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Abstract. Photophysical studies of luminescent gold complex of triphenylphosphole has been described.
Addition of biologically relevant thio compounds was found to quench its ﬂuorescence in methanol solution.
Based on this, a simple and selective luminescence sensing method for cysteine detection has been developed.
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1. Introduction
Amino acids are the fundamental units of proteins and
are essential for numerous processes, such as growth of
new tissues, formation of histamine, adrenaline, insulin,
urea and monitoring their level in the body. Cysteine, an
essential α-amino acid found in many natural proteins
and physiological media, plays critical role in a variety
of important cellular functions including detoxiﬁcation
and metabolism.1 Variation in the physiological level
of thiols such as cysteine (Cys), homocysteine (Hcy),
and glutathione (GSH) is linked to a number of diseases
associated with leucocyteloss, psoriasis, liver damage,
slow growth, hair depigmentation, edema, lethargy, liver
damage, muscle and fat loss, skin lesions, weakness,
cancer and AIDS.2 Considering these biological functions of cysteine, a constant awareness of its concentration is necessary.
Some trivial methods for cysteine quantiﬁcation
include capillary electrophoresis,3 high performance
liquid chromatography,4 electrochemical analysis5 and
mass spectrometry.6 Poor reproducibility, complicated
sample preparation, requirement of expensive and sophisticated instrumentation are the demerits of these methods. In order to overcome these limitations, emphasis
was given to utilizing optical methods based on thiol
sensitive ﬂuorophores.7 A number of luminescent transition metal-based chemosensors have been reported
with excellent selectivity towards cysteine.8 Recently,
several gold based colorimetric sensors (especially
∗ For
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gold nanoparticles) have been designed for cysteine
detection due to their unique optical properties.9
Despite their usefulness, inorganic ﬂuorescent nanoparticles still suffer from many drawbacks such as stability,
photo-bleaching, cytotoxicity, poor tissue penetration
of the excitation light, scattering light, and excessive
tissue auto ﬂuorescence under external illumination.7,10
Coordination of phosphine ligands stabilizes the oxidation state of gold against disproportionation to AuI
and toxic AuIII but facilitate exchange reactions with
biological molecules. Phospholes are found to be more
stable to air and moisture when compared to phosphines. As a part of our continuing interest in exploring
new applications for organophosphorus compounds,11
herein we report the crystal structure and photophysical
properties of AuI complex containing triphenylphosphole. The ability of the gold complex for selective
detection of cysteine {hereafter Cys} is demonstrated
by ﬂuorescence quenching experiments.

2. Experimental
2.1 Materials
The synthesis of ligand and the gold complex have
been carried out according to previously reported procedures under a dry nitrogen atmosphere using standard
Schlenk techniques.1,2 Solvents were dried and distilled
prior to use by conventional methods. All amino acids
were purchased from Aldrich and used without further
puriﬁcation.
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2.2 Measurements

3.1 Photophysical studies

The 1 H, 31 P NMR spectra were recorded in CDCl3 using
a Bruker 400 MHz instrument and tetramethylsilane
(Si(CH3 )4 ) as the internal standard. Thermo gravimetric
analysis is carried out with a Perkin Elmer Thermal
Pyris system, under a stream of nitrogen gas at a heating
rate of 10◦ C min−1 . Absorption and steady state ﬂuorescence spectra were obtained with a Perkin-Elmer
Lambda-35 and a PC1 photon counting spectroﬂuorometer manufactured by ISS, USA instruments, respectively. Quantum yields were determined using 2 μM
solutions in 1 cm cuvette, where the absorbance at the
excitation wavelength (366 nm) is below 0.1. The ﬂuorescence quantum yields (f ) were estimated from the
emission and absorption spectra by comparative method
at the excitation wavelength of 366 nm using quinine
sulphate (f = 0.542 in 0.5 M H2 SO4 ) as standard. The
following equation is used for the calculation of f :

The absorption and emission spectra of [AuL] were
recorded in methanol solution. The absorption wavelength (λabs,max ) for [AuL] is observed at 390 nm with
molar absorption coefﬁcient (log εmax /M−1 cm−1 ) of
4.67. These could be attributed to π - π* transitions of
the conjugated system and with very less contribution
coming from phosphorus substituents. The gold complex [AuL] showed good photostability and no decomposition was observed during the photophysical studies.
The emission and excitation spectra for [AuL] are given
in Figure 1, and the photophysical properties in different solvents are listed in Table 1. Gold atoms possess
high absorption coefﬁcient in the visible region, which
ensures them to function as efﬁcient quenchers for
most ﬂuorophores. As shown in Figure 1, the ﬂuorescence intensity of [AuL] is red shifted and found to
be ten-fold lesser when compared to phosphole. Complex [AuL] showed strong ﬂuorescence emission at
∼490 nm upon excitation at 390 nm. A perfect mirror image was obtained for the excitation and emission
spectra of [AuL], indicating that both the absorbing
and the emitting species are the same and no chemical
modiﬁcation was observed during the analysis.
On exposure to different excitation wavelengths, the
same λabs,max was observed. The observed emission
bands were broad with full width at half maxima
(FWHM) in the range of 96–108 nm. The calculated
Stokes shift for [AuL] observed in the range of 101 nm
was greater than that observed in dibenzophospholes
(33 nm).13 Variation of solvents with different hydrogen
donor ability induces negligible difference in the excitation and emission wavelengths. The quantum yield of

f = (standard)
× {[F(sample) ][A(standard) ]/[F(standard) ]
f
×[A(sample) ]} × {η2(sample) /η2(standard) }
where F(sample) and F(standard) are the integrated ﬂuorescence intensities of the complex [AuL] and standard
quinine sulphate, respectively. A(sample) and A(standard) are
the absorbances of the [AuL] and quinine sulphate,
respectively, at the excitation wavelength 366 nm;
η(sample) , η(standard) are the refractive indexes of the media
represents the quantum yield of the stanand (standard)
f
dard sample. All f are corrected for changes in refractive index. Stock solutions of 2 × 10−4 M for the different amino acids were prepared in minimum amount
of water (0.5 mL) followed by the addition of methanol
(9.5 mL).

3. Results and Discussion
The gold(I) complex of triphenylphosphole {hereafter,
[AuL]} has been synthesized in 98% yield and characterized by multinuclear NMR spectroscopic data.12
Since low-molecular weight species are deposited as
thin ﬁlms by vacuum evaporation for the fabrication of
OLEDs, materials with good stability at higher operating temperatures are necessary. High decomposition
temperature (Td10 of 267◦ C) which is a very important
parameter for OLED materials,13 illustrates the higher
thermal and morphological stability (Figure S5 and
Table S1 in Supplementary Information). The complex
[AuL] is stable towards air and moisture but is sensitive to light and decomposes gradually over a period of
3–4 days on exposure to visible light.

Figure 1. Excitation (black) and Fluorescence (red) spectra of 2 μM of [AuL] in Methanol.
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Table 1.

The photophysical data for compound [AuL] in different solvents.

Solvent

λabs (nm)

log εmax

FWHM
(em., nm)

λem (nm)

νst (nm)

f

Toluene
CHCl3
THF
MeOH
CH3 CN

397
396
389
390
391

4.83
4.45
4.58
4.67
4.49

108
104
96
103
99

498
498
494
491
492

101
102
105
101
101

0.090
0.079
0.099
0.064
0.048

εmax in M−1 cm−1

[AuL] measured in methanol is 6.4% which is comparable with the values reported for similar phospholes.
3.2 Selective cysteine sensing using ﬂuorescence
Introduction of gold atoms results in orbital interactions
which increase the energy level of lowest unoccupied
molecular orbital (LUMO) and this property has been
utilized frequently in the ﬁeld of detection.14 To demonstrate the ability of [AuL] for detection of speciﬁc
amino acids, solution phase detection studies were carried out by measuring its photoluminescence response
in methanol towards successive addition of different
amino acids.15 Preferential binding afﬁnity towards
various functional moieties present in natural amino
acids would be the fundamental principle involved
in ﬂuorescence detection. Figure 2 demonstrates the
(a)

ﬂuorescence response of a 2 μM solution of [AuL]
towards 1 μM solution of different amino acids. No
change in the ﬂuorescent intensity was observed for all
amino acids except Cys. As shown, 44% decrease in ﬂuorescence intensity by Cys depicts that [AuL] is binding
selectively towards thiol functional group. Further, the
ﬂuorescence titrations were carried out with different concentration of all 20 naturally occurring amino
acids (ﬁgures 3 and S4 in SI). The unaltered ﬂuorescence behavior of [AuL] in the presence of other amino
acids is suggestive of the non-interactive nature of these
amino acids with [AuL]. Figure 4 shows the ﬂuorescence emission spectra of [AuL] in the presence of
different concentrations of Cys. Fluorescence intensity
of [AuL] decreases with successive addition of different concentration of cysteine. A good linear relationship between the decrease of ﬂuorescence intensity and

(b)

Figure 2. (a) Fluorescence spectra obtained for the titration of [AuL] with different amino acids in
methanol, λex = 390 nm. [AuL] = 2 μM. (b) Histogram showing the relative decrease in ﬂuorescence
intensity of [AuL] (2 μM) in the presence of amino acids (aa’s).

Figure 3. Visual ﬂuorescent color change of [AuL] with different amino acids in methanol.
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amount of Cys added reﬂects the ability of [AuL] for
quantitative measurement of concentration of Cys.
In order to understand the role of –SH group in
selective sensing of Cys by [AuL], ﬂuorescence titrations were carried out with other biologically relevant
–SH containing molecules, viz., homocysteine (Hcy),
and dithiothreitol (DTT(red) ) (ﬁgures 5 and S4 in SI). In
both the cases ﬂuorescence of [AuL] has been quenched
thus conﬁrming the involvement of SH moiety. The
other sulfur containing amino acid (methionine) did not
quench the ﬂuorescence which clearly indicates that SH
group is essential and the sulphide group does not affect
the ﬂuorescence.
3.3 Competitive titrations
To check the selectivity of the recognition of [AuL]
toward Cys, competitive amino acid titrations were carried out in the same medium with 19 other naturally
occurring amino acids. The {[AuL] + Cys} mixture
(a)

which is in the quenched state when titrated with
all other amino acids, resulted in very slight change
in the ﬂuorescence intensity (ﬁgure 6). This suggests
that [AuL] is selective for only Cys owing to their
unique Au+ · · · SH interaction. Differences in the intensity for Cys in solution phase was quantiﬁed using the
Stern-Volmer equation: (I◦ /I) – 1 = KSV [A]. A linear Stern-Volmer relationship was observed for cysteine with high quenching constant of 3.6*105 M−1 .
Similarly, the quenching constants of Hcy and DTT
are 2.9*104 and 8.8*105 M−1 , respectively. The plot is
linear for a concentration of 0 to 1 μM of Cys. For a
concentration beyond 1 μM of Cys, the Stern-Volmer
plot becomes highly nonlinear. Thus, the detection
limits are in the range of 0 to 1 μM and if higher concentration of Cys is expected, the sample should be
diluted appropriately. The minimum detection limit of
Cys has been calculated using a ∼20 arbitrary intensity
unit difference between [AuL] and [AuL] upon addition
of Cys. From this method, a minimum concentration of

(b)

Figure 4. (a) Fluorescence spectra obtained during the titration of [AuL] (2 μM) with Cys in methanol at
λex = 390 nm. (b) Stern-Volmer plot of ﬂuorescence quenching of [AuL] with Cys with error bars.

Figure 5. Fluorescence spectra obtained during the titration of [AuL] (2 μM) with (a) DTT, (b) Hcy in
methanol at λex = 390 nm in methanol.
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Figure 6. Competitive titration: (a) Fluorescence spectra obtained for the competitive titration of [AuL]
(2 μM) with Cys (1 μM) in the presence of different aa’s; (b) Histogram showing the ﬂuorescence response
of [AuL] in presence of Cys followed by different amino acids (λex = 390 nm) in methanol. [AuL] = 2 μM;
[AA] = 2 μM.

0.5 μM solution of Cys can be detected. The lower limit
of detection is 500 nM through this method but other
complexes exhibit much lower detection in the range
of 0.02–1 nM. This ﬂuorimetry method using [AuL]
for cysteine sensing has moderate activity when compared with other methods of detection (Table S2 in
SI). The absorbance spectrum of [AuL] did not deviate much in the presence of Cys. The mechanism of
quenching of ﬂuorescence can be attributed to either
simple coordination to gold(I) ions thereby making a
tri-or tetra-coordinated complex or through the replacement of Au-Cl bond with Au-SR retaining the linear
geometry.16 Isolation of certain thiolate complexes of
gold(I) phosphole supports the latter mechanism.17
4. Conclusions
The interaction of gold(I) phospholyl compound with
various amino acids has been studied. Since, thiol containing cysteine has unique binding properties among
the twenty amino acids, it brings about a distinctive
response to the ﬂuorescence of gold(I) complex of
triphenylphosphole. Similar biologically important thiols like DTTred and Hcy also exhibit quenching properties thereby enabling their detection.
Supplementary Information
31

P NMR spectrum, emission spectra at different wavelengths and TGA proﬁle of [AuL] are included in the
supporting information. Fluorescence spectra obtained
for the titration of [AuL] with all 19 amino acids in methanol and DTT and Hcy along with their Stern-Volmer
plots are also provided. The electronic supplementary
information is available at www.ias.ac.in/chemsci.
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