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Determination of limit of detection (LOD):

The detection limit of response towardsNH3 was calculated by using the following equation:

Detection limit = 3σ/K, where σ is standard deviation. The standard deviation was determined 

by 10 blank replicate measurements of compounds BP. Here, K is the slop of the linear curve 

obtained from absorbance of BP versus NH3 concentration.

Determination of Limit of Quantification (LOQ):

Mathematically, the Limit of quantification is defined as equal to 10 times the standard 

deviation of the results for a series of replicates used to determine a justifiable limit of 

detection[1].LOQ can be calculated according the formula:

LOQ =10 σ/S

where, σ = Standard deviation of the response based on either the standard deviation of the 

blank, the residual standard deviation of the regression line or the standard deviation of y= 

Intercepts of regression lines and S = Slope of the calibration curve.

Synthesis of paper strips sensor:

The strips of the BP are prepared by dipping the filter paper strips in a methanolic solution of 

Triphenyl methane based sensor (BP) (5 mM) and dried for 5 minutes in an oven (60 ᵒC).
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Synthesis of HBP:

0.75 gm of hydroxyl ethyl cellulose (HEC) was added into 50 mL of distilled water. Then, the 

mixture was allowed to stir for around 10 min at room temperature until a clear solution was 

obtained. After getting a clear solution, 0.25 gm of carboxy methyl cellulose (CMC) was added 

to the solution as a result a highly viscous solution was obtained, followed by addition of 0.05 

gm of Triphenyl methane based derivative (BP) to the solution. Again, 0.03 gm of citric acid was 

used as a cross linkers. After stirring for 2 hours final homogeneous composite with red in color 

was obtained. The homogeneous mixture was poured in a Petridis to make a thick film by being 

pre-dried for 24 hours at 40°C.

Preparation of Solutions for spectral measurements:For spectral investigation the solutions of 

BP were prepared in THF/ DMSO with different concentrations 10-4 M in THF and 10-3 M in 

DMSO. Ammonia solutions were prepared in THF/Hexane/Water of 2% (V/V), 3% (V/V) and 5% 

(V/V). The 2% (V/V) NH3 solution was prepared by adding 200µL in 9800µL of THF/Hexane/ 

Water by making total volume of 10000µL. By using the similar procedure 3% (V/V) and 5% 

(V/V) NH3 solutions were prepared by adding 300 µL of NH3in 9700µL of THF/Hexane/ Water 

and 500µL of NH3 in 9500µL of THF/Hexane/ Water by making the volume 10000µL 

respectively. For investigating the optical properties of BP@SPC film, the solutions were 

prepared with similar concentrations as prepared in spectral study. In case of aerial reversibility 

hexane was preferred as solvent and optical properties were studied by considering the 

solutions in hexane.
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Fig. S1 FTIR spectra of compound BP

.

Fig. S2 LC-MS spectra of compound BP.



4

Fig. S31H NMR (500MHz, DMSO-d6) spectra of compound BP.

Fig. S413C NMR (126 MHz, DMSO-d6) spectra of compound BP.
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Figure S5: The changes in the absorption in the presence of ammonia and ammonia derivatives 
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Figure S6: Bar diagram for selectivity of ammonia sensing at absorption wavelength 580 nm
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Figure S7: Bar diagram for selectivity of ammonia sensing at absorption wavelength 420 nm

Figure S8: The change in colour of the paper strips after dipping in solution of ammonia in 

water

Figure S9: The change in colour of the paper strips after dipping in solution of ammonia and 

ammonia derivatives in THF
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Figure S10: The changes in colour of the hydrogel (HBP) composite strips, A.on dipping into 

ammonia solution in water, B. change in colour of the solution due to leaching of BP, C. the 

original colour of the HBP film, D. change in colour of the HBP film after leaching 

Figure S11: Solid UV-visible absorption spectra of BP@SPC before and after addition of NH3 

solution (3%, V/V). (Inset: colour of the composite films)
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Figure S12: SEM images of (a) BP@SPC film only and (b) BP@SPC with ammonia.
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Figure13. A. Changes in the colours of BP@SPC film in hourly monitoring the fish spoilage 

environment, B. Table containing digital intensities of colour of the films (R, G & B), C. the bar 

diagram of digital intensities with respect to time in hours, D. The linear calibration curve digital 

blue contents of the respective colour of the BP@SPC films vs time (in hours).

Table S1:  The R, G and B contents of the composite films due to exposure of ammonia vapour 
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Figure S14: The linear curve between the blue colour intensity with time of exposure
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Figure S15:  The change in the absorbance of the composite film (on day 3) on exposing them in 

the fish spoilage environment (inset: the colour changes of the films in the respective time 

intervals)

Table S2: The values of R, G and B contents of the films on day 3 in the presence of fish spoilage 

environment. 
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Figure S16: The changes in the absorption of composite film from day 1 to day 4 in the presence 

of meat spoilage environment.

Figure S17: Changes in the absorption spectra of the composite film on day 2 with meat 

spoilage environment in different time intervals. (inset: the changes in the colour of the films)
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Table S3: The values of R, G and B contents of the films in the presence of meat spoilage 

environment in the respective time intervals
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Figure S18: The linear curve between the change in the absorbance of the composite films in 

the presence of meat spoilage environment and time of exposure
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Figure S19:  Optical responses of BP@SPC film towards NH3 vapor in hexane (2%, V/V)

Figure S20: Photographs of reversibility of the composite films up to 4th cycle 



14

Figure S21: The change in absorption of the composite film in reversibility test
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Figure S22: In-Silico toxicity data for BP 
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Figure S23: The stability of BP@SPC film under water before treating with NH3

Figure S24: The stability of BP@SPC film under water after treating with NH3
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Figure S25: Stability of BP@SPC film under different environmental conditions

Figure S26: The spectral changes of BP@SPC film after treating with NH3 under different 

thermal conditions


