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Table Captions  

Table S2 (ESI): Optimized parameters of the equilibrium geometry of 4-cyanopyridine 

Table S3 (ESI): Internal valence coordinates and scale factors used in the present work.

Table S4: Frequency vibration calculated by SFC, DFT, MP2 and SQM, Ir and Raman intensity of 4-CP, compared to the calculated and experimental results [13] and Topacli and Bayari[25].

Table S5 (ESI): Calculated vibrational frequencies of Au-NCPyr and Au-pyrCNmolecule (a) with and without electric field (b) and 4-CP (c).

Table S6 (ESI): Charge distribution in Au28/pyrCN and Au28/Ncpyr clusters (on-top configuration), compared to Au-pyrCN and Au-CNpyr molecules.

Table S7 (ESI): Bond indices in 4-CP, Au-Ncpyr, Au-Cnpyr, Au28/pyrCN and Au28/Ncpyr.


Name
Definition
SCF
DFT
MP2
[1, 2]
exp [3]




r1
R(2,1)
1.137}
1.164
1.188}
1.157
1.137


r2
R(3,2)
1.448}
1.435
1.444}
1.463
1.439


r3
R(4,3)
1.388}
1.401
1.409}
1.393
1.381


r4
R(6,4)
1.387}
1.394 
1.403}
1.387
1.383


r5
R(8,6)
1.322}
1.337 
1.350}
1.354
1.331


r6
R(9,4)
1.079}
1.090
1.094}
1.082
0.99


r7
R(11,6)
1.082}
1.095
1.096}
1.087
1.01



3’
A(2,3,4)
120.44}
120.68 
120.74} 
120.77
120.0}


3
A(4,3,5)
119.12}
118.63
118.53}
118.46
120.0}


4 
A(3,4,6)
117.78}
118.05
118.16} 
118.72 
117.5}


6
A(4,6,8)
123.67}
124.07
124.32}
124.20
123.9}


8
A(6,8,7)
117.96}
117.13
116.52}
115.71
117.3}


4
A(3,4,9)
121.22}
120.84
120.77}
120.80
119.5}


4’
A(6,4,9)
120.99}
121.11
121.07}
120.5
123.0}


6 
A(4,6,11)
119.96}
119.84
119.81}
119.8
121.1}


6’
A(8,6,11)
116.36}
116.08
115.88}
116.0
115.0}
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3 M. Laing, N. Sparrow, P. Sommerville, Acta Crystallogr. B27 (1986).

table S2 : Optimized parameters of the equilibrium geometry of 4-CP


S
definition
type
SF

In plane deformation
1
r6
C-H stretching
0.980171a


2
r’6b
C-H stretching   
0.980171a


3  
r7  
C-H stretching   
0.980171a


4  
r’7b
C-H stretching   
0.980171a


5  
r3
C-C stretching   
0.940373a


6  
r’3b
C-C stretching   
0.940373a


7  
r4  
C-C  stretching   
0.940373a


8  
r’4b
C-C stretching   
0.940373a



r5
C-N stretching
0.940373a 


10  
r’7b
C-N stretching   
0.940373a


11  
r1 
C-N stretching   
1.035393c


12  
r2
C-(CN) stretching   
0.988191c


13
13d
C-(CN) rocking
1.012131a


14
14d
C-H rocking
1.012131a 


15   
16d      
C-H rocking  
1.012131a


16   
17d     
C-H rocking  
1.012131a


17
15d
C-H rocking
1.012131a


18
1e     
b1u in plane ring deformation
1.010073a


19
2f  
e2g in plane ring deformation
1.010073a


20  
3g  
e2g in plane ring deformation   
1.010073a


21  
i    
in plane linear bending (ILB)   
1.425218c



out of plane deformation  
22  
0     
out of plane linear bending (OLB)
1.425218c


23   
4h    
C-H wagging  
1.016871a


24  
5h   
C-H wagging  
1.016871a


25   
6h    
C-H wagging   
1.016871a


26  
7h    
C-H wagging
1.016871a


27
8h 
C-(CN) wagging
1.016871a


28   
1i     
b2g out of plane ring deformation
1.017724b


29
2j     
e2u out of plane ring deformation
1.017724a


30
3k
e2gout of plane ring deformation
1.017724a

a from benzene

b r3',r4'...r7' are the symmetric elements of r3,r4...r7.

c From CH3-CN.

d With 13=2-1/2[3-3’]where 3 is the symmetric element of 3’ and similar definitions for 14,15, 16, 17, and 5,5’,7, 7’, the symmetric elements of 4,4’,6, 6’.

e  1= 6-1/2[3-4-5+6+7-8].

f  2= 12-1/2[23-4-5-6-7+28].

g  3= 2-1[4-5-6+7].

h  4=D(H9C4C3C6), 5=D(H10C6C6C6),6=D(H11C6C4N8),7=D(H12C7C(N8), ),8=D(C2C3C4C5).

i1=6-1/2[3-4-5+6+7-_ with 3=D(C5C3C4C6), 4=D(C3C4C6N8) 5=D(C4C3C5C7), 6=D(C4C6N8C7), 7=D(N8C7C5C3), 8=D(C5C7C6N8).

j2=6-1[-3+4+5-
k 1=12-1/2[3+24-5-6+7-.

Table S3

Internal valence coordinates and scales factors used in the present work.


SCFa
DFTa
MP2a
SQMa
IIRb
IRAb
PED
[13]
exp[25]
calc.[25]
ass.a





a1 modes

1
487
456
450
450
0.6
4.5
S19(61) S12(20)
455
461
449
5 

2
828
782
775
766
22.2
6.6
S1930) S12(24)S1(15)S2(15)
775
777
767
10

3
1089
1010
1002
970
5.2
25.5
S18(27)S5(22)S6(22)
987-991
992
1003
15

4
1171
1090
1085
1055
2.4
2.6
S18(35)S17(14)S17(14)
1065-1080
1084
1085
16

5
1303
1226
1222
1213
0.3
32.
S18(24)S12(18)S14(14)S1è(14)
1192-1200
1194
1175
18

6
1333
1248
1246
1218
3.8
5.0
S15(19)S16(19)S3(13)S4(13)
1226-1235
1236
1246
19

7
1658
1522
1513
1503
8.1
3.4 
S15(24)S16(24)S17(10) 
1487-1494
1493
1491
23

8
1804
1654
1643
1585
54.6
31.1
S3(20)S4(20)
1588-1592
1593
1593
25

9
2604
2356
2170
2231
17.5
213 
S11(74)S12(25)
2237-2244


26

10
3352
3177
3218
3154
7.8
89.4 
S19(46)S10(46)
3040-3052
3045
3047
28

11
3390
3227
3252
3187
0.6
199 
S7(48)S8(48)
3065-3076
3067
3074
29




a2 modes

1
432
376
375
381
0.0
0.0
S26(58)S28(37)  
368

381
3

2
972
887
886
901
0.0
0.8
S22(42)S25(42) 
871   

858  
12

3
1120
1006
988
1004
0.0
1.0
S23(37)S24(37)S22(10)S25(10)
965-980
974
965
14

b1 modes 

1
185
166
158
185
8.7
3.6
S13(56)S30(41)
170-190


2

2
617
564
538
641
0.7
4.0
S30(54)S13(28)
368-376d 

350d
6

3
734
680
674
685
0.0
5.4
S20(78)
660-669
663
654
8

4
1155
1106
1101
1068
20.0
7.9
S3(21)S4(21)S14(17)S17(17)
1102-1108
1113
1126
17

5
1241
1315
1336
1323
12.9 
9.6
S14(24)S17(24)S15(11)S16(11)
1208 
1206 
1220 
20

6
1450
1338
1395
1348
0.1
2.9
S5(31)S6(31)S15(10)S16(10)
1323-1335
1336
1325 
21

7
1551
1439
1456
1430
31.5
1.6 
S3(23)S4(23)S15(20)S16(20)
1407-1412
1412
1402
22

8
1761
1613
1597
1533
30.7
2.3
S1(26)S2(37)S5(12)S6(12)  
1542-1552  
1545 
1559
23 

9
3350
3175
3216
3152
22.4
109 
S9(48)S10(48)
3022-3033
3029
3045
27

10
3389
3227
3252
3187
4.4
9.4 
S7(48)S10(48) 
3082-3091
3085
3065 
30 

b2 modes

1
163
145
140
153
8.9
0.1
S21(42)S28(26)S29(16)S26(10)
144-149

149
1

2
434
389
370
419
0.4
1.5
S28(47)S29(230S26(18)



4

3
638
585
615
659
29.6
5.6
S21(42)S29(43)S27(34)S21(26)
560-563
559
556
7

4
816
754
725
749
0.0
0.1
S21(42)S27(79)S26(16)
711-726
731
761
9

5
927
841
826
852
38.9
1.0
S21(42)S22(28)S25(28)S23(19)
822-829
827
840
11








S24(19)S21(14)

6
1088
986
965
981
0.9
0.7
S23(24)S24(24)S22(17)S25(17)
911
912
936
13








S27(12) 

a our work 

b  from our SCF calculations  

c  from SQM calculations; the weight of the S internal coordinate is in parentheses

d  it seems to us that it concerns the second b2 vibrational frequency}

Table S4: Vibrational frequencies of 4-cyanopyridine (cm-1}

     4-CP                     Au-Ncpyr                        Au-pyrCN




Fz=0
Fz<0
Fz>0

Fz=0
Fz<0
Fz>0

Fz=0
Fz<0
Fz>0










a1 modes

5
487.7
486.2
485.9
489.6
490.9
491.4
489.1
488.8
490.9


10
828.7
827.8
823.6
830.3
825.6
828.3
829.4
826.3
837.8


15
1089.0
1085.3
1088.6
1090.0
1088.7
1091.9
1092.1
1093.5
1087.6


16
1171.1
1168.0
1169.5
1176.9
1176.0
1177.7
1174.0
1173.9
1174.2


18
1303.3
1299.2
1300.4
1307.2
1306.4
1314.8
1309.9
1308.8
1312.1


19
1333.3
1341.7
1320.1
1334.7
1334.3
1331.2
1334.2
1336.6
1331.8


23
1657.9
1660.6
1651.0
1659.9
1658.1
1660.6
1658.8
1658.5
1659.2


25
1804.8
1800.7
1800.5
1809.1
1805.6
1812.5
1807.0
1803.8
1811.8


26
2604.5
2597.8
2600.6
2611.7
2606.0
2618.1
2612.1
2607.4
2616.4


28
3353.0
3354.9
3350.2
3359.4
3360.5
3357.8
3354.8
3354.0
3353.2


29
3390.0
3388.0
3391.2
3380.8
3382.5
3377.7
3380.5
3380.9
3381.9


a2 modes

3
431.8
420.9
431.5
444.2
455.0
444.9
445.2
443.7
445.6

12
972.4
967.7
971.8
971.3
968.3
974.4
972.4
969.5
974.5

14
1120.2
1128.8
1107.7
1124.7
1127.4
1123.0
1122.7
1124.6
1121.3

b1 modes

2
185.3
175.9
144.6
191.5
194.0
188.9
196.4
196.1
196.0

6
616.9
611.8
602.6
620.8
623.0
619.2
618.8
620.8
616.2

8
734.0
734.1
729.3
736.6
736.4
736.7
735.0
735.3
735.4

17
1154.9
1143.3
1157.0
1173.2
1171.4
1176.3
1174.5
1173.0
1175.7

20
1240.8
1230.4
1244.8
1252.5
1253.9
1252.2
1250.9
1253.8
1248.2

21
1450.1
1453.3
1442.0
1456.0
1455.7
1455.8
1455.9
1455.8
1456.3

22
1551.2
1560.0
1539.5
1563.9
1563.4
1563.6
1560.6
1559.0
1563.4

24
1760.8
1756.1
1758.4
1758.9
1759.2
1758.9
1755.1
1757.6
1754.0

27
3350.6
3352.9
3347.6
3360.7
3362.0
3358.5
3356.2
3355.7
3354.5

30
3389.3
3387.3
3390.6
3388.2
3388.9
3387.3
3385.7
3385.2
3387.1

b2 modes

1
162.8
150.6
131.4
167.5
174.2
164.6
174.8
173.3
173.2

4
433.6
430.5
415.6
438.8
443.7
435.4
438.3
440.2
435.0

7
638.4
632.9
629.9
637.9
640.8
636.9
639.2
640.1
638.6

9
816.1
806.8
816.8
815.8
816.6
816.6
816.5
815.3
817.0

11
927.1
927.1
922.6
936.3
940.9
936.3
938.6
937.3
940.3

13
1087.8
1090.2
1081.2
1090.3
1089.7
1089.1
1088.9
1089.3
1088.9



a without the 3 modes related to the Au-bond

b  with |F_z| = 0.002 au ~ 109 V/m

c  from our SCF calculations

Table S5 : Vibrational frequencies (cm-1) of Au-NCpyr and Au-pyrCN moleculesa with and

without electric fieldb compared to  4-cyanopyridinec


Atom
free 4-CP
Au-Ncpyr
Au-pyrCN
Au28/pyrCNa
Au28/NCpyrb




Au

-0.104


-1.08c


N1
-0.140
-0.250
-0.123
-0.125
-0.282


C2
+0.011
+0.200
+0.017
+0.019
+0.256


C3
-0.026
-0.046
-0.016
-0.003
-0.016


C4
-0.059
-0.059
-0.041
-0.045
-0.058


C6
+0.201
+0.205
+0.265
0.278}
+0.204


N8
-0.324
-0.315
-0.475
-0.498
0.315


H9 
+0.046
+0.054
+0.058
+0.059
+0.060


H11
+0.050
+0.057
+0.085
+0.035
+0.057



Au

-0.136
-1.01c

a the charge distribution reported in this table has been 

obtained}in the a-top configuration with a link via pyridine ring in the

optimized geometry.   

b the charge distribution reported in this table has been 

obtained in the a-top configuration with a link via cyano group in the

optimized geometry.   

c charge of the central Au atom of the Au28
Table S6: Charge distribution in free 4-CP, Au-NCpyr, Au-pyrCN, Au28/pyrCN, Au28/Ncpyr


Bond
free 4-CP
Au-Ncpyr
Au-pyrCN
Au28/pyrCNa
Au28/NCpyrb




Au-N1

0.21


0.14 


N1-C2 
3.1
2.88
3.17
3.17
3.02


C2-C3 
1.01
1.04
1.02
1.02
1.03


C3-C4
1.41
1.41
1.41
1.41
1.41


C4-C6 
1.44
1.44
1.47
1.48
1.44 


C6-N8
1.50
1.50
1.37
1.40
1.50


C4-H9
0.97
0.97
0.97
0.97
0.97 


C6-H11
0.98
0.98
0.97
0.94
0.98 


Au-N8


0.24
0.19} 

a the bond indices reported in this table have been obtained 

in the a-top configuration with a link via pyridine ring in the 

optimized geometry. 

b the bond indices reported in this table have been obtained

in the a-top configuration with a link via cyano group in the 

optimized geometry}.

Table S7: Bond indices in free 4-CP, Au-NCpyr, Au-pyrCN, Au28/pyrCN, Au28/Ncpyr
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