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Abstract: The article presents the initial research results of
acetone detection. The gas-sensing layer was prepared by doping
SnO2 with nano and micro particles of platinum black. The aim
of this research was to determine the lower detection threshold
of acetone, using this type of sensors, so that it could be used to
analyze exhalations of diabetics.

1. Introduction

Diabetes is a group of metabolic diseases with distinctive hyperglycaemia caused by
insulin exudation and/or functioning fault (Korzeniowska and Jabłecka, 2008). In
2011 the United Nations recognized it as one of four major lingering diseases in the
world (Beaglehole et al., 2011). According to the International Diabetics Federation
(IDF) it affects over 387 mil people worldwide with over 3 mil living in Poland. The
essential fact is that 25 % of them do not suspect their illness, which is the basis
for launching social awareness programs as well as for research to find new ways of
diagnosis.

The gold standard and most common test for diabetes is glucose marking. It can
be performed in a lab or using relatively affordable and compact glucometers. Unfor-
tunately, it involves taking blood samples, which is invasive, painful, and unhandy.
Moreover, it must be repeated a few times a day. To ease these inconveniences research
has been started to find non-invasive tests for diabetes. Pauling and his associates
were the first to analyze the composition of human exhalations in 1971. They indi-
cated, using gas-liquid partition chromatography that over 250 different compounds
can be found in human breath. (Pauling et al., 1971). This started a series of more
thorough analyses and now we are able to distinguish over 3500 compounds, primar-
ily volatile organic compounds (Wang and Wang, 2013). The correlation between the
presence or increased concentration of specific elements (biomarkers) in exhalations
(and a metabolic disorder) is the subject of a new research course for non-invasive
disease diagnosis. One of such biomarkers is an acetone, the increased concentration
of which, along with distinctive sweet scent in the breath, can be an indication to
diabetes.
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Acetone is one of ketone bodies produced in the liver as a result of decarboxylation
of acetoacetate or dehydrogenation of isopropanol. Abnormal carbohydrate economy
of diabetics may lead to a situation when an organism draws energy from distribution
of fat instead of glucose. It may cause an increase in ketone body concentration
which, in severe cases, leads to acidification (Górska-Ciebiada et al., 2011). Acetone
is excreted out of human body by exhalation and diffusion to urine. Healthy people
have biomarker concentration between 0.39 and 1.09 ppm in their exhalations, while
diabetics can reach over 3 ppm. This amount depends on the type of diabetes (O’Hara
et al., 2009; Wang et al., 2010; Deng et al., 2004).

There are several methods of acetone marking. The most significant are: gas
chromatography (Deng et al., 2004), mass spectroscopy (Storer et al., 2011), optical
methods (Sankaran et al., 2007), and the use of chemical sensors (Nasution et al.,
2013). At present the first two are used mainly in research centers due to limitations
such as: huge size of equipment, need for qualified personnel, and expensiveness.
On the other hand, intensive progress in the field of sensor technology led to the
development of many chemical sensors, which are highly selective, tiny and relatively
inexpensive.

This study presents the initial research results of acetone detection using resistive
gas sensors based on SnO2 doped with 5.2 mass % of platinum black. A specialized
electric measurement system is able to test four sensors simultaneously. Analysis con-
firmed that the developed sensors are easily capable of detecting acetone. Despite this,
further examination is needed to determine other parameters which could influence
functioning of these sensors, which in turn can be a case for further research.

2. Gas-sensitive layer composition and sensor construction

The gas sensitive layer has been made of SnO2 received via modified Okazaki method
(Okazaki et al., 1983) and doped with 5.2 mass % of platinum black. The analyzed
sensors had been prepared in thick film technology with 40 nm thick tracks (Teterycz,
2005). The layout and actual appearance are shown in Fig. 1a - 1b.

(a)

(b)

Fig. 1. Sensor design: a) layer side and platinum heater side (Suchorska-Woźniak
et al., 2014); b) actual view of both sides of the sensor with an added blue
dielectric layer on one of the sides.
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Fig. 2. Analysis results: a) microstructures with a clear view (due to applied material
contrast) of platinum black; b) chemical composition of the gas-sensitive layer
SnO2+Pt black.

The microstructure of layers was studied using a scanning electron microscope
– JSM 5800 LV produced by Jeol, equipped with an X-ray analysis system – ISIS
300 produced by Oxford with a semi-conductive detector for analyzing the energy
of characteristic radiation. An X-ray microanalysis method attachment was used
for qualitative analysis of lithium (Li) and uranium (U) elements. Both SEM and
EDS analyses confirmed that the layer consisted only of basic elements of layer and
platinum black atoms (Fig. 2).

During the electrical characterization, sensors were exposed to a gas atmosphere
with a humidity level of 30 % RH, containing defined acetone concentration of 2 -17
ppm. A specially developed system was used for making measurements allowing a
parallel analysis of the four sensors, provided they had the same composition and
construction (Fig. 3).

An electrical characterization of sensors was performed using a temperature stim-
ulated conductance method. During measurements their working temperature was
modulated between 150 and 750 ◦C with distribution 2 ◦C/s. Sensors were polarized
with a voltage of 2 V, and after the atmosphere was set steady, conductance as a
function of time and temperature was observed.

3. Detection of acetone

Directly before electric characterization, sensors were heated in synthetic air with 30
% RH. A significant conductance increase towards higher concentrations of acetone
in the atmosphere was observed (Fig. 4) as a result of acetone oxidation taking place
on the surface of the gas sensitive layer (1).

CH3COCH3(gas) + 8O−
ads → 3CO2 + 3H2O + 8e− (1)

The major conductance changes in acetone marking occur in temperatures above
600 ◦C (Fig.4).

One of most significant parameters of resistive gas sensors is their sensitivity (S) to
analyzed gas presence. It is commonly defined as a conductance ratio between acetone
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Fig. 3. A simplified measurement system for n sensors.

atmosphere and clean air (2) and may be used to determine the lower detection
threshold of acetone (Fig. 5).

S =
Gacetone

Gair
[S/S] (2)

The lower detection threshold determined by approximation of sensitivity at the
temperature of 626 ◦C reached 0.65 ppm (Fig. ??). A reference point, established
as sensitivity in air with humidity at 30 % RH, was 1. The results obtained were
repeatable and accepted for analysis of the whole series.

4. Conclusions

In this study, thick film gas sensors were investigated. The gas-sensing layer was
SnO2 doped with platinum black. The structure and composition of the developed
layer was described in order to detect low-concentration acetone markers. Analysis
of the results indicates their ability to mark acetone in concentrations below 1 ppm.
Therefore, further research can be conducted towards diabetes detection. Moreover,
the developed measurement system enables parallel detection for four sensors, which
significantly improves electrical characterization of sensors and enables determination
of repeatable results for the whole series in the same conditions. Further research
will focus on humidity significance and interfering substances, which can be present
in human breath, as well as on sensitivity of these sensors.
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(a) (b)

Fig. 4. Relation between conductance as a function of: a) time; b) temperature in 30
% RH air and air with 2 – 17 ppm of acetone.

Fig. 5. The relation between sensitivity as a function of acetone concentration and
approximation of lower detection threshold of the analyzed sensors for acetone.
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