Supplementary Information (SI) for Analytical Methods.
This journal is © The Royal Society of Chemistry 2025

Supporting Information

Starch-Polyvinyl alcoholpolymer film based on-site sensor for ammonia: A cost effective day

to day monitoring technique of fish and meat spoilage

ArobindaKakoti, Alok Kumar Das, Prasanta Kumar Saikia and Prithiviraj Khakhlary™

Determination of limit of detection (LOD):

The detection limit of response towardsNH3 was calculated by using the following equation:
Detection limit = 30/K, where o 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 NH; 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 o/S

where, o = 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 °C).



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* M in THF and 103 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) NH;s solution was prepared by adding 200uL in 9800uL of THF/Hexane/
Water by making total volume of 10000uL. By using the similar procedure 3% (V/V) and 5%
(V/V) NH; solutions were prepared by adding 300 pL of NH3in 9700uL of THF/Hexane/ Water
and 500uL of NH3 in 9500uL of THF/Hexane/ Water by making the volume 10000puL
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
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Fig. S2 LC-MS spectra of compound BP.
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| ¥ 223 " i = o
8 A BRY 1 2 3 5
From CHCl,
L(Ill] l 1_:|ﬂ l‘;-lJ l illllJ I lill ' IIID ’ llZIID l gll! l 30 l S’ID ’ hII] ’ 5IIJ ' H’D I 3lll l IID I.ID
1 (ppm)

Fig. S413C NMR (126 MHz, DMSO-dg) spectra of compound BP.



Others

0.0. T T T T T T T v er
350 400 450 500 550 600 650

Wavelength (nm)

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

solution (3%, V/V). (Inset: colour of the composite films)
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Figurel3. 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).

BP@SPC Blank 1 Min 2 Min 3 Min 4 Min 5 Min 6 Min 8 Min
Film
+ NH;
(Gas)
RED 193.711 171.007 160.377 164.336 163.768 164.382 163.546 173.785
GREEN | 113.579 83.116 68.801 68.343 63.859 60.705 61.192 107.479
BLUE 1.353 22.140 42.956 59.162 65.768 86.879 87.440 107.551

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)

Test 0 sec 30 sec 60 sec 90 sec 120 sec 150 sec 180 sec

time

RED 193.711 171.007 160.377 164.336 163.768 164.382 163.546

Film
+ Fish
sample

GREEN | 113.579 83.116 68.801 68.343 63.859 60.705 61.192

BLUE 1.353 22.140 42.956 59.162 65.768 86.879 87.440

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.
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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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BP@SPC

30 sec 60 sec 90 sec 120 sec 180 sec

Film
+
Meat
sample

GREEN

BLUE

186.433 156.432 163.987 162.699 161.960

133.267 117.395 111.684 117.154 114.104

33.836 73.026 85.341 98.745 101.342

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 NH; vapor in hexane (2%, V/V)

BP@SPC

Figure S20: Photographs of reversibility of the composite films up to 4t cycle
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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 S25: Stability of BP@SPC film under different environmental conditions
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Figure S26: The spectral changes of BP@SPC film after treating with NH; under different

thermal conditions
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