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ABSTRACT:We present a simple and inexpensive method to implement a Griess-Saltzman-type reaction that combines 
the advantages of the liquid phase method (high specificity and fast response time) with the benefits of a solid implemen-
tation (easy to handle). We demonstrate that the measurements can be carried out using conventional RGB sensors; cir-
cumventing all the limitations around the measurement of the samples with spectrometers. We also present a method to 
optimize the measurement protocol and target a specific range of NO2 concentrations. We demonstrate that it is possible 
to measure the concentration of NO2 from 50 ppb to 300 ppm with high specificity and without modifying the Griess-
Saltzman reagent. 

Nitrogen dioxide (NO2) is an extremely toxic gas generat-
ed primarily as a byproduct of combustion processes such 
as car engines, power plants and cigarette smoke1,2. More-
over, it is believed to cause cancer due to its high reactivi-
ty with genetic material and organic solvents, forming 
nitrosamines3. Any form of nitrogen oxide (NOx) at levels 
greater than 1 ppm can cause serious damage to human 
respiration systems and lung tissues. The small molecules 
can penetrate deeply into the sensitive parts of lungs 
causing or worsening of respiratory diseases such as em-
physema and bronchitis or aggravate existing heart dis-
ease4. NO2 is also a source of acid rain, damaging build-
ings and polluting water sources5. Thus, monitoring NO2 
is of paramount importance for making our environment 
safer and cleaner. 

Measuring NO2 is specially challenging because nitrogen 
species in pollutant and toxic emissions are specified as 
NOx due to the diversity of possible nitrogen oxidation 
states. Also, due to its oxidizing character, its signal in 
sensors based on redox mechanisms is subjected to strong 
cross interferences with other oxidizing species, like oxy-
gen or ozone. Furthermore, the range of concentrations at 
which it should be detected to trigger a safety alarm are 
very low (under 1 ppm). 

As a result, the detection of NO2 in gas phase with low 
cost sensors is a demanding task. Electrochemical sensors 
offer a good sensitivity and specificity towards this gas, 

but they are bulky, mostly based on liquid electrolytes 
and require frequent calibration6. Solid state sensors 
based on redox processes occurring on semiconductors, 
like metal oxides or carbon-based materials, are sensitive, 
relatively inexpensive, but quite unspecific, and demand a 
high-power budget to come into fast and reversible opera-
tion7. Finally, color-based methods offer good specificity 
but their quantitative readout is complex8. In safety in-
dustry, color-based solutions are gold standards to moni-
tor specific compounds like NO2 in the field, but these 
measurements are expensive, based on a consumable 
accompanied by a readout tool9. Therefore, a measure-
ment method that could offer good sensitivity and speci-
ficity in a simple and cheap measurement format is lack-
ing. 

Different color-changing dyes to indicate the presence of 
NO2 have been reported. In 1964, Saltzman10 proposed a 
reagent consisting of a combination of sulphanilic acid 
and glacial acetic acid as absorbing reagent and N-(1-
naphthyl)-etylenediamine dihydrochloride that turns 
from transparent to deep-purple in the presence of NO2 
in a non-reversible way. This reaction is extremely specific 
towards NO2 and is in common use in analytical chemis-
try. In this field, it has been successfully used to monitor 
from 5 ppb to 300 ppm of NO2, by bubbling the sample 
through the Saltzman reagent11,12. After exposing the rea-
gent to the gas sample, the concentration of NO2 ions is 
determined by analyzing the absorption spectra of the 
products using bulky and costly UV-visible spectrometers. 



 

This wet methodology is complex, requires trained per-
sonnel and cannot be carried out in the field or in an 
automated way with inexpensive means. 

Recently, several works reported on improvements of this 
approach. Izumi et al. suggested to deposit and dry the 
Saltzman reagents on top of porous silica substrates13 
coupled to a permanganate oxidizer to oxidize NO to 
NO2. This was a handy, dry configuration, which proved 
that the color change also develops in solid state. Howev-
er, the response time of these samples was extremely slow 
(more than 30 minutes to detect 5 ppm of NO2), due to 
the low mobility of the reagents in the solid-dry matrix.  

Here, we present a simple an inexpensive method to im-
plement a Griess-Saltzman-type reaction that combines 
the advantages of the liquid phase method (high specifici-
ty, fast response time) with the benefits of a solid imple-
mentation (easy to handle, store, expose to gases and 
measure). We demonstrate that the measurements can be 
carried out using conventional RGB sensors, such as the 
ones found in smartphone cameras; circumventing all the 
limitations around the optical measurements with spec-
trometers. We also present a model of the reaction that 
can be used to optimize the measurement protocol and 
target a specific range of NO2 concentrations. Applying 
this methodology, we demonstrate that it is possible to 
measure the concentration of NO2 from 50 ppb to 300 
ppm with high specificity and without modifying the 
sensing elements. 

Experimental Section 

The Griess-Saltzman (GS) reagent was prepared, accord-
ing to the standarized method, by dissolving 5 grams of 
sulfanilic acid (reagent grade ACS crystals) in 940 ml of 
2.5M acetic acid. After dissolution, 5 ml of a 1 % aqueous 
solution of N-(1-naphthy1)ethylenediamine dihydrochlo-
ride were added and the solution was diluted to volume 
in a 1-liter volumetric flask. 

To fabricate the sensor elements (from now on, “sensor 
pads”), we soaked 2.5 cm x 2.5 cm x 0.3 cm squares of 
sterilized cellulose absorbent pads with 0.2 ml of the 
indicator solution. To assure an homogeneous impregna-
tion of the reagent, the soaked pads were allowed tosettle 
for 8 hours in synthetic dry air before carrying out any 
experiment with them. To test their endurance, the pads 
were packaged in dry synthetic air in a gas tight plastic 
film enclosure and stored for up to 6 months, obtaining 
no significant differences with the results reported here. 

Gas sensing experiments were conducted in a customized 
chamber of 15 ml in volume. Gas mixtures were intro-
duced with thermal mass flow controllers (Bronkhorst 
HighTech-200 ml) by mixing dry synthetic air (SA) with 
NO2 in SA from certified gas cylinders. A 10 ppm NO2 in 
SA and a 300 ppm NO2in SAcylinders were used for low 
and high concentration experiments, respectively. The 

interfering gases used were pureO2, CH4, C2H6O, CO, and 
NH3diluted in SA from certified gas cylinders of 1% for 
CH4 and 100 ppm for the rest. Humidity was introduced 
by bubbling SA through a water trap. 

The spectral measurements were acquired with a UV- 
visible spectrometer (Specord 205, Analytik Jena) in an 
integrating sphere configuration using a customized sam-
ple holder to accommodate our wet pads. The samples 
were measured in less than 10 minutes after exposure to 
the gases, and were transported in a gas tight chamber 
containing dry synthetic air. 

The color measurements were carried out in a home-
made apparatus based on a TCS3200 RGB color sensor in 
combination with an illumination source made of 4 white 
LEDs. The sensor transforms the light intensity in each of 
the red, green and blue bands into 3 frequency-modulated 
square pulse signals. These 3 frequencies, rangingfrom 0 
Hz (dark) to 120 kHz (maximum illumination), were ac-
quired with 3 frequency counters implemented with an 
Atmel ATmega328P microcontroller. Before every meas-
urement, the frequency signals were normalized to the 
value of a blank water-soaked sensor pad used as a refer-
ence, following a strategy similar to a white balance cor-
rection. In this way, 3 signals ranging from 0 to 1 were 
obtained. Black corresponded to [0,0,0], white to [1,1,1], 
and pure red/green/blue to [1,0,0]/[0,1,0]/[0,0,1], respec-
tively. To guarantee the stability of the illumination con-
ditions, the 4 white LEDs were allowedto stabilize for 3 
hours before every round of measurements. 

Results and Discussion 

NO2 hydrolyze in contact with water in the form of 

2 𝑁𝑂2 +𝐻2𝑂
𝑦𝑖𝑒𝑙𝑑𝑠
→   𝐻𝑁𝑂2 + 𝐻𝑁𝑂3 (1) 

Then, only nitrite ions (𝑁𝑂2
−) in water solution react with 

sulfanilic acid forming a diazonium salt, which further 
reacts with the naphthylamine component forming the 
azo dye (Figure 1). 

 
Figure 1. Scheme of the Griess-Saltzman reaction. 
 



 

For simplicity, the overall reaction can be written as fol-
lows: 

{

2𝑁𝑂2 𝑎𝑖𝑟 → 𝑁𝑂2 𝑙𝑖𝑞
−

𝑁𝑂2 𝑙𝑖𝑞
− + 𝐼𝑁𝐷𝑊ℎ𝑖𝑡𝑒 → 𝐼𝑁𝐷𝐶𝑜𝑙𝑜𝑟𝑒𝑑

 (2) 

where INDWhite refers to the GS indicator solution (sulfan-
ilic acid, glacial acetic acid, and naphthylamine) before 
any nitrite reaction event, and INDColored refers to the same 
indicator solution after nitrite reaction. 

Spectral Response 

Upon exposure to NO2, the sensor pads developed the 
expected deep-purple coloration of the GS indicator (Fig-
ure 2). To understand the origin of this color change, the 
pads were exposed to increasing concentrations of NO2 

ranging from 1 ppm to 300 ppm diluted in SA for 5 
minutes. Immediately, their reflectance spectra were 
acquired obtaining the results presented in Figure 2. Be-
sides some steady features in the infrared range, the spec-
tra are dominated by an asymmetric absorption band 
centered around 540 nm that develops further with in-
creasing concentrations of NO2. 

RGB Response 

For the sake of simplicity, we chose to proceed in further 
experiments using a simplified spectral signal, corre-
sponding to the red, green and blue range responses of a 
commercial RGB sensor.  

In order to demonstrate that such RGB signals contain 
sufficient spectral information to study the color changes 
in the pads, we first simulated the RGB signals that we 
would obtain if an RGB sensor were used to measure the 
color spectra acquired in Figure 2. 

The reflected color signal in each color channel of an RGB 
sensor can be calculated as: 

〈𝑆〉 =
∫ 𝐼(𝜆)⋅𝑅(𝜆)⋅𝐷(𝜆)𝑑𝜆
𝜆𝑚𝑎𝑥
𝜆𝑚𝑖𝑛

∫ 𝐷(𝜆)𝑑𝜆
𝜆𝑚𝑎𝑥
𝜆𝑚𝑖𝑛

  , (3) 

where 〈S〉 stands for the signal in each of the R, G or B 
ranges (leading to 〈R〉, 〈G〉 and 〈B〉 respectively), 𝐷(𝜆) is 
the spectral response of the detector used to acquire the 
〈R〉, 〈G〉 or 〈B〉 signals, 𝐼(𝜆) is the spectra of the incident 
light, and 𝑅(𝜆) is the reflectance spectra of the pads. The 
integral runs for all the wavelengths in the range of inter-
est. The denominator is a normalization factor that corre-
sponds to the response of the sensor to a blank reference 
color, whose reflectance spectra is reconsidered 1 at all 
wavelengths. Thus, using eq.(3) it is possible to predict 
the RGB values acquired by the sensor; provided that the 
light source, the spectral response of the sensors, and the 
reflectance of the samples were known. From now on, all 
〈R〉, 〈G〉 and 〈B〉 signals will be normalized to 1. Also, a 
mean signal value defined as 

〈RGB〉 = 𝑀𝑒𝑎𝑛(〈R〉, 〈G〉, 〈B〉) (4) 

was used. Figure 3.a shows the spectral response 𝐷(𝜆) of 
the R,G,B sensor used, together with the emission spec-
trum 𝐼(𝜆) of the white LEDs used to illuminate the sensor 
pads. Therefore, combining this data with the reflectance 
spectra 𝑅(𝜆)at different NO2 concentrations presented in 
Figure 2, a set of simulated 〈R〉, 〈G〉,〈B〉 and 〈RGB〉signals 
were calculated using eq.(3) and eq.(4).  

Figure 3.b shows a comparison between the simulated 
〈R〉, 〈G〉, 〈B〉 and 〈RGB〉 signals with a reference method: 
the intensity of the absorption peaks of the 𝑅(𝜆) spectra 
in Figure 2, calculated as the difference with respect the 
blank sample at the central wavelength of the absorption 
band (540 nm). These latter values are the usual meas-
urement method in color-based analytical chemistry13. 
Clearly, both procedures lead to the same qualitative 
trends, with quantitative differences that can be attribut-
ed to the optical differences in the two systems used for 
measurement. Of course, the most reliable reflected color 
signal is the one corresponding to the 〈G〉 channel, due to 
the matching of the green-pass filter of the G detector 
with the 540 nm absorption band of the GS-indicator. 
Anyhow, this suggests that any of the 〈R〉, 〈G〉, 〈B〉 or 
〈RGB〉 signals from a conventional color sensor can be 
used to monitor the color changes in our NO2 sensing 
pads. 

A Model for the Color Response 

In order to understand how the experimental parameters 
affect the color measurements, we developed an analytic 
model for the development of the color response in a 
non-reversible dye. 

According to the Griess-Saltzman-type reaction chain 
presented in eq.(2), each indicator molecule 𝐼𝑁𝐷𝑊ℎ𝑖𝑡𝑒ac-
quires its colored state INDColoredas a result of the capture 

Figure 2 

Figure 2. UV-vis diffuse reflectance of the soaked pads with 
GS reagent exposed to different NO2 concentrations and the 
corresponding images of the colors developed (insets, 3 repli-
cas per concentration). 
 



 

of the NO2 molecules in air in the indicator solutions. The 
overall process can be expressed into the following simpli-
fied reaction: 

2 𝑁𝑂2 𝑎𝑖𝑟 + 𝐼𝑁𝐷𝑊ℎ𝑖𝑡𝑒 → 𝐼𝑁𝐷𝐶𝑜𝑙𝑜𝑟𝑒𝑑 (5) 

This is a non-reversible process that consumes the availa-
ble indicator molecules in the white state. Considering a 
1st order reaction in [INDW] and an n-th order reaction in  
[NO2 air] (NO2 involves a multi-step reaction such as hy-
drolyzation14 and diazotization15) the process can be mod-
eled by the following set of equations: 

{
−
𝑑[𝐼𝑁𝐷𝑊]

𝑑𝑡
= 𝑘 · [𝑁𝑂2 𝑎𝑖𝑟]

𝑛 · [𝐼𝑁𝐷𝑊]

[𝐼𝑁𝐷𝑊] = [𝐼𝑁𝐷𝑊]𝑡=0 − [𝐼𝑁𝐷𝐶]

 (6) 

The first one stablishes that the rate (k is the rate con-
stant) at which the white indicator molecules are con-
sumed. The second equation sets a boundary condition to 
the number of indicator molecules, being all of them 
white before the exposure to NO2 in air ([𝐼𝑁𝐷𝑊]𝑡=0). No 
further constrained is imposed on the availability of NO2 
in air, as it is assumed to be unlimited (i.e. the ambient 
being an infinite reservoir of this reagent). Combining 

both equations, the following differential equation rules 
the development of colored indicator molecules 
([𝐼𝑁𝐷𝐶]) in presence of NO2 in air: 

𝑑[𝐼𝑁𝐷𝐶]

𝑑𝑡
= 𝑘 · [𝑁𝑂2 𝑎𝑖𝑟]

𝑛 · ([𝐼𝑁𝐷𝑊]𝑡=0 − [𝐼𝑁𝐷𝐶]) (7) 

and has thee following analytic solution 

[𝐼𝑁𝐷𝐶](𝑡) = [𝐼𝑁𝐷𝑊]𝑡=𝑜 + ([𝐼𝑁𝐷𝐶]𝑡=0 − [𝐼𝑁𝐷𝑊]𝑡=𝑜) ·

𝑒−𝑘[𝑁𝑂2]
𝑛·𝑡 (8) 

This equation can be rewritten in terms of reflected RGB 
color component as follows: 

〈𝑆〉𝐶(t) = 〈𝑆〉𝐶
𝑠𝑎𝑡 + (〈S〉𝑊

0 − 〈𝑆〉𝐶
𝑠𝑎𝑡) · e−𝑘·[𝑁𝑂2]

𝑛·t (9) 

where 〈𝑆〉𝐶
𝑠𝑎𝑡 = [𝐼𝑁𝐷𝐶](𝑡 = ∞) is the signal detected when 

all the indicator molecules have reacted with NO2 and  
〈𝑆〉𝑊

0 = [𝐼𝑁𝐷𝐶](𝑡 = 0) is the blank signal detected at the 
beginning of the experiment when all the indicator mole-
cules are in the white state.  

In all these equations, an exponential decay - from an 
initial state (clear, white) to a colored steady state (deep-
purple) - is predicted. A very long time after initiating the 
exposure, all the indicator molecules are colored. This 
time scale in which the color saturation occurs is deter-
mined by the NO2 concentration in air. 

To validate this model, eq.(9) was fitted to all the datasets 
in Figure 3.b.Table 1 summarizes the results from the 
fittings, showing that a similar agreement with the model 
was found in all cases. Therefore, all four measurement 
strategies can be used to monitor the progress of the GS 
indicator reaction with NO2. In the following we will cen-
ter our analysis on 〈RGB〉 measurements, which are the 
most convenient ones to carry out and the most feasible 
to use in an in-field application. 

RGB Measurements 

Exposure Time vs. Gas Concentration 

Eq.(9) leads to an important conclusion: the gas concen-
tration and the exposure time play equivalent and ex-
changeable roles in the development of the color change. 
In other words: the exposure time can be used as a design 

Figure 3. (a) Relative responsivity of the 〈R〉, 〈G〉 and 〈B〉 de-
tectors and the emission spectra of the white LED, (b) UV-vis 
reflectance signal at 540 nm respect to the a blank sample 
(squares) and reflected color signal of the 〈R〉, 〈G〉, 〈B〉 mean 
〈RGB〉 (circles) with the corresponding fitting according to 
eq.(9). 

Table 1 Fitted values from all datasets in Figure 3.b accord-
ing to eq.(9). 

 〈𝑺〉𝒄
𝒔𝒂𝒕 〈𝐒〉𝒘

𝟎  (𝒌𝒕)−𝟏 

ppm-n 

𝒓𝟐 

〈R〉 0.35 0.89 25.26 0.95 

〈G〉 0.23 0.74 14.47 0.98 

〈B〉 0.37 0.84 21.73 0.97 

〈RGB〉 0.34 0.91 28.71 0.98 

UV-vis 0.31 0.66 14.05 0.97 

 



 

parameter to target different concentration ranges. 

To corroborate this fact, two sets of experiments at con-
stant concentration and at constant exposure 
time,werecarried out. Figure 4 shows the 〈RGB〉 signals 
acquired after 5 minutes of exposure to different NO2 
concentrations (Figure 4.a), and after increasing exposure 
times at a constant concentration of 10 ppm of NO2 (Fig-
ure 4.b). The data were fitted to eq.(9), showing an excel-
lent match in both  cases: at constant exposure time and 
at constant [NO2] concentration. This result further sup-
ports the validity of the proposed model. 

The dispersion of the measurements are higher at short 
exposure times and in the low concentration regime; 
because under these conditions, clearer purple shades 
reflect larger amounts of light, that are close to the sensor 
saturation range. 

Optimization of the NO2 Concentration Range 

From the previous result it follows that the detection 
range of [NO2] can be arbitrarily extended solely by con-
trolling the exposure time (i.e. for low detection range, 
larger times and vice versa). To demonstrate this, two 
experiments using different NO2 concentrations and dif-
ferent exposure times were carried out (Figure 5). In a 
first set of experiments, the samples were exposed for 5 
min to NO2 concentrations ranging from 1 to 300 ppm. 
Then, a second set of experiments was carried out, expos-
ing now the pads for 30 minutes to NO2 concentrations 
from 50 ppb to 50 ppm. These values were selected toob-
taina similar dynamic range in the 〈RGB〉 signal values. 

Clearly, a similar color change trend was observed, with 
good agreement with the model (Table 2). Again, the 
dispersion and deviation from the fitting curve is higher 
in the range ends, where both the saturation and detec-
tion limits of the detectors limitthe resolution of the color 
sensor. 

Table 2 Fitted values from datasets in Figure 5. 

 [NO2] range 

(ppm) 
〈𝑹𝑮𝑩〉𝑾

𝟎  〈𝑹𝑮𝑩〉𝑪
𝒔𝒂𝒕 (𝒌 · 𝐭)−𝟏 

(ppm-n) 

r2 

t = 5 min 1 – 300 0.84  0.03 0.373  0.005 23.37  1.03 0.97 

t = 30 min 0.05 – 50 0.82  0.03 0.38  0.01 3.6  0.3 0.98 

 

Figure 5. 〈RGB〉 signal for t = 5 min and t = 30 min exposure 
times and the corresponding fittings. Time-shifted calibra-
tion curve from t = 5 min to t = 30 min according to eq.(12). 
Reaction order n for [NO2] plot as a function of 〈RGB〉 signal 
according to eq.(11) (inset). 

Figure 4. (a) 〈RGB〉 signals acquired at constant exposure 
time (5 min) with different NO2 concentrations and (b) at 
constant concentration (10 ppm) with different exposure 
times. The corresponding fitting curves and values according 
to eq.(9) are also shown. 



 

Therefore, the exposure time can be used as a parameter 
to tune the dynamic color range for a specific span of NO2 
concentrations. In our experiments, we could show that 
this span extended over four orders of magnitude, but 
there is no reason to think that this could not be extend-
ed further, provided that the waiting times were accepta-
ble.  

However, to know in advance the amount of time needed 
to target a certain range of concentrations, we need to 
know the exact relationship between concentration and 
exposure time. This means elucidating the reaction order 
of [NO2] (i.e. the n exponent). 

In order to obtain the n value, we considered an arbitrary 
pair of [NO2] concentrations with the same 〈S〉 value 
(both values were extracted from the fitting curves): 

〈𝑅𝐺𝐵〉𝑖([𝑁𝑂2]𝑖 , 𝑡1 = 5 𝑚𝑖𝑛) = 〈𝑅𝐺𝐵〉𝑖([𝑁𝑂2]𝑖 , 𝑡2 = 30 𝑚𝑖𝑛) 

If we consider that  〈𝑅𝐺𝐵〉𝑊
0
𝑡=5
= 〈𝑅𝐺𝐵〉𝑊

0
𝑡=30

 and 

〈𝑅𝐺𝐵〉𝐶
𝑠𝑎𝑡

𝑡=5
= 〈𝑅𝐺𝐵〉𝐶

𝑠𝑎𝑡
𝑡=30

 (from Table 2), then: 

[𝑁𝑂2]𝑖
𝑛
· 𝑡1 = [𝑁𝑂2]𝑖

𝑛
· 𝑡2  , (10) 

and thus 

𝑛 =  
ln
𝑡2
𝑡1

ln[𝑁𝑂2]𝑖−ln[𝑁𝑂2]𝑖
    . (11) 

The calculated n for all [NO2] pairs with the same 〈RGB〉 
signal extracted from the fittings are plotted in the inset 
of Figure 5. According to these results, the reaction order 
n is around 1, for 〈RGB〉 values between 0.4 and 0.8 and 
deviates at the range ends because of the asymptotic 
character of the model. Thus, we can assume that the 
order of the reaction in [NO2] is approximately 1 in the 
central range of responses. 

From a practical point of view, this means that a calibra-
tion curve (acquired at a convenient range of [NO2] con-
centrations) can be easily translated to other concentra-
tion ranges, using the following relationship: 

[𝑁𝑂2]1 · 𝑡1 = [𝑁𝑂2]2 · 𝑡2 (12) 

In other words: the concertation-time product is a con-
stant of a sensor pad system. To illustrate this, Figure 5 
(blue line) shows an example of this procedure: the cali-
bration curve for t = 5 min has been time-shifted to an 
exposure time of 30 min according to eq.(12). Clearly, this 
time-shifted calibration curve is perfectly usable at lower 
concentrations with the extended exposure time. 

In summary, all this demonstrates that the proposed 
model successfully predicts the colorimetric response of 
our sensor pads and that the exposure time can be effec-
tively used as a design parameter to adjust the response of 
the pads to the desired range of concentrations. This 
principle could be further extended, to higher and lower 
concentrations but unfortunately these experiments were 
not possible in our present experimental setup. 

Specificity and Cross Interference 

First, experiments with different humidity (from 0% to 
100% RH)and oxygen (from 0% to 21%) backgroundcon-
centrationsdemonstrated that the GS reagent in our con-
figuration was completely insensitive tovariations of these 
common species in air.No effects due to water in air were 
expected, because the pads are always soaking wet with 
the reagent aqueous solution. In case of oxygen, the GS 
reaction relies solely on the presence of nitrite ions in 
solution coming from the dissolution of NO2 in water. 

Later, to demonstrate the specificity of the method, pairs 
of equivalent pads were exposed for 30 minutes to differ-
ent interfering gases blended with clean dry SA, with 1 
ppm of NO2 in SA, and with 5 ppm of NO2 in SA. The 
results show (Figure 6) that the color responses were 
completely insensitive to the presence of any of the inter-
fering gases used, demonstrating the specificity of the 
method towards NO2. 

To further demonstrate the robustness of the method, 
other samples were exposed to mixtures of 3 interfering 
gases, in addition of 0, 1, and 5 ppm of NO2 in SA observ-
ing no difference in the colors obtained (see Figure S1 in 

 
Figure 6. (Right) 〈RGB〉 signals for 0, 1 and 5 ppm of [NO2] with different interfering gases (void symbols) and (left) the 
corresponding color development. Calibration curve for t = 30 min exposure time (filled symbols). 



 

Supporting Information). 

Therefore, the method is robust and preservesits high 
specificity and low cross interference properties expected 
in a Griess-Saltzman-type method, but with a much more 
convenient form factor. Particularly relevant is the im-
munity to moisture, due to the abundant presence of 
water in the wet pads. This is not the case of other fully 
dry approaches13. 

Operation as Dosimeter 

The fact that the Griess-Saltzman-type reactions are non-
reversible makes them suitable for a dosimeter type oper-
ation. In these applications, the relevant parameter is the 
average gas concentration at which the sample has been 
exposed. This is particularly interesting with gases whose 
exposure limits are regulated as a maximum concentra-
tion averaged for a certain period of time. This is the case 
of NO2, for which the Air Quality Standards of the Euro-
pean Commission dictates a concentration limit of 0.2 
ppb for 1 hour period16. 

To demonstrate this mode of operation, several pads were 
exposed to varying sequences of NO2 for 120 minutes. In 
all cases, the mean concentration of NO2 was 1 ppm. Fig-
ure 7 shows the gas sequences used, and the color chang-
es observed in the pads. All of them developed the same 
color change, corresponding to an average concentration 
of 1 ppm, which were determined using the calibration 
curve obtainedfor exposure times of 5 and 30 minutes 
from Figure 5, time-shifted to 120 minutes according to 
eq.(12) (see also Figure S2 in supporting information). The 
accuracy of the system is remarkable considering that the 
calibration curve used for predicting the average concen-
tration had an exposure time 24-fold lower than (in the 
case of 5 minutes curve) the experimental exposure time.  

Conclusions 

We have presented a convenient method to implement a 
Griess-Saltzman-type reaction for the colorimetric detec-
tion of NO2. Our soaked sensor pads are single-use devic-
es, easy to fabricate, very cheap and can be stored for a 
long time, preserving their sensing properties. Their re-
sponse is characterized by a high specificity towards 
NO2andresponse times fast enough for ambient monitor-
ing applications. 

Their measurement can be carried out with standard RGB 
sensors, such as the ones found in smartphones, without 
significantly loosing sensing performance if compared to 
other, more complex and bulky, measurement systems. 

We have proposed an analytic model for the color chang-
es developed in the pads that successfully predict and 
match with the observations. We have shown that it can 
be used to tailor the response of the pads to the desired 
range of NO2 concentrations, and we have demonstrated 
that the same pads can be used to detect NO2 in concen-
trations ranging from 50 ppb to 300 ppm. We also proved 
that only one single calibration curve is needed, relying 
on the exchangeable role of NO2 concentration and expo-
sure time characteristic of the proposed model. 

Finally, the operation of the pads as NO2 dosimeters has 
also been tested, opening the door to a very promising 
application in the field of safety monitoring at work. 
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