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Table S1. MS-CASPT2 excitation energies (eV) of [Ag2-Py]0 cluster.a 

State Configurationb wc Qd fe ΔEf ΔEh 

1A1 Ref. Conf 

(5s+)1(5s-)1 

72 

16 

+0.1 - -  

2A1 (5s+)1(5s-)1 

Ref. Conf 

68 

15 

+0.1 0.659 3.01  

1B1 CT0 (5s+)1(π∗
CNC)1 88 -0.7 9.0 10-05 3.54 3.30 

1A2 CT1 (5s+)1(π∗
C=C)1 

(5s+)1(π∗
C=C)1 

70 

15 

-0.7 0 4.05 3.95 

1B2 (πC=C)1(π∗
CNC)1 

(πCNC)1(π∗
C=C)1 

49 

22 

+0.1 2.0 10-02 5.22  

2B1 S1g (n)1(π∗
CNC)1 83 +0.0 1.0 10-02 5.54  

aReference active space 10 electrons in 9 orbitals. Geometry optimized at the CAS-SCF level. 
bReference configuration: 

(n)2(5s+)2(πρing;1b1)2(πCNC;2b1)2(πC=C;1a2)2(5s-)0(π*
CNC;3b1)0(π*

C=C;2a2)0(π*
ring;4b1)0 

cWeight of the perturbatively modified wave function. 
dMülliken charge on the adsorbate. 
eOscillator strength. 
fExcitation energy in eV. 
hM06-HF excitation energy in eV. 

 
gFirst excited state of the neutral pyridine. 
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Table S2. MS-CASPT2 excitation energies of [Ag3-Py]0 cluster.a 

State Configurationb wc Qd fe ΔEf 

12A1 Ref. Conf. 86 +0.1 
 

 

22A1 (5s+)1(5sn)2 81 +0.2 0.12 1.34 

1B1 CT0 (5sn)0(π∗
CNC)1 81 -0.6 3.43 10-5 2.52 

32A1 (5sn)0(5s-)1 73 +0.2 0.84 2.84 

12A2 CT1 (5sn)0(π∗
C=C)1 80 -0.7 0 3.25 

2B1 CT0' (5s+)1(π∗
CNC)1 

(n)1(π∗
CNC)1 

77 

11 

-0.6 1.99 10-4 3.57 

22A2 CT1' (5s+)1(π∗
C=C)1 87 -0.8 0 4.21 

42A1 (πC=C)1(π∗
C=C)1 

(πCNC)1(π∗
CNC)1 

58 

22 

+0.1 7.89 10-6 4.24 

12B2 (πC=C)1(π∗
CNC)1 78 +0.1 2.88 10-6 4.36 

52A1 (5s+)1(5s-)1 79 +0.2 4.86 10-4 4.37 

3B1 CT0'' (5s+)1(π∗
CNC)1 76 -0.3 1.59 10-5 4.47 

62A1 (πCNC)1(π∗
CNC)1 

(πC=C)1(π∗
C=C)1 

57 

20 

+0.1 2.68 10-6 4.72 

42B1 S1g
 (n)1(π∗

CNC)1 

(n)1(5s+)1(5sn)2(π∗
CNC)1 

63 

14 

-0.2 1.19 10-3 4.86 

aReference active space 11 electrons in 10 orbitals. Geometry optimized at the CAS-SCF level. 
bReference configuration: 

(n;a1)2(5s+;a1)2 (5sn;a1)1(πρing;1b1)2(πCNC;2b1)2(πC=C;1a2)2(5s-)0(π*
CNC;3b1)0(π*

C=C;2a2)0(π*
ring;4b1)0. 

cWeight of the perturbatively modified wave function. 
dMülliken charge on the adsorbate. 
eOscillator strength. 
fExcitation energy in eV. 
gFirst excited state of isolated neutral pyridine. 
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Table S3. MS-CASPT2 excitation energies (eV) of [Ag3-Py]- cluster.a 

State Configurationb wc Qd fe ΔEf ΔEh 

1A1 Ref. Conf. 89 +0.1    

1B1 CT0 (5sn)1(π∗
CNC)1 90 -0.7 5.64·10-8 0.96 1.47 

11A2 CT1 (5sn)1(π∗
C=C)1 90 -0.8 0 1.51 1.88 

21B1 CT0' (5s+)1(π∗
CNC)1 90 -0.7 3.21·10-5 2.66  

21A2 CT1' (5s+)1(π∗
C=C)1 85 -0.76 0 3.22  

31B1 CT0' (5sn)1(π∗
ring)1 

(5sn)1(πC=C)1(π∗
CNC)1(π∗

C=C)1 

(5sn)1(πCNC)1(π∗
CNC)2 

(n)1(π∗
CNC)1 

22 

13 

- 

40 

-0.7 2.09·10-3 4.65  

41B1 S1g
 (n)1(π∗

CNC)1 

(5sn)1(π∗
ring)1 

(5sn)1(πC=C)1(π∗
CNC)1(π∗

C=C)1 

40 

26 

15 

0 9.94·10-3 4.81  

aReference active space 12 electrons in 10 orbitals. Geometry optimized at the CAS-SCF level. 
bReference configuration: 

(n;a1)2(5s+;a1)2 (5sn;a1)2(πρing;1b1)2(πCNC;2b1)2(πC=C;1a2)2(5s-)0(π*
CNC;3b1)0(π*

C=C;2a2)0(π*
ring;4b1)0. 

cWeight of the perturbatively modified wave function. 
dMülliken charge on the adsorbate. 
eOscillator strength. 
fExcitation energy in eV. 
gFirst excited state of isolated neutral pyridine. 
hM06-HF excitation energy in eV. 
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Table S4. MS-CASPT2 excitation energies (eV) of [Ag3-Py]+ cluster.a 

State Configurationb wc Qd fe ΔEf ΔEh 

11A1 Ref. Conf. 81 +0.2    

21A1 (5s+)1(5sn)1 81 +0.2 0.66 2.40  

21A1 (5s+)1(5sn)1 81 +0.2 2.76 10-5 2.40  

31A1 (5s+)0(5sn)2 

(5s+)1(5s-)1 

63 

17 

+0.2 6.26 10-4 3.62  

41A1 (5s+)1(πC=C)1(5sn)1(π∗
C=C)1 

(5s+)1(πCNC)1(5sn)1(π∗
CNC)1 

(5s+)1(5s-)1 

34 

35 

14 

+0.2 2.49 10-3 5.11  

51A1 (5s+)1(5s-)1 

(5s+)0(5sn)2 

(5s+)1(πC=C)1 (5sn)1(π∗
C=C)1 

49 

10 

25 

+0.2 1.92 10-4 5.03  

61A1 (5s+)1(πCNC)1(5sn)1(π∗
CNC)1 

(5s+)1(πC=C)1(5sn)1(π∗
C=C)1 

50 

25 

+0.2 1.92 10-4 5.64  

11B2 (πC=C)1(π∗
CNC)1 

(πCNC)1(π∗
C=C)1 

47 

19 

+0.2 3.35 10-2 4.90  

21B2 (5s+)1(πC=C)1(5sn)1(π∗
CNC)1 90 +0.2 3.08 10-4 4.98  

11A2 CTi (πC=C)1(5sn)1 82 +1.0 0 5.23  

11B1 CTi (πCNC)1(5sn)1 82 +1.1 1.51 10-3 5.39  

21B1 CT0 (5s+)1(π∗
CNC)1 

(n)1(5s+)1(5sn)1(π∗
CNC)1 

(5s+)0(5sn)1(π∗
CNC)1 

(n)1(π∗
CNC)1 

32 

16 

16 

12 

0.0 2.07 10-3 5.42 5.46 

31B1 S1 (n)1(π∗
CNC)1 

(n)1(5s+)1(5sn)1(π∗
CNC)1 

48 

24 

+0.1 5.89 10-3 5.87  

aReference active space 10 electrons in 10 orbitals. Geometry optimized at the CAS-SCF level. 
bReference configuration: 
(n;a1)2(5s+;a1)2 (5sn;a1)0(πρing;1b1)2(πCNC;2b1)2(πC=C;1a2)2(5s-)0(π*

CNC;3b1)0(π*
C=C;2a2)0(π*

ring;4b1)0. 
cWeight of the perturbatively modified wave function. 
dMülliken charge on the adsorbate. 
eOscillator strength. 
fExcitation energy in eV. 
gFirst excited state of isolated neutral pyridine. 
hM06-HF excitation energy in eV.
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Table S5. M06-HF excitation energies (A2 and B1 states) of [Ag2-Py]0 cluster.  
 

State Sym Configurationa wb  Qc  ΔEd fe 

S0 11A1 Ref. Conf.   0.12    
S3 11B1 

(CT0) 
(5s+)1(π∗

CNC)1 

(5s+)1(5p+)1 
0.40
0.07

 -0.34  3.30 0.1073 

S4 21B1 (5s+)1(5p+)1 

(5s+)1(π∗
CNC)1 

0.42
0.07

 -0.17  3.48 0.1668 

S5 11A2 
(CT1) 

(5s+)1(π∗
C=C)1 0,5  -0.72  3.95 0.0000 

S7 31B1 (5s+)1(5p-)1 0,49    4.26 0.0624 
S10 41B1 (n + dz(-))1(π∗

CNC)1 

(n - dz(-))1(π∗
CNC)1 

(n + dz(+))1(π∗
CNC)1 

(n + dz(-))1(5p+)1 

(5s+)1(π∗
CNC)1 

(n + dz(-))1(π∗
ring)1 

0.27
0.08
0.04
0.02
0.02
0.02

 -0.04  5.14 0.0037 

S13 51B1 (5s+)1(6p+)1 

(5s+)1(5p+)1 
0.43
0.01

   6.35 0.0123 

         

 

aReference configuration: 
 (n;a1)2(5s+;a1)2 (5s-;a1)2(πρing;1b1)2(πCNC;2b1)2(πC=C;1a2)2(5s-)0(π*

CNC;3b1)0(π*
C=C;2a2)0(π*

ring;4b1)0. 
bWeight of the configuration 
cMülliken charge on the adsorbate. 
dExcitation energy in eV. 
eOscillator strength.
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Table S6. M06-HF excitation energies (A2 and B1 states) of [Ag3-Py]+ cluster.  
 

State Sym Configurationa wb   Qc  ΔEd fe 

S0 11A1 Ref. Conf.   0.21    
S4 11B1 (5s+)1(5px(+))1 0.48  0.21  4.31 0.3613 
S6 21B1 (5s+)1(5px(n) + π∗

CNC)1 

(5s+)1(π∗
CNC + 5px(n))1 

(5s+)1(6px)1 

0.29
0.19
0.01

 0.20  4.98 0.0248 

S8 31B1 
(CT0) 

(n)1(π∗
CNC + 5px(n))1 

(5s+)1(5px(n) + π∗
CNC)1 

(5s+)1(π∗
CNC + 5px(n))1 

(n)1(π∗
CNC + 5px(n))1 

(n)1(π∗
ring )1 

0.18
0.10
0.09
0.05
0.02

 -0.04  5.46 0.0069 

S11 41B1 
(CT0') 

(5s+)1(π∗
CNC + 5px(n))1 

(dxz(-))1(5sn)1 

(5s+)1(5px(n) + π∗
CNC)1 

(n)1(π∗
CNC + 5px(n))1 

(πCNC )1(5sn)1 

(n)1(5px(n) + π∗
CNC)1 

0.15
0.12
0.07
0.06
0.03
0.02

 -0.1  5.93 0.0037 

S12 51B1 (dxz(-))1(5sn)1 

(n)1(π∗
CNC + 5px(n))1 

(5s+)1(π∗
CNC + 5px(n))1 

(5s+)1(5px(n) + π∗
CNC)1 

(5s+)1(5px(-) )1 

(n)1(5px(n) + π∗
CNC)1 

0.23
0.07
0.05
0.03
0.02
0.02

 0.03  5.98 0.0138 

S14 11A2 (πC=C)1(5sn)1 

(πC=C)1(5s-)1 
0.44
0.04

 

   6.07 0.0000 

S15 21A2 (4dxy)1(5sn)1 

(4dxy)1(5pz(-))1 

(4dxy)1(5pz(+))1 

(4dxy)1(5s-)1 

0.43
0.03
0.02
0.02

   6.14 0.0000 

S20 31A2 
(CT1) 

(5s+)1(π∗
C=C)1 

(n)1(π∗
C=C)1 

0.47
0.03

 -0.55  6.38 0.0000 

 

aReference configuration: 
 (n;a1)2(5s+;a1)2 (5sn;a1)0(πρing;1b1)2(πCNC;2b1)2(πC=C;1a2)2(5s-)0(π*

CNC;3b1)0(π*
C=C;2a2)0(π*

ring;4b1)0. 
bWeight of the configuration 
cMülliken charge on the adsorbate. 
dExcitation energy in eV. 
eOscillator strength. 
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Table S7. M06-HF excitation energies (A2 and B1 states) of [Ag3-Py]- cluster.  
 

State Sym Configurationa wb  Qc  ΔEd fe 

S0 11A1 Ref. Conf.   0.06    
S1 (CT0) 
 

11B1 (5sn)1(π∗
CNC)1 

(5s+)1(π∗
CNC)1 

0.42
0.07

 -0.78  1.47 0.0000 

S2 (CT1) 11A2 (5sn)1(π∗
C=C)1 

(5s+)1(π∗
C=C)1 

0.43
0.06

 -0.82  1.88 0.0000 

S4 21B1 (5sn)1(5px+)1 

(5sn)1(5pxn)1 

(5sn)1(5px + 5dxz)1 

0.42
0.04
0.04

 0.07  2.07 0.0046 

S8 31B1 (5sn)1(5pxn)1 

(5sn)1(5px+)1 

(5s+)1(5px+)1 

(5sn)1(5px + 5dxz)1 

0.40
0.05
0.03
0.02

 0.08  2.96 0.3900 

S10 41B1 (5s+)1(5px+)1 

(5s+)1(π∗
CNC)1 

(5sn)1(5pxn)1 

(5s+)1(5px + 5dxz)1 

(5sn)1(π∗
CNC)1 

0.34
0.08
0.02
0.02
0.01

 -0.09  3.50 0.0730 

S12 
(CT0') 

51B1 (5s+)1(π∗
CNC)1 

(5s+)1(5px+)1 

(5sn)1(π∗
CNC)1 

(5s+)1(5pxn)1 

0.31
0.10
0.06
0.01

 -0.62  3.61 0.0557 

S14 61B1 (5sn)1(5px + 5dxz)1 

(5s+)1(5pxn)1 

(5sn)1(5pxn)1 

(5s+)1(π∗
CNC)1 

(5s+)1(5px+)1 

0.34
0.09
0.04
0.02
0.01

 0.03  3.65 0.1803 

S15 
(CT1') 

21A2 (5s+)1(π∗
C=C)1 

(5sn)1(π∗
C=C)1 

0.43
0.06

 -0.86  3.88 0,0000 

S19 71B1 (5s+)1(5pxn)1 

(5sn)1(5px + 5dxz)1 

(5sn)1(5px+)1 

0.38
0.08
0.02

 0.08  4.25 0.0074 

S20 81B1 (n+dz2(-))1(π∗
CNC)1 

(n+dz2(+))1(π∗
CNC)1 

(n-dz2(n))1(π∗
CNC)1 

(n-dz2(+))1(π∗
CNC)1 

(5s+)1(π∗
CNC)1 

(n+dz2(-))1(π∗
ring)1 

0.15
0.10
0.09
0.07
0.01
0.01

 -0.08  4.61 0.0035 

S23 91B1 (5s+)1(5px + 5dxz)1 

(5s+)1(5px+)1 
0.46
0.01

 0.07  5.01 0.0250 

 

aReference configuration: 
(n;a1)2(5s+;a1)2 (5sn;a1)2(πρing;1b1)2(πCNC;2b1)2(πC=C;1a2)2(5s-)0(π*

CNC;3b1)0(π*
C=C;2a2)0(π*

ring;4b1)0. 
bWeight of the configuration 
cMülliken charge on the adsorbate. 
dExcitation energy in eV. 
eOscillator strength. 
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Table S8. M06-HF excitation energies (A2 and B1 states) of [Agn-Py]q clusters. 
Cluster State  Configuration wa  Qb  ΔEc fd 

Ag3
- GS (S0) 11A1 Ref. Conf.   0.06    

 CT0 (S1) 11B1 (5sn)1(π∗
CNC)1 

(5s+)1(π∗
CNC)1 

0.42
0.07

 -0.78  1.47 0.0000 

 CT1 (S2) 11A2 (5sn)1(π∗
C=C)1 

(5s+)1(π∗
C=C)1 

0.43
0.06

 -0.82  1.88 0.0000 

 S1 (S20) 81B1 (n+dz2(-))1(π∗
CNC)1 

(n+dz2(+))1(π∗
CNC)1 

0.15
0.10

 -0.08  4.61 0.0035 

Ag5
- GS (S0) 11A1 Ref. Conf.   0.07    

 CT0 (S2) 11B1 (5sn)1(π∗
CNC)1 

(5s+-)1(π∗
CNC)1 

0.34
0.11

 -0.73  2.00 0.0004 

 CT1 (S5) 11A2 (5sn)1(π∗
C=C)1 

(5s+-)1(π∗
C=C)1 

0.37
0.10

 -0.79  2.45 0.0000 

 S1 (S31) 121B1 (n)1(π∗
CNC)1 0.15  -0.19  4.82 0.0005 

Ag7
- GS (S0) 11A1 Ref. Conf.   0.09    

 CT0 (S2) 11B1 (5sn)1(π∗
CNC)1 

(5s+-+)1(π∗
CNC)1 

0.27
0.13

 -0.68  2.37 0.0013 

 CT1 (S9) 11A2 (5sn)1(π∗
C=C)1 

(5s+-+)1(π∗
C=C)1 

0.3
0.13

 -0.77  2.85 0.0000 

 S1 (S44) 161B1 (n)1(π∗
CNC)1 0.21  -0.09  4.94 0.0051 

Ag2
0 GS (S0) 11A1 Ref. Conf.   0.12    

 CT0 (S3) 11B1  (5s+)1(π∗
CNC)1 

(5s+)1(5p+)1 
0.40
0.07

 -0.34  3.30 0.1073 

 CT1 (S5) 11A2  (5s+)1(π∗
C=C)1 0.5  -0.72  3.95 0.0000 

 S1 (S10) 41B1 (n + dz(-))1(π∗
CNC)1 0.27  -0.04  5.14 0.0037 

Ag7
+ GS (S0) 11A1 Ref. Conf.   0.18    

 CT0 (S21)71B1 (5s+-+)1(π∗
CNC)1 0.16  -0.24  4.86 0.0150 

 CT1 (S27)11A2 (5s+-+)1(π∗
C=C)1 

(5s+-)1(π∗
C=C)1 

0.34
0.13

 -0.64  5.51 0.0000 

 S1 (S33) 111B1 (n)1(π∗
CNC)1 0.23  0.00  5.62 0.0027 

Ag5
+ GS (S0) 11A1 Ref. Conf.   0.19    

 CT0 (S14) (5s+-)1(π∗
CNC)1 

(5s++)1(π∗
CNC)1 

(n)1(π∗
CNC)1 

0.29
0.08
0.06

 -0.34  5.08 0.0072 

 CT1 (S22) (5s+-)1(π∗
C=C)1 

(5s++)1(π∗
C=C)1 

0.41
0.08

 -0.62  5.80 0.0000 

 S1 (S19)  (n)1(π∗
CNC)1 

(5s+-)1(π∗
C=C)1 

0.25
0.08

 -0.04  0.00 0.0013 

Ag3
+ GS (S0) 11A1 Ref. Conf.   0.21    

 CT0 (S11)41B1 (5s+)1(π∗
CNC + 5px(n))1 

(dxz(-))1(5sn)1 
0.15
0.12

 -0.1  5.93 0.0037 

 CT1 (S20)31A2  (5s+)1(π∗
C=C)1 

(n)1(π∗
C=C)1 

0.47
0.03

 -0.55  6.38 0.0000 

 S1 (S8) 31B1 (n)1(π∗
CNC + 5px(n))1 

(5s+)1(5px(n) + π∗
CNC)1 

0.18
0.10

 -0.04  5.46 0.0069 

aWeight of the configuration. 
bMülliken charge on the adsorbate. 
cExcitation energy in eV. 
dOscillator strength. 
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