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Effect of ligand exchange on the optical and photoluminescence properties of Au25SG18 (SG-
glutathione thiolate) clusters was investigated. A fluorescein based dye, 5-((2-(and-3)-S-
(acetylmercapto)succinoyl)amino)-fluorescein  (SAMSA) was anchored on water soluble Au25SG18

clusters by the place exchange reaction and the solid state emission of the exchange product was 
studied. Inherent fluorescence image of these clusters was mapped. Organic soluble Au25(SC2H4Ph)18

clusters were synthesized as a model system which also showed temperature dependent solid state 
emission,  in good agreement with the results from water soluble Au25 clusters.    
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1.   Introduction

Monolayer-protected clusters (MPCs), especially sub-
nanometer regime nanoparticles gained attention in 
various fields of science and technology due to their 
unusual optical,1 electronic,2  and catalytic3  properties 
which offer opportunities to study size-dependent  
evolution of phenomena. Gold nanoclusters are a new 
class of materials made up of tens to hundreds of 
atoms having intermediate composition between bulk 
and molecular regimes, where the electronic structure 
is molecule-like. Nanoclusters with diameters of 1-2 
nm show discrete electronic transitions among the 
quantized levels. Synthesis of Au11,

7 Au55,
8 and Au8

  are 
significant developments in cluster science. Several of 

these molecular clusters are fluorescent for example, 
Au8 nanodots encapsulated in PAMAM (G2-OH and 
G4-OH) dendrimers, exhibit a fluorescence quantum 
yield of 41%, more than 100-fold enhancement over 
other reported gold nanoclusters.9 In addition to Au8, 
other clusters such as Au5, Au13, Au23, and Au31, were 
also encapsulated in the PAMAM cavity and they 
exhibit discrete excitation and emission spectra from 
the ultraviolet to near infrared region.10 Thiolate-
protected gold (Aun:SG) clusters with core containing  
less than 100 atoms have considerable interest because 
they show unique properties due to their molecule-like 
electronic transitions. First attempt to make 
glutathione protected nanoclusters was by Whetten 
and co-workers.11,12 Mass spectrometry confirmed that 
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Au28(SG)16 was the most abundant species in this 
synthesis. Recently a series of glutathione thiolate 
(SG-thiolate) protected gold clusters with well-defined 
compositions were synthesized.13 The different 
fractions were separated utilizing polyacrylamide gel 
electrophoresis (PAGE).13,14 The molecular 
compositions of these clusters were characterized by 
electrospray ionization (ESI) mass spectrometry. 
Chemical etching reaction of these clusters with excess 
glutathione was used to synthesize Au25SG18 in gram 
scale.15 The crystal structure of Au25SG18 was solved 
recently.16 The photophysical properties of these 
clusters could be tuned by the incorporation of desired 
molecules. 
Herein, we report the functionalization of water 
soluble Au25 clusters with a fluorescein based dye 
known as SAMSA by the place exchange reaction. 
Presence of SAMSA on Au25 clusters was ensured by 
UV-Vis spectroscopy. The solid state emission and 
inherent fluorescence images of Au25-SAMSA were 
also measured by using a confocal Raman microscope. 
Temperature dependent solid state emission of 
Au25(SC2H4Ph)18 was also studied, which is in good 
agreement with water soluble Au25 clusters.17 The 
acronym Au25-SAMSA refers to Au25 clusters 
functionalized with SAMSA.

2.   Experimental details

All the chemicals were commercially available and 
were used without further purification. HAuCl4. 3H2O, 
methanol (GR grade) and ethanol (GR grade) were 
purchased from SRL Chemical Co. Ltd, India. NaBH4

(>90%), GSH (γ-Glu-Cys-Gly), tetraoctylammonium 
bromide (TOAB) and Phenyl ethane thiol (PhC2H4SH) 
were purchased from Sigma Aldrich. SAMSA was 
purchased from Molecular Probes. SAMSA was 
activated by using a reported procedure.18 

2.1.   Synthesis of Au@SG

Au@SG nanoparticles were synthesized using a
reported procedure.14

2.2. Synthesis of Au25SG18 from crude Au@SG

Au25SG18 clusters was synthesized using a reported 
protocol.15

2.2.   Exchange reaction with SAMSA 

20 mg of Au25SG18 was dissolved in 5 mL of SAMSA 
solution (2mg/mL) and stirred for 3 h at room 
temperature. The exchange product was precipitated 
using methanol and centrifuged at 20,000 rpm for 30 
min. The exchange product was washed three times 
with ethanol and dried to yield a black brown power. 

2.3.   Synthesis of Au25(SC2H4Ph)18

Au25(SC2H4Ph)18 was synthesized using a reported 
procedure.16 

3.   Instrumentation

UV-Vis spectra were recorded using a Perkin Elmer 
Lambda 25 spectrometer. The Raman and fluorescence 
images were measured by using a Witec GmbH 
confocal Raman spectrometer equipped with a 514.5 
nm Ar ion laser with a spot size <1 µm. Temperature 
dependent fluorescence data was collected with an 
Oxford cryostat mounted on the Raman spectrometer 
and lower temperatures were obtained by liquid 
nitrogen circulation.

4.   Results and Discussion

Fig. 1 shows the UV-Vis spectra of Au25SG18, 
SAMSA and Au25-SAMSA. The concentration of 
SAMSA and Au25SG18 used for UV-Vis measurements 
was ~ 10-6 M and 10-4 M, respectively. Inset shows the 
corresponding energy profile diagram of parent Au25

clusters, showing all the possible electronic transitions. 
Three distinct electronic transitions are possible and it 
is shown by a-c.20 Here a represents the HOMO-
LUMO transition and b and c represent the HOMO-sp
and d-sp transitions, respectively. SAMSA shows an 
absorption peak at 498 nm. The same absorption peak 
was observed in the exchanged product also. Even 
though this peak is merged with b, we could see the 
distinct hump in the corresponding region. Both parent 
and exchanged clusters have all the three transitions. 
This clearly shows that after the exchange reaction 
there is no change in the core size of the cluster. Intra 
band transition of parent cluster comes around 672 nm, 
which is in good agreement with the other Au25
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clusters reported so far.14,-17,19 In the case of Au25-
SAMSA, the intra band transition shows a blue shift of 
5 nm and it could be due to the strong electronic 
interaction between the π electron cloud of SAMSA 
ring with the Au25 core.

Fig. 1. UV-Vis spectra of Au25SG18, SAMSA and Au25-SAMSA in 
water. Inset shows the corresponding energy profile diagram of 

parent Au25 cluster showing all the possible transitions (a-c). 
Molecular structure of SAMSA is also given.

We studied the solid state emission of Au25-SAMSA. 
A 1x10-3 M solution of Au25-SAMSA was prepared in 
water and it was drop casted on a thin glass plate and 
dried at room temperature. Fig. 2A shows the solid 
state emission collected from SAMSA and Au25-
SAMSA. The emission maximum comes around 725 
nm, a red shift of 25 nm compared to the parent Au25

clusters. The red shift could be attributed to the strong 
electronic interaction between the SAMSA and Au25

core in the solid state.  This type of interaction 
between SAMSA and gold nanoparticles is known in 
the solid state.18 In addition to the emission at 725 nm, 
a new emission peak comes around 550 nm. This
could be from the SAMSA molecule sitting on Au25. 
Fig. 2B shows the inherent fluorescent image (10 µm x 
10 µm) of Au25-SAMSA collected using the emission 
peak at 725 nm. Solid state emission from Au25SG18

clusters has been reported before.17 This compound did 
not show any Raman features. It appears that Raman 
features were merged in the inherent fluorescence as 
the latter is much more intense. SAMSA is a 
fluorescein based dye with an aromatic ring. In the 
solution state the SAMSA will interact with gold 
clusters but the extent of interaction is very small due 
to less number of fluorophores per cluster. In solid 
state, both dye and gold core comes close to each 
other. This will lead the efficient interaction of gold 
clusters with the fluorophores.

Fig. 2.  (A) Solid state emission from SAMSA and Au25-SAMSA. 
(B) Inherent fluorescence image collected by the spectroscopic 

mapping of an area of 10 μm x 10 μm. 

We synthesized organic soluble Au25 clusters and 
characterized using UV-Vis spectroscopy. Fig. 3 
shows the UV-Vis spectra of Au25(SC2H2Ph)18 (in 
acetonitrile, 10-4 M) and Au25SG18 (water, 10-4 M). 

Organic Au25 clusters also show three distinct 
transitions and peak positions are matching exactly 
with those of water soluble Au25 clusters.  In both 
cases, the intra band transition comes around 672 nm. 
Inset shows an expanded view of the intra band 
transition. Schematic of the corresponding clusters is 
also given.   

Fig. 3. UV-Vis spectra of Au25(SC2H4Ph)18 and Au25SG18 in
acetonitrile and water, respectively. Inset shows an expanded 

region of intra band transition of organic Au25 clusters. Note that 
intra band transition comes at 672 nm in both the cases. Molecular 
structure of glutathione and schematic of the two clusters are also

given.

We studied the temperature dependence on the solid 
state emission of organic Au25 and it was compared 
with water soluble Au25 clusters (Fig. 4B).17
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Experiment was carried out at various temperatures 
from 80 K to 300 K at an interval of 10 K. At 80 K the 
emission intensity was very small and gradually 
increased with increasing temperature. But up to 160 
K, the increment in intensity was small and 
pronounced enhancement was observed only after 160 
K. The emission occurs at the same position 
throughout the temperature window indicating that 
there are no geometric changes in the system affecting 
its electronic structure. Coming to the decrease in the 
intensity of the fluorescence with decreasing 
temperature, the non-radiative relaxation channel 
becomes prominent with decrease in temperature. 
Although no explanation can be proposed, it suggests 
significant vibrational relaxation. However, no 
transition was detected in differential scanning 
calorimetry down to 173 K.

Fig. 4. (A and B) Temperature dependent solid state emission from 
Au25(SC2H4Ph)18  and Au25SG18. Note that the emission retained 

its intensity in both cases even after a complete cycle of the 
experiment. 

5. Conclusion

Ligand exchange reaction on Au25 was performed 
using a fluorescein based dye, SAMSA. Solid state 
emission of the exchange product was studied. This 
intense emission allows the optical imaging of the 
materials in the solid state. Organic soluble 
Au25(SC2H4Ph)18 clusters were synthesized as a model 
system and their temperature dependant solid state 
emission was studied in the 300-80 K window, in good 
agreement with water soluble Au25SG18 clusters. Solid 
state emission from these clusters was found to be 
temperature dependent and suggests hardening of 
phonons with decrease in temperature.
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