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Abstract –SO3H modified mesoporous silica adsorbent

with water sorption capacity and fast desorption kinetics

for water sorption was synthesized and studied via a

combined experimental and numerical approach. Meso-

porous silica was synthesized using sol–gel method in

H2SO4 medium. The water adsorption isotherms and

kinetics over the silica were evaluated by a dynamic water

vapor sorption analyzer. Mesoporous silica was modeled

using annealing simulation with CVFF forcefield. –SO3H

modified mesoporous silica was modeled by the attachment

of –SO3H to the surface hydroxyl groups and validated.

Simulation results show water sorption capacity at low

relative humidity (RH) increases with –SO3H loading on

mesoporous silica. Energy distribution of intermolecular

interaction and micro-view of water sorption over –SO3H

modified mesoporous silica reveal that although strong

interaction (intermolecular interaction of -40 to -20 kcal/

mol) between hydrophilic groups (–SO3H) with water can

increase water sorption capacity at low RH, weak H2O–

H2O interaction (intermolecular interaction of -20 to

-10 kcal/mol) dominated water sorption capacity at both

low and high RH.

Keywords Molecular simulation � Mesoporous silica �
Sulfonic modification � Water vapor sorption

1 Introduction

Adsorption on porous solid materials is a promising tech-

nology for dehumidification with low energy consumption

and high efficiency (Roque-Malherbe 2007), where the

adsorbent is the key. Design adsorbent with high adsorp-

tion capacity and fast kinetics for water sorption is critical

considering industrial applications, i.e. rotary desiccant

wheel.

Periodic mesoporous silica material has been widely

used as an adsorbent due to its uniform porosity, large

surface area and controllable pore size. Considering water

sorption, Kocherbitov and Alfredsson (2007) studied the

water sorption over MCM-41 by sorption calorimetry.

Mancinelli et al. (2009) investigated the structure of water

confined in MCM-41 by multi scale approach. Li et al.

(2007) studied the effect of pore size on desorption acti-

vation energy experimentally. Results show that water

sorption capacity over silica was determined by the density

of surface hydroxyl groups at low RH. Functionalization of

mesoporous silica is an effective way to change its surface

property and thus affect its water sorption performance.

Several routes for the modification of are described in the

literature. Grafting of functional organic groups using

surface hydroxyl groups as anchor points has been widely

employed for different applications. Schumacher et al.

(2006) and Wang et al. (2013, 2014) discussed the sepa-

ration of CO2 using organic (triethylchlorosilane, octade-

cyldimethylchlorosilane et al.) functionalized mesoporous

silica. Ho et al. (2011) studied CO2 sorption over func-

tionalized MCM-41 by combined molecular simulation and
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experiments. However, less work concerned functionalized

mesoporous silica for water sorption.

Herein, we report a combined experimental and numerical

study of a series of –SO3H modified mesoporous silica. The

effects of surface sulfonate density and energy distribution of

intermolecular interaction on water sorption characters were

studied. Mesoporous silica was synthesized by a sol–gel way

in H2SO4 solution and simulation structure was obtained by

molecular dynamic simulation. The water adsorption iso-

therms and kinetics over the silica were evaluated by a

dynamic water vapor sorption analyzer. Effects of surface

sulfonate density on water sorption and energy distribution

of intermolecular interaction were studied by molecular

simulation. By combination of experimental and computa-

tional study, we can get a micro view of water vapor

adsorption on the modified mesoporous silica and reveal the

development of adsorption mechanism.

2 Experimental section

2.1 Synthesis method

Sol–gel process is widely applied to produce silica, glass,

and ceramic materials due to its ability to form pure and

homogenous products at mild conditions. Sulfonic acid-

modified mesoporous silica is synthesized by means of sol–

gel method in H2SO4 medium utilizing the following

procedure. Certain amount of polyvinyl pyrrolidone (PVP,

K30, average molecular weight: 58 kDa) is dissolved in

distilled water and stirred for 30 min. Concentrated sulfuric

acid is added by titration to keep the PH value of the

solution below 1 and then stir for 30 min. Tetraethyl

orthosilicate (TEOS) is added drop by drop to make sure

the mole ratio of PVP:TEOS:H2O is 1:551:26,851. The

mixture solution is hydrolyzed by stirring at 328 K for 20 h

and then gelled at 353 K for 48 h. Finally the gel is cal-

cined at 773 K for 3 h with a heating rate of 0.5 K/min.

Different samples named S–SiO2–A, S–SiO2–B, S–SiO2–

C, S–SiO2–D are prepared by altering the hydrolysis tem-

perature from 328 to 308 K and changing the gelation time

form 48 to 24 h. S–SiO2–A and S–SiO2–B are hydrated

under 328 K with gelation time of 48 and 24 h respec-

tively. S–SiO2–C and S–SiO2–D are hydrated under 308 K

with gelation time of 48 and 24 h respectively. Products are

washed by distilled water to remove the free acid and then

dried at 373 K overnight.

2.2 Material characterization

Specific surface area and pore radius are characterized by low

temperature N2 adsorption at 77 K using a Micromeritics

Geminiv 2380 system. Prior to the measurements, samples are

dried under reduced pressure at 393 K for 24 h. The surface

area (SBET) is determined using the BET (Brunauer–Emmett–

Teller) equation over the range P/P0 = 0.06–0.35. The clas-

sical pore size model developed by Barret–Joyner–Halenda

(BJH) is used for the calculation for the pore volume (VBJH)

and pore average diameter (Daverage) over the mesopore, using

the desorption branch of the isotherm.

Surface concentration of sulfonate is calculated from

samples ion exchange capacity measured by acid–base

titration (Tominaga et al. 2007). Firstly, synthesis samples

(0.05 g) are immersed in NaCl solution (2 mol/L) and are

stirred 15 h for ion exchange, and then titrates the mixed

solution with NaOH standard solution (0.01 mol/L) of the

exchanged H? amount. Finally, the samples ion exchange

capacity is calculated.

2.3 Water vapor sorption

The adsorption/desorption kinetics and isotherms of the

water vapor on the sulfonic modified mesoporous silica are

measured on a dynamic vapor sorption system (Surface

Measurement Systems Advantage 1, DVSA-STD 10052s-

01). DVS advantage system is shown in Fig. 1.

Before the measurement of vapor adsorption, the samples

are dried at 473 K for 2 h. Nitrogen is used as the dry carrier

gas for DVS. The concentration of vapor was precisely con-

trolled with mass flow controller and real time vapor con-

centration monitor. The sample weight change during water

sorption/desorption can be measured by an ultra-microbal-

ance module. When the mass change is less than

0.002 mass%/min, the samples are considered to reach the

kinetic equilibrium. Based on the equilibrium moisture con-

tent at different RH, water vapor isotherms can be plotted.

The adsorption isotherms are plotted based on the

equilibrium adsorption capacity at various RHs from 0 to

Fig. 1 DVS advantage system: a mass flow controller; b vapor

generator; c sample; d reference; e humidity sensor; f camera;

g thermometer; h microbalance module
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90 %. The desorption kinetics are obtained by measuring

the weight change of the samples with time at 360 K.

3 Computational methods

3.1 Mesoporous silica model

The first step to reproduce the sulfonic modified meso-

porous silica is to build a realistic model that can represent

the mesoporous silica. Then, on the basis of that model, it

is possible to attach sulfonate grafts to the surface hydroxyl

groups (OH) to obtain the sulfonic modified mesoporous

silica, as shown in Fig. 2.

The MCM-41 pore model is generated following a

procedure similar to that proposed by Coasne et al. (2006)

to prepare MCM-41 model. To create bulk amorphous

silica, we replicate a high-crystoballite unit cell 8 9 8 9 4,

yielding a system of 6,144 atoms. This step is followed by

an annealing cycle proposed by Huff et al. (1999) that

employs the Morse-style potential developed by Demiralp

et al. (1999). Interaction energy expression is shown in

Eq. (1) and parameters are listed in Table 1.

Uij ¼
qiqj

r

þ D0 exp c 1� r

R0

� �� �
� 2 exp

1

2
c 1� r

R0

� �� �� �

ð1Þ

D0 is bond strength. R0 is bond length. c is dimension-

less force constant. r is the distance between the particles.

qi, qj is the particle charge.

Annealing cycle is performed by Forcite package

(Material Studio) in the NVT ensemble. Temperature

increases from 300 to 7,000 K at a rate of 4 K/ps and then

melting samples are quenched to room temperature.

Amorphous sample is equilibrated for 40 ps in the NPT

ensemble at a pressure of 1 bar. Bulk amorphous silica

model obtained gets a lattice 5.70 9 5.70 9 2.85 nm3 and

a density of 2.205 g/cm3. After carving out a cylindrical

pore with a diameter of 4.1 nm, the structure with dangling

silicon and oxygen atoms are saturated with hydroxyl

group or hydrogen. Remove silicon atoms which bonded to

more than two hydroxyl groups and then relax the structure

by 200 ps NVT dynamics simulation.

Sulfonic modified mesoporous silica is obtained by

attaching sulfonate grafts to the surface hydroxyl groups

randomly (Builes et al. 2012). Different amount sulfonate

grafts are attached to obtain modified samples with dif-

ferent surface sulfonate densities. After tether organic

groups to the oxygen atom which bonded to the silica

surface, the structure atoms, apart from hydroxyl groups,

oxygen atoms bonded with organic groups and organic

groups, are fixed and run a dynamics simulation in NVT

ensemble for relaxation with CVFF forcefield.

Structure characterization is performed by Atom Vol-

ume & Surface module in Material Studio. Accessible

surface areas can be used to evaluate the BET surface with

a solvent radius of 0.184 nm (Düren et al. 2007). The

accessible surface areas are calculated by rolling a probe

molecule over the framework surface. Surface sulfonate

density is shown in mmol/m2 by dividing the SBET for

convenient comparison.

3.2 Simulation methodology

We perform grand canonical Monte Carlo (GCMC) simu-

lations to compute the adsorption of both nitrogen mole-

cules in pristine structure and water vapor in surface

modified structure. The GCMC method is a stochastic

process that simulates sorbent in equilibrium with an infi-

nite reservoir of fluid at fixed chemical potential and

temperature. The absolute adsorption isotherm is evaluated

by the ensemble average of the number adsorbed atoms as

a function of the pressure of the fluid reservoir (pressure of

the reservoir is obtained from the chemical potential,

according to the bulk equation of state for an ideal fluid).

Periodic boundary conditions are applied in all the three

dimensions. Interactions between adsorbate and adsorbent

are calculated by the sum of a Lennard–Jones 12–6

potential and a Coulombic electrostatic contribution.

Fig. 2 Sulfonic modified mesoporous silica structure

Table 1 Morse potential parameters

Interaction R0 (nm) D0 (kcal/mol) c

O–O 0.3791 0.5363 10.4112

Si–Si 0.37598 0.17733 15.3744

Si–O 0.1628 45.997 8.6342
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Interaction energy expression is shown as Eq. (2). The

cross interaction parameters between different atoms are

calculated using Lorentz-Berthelot combination rules, as

shown in Eq. (3). Where eij is depth of the potential well.

rij is the finite distance at which the inter particle potential

is zero. rij is the distance between particles and e0 is the

electric constant, which has the value of 8.854,187,817 9

10-12 Fm-1.

UijðrÞ ¼ 4eij

eij

rij

� �12

� eij

rij

� �6
" #

þ qiqj

4pe0

ð2Þ

rij¼
riiþrjj

2

eij¼
ffiffiffiffiffiffi
eiiejj
p

�
ð3Þ

For nitrogen sorption simulation, a spherical Lennard–

Jones model is used for nitrogen and parameters are list in

Table 2 (Maddox and Gubbins 1995). For time saving,

nitrogen atoms are only operated by insertion and deletion.

For each value of pressure below 0.4P0, 1.0 9 107 trials are

used for equilibration and production. Simulations at other

pressure values use 2.0 9 107 trials.

Water sorption simulation is performed to study water

sorption mechanism in surface modified sorbent in low RH.

TIP3P model is used during the water sorption simulation

(Jorgensen et al. 1983). Operations on water atoms during the

simulation are Exchange, Rotate, Translate, and Regrowth

with a ratio of 2:1:1:0.1. Each simulation involves 2.0 9 107

trials for equilibration and another 2.0 9 107 trials for pro-

duction. Forcefield parameters of the modified sorbent for

GCMC simulation are provided in the supporting materials.

4 Results and discussion

4.1 Material characterization

The nitrogen adsorption–desorption isotherms of four sul-

fonic acid-modified mesoporous silica are shown in Fig. 3.

The adsorption isotherms belong to type IV isotherms, with

the characteristic of multi-layer adsorption accompanied

with capillary condensation. Shapes of the hysteresis loop

indicate the cylindrical pore structure of the sorbents (De

Boer et al. 1958). Pore size distribution analyzed by BJH

model is shown in Fig. 4. Compared with S–SiO2–B, S–

SiO2–C and S–SiO2–D, S–SiO2–A has a narrower pore size

distribution, representing the uniform pore size, which was

chosen to be the prototype for molecular simulation. Tex-

tural properties of the sulfonic acid-modified mesoporous

silica samples and a reference sample of MCM-41 are listed

in Table 3.

4.2 Water sorption over the sulfonic acid-modified

mesoporous silica

Generally, the mechanism of water vapor adsorption fol-

lows: (1) the adsorption of water on surface functional

groups; (2) the adsorption of water on previously adsorbed

water molecules and subsequent cluster formation; (3) pore

filling occurs at condensation pressure; (4) a plateau is

reached at high pressure when all pore are filled (Brennan

et al. 2001). Water vapor adsorption isotherms of four

mesoporous sorbents are shown in Fig. 5, compared with a

Table 2 Parameters for nitrogen sorption simulation at 77 K

Atom types r (nm) e (K)

bO 0.278 185

N 0.375 190

nbO 0.3 190

Fig. 3 Nitrogen adsorption–desorption isotherm

Fig. 4 BJH pore size distribution curves

70 Adsorption (2015) 21:67–75

123



mesoporous MCM-41 and a micro porous 4A zeolite. All

the mesoporous isotherms show capillary condensation due

to the mesopore distributions. At low RH (\50 %), water

sorption capacity follows the order of 4A zeolite [ sul-

fonic acid-modified mesoporous silica samples[MCM-41.

The highest sorption capacity of 4A zeolite can be attrib-

uted to its strong affinity of micropores to water. The

higher water adsorption capacity of sulfonic acid-modified

mesoporous silica samples than MCM-41 is due to the

presence of stronger hydrophilic sites, –SO3H functional

groups over the sulfonic acid-modified mesoporous silica

samples, which promote the cluster formation of adsorbed

water molecules. The results further confirm that the

introduction of –SO3H functional groups to mesoporous

silica samples during synthesis. For MCM-41, hydroxyl

groups on the pore surface could act as the adsorption sites

for water molecules via weak H-bonding interaction. The

sorption capacities of four sulfonic acid-modified meso-

porous silica samples are quite close at low relative

humidity, suggesting the amounts of –SO3H functional

groups introduced are similar. At higher RH ([50 %), the

sorption capacity of four sulfonic acid-modified mesopor-

ous silica samples follows the order of S–SiO2–A [ S–

SiO2–B [ S–SiO2–C [ S–SiO2–D, which is consistent

with the order of BET surface area.

4.3 Water desorption over the sulfonic acid-modified

mesoporous silica

For the practical application, i.e., rotary desiccant dehu-

midifier, the sorbents should possess not only high dehu-

midification capacity but also fast desorption kinetics for

high energy efficiency. Figure 6 shows the desorption

curves of water vapor over the sulfonic acid-modified

mesoporous silica samples at 360 K. Desorbed water

contents after 30 min are listed in Table 4. The desorption

kinetics follow the order of sulfonic acid-modified meso-

porous silica [ MCM-41 [ 4A zeolite. Compared to zeo-

lite 4A possessing high water sorption capacity at low RH,

sulfonic acid-modified mesoporous silica samples as well

as MCM-41 show a faster desorption rate and the desorbed

water contents reached above 90 % after 10 min. The

above results suggest that sulfonic acid-modified meso-

porous silica has relative high water sorption capacity and

fast desorption kinetics.

4.4 Molecular simulation

Water adsorption over the sulfonic acid-modified meso-

porous silica samples was studied computationally. Before

GCMC simulation, we need to prepare an accurate sorbent

structure. For bulk amorphous silica structure, the density

and radial density functions of Si, O were calculated as

shown in Table 5, which were close to the experiment

results (Bourg and Steefel 2012), suggesting the modeled

amorphous structure has similar atom array with the

experiment samples. Moreover, the density of –OH

obtained (6.25 OH/nm2) is close to that obtained experi-

mentally for porous silica (5–7 OH/nm2) (Landmesser

et al. 1997).

Table 3 Textural properties of the sulfonic acid-modified mesopor-

ous silica samples

Name SBET (m2/g) Vpore (cm3/g) Daverage (nm) Qa (mg/g)

S–SiO2–A 607 0.73 4.16 693.0

S–SiO2–B 586 1.14 8.1 546.7

S–SiO2–C 420 0.88 8.0 470.3

S–SiO2–D 326 1.34 13.1 334.5

a Water vapor sorption capacity at 90 % RH

Fig. 5 Adsorption isotherms of water over the sulfonic acid-modified

mesoporous silica samples at 298 K

Fig. 6 Desorption curves of water vapor over the sulfonic acid-

modified mesoporous silica samples at 360 K
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Simulation results of nitrogen sorption isotherm of the

constructed mesoporous silica are compared to that of S–

SiO2–A from the experimental results as shown in Fig. 7.

Both have a similar shape of isotherm. The capillary con-

densation occurs at similar pressure range for S–SiO2–A

and the constructed silica model, which indicates that the

constructed model has similar pore size as the synthesized

S–SiO2–A. The consistency suggests the constructed silica

model can represent the synthesized S–SiO2–A from

experiment.

Silica with different surface sulfonate densities were

modeled with the textural properties with the character-

ization parameters as shown in Table 6. Both surface area

and pore volume decrease by increasing grafted –SO3H

functional groups on silica surface. Modeled structures

have much lower surface area than experiment sample,

which is because the pore structures in the modeled

structure are constructed with uniform mesopores while the

synthesized samples have a combination of micropore and

mesopore. Regardless of surface area, the synthesized

structure can be well represented by the modeled silica

structure with close pore size and similar functional surface

group density.

Simulation results of water sorption are compared with

that of S–SiO2–A experimentally at low RH. Simulation

result of 30S–SiO2 is compared with S–SiO2–A in Fig. 8

due to the similar sulfonate density. Simulated water

sorption over 30S–SiO2 at different RH of 5, 10, 15, 20, 30,

40 % were simulated and showed good consistency with

experimental results, which suggests the validation of

simulation method and forcefield parameters for the

simulated –SO3H modified mesoporous silica model. A

micro-view of water molecule adsorption over –SO3H

modified mesoporous silica from simulation showed in

Fig. 9, adsorbed water molecules are noted to accumulate

around hydrophilic –SO3H groups and form water mole-

cule clusters via hydrogen bond.

Water vapor sorption isotherms of modeled silica graf-

ted with different sulfonate densities are simulated as

shown in Fig. 10. Radius density distribution of adsorbed

water molecule is presented in Fig. 11. QS is the sorption

capacity per surface area. Peak density of water sorption

over mesoporous silica appears around 20 angstrom, close

to the radius of pore, suggesting water molecules were

adsorbed on silica surface predominantly. By introducing

higher surface sulfonate density, peak density around the

pore surface becomes larger, while the density inside the

pores of silica is almost unchanged. Peak density around

surface increases with RH. Water density increases toward

the pore center, which may be the sign of transformation

from surface adsorption to water vapor condensation.

Radius density distribution shows that water molecules are

adsorbed around the pore surface first, and then turn to

condensation to fill the pore. It is obvious that the sorption

capacity increases with surface sulfonate density on silica.

But it is uncertain to ascribe this increase of sorption

capacity merely to the water-hydrophilic group interaction,

which can be complemented by elucidating the sorbate-

sorbent interaction. Therefore, the H2O– –SO3H grafted

silica interaction is further studied computationally.

Intermolecular interaction is defined as all intermolec-

ular interactions in the sorbate–sorbent configuration which

consists of interaction between sorbate molecules and

between sorbate and sorbent framework. It can be used to

evaluate the development of adsorption mechanism via its

Table 4 Desorption water contents in 30 min at 360 K

Name Desorbed water amount (%)

S–SiO2–A 96.94

S–SiO2–B 93.86

S–SiO2–C 94.32

S–SiO2–D 92.25

4A zeolite 58.8

MCM-41 94.3

Table 5 Bulk amorphous silica properties

Experiment Simulation

Si–O (1st) (nm) 0.16 0.165

Si–O (2nd) (nm) 0.413 0.415

Si–Si (1st) (nm) 0.31 0.32

O–O (nm) 0.261 0.265

Bulk density (cm3/g) 2.20 2.205

Fig. 7 Comparison of nitrogen sorption isotherms of simulated silica

model, S–SiO2–A and MCM-41 at 77 K
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transformation. Intermolecular interactions of different

samples are calculated at RH of 20 % and the distribution

probability is shown in Fig. 12. Compare to 1S–SiO2,

intermolecular interaction of SiO2 is centralized around

-10 to -20 kcal/mol while that of 1S–SiO2 are distributed

in two regions (weak interaction of -20 to -10 kcal/mol,

strong interaction of -40 to -20 kcal/mol). Centralized

energy distribution of intermolecular interaction of SiO2

indicates H2O–SiO2 is dominated by one type of

interaction. For SiO2, surface –OH groups can form

H-bond with water molecules, which have similar binding

energy with that of the water–water intermolecular

H-bonding. Higher intermolecular interaction of 1S–SiO2

corresponds to strong interaction between water molecules

and sulfonate groups. As the sorption capacity of 1S–SiO2

is small, the difference in the proportions of water adsorbed

by sulfonate groups, OH groups and water–water cluster

Table 6 Characterization of

different simulation structures
Name SBET (m2/g) Vpore (cm3/g) Sulfonate density (910-3 mmol/m-2)

S–SiO2–A 607 0.73 1.169

1S–SiO2 361 0.25 0.036

20S–SiO2 317 0.19 0.810

30S–SiO2 362 0.22 1.051

40S–SiO2 356 0.22 1.416

SiO2 315 0.20 \

Fig. 8 water vapor sorption isotherms at 298 K

Fig. 9 Micro-view of water sorption around sulfonic groups in simu-

lation (white ball hydrogen; red ball oxygen; blue ball sulfur; yellow ball

silicon; Dashed line hydrogen bond symbol) (Color figure online)

Fig. 10 Water vapor sorption isotherms of simulated structures with

different sulfonate densities at 298 K

Fig. 11 Radius density distribution of adsorbed water molecule
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formation is not significant. Compared 20S–SiO2 and 40S–

SiO2 with 1S–SiO2, the difference in energy distribution of

intermolecular interaction between strong interaction area

and weak interaction region increases as the probability of

weak interaction area increases with surface sulfonate

density. This indicates that surface hydrophilic groups

could promote the water–water intermolecular H-bonding

process and thus more water molecules adsorbed via weak

interaction. The result confirms that the increase in sorption

capacity with surface sulfonate density is not merely a

result of strong interaction between hydrophilic –SO3H

groups and water molecules. Integral probability of weak

and strong interaction adsorbed proportion are compared in

Fig. 13. Weak interaction adsorbed proportion increases

with RH and decreases in surface sulfonate density.

From the simulation snapshot as shown in Fig. 14, there

are more water molecules in cluster than accumulation

around sulfonate groups. Combine with the above analysis,

water molecules are adsorbed around sulfonate groups

through strong interaction. Then more water molecules will

be adsorbed by the weak H2O–H2O intermolecular

H-bonding interaction to form H2O clusters. Surface sul-

fonate sites act as the adsorption center for water mole-

cules, but the dominate proportion of adsorbed water

molecules is bonded through weak intermolecular

H-bonding interaction.

5 Conclusion

Experimental and numerical studies concerning H2O

adsorption over –SO3H modified mesoporous silica are

carried out. The following conclusions can be drawn:

(a) Experimental results show that mesoporous silica

functionalized by sulfonate have higher water sorp-

tion capacity and fast desorption kinetics.

(b) Higher density of –SO3H group led to higher water

sorption capacity due to a strong sulfonate–water

interaction based on the validated –SO3H modified

mesoporous silica model.

Fig. 12 Energy distribution of intermolecular interaction at 20 % RH

Fig. 13 Probability of strong and weak interaction adsorbed

proportion

Fig. 14 Snapshot of simulation

of 40S 20 % (blue site mean

sulfonate groups; white and red

balls are water molecules;

dashed line is the hydrogen

bond system) (Color figure

online)
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(c) Combined simulation results of energy distribution

of intermolecular interaction and micro-view of

water sorption over –SO3H modified silica reveal

the presence of two types of adsorption. Although

strong interaction (intermolecular interaction of -40

to -20 kcal/mol) between hydrophilic–SO3H with

water can increase water sorption capacity of sorbent

at low RH, weak H2O–H2O interaction (intermolec-

ular interaction of -20 to -10 kcal/mol) dominated

water sorption capacity at both low and high RH.

Further study elucidating water sorption mechanism

over sulfonate-grafted silica should be carried on to

guide the specific desiccant design.
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