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Characterization

The morphology of the KLBC-dots were examined by high resolution transmission electron
microscope HRTEM (JEOL, JEM 2100F, operating voltage 200 kV, Japan). The Fourier
transform infrared (FTIR) spectrum of the KLBC-dots were recorded on a FTIR
spectrophotometer (Perkin Elmer, model-Spectrum-2, Singapore) in the range of 500-4000 cm’’
with resolution of 4 cm” and 16 scans. Fluorescence studies were measured on a
Fluoromax 4C 1052D 4312 FM spectrofluorometer, excitation/emission slits of 2 nm. UV-
visible absorption spectrum of the KLBC-dots in aqueous solution was performed using a UV
Spectrometer (PerkinElmer, model-2 Singapore, Lambda35). The Auger spectra, elemental
composition and mapping of the prepared KLBC-dots were analyzed by ULVAC-PHI, Inc., 370
Enzo, Chigasaki, Kanagawa, Japan. '"H-NMR was performed on Bruker, 600 MHz instrument
using tetramethylsilane as an internal standard. Atomic force microscopic image of the KLBC-
dots was taken by Agilent 5500 scanning probe microscope after drop casting of KLBC-dots
on a silicon wafer substrate. The images were acquired in non-contact tapping mode. Fluorescent

microscopic images were taken on Carl Zeiss, Germany using ZEN software.
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Optimization of the synthesis conditions

The luminescence property of the C-dots is generally influenced by different factors such as
hydrothermal temperature, reaction time, and precursor concentration. Hence, in order to get
good optical properties of the KLBC-dots, experimental conditions need to be optimized. Before
optimizing KLBC-dots, we have optimized the synthesis of C-dots i.e. C-dots prepared from
lemon juice and kappa carrageenan without modification of BKC. As the carbon source, 6 mL
lemon juice was taken and the concentration of kappa carrageenan was varied (0.003 M to 0.5
M) after fixing the hydrothermal reaction temperature and time at 180 °C and 7 h respectively. It
was observed when the concentration of the kappa carrageenan was 0.02 (M) keeping other two
factors/variables (reaction temperature of 180 °C and time of 7 h) constant, the QY attained a
maximum value 54.43 % (Fig. Sla). Noteworthy decrease in QY was noticed when the
concentration of the kappa carrageenan was increased above or decreased below 0.02 (M). Thus,
0.02 M concentration has been assumed as critical concentration throughout the whole study.
The hydrothermal reaction temperatures investigated in this study were 120, 140, 160, 180, 200,
220 and 240 °C keeping the concentration of kappa carrageenan 0.02 (M) and volume of lemon
juice 6 mL, and reaction duration 7 h. As it seen from Fig. S1b, that reaction temperature had
intimate relation with the QY of the C-dots with maximum QY of the C-dots (54.43 %) when the
reaction temperature was 180 °C. Afterward the effect of reaction time was studied keeping the
concentration of kappa carrageenan 0.02 (M) and volume of lemon juice 6 mL, and reaction
temperature 180 °C. Fig. S1c clearly unveiled that 7 h of reaction yields the best performance for
the C-dots in terms of their QY (54.43 %). Therefore the control experimental conditions for the
synthesis of the C-dots are: concentration of kappa carrageenan 0.02 (M), 6 mL lemon juice,
reaction temperature 180 °C, and hydrothermal reaction time of 7 h. Now to obtain BKC
modified C-dots i.e. KLBC-dots, the concentration of the BKC was altered keeping the
concentration of the C-dots 0.87 mg/mL and stirring reaction time 24 h. Fig.S2a showed that
change in QY with the change in BKC concentration. Maximum QY 67.54 % was obtained
when the concentration of BKC was 0.02 (M) and hence fixed as the optimum conditions.
Following this, the stirring reaction time was modulated to understand the effect of reaction time
on the QY of the KLBC-dots. For this the stirring reaction time was monitored as 6, 12, 18, 24,
30, 36, and 42 h. The result showed (Fig. S2b) that at 24 h stirring KLBC-dots attained

maximum QY (62.54 %) and further increase in stirring time there was no severe change in QY.



Therefore, to acquire KLBC-dots with good luminescent properties the conditions were BKC
concentration 0.02 M, C-dots 0.87 mg/mL and stirring reaction time 24 h. Under these
conditions, robust KLBC-dots with superior QY (62.54 %) were achieved.
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Fig. S1 Quantum vyield results by (a) concentration variation of kappa carrageenan (b)
temperature of the hydrothermal reaction (from 120 to 240 °C); (c) hydrothermal reaction time
(from 1 to 11 h).
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Fig. S2 Quantum yield results by (a) concentration variation BKC (b) Stiring reaction time (from

1 to 48 h).
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Fig. S3 UV-Vis absorption spectrum of the C-dots.
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Fig. S4 Excitation and emission peak and Stokes Shift of the KLBC-dots.
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Fig. S5 Fluorescence emission spectra of C-dots and KLBC-dots.
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Figure S6 FL decay profile for KLBC-dots at 295 nm excitation.
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Fig. S7 (a) Effect on FL intensity of the KLBC-dots at different pH values. (b) Effect of time in
the fluorescence property of the KLBC-dots. All emissions were collected at 448 nm, excitation
340 nm.
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Fig. S8 (a) Stability of the KLBC-dots under UV light exposure, and (b) Effect of FL intensity of
the KLBC-dots under various physiological conditions. All emission spectra were collected at

448 nm, excitation 340 nm.
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Fig. S9 (a) Emission spectra and (b) quantum yield of the KLBC-dots synthesis in triplicate.
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Fig. S10 Fluorescence emission spectra of KLBC-dots in absence and presence of Cr (VI).
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Fig. S11 (a) pH effect on quenching of KLBC-dots by Cr(VI). (b) Incubation time of KLBC-dots
with Cr(VI).
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Fig. S12 FL decay profile for KLBC-dots in presence of 50uM Cr(V1).
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Fig. S13 UV-Vis absorption spectrum of the Cr(V1).
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Fig. S14 (a) Incubation time of KLBC-dots/Cr with AA. (b) Fluorescence spectra of KLBC-
dots— Cr(V1) system in different concentrations of AA (from bottom to top): 0, 1, 5, 15, 25, 35,
100, 200, 500, and 700 uM. (c) Relationship between F- Fo, and concentration of AA

concentration in the 1 to 35 uM range. All emission spectra at 448 nm were collected at 340 nm
excitation. KLBC-dots: 0.42 mg mL™*; Cr(VI): 50 uM.
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Fig. S15 (a) Selectivity of sensing system towards AA and other potential interference species in
the KLBC-dots/Cr(VI) system (Cr(VI) concentration, 120 uM; KLBC-dots concentration, 0.38
mg/mL, species concentration, 120 uM). (b) Changes in the fluorescence intensity of KLBC-dots
cycled by adding Cr(VI) and AA. Excitation 340 nm and emission 448 nm; Error bars represent

the standard deviation of five independent experiments (n = 5).
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Fig. S16 Influence of pH on quenching of KLBC-dots by Cr(VI) in river water.



Treated with KLBC-dots

Epidermal membrane
peeled off

Fig. S17 Onion epidermal membrane treated with KLBC-dots (marked with yellow), and PBS
buffer (marked with orange).



Fig. S18 Fluorescence microscopy images of onion epidermal cells treated with KLBC-dots + 25
uM Cr(VI) under excitation filters (a) 330-380 nm (c) 450-490 nm (d) 510-560 nm using ZEN

software.
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Fig. S19 Stability of the output signal
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Fig. S20 The error bar represents standard deviation of three replicates.
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Fig. S21 (a) Image of antibacterial activity of C-dots by the disc diffusion method. (b) Bacterial

growth curve of control, in presence of C-dots, and KLBC-dots.



Fig. S22 Digital photograph of agar plate with inhibition zone of benzalkonium chloride against

E. coli.

Table S1 Comparison of synthesis methods and nitrogen content of different C-dots

Synthetic method Precursor Nitrogen content Reference
(%)
Hydrothermal Polythiophene and 0.58 [1]
diphenyl
(¢]
(180°C) diselenide
Acid vapour cutting | 2-methylimidazole [2]
strategy and Zn .
(NO3),-6H,0, 4.9%
SiO; griddle,
concentrated

HNO;




In an ammonia

TiO, nanoparticle,

[3]

atmosphere fluorine-doped tin .
o oxide, ammonia, 1.94%
(530°C) ammonia solution
Hydrothermal Lemon juice 4.96 % [4]
and L-arginine
(200 °C)
Sol-gel method Hexamethylenetetr [5]
produce TiO2/N amine, .
nanoparticle, thioglycolic acid 0.6 %
sensitized with CdSe
quantum dots
Hydrothermal and ion | Na,TizO; nanorods/ 1.7% [6]
exchange process C-dots (prepared
followed by by the
calcination at 450 °C electrochemical
under Ar atmosphere. | anodic oxidation of
alcohol) composite
Table S2 The fluorescence lifetimes of the KLBC-dots
Sample Excitation 71 (NS) 72 (NS) A; (%) A; (%) Tavg (NS)
(hm)
KLBC-dots 295 0.91 11.14 87.45 12.82 7.47
375 6.43 0.75 48.19 51.81 5.79




Table S3 Comparison of various types of C-dots synthesis from different precursors

Precursors Synthesis Size (nm) PL color Emission Reference
method nature
Glucose Hydrothermal 3.83 Green Excitation [7]
(200°C) dependent
CCly, Quinal, Solvothermal 3-5 Blue - [8]
NaOH, Ethanol (200°C
Grape juice Hydrothermal 2.7 Green Excitation [9]
(180°C) dependent
Citric acid, Urea | Hydrothermal 5 Blue Excitation [10]
(160°C) independent
Willow bark Hydrothermal 1-4 Blue Excitation [11]
(200°C) dependent
Citric acid, Hydrothermal | 1.5-5nm | Bluish white | EXxcitation [12]
tris(hydroxymeth (200°C) independent
yl)aminomethane,
zinc acetate
Acrylic acid, Microwave 2.0-3.2 Blue Excitation [13]
1,2- (700W) dependent
ethanediamine
Kappa Hydrothermal 4.5 Green Both This work
Carrageenan, excitation
Lemon juice, dep:rrllgent
BKC independent

Table S4 Double-exponential fitting of KLBC-dots and KLBC-dots/Cr(V1) decay curves.

Sample name KLBC-dots KLBC-dots/Cr(VI)
71 (ns) / Az (%) 6.43/48.19 6.60/31.62
72 (nS) / Az (%) 0.75/51.81 0.87/68.38

T (ns) 5.79 5.33




Table S5 Detection of AA in Vitamins C tablet

Sample Spiked (uM) Found (uM) Recovery (%) RSD (%)
KLBC-dots 50.00 48.16 96 0.93
100.00 102.52 102 1.04
150.00 151.54 101 1.07
250.00 247.73 99 0.95
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