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Computational details

All calculations were performed within density functional theory (DFT) using the norm-conserving
pseudopotential plane-wave (PP-PW) approach as implemented in CASTEP.[I] The Perdew—
Burke-Ernzerhof (PBE) generalized gradient approximation (GGA) was used for the exchange-
correlation functional.[2, 3] Norm-conserving pseudopotentials were adopted to represent an ef-
fective potential for the core electrons, which do not participate in bonding unlike the valence
electrons, while preserving the correct electrostatic potential outside the core region as in all-
electron calculations.[4] The reference electron configurations were [Xe] 5d'65%756p%2° for Au,
[Kr] 5d195s0-75p0-25 for Ag, [Ne] 3s23p3 for P, [He] 2s*2p? for O, [He] 2s22p? for N, [He|] 2s%2p?
for C, and 1s' for H. Fractional occupations do not reflect actual atomic physical states and were
introduced to improve agreement with experimental IR and Raman spectroscopy results. [5]

The plane-wave kinetic energy cutoff was set to 500 eV. Electronic minimization and geometry
optimization were considered converged when the change in total energy fell below 2 x 10~® eV per
atom.

The binding energy was computed as

Ebind = Eslaberol - Eslab - Emoh (1)

where Eglahimol is the total energy of the relaxed adsorption system, FEgap, is the energy of the
relaxed clean slab, and FE,,, is the energy of the isolated ethyl paraoxon molecule. All three
energies were evaluated with consistent computational settings.

Orbital projected PDOS were obtained from the converged DFT electronic structure by pro-
jecting the Kohn—Sham eigenstates onto localized atomic-like basis functions. Optical absorption
spectra were computed within linear-response theory by evaluating the frequency-dependent dielec-
tric function, £(w) = €1(w) + iea(w), where e3(w) is obtained from interband transitions between
occupied and unoccupied Kohn—Sham states within the electric-dipole approximation. Absorption
features in the UV-Vis range were derived from e3(w) and peak positions were reported consistently
across structures. For slab geometries, the optical response can be anisotropic, therefore polariza-
tion components were analyzed separately, and in-plane (x—y) absorption was reported. Because
periodic slab calculations include vacuum, absolute optical intensities can depend on the super-
cell volume; consequently, the discussion emphasizes peak positions and relative intensity trends
obtained using consistent slab thickness and vacuum spacing across all compared models. Each
UV-Vis peak at wavelength A was converted to excitation energy using E(eV) ~ 1240/A(nm). For
a feature at energy E, the occupied and unoccupied PDOS were inspected in energy windows below
and above the Fermi level, with window widths chosen to reflect the applied optical broadening
and peak linewidth. The dominant orbital character in these windows was used to qualitatively
classify transitions. This PDOS-guided procedure provides an electronic-structure interpretation
of adsorption-induced shifts and intensity changes in the UV—Vis spectra.
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Figure 1: Calculated Raman spectrum of molecular ethyl paraoxon (a), ethyl paraoxon physisorbed
on Au (b), ethyl paraoxon-Au complex (c), and ethyl paraoxon-Ag complex (d). The Raman peaks
involving the NO2 moiety and phenyl ring are assigned and labelled. Local regression is adopted
to smooth the Raman peaks. Calculated with DFT (PBE/PP-PW).



Figure 2: Molecular structure of ethyl paraoxon physisorbed on |110] Au. Grey spheres represent
carbon, red spheres oxygen, blue spheres nitrogen, pink spheres phosphorus, white spheres hydrogen
and yellow-color spheres gold atoms. The shortest distance between oxygen and gold atoms is 4 A.



Figure 3: Molecular structure of ethyl paraoxon bonded to an Ag surface. Grey spheres represent
carbon, red spheres oxygen, blue spheres nitrogen, pink spheres phosphorus, white spheres hydrogen

and grey pearly-color spheres silver atoms. The shortest bond distance between oxygen and silver
atoms is shown.



Figure 4: Molecular structure of ethyl paraoxon bonded to an |100] Au surface. Grey spheres
represent carbon, red spheres oxygen, blue spheres nitrogen, pink spheres phosphorus, white spheres
hydrogen and yellow-color spheres gold atoms. The shortest bond distance between oxygen and
gold atoms is shown.
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Figure 5: Calculated UV-Vis spectra of molecular ethyl paraoxon (a), ethyl paraoxon-Au complex
(b), and ethyl paraoxon-Ag complex (c). PDOS window analysis (Tables S6 and S7) combined
with these spectra confirm strong metal-NOs coupling in both chemisorbed complexes. Calculated
with DFT (PBE/PP-PW).



Table S1: Raman shifts for molecular ethyl paraoxon, physiorbed to Au surface,
ethyl paraoxon-Au complex and ethyl paraoxon-Ag complex

Raman shifts (cm™)?

Mode description Exp. Molecular? Molecular Physisorbed on Chemisorbed on
Au Au Ag
NO; scissor 857-856 874 871 869 854
C-H bend (in plane)/ 1110-1145 1095 1093 1099 1097
NO; asymmetric stretch
NOy symmetric stretch 1338-1348 1293 1288 1251 1220
NOy anti-symmetric stretch 1524-1532 1543 1538 1487 1474
Phenyl ring vibration 1590-1592 1612 1611 1615 1613

ICalculated with DFT (PBE/PP-PW). See Computational Methodology section for details.
2Experimental reference: F. Fathi, F. Lagugne-Labarthet, D. B. Pedersen and H.-B. Kraatz,
Analyst, 2012, 137, 4448-4453. Measured using surface-enhanced Raman spectroscopy.



Table S2. Calculated Molecular ethyl paraoxon phonon frequency at [' point

Phonon mode | Frequency [cm™1]¢
1 0

2 19.27
3 23.54
4 28.68
5 37.37
6 57.96
7 60.63
8 67.95
9 71.18
10 76.06
11 78.38
12 82.77
13 106.75
14 113.26
15 135.89
16 149.11
17 179.29
18 212.37
19 231.63
20 255.92
21 264.54
22 282.31
23 311.9
24 326.59
25 358.31
26 373.28
27 397.47
28 430.41
29 464.73
30 497.37
31 519.58
32 529.36
33 552.14
34 614.85
35 648.45
36 718.34
37 737.91
38 779.04
39 801.48
40 802.49
41 803.16
42 821.22
43 826.45
44 874.36
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883.71
930.14
954.97
970.25
976.16
986.1
1009.2
1055.59
1086.54
1093.51
1095.5
1142.72
1155.07
1161.14
1169.88
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1284.94
1289.87
1293.02
1296.51
1324.53
1351.26
1359.15
1363.62
1366.25
1386.86
1394.53
1430.8
1440.01
1440.37
1455.9
1456.68
1486.57
1490.22
1503.72
1543.57
1612.3
1619.42
3007.88
3011.54
3040.96
3044.55
3049.04
3062.88
3128.59
3130.29
3132.02
3134.32
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93 3189.78

94 3191.87
95 3206.82
96 3208.49

Selected phonon frequency calculated with DFT (PBE/FP-NAO)

Table S3. Calculated ethyl paraoxon physisorbed on an Au surface phonon
frequency at point

Phonon mode | Frequency [cm™1]¢
1 0

2 0

3 0

4 0

5 0

6 0

7 0

8 5.43
9 8.46
10 17.15
11 18.11
12 26.19
13 28.31
14 29.95
15 31.58
16 32.66
17 33.93
18 35.19
19 38.91
20 40.44
21 43.57
22 47.25
23 51.31
24 54.75
25 55.54
26 57.68
27 58.25
28 61.21
29 62.5
30 64.37
31 65.22
32 66.75
33 67.46
34 70.94
35 73.15
36 73.53
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77.35
78.18
82.87
88.25
92.25
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94.87
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117.37
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163.92
224.94
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260.05
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107
108
109
110
111
112
113
114
115
116
117
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120
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123
124
125
126
127
128
129
130
131
132

737.33
768.4
779.05
801.87
803.53
818.97
823.98
854.19
873.63
932.67
960.84
969.86
972.46
983.65
1008.27
1060.89
1086.28
1091.57
1097.09
1149.92
1156.57
1161.87
1167.19
1168.81
1220.84
1285.32
1290.58
1291.59
1304.61
1345.73
1351.64
1362.89
1364.85
1388.49
1390.84
1428.89
1440.05
1440.74
1455.1
1456.26
1486.97
1487.44
1490.85
1501.71
1598.98
1613.3
3004.41
3009.08
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133 3037.32
134 3046.54
135 3053.16
136 3059.78
137 3123.91
138 3127.87
139 3132.67
140 3139.54
141 3183.3

142 3191.93
143 3213.13
144 3217.67

Selected phonon frequency calculated with DFT (PBE/FP-NAO)

Table S4. Calculated ethyl paraoxon-Au complex phonon frequency at point

Phonon mode | Frequency [cm~1]?
1 0

2 0

3 0

4 0

5 0

6 0

7 0

8 21.35
9 24.76
10 25.62
11 26.86
12 30.1
13 34.17
14 35.2
15 35.63
16 36.48
17 38.17
18 41.74
19 43.3
20 43.38
21 48.18
22 49.94
23 51.31
24 52.83
25 52.95
26 54.24
27 54.35
28 56.32
29 57.26
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o7.7
58.41
62.71
63.66
64.24
65.41
66.33
71.08
71.6
74.68
75.02
76.32
78.09
79.57
83.22
85.34
86.94
90.75
94.27
96.74
98.39
100.68
103.28
105.06
105.83
107.78
108.87
111.09
113.6
118.26
119.63
121.02
126.95
147.71
156.5
172.18
226.75
235.24
256.31
268.57
284.78
315.13
318.9
353.37
372.78
403.57
427.96
460.4
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498.36
516.65
535.13
556.5
612.56
645.68
715.9
736.69
77757
789.75
800.58
801.82
820.52
824.37
869.25
879.7
930
954.68
968.35
974.71
988.97
1010.08
1060.12
1082.22
1091.94
1099.82
1134.36
1157.33
1161.37
1166.98
1169.48
1251.22
1287.94
1291.37
1294.33
1313.02
1341.65
1356.01
1368.87
1370.91
1387.54
1392.71
1430.73
1439
1440.44
1455.14
1456.46
1474.39
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126 1488.18
127 1491.78
128 1504.87
129 1604.66
130 1615.51
131 3008.77
132 3009.81
133 3044.12
134 3047.3

135 3051.02
136 3054.52
137 3130.7

138 3133.85
139 3134.19
140 3136.18
141 3191.01
142 3194.06
143 3208.65
144 3210.01

Selected phonon frequency calculated with DFT (PBE/FP-NAO)

Table S5. Calculated ethyl paraoxon-Ag complex phonon frequency at point

Phonon mode | Frequency [cm~!]?
1 0

2 0

3 0

4 0

5 0

6 0

7 0

8 5.43
9 8.46
10 17.15
11 18.11
12 26.19
13 28.31
14 29.95
15 31.58
16 32.66
17 33.93
18 35.19
19 38.91
20 40.44
21 43.57
22 47.25
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59
60
61
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63
64
65
66
67
68
69
70

51.31
54.75
95.54
57.68
58.25
61.21
62.5
64.37
65.22
66.75
67.46
70.94
73.15
73.53
77.35
78.18
82.87
88.25
92.25
93.36
94.87
97.28
97.87
106.09
108.54
109.73
110.52
116.17
117.37
119.47
120.25
123.28
128.66
129.51
131.88
133.72
135.33
136.82
138.37
147.05
148
152.97
163.92
224.94
234.03
260.05
264.51
282.37
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84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118

313.02
322.37
351.01
380.53
415.4
428.64
455.46
504.37
509.85
537.23
557.62
619.6
643.62
705.86
737.33
768.4
779.05
801.87
803.53
818.97
823.98
854.19
873.63
932.67
960.84
969.86
972.46
983.65
1008.27
1060.89
1086.28
1091.57
1097.09
1149.92
1156.57
1161.87
1167.19
1168.81
1220.84
1285.32
1290.58
1291.59
1304.61
1345.73
1351.64
1362.89
1364.85
1388.49
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120
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122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144

1390.84
1428.89
1440.05
1440.74
1455.1

1456.26
1486.97
1487.44
1490.85
1501.71
1598.98
1613.3

3004.41
3009.08
3037.32
3046.54
3053.16
3059.78
3123.91
3127.87
3132.67
3139.54
3183.3

3191.93
3213.13
3217.67

Table S6: Au complex: PDOS-window composition for representative UV—Vis
peaks. Occupied and unoccupied contributions are normalized within the se-

lected energy window for each peak.

Peak Occupied-side Unoccupied-side

210 nm Au d 7%, O(p) 16% Au s 47%, C(p) 44%

260 nm  Au d 87%, C(p) 5%, O(p) 5% C(p) 46%, Au s 45%

294 nm Au d 78%, O(p) 15% Au s 44%, O(p) 20%, N(p) 11%, C(p) 12%
320 nm Au d 61% (mixed) Au d 7%, Au s 22%

368 nm Au d 73% (mixed) Aud 7%, Au s 22%

612 nm Au d 79%, O(p) 15% Au d 7%, Au s 22%

Table S7: Ag complex: PDOS-window composition for representative UV—Vis
peaks. Occupied and unoccupied contributions are normalized within the se-

lected energy window for each peak.

20



Peak Occupied-side Unoccupied-side

210 nm Ag d 82%, O(p) 13% C(p) 7%, Ag s 19%
258 nm Ag d 75%, C(p) 9%, O(p) 9% C(p) 77%, Ag s 19%
281 nm Ag d 82%, O(p) 13% Ag s 90%, Ag d 7%
327 nm Ag d 75%, C(p) 9%, O(p) 8% Ag s 89%, Ag d 8%
365 nm Ag s 79%, Ag d 19% C(p) 77%, Ag s 19%
489 nm Ag s 86%, Ag d 12% C(p) 7%, Ag s 20%

597 nm  Ag s 82%, Ag d 11%, O(p) 3%, N(p) 2% C(p) 77%, Ag s 20%

Sample Castep simulation input parameters

task : GeometryOptimization
comment : CASTEP calculation from Materials Studio
xc_functional : PBE
spin_polarized : false
opt_strategy : Default
page_wvins : 0
cut_off_energy : 489.800000000000010
grid_scale : 1.500000000000000
fine_grid_scale : 1.500000000000000
finite_basis_corr : 0
elec_energy _tol : 2.000000000000000e-006
max_scf_cycles : 100
fix_occupancy : false
metals_method : dm
mixing_scheme : Pulay
mix_charge_amp : 0.500000000000000
mix_charge_gmax : 1.500000000000000
mix_history_length : 20
nextra_bands : 85
smearing_width : 0.100000000000000
num_dump_cycles : 0
geom_energy _tol : 2.000000000000000e-005
geom _force_tol : 0.050000000000000
geom _stress_tol : 0.100000000000000
geom_disp_tol : 0.002000000000000
geom_max_iter : 100
geom_method : BFGS
fixed_npw : false
calculate_ELF : false
calculate_stress : false
popn_calculate : true
calculate_hirshfeld : true
calculate_densdiff : false
popn_bond_cutoff : 3.000000000000000
pdos_calculate_weights : false
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Appendix: XYZ Structures

ethyl paraoxon-Ag-complex
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ethyl paraoxon physisorbedon Au
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Au 1.763162 9.672904 1.470279
Au 3.842362 5.262229 0.000000
Au 3.842362 8.202679 0.000000
Au 1.763162 6.732454 1.470279
Au 3.842362 11.143129 0.000000
Au 3.842362 2.321779 0.000000
Au 1.763162 0.851554 1.470279
Au 1.763162 3.792004 1.470279
Au 5.921562 9.672904 1.470279
Au 8.000762 5.262229 0.000000
Au 8.000762 8.202679 0.000000
Au 5.921562 6.732454 1.470279
Au 8.000762 11.143129 0.000000
Au 8.000762 2.321779 0.000000
Au 5.921562 0.851554 1.470279
Au 5.921562 3.792004 1.470279

P 2.975169 6.311735 10.505369
0 2.026056 5.365968 9.578930
0 4.390938 5.586620 10.294102
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P NP, OOONF, PPN, OO0, OO, P EFPFERDNDNNDOONDERRFRDNDDN

.453123 5.912657 11.950528

.947640 7.757378 10.237850
.805993 6.221404 3.361160
.661281 4.059115 3.472161
.764575 5.167194 3.982722
.004432 5.367027 8.196034
.643864 6.316322 10.452123
.3625563 4.542290 12.428884
.033957 6.549794 7.454668
.888329 4.124275 7.572325
.846246 5.236589 5.453431
.958623 6.479340 6.069626
.807074 4.055939 6.189429
.746172 5.473001 9.851172

.974076
.548220
.806790
.613792
.330213
.112051
.864211
.978983
.718085
.705349
.819360
.564783
.882924
.725914
.016313

.590866 13.889716
.282671 9.955732
.490396 11.519192
.023241 11.827504
.055586 12.280525
.502029 7.962224
.227791 8.179931
.374413 5.463092
.108409 5.675003
.986168 9.956161
.504887 10.351428
.298573 8.788182
.575705 14.284339
.122029 14.476497
.097564 14.018323
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