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Abstract:

A comparison of the results obtained with thermoanalytical techniques can show con-
siderable differences between thin film samples and the corresponding xerogels/pow-
ders. One reason for this is that the substrate material itself influences the properties
and morphology of the deposited films. It therefore makes sense to carry out meas-
urements for thin film samples that have been deposited on a substrate. Thermograv-
imetric and differential scanning calorimetry measurements on thin films are possible
even if the mass of the thin film on a massive substrate is very small. With the de-
scribed approach, it is shown that each chemical system behaves differently depend-
ing on the type of precursor and deposition method, but nevertheless the results of
the thin film measurements are helpful in optimising the properties of the final films
for a specific application.
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1. Introduction

The applicability of different types of thin films is becoming increasingly important both
in science and in many areas of modern technology (Leskeli et al.,1993). They change the
chemical and/or physical properties of the substrate and can be used for various purposes,
e.g. as surface protection against corrosion, wear and abrasion, as optically active coatings
or as coatings for certain chemical applications (Niinistd, 1999), including photocatalytic coat-
ings (Suligoj et al., 2022). The preparation of thin films involves several steps, from the syn-
thesis of precursors to the final application. The characterization of the prepared films as
well as the understanding of the processes by which they are prepared are important for
the optimization of the preparation process.

After the film has been deposited on the substrate using one of the chemical or physical
deposition techniques, thermal treatment is required. During heating, sufficient adhesion
of the film to the substrate is ensured; in addition, certain chemical reactions can occur,
during which the structure suitable for the application is formed. For the latter, thermoan-
alytical techniques allow the determination of the temperature window within which it is
essential to monitor the development of the structure using ex-situ diffraction and/or spec-
troscopy techniques.

Thermoanalytical measurements on thin films (thickness below 1 um) deposited on a pla-
nar substrate are a demanding procedure and routine measurements are not yet common.
The reason for this is that in thermogravimetry (TG) the mass changes are in the range of
buoyancy and aerodynamic effect, while in differential scanning calorimetry (DSC) the
heat released or consumed by the sample diffuses into a more massive substrate, so the
thermal changes are often below the detection limit (Niinisto, 1999; Cerc Korosec and Bu-
kovec, 2006). Therefore, measurements are performed on the corresponding xerogel pow-
ders instead. There are several reasons why thermally induced effects occur at different
temperatures for both types of chemically equivalent samples (Przyluski et al., 1981; Cerc
Korosec et al., 2008). Since explanation of the properties of thin films based on TG and DSC
measurement results of the xerogels could lead to misinterpretations, it is important that
the measurements are performed for thin films themselves.

In this contribution, a protocol for TG and DSC measurements of thin films deposited on
planar substrates is briefly presented.

2. Materials and Methods

2.1. Preparation of Thin Films for Thermoanalytical Measurements

Thin film can be deposited from the sol (colloidal solution) by dip or spin coating. Various
substrate materials can be used: microscope cover glass (Figure 1A), thin platinum foil
(thickness 0.025 mm), aluminium foil (Figure 1B) (Cerc Korosec et al., 2003). The substrate
must be inert (must not react with the thin film) and must withstand the high temperature.
For example, microscope cover glass is not a suitable substrate for temperatures above 650
°C because it undergoes a glass transition; in this case, Pt foil can be used. After drying,
the microscope glass covered with a thin film is placed between two clean sheets of paper
and pressed so that the glass broke into small pieces (Figure 1C), which could be placed in
a 150 pL Pt crucible (Figure 1D).

For DSC measurements, two circles large enough to cover the thermocouples can be cut
out of the Pt foil mentioned above; the uncoated circle is used as a reference, while the
other is covered with the sample. The underside of this circle is cleaned, dried and placed
directly on the sample side of thermocouples (the thin film is deposited to the top side of
this circle).

2.2. Instrumental

Measurements were performed on a Mettler Toledo TG/SDTA 851¢ Instrument and DC
analysis on a Metter Toledo 20 Cell; all in dynamic air atmosphere and with a heating rate
5 K/min.
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Figure 1. Thin film, prepared by sol-gel method and deposited on a microscope-cover glass by dip-coating — A, on alumin-

ium foil — B; broken pieces of microscope cover glasses with deposited film — C, and pieces of the latter in 150 uL Pt cruci-

bles - D.

3. Results

Figure 2A shows a comparison of the dynamic TG curves of thin film and corresponding
xerogel. The thin film was prepared by alternately dipping deposition from NiSOs and a
LiOH solution, while the xerogel was formed by mixing the two solutions and drying the
slurry at room temperature. Onset temperature at which NiO forms differs by more than
100 degrees (220 °C for the thin film and 325 °C for the xerogel sample). The reason for this
is the formation of carbonate anions in the thin film structure (they are formed during the
reaction between atmospheric CO2 and the alkaline surface of the thin film), while sulfate
anions are present in the xerogel samples (they originate from the precursor) (Cerc Korosec
et al., 2008). The reason for the large difference in thermal stability is therefore different
anionic species; sulfate anions stabilize the primary hydroxide structure that forms at room
temperature. From Figure 2B it is evident that the temperature difference for NiO for-
mation in sol-gel films and xerogels is only 30 degrees. In this case, the reason most likely
lies in the smaller aggregates of colloidal particles in the thin film sample, which have a
higher surface energy. Figure 2C represents the results of the DSC measurement of the
thin film described above (Figure 2B); when the film was applied to aluminium foil, cut
into small pieces and placed in a crucible covered with a pierced lid, a) curve was obtained.
If the film was applied to a Pt circle and placed directly on the thermocouples (as described
in Materials and Methods), a different result was obtained, which is shown in curve b).
The reason for this difference lies in the fact that in an open system the gasses formed
during thermal decomposition can easily leave the system. Therefore, the initial tempera-
ture is lower (265 °C) compared to a partially closed system in which an equilibrium reac-
tion A(s) <> B(s) + C(g) raises it (295 °C), according to Le Chatelier's principle.

The results of thermal treatment optimization, based on TG measurements of thin films,
are for NiO sol-gel films for electrochromic applications summarized in (Cerc KoroSec and
Bukovec, 2006).
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Figure 2. Comparison of TG measurements between supported thin films and corresponding powders for Ni(OH)2 samples, pre-
pared by alternately dipping deposition — A, sol-gel prepared thin films and xerogels — B, and DSC curves of the films, prepared by
the sol-gel method, for two different measurement approaches — C.

4. Data on Procedures and Samples
Data on procedures and samples are given in Table 1.

Table 1. Data on procedures and samples

Description of the sample Sol (colloidal solution) in glass container or solid
sample.

Aliquots needed 1

Total volume of the sample 5 mL (liquid) or 10 mg (solid sample)

Time required to obtain results 2 weeks

Manpower Highly skilled researcher (thin films analysis) or re-
searcher (solid sample)

Estimated cost per sample without manpower 250 EUR (thin films analysis) or 150 EUR (solid sam-
ple)

Contact person Romana Cerc Korosec,

romana.cerc-korosec@fkkt.uni-lj.si

5. Discussion

In some cases, the thermal analysis of thin films can be carried out in the usual way as for
a xerogel/powder sample: I) when the thin film exists as a free-standing film, e.g. thin metal
films or thin films of polymers; II) when the film is deposited on a powdered substrate, e.g.
mica or ceramic support, and III) when the thickness of the film exceeds 1 um, in which
case it can be scraped off the substrate. However, the results obtained for deposited thin
film samples and the corresponding xerogels/powders may differ significantly. For this
reason, and also if the film is very thin (in this case it is impossible to obtain a sufficient
mass of the film by removing it from the substrate), it is possible to obtain reliable results
from TG and DSC measurements of supported films.
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6. Conclusions

Thermal analysis of thin films deposited on planar substrates requires a special approach,
but the results are useful for understanding the processes that take place during thermal
treatment, even on a larger scale for industrial applications.
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