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Abstract Effects of pore structure and surface chemical
characteristics of titanate nanotubes (TNTs) on their ad-
sorptive removal of organic vapors were investigated. TNTs
were prepared via a hydrothermal treatment of TiO2 pow-
ders in a 10 M NaOH solution at 150 °C for 24 h, and
subsequently washed with HCl aqueous solution of differ-
ent concentrations. Effects of acid washing process (or the
sodium content) on the microstructures and surface chem-
ical characteristics of TNTs were characterized with nitro-
gen adsorption-desorption isotherms, FTIR, and water va-
por adsorption isotherms. For the adsorption experiments,
gravimetric techniques were employed to determine the ad-
sorption capacities of TNTs for four organic vapors with
similar heats of vaporization (i.e., comparable heats of ad-
sorption) but varying dipole moments and structures, in-
cluding n-hexane, cyclohexane, toluene, and methyl ethyl
ketone (MEK), at isothermal conditions of 20 and 25 °C.
The experimental data were correlated by well-known va-
por phase models including BET and GAB models. Isos-
teric heats of adsorption were calculated and heat curves
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were established. Equilibrium isotherms of organic vapors
on TNTs were type II, characterizing vapor condensation to
form multilayers. The specific surface area (and pore vol-
ume) and hydrophilicity of TNTs were the dominating fac-
tors for the determination of their organic vapors adsorption
capacity. The GAB isotherm equation fitted the experimen-
tal data more closely than the BET equation. The heats of
adsorption showed that the adsorption of organic vapors on
TNTs was primarily due to physical forces and adsorbates
with larger polarity might induce a stronger interaction with
TNTs.

Keywords Titanate nanotubes · Adsorption · Organic
vapors · Pore structure · Surface chemical characteristics

1 Introduction

Adsorption-related applications of TNTs derived from hy-
drothermal method depend on the cation exchange proper-
ties, the availability of internal pore volume, and the sur-
face hydrophilicity of TNTs, that are all easily affected by
the synthetic conditions, including reaction time, synthesis
temperature, acid concentration during washing, and calci-
nation temperature (Kasuga 2006; Lee et al. 2007a, 2007b,
2008a, 2008b; Weng et al. 2006; Yoshida et al. 2005; Yu
et al. 2006a, 2006b). With the caion-exchange property and
high specific pore volume, TNTs may offer a special en-
vironment for adsorption of cations, such as basic dyes
and heavy metal ions, through the cation exchange mech-
anism (Lee et al. 2007a, 2007b, 2008a; Liu et al. 2009;
Nie and Teh 2010; Xiong et al. 2010; Sheng et al. 2011;
Huang et al. 2012). Moreover, when the sodium cations in
TNTs are replaced with other organic cations (such as sur-
factants) from solution onto TNTs, the surface properties of
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Table 1 Properties of selected
organic adsorbates (Agnihotri
et al. 2005)

Characteristic Hexane Cyclohexane Toluene MEK

Class Alkane Cyclic Aromatic Ketone

Molecular formula C6H14 C6H12 C7H8 C4H8O

Molecular weight (g/mol) 86.18 84.16 92.15 72.11

Heat of vaporization (kJ/mol) 31.9 37.7 39.2 34.1

Dipole moment (×10−29 C m) 0 0.1 0.13 1.1

Molecular diameter (nm) 0.265 0.429 0.476 0.275

Molecular length (nm) 0.681 0.429 0.568 0.484

TNTs (and then their adsorption ability and capacity) are
altered. For instance, when larger organic cations are used,
such as hexadecyltrimethylammonium (HDTMA) chloride,
the hydrophobic tails interacting with each other may pro-
duce an organic phase which acts as a partition medium into
which non-ionic organic molecules partition from water.
On the other hand, the hydrophobic bonding by conglom-
eration of large C16 alkyl groups associated with HDTMA
can render a positive charge development on the surface of
TNTs, from which the organic anions (such as acid dyes)
can be removed from aqueous solution with anion exchange
mechanism (Juang et al. 2008). Volatile organic compounds
(VOC), including n-hexane, benzene, toluene, p-xylene, m-
xylene, and o-xylene, adsorption study of TNTs is fairly re-
cent (Lee et al. 2010). It is found that the adsorption ca-
pacity of TNTs positively correlated with their specific sur-
face area and pore volume, and TNTs may be an effective
adsorbent for the removal of VOC from gas phase. On the
other hand, adsorption capacity for VOC is closely related
to adsorbates molecular configuration. Benzene possesses
the most effective packing in TNTs and hence the highest
adsorption capacity among the examined VOC due to its
plate configuration and small molecular size. However, the
hydrophilicity of TNTs and the polarity of adsorbates may
also play the key factors on the determination of organic
vapors adsorption capacity of TNTs. Since the surface of
TNTs is rich in hydroxyl groups (Yu and Yu 2006), experi-
mental studies involving select organic molecules with dif-
ferent polarity and well characterized TNTs with different
hydrophilicity will contribute to the current state of knowl-
edge about adsorption mechanisms of organic vapors on
TNTs.

In this study, we gravimetrically measure the equilibrium
adsorption isotherms of n-hexane, cyclohexane, toluene,
and MEK vapors on hydrothermal derived TNTs charac-
terized with different sodium content. The organic adsor-
bates are carefully chosen to have similar heats of va-
porization (i.e. comparable heats of adsorption) but vary-
ing dipole moments and structures (Table 1). The rela-
tionship between the alteration in both the pore struc-
tures and hydrophilicity of TNTs induced by variation
of their sodium contents and the change in the organic

vapors adsorption capacity of TNTs is discussed. The
experimental data are fitted by the well-known vapor-
phase multilayer equations and the isosteric heats of ad-
sorption are calculated, in order to examine the adsorp-
tion mechanisms of organic vapors from gas phase onto
TNTs.

2 Materials and methods

2.1 Preparation and characterization of TNTs

TNTs (Fig. 1) were prepared via a hydrothermal treatment
of TiO2 powders in a 10 M NaOH solution at 150 °C for
24 h, and subsequently washed with HCl aqueous solution
of different concentrations (Kasuga et al. 1998, 1999). The
detail processes were given elsewhere (Lee et al. 2008b). It
was expected that acid treatment would play an important
role in controlling the amount of sodium ions remaining in
the TNTs. The amount of residual sodium ions was mea-
sured using atomic absorption spectrometry (Z-5000, Hi-
tachi) and was listed in Table 2. For convenience, we de-
noted the TNTs treated with acid concentrations of 0.1, 0.01,
0.001, 0.0001, and 0.00001 N as S-1 to S-5, respectively (see
Table 2). The acid-washed TNTs were dried in a vacuum
oven at 110 °C for 8 h and stored in glass bottles for future
use.

Effects of acid washing treatment on the microstructures
of TNTs were characterized using the transmission elec-
tron microscope (TEM), X-ray diffraction (XRD), and ni-
trogen adsorption-desorption isotherms and were reported
in our previous investigations (Lee et al. 2007a, 2008b).
According to the TEM images of TNTs (Fig. 1), it can
be experimentally concluded that when the sodium con-
tent was greater than 1.62 wt.% (or the acid washing con-
centration is smaller than 0.01 N), the nanotubular struc-
ture could be well-preserved and the morphological char-
acteristics of TNTs samples were rather similar. On the
other hand, according to the XRD profiles, for S-3 to S-5,
a characteristic peak was observed at approximately 2θ =
10◦, which was considered to correspond to H2Ti3O7 or
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Fig. 1 TEM images of TNTs
prepared via a hydrothermal
treatment of TiO2 powders in a
10 M NaOH solution at 150 °C
for 24 h, and subsequently
washed with (a) 0.1 (S-1),
(b) 0.01 (S-2), and
(c) 0.00001 N (S-5) HCl
aqueous solution

Table 2 Specific surface area,
specific pore volume, average
pore diameter, and SHI values
for the examined TNTs

TNTs
sample

Na content
(wt.%)

BET surface
area (m2/g)

Total pore
volume (cm3/g)

Pore diameter
(nm)

SHI (%)

S-1 0.10 335 1.72 16.4 43

S-2 1.62 373 1.75 14.7 55

S-3 5.93 261 1.14 13.7 14

S-4 6.07 255 1.10 14.1 −31

S-5 6.11 265 1.27 15.5 −5

NaxH2−xTi3O7 crystals. Moreover, for S-2, the peak at ap-
proximately 2θ = 10◦ became diffuse and for S-1, this char-
acteristic peak did not exist. From both the TEM image
and XRD pattern of S-1, it can be concluded that when the
sodium content of TNTs was approximately 0 wt.% (mean-
ing a nearly complete proton exchange), the aspect ratio
(that is, length-to-diameter ratio) was considerably reduced
relative to that of other samples. The porous structure char-
acteristics, including BET surface area, pore volume, and
pore size, obtained from the conventional analysis of the
nitrogen adsorption-desorption isotherms were listed in Ta-
ble 2. As can be seen from Table 2, both the surface area
and pore volume of the examined TNTs were with the de-
creasing order: S-2 > S-1 > S-5 > S-3 > S-4. These results
indicated that if the sodium ions in TNTs were not com-
pletely replaced with protons, the lower the sodium con-
tent of the TNTs, the higher the specific surface area and
pore volume were. The smaller surface area and pore vol-
ume of S-1 might be ascribed to its weak nanotubular struc-
ture, as shown in Fig. 1, or to the destruction of the layered
titanate structure, as shown in the disappearance of the char-
acteristic peak at approximately 2θ = 10◦ in the XRD pat-
terns.

Effects of acid washing treatment on the hydrophilicity of
TNTs were characterized with both FTIR spectra and water
vapor isotherms. FTIR spectra were recorded using a Perkin
Elemer Model 1600 FTIR spectrophotometer over the range
of 4000–400 cm−1 with a scan rate of 0.2 cm/s. IR spectra
were obtained in the KBr disks. Water adsorption isotherms
of the TNTs were obtained at 15 °C in the range of rela-
tive pressure to 0.82 (Cahn D-200 microbalance). Surface

hydrophobicity of the TNTs was evaluated numerically by
using the surface hydrophobicity index (SHI) defined as fol-
lows (Ooka et al. 2004):

SHI (%) =
(

1 − BET surface area in water adsorption

BET surface area in nitrogen adsorption

)

× 100 %. (1)

It should be noted that larger SHI values would imply higher
surface hydrophobicity.

2.2 Adsorption of organic vapors

The isotherms of n-hexane, cyclohexane, toluene, and MEK
were measured with a Cahn D-200 microbalance in a con-
stant volume system. ca. 100 mg of the adsorbents were
used. All adsorbates used were GR grade from Merck Co.
Equilibrium was assumed when the sample weight changed
by less than 0.01 mg in 1 h. A complete adsorption isotherm
was constructed by increasing the pressure in a step-wise
manner. The temperature of the system was controlled to
within ±1 °C by recirculating refrigerant from a thermal
stat. The pressure of the system was measured using two
MKS Baratron type 122A absolute pressure transducers
within 0–10 and 1–1000 torr ranges. These pressure trans-
ducers had four digits of resolution. The effect of temper-
ature on the adsorption data was studied by performing
the adsorption experiments at various temperatures (20 and
25 °C).
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Fig. 2 FTIR spectra of the examined TNTs

3 Results and discussion

3.1 Effects of acid washing treatment on the hydrophilicity
of TNTs

Infrared spectra shown in Fig. 2 indicates that there is a large
amount of water and hydroxyl groups existed in the TNTs
because of the existence of a bending vibration of H-O-H
at 1630 cm−1 and a strong stretching vibration of O-H at
3400 cm−1 (Yu and Yu 2006). Moreover, it is found that the
strength of the absorbance near 3400 cm−1 increases with
the increase of sodium content in the TNTs. This result in-
dicates that the increase of sodium content may induce an
increase in the surface hydrophilicity of TNTs, which can
be further verified with the variation of SHI values.

Adsorption isotherms of water and nitrogen vapor on the
TNTs are shown in Fig. 3. From the comparison between
the isotherms of water and those of nitrogen in Fig. 3, the
difference among the TNTs in water adsorption isotherms is
larger than that in nitrogen adsorption ones. This indicates
that there is large difference in the surface hydrophobicity
from TNTs to TNTs. The hydrophobicity of TNTs is eval-
uated and compared by using SHI value. As shown in Ta-
ble 2, the SHI value of TNTs varies in the range from −31
to 55 % and increases in the order S-4 < S-5 < S-3 < S-1 <

S-2, which is consistent with the result of FTIR spectra. As
listed in Table 2, since the increase in the Na-content may
induce an obvious variation in both surface area (and pore
volume) and hydrophobicity of TNTs, the selected TNTs
may be good candidates for the examination of the effects
of pore structure and surface chemical characteristics on the
determination of adsorption capacity of organic vapors with
different polarity and molecular configuration.

3.2 Adsorption isotherms

Equilibrium isotherms of n-hexane, cyclohexane, toluene,
and MEK, on S-1 to S-5 samples at 25 °C are demonstrated

in Fig. 4. All adsorption isotherms are typically of IUPAC
Type II in shape, characterizing the formation of multiple
layers of adsorbate molecules on the TNTs surface and a
large uptake being observed when the saturation pressure is
nearly reached. Moreover, the trend of organic vapors ad-
sorption capacities on TNTs is closely related to the ad-
sorbates properties. For all examined organic vapors, S-2
possesses the largest adsorption capacity, because it has the
highest specific surface area and pore volume among the ex-
amined TNTs samples although it has weak hydrophilicity.
On the other hand, S-3 possesses the lowest adsorption ca-
pacity because it has low specific surface area and pore vol-
ume, and intermediate hydrophilicity among the examined
TNTs.

For the adsorption of vapors on nanotubes, the adsorp-
tion behavior may be a combination of adsorption [i] in the
hollow space inside nanotubes, [ii] in the interstitial spacing
between three or more neighboring nanotubes, [iii] on the
furrows present on the periphery of a nanotube bundle, and
[iv] on the curved surface on the periphery of a bundle (Ag-
nihotri et al. 2004). In such a case, it would mean that at low
relative pressure, adsorption would mainly occur on sites [i],
[ii], and [iii], and at higher relative pressure, organic vapor
adsorption occurs entirely on the external surface of the bun-
dles (i.e., site [iv]). Since the adsorption capacity on sites [i],
[ii], and [iii] is closely related their specific surface area and
pore volume, and the multilayer adsorption on site [iv] may
be directly proportional to the external surface area of the
TNTs bundles, both the specific surface area and pore vol-
ume of TNTs samples may be the dominating factors on the
determination of their adsorption capacity for organic va-
pors. However, if the surface area and pore volume of TNTs
are not large enough and the polarity of organic vapors is
strong, the surface hydrophilicity of TNTs may also play a
key factor on the determination of the adsorption capacity of
organic vapors in addition to both specific surface area and
pore volume.

It is interesting to note that the adsorption capacity of S-1
sample differs considerably for different organic vapors. For
adsorbates with lower polarity (n-hexane and cyclohexane),
S-1 still has high adsorption capacity, while for adsorbates
with higher polarity (toluene and MEK), it has the low ad-
sorption capacity when compared to other TNTs samples.
The specific surface area and pore volume are high in case to
S-1, but its surface hydrophilicity is weak among the exam-
ined TNTs. The low adsorption capacity of high polarity ad-
sorbates on S-1 indicates that the surface hydrophilicity, but
not specific surface area and pore volume, plays a key factor
on the determination of adsorption capacity. On the contrast,
although the specific surface area and pore volume of S-4
and S-5 are low, they still possess high adsorption capacity
for high polarity adsorbates (toluene and MEK) due to their
stronger hydrophilicity when compared to other TNTs sam-
ples.
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Fig. 3 Adsorption isotherms of
(a) water vapor at 15 °C and
(b) nitrogen on the examined
TNTs

(a) (b)

(c) (d)

Fig. 4 Adsorption isotherms of organic vapors on the examined TNTs at 25 °C; (a) n-hexane, (b) cyclohexane, (c) toluene, and (d) MEK

Figure 5 compares the adsorption capacities of four ex-
amined organic vapors on the S-2 sample. The general trend
of organic vapors adsorption capacities on S-2 is with the de-

creasing order MEK > cyclohexane > toluene > n-hexane.
Since the S-2 has high specific surface area and pore vol-
ume and weak hydrophilicity, the difference in the adsorp-
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Fig. 5 Adsorption isotherms of organic vapors on S-2 sample at 20 °C

tion capacity for the examined adsorbates may be mainly
ascribed to the molecular configuration difference existing
on the examined organic vapors (Chiang et al. 1991). As
shown in Table 1 and Fig. 5, the adsorption capacities are
inverse proportional to the molecular length of adsorbates.
Since its small molecular diameter and length, MEK pos-
sesses the most effective packing in the S-2 and then the
highest adsorption capacity among the examined organic va-
pors. On the other hand, the low adsorption capacity of n-
hexane may be due to the ineffective packing in S-2 induced
by its linear configuration. For cyclohexane and toluene, the
adsorption capacity of toluene is smaller than that of cyclo-
hexane, because toluene possesses larger molecular diame-
ter and length.

3.3 Isotherm modeling

The experimental data are fitted to BET (Brunauer et al.
1938; Hill 1960) and GAB (Anderson 1946; De Boer 1953;
Clark 1970) multilayer isotherm models for future simula-
tion. The equation for the BET model is

Pr

(1 − Pr)W
= 1

WmC
+ Pr(C − 1)

WmC
, (2)

where Pr is the relative pressure, W the equilibrium uptake,
Wm the monolayer capacity, and C a constant related to the
net heat of adsorption as follows

C = C0 exp
[
(qL − q1)/RT

]
, (3)

where C0 ≈ 1.0, q1 is the heat of adsorption in the first layer,
and qL is the heat of liquefaction. Equation (2) can also be
derived based on kinetic considerations or by using statisti-
cal thermodynamics (Hill 1960).

Since the BET model is based on a number of rather se-
rious idealizations and has some limitations on practical ap-
plications, many modified versions of BET model were pro-
posed. Among them, Anderson, De Boer, and Guggenheim

(Anderson 1946; De Boer 1953; Clark 1970) improved the
BET theory by assuming that the heat of adsorption of the
second to approximately ninth layers differed from the heat
of liquefaction by a constant amount, and that the heat of
adsorption was equal to the heat of liquefaction in the lay-
ers following these. The final GAB model equation has the
following form

W

Wm
= CkPr

(1 − kPr)(1 − kPr + CkPr)
, (4)

where W,Wm, and C are the same as defined in the BET
equation, and the additional k represents the difference be-
tween the heat of adsorption of the multilayers and the heat
of liquefaction. Thus, k is a measure of the attractive force
field strength and can be expressed as

k = k0 exp
[
(q2 − qL)/RT

]
. (5)

The results of the data fitted to the BET and GAB models,
including the average percentage deviations of the predicted
isotherms from the experimental ones, are presented in Ta-
ble 3. The predicted values are shown as lines in Fig. 4. The
best fit model parameters are obtained by using a nonlinear
regression analysis. The standard deviation (SD) is calcu-
lated from the following expression

SD (%) = 100

√∑[(W cal − W exp)/W exp]2

n − 1
(6)

where n is the number of data points, and the superscripts
“cal” and “exp” refer to the calculated and measured ad-
sorption capacity, respectively (Lin and Juang 2002).

As shown in Table 3, the GAB model provides much bet-
ter overall predictions than does the BET model. For GAB
model, the SD for the entire relative pressure range is in a
range varying from 1.76 to 11.37 %. In general, the BET
model can predict the experimental data accurately for a
relative pressure less than 0.4 (monolayer region). In the
multilayer region, however, the SD is greatly increased and
for some cases (such as toluene), the fitness of the BET
model to the experimental data is difficult to estimate. This
could be attributed to the oversimplifying assumptions of
the BET model concerning the multilayer region. Model pa-
rameters for both BET and GAB equations show no def-
inite trend with increasing temperature (Lee et al. 2010;
Dural and Chen 1997).

3.4 Isosteric heat of adsorption

Adsorption isotherms of organic vapors on S-2 at 20 and
25 °C are demonstrated in Fig. 6. Vapor-phase adsorp-
tion of organic vapors by the TNTs is an exothermic pro-
cess, as indicated by a downward shift of the isotherms
with increasing temperature. This is in agreement with the
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Table 3 Model analysis for organic vapors adsorption on TNTs

TNTs
sample

T (°C) BET GAB

Wm C SD (%) Wm C k SD (%)

n-Hexane

S-1 25 15.91 75.56 13.80 22.32 29.65 0.88 10.38

S-2 20 24.87 85.78 24.92 37.89 28.04 0.82 5.10

25 24.04 22.05 12.80 22.95 25.84 1.01 10.49

S-3 25 13.43 41.22 8.62 13.11 44.94 1.01 8.14

S-4 25 10.90 267.30 18.92 16.15 75.71 0.83 7.86

S-5 25 13.09 50.74 11.06 16.29 24.26 0.93 8.22

Cyclohexane

S-1 25 19.12 48.62 24.69 24.18 26.50 0.92 8.12

S-2 20 23.94 146.53 35.95 48.57 21.50 0.80 5.50

25 28.22 46.64 15.39 31.07 34.95 0.97 9.57

S-3 25 9.55 37.19 12.79 11.41 22.58 0.94 3.85

S-4 25 28.58 38.48 10.64 31.02 29.41 0.98 8.83

S-5 25 21.15 32.16 12.87 22.80 24.80 0.98 10.14

Toluene

S-1 25 – – – 11.23 26.82 0.77 11.28

S-2 20 – – – 58.43 42.63 0.52 11.25

25 – – – 36.16 33.31 0.81 11.37

S-3 25 – – – 17.54 117.31 0.82 8.71

S-4 25 – – – 24.43 90.73 0.86 8.81

S-5 25 – – – 26.79 85.27 0.79 7.42

MEK

S-1 25 20.75 28.92 13.40 19.16 36.31 1.05 10.08

S-2 20 37.08 579.08 10.25 46.27 192.99 0.78 1.76

25 24.83 57.43 5.07 25.98 51.53 0.96 3.89

S-3 25 13.43 23.25 19.48 9.22 90.45 1.24 5.10

S-4 25 23.32 9.66 36.93 13.43 89.25 1.28 6.62

S-5 25 21.93 85.82 11.84 17.45 231.66 1.18 3.80

fact that the physical adsorption forces, such as Van der
Waal’s force, are expected to be weaker at higher temper-
atures.

The heat of adsorption provides a direct measure of the
strength of the binding forces between the adsorbate and ad-
sorbent. Quantification of adsorption heat is important for
adsorption kinetic studies because the heat released upon
adsorption is partly absorbed by the adsorbent, which raises
the adsorbent’s temperature and thus slows the rate of ad-
sorption as equilibrium is approached. The isosteric heats of
adsorption, qst, can be calculated from the adsorption data
obtained at multiple temperatures (Fig. 6) using the Clasius-
Clapeyron equation (Young and Crowell 1962)

qst = R
[
∂ lnP/∂(1/T )

]
W

(7)

where R is gas constant, P the equilibrium gas pressure,
T the temperature, and W the amount of vapor adsorption.
As shown in Fig. 7, the heats of adsorption are 1–4 times
the heats of vaporization for each respective organic vapor
(the heat of vaporization for the examined organic vapors
is about 30−40 kJ/mol), which confirms that the adsorption
of organic vapors on S-2 is basically physical adsorption.
The dependence of the heat of adsorption on loading is an
indication that adsorption is occurring on different types of
sites, i.e., S-2 has an energetically heterogeneous surface.
Moreover, the general trend of heat of adsorption is similar
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Fig. 6 Adsorption isotherms of
organic vapors on S-2 sample at
20 and 25 °C; (a) n-hexane,
(b) cyclohexane, (c) toluene,
and (d) MEK

Fig. 7 Variation of isosteric heat of adsorption with increasing organic
vapors adsorption on S-2 sample

to the trend for the dipole moments of organic vapors (see
Table 1). Significantly higher heat of adsorption for MEK,
which has the highest dipole moment of 1.1 × 10−29 C m of
the organic vapors tested here, suggests although S-2 sample
has weak hydrophilicity among the examined adsorbents, it
still has a polar surface.

It should be noted that the heat curve of toluene displays
a complex variation with the coverage, which is not in con-
sistent with the general trend for the heat curve of a mul-
tilayer adsorption. The feature in the heat curves is that a
maximum of unusual height is found at high loadings, and
even it has a qst higher than that in monolayer region. From
this result, it seems to imply that the interaction between the

toluene molecules is stronger than that between the toluene
molecule and unoccupied sorption sites.

4 Conclusions

Gravimetric methods were used to determine the equi-
librium adsorption capacities of n-hexane, cyclohexane,
toluene, and MEK on hydrothermal derived TNTs at isother-
mal conditions of 20 and 25 °C. It was found that the in-
crease in the Na-content (or the decrease in the acid wash-
ing concentration) might induce a decrease in both surface
area (and pore volume) and hydrophobicity of TNTs. The
isotherms of organic vapors on all examined TNTs were
type II and sigmoidal in shape. If the specific surface area
and pore volume of TNTs were enough large to overcome
the impacts of polarity of both adsorbent and adsorbate on
the adsorption capacity, they might possess high adsorption
capacity, as shown in the S-2 sample. On the other hand,
adsorption capacity for organic vapors was closely related
to their molecular configuration. MEK possessed the most
effective packing in TNTs and hence the highest adsorption
capacity among the examined organic vapors due to its small
molecular diameter and length. The GAB isotherm equa-
tion fitted the experimental data more closely than the BET
equation. The heat of adsorption of organic vapors on S-2
sample was 1–4 times its heat of vaporization, which was
typical for physical adsorption. The shape of the heat curves
was an indication that the TNTs sample was characterized
by energetically heterogeneous surfaces. Furthermore, the
general trend of heat of adsorption was similar to the trend
for the dipole moments of the organic vapors, suggested that
although S-2 has weak hydrophilicity among the examined
TNTs, it still has a polar surface.
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