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Abstract: We present a fast method to monitor hydrogen sulfide (H2S) in ambient air based on a 
visible color change. Therefore, an immobilized copper(II) complex of the azo dye 1-(2-pyridylazo)-
2-naphtol (H-PAN) was synthesized and prepared in a matrix for screen printing. Different 
materials, reaching from opaque paper to transparent foils served as substrate. The reaction of the 
copper(II) complex (Cu-PAN) to the target gas H2S was measured in reflection via UV/VIS 
spectroscopy. 
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1. Introduction 

The detection of toxic gas hydrogen sulfide (H2S), which is well known for its characteristic 
stench of rotten eggs, has a major importance for the oil and gas industry as well as other industries 
like wastewater treatment plants. These chemical industries produce H2S gas continually, although 
it is extremely hazardous for living beings. Even at low gas concentrations and short exposure time, 
H2S can cause substantial physical damage. Its toxicity is primarily due to the inhibition of metal-
containing enzymes through sulfide formation or through the reduction of disulfide bridges [1]. For 
this reason, the particularly affected areas are the mucous membranes and tissues with a high oxygen 
demand like nerves and the heart [1]. Moreover, at higher gas concentrations H2S has the treacherous 
property to stun the olfactory receptors, what makes it even more dangerous. All of this shows that 
the effect of H2S should be taken seriously and that there is a mandatory need for its monitoring with 
regard to safety in the workplace. Furthermore, it is quite corrosive and damages especially metallic 
facilities. One of the most commonly used detection method is currently based on electrochemical 
sensors. This technology offers a good selectivity to H2S, but also a limited lifetime [2], which makes 
it quite expensive. 

We describe a highly sensitive and fast method for the detection of H2S based on a gasochromic 
reaction. Our method is based on a printed test strip, which is as simple to use as a pH-indicator strip 
for example. As color changing material Cu-PAN, a copper(II) complex of the azo dye 1-(2-
pyridylazo)-2-naphtol (H-PAN) is used, which changes its color from purple to yellow, if H2S is 
present. In this abstract, the measurement results of embedded Cu-PAN screen printed on different 
substrates are shown. 
  



Proceedings 2018, 2, 804 2 of 4 

 

2. Materials and Methods 

2.1. Preparation of the Cu-PAN Test Stripes 

The Cu-PAN complex was prepared as described in literature [3,4]. A solution of 0.5 mmol 
copper(II) chloride dihydrate (≥99.99% trace metals basis, ALDRICH Chemistry) in 3 mL distilled 
water was added to a solution of 0.5 mmol 1-(2-pyridylazo)-2-naphtol (Indicator Grade, SIGMA-
ALDRICH) in 75 mL ethanol (HPLC Gradient Grade, ROTH). Stirring the solution at room 
temperature overnight resulted in a black/dark red powder, which was subsequent filtered and 
washed three times with 3 mL ethanol and dried at room temperature. 

To yield a paste suitable for screen printing, the copper(II) complex was first finely crushed and 
then embedded in a plasticized ethyl cellulose matrix using ethanol as solvent. All prints were 
performed on a Thieme LAB 1000 (THIEME GmbH & Co. KG, Teningen, Germany) screen printing 
machine using a 180-27 polyester screen for low level of paste application. A transparent PE foil 
(Autostat CT3, Gauge 75 µm, MacDermid Autotype Ltd., Wantage, UK) and a high-quality offset 
paper (UPM Finesse Premium Silk, 150 g/m2, UPM Communication Paper, Augsburg, Germany) were 
used as substrates. All samples were dried at room temperature for 12 h. The layer thickness of the 
twofold wet-in-wet prints were determined on the PE foil to 0.9–1.1 µm by 3D laser scanning 
microscopy (KEYENCE VK 9700 K, Keyence Deutschland GmbH, Neu-Isenburg, Germany). 

2.2. H2S Gas Measurements 

To assess the quality of the printed indicator layers, gas measurements were performed at the 
gas measurement station of Fraunhofer IPM. The general description of the gas measurement station 
is given in [5]. The color change was measured by UV/VIS spectroscopy (Perkin-Elmer Lambda900, 
Perkin-Elmer, Waltham, MA, USA) using a diffuse reflection accessory (Praying Mantis, Harrick 
Scientific Products Inc., Waltham, MA, USA). This measurement setup allows determining the diffuse 
reflectance of solids with a high surface roughness as well as powder samples. To adjust the size of the 
prints to the measurement setup, circles with a diameter of 10 mm were cut out of the printed indicator 
stripes. For the measurement of the transparent PE foil, a blank paper underneath the probe served as 
support. The gas measurements were performed in synthetic air and a relative humidity of 40% at 
room temperature. 

3. Results and Discussion 

Figure 1b shows the gasochromic reaction of the printed Cu-PAN layer from purple to yellow 
on a paper substrate after the injection of 20 ppm H2S into the gas measurement chamber of the 
diffuse reflection assembly. This color change is also easily to recognize with the naked eye. 

Figures 2 and 3 show the related reflection spectra before and after the exposure to 20 ppm H2S 
of the Cu-PAN complex printed on coated paper and PE foil, respectively. After reaction with H2S a 
clear color change from purple to yellow can be detected for all prepared layers. The main change in 
reflection is located in the wavelength range of 460 nm (blue) and 560 nm (yellow). The comparison 
between the substrates shows a significant faster reaction for using PE foil as substrate. In less than 
one minute of H2S exposure, the color of the layer changes from purple to yellow. However, the 
reflection change at 560 nm due to H2S exposure is much higher for the coated paper. 

At lower gas concentrations, the color change is slowed down for both substrates, but even 1 
ppm H2S is easy to detect. Repetition of the gas measurements after the storage of the samples in an 
unsealed plastic cover at room temperature for one month provided a reproducible delta of reflection. 

Analysis of STA (Simultaneous Thermal Analysis) measurement data (NETZSCH STA 409 
C/CD, Netzsch, Germany) exhibit a high thermal stability (~90 °C) of the Cu-PAN complex. Under 
these aspects and due to the fact, that this Cu-PAN complex has a slow back reaction (complete back 
reaction within days), it seems to be a promising material for a fast single-use H2S indicator. The color 
change could be detected by a photo camera or even through human eye, easily. That offers the 
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opportunity to develop a low-cost fast H2S sensitive sensor based on Cu-PAN with no need of 
complex and expensive components or electronics. 

 
Figure 1. (a) Possible sensing mechanism of the Cu-PAN complex according to Carpenter et al. [3]: 
Reaction of H2S(g) with OH−(aq) to S2− leading to a reaction of S2− with the Cu-PAN complex resulting in 
CuS and free the yellow azo dye H-PAN. (b) Images of the Cu-PAN paper test stripe before the gas 
exposure (left) and after treating with 20 ppm H2S for 20 min (right). 

 
Figure 2. Reflection spectra of Cu-PAN layers on coated paper exposed to 20 ppm H2S in synthetic air 
and a relative humidity of 40% at room temperature. Recording of 15 measurement cycles with a time 
lag of two minutes, respectively. 

(a) 

(b) 
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Figure 3. Reflection spectra of Cu-PAN layers on PE foil exposed to 20 ppm H2S in synthetic air and 
a relative humidity of 40% at room temperature. Recording of 15 measurement cycles with a time lag 
of two minutes, respectively. 

4. Conclusions 

Our investigations illustrate the properties of a printed gasochromic Cu-PAN complex layer to 
monitor H2S in ambient air on basis of a color change from purple to yellow. The speed of the color 
change is dispositive influenced through the choice of the substrate. For the manufacturing of the 
indicator strip, a paste was developed which is suitable for screen printing. With regard to the easy 
and inexpensive preparation, the usage of the Cu-PAN complex could be conceivable in many 
environmental, biological and industrial applications. 
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