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S3. Experimental 

Optical extinction spectra were recorded using a Cary 50 spectrometer (Agilent 

Technologies). For measurement of the pH value a FiveGo F2 pH-meter (Mettler-Toledo) 

has been used.  

To study the pH influence on the hybrid nanostructures small amounts of diluted H2SO4 

have been added to the samples under vigorous stirring and subsequently pH value and 

extinction spectra have been measured. 

The temperature influence on the hybrid nanostructures has been investigated recording 

their extinction spectra with an 8453 spectrophotometer equipped with a Peltier 

temperature controller 89090A 8 (both Agilent). 

Photostability experiments have been carried out using a high intensity illuminator MI-

150 (Dolan-Jenner Industries) equipped with a low voltage halogen lamp 13629 (Philips). 

The irradiance was measured with a PMA2200 photometer (Solar Light). The samples 

were irradiated directly in a quartz cuvette and extinction spectra were recorded after 

certain time intervals. 

A transmission electron microscopy (TEM) image of nanorods obtained using transmission 

electron microscope FEG-TEM of type JEOL JEM-2100F UHR.  

S4. Chemicals 

Cyanine dyes 5,5′,6,6′-Tetrachloro-1,1′,3,3′-tetraethyl-imidacarbocyanine iodide (JC1), 

tetrachloroauric acid (HAuCl4), sodium borohydride (NaBH4), 

hexadecyltrimethylammonium bromide (CTAB), benzyldimethylhexadecylammonium 

chloride (BDAC), silver nitrate (AgNO3), hydrochloric acid (HCl), ascorbic acid (AA) 

were purchased from Sigma-Aldrich. 

S5. Synthesis of gold nanorods 

Gold nanorods were prepared using Ag-assisted seeded growth. Seeds were prepared by 

the reduction of HAuCl4 (5 mL, 0.25 mM) with NaBH4 (0.3 mL, 10 mM) in aqueous 

CTAB solution (100 mM). An aliquot of seed solution (0.12 mL) was added to a growth 

solution containing CTAB (50 mL, 100 mM), HAuCl4 (0.5 mL, 50 mM), ascorbic acid 



(0.4 mL, 100 mM), AgNO3 (0.6 mL, 10 mM) and HCl (0.95 mL, 1000 mM). The mixture 

was left undisturbed at 30 ºC for 2 h. The solution was centrifuged twice (8000 rpm, 30 

min) and redispersed in BDAC (10 mM) to obtain a final concentration of gold equal to 

0.25 mM. The maximum of LSPR of the initial gold nanorods was 860 nm. 

S6. Preparation of J-aggregates and formation of hybrid nanostructures 

J-aggregates of the JC1 dye form spontaneously upon dissolution of this dye in water at 

pH8. The production of the hybrid Au@Ag nanorods and J-aggregates system relies upon 

the electrostatic interactions between the anionic groups of the J-aggregates and the 

cationic sites of stabilizing agent CTAB at the surface of bare Au nanorods. An aliquot 

of ethanol solution of JC1 (20 µL, 0.774 mM) was added to the solution of gold nanorods 

(2 mL, [Au] = 0.5 mM, [CTAB] = 1mM) under stirring, followed by the addition of NaOH 

(20 µL, 0.1 M). The solution was left stirring for the next 10 minutes. The sample was 

centrifuged (6000 rpm, 20 minutes) and redispersed in Mili-Q water.  

Z-potential studies of Au nanorods reveal positive potential even after their integration 

with J-aggregates. This implies that surface charge provided by a stabilizer is not 

compensated by the charge of J-aggregates and prevails in the hybrid system ensuring 

colloidal stability. 

S7. Spectral characterization 

 

Figure S1. Extinction spectra of as-prepared and aged solutions containing hybrids 

from JC1-based J-aggregates with gold nanospheres (A) and nanorods (B). 

 



 

Figure S2. Evolution of extinction spectra of a pure aqueous JC1 solution upon decrease 

of the pH value. 

 

 

 


