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Five isostructural pillared-layer MOFs (metal-organic frameworks) have been constructed by selection of 

layers and size-alterable pillar ligands. These MOFs show similar structures but different interlayer 

distances, pore volumes and pore surfaces functionalizations depending on the length and function of 

pillar ligands. 1-5 display a certain degree of framework stabilities, and also exhibit CO2 uptakes. In 10 

addition, 1 can serve as a host for encapsulating I2 and exhibit an outstanding performance in reversible 

adsorption of iodine molecules. Furthermore, 1-5 can be used to separate dye molecules based on size-

exclusion effect and 3 can be employed as column-chromatographic filler to separate Rhodamine B (RB) 

and Methylene Blue (MB). 

Introduction 15 

Metal–organic frameworks (MOFs) have attracted tremendous 
attention in recent years and are being evaluated for diverse 
potential applications in gas adsorption, catalysis and selective 
separation.1-4 These functions mainly depend on the pore 
characteristics of MOFs, including pore size and shape. Thus, the 20 

design and prediction of the MOF structure are critical for the 
construction of MOFs with desired properties and 
characteristics.5 However, the controllable synthesis of MOFs 
still remains one of the most compelling challenges for chemists. 
Much effort has been dedicated to achieving MOFs with tunable 25 

pore sizes from micropore to mesopore. Employing size-alterable 
organic linkers to systematically modulate pore size and shape, is 
one of the most commonly used strategies.6 As an important 
branch of MOFs, pillared-layer structures, have proved to be an 
efficient route to controllably construct frameworks.7,8 In this 30 

way, the structures of a wide variety of MOFs can be predicted 
and systematically designed. Moreover, chemical functionality of 
the open frameworks such as hydrophilic/hydrophobic character, 
hydrogen bonding, and open metal site can be easily controlled 
via modification of the pillars.9 Also, flexible pillars can be used 35 

for designing and preparing dynamic porous MOFs that can both 
shrink and expand in response to the presence and absence of 
guest molecules.10 

Dyes are widely used in many industries such as paper, textiles, 
printing, plastics, cosmetics, and pharmaceuticals.11 The 40 

discharge of dyes into water has received a considerable attention 
because of their overall environmental hazards. Usually, the dyes 
in water are difficult to degrade because of their poor 
biodegradability and complex structures.12 From an 
environmental point of view, the removal of dyes from effluents 45 

before discharge into natural bodies is extremely important. So 

far, numerous methods have been developed for the removal of 
dyes from aqueous environment.13 The common adsorbents 
primarily include activated carbons, zeolites, biomass, clays and 
so on.12 However, MOFs as potential adsorbents have received 50 

less attention. 
We firstly employed 1,2,4-triazole and NH2bdc (amino-1,4-

benzenedicarboxylate) ligands to successfully achieved 2. To 
ensure formation of a series of pillared-layer MOFs, 2 was 
functionalized with organic groups -Br, -C6H5 and its pore size 55 

was altered with the molecular struts CH=CH and diphenyl oxide. 
With progressively longer links fma (fumaric acid), NH2bdc to 
oba (4,4’-oxybis(benzoate)), the interlayer distances of 1, 2, 5 
incrementally varied from 9.6, 11.7 to 17.1 Å. They show 
different dye absorption capacities because of different pore 60 

volumes resulting from size-alterable ligands.  

Experimental 

Materials and physical measurements 

All chemical materials were purchased from commercial sources 
and used without further purification. The FT-IR spectra were 65 

recorded from KBr pellets in the range 4000–400 cm-1 on a 
Mattson Alpha-Centauri spectrometer. XRPD patterns were 
recorded on a Siemens D5005 diffractometer with Cu Kα (λ = 
1.5418 Å) radiation in the range of 3−60° at a rate of 5°/min. The 
UV-Vis absorption spectra were examined on a Shimadzu UV-70 

2550 spectrophotometer in the wavelength range of 200-800 nm. 
The C, H, and N elemental analyses were conducted on a Perkin-
Elmer 2400CHN elemental analyzer. TG curves were performed 
on a Perkin–Elmer TG-7 analyzer heated from room temperature 
to 1000 ºC at a ramp rate of 5 °C/min under nitrogen. The 75 

photoluminescence spectra were measured on a Perkin-Elmer 
FLS-920 Edinburgh Fluorescence Spectrometer. 
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Preparation of C13H19N7O6Zn2 (1)  

A mixture of Zn(NO3)2·6H2O (60 mg, 0.2 mmol), 1, 2, 4-triazole 
(14 mg, 0.2 mmol), and fma (14 mg, 0.1 mmol) was dissolved in 
6 mL of DMA (N,N-Dimethylacetamide)/MeOH (methanol) (1:1, 
v/v). The final mixture was placed in a Parr Teflon-lined stainless 5 

steel vessel (15 mL) under autogenous pressure and heated at 100 
°C for 3 days. Colorless crystals were obtained, which were 
washed with mother liquid, and dried under ambient conditions. 
Elemental analysis: Anal. Calcd for C13H19N7O6Zn2: C 31.22; H 
3.83; N 19.60. Found: C 31.23; H 3.80; N 19.62. IR (KBr, cm−1): 10 

917.27 (w), 2939.87 (w), 805.24 (w), 475.97 (w), 3099.31 (w), 
1039.13 (w), 984.09 (w), 590.97 (w), 1216.71 (w), 3446.43 (m), 
1007.29 (m), 1169.45 (m), 705.63 (m), 1299.53 (m), 1522.98 (s), 
1091.91 (s), 667.63 (s),1398.55 (s), 1591.53 (s). 

Preparation of C17H22N8O6Zn2 (2)  15 

The synthetic procedure is similar to that of 1 except that fma was 
replaced by NH2bdc. Zn(NO3)2·6H2O (60 mg, 0.2 mmol), 1, 2, 4-
triazole (14 mg, 0.2 mmol), and NH2bdc (18 mg, 0.1 mmol) was 
dissolved in 6 mL of DMA/MeOH (1:1, v/v). The final mixture 
was placed in a Parr Teflon-lined stainless steel vessel (15 mL) 20 

under autogenous pressure and heated at 100 °C for 3 days. 
Colorless crystals were obtained, which were washed with 
mother liquid, and dried under ambient conditions. Elemental 
analysis: Anal. Calcd for C17H22N8O6Zn2: C 36.13; H 3.92; N 
19.83. Found: C 36.15; H 3.90; N 19.80. IR (KBr, cm-1): 2482.90 25 

(w), 704.90 (w), 3024.38 (w), 2933.65 (w), 922.51 (w), 474.17 
(w), 816.50 (w), 891.30 (w), 3349.74 (w), 3468.22 (w), 588.49 
(w), 3099.05 (w), 848.18 (w), 770.82 (m), 1214.62 (m), 1457.37 
(m), 1307.27 (m), 1263.56 (m), 1389.83 (m), 1007.77 (m), 
666.29 (s), 1085.64 (s), 1164.96 (s), 1517.23 (s), 1570.23 (s), 30 

1624.15 (s). 

Preparation of C17H20N7O6BrZn2 (3) 

The synthetic procedure is similar to that of 1 except that fma was 
replaced by Brbdc (bromo-1,4-benzenedicarboxylate). 
Zn(NO3)2·6H2O (60 mg, 0.2 mmol), 1, 2, 4-triazole (14 mg, 0.2 35 

mmol), and Brbdc (24 mg, 0.1 mmol) was dissolved in 6 mL of 
DMA/ MeOH (1:1, v/v). The final mixture was placed in a Parr 
Teflon-lined stainless steel vessel (15 mL) under autogenous 
pressure and heated at 100 °C for 3 days. Colorless crystals were 
obtained, which were washed with mother liquid, and dried under 40 

ambient conditions. Elemental analysis: Anal. Calcd for 
C17H20N7O6BrZn2: C, 32.46; H, 3.20; N, 15.59. Found: C 32.42; 
H 3.22; N 15.55. IR (KBr, cm−1): 3031.67 (w), 2936.11 (w), 
475.43 (w), 3612.72 (w), 3443.61 (w), 918.39 (w), 586.53 (w), 
1723.68 (w), 3100.03 (w), 770.76 (w), 841.36 (w), 1037.39 (w), 45 

1217.73 (w), 1478.90 (w), 1007.56 (m), 1300.21 (m), 1523.48 
(m), 1168.56 (m), 1090.59 (s), 667.24 (s), 1373.71 (s), 1623.82 
(s). 

Preparation of C21H23N7O6Zn2 (4)  

The synthetic procedure is similar to that of 1 except that fma was 50 

replaced by 1,4-ndc (1,4-naphthalenedicarboxylate). 
Zn(NO3)2·6H2O (60 mg, 0.2 mmol), 1, 2, 4-triazole (14 mg, 0.2 
mmol), and 1,4-ndc (21 mg, 0.1 mmol) was dissolved in 6 mL of 
DMA/ MeOH (1:1, v/v). The final mixture was placed in a Parr 
Teflon-lined stainless steel vessel (15 mL) under autogenous 55 

pressure and heated at 100 °C for 3 days. Colorless crystals were 
obtained, which were washed with mother liquid, and dried under 
ambient conditions. Elemental analysis: Anal. Calcd for 
C21H23N7O6Zn2: C, 42.02; H, 3.86; N, 16.33. Found: C, 42.00; H, 
3.90; N, 16.32. IR (KBr, cm−1): 3028.29 (w), 2933.41 (w), 589.42 60 

(w), 3483.03 (w), 843.05 (w), 1259.74 (w), 1037.31 (w), 1219.44 
(w), 3093.49 (w), 1457.92 (m), 1006.07 (m), 1664.19 (m), 794.25 
(m), 1169.57 (m), 669.20 (m), 1300.76 (m), 1524.18 (s), 1362.69 
(s), 1091.11 (s), 1566.98 (s), 1394.49 (s), 1622.57 (s). 

Preparation of C26H30N8O7Zn2 (5)  65 

A mixture of Zn(NO3)2·6H2O (60 mg, 0.2 mmol), 1, 2, 4-triazole 
(14 mg, 0.2 mmol), and H2oba (25.8 mg, 0.1 mmol) was 
dissolved in 6 mL of DMA/MeOH/H2O (1:1:2, v/v/v). The final 
mixture was placed in a Parr Teflon-lined stainless steel vessel 
(15 mL) under autogenous pressure and heated at 100 °C for 3 70 

days. Colorless crystals were obtained, which were washed with 
mother liquid, and dried under ambient conditions. Elemental 
analysis: Anal. Calcd for C26H30N8O7Zn2: C, 44.78; H, 4.34; N, 
16.07. Found: C, 44.80; H, 4.32; N, 16.08. IR (KBr, cm−1): 
474.14 (w), 629.14 (w), 516.54 (w), 698.03 (w), 802.83 (w), 75 

843.49 (w), 590.73 (w), 434.30 (w), 768.13 (w), 2935.18 (m), 
3477.63 (m), 1037.05 (m), 880.00 (m), 783.59 (m), 3099.41 (m), 
1008.20 (m), 1300.10 (m), 1523.71 (s), 1560.99 (s), 1091.02 (s), 
1161.85 (s), 667.56 (s), 1249.45 (s), 1394.78 (s), 1602.08 (s). 

Single crystal X-ray diffraction 80 

 Single-crystal X-ray diffraction data for 1-5 were recorded on a 
Bruker Apex CCD II area-detector diffractometer with 
graphitemonochromated Mo-Kα radiation (λ = 0.71073 Å) at 
296(2) K. Absorption corrections were applied using multi-scan 
technique. Their structures were solved by the direct method of 85 

SHELXS-97 and refined by full-matrix least-square techniques 
with the SHELXL-97 program.14 Because guest molecules in the 
channels of 1-5 were highly disordered and could not be modeled 
properly, the SQUEEZE routine of PLATON was applied to 
remove their contributions to the scattering.15 The reported 90 

refinements are of the guest-free structures obtained by the 
SQUEEZE routine, and the results were attached to the CIF file. 
The crystal data and structure refinement results of 1-5 are 
summarized in Table S1.  

Gas sorption experiments 95 

 The N2 and CO2 sorption measurements were performed on 
automatic volumetric adsorption equipment (Belsorp mini II). 
Before gas adsorption measurements, the samples were immersed 
in CH2Cl2 for 24 h, and the extracts were decanted. Fresh CH2Cl2 
was subsequently added, and the crystals were allowed to stay for 100 

an additional 24 h to remove the nonvolatile solvates (DMA). 
After the removal of dichloromethane by decanting, the samples 
were activated by drying under a dynamic vacuum at room 
temperature overnight. Before the measurement, the samples 
were dried again by using the ‘outgas’ function of the surface 105 

area analyzer for 12 h at 90 ºC. Meanwhile, the activated samples 
1a were immersed in water, HCl (pH = 2) and NaOH (pH = 12) 
solutions. After the removal of water by decanting, the samples 
1a were tested N2 sorption measurements. 

Iodine sorption experiments 110 
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The fresh samples of 1 (80 mg) were immersed in a hexane (3 
mL) solution of I2 (0.01 mol L-1), to give I2@1. The photographs 
were used to determine the adsorption ability. The crystals of 
I2@1 (10 mg) were soaked in dry ethanol (5 ml), and UV/Vis 
spectra and photographs were used to determine the desorption 5 

ability. 

Dye adsorption and separation 

 Freshly prepared 1-5 (20mg) were transferred to aqueous 
solutions (8 mL) of Methylene Blue (MB), Rhodamine B (RB), 
Methyl Orange (MO) and Congo Red (CR), respectively, in 10 10 

mL sealed glass bottles. Meanwhile, freshly prepared 1, 2, 5 were 
transferred to aqueous solutions (8 mL) of mixtures of Methylene 
Blue (MB) and Rhodamine B (RB) in 10 mL sealed glass bottles. 
UV/Vis spectra and photographs were used to determine the 
selective adsorption ability of 1, 2, 5 after time intervals.  15 

Dye release 

1, 2 and 5 loaded with dye molecules were transferred to pure 
MeOH solution (5 mL) in 10 mL sealed glass bottles. UV/Vis 
spectra were used to determine the selective release of 1-5 after 
time intervals. 20 

Results and discussion 

Synthesis and crystal structure 

The molecular structures of 1-5 were determined by X-ray 
crystallography. The crystallographic parameters of these 
compounds are given in Table S1. 1-5 are all pillared-layer 25 

structures based on the Zn-triazolate layers and dicarboxylate 
pillars. Two-dimensional layers of {Zn(trz)} form in the ac plane, 
which are connected by pillar ligands for five crystalline products, 
namely, [Zn2(trz)2(L)∙DMA∙MeOH]n [L = fma, 1; NH2bdc, 2; 
Brbdc, 3; 1,4-ndc, 4], [Zn2(trz)2(oba)∙2DMA]n (5). 30 

Single-crystal structure analysis reveals that 1 crystallizes in 
the tetragonal system, space group P4/ncc. As shown in Fig. 1a, 
the asymmetric unit of 1 contains one Zn atom, one-half fma 
ligand and one 1,2,4-triazole ligand. The Zn ion is five 
coordinated in a distorted trigonal-bipyramidal geometry with 35 

three nitrogen atoms from three triazole ligands and two 
carboxylate oxygen atoms from fma ligand (Zn-N 2.006 Å, Zn-O 
1.960 Å). Each triazole ligand binds to three Zn atoms through 
1,2,4-position N atoms, and the connection of triazole and Zn ion 
resulted in a two-dimensional (2D) layer with 4.82 topology. The 40 

adjacent {Zn(trz)} layers are further connected by the fma pillars 
to give rise to the overall 3D pillared-layer structure. 
Interestingly, the network contains channels running along the a, 
b and c axes. PLATON calculations show that the effective pore 
volume for 1 is about 52% (2214.4 Å3) per unit cell (4261.4 Å3), 45 

which is occupied by solvent molecules.16 5 have the similar 
pillared-layer structures as 1, with the replacement of fma ligands 
by the longer carboxylate ligands oba. And both the entrance of 
the channels and the interlayer distance are enlarged. For the 
channels along the b axis, the dimensions of channels for 1, 2 and 50 

5 have the sizes ranging from 9.6 Å × 6.5 Å2, 11.7 Å × 6.5 Å2 to 
17.1 × 6.5 Å2 (a × c) (Fig. S1). Viewed along the c axis, 1-5 have 
the same channel dimension of 6.5 × 6.5 Å2 (a × b) because of the 
same {Zn(trz)} layers. Meanwhile, 3 and 4 have the same 
structures as 2, with benzene rings functionalized with the 55 

substituent groups -Br, -C6H5. Notably, the uncoordinated 
functional groups of ligands are directed into the rectangular 
pores. Topologically, regarding {Zn(trz)} unit as a 6-connected 
node and dicarboxylate as the linker, the 3D structures of 1-5 can 
be simplified as isostructural pcu topologies. The pcu topology is 60 

a primitive cubic lattice net with Schläfli symbol (41263), such as 
NaCl and α-po.17 

Thermal and chemical stability 

The purities of the as-synthesized 1-5 were confirmed by 
similarities between simulated and experimental X-ray powder 65 

diffraction (XRPD) patterns (Fig. S2). The TG curve of 2 reveals 
a weight loss of 20.9 % from 50 to 280 °C, in agreement with the 
weight of DMA and CH3OH molecules (calcd 21.0 %). The TG 
curve indicates that 2 can be thermally stable around 350 °C (Fig. 
S3). As we know, a good gas storage (or separation) material 70 

must be stable toward moisture in practical applications.18 Thus, 
we examined their stability to show whether these materials will 
be useful in practical applications. After soaking 1-5 in water for 
24 h at ambient temperature and 100 °C, their XRPD patterns 
keep the same peak positions although their solid samples 75 

became not too transparent (Fig. S4). In addition, their abilities 
resistance to acid and alkali solution were also investigated. Apart 
from 4 that become floccule in hydrochloric acid solution, other 
four MOFs are stable in both hydrochloric acid solution (pH = 2) 
and sodium hydroxide solution (pH = 12), as confirmed by the 80 

XRPD patterns of these samples (Fig. S5). More remarkably, 
even exposed to air for three months, their XRPD patterns have 
similar shape and intensity. 

 
 
Fig. 1 (a) The coordination environment of the Zn(II) center in 1. The 
hydrogen atoms are omitted for clarity (Zn, pink; N, blue; C, gray; O, 
red). (b) 3D framework of 1 along the c axis. (c) Schematic 
representations of 1-5 structures and View of the wave-like 2D sheet by 
trz and Zn ions along the c axis. 
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Fig. 2 The nitrogen sorption isotherms of 1a (green), 2a (blue) and 3a 
(yellow) at 77 K. 

Gas adsorption properties  

To study the porosity of compounds, N2 and CO2 adsorption were 5 

performed. The activated samples were prepared by exchanging 
the solvent in the as-synthesized 1-5 with CH2Cl2, followed by 
evacuation under vacuum. Samples of 1-5 were evacuated under 
vacuum at room temperature over night to completely remove the 
solvent CH2Cl2 molecules and thus to form guest-free phases 1a-10 

5a. The XRPD patterns of 1a-5a show that the broadened peaks 
keep the positions, indicating the maintenance of the frameworks 
(Fig. S2). 

The architectural stability and permanent porosity of 1a-3a were 
confirmed by measuring the N2 adsorption experiments at 77 K, 15 

displaying type I adsorption isotherms characteristic of 
microporous solids. The nitrogen adsorptions showed good 
reversibility. The N2 adsorption amounts of 1a-3a at 1 bar were 
about 118.5, 150.3, 158.2 cm3 g-1, which correspond to 21.2, 30.3, 
35.6 N2 per cell (Fig. 2). For 1a-3a, the apparent BET areas were 20 

363, 453, 506 m2 g-1, based on the nitrogen adsorption isotherms. 
The total pore volumes were 0.212, 0.320, 0.245 cm3 g-1, lower 
than the theoretical pore volume calculated by PLATON based 
on the single crystal X-ray diffraction data (Table S2).19 

Corresponding adsorption analyses of 1a-3a were summarized in 25 

Table 1. Meanwhile, 1a as an example was performed N2 
sorption studies after water, HCl (pH = 2) and NaOH (pH = 12)  

Table 1 Structural information and N2 adsorption analyses. 

 

 

N2 

adsorption 

amount 

(cm3/g) 

void 

(%) 

pore 

volume 

(cm3 g-1) 

SBET 

(m2 g-1) 

1a 118.5 52.0 0.212 363 

2a 150.3 45.6 0.320 453 

3a 158.2 46.6 0.245 506 

treatment, in order to further testify the stability of MOFs. The N2 
adsorptions showed adsorption amount and surface area have a 30 

decrease (Fig. S6 and Table S3). It can be explained that water  

 

Fig. 3 CO2 and N2 sorption isotherms for (a) 1a, (b) 2a, (c) 3a, (d) 4a and 
(e) 5a at 195, 273 and 298 K. 

and acid/alkaline solutions destroyed the framework in a certain 35 

degree, although XRPD patterns keep the same. Subsequently we 
carried out CO2 adsorption experiments on 1a-5a. As shown in 
Fig. 3, the CO2 sorption isotherms for 1a-5a were measured at 
195, 273 and 298 K, respectively. 1a-5a have CO2 uptakes at 1 
bar with saturation of 188.5 cm3/g, 136.3 cm3/g, 108.9 cm3/g, 40 

86.88 cm3/g, 70.68 cm3/g at 195K, 103.7 cm3/g, 37.7 cm3/g, 63.9 
cm3/g, 64.3 cm3/g, 18.6 cm3/g at 273 K, and 70.2 cm3/g, 25.7 
cm3/g, 50.5 cm3/g, 50.1 cm3/g, 17.2 cm3/g at 298 K (Fig. 3 and 
Table 2). For 1-5, the isosteric heats of adsorption (Qst) of CO2 
were calculated by using the Clausius–Clapeyron equation to 45 

quantitatively evaluate the binding strengths (Fig. S8-S12).20 The 
Qst at zero coverage of CO2 of 1 was about 33 KJ mol-1, thus 
indicating strong interactions between CO2 and the framework. 
The CO2-uptakes and enthalpy of adsorption for selected MOFs 
and 1 are listed in the Table S4. Unexpectedly, the CO2 uptakes 50 

for 1a-3a are quite high while N2 sorption was hardly adsorbed at 
273 and 298 K (Fig. 3). 

Iodine sorption 

The permanent porosity of 1-5 demonstrated by N2 sorption 
studies prompted us to search for absorbing some molecules.21 55 

Among the five isostructural compounds, we selected 1 as an 
example. When the fresh samples of 1 (80 mg) were immersed in 
a hexane (3 mL) solution of I2 (0.01 mol L-1), we observed that 
the color of the crystals intensified from light yellow to darker 
brown, while the dark brown solution of I2 faded gradually to 60 

pale red in hours. The entry of I2 into the 1 host framework 
results in a distinct decrease of the fluorescence emission 
intensity (λex = 311 nm and λem = 405 nm), which may attribute to
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Table 2 CO2 adsorption analyses for 1a-5a. 

 195K 273K 298K 

 cm3/g mmol g-1 cm3/g mmol g-1 cm3/g mmol g-1 

1a 188.5 8.42 103.7 4.63 70.2 3.13 

2a 136.3 6.08 37.7 1.68 25.7 1.15 

3a 108.9 4.86 63.9 2.85 50.5 2.25 

4a 86.88 3.88 64.3 2.87 50.1 2.24 

5a 70.68 3.16 18.6 0.83 17.2 0.77 
 

a Footnote text.

the host–guest photoinduced electron transfer effect (Fig. S13).22 
The decline of the fluorescence intensity also indicates that 1 can 
quickly adsorb iodine. When the crystals of I2@1 were soaked in 5 

dry ethanol, the color of the crystals changed gradually from dark 
brown to light yellow and the color of the ethanol solution 
deepened gradually from colorless to darker yellow, as 
represented in Fig. 4. To further investigate the kinetics of I2 
delivery of 1 in crystal transformation, UV/vis spectrum was 10 

recorded at room temperature. The absorbance of I2 in ethanol 
increases linearly with time. The releasing rate becomes slower 
later because the concentration of I2 in ethanol increases with 
time. To verify the repeatability, the reversible I2 sorption process 
was tested for two cycles. The photographs, UV and luminescent 15 

spectrum for 1 releasing I2 demonstrate that the I2 sorption 
process is reversible and repeatable (Fig. 4 and Fig. S14).  

The integrity of the framework is confirmed by the XRPD data 
(Fig. S15). It was worthy to say that when the crystals were 
soaked in the solution of I2 for about 60 minutes, some peaks of 20 

XRPD patterns become weak. While, the peaks appeared again 
when the I2 was removed from the framework upon immersing of 
the crystals in ethanol. This phenomenon can be well explained 
that the high amount of iodine in 1 has a significant impact on the 
sensitivity of X-ray. 25 

 
Fig. 4 (a) Photographs showing the color change when 1 (80 mg) was 
soaked in hexane solution of I2 (3 mL, 0.01 mol/L). (b) The I2 release 
process when I2@1 (50 mg) was immersed in EtOH (3 mL). (c) The 
UV/vis spectra of I2@1 for the releasing  process of iodine. 30 

Dye sorption from aqueous solution 

To investigate the abilities of 1-5 to separate dye molecules, we 

used them to capture dyes in water. Two types of dyes with 
different charges: positively charged Methylene Blue (MB) and 
Rhodamine B (RB), and negatively charged Methyl Orange (MO) 35 

and Congo Red (CR) were chosen as models of pollutants. 
Typically, when 30 mg of 1-5 were soaked in 3 mL of dye-
contaminated water (2 × 10-5 mol L-1), respectively, some dye 
molecules could be efficiently adsorbed over a period of time and 
the colorless crystals gradually became colored, while some dye 40 

molecules could not be incorporated (Fig. S16). As depicted in 
Table 3, corresponding adsorption analyses of 1-5 were 
summarized.  

Table 3 The list of dye adsorption analyses of 1-5. 

Adsorbate 
/Samples 

MB MO RB CR 

1 × × × × 
2 √ √ × × 
3 √ √ × × 
4 √ √ × × 
5 √ √ √ √ 

 

√ = absorbed; × = excluded  

MB= Methylene Blue; MO= Methyl Orange; RB= Rhodamine B; CR= 

 Congo Red. 

1, 2 and 5 were designed with tunable channels by using size-
alterable organic linkers, while 3 and 4 have the similar interlayer 45 

distances to 2 despite of different functional groups. Considering 
the above cases, we chose 1, 2 and 5 for dye molecules inclusion 
study. RB and MB with different sizes were selected for these 
experiments. When refreshed 1, 2 and 5 were soaked in water of 
mixture of two kinds of dyes, different phenomena were observed. 50 

Because that the pore size of 1 is smaller than that of RB and MB, 
scarcely any amount of absorbed dyes were detected (Fig. 5a). As 
shown in Fig. 5b, the continuing decrease of characteristic 
absorbance for MB reveals its successful incorporation whereas 
unchanged peak of RB suggests its exclusion by the channels of 2. 55 

This phenomenon can be ascribed to that the pore size of 2 is 
bigger than that of MB but smaller than that of RB. While the  
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Fig. 5 Photographs and UV/Vis spectra of aqueous solutions of mixture 
of RB and MB dyes with (a) 1, (b) 2 and (c) 5 (UV/Vis spectra of dye 
releasing in MeOH are showed at the top). 5 

continuing decreases of characteristic absorbance for MB and RB 
reveal that 5 has the ability to incorporate these two dye 
molecules (Fig. 5c). The differences in adsorptions may be 
caused by size factors, since the channel windows in the order of 
5 > 2 > 1. The capabilities of 1, 2 and 5 to adsorb dyes from water 10 

were evaluated through UV/Vis spectroscopy and confirmed in 
Fig. 5. To confirm that selective absorptions are repeatable, dye 
releasing experiments were performed in MeOH measured by 
UV/Vis spectroscopy. This showed that, the dye molecules can 
be gradually released because dye molecules are more easily 15 

dissolved in MeOH. The results indicate that 1-5 show excellent 
adsorption properties and repeatabilities. 

Considering the above results in mind, 2-4 all have the abilities 
to separate large dye molecules based on the size-exclusion effect 
(Table 3).23 3 was employed as column-chromatographic filler for 20 

separation of RB and MB based on the size-exclusion effect. As 
displayed in Fig. 6, the larger and unincorporated RB was 
transported through the column along with the water stream while 
the incorporated MB was retained inside the MOF channels for 
longer time, thus resulting in the separation, which was not only 25 

observable by the naked eye but was also confirmed by UV-vis 
spectra of the effluent. 

Conclusion 

In summary, we utilized an already established and powerful 
approach for the targeted manipulation of an important family of 30 

pillared-layer MOFs. The resulted MOFs show similar structures 
but different interlayer distances, pore volumes and pore surfaces 
functionalizations depending on the length and function of pillar 
linkers. 1-5 display a certain amount of CO2 uptakes, since CO2 

uptakes of 2 and 5 can definitely not considered to be high. With 35 

the merit of microporous, 1 was selected as an example to carry 
out I2 adsorption experiment which exhibited a rapidly reversible 
process. Interestingly, 1-5 were investigated for capturing dyes in 
water. They show different dye absorption capacities because of 
different pore volumes resulting from size-alterable ligands, and 40 

repeatabilities. Meanwhile, 3 has been demonstrated to be a 
column-chromatographic filler for the separation of bulk dye 
molecules. The synthetic strategy presents a progressive 
evolution for the construction of pillared-layer frameworks and 
the MOFs materials for functional applications are currently 45 

underway. 

 

 

 

 50 

Fig. 6 (a) UV-vis spectra of the original effluent (black) and effluent 
passing through the MOF chromatographic column (red) of the dye 
mixture of RB and MB. (b) Photograph records for 3-filled colum-
chromatographic separation process for RB and MB dyes, in which (1) 3-
filled column, (2-5) separation process with gradually changed color, and 55 

(6) complete separation with only MB retained. 
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Five isostructural ‘pillared-layer’ MOFs have been constructed depending on the adjustable length 

and function of pillar ligands. In addition, 1-5 can be used to separate dye molecules based on 

size-exclusion effect. 
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