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A sensor that can detect polar gases was developed based on Reichardt's solvatochromic dye. The Reichardt's dye
was incorporated into PVP (polyvinyl pryrolidone) and then was fabricated into sensing films. The sensing film can
produce strong, fast and reversibly signals when it exposed to polar gases, with response time in the range of 5-20 seconds.
High-resolution micrographs of the sensing film in different polar gases were obtained by using a digital camera. Using the
high-resolution micrographs, a concentration as low as 0.05% (v/v) methanol gas can be detected. This detection is

completely reversible under any vapor concentrations.
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INTRODUCTION

Due to the environmental protection became more
important recently, the monitoring of pollutants or
hazardous substances implies the urgency for sensor
devices. So the field of artificial olfaction and gas
determination is one of the fastest growing areas of sensing
both commercially and within academic research areas [1-
27]. Most of the research in this field to date concentrates
on identification and quantification of analyte species by
employing array sensors [6-9]. A requirement for sensors
within an electronic nose system, as compared to stand-
alone gas sensors, is the ability to sense with high
sensitivity. But generally has been based on sensors that
detect adsorption into a set of polymers or on
electrochemical oxidations at a set of heated metal oxides
[15-20]. There has been a great deal of interest in the
development of optical fiber sensors [21-23] and
colorimetric array sensor [24-27] in recent years. On the
other hand, alcohol as one of standard scents is very
important in clinical and industrial analyses. At present,
more widely used is gas chromatography or distillation
where the density or refractometry are determined in a
subsequent step [29]. There have been reports alcohols
sensor are using optical fiber [21-23].

In this study, an odor sensor based on color
information was developed. A number of dyes were tried
but, at last, the solvatochromic Reichardt's dye was selected
as responsive element for alcohol detection. Reichardt's dye
shows a strong solvatochromism is known to all. The
electronic transition in Reichardt’s dye is associated with a
hypsochromic solvatochromism of approximately 350nm
when changing the solvent from tetrahydrofuran to
methanol [13]. The idea of effects of dye absorption spectra
in different environments can be found in a research study
by Christine Hubert et al., [28].

In the present study, the solvatochromic or
environment-sensitive dyes incorporated into polymer film
which shows variability of color in different polar gases
have been investigated. The R-dye almost had response for
all polar gases and was quite sensitive to environment.
Even more, there was a remarkably color change for
methanol. In order to analyze the color change resulted by
methanol gas quantitatively, a high-resolution micrograph
with Scion Image soft was employed; to divide the color of
micrograph into three elementary colors (RGB): red, green
and blue, and compare their (RGB) difference of color in
different gases to the air. By the analysis of the RGB values
through the color of sensing film, the content of methanol
can be analyzed quantitatively. These high-resolution
micrographs can then be used to detect a concentration as
low as 0.05% (v/v) methanol gas.

MATERIALS AND METHODS

Apparatus and reagents

Reichardt’s dye, all the polymers and solvents
were purchased from the Aldrich and Tokyo Chemical
Industry Co. Ltd. Slide and cover glasses were purchased
from Matsunami Glass Ind. Ltd. Japan. Self-made organic
gas flow cell was employed (Figure-1). Before the
experiment, the sensing film was dried with flowing of
dried air to the surface of sensing film. The gas flux was
controlled using a controller to maintain a fixed flow rate.
Dried air flow rate was 1.50 ml/s during drying or
substitution and polar gas flow rate was 0.50 ml/s during
measurement. All images of sensing film were performed
on an inverted confocal microscope with CCD cameras
(Nikon, Japan). Absorption spectrum of the sensing film
and solution were measured using UV-160A
spectrophotometer.
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Figure-1. Experimental setup.
The bottle of gas flow cell was placed on the observe plate of the microscope.

Preparation of sensing film

11.63mg of R-dye and 200mg PVP were
respectively dissolved in 20ml DMAC with 1:1 volume
ratio. The mixture was sonicated for Smin to obtain the
sensing solution. The slide glass (p22mm ) were activated
with concentrated nitric acid for 24h, then washed with
distilled water and methanol in turn and dried at 60°C over
night. 20pul Reichardt’s dye (R-dye) sensing solution was
dropped on the slide glass with spin-coating. Two kinds of
sensing film were prepared. One is dried at room
temperature and solvent was not eliminated completely.
The other one was prepared under 50°C and 3mmHg
vacuum pressure which make the solvent completely
eliminated.

Images obtaining and data analysis

Assembled the prepared sensing film with flow
cell as shown in Figure-1, and put the assembled gas flow
cell to the observe plate of the microscope. The
microscopical light source was halogen lamp with a
spectral range form 320 to 1000nm. After sensing film was
dried with dried air for 20 mins, the cock was turned off.
Take 20 micrographs during the dried period with CCD
camera to record the original color of sensing film. Then,
purge the gas flow cell with polar gas. Photos were taken

every 5s. After 5 min, 60 micrographs should be recorded,
and the sensing film was dried by using dried air to purge
the polar gas inside the film. After 30 min, 20 micrographs
were taken again and then different polar gases were
applied to observe the color change of the sensing film. All
measurements were completed at room temperature (20°C)
where the relative humidity was approximately 35%.

Analyze the micrographs with Scoin Image Soft to
obtain the RGB tricolor. 100x100 pixel region was selected
to analyze. Calculate the average value of RGB in the
region, then, calculate the derivation between initial RGB
value and the value of different periods as the response of
sensing film versus different polar gas. Besides the first
micrograph, all of the others automatic select and calculate
uniform regions by computer.

RESULTS AND DISCUSSION

It is well known that the R-dye is a
solvatochromic molecule which absorbed wavelength
caused displacement when the environment is changed. So,
at first, the response of R-dye was investigated in various
VOC as reference [30]. The 42 kinds of VOC were
employed, and the results are presented in Figure-2, the
different kinds of polar gases are shown in Table-1.
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Figure-2. Response of R-dye to 42 kinds of VOC.
The number of abscissa corresponded with the number in Table-1.

Table-1. VOC at the abscissa (in Figure-2).

S.# | Name S.# | Name
1. Methanol 22. Chloroform
2. Ethanol 23. 1,2Dichloroethane
3. 1-Propanol 24, 1,2Dichloropropane
4. 2-Propanol 25. 1-Hexene
5. 1-Butanol 26. | Cyclohexene
6. Diethyl Ether 27. | y-Butyrolactone
7. Eglitryl Methyl 28. | Methyl Acetate
8. THF 29. | Ethyl Acetate
9. Acetone 30. | Methyl Formate
10. | 2-Butanone 31. | Ethyl Formate
11. | 2-Pentanone 32. | Methyl Propionate
12. | 3-Pentanone 33. | Acetaldehyde
13. | Acetonitrile 34. | Propionaldehyde
14. | Propionitrile 35. | Butyraldehyde
n- . .
15. Butylronitrile 36. | Formic Acid
16. | Benzene 37. | Acetic Acid
17. | Toluene 38. | Propionic Acid
18. | Xylene 39. | Ethylamine
19. | DMF 40. | Diethylamine
20. ;;)1:/[151;};1}1]11 de 41. Triethylamine
21, | meDiethyl 1) Ehanethiol
Formamide

The responses were observed with scanner and all
VOC were saturated. From Figure-1, the color change of R-
dye is so complicated that it is hard to be distinguished for
all VOC. On the other hand, the fact is that R-dye

responded to all VOC and it is quite sensitive to
environment, but it was not reversible to all VOC. There
was only good reversibility for polar vapor; especially there
was the best reversibility for alcohol. Thus, the sensing film
was studied especially for alcohol. As the response in
Figure-1 was observed with a scanner, so in order to
improve the analytical accuracy, the sensing film was made
to the micrograph through microscope. In the interest of
observing the color change of R-dye molecule by itself, the
sensing film was prepared with volatile solvent. Figure-3
shows the R-dye sensing film with R-dye/MeOH solution
at originally. But this film had a big shortcoming for
saturation alcohol gas; it produced acicular crystals with no
color change. The location with red circle expressed was
acicular crystals and the yellow circle expressed was the
color change in methanol gas without crystals. The acicular
crystal was continually produced in the methanol gas, but it
stopped in the air. It is possible that the reaction was
occurred between the R-dye molecules inside or between
R-dye molecule and methanol. Although a concrete
reaction is not clearly known in the sensing film, due to just
partially sensing film produced acicular crystals. Therefore,
to a certain degree, it was observed that the acicular
crystals produced had a certain interrelation to the special
arrange of R-dye molecules, because while at the location
with crystals produced, it attracts surrounding molecule and
make crystals grows continuously in methanol gas, but
under other cases, there is no crystals generated at the
location without crystals.
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Figure-3. The acicular crystals produced sensing film.
(a) in the air (b) in the ethanol.

The previously mentioned two types of sensing
films were prepared with R-dye/DMAC (N,N-
Dimethylacetamide). DMAC is aprotic solvent, so there is
no reaction occurred between the solvent and dye
molecules. The new sensing film was prepared by using

DMAC as solvent, but as the saturated alcohol gas flow the
film’s surface, the crystals was not produced (Figures 4 and
5).The color change is quite perfect, and the state of film
was stabilized too. Especially response time in the range of
5-20 seconds, it is so quick for the sensor response.

Figure-4. No acicular crystals produced sensing film
(DMAC was not completely eliminated).
(a) in the air (b) in the methanol.

Figure-5. No acicular crystals produced sensing film
(DMAC was completely eliminated).
(a) in the air (b) in the methanol.

For the purpose to examine which alcohol gas has the fastest color change, the absorption spectra of sensing film
were measured in different alcohol gas (Figure-6). It was known that the sensing film is the most sensitive for methanol. So,
the relation between the change value of RGB and methanol gas concentration was investigated.
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Figure-6. Absorbance spectra for the sensing film exposed to alcohol.

First, error margin of imaging color was
measured, under the same experimental process, by using
only dried air, 200 photographs were obtained. In these
photograph we chose five points, according to points
analyzed, the standard deviation of RGB by five points
were calculated. From 15 values we respectively voted in
ORmaxs OGmax »OBmax » and then used 3 times O, , the
detected benchmark was calculated. All of the pixels of
imaging were analyzed, when the R-dye in the range of:

R=240+ 10, G= 110+ 5.5, B="70 + 3.7, the point with
the biggest color change in micrograph was found in the
software developed by our own. The film had a good
response, used point carry on analyzing with RGB value in
this region, 0.05% (v/v) alcohol gas could be detected
(Figure-7). For insuring the accuracy of the gas
concentration, the minimum of the gas concentration
prepared was decided at 0.05 % (v/v).
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Figure-7. Relation between the change value of RGB and methanol gas concentration.

CONCLUSIONS

In this study, various VOC with R-dye sensing
film have been investigated, especially the relation between
the change value of RGB and methanol gas concentration is

investigated. R-dye was incorporated into PVP (polyvinyl
pryrolidone) and was fabricated into sensing films. This
sensing film can produce strong signals, fast and reversible
when it is exposed to polar gases, with response time in the
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range of 5-20 seconds. High-resolution micrographs of this
sensing film in different polar gases were obtained using a
digital camera. Using the high-resolution micrographs can
detect a concentration as low as 0.05% (v/v) methanol gas.

This detection is completely reversible under any vapor
concentrations. On the other hand, the best response point

was investigated, if the RGB value of the sensing film with
definite range (R =240+ 10, G=110+ 5.5, B=70+ 3.7),
it has the best response possibility.
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