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Evolution of the synthesis of AUNC@NAC
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Figure S1. (a) Absorbance and (b) PL spectra of the evolution of the AUNC@NAC synthesis at the

indicated times.

PL spectra of AUNC@NAC at different excitation wavelengths
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Figure S2. PL spectra of AuUNC@NAC varying the excitation wavelength from 300 to 420 nm.



TEM and HRTEM images, EDAX and mapping of AUNC@NAC
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Figure S3. (a) TEM image of AUNC@NAC. (b) Size distribution of AuNCs. (c) HRTEM image of the
AuNC@NAC. (d) Selected areas of the image including the i-FFT region of the (111) planes, attributed
to the distinctive spacing between planes in gold (Au).
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Figure S4. (a) Characteristic distance between planes of Au. (b) EDAX spectrum of AUNC@NAC.
(c) HRTEM image of AuNC@NAC and the mapping of the signals of the same region for (d) AuL and
(e) SK. (f) Overlapped images c-e.



Comparison between the FT-IR spectra of NAC and AUNC@NAC

The FT-IR spectra of free NAC and AUNC@NAC are shown in Figure S5. The band centered
at 3370 cm™ in the spectra of free NAC may arise from stretching vibration of the —OH
and -NH groups and H2O bound on the AuNCs surface. In the curve of free NAC, the
characteristic band at 2544 cm™' is attributed to S-H group, the bands at 1713 and 1276 cm
1 are corresponding to carboxyl group, the bands at 1190-1170 cm™ are ascribed to C-N
group and the band centered at 1525 cm™ is due to N-H bending vibrations of -NH- group.
The disappearance of the characteristic band of S-H group in the curve of AUNC@NAC
indicates the successful bonding between the sulfur atom and the surface of the nanocluster.
The shift of the —OH, C=0 and N-H peaks provides the evidence of electrostatic interaction
between carboxyl and secondary amine group of NAC and the Au atoms of the surface of
AuNCs."? The broad signal at 3572 cm™ may be to the -OH stretching vibration. This peak
tends to be very strong and very broad and is red-shifted to 3524 cm™'.
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Figure S5. FT-IR spectra of free NAC (black line) and the as-synthesized AuNC@NAC (orange line).

Inset: chemical structure of NAC.



TGA of AUNC@NAC and NAC
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Figure S6. First derivatives and TGA of the AUNC@NAC (orange line) and the free NAC (green
dashed line).



ICP-MS analysis of AUNC@NAC and estimation of NAC molecules per AuUNC@NAC

Table S1. ICP-MS analysis of AuNC@NAC.

Au (mg/mL) S (mg/mL)
AuNC@NAC 499 + 2 921+1.3
- Particle diameter (D)
D =22nm

- Particle volume (V)

V_4 D, 4 2.23_5575 5
—371(2) —371(2) = 5. nm

- Gold FCC lattice constant (L)
L =0.408 nm
- Unit cell volume (U)
U =L3=0.068 nm3
- Number of cell unit (B)

B = v 5.575 nm3 _ 81985
U 0.068nm3

- Gold atoms per particle (P)
P=4-B=4-327.94 =327.94
- [Ligand] in sample (H)

92129 1 i 1L =0.0921mg S
L ™ 000 o™
0.0921g
m
n:_:LOg: 2.87 x 10~ mol S
Mr  32.065-2-
mol
1mol NAC
H=287x10"%molS - —————— = 2.87 x 10-° mol NAC
1mol S
- [Au] in sample (A)
4999 1 mi 1L = 0.499 mg A
L ™ Tooom Mg AU
0.499g
" 0.499
n =—=L0g= 2.53 x 10~¢ mol Au
Mr 196,97 -2
mol

A =253x%x10"°mol Au



MALDI-MS spectra of AUNC@NAC
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Figure S7. MALDI-MS spectra of AUNC@NAC.

C1s XPS analysis of AUNC@NAC
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Figure S8. High resolution XPS C1s spectrum showed peaks at 285 eV, 286.5 eV 288 and 289 eV
derived from C—C, C-N, C-S and C=0 bonds respectively, in AUNC@NAC.



Comparison of the existing method for TC detection

Table S2. Comparison of the proposed method with other methods for the detection of TC based on

fluorescence nanomaterials.

N-doped
. Zno DA-
AuNC@NAC  QD/CdTe nanorods* CuNCs® c::;':;;n nanoplates’
100 °C,
Synthesis o 50 °C, 10 h 55 °C, 180 °C, o o
conditions | 22 724N ioh 25 <C, 12h an ~ 200°C,24h 25°C,3h
>24 h
e (%) 1 - . ; 10
Incubation ; 20 min 5 min 10min 10 min
time
Linear
range 0.1-140 70-2200 2-120 3.6-1000 2-200
(uM)
LOD (uM) 2 2.10 1.27 0.92 0.6

Table S3. Comparison of the proposed method with other methods for the detection of TC based on

other nanocluster nanomaterials.

Ref. NC core Ligand Linear range (uM) LOD (uM) LOD (ppm)
9 AgNCs NAC 1.12-230 0.47 0.21
10 AuNCs Glutathione 50-10000 5.31 2.36
11 AuNCs Histidine (Eu®*) 0.01-60 0.004 0.002
12 AuNCs Ovalbumin 0.03-500 0.09 0.04
13 CuNCs NAC 0-20 5.6 25
14 CuNCs Dopamine 3.6-1000 0.92 0.41
15 CuNCs Histidine 0.1-110 0.047 0.021
This work AuNCs NAC 0.1-140 1.8 0.8




Detection of TC in water samples

Table S4. Results of the recovery studies of TC in water using the proposed sensing method.

Sample Added (M) Found (uM) Recovery (%)
0 - -
30 27.0 90
Tap water
50 49.7 994
60 64.8 108

Time-resolved photoluminescence studies of AUNC@NAC at different [TC]
Table S5. Fluorescence lifetime fitting parameters for AUNC@NAC under different [TC]. The results
were obtained with tri-exponential model.

> aiexp(-t/ ) (i=1...3).

[TCI (uM) | W (ns) T (ns) © (ns) © (ns)

0 3.380 325.91 (10?1'377_17%) (832-3;7.96%) ?532.22-87%)
1 3374  318.76 2;'33_14%) ?52'534_57%) ?33?;';;_29%)
5 3.376 303.95 ?a1=3_06%) ?52'351_37%) ?53275.56%)
15 3507 283.44 ?&?:2.94%) ?0?2822.28%) ?o?si?im%)
30 377 268.06 ?&?14.73%) ?52!;6.83%) ?;1:'28.43%)
50 3.438 24485 ?&?25.74%) ?o?z'Z$9.81%) ?0?;?4-46%)
100 4486  216.12 (25?52_52 %) (Zoi'gfmz%) (20?34??9.86%)
200 4.225 181.37 ?&?:711_49%) (201'2116.89%) (2;35;?361%)
500 5.237 101.77 2.92 ez Pl

(1=15.59%)

(02=23.09%)

(05=61.32%)
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FT-IR spectrum of AUNC@NAC upon addition of TC
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Figure S9. FT-IR spectra of (a) TC (black line), AUNC@NAC+TC (red line) and the as-synthesized
AuNC@NAC (green line).

Different coordination modes of NAC ligand with AUNC@NAC

(0.0) (11.9) (9.2)

Figure S10. Optimized structures of a model AuNC@NAC composed of a core of 13 Au atoms at the
B3LYP-D3/def2TZVP (SDD for Au) level of theory.
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Estimation of energy levels of Au@NAC and TC
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Figure S11. Cyclic Voltammetric (CV) curves of AU@QNAC (top) and TC (down) to Ag/Ag” electrodes.

For estimating HOMO/VB and LUMO/CB energies from CV measurements in solution, the following

equations are used from literature:
Enomosve = —[Vox = Vipepety +4.8] eV (S1)
Erumoscs = —[Vrea = Vipespety +4.8] eV (S2)

Where Vo« and Vieq are the irreversible oxidation and reduction peaks determined in the peak in the
cyclic voltamperograms (CV) measurements, V(Fc/Fc*) is the oxidation potential at semi-wave of

16,17

Fc/Fc' couple external reference in water'™'” and 4.8 is the energy of Fc/Fc* to against vacuum.

In the case of AUNC@NAC, the reduction is irreversible and is determined from the peak value
of -0.53 V. Therefore, the calculated conducting band energy (VB) is -3.87 eV vs vacuum. Assuming
the oxidation potential of the material is not easily found due to the huge band-gap the AuNC have,

we could estimate its value by using the following approximation:'®2

ECB = EVB + AEOPt%EVB = ECB - AEOpt (83)

The optical gap (AE°") could be estimated only roughly by observing the reported experimental
UV-Vis spectrum?™?® and resulted to be on the interval of 3.5 eV for the AUNC@NAC and 3.1 eV for
the TC. The photon energy, E, is inversely proportional to the wavelength, as described by the

equation:

-12-



E

hc

A

(S4)

where h is Planck's constant (6.6261-10 J-s) and ¢ is the speed of light (2.9979-108 m/s).
Since 1 eV is equivalent to 1.6022:107"° J, the AE®* values of 3.5 eV and 3.1 eV were calculated for
AuNC@NAC and TC, respectively.

The calculated BV energy is around -7.37 eV. These values for VB and CB are consistent with

previously reported values.

26,27

Whereas, in the case of TC something similar happens. It is also observed the irreversible reduction

potential at -1.18 V. Thus, with the approximation used before, the LUMO and HOMO energies

are -3.22 eV and -6.32 eV. The estimated energy levels are summarized in Table S4.

Table S6. Energy levels.

Enomo/VB ELumo/CB oot
Vox (V) Vred (V) AE®P (EV)
(eV) (eV)
AuNC@NAC | - -7.37* -0.53 -3.87 3.5
TC - -6.32* -1.18 -3.22 3.1
* Calculated from equation S3.
18{ a) [7"" AUNC@NAC 012 b) ™ TC
1.5 80 0.10 4 15
RS o 1.2 \
8 1.2 ‘Tg 601 3 0.08 4 F‘E 66 \
o 5
] > 40/ s >
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: 22 a | Eos
< 06 =z, 5 /3.75eV < 0.04 \‘ g 5 3.19eV
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Figure S12. Absorption spectra and the spectrum on the energy scale (inset) for the (a) AUNC@NAC

and (b) TC.
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