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Abstract The thermal behavior of the anticancer drug-
irinotecan was measured by Thermogravimetry—Differen-
tial thermal analysis (TG-DTA) to explore the application
of TG-DTA in nanomedicine firstly. The TG-DTA result
showed that the irinotecan was oxidized completely before
700 °C. When irinotecan was loaded onto nanosized mes-
oporous silica spheres, the loading capacity for irinotecan
measured by TG-DTA was about 9.11% in the irinotecan/
mesoporous SiO, composite, similar to the typical UV-Vis
spectra results (10.5%), which showed that TG-DTA
characterization provided an alternative method to deter-
mine the drug loading amount on inorganic carriers.
Secondly, Thermogravimetry—Differential scanning calo-
rimetry—Mass Spectrometry coupling techniques (TG-DSC-
MS) were used to characterize the hydrogen adsorption tem-
perature and capacity of TiCr; , (V-Fe)y¢ alloy. The MS result
showed that the released region of hydrogen was
250-500 °C, which was consistent with the TG-DSC
results. Lastly, TA-MS combined with pulse thermal anal-
ysis (PulseTA) were used for a simultaneous characterizing
study in the changes of mass, determination and quantitative
calibration of the evolved nitrogen formed during the ther-
mal decomposition of the InN powder. The results showed
that relative error of this method between measured value
and theoretical value was 2.67% for the quantitative cali-
bration of evolved N,. It shows that TA-MS combined with
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Introduction

Thermal analysis (TA) is a technology with a history of
more than 100 years. It has been used to measure the
physical and chemical transformation of samples as a
function of temperature in the scanning mode or as a
function of time in the isothermal mode [1-4]. TG-DTA/
DSC is the quick and convenient techniques and has been
widely used to characterize the changes of mass and
enthalpy of materials during the thermal decomposition
process. These techniques played an important role on the
preparation of materials and the later treatment. However,
with the appearance in the new and complex organic—
inorganic materials, the single TA technique cannot fulfill
their characterization. It is necessary to study the thermal
behavior of materials by various simultaneous methods,
such as TA-MS coupling techniques [5—13], and to provide
more scientific information for the preparation of materials.

In this article, firstly TG-DTA was used to determine
the thermal behaviors for the irinotecan and the irinotecan/
SiO, composite. Nanomedical research shows great
potential in the therapy of serious disease such as cancer, in
which drug delivery systems (DDSs) have been explored
widely. Mesoporous silica spheres have been adopted as
DDSs because of their high surface area, high pore volume,
ordered pore structures, and the excellent biocompatibility
[14-18]. The typical characterization method of drug
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loading amount in mesoporous silica spheres is the spectra
characterization. The inevitable error has been introduced
because of the multistep operation. It is urgent to develop
other methods to substitute spectra characterization. Ther-
mal analysis provides an alternative method to decide the
exact drug loading amount in DDSs, especially in inorganic
nanocarriers, because most drugs are organic molecules,
which could be burned out under the elevated temperature.
Herein, the authors chose a typical anticancer drug-irino-
tecan as the model drug, and nanosized mesoporous silica
spheres as the drug carrier to demonstrate the applications
of TG-DTA in nanomedicine, and compared the thermal
data with spectra data to determine the accuracy of thermal
characterization. It is the first report, as far as the authors
know, to carry out the research in possible applications
of thermal characterization in nanomedicine. Secondly,
TG-DSC-MS coupling techniques were used to examine
the hydrogen adsorption temperature and capacity of
TiCr,, (V-Fe)oe alloy. Lastly, pulse thermal analysis
(PulseTA) combined with TA-MS were used for a simul-
taneous characterizing study in the changes of mass,
determination, and quantitative calibration of the evolved
gases formed during the thermal decomposition of InN
powder.

Experimental
TG-DTA/DSC-MS measurements

The Netzsch STA 449C TG-DTA/DSC thermoanalyzer
coupled with Balzers Thermostar Quadrupole Mass Spec-
trometer was used in the experiments. The quartz capillary
was used as the interface between thermoanalyzer and the
quadrupole MS. The vacuum in the quadrupole MS was
10~ Pa. The multiple ion detector (MID) mode was used
for the MS measurements.

PulseTA measurements

PulseTA device was produced by the Netzsch Company in
Germany. The PulseTA enables the quantification of the
mass spectrometric signals of the evolved gases in the
TA-MS system [19-22]. Introducing into the TA-MS sys-
tem a known amount of the calibration gas and determining
the relationship between the amount of the injected gas and
the observed integral signal, it is possible later to quantify the
MS signals resulting from evolution of the unknown amount
of evolved gases during the decomposition. Specified
amounts of calibration gas can be introduced into the mass
spectrometer by two principal methods:

(i) by decomposing solids via a well known, stoichi-
ometric reaction
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(ii) by injection of known amounts of calibration gas
into the carrier gas stream flowing with constant rate
through the system

Method (ii) was used to the experiments of this article.

Results and discussion

Application of TG-DTA for characterization
of anticancer drug

The TEM results of mesoporous silica spheres

Nanosized mesoporous silica spheres (mSiO,) were pre-
pared using cetyltrimethylammonium bromide (C;cTAB)
as surfactant and tetracthoxysilane (TEOS) as the silica
source according to previous report [23]. The highly dis-
persed mSiO, with ordered pore structures were firstly
prepared as DDSs to encapsulate and delivery anticancer
drugs (irinotecan), using C;¢TAB as structural directing
agent. After the irinotecan was encapsulated, the drug
loading amount was determined by TG-DTA character-
ization and UV-Vis characterization, respectively. The
morphology and dispersity of mSiO, could be clearly
observed in TEM images (Fig. 1). The mSiO, exhibits a
near-spherical morphology and the pore structures show
ordered 2D hexagonal array. The sizes of mSiO, are
between 60 and 120 nm, which is suitable for intravenous
injection.

The TG—-DTA results of irinotecan

Before studying the loading amount of the irinotecan in the
irinotecan/mSiO, composite, the authors investigated the
thermal behavior of pure irinotecan. The results are
depicted in Fig. 2. The TG results showed that the mass
change was —99.97% at 50-700 °C. There was no mass
losses appeared above 700 °C. The DTA curve showed an
endothermic peak at 92.1 °C, three exothermic peaks at
279, 351, and 529.7 °C, respectively. It showed that the
irinotecan was oxidized completely before 700 °C.

The TG-DTA results of mSiO, and irinotecan/mSiO-
composite

Figure 3 was TG-DTA curves of mSiO, and irinotecan/
mSiO, composite. The results showed that the TG curve of
mSiO, had two mass losses: 17.73% (30-200 °C), 4.54%
(200-1000 °C). The TG curve of irinotecan/mSiO, had
two mass losses: 14.57% (30-200 °C), 13.65%
(200-1000 °C). It can be inferred that the mass losses at
30-200 °C was the vaporization and adsorbed water on the
surface of the mSiO, and irinotecan/mSiO,. Through the
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Fig. 1 TEM images of
mesoporous silica spheres with
different magnifications
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Fig. 2 The TG-DTA curves of the anticancer drug (pure irinotecan)

comparison, the loading capacity for the irinotecan in the
composite was about 9.11% at 200-1000 °C. Both the
mSiO, and irinotecan/mSiO,, the DSC curves appeared an
endothermic peak at 92.1 °C. It was worth to point out that
the DSC curve of the mSiO, tends to level and there was no
obvious enthalpy at about 200-1000 °C, but the DSC curve
of the irinotecan/mSiO, had two exothermic peaks at 291.2
and 366 °C. It can be concluded that the irinotecan in the
irinotecan/mSiO, was oxidized at 200-1000 °C.

Figure 4 showed the UV-Vis spectra of irinotecan
before and after interaction with mesoporous silica spheres.
According to the UV-Vis calculation similar to the previ-
ous report [24], the irinotecan loading amount was about
10.5%, close to the TG results. It is known the spectra
usually exists the error because of the multistep operation,
while TG results directly show the exact drug loading
amount on the support. Based on above analysis, it was
believe that TG-DTA provides an alternative method to
achieve the exact drug loading mount on nanocarriers,
which is of great significance for further clinical usage of
nanocarriers.

1.0
~— Peak: 92.1°C

Peak: 92.1°C

Heat flow/uV/mg

=02 Ppeak:291.2°C Peak: 366°C
1 1 1 1 1 1 1 1 1
...... mSio,
100 irinotecan/mSio,
30-200 °C mSiO2 mass loss:=17.73%
95 - irinotecan/mSiOzmass loss:—14.57%
o 200-1000 °C mSiOgmass loss:—4.54%
Q 90 ) irinotecan/mSiO, mass loss:—13.65%
@
o
n 85
%]
©
=
80 -
75

100 200 300 400 500 600 700 800 900 1000
Temperature/°C

Fig. 3 The TG-DTA curves of mSiO, and irinotecan/mSiO,
composite

Application of TG-DSC-MS for characterization
of the TiCr;, (V-Fe)q¢ Alloy

In order to determine the condition under which hydrogen
could be fully released, TG-DSC-MS coupling techniques
were used for characterization the hydrogen adsorption
temperature and capacity of TiCr;, (V-Fe)q¢ alloy in this
experiment. The mass of TiCr;, (V-Fe)yoe was 19.7 mg.
The Argon with a flow speed of 20 mL/min was used as the
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0.32 mg (about 1.62%) at 30-500 °C. The DSC curve
showed two endothermic peaks at 302.8 and 397.7 °C.
Moreover, the mass spectra of the evolved H, were studied
by the TA-MS coupling techniques. Figure 5b was the MS
spectra of the TiCry, (V-Fe)ye alloy. The MS signal
appeared the positive ion mass spectra peaks of H,"
(m/z = 2) in the range of 250-500 °C (peak at 303.1 and
398.3 °C). It can be concluded that the released region of
hydrogen was 250-500 °C, which was consistent with the
TG-DSC results.

Application of TG-MS-PulseTA for characterization
of the InN powder

Indium nitrate (99.5% In(NOs3);-4.5H,0) was used as the
main raw material. Firstly, the desired amount of indium
nitrate was dissolved in distilled water and the concentra-
tion of indium nitrate solution adjusted to 0.3 mol/L. This
aqueous solution was then neutralized to pH 8 with
1.0 mol/L ammonia solution at room temperature. Sec-
ondly, the precipitate was separated from the solution by
filtration, and repeatedly washed with distilled water. Then,
the white cake was dried at 110 °C for 24 h and calcina-
tions at 450 °C for 2 h. The crystalline In,O5 nanoparticles
were obtained. Lastly, the InN powder was prepared by the
nitridation of In,O3 with NH3 gas at 600 °C for 8 h [25].
The whole reaction can be expressed as

1H(NO3)3 + 3NH; - H,O = ln(OH)3 | +3NH4NO;3
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Fig. 5 a, b The TG-DSC-MS curves of the TiCr, , (V-Fe)q ¢ alloy

ZIH(OH)g = 111203 + 3H20
In,O3 4+ 2NH3 = 2InN + 3H,O

Figure 6a was the TG-DTG curve of the InN powder.
The argon with a flow speed of 20 mL/min was used as the
carrying gas. The temperature region of TG-DSC was
from room temperature to 1000 °C. The heating rate was
10 K/min. The results showed that the TG curve had one
mass loss from 550-750 °C (about 10.36%). Corresponding
to the TG curve, the DTG curve appeared maximum
decomposition temperature of the InN powder at 678.4 °C.
Figure 6b was the MS spectra of the InN powder. There was
the positive ion mass spectra peak of the N, ™t (m/z = 28) at
679.5 °C. The peak area of N, was 55.6E-07A*s. Nitrogen
(99.999%) was used as the known amounts of calibration
gas. The injection volume of nitrogen was 0.5 mL at a time.
The density of N, was 1.25 g/L. Injection temperature is at
20 °C. Nitrogen pulse peak was injected for three times in an
experiment. The peak area of N, was 9.214E-07A*s,
8.795E-07A*s, and 8.645E-07A%*s, respectively. The
average of the three peak areas was 8.885E-07A*s. The
measured value of the evolved nitrogen was 3.64 mg.
The mass of the InN powder for the experiment was
34.38 mg. The theoretical value of the evolved nitrogen was
3.74 mg. The relative error of this method between
measured value and theoretical value was 2.67% for the
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quantitative calibration of evolved N,. It showed that
TA-MS combined with PulseTA techniques offer a good
tool for the quantification of the evolved nitrogen in the InN
powder.

Conclusions

According to the results measured by the TG-DTA, TG-
DSC-MS, TG-MS-PulseTA coupling techniques, the
conclusions are the follows:

(1) The irinotecan was oxidized before 700 °C com-
pletely. When irinotecan was loaded onto nanosized
mesoporous silica spheres, the loading capacity for
irinotecan measured by TG-DTA in the composite
was about 9.11%, similar to the typical UV-Vis
results, which showed that TG-DTA characterization
provided an alternative method to determine the drug
loading amount on inorganic carriers, showing their
promise applications in nanomedicine.

(2) The hydrogen adsorption capacity and temperature of
TiCr , (V-Fe)o¢ alloy were obtained at 250-500 °C
by TG-DSC-MS coupling techniques. The thermal
decomposition of the InN powder had one step mass
loss from 550-750 °C. The relative error of this
method between measured value and theoretical value
was 2.67% for the quantitative calibration of evolved
N,. The presented results indicate that TA-MS com-
bined with PulseTA techniques offer a very good tool
for the quantification of the InN powders. Moreover,
this method is being extended to investigate the

thermal behavior of other nitride and carbon nano-
structured materials.
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