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PRODUCTION OF GASEOUS MATRIX-FREE REFERENCE MATERIALS
Application of thermoanalytical techniques
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Reference materials are used in every laboratory in order to assure the appropriate quality of analytical results. The production of
reference materials is not an easy task especially in the case of gaseous, toxic and malodorous compounds. Thermal decomposition
of immobilized compounds is a convenient way for the generation of those kinds of mixtures. Temperature is an important variable
in this process. In this case, thermoanalytical techniques (thermogravimetry and differential scanning calorimetry (TG-DSC)) and
scanning electron microscopy (SEM) were used for checking the temperature range which had been previously determined using

thermal desorber-gas chromatograph-flame ionization detector (TD-GC-FID) system.
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Introduction

The impact of results of chemical analyses on the qual-
ity of life, the state of the environment and the econ-
omy is significant. Consequently, it is essential that the
analytical results be reliable and could be used as in-
tended. The reliability of instruments and applicability
of the procedures used have to be validated [1, 2].
Among the tools employed to facilitate validation, the
key role is played by reference materials [3].

Preparation of reference materials is very tedious
and time-consuming, which results in their high price.
In the analytical practice use is made of a variety of
reference materials and their application depends on
the objective of analytical work being done [4]. The
preparation of reference materials for all analytical
measurements is practically impossible due to the
variety of matrices and analytes [5].

In case of analysis of gaseous environmental pol-
lutants, standard gaseous mixtures, being an example
of matrix-free reference materials, are used for calibra-
tion of analytical instruments and validation of analyti-
cal procedures. A rapid progress in environmental
monitoring and analytics has resulted in increased re-
quirements placed on gaseous standard mixtures. Their
preparation poses a number of technical and methodi-
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cal problems. The development of novel techniques
and devices for the generation of standard mixtures has
been the subject of numerous studies [6-9].

A significant progress in the area of preparation of
standard gaseous mixtures containing analytes at trace
and ultratrace concentration levels has been achieved by
using thermal decomposition of immobilized com-
pounds. These compounds are formed as a result of
chemical modification of the surface of a solid support
and upon heating they undergo decomposition or rear-
rangement yielding a specific analyte. This technique
enables easy and convenient generation of gaseous mix-
tures containing toxic, labile or malodorous compounds.
The support, whose surface was chemically modified,
may play the role of a reference material for volatile
compounds, both organic and inorganic [10].

Experimental
Materials

The available techniques of preparation of gaseous
standard mixtures, which can be referred to as ‘refer-
ence materials’, have a number of disadvantages and
inconveniences in the case of volatile organic com-
pounds. The solution based on using thermal decom-
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position of immobilized compounds for the generation
of standard mixtures of toxic, reactive and malodorous
analytes seems to be an interesting approach to this
problem. So far, this technique has been used for the
preparation of standard gaseous mixtures containing
the following analytes [11-14]: acetone, acetaldehyde,
amines, ammonia, methyl chloride, ethene, thiols, iso-
thiocyanates, carbon monoxide and/or dioxide.

In the preparation of standard gaseous mixtures
by thermal decomposition of immobilized com-
pounds, the generation of the analyte is accomplished
by heating of a sample of support (e.g. silica gel, po-
rous glass, glass fiber) whose surface had previously
undergone chemical modification. In order to change
the physical-chemical nature of the support surface,
chemical modification based on the reaction of active
sites (the —OH groups on the support surface) with
modifiers is carried out. The moiety bound to the sup-
port surface can in turn be the reactant for a subse-
quent reaction. Using appropriate sequences of chem-
ical reactions, almost any functional group can be
found to the surface of a support.

The chemical compound used for the modifica-
tion of the support surface undergoes a chemical reac-
tion with the active sites on the surface of a support
yielding an immobilized compound. At a suitably
high temperature this compound is decomposed or re-
arranged yielding (preferably) one or several compo-
nents. The released compounds are removed from the
reaction chamber (chromatographic injector, thermal
desorber, etc.) by a stream of diluent gas, generating a
stream of gaseous standard mixture.

A schematic diagram of chemical modification
of the support surface and generation of a specific
volatile analyte in the process of thermal decomposi-
tion of the immobilized compound is shown in Fig. 1.
Thus far, silica gel, porous glass, glass rods coated
with silica gel and glass fibers have been as support

for immobilized compounds [11, 13-16].
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Decomposition of an immobilized compound
takes place in a specific temperature range, which is
limited by the minimum and maximum temperature.

The minimum temperature is a temperature at
which the decomposition or rearrangement of an im-
mobilized compound is initiated. This is accompanied
by the liberation of a volatile component, which ap-
pears in a stream of eluent gas. The minimum temper-
ature is required to be substantially higher than the
ambient temperature. This requirement ensures stabil-
ity and the possibility of long-term storage of the pre-
pared standard (as samples of modified support) with-
out any losses of the analyte. This is especially impor-
tant in the case of preparing standards of toxic or mal-
odorous compounds. The high temperature main-
tained during generation of a standard gaseous mix-
ture prevents adsorption of analytes on the walls of a
thermal desorber chamber.

The maximum temperature of decomposition of
an immobilized compound is a temperature which,
when exceeded, results in uncontrolled degradation
of the immobilized compound. The following pro-
cesses are then observed:

« sudden drop in the amount of analyte released

 appearance in the standard of compounds other
than the analyte

« change in color of the modified support, e.g. to brown

The objective of the present investigation was to
determine the optimum temperature of decomposition
of immobilized compounds, i.e. the temperature at
which the largest and most reproducible amount of the
analyte is released per unit mass/length of the support.

Methods

Thermal analysis is a group of techniques in which
a property of the sample is monitored vs. time or temper-
ature while the temperature of the sample, in specific at-
mosphere, is programmed. The program may involve
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Fig. 1 Preparation of a standard gaseous mixture using thermal decomposition of the immobilized compound formed on the sur-

face of a support
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Table 1 Conditions of thermal analyses using TG and DSC

Thermal analysis

DSC

TG
Instrument OD-103 Derivatograph MOM, Hungary
Heati 25 to 800°C with a heating rate of 5°C min~
eating

under air atmosphere
100 mg

a-aluminum oxide

Sample mass
Reference material

Container platinum

DSC 120 Seiko Instrument Inc.

80 to over 330°C with a heating rate of 10°C min~
under nitrogen atmosphere

1 1
15 mg
indium

silver

heating or cooling at a fixed rate of temperature change,
or holding the temperature constant, or any sequence of
these. Thermogravimetric analysis was used to check
the ranges of decomposition temperatures of specific
immobilized compounds because this technique allows
the following investigations [17-21]:

* kinetics of decomposition of chemical compounds
« structural changes in solids

* phase transitions (transition temperature, heat effects)
* mechanisms of reactions between solids

DSC is a measurement of the change of the dif-
ference in the heat flow rate (dg/dr) to the sample and
to the reference sample while they are subjected to a
temperature regime. DSC instrument is designed to
measure the actual amount of power (rate of heat
flow) involved directly with the associated thermal
event. The power is then integrated over the time of
the thermal event to determine the associated thermal
energy. DSC is one of the fundamental methods al-
lowing observation of phase transitions [22-25]. The
measurements using DSC are also used for:

 determination of some chemical properties of both
low molecular and macromolecular compounds

* determination of melting point, glass transition
point and flow temperature

* investigation of crystallization kinetics

» determination of specific heat and degree of
crystallinity

» examination of purity of compounds

The conditions used in thermal analyses are
listed in Table 1.

Scanning electron microscope (SEM) is now an
indispensable instrument in a wide variety of applied
fields [26]. Scanning a specimen surface with finely
focused electron beam (several nanometers), informa-
tion (signal) will be emitted from each point of the
scanning. The emitted information is converted into
an electric signal, amplified and then fed into an ob-
servation CRT. SEM combined with energy
dispersive X-ray spectrometer (EDS) is used primar-
ily for structural studies of surfaces of specimens.
This allows the determination of chemical composi-
tion of a sample with the simultaneous visual inspec-
tion of its surface. In case of determination of the sur-
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Table 2 Characteristics of SEM

Instrument JSM-5800LV (Jeol Ltd.)
Resolution 3.5 mm

Sample size max. § inch

Imaging memory 1280%960 elements

Option low vacuum observation

Table 3 Characteristics of EDS

Instrument JED-2100 (Jeol Ltd.)
max. 10x10 mm

144 eV (*Fe, 1000 cps)
B~U

52.5°

color mapping

Area to be analyzed
Energy resolution
Elements to be analyzed
X-ray take off angle
Option

face structure of chemically modified silica gel, the
analysis of gel samples was carried out at different
temperatures (ambient, optimum and maximum).
Prior to the analysis, samples of chemically modified
silica gel were coated with gold to give the specimen
electrical conductivity. This decreases the specimen’s
capacity to acquire an electrostatic charge and
increases the yield of secondary electrons.

The characteristics of SEM and EDS instruments
are listed in Tables 2 and 3.

Results and discussion

The range of decomposition temperatures of an im-
mobilized compound formed on the surface of silica
gel is determined from the results of investigations of
the amount of released analyte at different decompo-
sition temperatures for successive samples of modi-
fied silica gel. The investigations begin at ambient
temperature, followed by an increase every 10
or 20°C up to 200 or 330°C and checking whether
degradation of the examined sample took place [13].
The amounts of released analyte are converted to the
per unit mass basis, which is necessary as a result of
using different masses of silica gel samples.

The dependence of the amount of analyte released
per unit mass of chemically modified silica gel on the
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Fig. 2 Dependence of the amount of acetone liberated per
gram of silica gel on the temperature of thermal de-
composition of the immobilized compound
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Fig. 3 Dependence of the amount of methyl chloride liberated
per gram of silica gel on the temperature of thermal de-
composition of the immobilized compound
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Fig. 4 Synthesis of an immobilized compound on the surface of
silica gel and its thermal decomposition yielding acetone
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Fig. 5 Synthesis of an immobilized compound on the surface
of silica gel and its thermal decomposition yielding
methyl chloride
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Fig. 6 Thermogravimetric curve obtained during the heating
of chemically modified silica gel sample (acetone as
the analyte)

temperature of thermal decomposition at constant flow
rates of the diluent gas and time of the process are
shown in Figs 2 and 3. On the basis of the obtained re-
sults, the temperature ranges over which thermal de-
composition of the immobilized compounds yielding
acetone and methyl chloride took place were found to
be 100-320 and 150-330°C, respectively. The opti-
mum temperatures of decomposition of the immobi-
lized compounds used for the generation of gaseous
mixtures containing acetone and methyl chloride as the
analytes were 310 and 280°C, respectively.

Thermogravimetric and calorimetric curves
obtained for samples of silica gel chemically modi-
fied via the reactions shown in Figs 4 and 5 are de-
picted in Figs 6-9.

Inspection of the above curves reveals that the
ranges of decomposition temperature of the immobi-
lized compounds are close to the values determined
by thermal decomposition of these compounds ob-
tained by using TD-GC-FID. The nature of the ob-
tained peaks demonstrates that in these temperature
ranges exothermic reactions (e.g. release of the

J. Therm. Anal. Cal., 86, 2006
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Fig. 7 Thermogravimetric curve obtained during the heating

of chemically modified silica gel sample (methyl chlo-

ride as the analyte)
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analytes) take place. Shifts of the temperature ranges
observed in thermogravimetric techniques can be ex-
plained by the fact that the differences in the amounts
of analytes released at lower temperatures are too
small to be detected by the detectors used.

The results of determination of selected compo-
nents for two samples of chemically modified silica
gel yielding acetone and methyl chloride using SEM
are compiled in Table 4. A plot of the content of se-
lected elements in the examined silica gel sample is
shown in Fig. 10.

An inspection of the data in Table 4 reveals a de-
crease in the content of the selected elements in sam-
ples of chemically modified silica gel with an increase
in temperature. This is additional evidence that at a
specific temperature specific analytes are liberated as a
result of decomposition of the immobilized compound.
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Fig. 8 Calorimetric curve obtained during the heating of chemically modified silica gel sample (acetone as the analyte)
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Fig. 9 Calorimetric curve obtained during the heating of chemically modified silica gel sample (methyl chloride as the analyte)

Table 4 The results of determination of selected elements in samples of chemically modified silica gel yielding specific analytes

Analyte/%
Element acetone methyl chloride
25°C 310°C 350°C 25°C 280°C 320°C
C 1.14 1.06 0.98 2.34 1.31 0.95
(0] 0.87 0.76 0.73 - - -
Cl - - - 0.20 0.09 0.01
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Fig. 10 The plot of content of selected elements present in a
sample of chemically modified silica gel yielding
methyl chloride

Conclusions

Temperature is an important parameter in thermal de-
composition of immobilized compounds used for the
preparation of reference materials of volatile analytes.
Heating a chemically modified support to a suitably
high temperature yields reliable and reproducible re-
sults. Proper adjustment of temperature makes a con-
venient way of preparation of matrix-free reference
materials containing analytes at a desired concentra-
tion level. It should be remembered that an incorrectly
determined temperature range of decomposition of im-
mobilized compounds characteristic of each analyte
can lead to incorrect results and thus to negative health,
economic and social effects. Consequently, other tech-
niques capable of determination of the range of decom-
position temperatures of a specific immobilized com-
pound are also used. A vital role in this area is played
by thermogravimetric analysis, and particularly by dif-
ferential thermal analysis and differential scanning cal-
orimetry. The measurements carried out by these two
techniques provide information on the nature of chemi-
cal reactions taking place (endothermic or exothermic)
and the temperature range over which these reactions
occur. The present study also made use of scanning
electron microscopy which enabled the investigation
of the surface structure of chemically modified silica
gel heated to different temperatures.
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