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Three-quarter-sphere-like y-AIOOH superstructures were
successfully fabricated by a simple hydrothermal route ex-
ploiting the layered hydroxide structure. Several techniques
such as X-ray diffraction (XRD), FTIR spectroscopy, field-
emission scanning electron microscopy (FE-SEM), trans-
mission electron microscopy (TEM), DSC thermal analysis,
and nitrogen adsorption/desorption measurements were
used to characterize the products. The possible formation

mechanism of the three-quarter-sphere-like structure was
proposed and discussed. The y-AIOOH superstructures have
high Brunauer-Emmett-Teller (BET) surface area and high
adsorptive capacity. On the basis of these properties, they
could be potentially used for removing chromium ions from
highly toxic pollutant solutions and harmful tobacco-specific
nitrosamines (TSNAs) from cigarette smoke.

Introduction

Three-dimensional (3D) superstructures have found
widespread applications in catalysis, adsorption, ceramics,
photonics, electrochemistry, and biomedicine over the past
decades due to their specific morphologies and functions.!']
Various methods have been developed for fabricating 3D
architectures, such as template,?! sacrificial-template,?! tem-
plate-free, and Au-assisted electrolysis methods.!”!

In addition, the 3D hydroxide superarchitectures could
be easily obtained from the layered structure of hydroxides
through hydrogen bonding and dipolar forces under con-
trollable conditions. Wu et al. synthesized VOOH hollow
curved architectures called “dandelions” by organizing as-
formed building blocks of flakes by a simple hydrothermal
method.[®! Qiao et al. reported the synthesis of flowerlike
hollow core—shell Co(OH), structures made by aggregation
of cobalt hydroxide building clusters.”! The synthesis of
novel y-AIOOH nanotubes by sticking and scrolling the
metastable lamellar precursor was reported in our earlier
published work.[¥l Subsequently, Zhang et al. progressively
synthesized a sequence of flowerlike 3D boehmite v-
AIOOH nanostructures with an ethanol/water solution by
using the effect of hydrogen bonding on the surface of
nanorods or nanostrips.’! From previous studies of hy-
droxyoxides, we can reach the conclusion that the aggrega-
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tion of the layered structure of hydroxides has been ex-
ploited as a promising tool for the controllable formation
of 3D hydroxide superstructures.

Aluminum oxide hydroxide of various morphologies has
been recognized as a versatile and efficient adsorbent due
to its relatively large surface and mesoporous properties.['”!
AIOOH materials, which can avoid aggregation and main-
tain the high specific surface areas when in contact with
pollutant water, like other materials,[!'] have been proved to
be useful and of common use due to their low cost and
high effectiveness. Cr¥! ions are considered as primary
highly toxic pollutants in water, which diminish the amount
of freshwater and threaten the survival of mankind.['”l Up
to now, some studies have utilized y-AIOOH for the re-
moval of primary highly toxic pollutants (hexavalent chro-
mium ions) in aqueous solution.!'?®13 To the best of our
knowledge, there has been no report in the existing litera-
ture concerning the direct use of complicated morphologies
of y-AlOOH for the reduction of the amount of hexavalent
chromium in aqueous solution. The removal of tobacco-
specific  nitrosamines [TSNAs, N-nitrosonornicotine
(NNN), N-nitrosoanatabine (NAT), N-nitrosoanabasine
(NAB), and 4-(methylnitrosamino)-1-(3-pyridyl)-1-but-
anone (NNK)] from cigarette smoke has attracted growing
interest over the past years in tobacco chemistry, because
these four TSNAs have been demonstrated to be potent car-
cinogens in animal studies.'* The design and preparation
of new materials are crucial for removing carcinogenic com-
pounds from tobacco smoke. However, to the best of our
knowledge, up to now, the use of y-AIOOH for the re-
duction of the amount of TSNAs in tobacco smoke has not
been reported.
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In this work, a simple hydrothermal route was developed
to synthesize three-quarter-sphere-like y-AIOOH super-
structures from the layered structure of hydroxides. XRD
patterns, TEM images, FE-SEM images, FTIR spectra,
DSC curves, and nitrogen adsorption/desorption measure-
ments were used to characterize the products. In principle,
the formation of inner-sphere surface complexes leads to
disordering of the solid surface, the newly formed surfaces
thereby becoming available for adsorption processes. These
results demonstrated that the three-quarter-sphere-like y-
AlOOH architectures exhibited high Brunauer—-Emmett—
Teller (BET) surface area and excellent adsorptive capacity,
implying that the prepared three-quarter-sphere-like 7y-
AlOOH superstructures could be potential adsorbents for
chromium ions in contaminated water and harmful TSNAs
in tobacco smoke.

Results and Discussion

Figure 1(a) shows the typical XRD patterns of the as-
obtained sample formed at 140 °C over 12 h. When com-
pared to the standard pattern, all the diffraction peaks can
be easily indexed to the orthorhombic AIOOH (JCPDS
Card No. 21-1307), and no peaks from other phases can be
observed. Further characteristics of three-quarter-sphere-
like y-AIOOH superstructures are also observed in the
FTIR spectra shown in Figure 2. The shoulder at 3460 cm™!
and the weak band at 1630 cm™! can be assigned to the
stretching and bending modes of the adsorbed water,
respectively.l'>] The intense bands at 3310 and 3100 cm™!
belong to the v,((Al)O-H and vy (Al)-H stretching vi-
brations, respectively.l'd The 3310 and 3100 cm! peaks of
the as-prepared sample at 140 °C were concealed by the
peak of adsorbed water. This phenomenon can be interpre-
ted by comparing the curves of different samples obtained
at different temperatures. The band at 1070 cm™! is assigned
to the 8sAl-O-H of y-AIOOH.["* The torsional modes at
753, 641, and 478 cm™! of y-AIOOH are also observed in
the spectrum.®! As the reaction temperature is raised, the
intensities of all the bands that belong to y-AIOOH in-
crease, which indicates that the crystallinity is much better
at a higher temperature. The band at 1380 cm™! is due to
the characteristic stretching vibration of NOj; resulting
from the adsorbed NH,NOj; on the samples.['6]

The morphologies of the as-prepared y-AIOOH were
studied by field-emission scanning electron microscopy
(FE-SEM) and transmission electron microscopy (TEM),
and the images are shown in Figure 3. Figures 3(a) and (b)
show the panoramic and magnified images of y-AIOOH,
respectively. The samples consist of uniform three-quarter-
sphere-like structures almost to 100%. Further information
in Figure 3(c) confirms that the three-quarter-sphere-like
superstructures are made up of nanoplates with an average
diameter of about 1 pm. The lateral TEM image [Fig-
ure 3(d)] distinctly shows the three-quarter-sphere-like
structures. In the TEM images [Figure 3(e)], we also notice
that there are parts missing in the sphere-like structures.
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Figure 1. XRD patterns of the as-prepared samples formed at dif-
ferent temperatures over 12 h: (a) 140 °C, (b) 160 °C, (c) 180 °C.
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Figure 2. FTIR spectra of the products obtained over 12 h at dif-
ferent temperatures: (a) 140 °C, (b) 160 °C, (c) 180 °C.

The SAED pattern [inset of Figure 3(e)] taken randomly
from the thin zone and the discontinuous rings illustrates
the polycrystalline nature of the sample.['%! The magnified
HRTEM image [Figure 3(f)] shows the lattice spacing of
about 0.314 nm, approximately corresponding to the (120)
plane of the y-AIOOH crystal.

With the intention of studying the effect of synthesis tem-
perature on the morphologies, the temperatures were set at
160 and 180 °C. The corresponding XRD patterns are
shown in Figures 1(b) and (c), respectively. Compared with
the patterns of the sample at 140 °C, the crystallinity im-
proved with an increase in the reaction temperature. From
the FE-SEM and TEM images of samples prepared at 160
and 180 °C (Figure 4), we can clearly see that the morpho-
logies are different from those of the sample synthesized at
140 °C. As the temperature was increased, the width of the
sublevel structure nanoplates became smaller. The lengths
of the long axes of the two superstructures obtained at 160
and 180 °C are all approximately 2 um. It is clear that the
temperature played a decisive part in the morphologies of
three-quarter-sphere-like superstructures.

In order to investigate the growth process of the three-
quarter-sphere-like superstructures, a series of comparative
experiments at different reaction times were carried out.
Only when reaction time reached 4 h, could we obtain a
little product, whose FE-SEM image is shown in Fig-
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Figure 3. FE-SEM and TEM images of the three-quarter-sphere-
like y-AIOOH superstructures formed at 140 °C over 12 h: (a, b)
panoramic FE-SEM images, (c) magnified FE-SEM images, (d)
TEM image of selected three-quarter-sphere-like sample, () a pan-
oramic TEM image with the corresponding SAED pattern, (f) a
magnified HRTEM image.

Figure 4. Structure and morphologies of y-AIOOH structures
formed over 12 h: FE-SEM images of samples prepared at 160 (a)
and 180 °C (b); TEM images of samples prepared at 160 °C (c) and
180 °C (d).

ure 5(a). After 4 h, peanut-like structures with a length of
1 um could be obtained. At 6 h, the widths of the peanut-
like structures grew, and their subordinate structure
changed as shown in Figure 5(b). Then at 7 h, the rudi-
ments of the three-quarter-sphere-like AIOOH were visible
[Figure 5(c)]. It was surprising that the missing parts of the
spheres were less than a quarter. As the reaction time was
increased to 8 h, as shown in Figure 5(d), the missing part
gradually increased to one quarter. At a reaction time of
10 h, the morphology of the product was almost regularly
874
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three-quarter-sphere-like, as shown in Figure 5(f). At longer
reaction times of up to 24 h, the morphologies did not
change any more.

Figure 5. FE-SEM images of the y-AIOOH structures formed at
140 °C over different reaction times: (a) 4 h, (b) 6 h, (¢) 7 h, (d) 8 h,
(e) 9 h, and (f) 10 h.

When the reaction reached the set time for the particular
experiment, the system was cooled immediately with water,
and the pH was measured. Through this method, we got
the pH values of the reaction system at 2, 3, 4, 5, and 12 h,
which were 3.7, 4.0, 4.2, 4.2, and 4.2, respectively. In acidic
initial conditions of pH = 2.5, the decomposition of urea
was fast and gradually slowed down when the pH was in-
creased by the decomposed ammonia. Before 4 h, we ob-
tained only a little product, which could mean that the de-
composition of urea plays an important role in the growth
process. After 4 h at 140 °C, all the urea decomposed com-
pletely, which adjusted the pH to 4.2. The main reactions
of the three-quarter-sphere-like y-AIOOH superstructures
are shown in the following equations:

AI(NO;); + 3H,0 — AP* + 3H* + 30H + 3NO; (pH = 2.5)

)]
CO(NH,), + H,0 — 2 NH; + CO, | @)
NH; + H,0 — NH,* + OH" 3)
H* + OH = H,0 @)
AP* + 30H — Al(OH), (5)
Al(OH); — y-AIOOH + H,0 (pH = 4.2) (6)

At first, aluminum nitrate was dissolved in water existing
in the ions and this resulted in a pH value of 2.5. With the
increase in temperature, urea started to decompose with the
coexistence of water and decomposed to ammonia and CO,
gas. Then, the ammonia reacted with water and produced
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hydroxy groups. The hydroxy groups, in turn reacted with
protons, so that the pH of the reactive system increased. On
the other hand, amorphous aluminum hydroxide [Al(OH);]
formed with the hydroxy group. When the pH reached a
certain value (pH 4.2), AI(OH); was dehydrated and
eventually grew into the crystal (y-AIOOH). The effect of
pH on the growth of y-AIOOH at different reaction times
is shown in Figure 6.
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Figure 6. The effect of pH on the growth of y-AIOOH at different
reaction times.

The whole growth procedure was accomplished by the
synergy of layered structures [as shown in Figure 7(a)],
NH3;, CO,, and asymmetric hydrogen bonding. The asym-
metric hydrogen bonding caused the layered structure to
assemble together. As the reaction proceeded, the decompo-
sition of urea released NH; and CO,, which adjusted the
acidity and the pressure of the system, respectively, as well
as controlling the morphologies. The formation of inter-
stices in the layered structure was not only because of the
hydrogen bonding but also owing to the effect of CO,. With
the increase in pH, the layered structure grew, as shown in
Figure 7(b). Figure 7(c) shows the unstable structure which
has over-three-quarter-sphere-like architecture. After the
total decomposition of CO(NH,),, the system was in
thermodynamic and kinetic balance. In this airtight and
balanced system, the layered structure ripened and formed
the ultimate three-quarter-sphere-like morphologies, as
shown in Figure 7(d). It is clear that CO, and the steady
acidity (because there was no source of base) played impor-
tant roles in the formation of the final structure.

growing ’ growing
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Figure 8(a) shows the DSC thermal analysis of the as-
prepared three-quarter-sphere-like y-AIOOH superstruc-
tures. The sharp endothermic peaks at 120 °C may be attrib-
uted to the loss of H,O adsorbed by hydrogen bonding. At
325 °C, the y-AIOOH tardily decomposed to y-Al,Os. The
broad peak around 380 °C may be caused by the adsorption
of ammonium nitrate, whose existence was confirmed by IR
spectroscopy. There were no other endothermic and exo-
thermic peaks in the cooling curve of the first cycle, and the
curve of the second cycle shows that the y-AIOOH can
quickly decompose to y-Al,O3 at 500 °C. Accordingly, the
sample calcined at 500 °C for 2 h can provide pure Al,Os,
and the XRD patterns can be indexed to y-Al,Os, as shown
in Figure 8(b). The changes in the morphologies caused by
calcination can be clearly seen in the SEM images shown in
Figures 8(c) and (d). The morphologies change from three-
quarter-like spheres to hemispheroid structures, but the lay-
ered configuration stays unchanged [Figure 7(e)]. Previous
reports state that the outline of AIOOH nanorods!!” and
nanotubes!!] stayed the same after calcination, whereas the
structure of nanotubes became porous.

a b
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Figure 8. (a) DSC curves of the three-quarter-sphere-like y-AIOOH
superstructures formed at 140 °C over 12 h. (b) XRD patterns and
(c,d) FE-SEM images of the sample decomposed from the three-
quarter-sphere-like y-AIOOH at 500 °C over 2 h.

N, adsorption/desorption measurements were conducted
to examine the morphologies of the y-AIOOH superstruc-
ture. These isotherms, together with the pore-volume distri-
bution of the three-quarter-sphere-like products, are shown

=
=
N ripening

Figure 7. Suggested schematic diagram for the growth procedure of three-quarter-sphere-like y-AIOOH superstructures: (a) an early
metastable layered structure, (b) growing layered structures, (c) unstable structures growing further, (d) ultimate ripening of three-quarter-
sphere-like morphologies, (e) changing into hemispheroids after calcination.
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in Figure 9. The BET surface area of as-prepared sample
was about 47.98 m?/g, as calculated from the N, adsorp-
tion/desorption isotherms. Barrett-Joyner—Halenda (BJH)
calculations for the pore-size distribution, derived from de-
sorption data, revealed a narrow distribution centered at
10-11 nm for the three-quarter-sphere-like y-AIOOH super-
structures.
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Figure 9. (a) Nitrogen adsorption/desorption isotherms and (b)
pore-size distribution of the three-quarter-sphere-like y-AIOOH su-
perstructures.

The capacity of y-AIOOH to adsorb Cr¥! was investi-
gated by mixing a certain amount of three-quarter-sphere-
like y-AIOOH superstructures with potassium dichromate
solution of concentration varying from 4.86 ug/mL to
29.19 pg/mL. The percentage of chromium adsorbed by the
v-AlOOH superstructures was used to characterize the ad-

sorption capacity of y-AIOOH for CrV', which is defined
as:[13]

Co—Ce

%adsorption = X100 (7

Co

where ¢y and ¢, denote the initial and final concentrations
of Cr¥'ions, respectively. When the concentration of Cr¥'is
lower than 14.60 pg/mL, 10 mg as-prepared three-quarter-
sphere-like y-AIOOH superstructures can efficiently adsorb
more than 98% of the CrV! ions present, which can be con-
sidered as nearly complete adsorption. When the concentra-
tion of Cr¥1is higher than 14.60 pg/mL, the adsorption effi-
ciency decreases with the increase in initial Cr¥! concentra-
tion. It is clear that the as-prepared three-quarter-sphere-
like y-AIOOH superstructures reach saturation when the
concentration of Cr'! is higher than 14.60 ug/mL. This
maximum adsorption capacity of the three-quarter-sphere-
like y-AIOOH superstructures is about 25.9 pg/mg (CrV/y-
AIOOH) at room temperature, which is an excellent ca-
pacity.

The adsorption capacity of three-quarter-sphere-like y-
AIOOH superstructures for Cr¥! was calculated by using
the Langmuir theory.['*]

Ce_ b ®)
e Kamax  dmax

In formula (8), c. is the equilibrium concentration of the

CrV'ions in solution (mol/L), a. represents the amount of
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chromium adsorbed at equilibrium (mol/g), K and a,,,, are
Langmuir constants, the binding constant and the maxi-
mum adsorption capacity, respectively.['3! According to the
formula, a linear plot was obtained that fits well with
the Langmuir mode. The Langmuir constants K
(1.835% 10 dm3/mol) and a,x (5% 107> mol/L) were ob-
tained from the isotherm with a high correlation coefficient
(R?> = 0.9995). The result shows that the three-quarter-
sphere-like y-AIOOH superstructures have a higher maxi-
mum adsorption capacity than that reported by Granados-
Correa et al. (dyay = 5.432X 107 mol/L).113]

Two experiments were carried out to investigate the ad-
sorption capacity of the as-prepared three-quarter-sphere-
like y-AIOOH superstructures for tobacco-specific nitrosa-
mines (TSNAs). The three-quarter-sphere-like y-AIOOH
superstructures were added into the cut tobacco and to the
tips of cigarettes in order to study the removal of TSNAs
from cigarette smoke. The amount of TSNAs in cigarette
smoke was determined quantitatively by gas chromatog-
raphy-thermal energy analysis (GC-TEA).

The decrease in the amounts of four TSNAs in cigarette
smoke by adding three-quarter-sphere-like y-AIOOH super-
structures into cut tobacco is shown in Table 1. Compared
with “blank” cigarettes (having no y-AIOOH), the TSNA
contents of cigarettes to which 10 mg/cigarette y-AIOOH
superstructures were added were selectively reduced with-
out changing the tar content, which may influence the ciga-
rette smoke quality. The adsorptive capacity of y-AIOOH
for NNN, NAT, NAB, and NNK is 61.5%, 50.2%, 26.5%,
and 59.6 %, respectively. Because the y-AIOOH could block
the N-NO group, which hampers the formation of
TSNASs,!8] the three-quarter-sphere-like y-AIOOH super-
structures added into the cut tobacco not only influence
cigarette combustion, but also work as adsorbents that re-
duce the amount of TSNAs. When AIOOH with compli-
cated morphology was added into the wet tobacco, chemi-
cal transitions took place during the burning. At an added
amount of 20 mg/cigarette, we found that the AIOOH had
little effect on the amount of TSNAs. However, when the
amount added was increased to 30 mg/cigarette, a big nega-
tive effect appeared. An appropriate amount of three-quar-
ter-sphere-like y-AIOOH added into the tobacco has a re-
markable effect on the amount of TSNAs in cigarette
smoke. When the added amount is much higher than the
appropriate amount, the dehydration of AIOOH and the
concomitant change in morphology may have an indefinite
effect on the burning system.

The removal of four TSNAs from cigarette smoke by
adding three-quarter-sphere-like y-AIOOH superstructures
to the tip of cigarettes is shown in Table 2. Compared with
“blank” cigarettes, the amounts of the four TSNAs were
obviously decreased by y-AIOOH superstructures added to
the tips of the cigarettes without changing the tar content.
With increasing dosage of y-AIOOH superstructures, the re-
duction of NNN basically remained the same. When the
amount of y-AlIOOH superstructures added to the tips was
20 mg/cigarette, the adsorptive capacity of y-AIOOH super-
structures for NNK was 57.6%. The y-AIOOH superstruc-
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Table 1. The decrease in the amount of four TSNAs in cigarette smoke achieved by using three-quarter-sphere-like y-AIOOH superstruc-

tures in cut tobacco.

Amount of y-AIOOH NNN Reduction NAT Reduction NAB Reduction NNK Reduction
superstructures (ng/cigarette) (%) (ng/cigarette) (%) (ng/cigarette) (%) (ng/cigarette) (%)
Blank 23.43 - 26.99 - 2.75 - 23.17 -

10 mg/cigarette 9.01 61.5 13.43 50.2 2.02 26.5 9.37 59.6

20 mg/cigarette 23.51 -0.3 28.92 -7.2 2.78 -1.1 23.20 -0.1

30 mg/cigarette 22.11 5.6 36.42 -34.9 3.73 -35.6 2391 -3.2

Table 2. The decrease in the amount of four TSNAs in cigarette smoke achieved by using three-quarter-sphere-like y-AIOOH superstruc-

tures in the tip of cigarettes.

Amount of y-AIOOH NNN Reduction NAT Reduction NAB Reduction NNK Reduction
superstructures (ng/cigarette) (%) (ng/cigarette) (%) (ng/cigarette) (%) (ng/cigarette) (%)
Blank 14.68 - 21.39 - 4.83 - 8.39 -

10 mg/cigarette 13.00 11.4 15.94 25.5 3.61 25.3 5.09 39.3
20 mg/cigarette 13.01 11.4 17.01 20.5 4.21 12.8 3.56 57.6
30 mg/cigarette 13.04 11.2 19.05 10.9 4.10 15.1 5.43 353

tures in the tip of cigarettes were used as adsorbents for the
H-*N-NO hydrogen bonding due to their high BET surface
area.

Conclusion

A simple hydrothermal route was developed to synthe-
size three-quarter-sphere-like y-AIOOH superstructures.
The effects of reaction temperature and reaction time on
the structures were systematically studied and tested by sev-
eral techniques. This study revealed that the decomposition
of urea along with the change in acidity played a crucial
role on the formation of the architectures. Adsorption of
CrVT by these superstructures from toxic pollutant solutions
was investigated and fits the Langmuir mode well. The re-
duction of the amount of TSNAs in tobacco smoke
achieved by these materials shows that they have a potential
application in the tobacco industry.

Experimental Section

All chemical reagents were of analytical grade and were used as
purchased from the Shanghai Chemical Reagent Company (P. R.
China) without further purification. In a typical synthesis, Al-
(NO3);°9H,0 (13 mmol) and CO(NH,), (16 mmol) were dissolved
in deionized water (70 mL), and the resulting mixture was stirred
for several minutes until it formed a clear solution. The solution
was transferred into a Teflon-lined stainless-steel autoclave, then
sealed and kept in the oven at 140 °C. After 12 h, the autoclave was
slowly air-cooled to room temperature. The colloidal product was
centrifuged and washed several times with deionized water followed
by ethanol. Finally, the product was dried at 55 °C in vacuo for
12 h.

The phase identification of the samples was carried out on X-ray
powder diffraction (XRD) patterns, by using a Philips X’pert X-
ray diffractometer equipped with Cu-K, radiation (4 = 1.54056 A)
employing a scanning rate of 10°min~'. Fourier transform infrared
(FTIR) spectra were obtained with a MAGNA IR-750 FT spec-
trometer. The morphologies of the samples were studied by field-
emission scanning electron microscopy (FE-SEM, JEOL JSM-
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6700F), transmission electron microscopy (TEM, JEOL JEM-
7650F), and high-resolution TEM (HRTEM, JEOL-2010). DSC
thermal analysis was performed with NETZSCH DSC 200F3 at a
heating rate of 10 °C/min from 20 °C to 500 °C and a cooling rate
of 10 °C/min under a N, flow of 20 mL/min. The nitrogen adsorp-
tion and desorption isotherms at 77 K were measured with a
Micrometrics ASAP 2020 analyzer. Before measurement, the sam-
ples were degassed in vacuo at 140 °C for at least 6 h.

The CrV! adsorption experiments were carried out by mixing a cer-
tain amount of y-AIOOH and potassium dichromate (20 mL) solu-
tion in airtight vials. After shaking for 1 h, the mixture was centri-
fuged for 3 min. The upper transparent solution was collected and
analyzed by an inductively coupled plasma atomic emission spec-
trometer (ICP-AES, Thermo Ash Jarrell Corporation, Atomscan
Advantage). All the experiments were carried out at room tempera-
ture.

The tobacco-specific nitrosamine (TSNA) contents of cigarettes
were determined by combined gas chromatography and thermal
energy analysis (GC-TEA 610). For the wet cut tobacco, a certain
amount of three-quarter-sphere-like y-AIOOH superstructures
were dispersed in water to form an emulsion with a concentration
of 50 g/L, and then the cut tobacco was sprayed with different vol-
umes of emulsion to obtain proportions of 10, 20, and 30 mg/ciga-
rette. The wet cut tobacco samples were dried at 40 °C until the
moisture content was about 12%. The cut tobacco treated in this
way was used to make cigarettes whose weight was 850 = 30 mg by
an automated process. For the dried material inserted into the tips
of cigarettes, a certain amount of three-quarter-sphere-like v-
AIOOH superstructures were dispersed in the tips of cigarettes at
proportions of 10, 20, and 30 mg/cigarette. Before smoking, the
cigarettes were conditioned at 295+ 1 K and 60 = 2% relative hu-
midity for 48 h and then smoked by a Cerulean SM 450 smoking
machine under the standard ISO regime (ISO 4387).
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