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Abstract A new non-interpenetrating 2D Cu(II)-metal organic framework has been
successfully synthesized from the carbazole-bridging organic ligand L and Cu(NOs3),
in solution. The CuL>(NOs), framework contains square-like channels and the n-butyl
groups on L face toward the channel center to from the typical hydrophobic pores. In
addition, the reported Cul,(NOj3), host can reversibly upload various VOCs such as
CH,Cl,, CHCI; and BTEX (benzene, toluene, ethylbenzene, o-xylene, m-xylene, and
p-xylene) under ambient conditions without loss of framework integrity. Furthermore,
it is able to effectively separate CH,Cl, from CHCI;, benzene from
toluene/ethylbenzene/xylene and toluene from ethylbenzene/xylene in liquid phase.
The selectivity for chlorocarbons is derived from the substrate polarity, while the

host-guest hydrophobic interaction might be the dominating factor for BTEX affinity.
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Introduction

Chlorocarbons (CH,Cl,, CHCI3 and CCls) and BTEX (benzene, toluene, ethylbenzene
and xylene) are very important materials in organic industrial chemistry. Recent study
indicates that these high volatile organic compounds (VOCs) are of great social and
environmental significance.'” For example, halocarbons can cause chemical and
radiative change in the atmosphere. On the other hand, BTEX are widely used in the
manufacture of paints, agricultural chemicals, artificial rubber and chemical
intermediates, which results in the BTEX species widely existing in water, air, soil
and sediments. These compounds, however, often coexist with their aliphatic or
aromatic analogues, and some of them have very similar boiling points. So the
enrichment and separation of these organic species is high value,’ although it is a

technical challenge.

Metal-organic frameworks (MOFs),® as an emerging class of hybrid porous
materials, exhibit a promising application for molecular adsorption and separation.’ In
principle, suitable MOFs with well-defined inner pores and desired functionalized
microenvironment could be obtained by subtly designed organic ligands and metal
ions, for example hydrophobic or hydrophilic pores. Additionally, adsorption
separation based on MOF adsorbents might be a more energy efficient approach than
that of distillation, so the development of new types of MOF adsorbents is very
significant. Up to date, a series of novel MOFs which are able to effectively adsorb

and separate these VOCs have been synthesized,® the new porous MOFs, however,
2
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must be synthesized and the reaction chemistry leading to them investigated to
generate a sufficiently large database from which MOFs for real practical separation

materials can be deduced.

In this contribution, we report a new porous Cu(Il)-MOF which is generated from a
carbazole-bridged n-butyl-attached organic ligand (L) and Cu(NOs),. Furthermore, it
is able to reversibly absorb and effectively separate CH,Cl,/CHCIl3/CCly and BTEX

under ambient conditions.

Experimental Section
Chemicals and Instruments

All the chemicals were obtained from commercial sources and used without further
purification. Infrared (IR) spectrums were obtained in the 400-4000 cm™ range using
a Bruker ALPHA FT-IR Spectrometer. Elemental analyses were performed on a
Perkin-Elmer model 2400 analyzer. '"H NMR data were collected on an AM-300 and
Varian Advance 600 spectrometer. Chemical shifts are reported in ¢ relative to TMS.
All crystal data were obtained by Agilent SuperNova X-Ray single crystal
diffractometer. GC-MS analysis data were performed on a J&K S011525-300 gas
chromatographic (Agilent 6890GC-5973MS). The separation data were obtained by
Agilent 1260 Infinity HPLC system equipped with an Agilent C18 reverse phase
column (150 x 4.6 mm, 5 um). Thermogravimetric analyses were carried out on a TA

Instrument Q5 simultaneous TGA under flowing nitrogen at a heating rate of
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10°C/min. XRPD patterns was obtained on Dg Advance X-ray powder diffractometer

with Cu Ka radiation (A = 1.5405 A).

Synthesis of 2, 7-dibromo-N-butylcarbazole. n-Butyl bromide (4.01 g, 35 mmol)
was added dropwise to the DMF solution of 2,7-Dibromocarbazole (9.75 g, 30 mmol)
and NaH (60%, 1.60 g, 40 mmol). The mixture was stirred at room temperature for 10
h. After addition of water (300 mL), the obtained white precipitate was purified by
column on silica gel using hexane/methylene chloride (4:1 v/v) as the eluent to afford
the product as a white crystalline solid. Yield, 10.50 g, 92 %. IR (KBr pellet cm™):
2924.49(ms), 2863.60(w), 1578.89(ms), 1481.54(ms), 1420.70(s), 1369.53(w),
1049.83(ms), 992.53(w), 891.31(ms), 731.58(s), 659.36(w), 551.91(w). 'H NMR
(300MHz, DMSO, 25°C, TMS): 8.09-8.12 (d, J = 8.3Hz, 2H, -C¢H3Br), 7.88 (s, 2H,
-C¢H3Br), 7.33-7.36 (d, J = 8.3Hz, 2H, -C¢H3Br), 4.36-4.40 (t, J = 7.0Hz, 2H, -C4Hy),
1.66-1.71 (m, J = 30.0Hz, 2H, -C4Hy), 1.22-1.32 (m, J = 14.8Hz, 2H, -C4Hy),
0.84-0.89 (t, /= 7.3Hz, 3H, -C4Hy). Elemental Analysis (%) Calcd. for C,;cH;sNBr,: C

50.39, H 3.94, N 3.67 %. Found: C 50.80, H 4.03, N 3.72%.

Synthesis of L. A mixture of 2, 7-dibromo-N-butylcarbazole (3.81 g, 10 mmol), 1, 2,
4-triazole (1.93 g, 28 mmol), Cul (0.77 g, 4 mmol) and Cs,CO; (13.00 g, 40 mmol) in
DMF (20 mL) was heated at 110°C for 36 h. After addition of water, the obtained
white precipitate was purified by column on silica gel using methylene
chloride/EtOAc (1:1 v/v) as the eluent to afford the product as a white crystalline

solid. Yield, 2.1 g, 60 %. IR (KBr pellet em™): 3105.89(w), 2961.61(w), 2926.21(w),
4
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1602.34(ms), 1505.41(s), 1406.67(vs), 1402.51(w), 1355.00(ms), 1329.38(ms),
1276.25(s), 1215.01(vs), 1048.13(ms), 996.45(s), 951.20(ms), 795.23(vs), 748.68(w),
669.32(vs), 441.33(w). '"H NMR (300 MHz, DMSO, 25C, TMS): 9.41 (s, 2H,
-C,N3H,), 8.35-8.38 (d, J = 6.0 Hz, 2H, -C¢H3), 8.28 (s, 2H, -C,N3H,), 8.28 (s, 2H,
-C¢H3), 7.73-7.76 (d, J = 8.4 Hz, 2H, -C¢Hs), 4.44-4.51 (t, J = 6.1 Hz, 2H, -C4Hy),
1.79-1.83 (m, J = 27.0 Hz, 2H, -C4Hy), 1.34-1.36 (m, J = 7.7 Hz, 2H, -C4Hy),
0.87-0.92 (t, J = 7.1 Hz, 3H, -C4Hy). Elemental Analysis (%) Calcd. for C;0H;9N7: C

67.22, H 5.32, N 27.45 %. Found: C 67.00, H 5.45, N 27.55 %.

Synthesis of 1. A solution of Cu(NOs); (8.0 mg, 0.04 mmol) in MeOH (8 mL) was
carefully layered on a solution of L. (10.7 mg, 0.03 mmol) in CH,Cl, (8 mL). The
solution was left for about 3 days at room temperature, and green-blue crystals of 1
([CuLy(NO;3),]-1.75CH,Cl,-CH30H) were obtained. Yield: 63 % (based on L). IR
(KBr pellet, cm™): 3108.93(w), 2927.86(w), 2866.92(w), 1603.19(ms), 1517.44(s),
1464.48(s), 1401.63(w), 1274.80(vs), 1212.59(ms), 1136.60(ms), 1140.71(w),
991.77(s), 895.33(ms), 797.52(s), 730.57(w), 688.46(s), 624.45(w). 'HNMR (600
MHz, DMSO, 25°C, TMS): 10.48 (s, 2H, -triazole), 9.00 (s, 2H, -triazole), 8.37-8.38
(d, J =24.0 Hz, 2H, -C¢Hs), 8.16-8.17 (d, 36.0 Hz, 2H, -C¢H3), 7.78 (s, 2H, -C¢H3),
4.50-4.51 (t, J = 18.0 Hz, 2H, -C4Hy), 1.80-1.81 (m, 2H, -C4Hy), 1.35-1.36 (m, 2H,
-C4Hy), 0.89-0.91 (t, J = 6.0 Hz, 3H, -C4Hy), 5.76 (s, CH,Cly), 3.16 (s, CH3;0H). The
encapsulated guest molecules are not very stable in the pores and can gradually

escape from the pores at ambient temperature, so the elemental analysis was
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performed on the completely desolvated sample Cul,;(NO;3);. Anal. calcd for

C4oH33CuN;606: C 53.24, H 4.20, N 24.84 %. Found: C 53.81, H4.51, N 24.16 %.

X-ray Crystallography. The X-ray diffraction data for single crystal of 1 was
measured at 173 K on an Agilent Technologies Super Nova Single Crystal
Diffractometer with graphite-monochromatic Mo Ka radiation (4 = 0.71073 A).
Corrections for incident and diffracted beam absorption effects were applied using
CrysAlisPro.” None of the crystals showed evidence of crystal decay during data
collection. The structures were solved by direct methods using SHELXS program and
refined by full matrix least-squares on F? including all reflections (SHELXL97).® The
crystal data, refinement parameters and bond lengths and angles are summarized in

Tables 1 - 2.

Table 1. Crystal data and structural refinement parameters for 1.

Empirical formula Cy2.75H4650Cla 50CuN1607.50 (1)
Formula weight 1092.07
Crystal system Monoclinic

a (A) 16.527(11)

b (A 20.962(14)

c (A 16.969(12)

a (°) 90

B 106.983(10)

7 © 90

Vo(AY 5622(7)
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Space group P2(1)/c
Z value 4
pcalc. (g/em’) 1.290
1 (Mo Ka)(mm'™") 0.614
Temp(K) 173(2)
F(000) 2254
GOF 1.069
Data / restraints / parameters 9945 /72 /743
Reflections collected / unique 27725 /9945 [R(int) = 0.0794]
Final R indices [[>2sigma(])]: R, R,, 0.0932, 0.2646

“RI=X|F|-|Fl/ X |F,). wR2={X[w(F,]-F/Z [wFN}"?

Table 2. Interatomic distances (A) and bond angles (°) with esds () for 1.

Cu(1)-N(1) 1.995(4) Cu(1)-N(13)#1 2.011(4)
Cu(1)-N(8) 2.039(5) Cu(1)-N(7)#2 2.050(5)
Cu(1)-0(2) 2.265(8)

N(1)-Cu(1)-N(13)#1 174.6(2) N(1)-Cu(1)-N(8) 91.3(2)
N(13)#1-Cu(1)-N(8) 89.4(2) N(1)-Cu(1)-N(7)#2  90.71(19)
N(13)#1-Cu(1)-N(7)#2 87.09(19)  N(8)-Cu()-N(T)#2  163.6(2)
N(1)-Cu(1)-0(2) 96.3(3) N(13)#1-Cu(1)-0(2)  88.4(3)
N(8)-Cu(1)-0(2) 109.7(3) N(7#2-Cu(1)-02)  862(3)

Symmetry transformations used to generate equivalent atoms: #1 -x+1,y-1/2,-z+3/2
#2 -x,y-1/2,-z+5/2 #3 -x,y+1/2,-z+5/2 #4 -x+1,y+1/2,-z+3/2

Results and discussion

Synthesis and structural analysis
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Scheme 1. Synthesis of L.

The n-butyl-attached ligand of L was simply prepared by the combination of 2,
7-dibromo-N-butylcarbazole and 1, 2, 4-triazole in DMF at 110°C in the presence of
Cul/CsCOj in good yield. Reaction of L with Cu(NOs), in a CH,Cl,/MeOH mixed
solvent system to generate blue crystals of 1 ([Cul,(NO3),]-1.75CH,Cl,-CH;0H) in
63 % yield. The formula of 1 was established based on single-crystal X-ray diffraction
study and thermal gravimetric analysis (TGA, Supporting Information). The XRPD
pattern of 1 indicates that the compound was obtained in pure phase (Supporting

Information).
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d)

90 80 70 6.0 50 40 30 20 1.0 00
ppm

Figure 1. a) Cu(Il)-coordination environment in 1 (single-crystal analysis indicated
that the coordinated nitrate is disordered, and only major disorder components are
shown) b) 2D layer stack together in an -ABAB- fashion. The different net are shown
in different color for clarity. ¢) The crystal packing of 1. The disordered encapsulated
guest molecules are shown as space-filling model. d) '"H NMR spectrum of 1. The
CH,Cl, and MeOH signals are marked for clarity. The photograph of sample 1 was
inserted.

X-ray single-crystal analysis revealed that compound 1 crystallizes in the
monoclinic space group P2(1)/c (Table 1). As shown in Figure 1, each Cu(Il) node
lies in a distorted octahedral coordination environment which consists of four N atoms
from four L ligands in the equatorial plane and two O atoms from two NOj3™ anions in
the axial positions. The Cu-N bond lengths vary from 1.995(4)-2.050(5) A. The
Cu(1)-O(2) bond length is 2.306(3) A, while the Cu(1)-O(6) bond length is 2.841(5)
A, indicating the existence of very weak interactions between this nitrate oxygen atom
and Cu(II) center. As a node, each Cu(Il) atom connects to four adjacent Cu(Il) atoms
via four bidentate L ligands, forming a 4-connected (4, 4) network structure. The 2D

layered net contains a square-like window with a Cu---Cu distance of ca. 17 A (Figure

1.
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Furthermore, two sets of 2D nets stack together alternatively along the
crystallographic ¢ axis in an -ABAB- fashion to generate square-like channels. On the
further inspection, we found that all the attached n-butyl groups face toward the center
of the channels to form the hydrophobic pores. As shown in Figure 1, 1D square-like
channels are full-loaded with CH,Cl, and MeOH solvent molecules. The 'H NMR
(DMSO-d’) spectrum on 1 further confirmed that the existence of CH,Cl, and MeOH

guests in 1 (Figure 1).
Reversible adsorption of chlorocarbons and BTEX

Notably, the experiments demonstrated that 1 is able to reversibly upload guest
species in liquid phase. The guest-free host framework of 1 was obtained by heating
of the crystals at 110°C for 1.5 hours (monitored by the TGA measurement) or
extracting with acetonitrile at ambient temperature. The 'H NMR (DMSO-d%)
spectrum on the desolvated sample 1’ clearly indicated that the guest molecules were
completely removed, meanwhile the color of the sample changed from blue to green
(Figure 2). The corresponding solid 1’ displayed that the shapes and intensities of
reflections are almost identical to that of 1, meaning that guest loss did not result in

symmetry change or cavity volume collapse (Supporting Information).

10
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Figure 2. From top to bottom: "H NMR spectra and corresponding TGA traces of 1°,
2 and 3. The encapsulated CH,Cl, (6= 5.76 ppm) and CHCl; (d= 8.32 ppm) signals
are marked for clarity. As shown in the Figure, the colors of 2-3 are different from
that of 1°, which could be a color-responsive guest-uptake.

In addition, when the desolvated sample of 1' was respectively immersed in CH,Cl,
and CHCI; for 2 days (no difference in adsorption amount was observed at the longer
time) at ambient temperature, the chlorocarbons were taken inside to generate
1.32(CH,Cly)cCul; (2) and 1.84(CHCI3)cCul; (3). Unfortunately, compounds 2
and 3 cannot keep their single-crystal nature during the chlorocarbons adsorption
process although the crystal shape was maintained (Figure 2). The guest uptake,
however, can be clearly determined by the '"H NMR and TGA analysis. As shown in

Figure 2, the "H NMR spectra of 2-3 indicated the chlorocarbons are present in the
11
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channels, and the adsorption amounts of CH,Cl, and CHCl; are up to 10.8 and 19.2 %
respectively based on TGA measurements (Figure 2). The PXRD patterns of 2-3
indicated that the framework of 1 was retained in the processes of the chlorocarbons
adsorption (Supporting Information). The chlorocarbon-free framework of 1’ can be
further regenerated by solid-liquid extraction with acetonitrile (Supporting
Information). So the chlorocarbons adsorption based on CuL, framework is
reversible. In addition, the Cul, framework cannot upload CCls; under the same
conditions which was demonstrated by the C NMR and TGA measurement
(Supporting Information). At this stage, we have to say forthright that we cannot
explain this adsorption behavior for CCls, but the CuL, framework can be a useful

separator to naturally isolate CCly from CH,Cl, and CHCls.

As shown above, the -ABAB- stacking of the layers in 1 generates reduced, yet still
large infinite channels of dimensions ca. 12 x 12 A. Such void space should be
suitable for accommodation of BTEX according to our previous study.®™™ It is
noteworthy that the adsorption capacity for BTEX based on the evacuated framework
of Cul, (1’) is lower in comparison with the guest-loaded compound of
CH,Cl,cCul; (2). For example, when the crystals of 1 were soaked in benzene for 2
days to generate 0.29(benzene)cCul., (based on '"H NMR measurement), meanwhile
the benzene uptake increased and 0.67(benzene)—Cul., was obtained when 2 was
used for benzene sorption via guest-exchange approach. Although we say forthright

that we currently cannot well demonstrate such phenomenon in detail, we believe that

12
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the different orientations of the n-butyl groups of 1’ and 2 might play an important
role in the benzene adsorption. So the BTEX uptake was carried out based on 2.
When the crystalline solids of 2 were respectively immersed in benzene, toluene,
ethylbenzene, o-, m-, and p-xylene for 2 days, the corresponding 'H NMR spectra
indicated that all the compounds can be uploaded (Figure 3). TGA analysis indicated
that the uploaded amounts of benzene, toluene, ethylbenzene, o-, m-, and p-xylene are
up to 6.2, 8.8, 12.5, 15.3, 9.6 and 13.2 %, respectively, which is well consistent with
the "H NMR measurement (Figure 3). So the formula of new host-guest complexes
can be shown as  0.67(benzene)cCul, (4), toluenecCul, (5),
1.1(ethylbenzene)cCul, (6), 1.6(o-xylene)cCul,, (7), m-xylenecCul, (8),
1.3(p-xylene)cCuL, (9), respectively. On the other hand, the uploaded guest
molecules can be further removed by solid-liquid extracting (by CD;CN) to
regenerate the guest-free framework, which is confirmed by the "H NMR spectra
(Supporting Information). So the porous Cul,;, is a recyclable absorbent for BTEX at
this point. Unfortunately, the framework can hardly trap Co-aromatics such as

mesitylene clearly due to the pore size limitation (Supporting Information).

Benzene
0.67benezecCul, (4) =+

100 200 300 400 500 600
Temperature (°C)

ppm
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Figure 3. From top to bottom: 'H NMR (DMSO-d°) spectra and corresponding TGA
traces of 4-9. The corresponding signals of the uploaded BTEX guest are marked for
clarity. The photographs of sample of 4-9 are inserted. As shown in the Figure, the
colors of 4-9 are slightly different, which could be a color-responsive guest-uptake.

Chlorocarbons separation

As we known, the major hurdle in molecular separation is guest selectivity for

capturing a specific substrate in the presence of one or several different potential

14
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competitors. In principle, suitable MOFs constructed by the rational combination of
subtly designed organic ligands and metal ions are able to selectively absorb one type
of chlorocarbons in the presence of other kinds of homologues. Because CCly
molecule is not able to enter the pores of 1°, so the affinity for chlorocarbons was
examined in a competitive batch experiment using a bicomponent sample of CH,Cl,
and CHCIl;. When the crystalline solids of 1° were immersed in a mixed solvent of
CH,Cl, and CHCI; (molar ratio 1:1) at ambient temperature for 2 days (no difference
in binding was observed at the longer time), '"H NMR spectrum performed on the
CD;CN extract clearly evidenced that only the CHCI; (single peak at 7.58 ppm) was
taken up by the CuL, framework, and no CH,Cl, species was simultaneously
uploaded (Figure 4). Compared to 'H NMR characterization, the corresponding
CH,Cl, impurity was detected by the GC analysis due to its lower detection limit. As
shown in Figure 4, the GC peak area ratio between CHCI3 and CH,Cl, is 27.8 : 1. So
the larger-sized CHClI; is the preferred guest for the Cul, framework instead of the
smaller-sized CH,Cl,. On the other hand, the polarity of these two chlorocarbons
increases following a sequence of CHCI; (e = 4.86, u = 1.04 D) < CH,Cl, (e = 8.65, u
=1.60 D),” which is opposite to that of affinity. Thus, the affinity and strict selectivity
of these chlorocarbons binding in 1’ might mainly result from the polarity of the
substrates instead of size and shape, which is different from our previous

. 6l
observation.

15
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Figure 4. a) 'H NMR (DMSO—d6 ) spectrum of the desolvated sample after CD;CN
extraction. No chloroform signal (5= 8.32 ppm) is found in the spectrum. b) '"H NMR
(CD;CN) spectrum performed on the CD3CN extract. The corresponding chloroform
signal (0 = 7.58 ppm) is marked, and no peak related to CH,Cl, was found in the
spectrum. ¢) GC analysis result performed on the CD3CN extract.

BETX separation

As shown above, compound 2 is able to upload BTEX via guest-exchange along with
the different sorption amounts, so we wonder if it can used to separate BTEX in liquid
phase under ambient conditions. Combined with the fact that the adsorption amounts
of benzene and toluene are smaller than those of ethylbenzene and xylene, the focus
will be on the separation of benzene from toluene/ethylbenzene/xylene and toluene
from ethylbenzene/xylene. The separation ability of 2 was examined by soaking of
crystalline solids of 2 in the corresponding mixed systems consisting of equimolar
amounts of BTEX species. After 2 days (no difference was detected at longer time),
the resulted guest loading samples were extracted by CD;CN and the acetonitrile

extracts were analyzed by GC (Table 3).

16
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Table 3. BTEX separation based on 2.
BTEX systems GC peak area ratios BTEX systems GC peak area ratios
benzene/toluene benzene : toluene toluene/m-xylene toluene : m-xylene
1:1 1:19.35 1:1 1:3.02
benzene/ethylbenzene | benzene : ethylbenzene toluene/p-xylene toluene : p-xylene
1:1 1:72.34 1:1 1:26.64

benzene/o-xylene
1:1

benzene : o-xylene

1:24.60

benzene/toluene/o-xylene

1:1:1

benzene : toluene: o-xylene

1:3.47:21.72

benzene/m-xylene
1:1

benzene : m-xylene

1:45.29

benzene/toluene/m-xylene
1:1:1

benzene : toluene : m-xylene

0:1:12.90

benzene/p-xylene

benzene : p-xylene

benzene/toluene/p-xylene

benzene : toluene : p-xylene

1:1 1:161.90 1:1:1 1:10.03 : 82.59
toluene/ethylbenzene | toluene : ethylbenzene | benzene/toluene/ethylbenzene | benzene : toluene : ethylbenzene
1:1 1:8.66 1:1:1 0:0:1

toluene/o-xylene

1:1

toluene : o-xylene

1:6.95

As indicated in Table 3, compound 2 is able to effectively separate benzene or

toluene from its larger-sized aromatic analogues. For instance, the bicomponent

competitive experiments indicated that the sorption amounts of C;-Cg aromatics are

19.35-161.90 times than that of benzene, while the sorption amounts of Cg-aromatics

are 3.02-26.64 times than that of toluene. In the case of tricompontent competitive

experiments, the observation is quite similar to those of bicomponent ones. For

benzene/toluene/xylene (1 : 1

1), the affinity for these competitors follows a

sequence of xylene > toluene > benzene. For benzene/toluene/ethylbenzene (1 : 1 : 1),

it seems surprising that the much smaller-sized benzene and toluene even cannot get

into pores based on the GC analysis and "H NMR characterization (Figure 5).
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Figure 5. Left: GC analysis performed on the CD;CN extracts for tricomponent
samples based on 2. Right: the corresponding 'H NMR spectra performed on the
CD;CN extract for tricomponent samples based on 2.

Based on above discussion, the most notable observation is that the larger-sized
xylene or ethylbenzene species is preferred much more than the co-existed
smaller-sized benzene and toluene, which is remarkably different from those
guest-dimension controlled selectivity.® On the other hand, it does not seem possible
at present to explain the affinity preference for BTEX based on the molecular polarity
(benzene € = 2.3, £ = 0 D; toluene e = 2.4, u = 0.43 D; ethylbenzene ¢ = 2.4, u = 0.36
D; o-xylene e = 2.6, u = 0.51 D; m-xylene ¢ =2.4, u = 0.30 D; p-xylene e =2.3, u =0
D). In light of the CuL, structural feature and the above GC analysis data, we
postulated that this rigorous selectivity for BTEX is primarily governed by lipophilic
effect. Obviously, the above results show that the amount of BTEX bound to the
framework increases in the order alkylaromatics > benzene and more alkyl-branched

aromatics > toluene. As we know, the strength of hydrophobic interaction per alkyl

18
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side group follows the order -C,Hs > -CHs."" Accordingly, it could be concluded that
BTEX might be encapsulated in the n-CsHo-filled pores due to hydrophobic

interactions.

Conclusions

In summary, through this work, the synthesis of a new carbazole-bridged ligand L
with n-butyl group, and a new copper(Il) porous metal-organic framework
CuL;(NOs), (1), derived from it have been described. The ligand L together with
Cu(II) nodes produce the 2D nets which further stack together to generate square-like
channels. Notably, all the n-butyl groups on the ligands face toward channel center to
form typical hydrophobic pores. It can reversibly adsorb some VOCs such as
CH,Cl,/CHCl; and BTEX, furthermore effectively separate them in the presence of
other competitors in liquid phase. For chlorocarbons, the rigorous selectivity shown
by the Cu(II)-MOF is mainly derived from the molecular polarity. For BTEX, the
dominating factor for selectivity might be the host-guest hydrophobic interactions
instead of size, shape and even polarity.
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For table content

A new porous Cu(I)-MOF which is able to effectively separate VOCs such as

chlorocarbons or BTEX is reported.
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