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a b s t r a c t
Novel p-phenylenediamine-bridged organosilica (PPDA-BOS-T) materials were synthesized via 
the co-condensation reaction assisted by tetraethyl orthosilicate (TEOS). These amino-function-
alized organosilicas were characterized by Fourier transform infrared spectrometer, N2 sorption, 
scanning electron microscopy, and transmission electron microscopy. The addition of TEOS played 
a positive role in the construction of the porous network structure of the bridged organosilicas. 
The saturation adsorption capacity for Ag(I) of the PPDA-BOS-T could reach 82.88 mg g–1. The con-
formity to the Freundlich model indicated multilayer adsorption with active sites. Furthermore, 
the adsorption was followed well by the pseudo-second-order model, and the intraparticle diffu-
sion was proved to be the rate-limiting step during the adsorption of Ag(I). Finally, the thermody-
namic parameters including the change of free energy (ΔG), enthalpy (ΔH), and entropy (ΔS) of 
adsorption were calculated.
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1. Introduction

With the acceleration of industrialization, the discharge of 
wastewater containing heavy metal ions poses a great threat 
to both the environment and human health. Particularly, 
heavy metal ions, which cannot be biodegraded nor disin-
tegrated, cause severe damages to human and aquatic eco-
systems [1–3]. Silver (Ag) is regarded as a precious metal 
due to the currency and industrial value. However, a sig-
nificant amount of silver dissolved in the effluents is dis-
charged from industries, which is toxic to living organisms. 
Consequently, the removal of the silver from wastewater is 
becoming an especially important task. While seeking an 
effective and environmental-friendly technology to solve the 
problem of heavy metals contamination is a great challenge.

Several methods have been applied to the removal of 
heavy metal ions, such as solvent extraction [4], electrodi-
alysis [5], ion exchange [6], and membrane filtration [7]. 
Compared with the above methods, adsorption is one of 
the most promising methods because of its great advan-
tages in both economy and efficiency [8–10]. Various adsor-
bents such as lignin [11], chitosan [12], and activated carbon 
[13] have been used for the removal of heavy metal ions.
However, some intrinsic disadvantages of these adsorbents
hamper further application, such as the irregular pore size
distribution, weak interactions with metal ions, and low
adsorption capacity [14].

Recently, mesoporous silica materials have been exten-
sively used for the removal of heavy metal ions from 
wastewater [15,16]. The presence of silanol groups (Si–OH) 
on the surface provides opportunities for mesoporous silicas 



323S. Deng et al. / Desalination and Water Treatment 229 (2021) 322–330

to fix targeted functional groups, resulting in strong binding 
affinities toward heavy metal ions. As an important branch 
of mesoporous silicas, bridged organosilicas (BOS) have 
attracted considerable attention because of interesting fea-
tures such as high hydrothermal stability, large surface area, 
and adjustable surface properties [17,18]. Generally, BOS are 
synthesized via hydrolysis and condensation reactions of 
bridged organosilanes (R′O)3Si–R–Si(OR′)3. The incorpora-
tion of organic bridges (R) into the silica networks provides 
new opportunities to finely tune the chemical–physical 
properties [19]. However, the introduction of long flexible 
bridges is easy to cause the bending of the chains and the 
collapse of pore structure, thereby reducing the porosity 
of the silica networks [20]. Yu et al. [21] and Guo et al. [22] 
designed high-performance organosilica membranes by 
the incorporation of short and rigid groups into the nonpo-
rous matrix. Compare with the initial membranes, the gas 
permeances of modified membranes drastically increased. 
Inspired by these two investigations, the tetraethyl ortho-
silicate (TEOS) with rigid structures was introduced 
into the organosilica networks to solve the problem.

In this study, mesoporous p-phenylenediamine- bridged 
organosilica (PPDA-BOS-T) materials were synthesized suc-
cessfully via the co-condensation reaction assisted by TEOS. 
The addition of TEOS is expected to play a positive role in 
the construction of the porous network structure of the BOS. 
N2 sorption, scanning electron microscopy (SEM), and trans-
mission electron microscopy (TEM) were applied to analyze 
the pore structures and morphologies of the PPDA-BOS-T. 
The adsorption properties of these amino-functionalized 
BOS for Ag(I) were investigated systematically. Finally, 
kinetics, thermodynamics, and isotherms of the adsorp-
tion were studied in order to understand the adsorption 
behaviors of the innovative PPDA-BOS-T adsorbents.

2. Experimental

2.1. Chemicals

All reagents were of analytical grade. 3-glycidoxyprop-
yltrimethoxysilane (GPTS) was purchased from Sinopharm 
Chemical Reagent Co., Ltd., (Shanghai, China). Ammonium 
fluoride (NH4F) was purchased from Chinasun Specialty 
Products Co., Ltd., (Changshu, China). TEOS was pur-
chased from Shanghai Lingfeng Chemical Reagent Co., 
Ltd., (Shanghai, China). Hexadecyl trimethyl ammonium 
bromide (CTAB) and p-Phenylenediamine (PPDA) were 
purchased from Aladdin Chemical Reagent Co., Ltd., 
(Shanghai, China). Sodium hydroxide (NaOH) was pur-
chased from Shanghai No.4 Reagent and H.V. Chemical Co., 
Ltd., (Shanghai, China). Silver nitrate (AgNO3) was pur-
chased from Reagent No.1 Factory of Shanghai Chemical 
Reagent Co., Ltd., (Shanghai, China). Nitric acid (HNO3) 
was purchased from Sinopharm Chemical Reagent Co., Ltd.

2.2. Synthesis of PPDA-BOS-T

The PPDA-BOS mesoporous materials were pre-
pared via the hard template method, according to Fig. 1. 
10.872 g of 3-GPTS and 2.487 g of PPDA were blended in 
50.0 mL of ethanol in a three-necked flask. The mixture was 
refluxed accompanying mechanical stirring at 358 K for 12 h 

under nitrogen atmosphere to obtain the PPDA-bridged 
monomer (PPDA-B-m) ethanol solution.

0.775 g of CTAB and 0.120 g of NaOH were added 
to 50.0 mL of distilled water with stirring until the solid 
was completely dissolved into the solution. Then 0.730 g 
of PPDA-B-m ethanol solution and 1.160 g of TEOS were 
mixed and added. After stirring for 10 min, 4.0 mL of 
0.014 g mL–1 NH4F was added to the above solution. The 
reaction mixture was stirred at room temperature for 
24 h. Then the mixture was transferred into Teflon-lined 
autoclaves and heated at 358 K for 4 d. After filtering, the 
product was washed with water, dried at 333 K. The solid 
product was collected and then solvent-extracted with 
ethanol and HCl for 72 h. After filtration, washing with 
water, and vacuum drying at 333 K, the final organosil-
ica material was obtained and denoted as PPDA-BOS-T, 
where T referred to TEOS. For comparison, PPDA-BOS was 
prepared without TEOS.

2.3. Characterization

Fourier transform infrared spectrometer (FT-IR, Nicolet- 
460, USA) was applied to confirm the chemical structure 
of PPDA-BOS-T in the wavenumber ranging from 600 to 
3,600 cm–1. The samples were pressed into KBr disks. Before 
measurement, the sample was outgassed overnight at 393 K. 
Heavy metal ions in solution were measured by inductively 
coupled plasma atomic emission spectrometry (ICP-AES, 
Aglient 5110, USA). The structure and morphology of the 
adsorbent were examined using field-emission scanning 
electron microscopy (FE-SEM, Zeiss SUPRA 55, Germany) 
with an acceleration voltage of 5 kV. Prior to imaging, solid 
samples were deposited on metallic support and covered 
with a layer of platinum. TEM images of adsorbent were 
obtained using JEOL, JEM-2100 electron microscope (Japan). 
The solid samples were first dispersed in absolute ethyl 
alcohol, then deposited on a copper grid. Nitrogen adsorp-
tion–desorption isotherms of PPDA-BOS-T adsorbent were 
determined by nitrogen sorption at 77 K, using a volumetric 
adsorption analyzer (ASAP 2020, USA). The BET method 
was employed in a relative pressure range of P/P0 = 0–1.00 
to calculate the specific surface area. The pore size distri-
bution was obtained through the analysis of the adsorption 
branch of nitrogen isotherms using the BJH model.

 
Fig. 1. Synthesis route to PPDA-BOS-T.
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2.4. Static adsorption experiments

10.0 mg of PPDA-BOS-T adsorbents were mixed 
with 10.0 mL of AgNO3 solution with a concentration of 
100 mg L–1 at pH = 6 in a thermostatic shaker. The resulting 
mixture was shaken at 200 r min–1 under 288 K for 24 h to 
reach the final equilibrium state. The initial and final con-
centrations of Ag(I) were analyzed by ICP-AES. The adsorp-
tion capacity and removal efficiency can be calculated by the 
following equations:
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where C0 (mg L–1) and Ce (mg L–1) are the concentration of 
Ag(I) at the beginning and at time t (min), respectively. 
qe (mg g–1) is the adsorbed amount. V (mL) represents 
the volume of solution, m (mg) is the dry weight of the 
adsorbent, and R (%) represents removal efficiency.

2.5. Adsorption isotherms

Adsorption isotherms were performed by adding 
10.0 mg of PPDA-BOS-T adsorbents to 10.0 mL of Ag(I) 
solution with various initial concentrations. After being 
shaken at 288 K for 24 h, the Ag(I) concentration in the liq-
uid phase was analyzed. Isotherm data were analyzed with 
Langmuir and Freundlich models.

2.6. Kinetics and thermodynamics

10.0 mg of PPDA-BOS-T adsorbents were added into 
10.0 mL of AgNO3 solution (100 mg L–1) at pH = 6 under 
288 K. The concentration of Ag(I) was analyzed at various 
time intervals. Based on experimental data, adsorption 
kinetics were simulated by pseudo-first-order, pseudo- 
second-order, and Webber Morris intra-particle diffusion 
models.

In order to investigate the adsorption mechanism 
of solid–liquid interface, the Langmuir model [23] and 
Freundlich model [24] were employed to fit the experi-
mental data. The linear form of the Langmuir model is 
expressed by Eq. (3):
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where qe (mg g–1) is adsorption capacity, and Ce (mg L–1) 
refers to the equilibrium concentration of metal ions. qm 
(mg g–1) is theoretical maximum adsorption capacity, and KL 
(L mg–1) is the Langmuir exponent, relating to the affinity of 
binding sites.

The linear form of the Freundlich model is expressed by 
Eq. (4):

q K Ce F e
n= 1/  (4)

where KF (mg g–1) is the binding energy constant that reflects 
the affinity of the adsorbents to metal ions, n represents 
the Freundlich exponent related to adsorption intensity.

In order to investigate the adsorption rate and kinetic 
mechanism of Ag(I) onto PPDA-BOS-T, pseudo-first-or-
der [25] and pseudo-second-order [26] kinetic models were 
used to analyze the kinetics of the adsorption process. The 
pseudo-first-order and the pseudo-second-order kinetic 
model are expressed by Eqs. (5) and (6), respectively.
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where qe (mg g–1) and qt (mg g–1) are adsorption capacity at 
equilibrium and time t (min), respectively, k1 (min–1) and 
k2 (g mg–1 min–1) are kinetic adsorption rate constants for 
the pseudo-first-order kinetic and pseudo-second-order, 
respectively.

Generally, the changes in thermodynamic parameters 
during the adsorption process could be detected by adsorp-
tion experiments at different temperatures. The thermody-
namic parameters including ΔG (Gibbs free energy change), 
ΔS (entropy change), and ΔH (enthalpy change) could 
be calculated by applying the thermodynamic equations, 
as expressed by Eqs. (7) and (8) [27]:
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where ΔG (kJ mol–1) means Gibbs free energy change, 
ΔS (J mol–1 K–1) means entropy change and ΔH (kJ mol–1) 
means enthalpy change, R (8.314 J mol–1 K–1) means gas 
constant, and T (K) refers to adsorption temperature. 
Adsorption of Ag(I) on the PPDA-BOS-T can be regarded 
as a reversible process, and the adsorption equilibrium 
constant KC can be expressed by Eq. (9):
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where Kid (mg g–1 min–1) is the intraparticle diffusion rate 
constant, C (mg g–1) represents the thickness of boundary 
layer (the higher value of C, the greater the boundary layer 
effects).

3. Results and discussion

3.1. FT-IR spectroscopy

FT-IR was applied to analyze the chemical structure 
of the PPDA-BOS-T materials. As shown in Fig. 2, the 
absorption bands at 1,075 and 803 cm–1 were attributed 
to the asymmetric and symmetric vibrations of Si–O–Si, 
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correspondingly. The saturated C–H stretching vibration 
was shown clearly in PPDA-BOS-T at 2,925 cm–1 [28]. The 
broad absorption peak at 1,640 cm–1 could be attributed to 
the stretching vibration of C=O. The broad absorption peak 
at 1,521 cm–1 confirmed the introduction of benzene rings 
into the networks [29]. The presence of stretching modes 
at 3,438 cm–1 was an indication of –OH and N–H [30].

3.2. SEM and TEM observation

Fig. 3 shows the SEM and TEM images of the PPDA-BOS 
and the PPDA-BOS-T adsorbents. Clearly, the surface of the 
PPDA-BOS adsorbent was smooth. The roughness of the 
surface and the visibility of pores within the PPDA-BOS-T 

tended to be increased with the addition of TEOS. Without 
the assistance of TEOS, the long organic bridges were easy 
to cause the bending of the chains due to their high flexi-
bility, hence reducing the porosity of the resultant adsor-
bents. In addition, amino-functional groups were wrapped 
in a closed structure and hardly contacted with Ag(I) ions, 
which weakened the adsorption performance. With the 
introduction of TEOS, the space between the organic bridg-
ing groups was enlarged, which effectively alleviated the 
bending problem of the chains. TEM results were consistent 
with SEM analysis, where TEOS was considered to play a 
positive role in constructing porous silica network struc-
ture. The increase in space between the chains facilitated 
the entry of Ag(I) into the inside of the network channels 
and contact with the active functional groups, enhancing the 
adsorption capacity of the adsorbents.

3.3. Nitrogen adsorption–desorption isotherms

To probe the pore structure of amino-functionalized 
BOS, nitrogen gas sorption measurements were performed 
on the PPDA-BOS-T and PPDA-BOS. As presented in 
Fig. 4a, both of the isotherms presented type IV character-
istics according to the IUPAC classification. Fig. 4b clearly 
revealed that the pore size distribution of PPDA-BOS-T 
and PPDA-BOS samples located in the mesoporous region. 
Detailed information on the textural properties is given 
in Table 1. Compared to PPDA-BOS, the pore size, and 
BET surface area of PPDA-BOS-T significantly increased, 
suggesting the successful incorporation of rigid TEOS. 
The PPDA-BOS-T displayed a high BET specific surface 
area of 461 m2 g–1 and a pore volume of 1.2 cm3 g–1, which 
was beneficial for the adsorption capacity.Fig. 2. FT-IR spectra of the PPDA-BOS-T.

 
Fig. 3. SEM and TEM images of the PPDA-BOS (left) and the PPDA-BOS-T (right) adsorbents.
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3.4. Adsorption properties of PPDA-BOS-T materials

3.4.1. Effect of pH value

Fig. 5 shows the effect of pH on adsorption capac-
ity and removal efficiency of the PPDA-BOS-T for Ag(I). 
Both the adsorption capacity of the PPDA-BOS-T and the 
removal efficiency of Ag(I) increased with an increase in 
pH and was achieved the maximum adsorption capac-
ity at pH = 6. At low pH, amino groups were protonated, 
resulting in a decrease in active binding sites. Moreover, 
the electrostatic repulsion between the protonated amino 
groups and Ag(I) further hindered the adsorption of Ag(I) 
[31]. As the pH values increased gradually, the decreased 
protonation effect of the amino groups enhanced the 
adsorption capacity of the PPDA-BOS-T. However, when 
the pH was over 6, Ag(I) would form hydroxide precipi-
tate. Therefore, the subsequent adsorption experiments 
were carried out under pH = 6.

3.4.2. Effect of Ag(I) initial concentration

Fig. 6 presents the concentration of Ag(I) on adsorp-
tion capacity and removal efficiency. The adsorption capac-
ity of PPDA-BOS-T increased gradually as the initial con-
centration of Ag(I) increased. This was attributed to the 
increased driving force. Whereas the removal efficiency 
decreased with an increase in the Ag(I) concentration. At 
low initial concentration, the binding sites and pore vol-
ume of the adsorbent were sufficient to adsorb Ag(I), lead-
ing to a high removal efficiency. As the initial concentration 

 
Fig. 5. Effect of pH on adsorption capacity and removal efficiency 
of the PPDA-BOS-T for Ag(I). m/V = 1 g L–1, C0 = 100 mg L–1, and 
T = 288 K.

 
Fig. 6. Effect of Ag(I) concentration on adsorption capacity and 
removal efficiency for the PPDA-BOS-T. m/V = 1 g L–1, pH = 6, 
and T = 288 K.

Table 1
Textural properties of PPDA-BOS-T and PPDA-BOS

Adsorbents SBET (m2 g–1) VBJH (cm3 g–1) Da (nm)

PPDA-BOS 278.4 0.96 5.3
PPDA-BOS-T 461.2 1.2 8.4

Fig. 4. Nitrogen adsorption–desorption isotherms (a) and BJH pore size distributions (b) of PPDA-BOS-T and PPDA-BOS.
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increased, binding sites and the pore volume reduced rela-
tively and the competitive adsorption occurred among the 
Ag(I). As a result, the adsorption of Ag(I) was gradually 
suppressed and the removal efficiency decreased.

3.4.3. Effect of contact time and temperature

The effect of contact time on the adsorption of Ag(I) 
at different temperatures is shown in Fig. 7. The kinetic 
curve revealed that the adsorption capacity increased rap-
idly during the first 120 min, and then reached equilibrium 
gradually. The fast adsorption rate was attributed to the 
physical and reactive adsorption between Ag(I) ions and 
the amino groups which could quickly capture Ag(I). As 
the adsorption time increased, the active binding sites 
decreased, leading to a reduced adsorption rate. The 
subsequent slow step was due to the diffusion of Ag(I) 
ions into the inner of the adsorbent. As the temperature 
increased from 288 to 308 K, the adsorption capacity of 
Ag(I) gradually decreased from 82.88 to 59.74 mg g–1, 
indicating that the reaction was exothermic in nature.

3.4.4. Adsorption isotherms

Fig. 8 presents the nonlinear fittings using the Langmuir 
model and Freundlich model for adsorption of Ag(I) on 
the PPDA-BOS-T. The kinetic parameters of models with 
correlation coefficients are given in Table 2. Fitting accu-
racy was determined by the correlation coefficient (R2), 
the correlation coefficients of Langmuir model (RL

2) and 
Freundlich model (RF

2) were calculated to be 0.9695 and 
0.9849, respectively. Obviously, the isothermal adsorption 
line of the PPDA-BOS-T for Ag(I) was more consistent with 
the Freundlich model. Therefore, the adsorption of Ag(I) 
on the PPDA-BOS-T could be described by the multilayer 
adsorption. Moreover, the value of n is 2.27, indicating that 
the adsorption intensity was favorable over the entire range 
of concentrations.

3.4.5. Adsorption kinetics

The linear fitting results with pseudo-first-order and 
pseudo-second-order kinetic models are shown in Fig. 9. 
The experimental data were fitted with the kinetic models, 
which are summarized in Table 3. By comparing the cor-
relation coefficient R2, it could be seen that the adsorption 
behaviors at all temperatures conformed to the pseudo-
second- order kinetic model. Calculated adsorption capacity 
based on the pseudo-second-order kinetic model was in good 
agreement with the experimental results. Hence, the adsorp-
tion process followed well the pseudo-second-order model.

However, neither pseudo-first-order kinetic model nor 
pseudo-second-order kinetic model could determine the 
diffusion mechanism. The transmission of heavy metal 
ions from the bulk solution to the out of liquid film can be 
ignored in the adsorption system with severe agitation and 
oscillation. On this premise, three types of mechanisms 
are involved in the adsorption process, including film dif-
fusion, intraparticle diffusion, and adsorption [32]. Film 
diffusion involves the transport of metal ions from the bulk 
solution to the external surface of the adsorbent, which is 
identified as an external mass transfer resistance. Film dif-
fusion is followed by intraparticle diffusion, in which the 
adsorbed ions diffuse into the pores of adsorbents. This pro-
cess is associated with intraparticle mass transfer resistance 
(pore-volume diffusion or surface diffusion). Adsorption is 
a fast step and the limit on the adsorption rate can be neg-
ligible. Therefore, the adsorption rate is limited by film 
diffusion and intraparticle diffusion. Weber–Morris intrapar-
ticle diffusion model assumes that the intraparticle diffusion 
is a rate-control step, which is expressed by Eq. (10) [33].

 
Fig. 7. Kinetic profiles of the PPDA-BOS-T for adsorption of 
Ag(I) at different temperatures. m/V = 1 g L–1, C0 = 100 mg L–1, 
and pH = 6.

 
Fig. 8. Adsorption isotherms of the PPDA-BOS-T for Ag(I) with 
Langmuir model (dash) and Freundlich model (solid).

Table 2
Kinetic parameters of Langmuir model and Freundlich model

Model qm (mg g–1) n K R2

Langmuir 205.3 / 0.0601 0.9695
Freundlich / 2.27 19.31 0.9849
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Fig. 10 shows the linear fitting using the Weber–Morris 
intraparticle diffusion model for adsorption of Ag(I) with 
the PPDA-BOS-T. The intraparticle diffusion rate (Kid) and 
correlation coefficient were determined by calculating the 
straight-line plot of qt against t0.5. If the intraparticle diffu-
sion kinetic model fits a straight line that passes through 
the origin (C=0), the whole adsorption process will be only 
controlled by the intraparticle diffusion. Whereas if the 
fitting shows a multi-linear plot, which means there are 
two or more steps involving in the adsorption process. As 
shown in Fig. 10, there are three straight lines with differ-
ent slopes. The first two segments of the fitted line repre-
sented two control steps of pore volume diffusion and 
surface diffusion, respectively. The third fitting line indi-
cated that adsorption had reached the dynamic equilibrium 
stage. During the pore volume diffusion, Ag(I) diffused to 
the inner surface of the adsorbent. The diffusion rate was 
slower than that for the pore-volume diffusion (correspond-
ing to the slope of the second straight line), probably due 
to the reduction of concentration gradient and influence 
of flow friction resistance in surface diffusion. The dotted 
line represented the liquid film diffusion that was located 
before the intraparticle diffusion. The slope was higher 
than that of two intraparticle diffusion lines, indicating 
that its diffusion rate was higher than that of intraparti-
cle diffusion. The intraparticle diffusion was therefore the 
rate-limiting step in the whole adsorption process.

3.4.6. Adsorption thermodynamics

As shown in Fig. 11, a linear relationship is observed 
clearly with the fitting of lnKC against 1/T.

Values of ΔS and ΔH were obtained through the calcu-
lation of the slope and intercept of the fitting line, which is 
summarized in Table 4.

 
Fig. 9. (a) Pseudo-first-order and (b) pseudo-second-order model for adsorption of Ag(I) with the PPDA-BOS-T at different tempera-
tures. m/V = 1 g L–1, C0 = 100 mg L–1, and pH = 6.

 
Fig. 10. Fitting of the intraparticle diffusion model for adsorption 
of Ag(I) with the PPDA-BOS-T.

Table 3
Kinetic parameters for adsorption of Ag(I) on the PPDA-BOS-T at different temperatures

T (K) k1 (min–1) qe1 (mg g–1) R1
2 k2 (g mg–1 min–1) qe2 (mg g–1) R2

2

Pseudo-first-order Pseudo-second-order

288 0.0044 0.0059 0.8427 0.0015 83.26 0.9993
298 0.0059 11.50 0.8330 0.0029 74.24 0.9996
308 0.0053 7.48 0.8518 0.0047 59.88 0.9992
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The negative value of ΔG at three temperatures indi-
cated the adsorption process was spontaneous. The absolute 
value of ΔG decreased as the temperature raised, indicat-
ing the adsorption of Ag(I) was easier to proceed at low 
temperatures. The negative value of ΔH suggested that 
the adsorption process was exothermic in nature. ΔS less 
than 0 indicated that the disordered state of the system 
reduced due to the combination of Ag(I) ions and adsorbent 
during the adsorption process.

3.4.7. Performance of PPDA-BOS-T comparison with others

The comparison of adsorption capacities of different 
adsorbents for Ag(I) is listed in Table 5. Compared to other 

adsorbents, PPDA-BOS-T exhibited a competitive adsorp-
tion capacity around 73.9 mg g–1 at 25°C, indicating great 
promise for the removal of Ag(I). Future studies will be more 
focused on the regeneration of the PPDA-BOS-T adsorbent.

4. Conclusion

In this study, amino-functionalized bridged organo-
silicas (PPDA-BOS-T) were synthesized via in situ co- 
condensation reactions with PPDA-BOS and TEOS. The 
introduction of TEOS in the co-condensation process would 
benefit the construction of porous network structure, 
greatly improving the porosity and surface area of these 
bridged organosilica materials. The prepared BOS were 
applied to the adsorption of Ag(I) in aqueous solutions. 
The adsorption fitted well with the pseudo-second-or-
der kinetic model. The intraparticle diffusion was proved 
to be the rate-limiting step during the adsorption process. 
These innovative amino-functionalized BOS showed great 
promise as highly efficient adsorbents for applications in 
wastewater treatment containing heavy metal ions.
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