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Experimental 

 

PhotoMetrix as a colorimetric tool  

Colorimetric measurements were made using a smartphone model iPhone XR equipped with 

a 12MP resolution camera (Apple Inc., California, EUA) equipped with the PhotoMetrix® application 

were used to capture and analyze the digital images. The app is available for free download at the 

Apple Store, and in the literature, reports and protocol protocols are available for the use of this app 

for colorimetric analysis in paper-based analytical devices1,2. 

The images were captured under ambient light conditions, and the capture distance was 

standardized using a 5 cm photo capture support. The region of interest (ROI) was selected 

considering the microzones' diameter, and the pixel´s average was evaluated in the area previously 

defined (32 x 32 pixels).  

The RGB model quantifies color intensity in a three-dimensional space, and other models like 

HSV, HSL, and HSI can be derived from it. Value, lightness, and intensity represent the amount of 

light in a color. After image acquisition, various processing techniques can be applied in the 

Photometrix®️ application to enhance image features. The application captures image data and 

converts it into RGB histograms, allowing for color-intensity analysis. It is noteworthy that usually 

color intensity is reported as arbitrary units. This is due to the fact that the measurement depends on 

instrument settings and experimental conditions (e.g. use of different smartphone cameras or 

background light). The term “arb. units” (or a.u.), when used to represent the y-axis, provides 

qualitative guidance. 

 

Instrumental parameters of PSI-MS 

Mass spectra were recorded using a Thermo Scientific LTQ XL Linear Ion trap mass 

spectrometer (San Jose, USA). To monitor methyldopa we used  the intensity of protonated ions. The 

spectra were collected for 1 min, and the extracted ion chromatogram intensities were used to monitor 

the analyte. The instrumental parameters were as follows: positive ionization mode, spray voltage at 

4 kV, capillary temperature 275 °C, capillary voltage at 40 V, tube lens at 40 V and collision energy 

for MS/MS analyses 25 manufacturer’s unit (mu). The spectra were processed using the Xcalibur 

Analysis software package (version 2.0, Service Release 2, Thermo Electron Corporation).   
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Results 

Formation of toner barriers on office paper substrates 

 

 

Figure S1. Optical images showing the front and back sides of microzones and μPADs manufactured 

using laser printing technique on different grammages of office paper. 
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Figure S2. Comparison of the efficiency of barrier formation at different time intervals when heated 

at 200 ºC. In (A) optical images showing the back side of microzones (A) and comparison of paper 

coloration at these time intervals (B). 
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Colorimetric reaction for Par detection 

 

A colorimetric method based on a redox reaction described previously was optimized for Par 

determination using office paper devices. For this, an iron chloride (III) and potassium 

hexacyanoferrate (III) solutions were used as chromogenic reagents3. The reaction is based on 

reduction of Fe(III) into Fe(II), which is chelated to K3[Fe(CN)6 forming Prussian blue, which is a 

blue colored product as shown in the reactions bellow: 

Par + Fe3+ → Fe2+ + oxidized product 

Fe2+ + K3[Fe(CN)6] → KFe[Fe(CN)6] + 2K+ 

The intensity and time of the blue color formed is dependent on Par concentration, in this way, 

the chromogenic reagents concentration was evaluated, and optimal concentration was established in 

1.23 mmol L-1 for iron chloride (III) and 10 mmol L-1 for potassium hexacyanoferrate (III), which 

provided the higher color intensity. The optimal pH to perform the reaction is between 5.0 – 6.0. In 

these conditions the colorimetric reaction occurs in 5 minutes. 

Griess reaction for Nitrite and Nitrate colorimetric detection 

The nitrite and nitrate were monitored using the Griess method based on sulfanilamide (50 mmol L-

1), N-(1-naphthyl) ethylenediamine (4 mmol L-1) and nitrite reaction, forming a red-pink azo dye. The 

Griess method does not show a response for nitrate, however, nitrate can be reduced to nitrite by a 

zinc powder suspension, and then the Griess reaction can proceed. The paper surface was oxidized 

with 0.5 mol L-1 sodium periodate and washed three times with distilled water. The reduction should 

be performed in neutral conditions to prevent zinc oxidation. The colorimetric reaction was performed 

in acid conditions using citric acid (160 mmol L-1). In these conditions the colorimetric reaction 

occurs in 10 minutes. 
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Figure S3. Optical images showing the (A) front side and (B) back side of microzones to evaluate 

the chemical resistance of barriers defined with toner laser printing (left side) in comparison to wax 

barriers (right side) when exposed to different surfactants (5% SDS and triton X-100), organic 

solvents (chloroform, acetone, ethanol, methanol, and DMSO) and acids (1 mol L-1 acetic acid and 

0.1 mol L-1 hydrochloric acid) and bases (1 mol L-1 ammonium hydroxide and 0.1 mol L-1 sodium 

hydroxide). 
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Figure S4: Optical images and analytical curves for Par assay using (A) office paper and (B) 

chromatographic paper devices. The linear regression equations were: ycolor intensity = 0.30 + 

41.43×[Par] (r2 = 0.995) for office paper device, and y = 0.07 + 38.17×[Par] (r2 = 0.998) for 

chromatographic paper device. Each symbol (●) represents the average of colour intensity for 

triplicate measurements and the error bars indicate the standard deviations. 
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Table S5. Comparison of the estimated limit of detection for the analytes with those reported in the 

literature. 

 

Analyte Detection method Detection range LOD Ref. 

Par Electrochemical 0.05 – 2.0 mmol L-1 10 µmol L-1 [4] 

Par Electrochemical 50 – 350 µmol L-1 15 µmol L-1 [5] 

Par Electrochemical 0.1 – 1.0 mmol L-1 0.046 mmol L-1 [6] 

Par Colorimetric 0.075 – 0.18 µg   0.04 µg This work 

Iron Colorimetric 1.5 – 15µg 0.75 µg [7] 

Iron Colorimetric 1.0 – 20 mg L-1 0.1 mg L-1 [8] 

Iron Distance-colorimetric 20 -100 ppm not specified [9] 

Iron Distance-colorimetric 20 – 100 mg mL-1 4.5 mg mL-1 This work 

Nitrite Colorimetric 5 – 55 µmol L-1 0.09 µmol L-1 [10] 

Nitrite Colorimetric 1 – 250 mg kg-1 1.1 mg kg
−1

 [11] 

Nitrite Colorimetric 5 – 250 μM 0.05 μM [12] 

Nitrite Colorimetric 20 – 100 µmol L-1 6.8 µmol L-1 This work 

Nitrate Colorimetric 0.01 - 50 mg L-1 0.53 mg L-1 [13] 

Nitrate Colorimetric 0.2 – 1.2 mM 0.08 mM [12] 

Nitrate Colorimetric 20 – 100 µmol L-1 2.7 µmol L-1 This work 

PSA Colorimetric 0.5 – 45.0 ng·mL-1 0.4 ng mL
−1

 [14] 

PSA Electrochemistry 10 - 0.05 µg L-1 0.05µg L-1* [15] 

PSA Electrochemistry 60 - 0.09 µg L-1 0.09 µM L-1 [16] 

PSA Electrochemical 1x10-5 – 100 ng mL-1 0.048 fg mL-1 This work 

 

    

*Limit of quantitation  
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Figure S6. Durability study of office paper devices for colorimetric analysis of Par (A), Iron (B), 

Nitrite (C) and Nitrate (D)  
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Figure S7. Effect of oxidation on office distance-based µPAD. In (A) microchannels with excess 

periodate on the surface and (B) microchannels before washing step with distilled water.  
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Figure S8. (A) Electrochemical profile of the ePADs in different grammages using CV at 50 mV s-

1; (B) S1 Study of scan rate (from 20 to 120 mV s-1) of the electrodes in 0.1 mol L–1 KCl solution in 

presence of redox probe [Fe(CN)6]3-/4- (5.0 mmol L–1 ) and; (C) Linear relation between Ip versus 

square root of scan rate. (R2= 0.998), Y = -5.42.10-6 – 4.69.10-4x ; R2 = 0.997, Y = 6.08.10-6 + 4.65.10-

4x 
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Figure S9. Fragmentation of target molecule by MS/MS 
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