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Abstract 

Conjugated microporous polymers (CMP) synthesized through homocoupling 

polymerization reaction were investigated as adsorbent for the removal of volatile 

organic compounds from gas streams. The nitrogen adsorption and desorption data 

revealed that the resultant CMPs possess micro/mesoporous structure. The results of 

the static water vapor adsorption experiment indicated that CMP-50 had a more 

hydrophobic surface than the commercial activated carbon (AC). The adsorption and 

desorption performance of benzene on CMP-50 under static and dynamic conditions 

were investigated, comparing with AC. It was found that CMP-50 had high adsorption 

capacity under wet condition (RH=80%) and fast adsorption kinetics. Moreover, the 

presence of water vapor in the gas stream had little effect on the adsorption capacity. 

Taken together, it is expected that this kind materials (such as CMP-50) would be a 

promising adsorbent for the removal of VOCs vapor from the humid gas streams. 

 

Page 1 of 31 Journal of Materials Chemistry A

Jo
ur

na
lo

fM
at

er
ia

ls
C

he
m

is
tr

y
A

A
cc

ep
te

d
M

an
us

cr
ip

t

mailto:zpinghao@rcees.ac.cn


2 
 

Keywords 

Conjugated microporous polymers; Activated carbon; VOCs; Water vapor; 

Adsorption; Hydrophobicity 

 

1. Introduction 

Volatile organic compounds (VOCs) are one of the most important pollutants 

emitted from anthropical activities such as industrial processes
1, 2

. Most of them not 

only directly do harm to human health, like causing deformity, pathogenic and even 

fatal diseases
3
, but also contribute to serious environmental problems such as 

formation of particles, destruction of the ozone layer, photochemical smog and global 

warming, which have a huge potential threat to human beings. Hence the emission of 

VOCs has triggered increasing awareness focused on the development of control 

materials and treatment technologies.  

Activated carbon (AC) adsorption is applied widely for the removal of VOCs 

from process effluent stream and pollutants in air
4, 5

. Water vapor would exist at a 

high concentration in gas streams and moisture is one of the crucial parameters to 

dictate the efficiency and effectiveness of the adsorption process. It is generally 

believed that water vapor could compete with the VOCs in the emission stream for 

adsorption sites on commercial ACs
6-9

, resulting great decrease in the breakthrough 

time for the carbon bed and is therefore detrimental to the performance of the carbon 

filter bed. It is well-known that the damage of VOCs adsorption capacity on ACs in 

the humid gas streams is attributed to presence of the hydrophilic functional groups, 
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like hydroxyl, carboxyl and aldehyde  the oxygen-containing functional groups, 

which are introduced inevitably through the carbonization of ACs
10

. Therefore, in 

order to restrict and avoid such a negative effect, studies have been conducted to 

develop the methods to lower the hydrophilic surface functional groups of 

commercial ACs
11, 12

. However, exploration of a new adsorbent with hydrophobic 

nature is also a particularly effective way to achieve this goal
13

.     

In recent years, organic microporous polymers, like polymers of intrinsic 

microporosity and hyper-cross-linked polymers have attracted increasing attention in 

the gas adsorption application because of several advantages
13, 14

. First, it is possible 

to control over functionality of organic polymers by a great diversity of synthetic 

strategies. Second, most organic polymers are highly stable to air, atmospheric 

moisture and even much more rigorous conditions
15

. What is the most important, they 

can be composed solely of light elements (C, H, O, N, etc. or part of them), which 

makes it possible to synthesize a certain material without O element. Conjugated 

microporous polymers (CMPs), one sort of organic microporous polymers, have 

received considerable research interest because of their fine tuned microporosity, 

large surface areas and good stability
16-21

, which make them ideal adsorbents for gas 

adsorption
16, 17, 19, 21

. However, no studies involving their adsorption behaviors for 

VOCs and adsorption selectivity from water vapor have been reported to date. 

In this research, we successfully synthesized a series of conjugated microporous 

polymers via using Pd(Ⅱ )/Cu(Ⅰ )-catalyzed homocoupling polymerization
22

 as 

illustrated in Fig. 1. During the synthesis process, various monomer concentrations 
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were used and the effects of them on the pore structure were discussed. In order to 

investigate the adsorption property of the synthesized CMPs, a resultant typical 

polymer, CMP-50, was selected as a representative adsorbent. Hydrophobic 

characterization of CMP-50 was evaluated by static adsorption of water vapor and 

Henry’s law constant calculated from the virial equation. Static adsorption and 

desorption performance as well as the corresponding kinetics of VOCs on CMP-50 

were intensively studied. Finally, breakthrough curves of VOCs in the relative 

humidity of 0% and 80%, respectively, were obtained to evaluate the effect of 

moisture on the adsorption capacities of CMP-50. Here, benzene, one of the most 

common and high toxic in VOCs is chosen as the representative adsorbate.  

 

2. Experimental Section 

2.1 Preparation of conjugated microporous polymers 

The conjugated microporous polymers were synthesized via using Pd(Ⅱ)/Cu(Ⅰ) 

- catalyzed homocoupling polymerization according to the procedure described in the 

literature
22

. Typically, 1,3,5-triethynylbenzene (600 mg, 4.0 mmol), 

bis-(triphenylphosphosphine)palladium( Ⅱ ) dichloride (85 mg, 4.5mmol%), and 

copper iodide (22 mg, 4.5mmol%) were dissolved in the mixture of toluene (4 mL) 

and Et3N (4.0 mL). The initial monomer concentration was 500 mmol/L. The mixture 

was then stirred at 70
o
C under argon atmosphere. After 36 h’s reaction, the resulting 

homocoupled polymer was filtered and washed with chloroform, acetone, water and 

methanol for several times, and to remove any unreacted monomer or catalyst 
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residues. Then the polymer was further purified by Soxhlet extraction (methanol) for 

3 days. The resulting product was dried at 70
o
C for 24 h to a constant weight. The 

resulting polymers were denoted as CMP-x, where x refers to the monomer 

concentration. 

2.2 Characterizations and measurements 

The porous properties of CMP-x were investigated by nitrogen adsorption and 

desorption at liquid nitrogen temperature (77K) using an ASAP2020 volumetric 

adsorption analyzer (Micromeritics Instrument Corporation). The 

Brunauer-Emmett-Teller (BET) method was used to calculate the specific surface area. 

The total pore volume was estimated from the amount adsorbed at a relative pressure 

of about 0.99. The pore size distribution curves were calculated by analyzing the 

adsorption branch of the N2 sorption isotherm using the DFT method. The micropore 

surface area and micropore volume were calculated by a t-plot method. Fourier 

Transform Infrared (FT-IR) spectra were measured on a Bruker Tensor 27 

spectrometer in the range of 600 - 4000 cm
-1

. The thermogravimetric analysis (TGA) 

of adsorbents was performed on a TG/DTA analyzer (Setaram, Labsys). The heating 

rate was 10
o
C min

-1
 from 30 to 900

o
C under a nitrogen flow of 60 mL min

-1
. 

 

2.3 Static adsorption studies 

Adsorption characteristics of benzene and water adsorbate on CMP-x and AC in 

this study were investigated using an Intelligent Gravimetric Analyzer (IGA), 

supplied by Hiden Isochema Ltd., Warrington, U.K. The system is an ultrahigh 
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vacuum (UHV) system comprising a fully computer controlled microbalance, 

pressure admit and temperature regulation system. The mass was recorded using a 

microbalance, and the temperature and pressure were computer –controlled. The 

microbalance has a long-term stability of ±1 μg with a weighing resolution of 0.2 μg. 

The adsorbent sample (60 ±1 mg) was outgassed to a constant weight, at ＜10
-6

 Pa, at 

373K. The liquid used to generate the vapor was degassed fully by repeated 

evacuation and vapor generation equilibration cycles. The pressure set point accuracy 

was achieved to 0.02% of the range employed. The set pressure value was maintained 

by computer control during the course of the experiment. The sample temperature was 

recorded using a thermocouple located 5 mm from the sample. The equilibrium 

uptake value was determined as being 90% of the predicted value, calculated in real 

time using the mass uptake profile. Saturated vapor pressures were calculated using 

the following equation: 

2

0log log
B

p A C T DT ET
T

                                         (1)                                                                                               

where p0 is the saturated vapor pressure (mbar), T is the temperature (
o
C), and A, 

B, C, D and E are adsorbate dependent constants. The parameters used for each 

adsorptive are as follows: benzene (A) 31.7718, (B) -2725.4, (C) -8.4443, (D) 

-5.3535×10
-9

, (E) 2.7187×10
-6

; water (A) 8.09553, (B) 1747.32, (C) 235.074, (D) 0, 

(E) 0. 

2.4 Dynamic adsorption measurements 

Dynamic adsorption measurements were carried out on a fixed-bed column. The 

corresponding experimental set-up and method were described in our previous work
23

. 
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Before starting each experiment, the flow rate of the carrier gas and the temperature 

of the saturator were adjusted so that the required outlet concentration of benzene 

vapor was reached and kept stable. Then, about 60 mg of sample was packed into the 

fixed-bed column with an inner diameter of 6 mm and the temperature was 

maintained at 298K. The samples were degassed at 80
o
C overnight to remove the 

physically adsorbed water molecules and other impurities. The concentration of 

benzene was adjusted to 600 ppm and the total flow rate was 50 mL min
-1

. In order to 

investigate the effect of water vapor on the adsorption behavior, 600 ppm of benzene 

under a relative humidity (RH) of 80% was passed through the adsorption bed. The 

benzene concentration was recorded on a gas chromatogragh (GC) equipped with a 

flame ionization detector and breakthrough curves were collected. The adsorbed 

amounts were calculated by the following equation: 

Q
A qF t

W
                                                            (2)                                                                                                                   

The time tq is estimated according to Eq. (3): 

(1 )o
q D

i

C
t dt t

C
                                                     (3)                                                                                                           

where Q is the adsorbed amount (mmol g
-1

); FA is the volumetric flow rate of the 

carrier gas (mL min
-1

); W is the net weight of adsorbent (g
-1

); Ci represents the 

benzene concentration at the inlet (g mL
-1

), while Co is the benzene concentration at 

the outlet (g mL
-1

) and tD is the dead time of the system (min). 

 

3. Results and discussion  
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3.1 Characterization of CMP-x 

Fig. S1 shows the nitrogen adsorption-desorption isotherms of CMP-x and the 

corresponding pore size distributions obtained by the DFT method. Commercial 

activated carbon (AC, which was purchased from Beijing Chemical Reagents 

Company) was studied for comparison. As shown in Fig. S1A, isotherms (a) to (c) 

belong to Type I according to the IUPAC classification, and the existence of the 

typical hysteresis loops indicates the mesopore structures in CMP-x
24

. In contrast, 

isotherm (d) shows a non-typical hysteresis loop caused by the irregular mesopores 

of activated carbon. As shown in Fig. S1B, all the polymers exhibit a major peak 

centered at 1.5 nm, and the amount of the pores around 1.5 nm increase from (a) to 

(c). However, AC has much more ultra-micropores (<1nm) than the polymers. From 

Table 1, we can observe that as the monomer concentration decreases, the BET 

surface area increases, which attributes to the relatively more microvolume (0.17 

cm
3
 g

-1
 of CMP-50 and 0.10 cm

3
 g

-1
 of CMP-500). The nitrogen adsorption and 

desorption results provide evidence for the existence of both micropores and 

mesopores in CMP-x.  

The FT-IR spectra of CMP-x are shown in Fig. 2. In general, the characteristic 

absorbance peaks of CMP-x are in accordance with each other, suggesting the 

persistence of skeleton structure. The absorbance peaks at 1583 cm
-1

 and 1445 cm
-1

 

are identified as the -C=C- vibration of the aromatic ring
25

. The peak at 884 cm
-1

 is 

attributed to the C-H out-of -plane bending vibration. The peak at 3302 cm
-1

 and 2197 

cm
-1

 are attributed to the alkyne C-H stretching vibration
26

 and -C≡C- stretching 
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vibration
27

, respectively. From CMP-50 to CMP-500, the intensity of the alkyne C-H 

stretching vibration increases gradually, suggesting the decreased cross-linking degree, 

which is consistent with the decreased BET surface area (see Table 1). The evidences 

in the IR results prove that CMP-x are formed by the homocoupling reaction and their 

skeletons solely consist of C and H. The FT-IR spectrum of AC is shown in Figure S3. 

The band at about 3280 cm
-1

 is attributed to the existence of surface hydroxylic 

groups and chemisorbed water and the band at 1509 cm
-1

 can be attributed to the 

stretching vibration of C=O in conjugated systems such as diketone, ketoester and 

keto-enol structures
28

. In addition, the band at 962 cm
-1 

is assigned to the O-H 

bending vibration
29

. The spectrum indicates the presence of the oxygen-containing 

functional groups in the surface of AC.  

The thermal stability of CMP-x and AC were observed by TGA-DTA analysis, as 

shown in Fig.3. The weight loss at temperature lower than 150 
o
C is attributed to the 

loss of adsorbed water and the evaporation of residual organic compounds. The 

thermal decomposition temperature for CMP-50 is greater than 400
o
C, which is 

much higher than that of AC (about 200
o
C). This result reveals that CMP-50 

adsorbent exhibits good thermal stability. 

 

3.2 Static adsorption and desorption behaviors  

The conjugated microporous polymer CMP-50 with the biggest BET surface area 

and open mesostructure was adopted here as a representative sample to estimate its 

adsorption and desorption properties for VOCs comparing with AC. Fig. 4 shows the 
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adsorption and desorption isotherms of benzene on CMP-50 (a) and AC (b) at 

temperatures of 25, 35 and 45
o
C, respectively. The amount adsorbed decreases with 

increase of temperature, which is consistent with a physisorption mechanism. The 

shapes of adsorption and desorption isotherms of benzene for both samples are similar 

to the nitrogen isotherms, which implies that benzene and nitrogen follow the same 

adsorption mechanism. It is found that at the very low relative pressure, the amount of 

benzene on AC has a rapid increase in comparison with CMP, which agrees with 

augmentation in microporosities of the two adsorbents. The adsorption in micropores 

at low pressure is a direct consequence of the overlap in the adsorption field from 

adjacent walls of micropores
14

. In comparison with AC (Fig. 4b), the adsorption 

isotherms of benzene for CMP-50 exhibit capillary condensation steps which is 

attributed to the presence of mesopores. Therefore, the adsorption isotherms of 

benzene on CMP-50 exhibit a combination of microporous and mesoporous 

adsorptive behavior. As shown in Table 2, the equilibrium adsorption capacity of 

benzene for CMP-50 (6.61 mmol g
-1

) is higher than that for AC (3.34 mmol g
-1

) at 

35
o
C. This result can be explained by the fact that the static VOC adsorption capacity 

is proportional to the total pore volume, in accordance with the literature
30

.  

Water vapor adsorption experiments were conducted to obtain direct information 

about the surface hydrophobicity of adsorbents occurred. Figure 5 shows the water 

adsorption isotherms on CMP-50 and AC at 35
o
C. It is well known that water 

molecules are adsorbed primarily on the oxygen-containing groups at low relative 

pressures, followed with the formation of water cluster and then a continuous 
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adsorption film on the surface, eventually leading to pore filling at high pressure
10

. 

The water vapor uptake at low pressure (p/p0 is below 0.3) is dependent on the 

concentration of existing surface hydrophilic sites and at high pressure is related to 

the pore structure of the adsorbents 
31, 32

. In other words, at low pressure, the more 

hydrophobic surface the adsorbent has, the lower amount of water vapor it adsorbs. It 

can apparently be observed from Figure 5 that CMP-50 keeps a much lower 

adsorption amount for water vapor at the whole pressure range. This result clearly 

indicates that CMP-50 has a much more hydrophobic surface compared with AC, 

which is mainly attributed to its solely C, H – containing skeleton presented in the IR 

spectra. 

The Henry’s law constants, which reflect the affinity between the adsorbent 

surfaces and the adsorbed gas molecules, can be obtained from the virial equation
33

: 

2

0 1 2ln( / ) ...n p A An A n                                           (4)                                                                                          

where n is the amount adsorbed at pressure p, and the first virial coefficient A0 is 

related to the Henry’s law constant, KH, by the equation KH=exp(A0). In this study, 

analysis of the data showed that the higher terms (A2, etc.) in the virial equation can 

be ignored under conditions of low surface coverage
34

.  

Fig. S2 shows the virial graphs for benzene on the CMP-50 at 25, 35 and 45
o
C. 

The ln(n/p) values at low surface coverage (<~0.2 wt%) and low pressure (<~2 kPa) 

were subject to higher experimental errors and were not included in the virial graphs. 

The Henry constants calculated from parameter A0 of benzene and water on CMP-50 

and AC at 35
o
C are listed in Table 2. As for benzene, the Henry constants increase in 
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the order of AC＞CMP-50, which can be explained by strong adsorption energy in 

micropores
35

. In the micropores, due to dispersion interactions, field superposition 

from the close separated opposite pore walls enhances the physical adsorption 

behavior. However, as far as water, the Henry constant of water on CMP-50 is much 

smaller than that on AC. This finding supports the above-mentioned conclusion that 

CMP-50 is more hydrophobic than AC. 

 

3.3 Adsorption and desorption kinetics 

In the case of adsorption/desorption, increase/decrease in pressure results in a 

change in the equilibrium position and mass relaxation occurs to a new equilibrium 

position. The mass relaxation curve was used to calculate the adsorption/desorption 

kinetic parameters. 

The linear driving force (LDF) model for adsorption is described by the 

equation
36

: 

1 ktt

e

M
e

M

 

                                                        (5)                                                                    

where Mt is the uptake at time t, Me is the equilibrium uptake and k is the rate constant. 

The corresponding LDF model for desorption is described by the equation: 

1ktt

e

M
e

M

                                                          (6)                                                                                                    

where Me is the amount desorbed at equilibrium and Mt is the amount desorbed at 

time t (Mt=0 at the start, Me=–Mt and Mt/Me =–1 at equilibrium, after completion of 

the desorption step). 
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Fig. 6 and Fig. 7 show typical graphs of Mt/Me versus time for adsorption and 

desorption of benzene and water on CMP-50 and AC, respectively, and the 

corresponding profiles calculated using the LDF model. All the graphs show that the 

adsorption kinetics obey the LDF model with residuals in the±0.04 range. This 

suggests that the diffusion through the barrier at the pore entrance is the 

rate-determining step during the adsorption process
37

. The decrease in effective pore 

width leads to the development of barriers to surface diffusion into the porous 

structure. 

A comparison of the variation of adsorption and desorption kinetic rate constants of 

benzene with relative pressure at 35
o
C on CMP-50 and AC is shown in Fig. 8. The 

adsorption kinetic rates for CMP-50 (Fig.8a) are basically the same at the overall 

relative pressure, and higher than those for AC. This observation can be attributed to 

the fact that the presence of open mesoporous structure in CMP-50 allows high 

accessibility of the adsorbate. As for the desorption of benzene from CMP-50, the 

slowest point is in the relative pressure p/p0=0.266, which corresponds with the 

steepest part of the desorption isotherm (see Fig. 4). At this pressure, it is the most 

difficult for benzene to desorb from the surface of the adsorbed phase meniscus in the 

mesopores.  

Fig. 8c and d show the variation of adsorption and desorption kinetic rate constants 

with relative pressure for water on CMP-50 and AC at 35
o
C. It can be observed that 

the rate constants for adsorption and desorption follow the same tendency - decrease 

with increasing relative pressure. At low pressure, water with small molecular 
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dimensions (291.7×322.6×388.8 pm)
36

 can easily diffuse into the pores of the 

adsorbents. As the vapor pressure rises, the surface coverage increases, leading to 

mono- and multilayer formation in the larger pores. This reduces the effective pore 

width, and develops barriers to surface diffusion into the porous structure which gives 

rise to the decrease of the rate constants. However, from Fig. 8d, we can find that in 

the desorption kinetics there is a slowest point in the relative pressure p/p0=0.49 and 

from then on the rate constants increase with the rising pressure, which is a typical 

phenomenon of water desorbed from AC
10

. This is due to the pore filling at high 

pressure, which can be observed from the water vapor adsorption curve in Figure 5. 

As we expected, this phenomenon does not occur on the CMP-50 adsorbent, which 

indicates its superhydrophobic surface of inhibiting the development of water cluster, 

and then the pore filling.  

3.4 Dynamic adsorption and desorption behaviors 

The investigations of dynamic adsorption and desorption were conducted for the 

removal of typical VOCs, such as benzene, by representative samples of CMP-50 and 

AC. A breakthrough measurement is a direct method designed to explore the dynamic 

performance of VOC adsorption at low concentration
30

. Figure 9 shows the adsorption 

breakthrough curves of benzene on CMP-50 and AC at different relative humidity, 

respectively. To quantitatively elucidate the effect of relative humidity to the 

adsorption, the breakthrough curves were fitting using the Yoon and Nelson model 

(Y-N model), expressed as the following equation
38

:  

o

i 0

C 1
=

C 1+exp[κ'(τ -t)]
                                                (7)                                                                                          
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where Co and Ci are the outlet and inlet concentration of the stream through the 

fixed bed column (mg L
-1

), τ0 is the time required for 50% adsorbate breakthrough 

(min), and κ′ is a rate constant that depends on the diffusion characteristics of the 

mass transfer zone (min
-1

). It is a simple model and can simulate the breakthrough 

curves well, as already used for modeling adsorption of chlorinated volatile organic 

compounds in the fixed bed of hydrophobic hypercrosslinked polymer
13

 and modeling 

adsorption of benzene and methyl ethyl ketone vapors on activated carbon
39

 and so 

forth. 

It is shown clearly from the Figure 9 that the breakthrough curves of benzene on 

CMP-50 and AC under dry conditions and under wet conditions (80% RH) are well 

fitted by the Y-N model. For the sake of comparison, the calculated adsorption 

capacities and breakthrough times and rate constants based on the Y-N equation are 

presented in Table 3. The breakthrough time is calculated as the time at which the 

outlet concentration is 5% of the inlet concentration. From Table 3, we can see the 

existence of high concentration water vapor in the gaseous mixture does not induce 

significant reduction in the adsorption capacity of benzene on CMP-50  the 

adsorption efficiency (Qwet/Qdry) is 88%. On the contrary, the adsorption capacity of 

AC under wet condition is just 52% of that under dry condition. This result proves the 

hydrophobic surface property of the CMP-50 adsorbent once again.  

In general, the longer the breakthrough time is, the higher the dynamic adsorption 

capacity becomes. What’s more, a more rapid increase in the curve after the 

breakthrough means less resistance in intraparticle mass transfer
39

. It can be learned 

Page 15 of 31 Journal of Materials Chemistry A

Jo
ur

na
lo

fM
at

er
ia

ls
C

he
m

is
tr

y
A

A
cc

ep
te

d
M

an
us

cr
ip

t



16 
 

from Table 3 that under wet condition the breakthrough time of benzene on CMP-50 

increases by 384% than that of AC and the rate constant of benzene on CMP-50 

increases by 538%, implying less diffusion resistance in the CMP-50 during the 

adsorption process. This is mainly attributed to its micro/mesoporous property in the 

region of micropores (0.5-2 nm) and mesopores (2-10 nm). The relative large 

micropore volume of CMP-50 ensures a high dynamic capacity for benzene, and the 

mesopores of CMP-50 act as transport pores for benzene molecules diffusing into the 

internal surface and micro porosity, therefore improve the adsorption kinetics. The 

dynamic adsorption results indicate CMP-50 possesses the better hydrophobic surface 

property and less mass transfer resistance than AC. Hence, it is expected that CMP-50 

would be a promising adsorbent for the removal of VOCs from high relative humidity 

streams. 

 

Conclusion 

A series of conjugated microporous polymers (CMP) with micro/mesoporous 

structure were successfully synthesized and investigated on their adsorption property 

for benzene, a typical organic volatile compound. The static water vapor adsorption 

amount and Henry’ law constant calculated from virial equation proved that CMP-50 

was much more hydrophobic than AC. The adsorption kinetic rate constant data 

revealed that CMP-50 had fast adsorption kinetics for benzene and could not form 

pore filling of water at high pressure because of its hydrophobic surface. In addition, 

Yoon and Nelson model could predict the whole breakthrough curve of benzene 

adsorption on CMP-50 and AC under dry and wet condition. The adsorbed amount of 
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benzene on CMP-50 under the relative humidity of 80% was about 88% of the 

corresponding value under dry conditions. What is more, CMP-50 had a good shape 

of the adsorption breakthrough curves, exhibiting a long breakthrough time and a 

rapid increase after the breakthrough under wet condition, compared with AC. In 

general, hydrophobic surface, fast adsorption kinetics, low mass transfer resistance, 

and the high stability up to 400
o
C imply this kind of materials (such as CMP-50) 

would be a promising VOC adsorbent and applied in VOCs control under humid 

conditions.  
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Table 1. Textural properties of CMP-x and AC 

Material 

BET surface 

area 

(m
2
 g

-1
) 

Average pore 

diameter 

(nm) 

Total pore 

volume 

(cm
3 
g

-1
) 

Micropore 

volume 

(cm
3 
g

-1
) 

Micropore 

area 

(cm
3
 g

-1
) 

CMP-50 880 3.1 0.63 0.17 316 

CMP-250 828 6.4 1.10 0.14 272 

CMP-500 566 5.0 0.64 0.10 177 

AC 704 3.1 0.45 0.20 380 

 

 

Table 2. Equilibrium adsorption capacities Q
e
 and Henry constants of benzene and water on 

CMP-50 and AC at 35
o
C 

Sample 

Equilibrium adsorption capacities  

Q
e
 (mmol g

-1
) 

 Henry constants  

KH (×10
-7

 mol g
-1

 Pa
-1

) 

Benzene Water  Benzene Water 

CMP-50 6.61 3.23  78.89 1.36 

AC 3.34 20.84  442.79 12.04 

 

Table 3. Dynamic adsorption capacities of CMP-50 and AC and breakthrough characteristics of 

benzene adsorption calculated from Y-N model  

Material 

Dynamic adsorption capacity 

 Q (mmol g
-1

) 
Qwet/Qdry 

(%) 

Breakthrough time  

(min) 

(RH=80%) 

Rate constant 

κ′ (min
-1

) 

(RH=80%) 

R
2
 

QRH=0% QRH=80% 

CMP-50 1.23 1.08 88% 43.44 0.51 0.999 

AC 1.72 0.90 52% 8.97 0.08 0.993 
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Figure 1. Schematic illustration for the synthesis of CMP-x 

 

Figure 2. FT-IR spectra of patterns for CMP-50 (a), CMP-250 (b), CMP-500 (c) 
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Figure 3. TG and DTG curves for CMP-50 (a) and AC (b) materials 
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Figure 4. Adsorption and desorption isotherms of benzene on CMP-50 (a) and AC (b) 

materials at different temperatures 

 

Figure 5. Adsorption isotherms of water vapor on CMP-50 and AC at 35
o
C 
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Figure 6. Variation of Mt/Me versus time for benzene adsorption on CMP-50 and AC at 35
o
C  

(a) CMP-50: 80.4166-81.0194 mbar (p/p0=0.6234-0.6281); (b) AC: 11.89-12.01 mbar 

(p/p0=0.0608-0.0617) 

 
Figure 7. Variation of Mt/Me versus time for water desorption on CMP-50 and AC at 35

o
C 

(a) CMP-50: 35.83-35.62 mbar (p/p0=0.1834-0.1825); (b) AC: 45.27-45.06 mbar 

(p/p0=0.2317-0.2306) 
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Figure 8. Variation of rate constants for adsorption (filled symbols) and desorption (open 

symbols) on/from the samples with relative pressure at 35
o
C.  

(a) benzene on CMP-50; (b) benzene on AC; (c) water on CMP-50; (d) water on AC 
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Figure 9. The breakthrough curves for benzene adsorption on CMP-50 (a) and AC (b) materials.  

Curves with filled symbols represent results obtained under dry conditions and curves with empty 

symbols represent results obtained under wet conditions (80% RH) 
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Conjugated microporous polymers with micro/mesoporous structure exhibit 

hydrophobic nature and represent a promising VOCs adsorbent under humid 

conditions. 
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