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Table S1. Details of excited state energies, oscillator strength and type of transitions.* refers to selected 
CT state.

BP86 State number Energy (eV) Oscillator 
strength

Type of 
transition

Δ𝑞𝑐𝑙𝑢𝑠𝑡𝑒𝑟𝑠0→𝑠𝑛

1 1.64 0.0007 CT -0.76
2 1.80 0.0020 CT* -0.74
3 2.13 0.0000 CT -0.77
4 2.31 0.0000 CT -0.80
5 2.34 0.0119 IC +0.03
6 2.47 0.0006 IC +0.02
7 2.77 0.0006 IC +0.00
8 3.03 0.0104 IC+CT -0.31
9 3.10 0.0188 CT -0.02

10 3.18 0.0000 IC
11 3.19 0.0123 CT
12 3.26 0.1174 CT
13 3.28 0.0011 CT
14 3.32 0.6527 CT+IC
15 3.34 0.0000 IC
16 3.40 0.0039 CT
17 3.42 0.0000 CT
18 3.44 0.0000 CT
19 3.45 0.8544 IC+CT

Py-Ag6

20 3.50 0.0000 CT
1 1.65 0.0002 CT
2 1.67 0.0035 CT
3 1.69 0.0010 CT+IC
4 1.71 0.0046 CT+IC
5 1.73 0.0001 CT+IC
6 1.74 0.0002 CT+IC
7 1.75 0.0002 CT+IC
8 1.76 0.0004 IC
9 1.80 0.0001 CT

10 1.82 0.0003 CT
11 1.84 0.0053 CT+IC
12 1.87 0.0018 CT+IC
13 1.90 0.0018 CT+IC
14 1.91 0.0001 CT+IC
15 1.92 0.0046 IC
16 1.92 0.0047 CT+IC
17 1.96 0.0115 IC
18 1.99 0.0000 IC
19 2.03 0.0010 CT+IC

Py-Ag20

20 2.06 0.0002 IC

BHandHLYP State number Energy (eV) Oscillator 
strength

Type of 
transition

Py-Ag6 1 2.67 0.0037 IC



2 2.68 0.0396 IC
3 3.04 0.0046 IC
4 3.15 0.2211 IC
5 3.17 0.0000 IC
6 3.30 0.0594 CT*
7 3.33 0.0000 IC
8 3.54 1.4287 IC+CT
9 3.72 1.6802 IC+CT

10 3.85 0.0000 CT



Table S2. Magnitude of excited state gradients of , and  transitions of Py-Ag6 and 𝑠0→𝑠𝐶𝑇1 𝑠0→𝑠𝐼𝐶 𝑠0→𝑠𝐼𝐶+ 𝐶𝑇

transition of Py-Ag20.𝑠0→𝑠𝐶𝑇1

Py-Ag6 Py-Ag20
𝑠0→𝑠𝐶𝑇1 𝑠0→𝑠𝐶𝑇1

 
𝑠0→𝑠𝐶𝑇2

𝑠0→𝑠𝐼𝐶

𝑠0→𝑠𝐼𝐶+ 𝐶𝑇



Table S3. Calculated dimensionless displacements of totally symmetric modes of Py adsorbed on silver 
electrode in different potentials.

External electric field a

+0.0030 +0.0015 0.0000 -0.0015 -0.0030 -0.0045 -0.0060 -0.0090
ν 6a 0.9766 0.9446 0.9168 0.8899 0.8652 0.8409 0.8176 0.7744
ν 9a 0.1606 0.8816 0.8753 0.8691 0.8636 0.8580 0.8527 0.8428BP86

ν 8a 0.9315 0.9255 0.9210 0.9161 0.9118 0.9070 0.9022 0.8928

External electric field a

0.0000 -0.0005 -0.0015 -0.0030 -0.0045 -0.0060 -0.0090
ν 6a 0.9351 0.9311 0.9211 0.8931 0.8639 0.8303 0.7572
ν 9a 0.9019 0.9000 0.8930 0.8922 0.8808 0.8645 0.8238BHandHLYP

ν 8a 0.8980 0.8984 0.8978 0.8909 0.8796 0.8634 0.8228

Mode Ref. 1 Ref. 2
In -0.5 V In -0.0 V -0.25 V -0.50 V -0.75 V -1.00 V

ν6a 0.0860 0.0000 0.0764 0.1107 0.2569 0.1996
ν9a 0.1405 0.1167 0.0940 0.1550 0.4725 0.3818
ν8a 0.1837 0.1499 0.1754 -0.1777 0.3463 0.1956

aDirection and magnitude of applied external electric field in atomic unit.



Table S4. Bond length of Ag-N, and also C1-N and C1-C2 in pyridine before and after adsorption on the 
clusters and in the external electric field.

E field

Py 0.0000

+0.0030

+0.0015

0.0000

-0.0015

-0.0030

-0.0045

-0.0060

Py-Ag6

-0.0090



Table S5. Vibrational energy distribution analysis for ν6a, ν8a and ν9a modes of Py-Ag6.

Field VEDA 
ν6a 11% BEND CCN, 27% BEND CCC, 39% BEND CNC
ν9a 24 STRE NC, 62% BEND HCC

0.0000

ν8a 42% STRE CC, 10% STRE NC
ν6a 11% BEND CCN, 26% BEND CCC, 39% BEND CNC
ν9a 24% STRE NC, 62% BEND HCC

-0.0015

ν8a 42% STRE CC, 10% STRE NC
ν6a 11% BEND CCN, 24% BEND CCC, 38% BEND CNC
ν9a 21% STRE NC , 64% BEND HCC

-0.0090

ν8a 43% STRE CC, 10% STRE NC



Fig. S1. Left panel: HOMO-LUMO gap of Py and Fermi level of pure clusters. It is apparent that Fermi level of selected 
cluster is between the HOMO-LUMO gap of Py. Numbers are the energy difference of Fermi level of metal cluster and 
LUMO energy of Py in eV. Right panel: HOMO-LUMO gap of Py and the combined systems.



Fig. S2. SERS spectra for a) , b) , c)  and d)  transitions of Py-Ag6, by BHandHLYP level of theory.𝑠0→𝑠𝐶𝑇1 𝑠0→𝑠𝐶𝑇2 𝑠0→𝑠𝐼𝐶 𝑠0→𝑠𝐼𝐶+ 𝐶𝑇



Fig. S3 SERS spectra for  transition of Py-Ag6 by BP86, BHandHLYP and CAM-B3LYP functionals in comparison to the 𝑠0→𝑠𝐶𝑇1
experiment.



Fig. S4. Deformed structures of Py-Ag6 upon totally symmetric normal modes in two compressed and extended frames 
displays in a and b part of the figure. c) Cartesian excited state gradient vectors of selected states of Py-Ag6. Contribution 
of each vibrational normal mode in the gradient vectors have been shown under the gradient vectors.



Fig. S5 Fitting of the model parameters of eq. 3 based on experimental data from Ref. 2 was has been performed. In 
general, the experimental dimensionless displacements are determined along with finding a set of parameters i.e. 
homogeneous broadening, excitation energy and transition dipole moments by fitting of the experimental relative 
intensities and peaks position.
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