOH showed fassaagtion kinetics for the
studied cationic dyes. When the initial concenoratbf each dye was 25 mg'Lthe
completely adsorption and removal were achievetiwitO seconds for MG and CV,
as well as 20 seconds for MB (Fig. 3a-c). In additieven at a high concentration of
100 mg L*, the adsorption equilibrium for all the studiedicaic dyes was achieved
and all the cationic dyes were fully removed witldnmin (Fig. 4; Fig. S6-S8),
revealing the fast adsorption kinetics of MON-4COQ@ét cationic dyes. The
adsorption capacity of these cationic dyes incrkasden their concentration

11
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increased (Table 1), indicating the adsorption ipigdsites on MON-4COOH was
sufficient for these cationic dyes and did not heatie saturation at these
concentrations range [38]. The adsorption kinetitghe studied cationic dyes on
MON-4COOH were faster than the previous reportedsoduents such as
metal-organic frameworks, metallic oxides and carb@notubeset al [17-20],
revealing the promise of MON-4COOH for fast remowfkationic dyes from water
samples.

To show the selectivity of the designed MON-4COQ# €ationic dyes, an
anionic dye methyl orange (MO) was chose for coispar(Fig. 3d). MON-4COOH
showed much slower kinetic for the adsorption abaic dye MO (Fig. 3d; Fig. S9)
than cationic dyes MG, MB and CV, 3 min were neetie@chieve the adsorption
equilibrium for MO at 25 mg t. However, when the initial concentration of MO was
100 mg L%, an adsorption capacity of 155.5 m( was obtained on MON-4COOH
(Fig. 4d), which also suggested the capability @N44COOH for the adsorption and
elimination of anionic dye. The adsorption of theidsed four organic dyes on
MON-4COOH all fitted well with the pseudo-secondter kinetic model (Table 1;
Table S2, Fig. S10).

3.3. Adsorption isotherms

Four temperatures at 25-86 were selected to study the adsorption isothefms o
these four organic dyes on MON-4COOH (Fig. 5). Bldsorption capacity for MB,
MG and CV was constantly increased as the init@micentration and temperature
increased, revealing higher concentration was fblerfor their adsorption and the

12
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adsorption process of these cationic dyes on MOR@8 was endothermic [35].
The adsorption of these cationic dyes on MON-4COfohbwed well with the
Langmuir adsorption model, suggesting the monolaggsorption procedure of
MON-4COOH for cationic dyes (Fig. S11) [37]. Thexmaum adsorption capacity
for MG, MB and CV was calculated to be 3126, 2564 4114 mg 9, respectively
(Tables S3-5), which was much higher than many roteported adsorbents like
ZIF-8, metallic oxides and carbon nanotubes (Tal§6s8) and comparable to the
maximum adsorption record of polydopamine nanoglagi(2896 mg ¢ for MB) [16]
and ZIF-8@GO (3300 mg gfor MG) [17]. The maximum adsorption capacity of
MON-4COOH for MG, MB and CV followed the order of 1> MB > CV. The
molecular size of MG, MB and CV were 1.38 x 0.99.42, 1.26 x 0.77 x 0.65 and
1.41 x 1.21 x 0.18 nm, respectively [24,26,42]. MiEh larger molecular size than
MB was preferred to adsorb on MON-4COOH. The rasoiay be ascribed to the
unique micropores of MON-4COOH atl.4 nm, larger MG could enter and bind
closer to the micropores, while smaller MB couldeerand easily leave the pores.
This phenomenon was also observed on previous tegb@ilsesquioxane-based
hybrid porous polymers [24,26]. However, CV witretlarger or critical molecular
size than that of MON-4COOH was unfavorable to emt® the micropores, leading
to the lowest adsorption capacity among these tlus@nic dyes. In contrast,
MON-4COOH only gave a maximum adsorption capadit¢&b mg g for ionic dye
MO (Table S9), which was lower than the cationieslyshowing the good selectivity
of MON-4COOH for cationic dyes. The adsorption capeof MO on MON-4COOH

13
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was much lower than other adsorbents such as N&/S®S and FH-CoAl (Table
S10). In addition, the adsorption process of MOMEDN-4COOH was exothermic.
3.4. pH and ionic strength effects

The MON-4COOH also gave good adsorption stabildy the studied organic
dyes in the pH range of 3-10 and the NaCl concgatrebelow 50 mg L[* (Fig.
S12-S13). The results showed that small amounta@Ht or HCI gave little effect on
the adsorption capacity of these organic dyes oiNMI@OOH in this study. The MG,
MB and CV mainly existed as undissociated or pesiyi charged form at neutral or
weakly basic conditions (Fig. S14), which were jdadgsfor the formation of
hydrogen bonding interaction or electrostatic attca between cationic dyes and
anionic MON-4COOH (Fig. S1). In contrast, the MOsted as negative charged at
pH 4-10 (Fig. S14). The electrostatic repulsionwasin negatively charged MO and
MON-4COOH should be a reason for the lower adsonptapacity of MON-4COOH
for MO than the studied cationic dyes. The constgorption of these dyes on
MON-4COOH also revealed hydrogen bonding interactio electrostatic attraction
was not the sole adsorption mechanism on MON-4COOH.
3.5. Flow-through water treatment, desorption, and reusability

The fast kinetic, large adsorption capacity anddgadsorption stability prompt
us to evaluate the flow-through water treatmentitgbof MON-4COOH for these
four organic dye solutions (Fig. 6). A50 mg dosag®ON-4COOH was loaded in a
solid phase extraction column. The organic dyet&miu(25 mg L) was continuously
passed through the MON-4COOH column at a flow cdt&.0 mL min* via a flow

14
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injection pump. MON-4COOH gave good flow-throughteratreatment ability for

MG (Fig. 6). The concentration of MG in the eluatas very low even after treating
900 mL of MG (Fig. S15), underling the potentialMON-4COOH for the treatment
of MG polluted water. The flow-through water treaim volumes of MON-4COOH

for MB, CV and MO were 500, 300 and 100 mL, respety.

The acetonitrile gave good desorption performancefG from MON-4COOH
(Fig. S16a). Most adsorbed MG was desorbed aftexethiesorption cycles (Fig.
S16b). There was no obvious decrease of the adsmorgapacity for MG on
regenerated MON-4COOH even after five reuse cy@lgs S17), indicating the good
reusability of MON-4COOH for the studied organicedyAs there are many
conjugated aromatic benzene rings in MG structiime,organic solvent acetonitrile
gave good desorption performance for MG from MON2IH. The good desorption
of MG from MIL-100(Fe), PVP@CNTs-GO and MOF-hybrid composite was also
achieved with acetonitrile and other organic salsesuch as methanol and ethanol
[10,17,43]. In addition, the regenerated MON-4COQitesented the similar
morphology, ®°C NMR, BET surface area, and water contact angleheo fresh
MON-4COOH (Fig. S18), suggesting MON-4COOH possegg®od stability during
adsorption.

3.6. Adsorption mechanisms

The possible adsorption mechanisms of MON-4COOHytlese organic dyes

were firstly elucidated by comparing the adsorptapacity of these dyes on MON,

MON-COOH, MON-2COOH and MON-NAP (Fig. 7). The MON ithout

15
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344

naphthalene and carboxyl groups showed lower atisnrpapacity than other four
adsorbents for the studied dyes, suggesting thedtey of naphthalene and carboxyl
groups during the dye adsorption in this study. Ewsv, the MON still gave the
adsorption capacity of 292, 661, 406, and 177 mdoy MB, MG, CV and MO,
respectively, showing the important roles of hydapic andr-n interaction between
aromatic MON and organic dyes. The MON-NAP with Imdwalene groups gave
higher adsorption capacity than MON, further rewgplthe enhancedi-r and
hydrophobic interactions of MON-NAP for organic dyeThe MON-COOH and
MON-2COOH with carboxyl groups gave higher adsamptcapacity than MON,
confirming the significant roles of electrostatittraction or hydrogen bonding
interaction resulted from the carboxyl groups dgrithe adsorption process. In
addition, MON-4COOH with both naphthalene and caybgroups gave the largest
adsorption capacities than other four adsorbentsjimy the key roles of electrostatic
attraction, hydrophobic andt-n interactions resulted from the incorporated
naphthalene and carboxyl groups for the rapid gdieor and efficient removal of
organic dyes from water. The much higher adsorptiapacity of MON-4COOH for
MG than MB and CV resulted from the differencescafionic dyes’ molecular sizes
[26] and the better adsorption of MON-4COOH for Miéan MB and CV at a high
initial concentration of 2 mg mt.

The hypothesis of electrostatic attraction betwd&DN-4COOH and cationic
dyes was elucidated in section 3.4. To further abvibe better selectivity of
MON-4COOH for cationic dyes than anionic dyes, #usorption of additional two
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anionic dyes AB75 and AR on MON-4COOH was compafedy. S19). The

adsorption capacity of cationic dyes (MB, MG and)@%s quite higher than anionic
dyes (MO, AR and AB75) on MON-4COOH, highlightinget good selectivity of

MON-4COOH for cationic dyes.

The MON-4COOH before and after MG adsorption washir studied by XPS
experiments to elucidate the possible binding stesMON-4COOH during the
adsorption (Fig. 8). The Ols peaks at 529.405 &1d0B7 eV were assigned to the
C=0 and -OH groups on MON-4COOH, confirming the cassful hydrolysis of
DBTD to form -COOH groups on MON-4COOH [44-48]. BeeO1ls peaks were
shifted to 529.392 and 530.912 eV after the adswrpof MG, respectively,
suggesting the proper interaction sites of -COOéligs to MG [44]. The Cls peaks
at 288.762, 285.584 and 284.599 eV were assigndtetaC signals of O=C-OH,
aromatic and benzene groups on MON-4COOH, respgtjt0,37,48]. The shifting
of O=C-OH from 288.762 to 288.540 eV after MG agsion also suggested the
electrostatic attraction of MON-4COOH and MG [4H#].addition, the aromatic and
benzene Cls peaks at 284.599 and 285.584 eV werednto 284.578 and 285.397
eV after the adsorption of MG, respectively, shayihe proper-n or hydrophobic
interaction between aromatic MON-4COOH and MG [I(,3hese results suggested
the important roles of electrostatic attraction,dimphobic andzn-n interaction
between cationic dyes and MON-4COOH in the adsongtrocess.

4. Conclusions

In summary, we have reported a convenient andefamiihydride hydrolysis
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387

strategy to synthesize a novel dual-functionaliZd@®N-4COOH with enriched
naphthalene and carboxyl groups for efficient reahaf cationic dyes from water.
The multiple and abundant interaction sites withi®@N-4COOH’s networks led to
the fast kinetic and remarkable adsorption capafuty cationic dyes. The good
flow-through water treatment ability also made M@RNOOH highly potential for the
remediation of cationic dyes polluted water. Thisrkvprovides a feasible way to
design and synthesize functionalized MONs for &ffic removal and elimination of
environmental pollutants.
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Figure Captions

Fig. 1. Schematic illustration for the synthesis of MON@GH and its possible
adsorption mechanisms for MG.

Fig. 2. (a) Solid**C NMR spectrum, (b) FT-IR spectra, (c} Bidsorption-desorption
isotherms, (d) TGA curve, (e) FE-SEM image andw#@ter contact angle of the
synthesized MON-4COOH.

Fig. 3. UV spectra of (a) MG, (b) MB, (c) CV and (d) MOrfdifferent contact time
on MON-4COOH. The insets show the filtrates of edgh (25 mg [!) before and
after adsorption on MON-4COOH.

Fig. 4. Time-dependent adsorption of (a) MG, (b) MB, (c) @vd (d) MO on
MON-4COOH at dilerent initial concentrations.

Fig. 5. Adsorption isotherms of (a) MG, (b) MB, (¢c) CV and) MO on
MON-4COOH at dilerent temperatures.

Fig. 6. Flow-through water treatment pictures of MON-4CO®HMG (25 mg ).
Fig. 7. Comparison of the adsorption capacity on diver§gNvsorbents.

Fig. 8. The XPS spectra of MON-4COOH before (a, b) ancraftc, d) MG

adsorption.
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Table 1 Pseudo-second-order kinetic parameters for the adsorption of MG, MB and CV on

MON-4COOH.
Parameters
Dyes Co (mg L™
Ko(@mg's™)  Qecar (MIGY)  Geewp (MY Q™) R?

25 - 50.0 50.0 0.999
MG 50 9.8 x 107 101.4 100.0 0.999
100 8.3x 10 203.4 200.0 0.998
25 4.0 x 107 50.2 50.0 0.999
MB 50 1.8 x 10 100.4 100.0 0.999
100 1.2x10° 203.6 200.0 0.999
25 - 50.0 50.0 0.999
Ccv 50 3.2 x 107 100.2 100.0 0.999

100 3.2x10* 204.3 200.0 0.998
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Highlights
® MON-4COOH was facile synthesized for efficient removal of cationic dyes.

® Completely adsorption of cationic dyes (25 mg L™) was achieved within 20 seconds.

® MON-4COOH gave O Of 3126, 2564 and 1114 mg g™* for MG, MB and CV, respectively.
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