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Plasmon-polariton excitations of metal nanoparticles can couple to vibrational excitations of similar 

energies, which enables strong vibrational signal enhancement in the infrared (IR). Due to the highly 

localized and enhanced near field of a nanostructure, vibrational signals appear up to several orders of 

magnitudes stronger than the signals in purely vibrational systems [1]. Additional signal enhancement is 

theoretically predicted and can be achieved by exploiting the 

extraordinary field enhancement of two antennas interacting 

across a very small gap in the nm range. 

Since the preparation of gaps by conventional electron beam 

lithography is limited in the nm range, we applied photo-

chemical induced metal deposition [2] to narrow the gap 

between two lithographically prepared nanorods. Covering 

the nanoantennas on the substrate with a solution of HAuCl4 

and selectively illuminating them with laser light, leads to a 

reduction of the gold salt. As a result, the nanorods grow and 

the gap shrinks. This process can be monitored with IR 

microscopic spectroscopy. In this contribution, we show 

changes of the optical properties of nanorods that were 

grown by this method and correlate them with geometrical 

changes imaged by scanning electron microscopy. Figure 1a 

shows a selection of different antenna dimers with 

decreasing gap sizes down to 4 nm. By narrowing the gap 

the inter particle coupling is increased which leads to a red 

shift of the fundamental excitation. In addition to the red 

shift a second peak is visible in the spectra which can be 

assigned to the antibonding combination of the l=1 

excitations of the two antenna arms. In the talk we will 

discuss the appearance of all different excitations and their 

origin. 

The dimers with shrunken gaps were covered with a 5 nm-

thick layer of an organic molecule (CBP) which was used as 

a near field probe in order to investigate the SEIRS activity 

in dependence of the gap size. Figure 1b shows the 

vibrational signals of this layer enhanced by a dimer 

featuring a gap size of approximately 8 nm. In the talk we 

will discuss the additional enhancement of molecular 

vibrations which can be obtained by using small gaps as a 

substrate for surface enhanced infrared spectroscopy. 
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Figure 1: (a) Relative transmittance of an 

individual nanoantenna (blue), nanoantenna 

dimers with decreasing gap sizes (20 nm down 

to below 4 nm) from top to bottom (black), and 

a merged nanoantenna dimer (red). The mode 

notations “a” and “b” refer to the antibonding 

and bonding combinations, respectively. [3] (b) 

Single nanoantenna dimer covered with a thin 

layer of CBP molecules acting as a near field 

probe. 
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