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1. Experimental details.

1.1. Materials.

All the chemicals and solvents used in this thesis degree were of analytical grade and used
without any additional purification. Gold(III) chloride (HAuCls-3H20), sodium chloride
(NaCl), potassium chloride (KCI), magnesium chloride (MgCl2), calcium chloride (CaCl),
aluminum chloride (AICl3), sodium nitrate (NaNO3), sodium carbonate (NaxCOs), copper
sulphate (CuSOs4), L-phenylalanine (L-Phe), L-valine (L-Val), L-histidine (I-His), tetracycline
and ampicillin were purchased from Sigma-Aldrich. D-penicillamine was purchased from BLD
Pharmatech. For all aqueous solutions, high purity deionized water from a Millipore system

was used.

1.2. Equipment.

The following technical instruments were used for analysis and characterization.
Centrifugation was performed on a Beckman Coulter's Microfuge 16 benchtop
centrifuge. UV-vis absorption spectra were recorded on a PerkinElmer 1050+
UV/vis/NIR spectrometer. All the measurements were performed using 1cmx1cm path
length quartz cuvettes. Fluorescence spectra were recorded on a FLS1000
photoluminescence spectrometer from Edinburgh Instruments. The quantum yield was
measured with a Hamamatsu C9920-02 absolute PL Quantum Yield Measurement
System. The pH measurements were carried out by using a Crison GLP 21 pH meter.
Transmission electron microscopy (TEM) images were acquired using a HITACHI
HT7800 microscope with a filament of LaB6 operating at 100 kV. Fourier transform
infrared (FT-IR) spectra were recorded on a Thermo Scientific Nicolet iS10. X-ray
photoelectron spectroscopy (XPS) spectra were acquired with VG-Microtech Multilab
3000 equipment. The 'H spectrum were registered at room temperature in a Bruker
Avancelll 300 spectrometer, with a 300 MHz Bruker magnet. The chemical shifts ()

are reported in ppm using deuterium oxide, 99.9% atom (D20) as solvent.
1.3. Procedures.

1.3.1. Preparation of AuNC@D-Pen.

A freshly prepared aqueous solution of HAuCl4 (50 pL, 50 mM) was diluted in water (1 mL),
and an aqueous solution of D-penicillamine (53uL, 1 M) was added. The mixture was set for 5
days at room temperature, obtaining a white precipitated (fluorescent under UV-light) and a
colourless solution. The precipitate was isolated by centrifugation at 10000 rev/min for 15 min.

The supernatant was slowly removed without disturbing the precipitate, which had been washed



two times by dispersion in water and precipitation by centrifugation at 10000 rev/min for
15min. After purification, the AuNC@D-Pen were dispersed in water or the solutions were

diluted with buffer solution, meanwhile, to avoid the effect of the pH change.

1.3.2. Fluorescence detection of tetracycline.

Fluorescence experiments were conducted at room temperature using an excitation wavelength
of 310 nm. Tetracycline solutions of varying concentrations were freshly prepared and
sequentially added to 3 mL of AuNC@D-Pen solution (citrate buffer, pH 4.3, with an
absorbance of 0.4 at 305 nm). Photoluminescence spectra were recorded at room temperature
immediately after each addition of tetracycline. The concentration of tetracycline was plotted
on the x-axis, while the corresponding PL intensity was plotted on the y-axis. Finally, a linear

correlation curve was generated to determine the concentration of tetracycline.

1.3.3. Selectivity studies of AuNC@D-Pen.

To evaluate the selectivity of the prepared AuNC@D-Pen, a series of selective experiments
were performed. Initially, 5 uL. of a 0.05 M TC solution was added to a solution of AuNC@D-
Pen to establish the baseline photoluminescence (PL) intensity as a control. Subsequently, 5 uL.
of 0.05 M solutions of different potential interfering analytes, such as common anions and
cations (NaCl, KCI, MgClz, AlCI3, Na2CO3, MnClz, CaClz, and MgS0O4), amino acids (L-Phe,
L-Val, and L-His), and ampicillin, were added to the AuNC@D-Pen solution. Fluorescence

intensity values were measured after an incubation time of 5 minutes at room temperature.

1.3.4. Selectivity studies of AuNC@D-Pen.

We performed recovery experiments using both tap water and lake water. Tap water was
tested for TC without pretreatment. For TC detection in lake water, the sample was
initially centrifuged to remove suspended particles. Next, water samples were adjusted
at pH around 4.0 by adding HCI solution. Known concentrations of tetracycline (0.8,
1.2, 2.5, and 5.0 uM) were added to each water sample, and the resulting solutions were
analysed under the same optimized conditions used for the calibration curve. For each
concentration level, three independent measurements were carried out, allowing the
calculation of both the recovery percentage and the corresponding relative standard

deviation (RSD).



1.4 Additional figures.
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Figure S1. HAuCls/D-Pen molar ratio effect on the fluorescence of AuNC@D-Pen.
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Figure S2. Reaction time effect on the fluorescence intensity of AuNC@D-Pen.
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Figure S3. "H NMR (300 Mz, D20) of D-Penicilamine (top) and D-Penicilamine and HAuCl4
after 2 h (bottom).
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Figure S4. pH effect on the fluorescence intensity of AuNC@D-Pen.

1.5. Computational details.

DFT calculations were performed at the B3LYP-D3/def2TZVP (SDD for Au) level of theory

using Gaussian 16. To this end, a model consisting of 18 gold atoms and 14 D-penicillamine

ligands was modeled.

1.5.1. Cartesian coordinates of optimized structure

79  0.241805000 -0.673956000  1.653161000 79 2.863827000  1.069737000  2.438293000
79  -2.257242000  0.928007000  0.383311000 79  -4.818733000 -1.916877000 -0.812376000
79  0.691109000  1.641077000  0.107229000 79  -4.471415000  1.002174000 -2.713708000
79 1.100526000 -1.004837000 -1.055552000 79 5.813920000 -0.902296000  0.962772000
79  -2.986748000 -1.780430000  2.528374000 16 2.263750000 -1.779664000 -3.205028000
79  -1.749724000 -1.647886000 -0.531926000 16  -1.122076000 -0.917789000  3.701225000
79 -1.198754000  0.578617000 -2.167480000 16 -1.213742000 -4.082869000 -0.727348000
79  -0.604419000  2.634307000  2.807478000 16 -2.885280000  2.051472000  2.493058000
79  0.601400000 -3.997344000  0.782606000 16  0.291046000  3.856484000 -0.957498000
79 -1.986206000  3.537804000 -1.542843000 16 2.478882000 -3.778151000  2.193837000
79 2.909327000 -1.607299000  1.075347000 16  -0.324223000  1.859147000 -4.138656000
79  3.413898000  0.671608000 -0.439024000 16 4.095705000 2.018573000 -2.424664000
79 1.896376000  1.912711000 -3.318935000 16 1.689572000  3.183118000  3.068675000
79 4363176000 -1.869320000 -2.112081000 16  -4.698185000 -2.869983000  1.337053000
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6.445330000
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5.872394000
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-2.877827000

-3.836009000
5.175433000
5.356211000
4.796604000
6.470030000

-2.205998000

-1.758896000

-5.265047000

-4.742163000
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3.940898000
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3.102870000
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3.359871000
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-4.642350000
-5.937983000
-6.226426000
-3.878570000
-3.838412000
-3.387378000
-2.709138000
2.380915000
1.517728000
2.247543000
3.462184000
0.340446000
0.545330000
1.252970000
-0.074558000
5.003506000
6.320595000
-0.095553000
0.593080000
0.464046000
-1.209767000
4.810640000
5.866056000
4.003768000
3.545693000
-3.841142000
-1.386968000
5.409748000
0.524017000
4.152900000
6.644376000
-0.282014000
-1.647315000

0 O AN O X AN X O AN X X AN DX X DN X XN X O AN XX DN DO DN X O DN XX DN DX DN OO N OO D

-6.121876000
-2.467445000
2.660749000
0.736046000
5.841173000
5.723239000
6.985708000
7.298457000
7.641127000
7.691782000
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9.898988000
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-5.624609000
-5.173537000
1.566588000
1.137257000
2.263274000
-6.165800000
-5.975528000
-7.249765000
-7.456007000
-7.684446000
-8.171857000
-1.055974000
-2.073463000
-0.060811000
-0.388298000
-0.162923000
-0.614510000
-3.617540000
-3.790310000
-2.509907000
-8.188833000
-8.138451000
-9.290280000
-1.895397000
-1.723120000
-2.141949000
3.882929000
3.210184000
4.830732000
-0.088818000
-1.293754000
0.579288000

-3.570477000
1.463233000
4.509875000
-3.088553000
-6.195584000
-7.297782000
-5.760667000
3.316839000
3.256407000
4.310402000
-1.033925000
0.081096000
-1.781006000
-6.003838000
-5.833324000
-6.199109000
1.755914000
1.348937000
1.057570000
4.423366000
5.300199000
4.391343000
-4.047252000
-5.327135000
-3.141381000
-2.749801000
-2.756263000
-3.419163000
7.433442000
8.695757000
7.057171000
6.659206000
7.973891000
6.155904000
-3.301623000
-3.263804000
-3.593766000
0.263787000
-1.045885000
1.068780000
6.236728000
6.824383000
6.838488000
-4.954284000
-4.991260000
-5.829739000

-4.289933000
-6.063954000
-2.925464000
-5.635215000
2.987617000
2.500973000
3.523208000
4.052169000
5.210637000
3.243467000
-4.319852000
-4.769536000
-4.527224000
-0.851819000
-1.867644000
0.334828000
6.250665000
7.451324000
5.545192000
1.299124000
0.478995000
2.077185000
4.284881000
4.554188000
4.657938000
7.505627000
8.373719000
7.666279000
1.145037000
0.812810000
2.281128000
-2.718652000
-2.775823000
-2.638516000
-4.756323000
-5.964990000
-4.066588000
-7.713780000
-7.988042000
-8.577223000
-2.739768000
-1.916164000
-3.460727000
-4.822258000
-4.366454000
-5.354266000
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-0.166426000
-2.058944000
-1.427173000






