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Instrumental set-up and photophysical methods 
Spectrofluorimetric grade solvents were used for the photophysical investigations in 

solution, at room temperature. Solid samples are prepared by placing microcrystalline 
powder between two quartz windows, and spectra have been recorded in an instrumental 
front-face geometry.  

A Perkin Elmer Lambda 900 spectrophotometer was employed to obtain the absorp-
tion spectra.  

Steady-state emission spectra were recorded on a HORIBA Jobin-Yvon Fluorolog-3 
FL3-211  spectrometer equipped with a 450 W xenon arc lamp, double-grating excitation 
and single-grating emission monochromators (2.1 nm/mm dispersion; 1200 grooves/mm), 
and a Hamamatsu R928 photomultiplier tube. Emission spectra are confirmed by excita-
tion ones. Emission and excitation spectra were corrected for source intensity (lamp and 
grating) and emission spectral response (detector and grating) by standard correction 
curves [9-11].  

Time-resolved measurements were performed using the time-correlated single-pho-
ton counting (TCSPC) option on the Fluorolog 3. NanoLED at 265 nm, fwhm <1.0 ns with 
repetition rate at 1 MHz, was used to excite the sample. Excitation sources were mounted 
directly on the sample chamber at 90° to a single-grating emission monochromator (2.1 
nm/mm dispersion; 1200 grooves/mm) and collected with a TBX-04-D single-photon-
counting detector. The photons collected at the detector are correlated to the excitation 
pulse by a time-to-amplitude converter (TAC). Signals were collected using an IBH Data 
Station Hub photon-counting module, and data analysis was performed using the com-
mercially available DAS6 software (HORIBA Jobin Yvon IBH). Goodness of fit was as-
sessed by minimizing the reduced Chi squared function (χ2) and visual inspection of the 
weighted residuals. 

Emission quantum yields were determined using the optically dilute method on aer-
ated solutions which absorbance at excitation wavelengths was < 0.1; 2-aminopyridine in 
ethanol was used as standard (Φ = 0.37) [12]. 

The experimental uncertainty on the molar extinction coefficients is 1%, while on the 
emission quantum yields is 5%. The examined compounds are fairly stable in solution, as 
demonstrated by the constancy of their absorption spectra over a week. 

Micro-Raman spectra [13-16] were collected using a Horiba-Jobin Yvon [17] micro-
probe apparatus with spectral resolution ~2 cm-1, equipped with a CCD (256 x 1024 pixels) 
detector cooled at −70°C. The spectra were collected by using two laser sources: a 532 nm 
line of a diode laser, with an emitted power of 50 mW and a 633 nm line of He-Ne laser 
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with an emitted power of 17 mW power, equipped with edge/notch filters. The solutions 
have been characterized by using the 4× and 20× Mplan Olympus objectives while the 
films have been characterized by using the 50x Mplan Olympus objective, focusing a laser 
spot of about 1 μm of apparent diameter. To avoid structural changes due to laser heating, 
a 0.3-OD filter has been used to collect Raman spectra: the actual intensity of the transmit-
ted radiation is 50% of the intensity of the laser emitted radiation. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S1. Extinction spectrum of AuNRCTAB in water (black line) and of AuNRPEG-SH in dichloromethane 
(red line). 
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Figure S2. Extinction spectrum of AuNSSC in water. 

 

 

 

Figure S3. TEM images of the obtained nanoparticles (see § 2.3 in the main text) before the selective precip-
itation (a); after precipitation: supernatant (b) and precipitate (c) 

 

 

Figure S4. Extinction spectra of nanoparticles solutions before the selective precipitation (red line); after 
precipitation: supernatant (blue line) and precipitate (black line) containing AuNTCTAC purified nanoparticles 
(see Figure S3 for the correspondent TEM image). 
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Figure S5. Absorption spectrum of Bpy-SH in diluted dichloromethane solution (1.3 E-5 M). 

240 260 280 300 320 340 360 380 400
0,00

0,05

0,10

0,15

0,20

0,25

0,30

 

 

Ab
s

wavelength/nm
 

Figure S6. Absorption spectrum of 2,2’-bipyridine in diluted dichloromethane solution (1.3 E-5 M). 
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Figure S7. Emission spectra of Bpy-SH dichloromethane solutions at various concentrations (λex = 306 nm) 
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Figure S8. Excitation spectrum of Bpy-SH@AuNR in water solution (λem = 350 nm) 
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The attribution of the Raman modes has been quite difficult, because in literature it 
has been not possible to find the theoretical Raman spectra of the Bpy-SH with the nitro-
gen atoms in configuration trans. Anyway, a tentative attribution of the Raman bands 
shown in the spectra of Figure 2 has been done by comparison with others comparable 
systems and it has been reported in Table S1. 
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Table S1. Raman modes attribution of Bpy-SH in powder sample. 

Raman mode  
(cm-1) Assignment [1] Assignment [2] Assignment [3] Assignment [4] 

392  Sym Au - ν7 ring o.p def (out of plane 
modes)   

431 τ(CCCC)16b' (Out of 
plane Vibration) 

Sym Ag – ν14 interring i.p. bend (In plane 
modes)   

462 β(C'C)15' (In plane Vi-
bration)    

569 π(CCα)10a (Out of plane 
Vibration) 

Sym Bu - ν6 ring o.p. def+interring o.p. 
bend+CH o.p. bend (out of plane modes)   

631 β(CCC)6b' (In plane Vi-
bration) 

Sym Ag - ν13 ring i.p. def (In plane modes) 
+ Sym Bu - ν13 ring i.p. def (In plane 

modes) 
  

660  Sym Bu - ν15 ring i.p. def (out of plane 
modes) Ring i.p. def. Ring i.p. def. 

713   Ring breath Ring breath 

777 τ(CCCC)4' (Out of plane 
Vibration) 

Sym Ag - ν12 ring i.p. def. (In plane modes) 
+ Sym Au – ν5 ring o.p. def+interring o.p. 
bend+CH o.p. bend (out of plane modes) 

  

793  Sym Au - ν4 CH o.p. bend (out of plane 
modes)   

843 β(CCC)12' (In plane Vi-
bration) 

Sym Bg - ν4 interring o.p. bend+CH o.p. 
bend (out of plane modes) CH o.p. bend CH o.p. bend 

1020  Sym Bu - ν12 ring i.p. def + ring str (In 
plane modes)   

1120 β(CH)18a' (In plane Vi-
bration) Sym Bu - ν8 CH i.p. bend (In plane modes) CH i.p. def. + ring 

str CH i.p. def. + ring str. 

1216    CH2 Wagging 

1241 ν(C-C)19a (In plane Vi-
bration) Sym Ag - ν7 ring str (In plane modes) 

Inter-ring stretch + 
ring str. + CH i.p. 

def 

Inter-ring stretch + 
ring str. + CH i.p. def 

1261  Sym Bu – ν5 + ν7 ring str + CH i.p. bend (In 
plane modes)   

1304  Sym Ag - ν6 interring str+ring str+ring i.p. 
def (In plane modes)   

1323  Sym Ag - ν5 CH i.p. bend + interring i.p. 
bend (In plane modes) 

Inter-ring str. + 
ring str. + CH i.p. 

def. 

Inter-ring str. + ring 
str. + CH i.p. def. 

1407  Sym Bu - ν4 CH i.p. bend + ring str (In 
plane modes) CH2 Wagging CH2 

Wagging 

1498 ν(C-C)19a (In plane Vi-
bration) 

Sym Ag – ν3 CH i.p. bendCring str (In 
plane modes) 

CH i.p. def. + ring 
str CH i.p. def. + ring str. 

1596 ν(C-N)8b (In plane Vi-
bration) Sym Ag - ν1 ring str (In plane modes) Ring str. Ring str. 

2566 ν(S-H) [5]    
2937 ν(CH2 asym) [5]    

i.p., in-plane; o.p., out-of-plane; def, deformation; str, stretching. 
 

The spectra collected on PEG-SH powder is shown in Figure S9 in order to be used 
as reference for the Raman study performed on the others samples. 
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Figure S9. Raman spectrum of PEG-SH in powder sample collected in the ranges between 150 and 1600 cm-

1 and between 2400 and 3100 cm-1 (laser source at 532 nm) 

In table S2 is reported the assignment of each Raman band of the spectra of figure S9 
collected on the PEG-SH powder. Such assignment has been done by comparison with 
similar substance since it was not possible to find a theoretical spectrum of the Polyeth-
ylene glycol 2-mercaptoethyl methyl ether (PEG-SH). Nevertheless, the attribution fit very 
well with the experimental spectrum. 

Table S2. PEG-SH Raman modes and their attribution. 

Raman mode (cm-1) Assignment [6] 
279 Sym A1; δ (COC)i, δ (COC) 
362 Sym E1; δ (COC)0, δ (OCC)i 
534 Sym E1; δ (OCC)0, 
583 Amorphous aggregation state 
845 Sym E1; r (CH2)0, 
861 Sym A1; r (CH2)i, ν (CO)i 
932 Amorphous aggregation state 

1065 Sym E1; r (CH2)i, ν (CO)i 
1129 Sym A1; ν (CC), ω (CH2) 
1145 Sym A1; ν (CO)0, 
1236 Sym E1; t (CH2)i, t (CH2)0 
1282 Sym E1; t (CH2)i, t (CH2)0 
1400 Sym A1; ω (CH2)i, ν (CC), 
1450 Sym E1; δ (CH2)i, 
1483 Sym A1; δ (CH2)i, 
2577 ν (S-H stretching) [5,7] 

2846 ν (CH2 stretching) [5,7,8] 

2893 ν (CH2 stretching) [5,7,8] 

Raman spectra have been collected also on gold nanorods functionalized by PEG-SH 
dispersed in water (AuNRPEG-SH). In figure S10 it is shown the Raman spectra collected on 
AuNRPEG-SH by the laser source at 532nm in the ranges between 200 and 1800 cm-1 and 
between 2500 and 3800 cm-1.  
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Figure S10. Raman spectrum of PEG-SH in powder sample collected in the ranges between 150 and 1600 
cm-1 and between 2400 and 3100 cm-1 (laser source at 532 nm) 

 

As it is possible to see in figure S10, there are many small Raman bands that fall below 
1200 cm-1 which can be assigned to the PEG-SH. The typical Raman bands of the cetyltri-
methylammonium bromide (CTAB) [18] at 763 cm-1, 962 cm-1 and 2847 cm-1 are not detect-
able. It means that the CTAB has been completely removed during the synthesis of the 
AuNRPEG-SH samples [19-22]. The others two bands at 3281 cm-1and 3416 cm-1 (Figure S10) 
are assigned to the O-H stretching of the solvent H2O [23].  
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