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SUPPLEMENTARY MATERIAL

TABLE II. Geometrical parametersa (Å and º) for the HP∙∙∙NO+ (1), HP∙∙∙CN- (2-4), HP∙∙∙HCN (5-8), HP∙∙∙HNC (9-12) and HP∙∙∙CO (13 and 14) complexes, at the different theoretical levels.

B3LYP/6-311+G(3df,2p)

MP2/6-311+G(3df,2p)


1
2



1
2



O1-O2
1.413(1.414)
1.455(1.455)



1.426(1.427)
1.450(1.449)



O1-H1
0.977(0.976)
0.987(0.986)



0.973(0.972)
0.983(0.983)



O2-H2
0.975(0.974)
0.984(0.984)



0.971(0.970)
0.984(0.981)



N-O3
1.076(1.074)




1.087(1.085)




C-N

1.170(1.170)




1.185(1.185)



O2∙∙∙O3
2.512(2.537)




2.420(2.462)




N∙∙∙O1
2.155(2.159)




2.211(2.245)




C∙∙∙H1

1.960(1.964)




1.917(1.948)



N∙∙∙H2

1.958(1.962)




1.916(1.947)



(O2-O1-H1
102.9(103.0)
101.6(101.8)



102.1(102.1)
101.5(101.4)



(O1-O2-H2
102.2(102.2)
101.9(101.9)



101.6(101.6)
101.3(101.7)



(C∙∙∙H1-O1

158.1(157.9)




158.8(158.8)



(N∙∙∙H2-O2

158.0(158.1)




158.7(158.7)



(HOOH
127.0(125.9)




111.5(108.3)





3
4
5
9

3
4
5
9

O-O
1.458(1.458)
1.456(1.456)
1.442(1.442)
1.442(1.442)

1.454(1.452)
1.452(1.452)
1.438(1.436)
1.436(1.436)

O-H
0.985(0.985)
0.990(0.989)
0.967(0.967)
0.968(0.968)

0.983(0.982)
0.989(0.987)
0.965(0.965)
0.966(0.965)

X-Y
1.170(1.170)
1.165(1.165)
1.145(1.145)
1.162(1.162)

1.184(1.184)
1.182(1.182)
1.162(1.162)
1.171(1.171)

Y-H2


1.067(1.067)
0.998(0.998)



1.065(1.064)
0.998(0.998)

X∙∙∙H
1.907(1.911)
2.007(2.013)
2.669(2.700)
2.761(2.800)

1.887(1.911)
1.960(1.989)
2.534(2.618)
2.624(2.721)

(O-H∙∙∙X
143.7(143.7)
145.9(145.6)
118.0(117.5)
119.7(119.1)

144.2(144.2)
146.2(146.1)
118.8(118.2)
121.4(120.2)

(O-O-H
98.9(98.9)
98.5(98.6)
101.4(101.4)
101.4(101.4)

98.3(98.6)
98.7(98.1)
100.5(100.5)
100.5(100.5)

(HOOH


-80.4(-81.8)
-78.7(-80.4)



-78.0(-80.4)
-74.9(78.4)


6
10
7
11

6
10
7
11

O1-O2
1.447(1.447)
1.447(1.447)
1.448(1.448)
1.450(1.448)

1.442(1.442)
1.442(1.442)
1.444(1.442)
1.444(1.444)

O1-H1
0.965(0.965)
0.965(0.965)
0.967(0.967)
0.967(0.967)

0.963(0.963)
0.963(0.963)
0.965(0.964)
0.965(0.965)

O2-H2
0.972(0.972)
0.975(0.975)



0.970(0.969)
0.973(0.972)



X-Y
1.144(1.144)
1.160(1.160)
1.146(1.146)
1.163(1.163)

1.161(1.161)
1.169(1.169)
1.164(1.163)
1.172(1.172)

Y-H3
1.067(1.067)
0.998(0.998)



1.065(1.064)
0.998(0.998)



X-H2


1.070(1.070)
1.004(1.004)



1.068(1.068)
1.004(1.003)

X∙∙∙H2
2.025(2.035)
2.091(2.104)



1.972(2.029)
2.057(2.099)



O∙∙∙H2


2.324(2.358)
2.184(2.210)



2.235(2.326)
2.010(2.167)

(X∙∙∙H2-O2
178.6(177.9)
178.7(178.5)



177.4(175.8)
176.9(175.8)



(O∙∙∙H2-X


161.8(162.1)
160.6(160.9)



161.2(1.620)
159.9(160.6)

(O∙∙∙H2∙∙∙O


36.3(35.8)
38.7(38.2)



37.6(38.8)
40.1(38.8)

(O2-O1-H1
100.9(100.9)
100.9(100.9)



100.2(100.1)
100.1(100.1)



(O1-O2-H2
101.0(101.0)
100.9(101.0)
101.2(101.2)
101.2(101.2)

100.0(100.1)
99.9(100.0)
100.3(100.4)
100.4(100.5)

(HOOH
108.8(109.4)
109.1(109.4)
-112.8(-111.0)
-115.2(-113.4)

108.7(109.2)
108.5(108.9)
-114.5(-111.0)
-116.2(-113.4)

ain parentheses the corresponding values at the BSSE-corrected PESs.

TABLE II: Cont.


B3LYP/6-311+G(3df,2p)

MP2/6-311+G(3df,2p)


8
12
13
14

8
12
13
14

O1-O2
1.446(1.446)
1.445(1.445)
1.447(1.447)
1.447(1.447)

1.442(1.441)
1.441(1.440)
1.441(1.441)
1.442(1.441)

O1-H1
0.967(0.967)
0.967(0.967)
0.966(0.966)
0.966(0.966)

0.965(0.964)
0.965(0.965)
0.963(0.963)
0.963(0.963)

O2-H2
0.967(0.967)
0.967(0.967)
0.967(0.966)
0.969(0.969)

0.965(0.964)
0.965(0.965)
0.964(0.964)
0.967(0.966)

X-Y
1.147(1.147)
1.163(1.163)
1.125(1.125)
1.122(1.122)

1.164(1.164)
1.172(1.172)
1.134(1.134)
1.132(1.132)

X-H3
1.073(1.073)
1.012(1.011)



1.069(1.069)
1.011(1.009)



O2∙∙∙H3
2.131(2.150)
1.892(1.903)



2.117(2.190)
1.857(1.910)



X∙∙∙H2


2.266(2.336)
2.253(2.277)



2.202(2.364)
2.202(2.271)

(X∙∙∙H2-O2


175.9(170.8)
169.9(170.2)



156.5(146.4)
159.7(157.6)

(O2∙∙∙H3-X
177.5(178.0)
178.3(177.1)



178.2(178.5)
179.9(179.0)



(O2-O1-H1
101.1(100.1)
100.9(100.9)
100.9(100.9)
100.9(100.9)

100.3(100.3)
100.2(100.3)
100.1(100.1)
100.1(100.1)

(O1-O2-H2
101.3(101.3)
101.4(101.5)
100.8(100.8)
100.5(100.6)

100.4(100.5)
100.6(100.7)
99.8(100.1)
99.4(99.6)

(HOOH
112.3(111.4)
114.5(113.3)
111.9(112.1)
112.1(112.3)

113.3(111.4)
115.4(113.0)
111.8(113.0)
111.5(112.0)


HP

NO+
CN-
HCN
HNC
CO

HP

NO+
CN-
HCN
HNC
CO

O-O
1.446
X-Y
1.056
1.171
1.146
1.164
1.124

1.441
X-Y
1.078
1.187
1.163
1.173
1.133

O-H
0.966
H-Y


1.066
0.998


0.963
H-Y


1.064
0.997


(O-O-H
100.9







100.1







(HOOH
112.0







111.8







Table III. Charge density, ((r), Laplacian of the charge density, (2((r), ellipticity, (, and local energy density, Ed(r), for the bond critical points (BCPs) and ring critical points (RCP) on the complexes 1-14 and the monomers, at the B3LYP/6-311+G(3df,2p).

Complexesa
Description
((r)

(e/a03)
(2((r)

(e/a05)
(
Ed(r)

(hartree/a03)
Complexes
Description
((r)

(e/a03)
(2((r)

(e/a05)
(
Ed(r)

(hartree/a03)

1
(3,-1) (O1-O2)
0.304
-0.002
0.072
-0.218
2
(3,-1) (O1-O2)
0.270
0.056
0.079
-0.172


(3,-1) (O1-H1)
0.360
-2.814
0.030
-0.761

(3,-1) (O1-H1)
0.350
-2.591
0.039
-0.719


(3,-1) (O2-H2)
0.363
-2.828
0.036
-0.767

(3,-1) (O2-H2)
0.350
-2.608
0.038
-0.721


(3,-1) (O2(((O3)
0.020
0.090
0.315
0.004

(3,-1) (C(((H1)
0.029
0.060
0.119
-0.002


(3,-1) (O1(((N)
0.051
0.172
0.028
0.002

(3,-1) (N(((H2)
0.027
0.075
0.074
0.000


(3,-1) (N-O)
0.720
-2.854
0.009
-1.522

(3,-1) (C-N)
0.486
-1.065
0.016
-0.925


(3,1) ring
0.018
0.110

0.004

(3,1) ring
0.015
0.057

0.001

3
(3,-1) (O-O)
0.268
0.061
0.077
-0.170
4
(3,-1) (O-O)
0.269
0.060
0.074
-0.172


(3,-1) (O-H)
0.352
-2.636
0.037
-0.729

(3,-1) (O-H)
0.347
-2.558
0.038
-0.711


(3,-1) (N(((H)
0.033
0.093
0.048
-0.001

(3,-1) (C(((H)
0.032
0.065
0.056
-0.002


(3,-1) (C-N)
0.483
-1.062
0.012
-0.917

(3,-1) (C-N)
0.489
-0.991
0.003
-0.933


(3,1) ring
0.021
0.099

0.003

(3,1) ring
0.022
0.088

0.002

5
(3,-1) (O-O)
0.280
0.035
0.010
-0.186
9
(3,-1) (O-O)
0.281
0.034
0.013
-0.186


(3,-1) (O-H)
0.376
-2.813
0.043
-0.775

(3,-1) (O-H)
0.375
-2.807
0.043
-0.774


(3,-1) (N(((H)
0.007
0.025
0.485
0.001

(3,-1) (C(((H)
0.007
0.023
0.414
0.001


(3,-1) (C-N)
0.498
-0.601
0.004
-0.951

(3,-1) (C-N)
0.458
-0.687
0.000
-0.857


(3,-1) (C-H2)
0.293
-1.164
0.001
-0.320

(3,-1) (N-H2)
0.343
-2.095
0.000
-0.569


(3,1) ring
0.006
0.026

0.001

(3,1) ring
0.006
0.024

0.001

6
(3,-1) (O1-O2)
0.277
0.042
0.031
-0.181
10
(3,-1) (O1-O2)
0.277
0.044
0.031
-0.181


(3,-1) (O1-H1)
0.378
-2.821
0.044
-0.778

(3,-1) (O1-H1)
0.378
-2.821
0.044
-0.778


(3,-1) (O2-H2)
0.368
-2.798
0.041
-0.768

(3,-1) (O2-H2)
0.364
-2.761
0.041
-0.760


(3,-1) (N((( H2)
0.022
0.072
0.042
0.002

(3,-1) (C((( H2)
0.023
0.060
0.042
0.000


(3,-1) (C-N)
0.498
-0.585
0.000
-0.952

(3,-1) (C-N)
0.460
-0.681
0.000
-0.862


(3,-1) (C-H3)
0.294
-1.167
0.000
-0.320

(3,-1) (N-H3)
0.343
-2.106
0.000
-0.571

7
(3,-1) (O-O)
0.277
0.045
0.041
-0.181
11
(3,-1) (O-O)
0.276
0.050
0.046
-0.180


(3,-1) (O-H)
0.375
-2.836
0.042
-0.779

(3,-1) (O-H)
0.375
-2.839
0.042
-0.779


(3,-1) (O(((H2)
0.010
0.043
1.541
0.002

(3,-1) (O(((H2)
0.013
0.055
1.561
0.002


(3,-1) (C-H2)
0.292
-1.163
0.000
-0.318

(3,-1) (N-H2)
0.336
-2.103
0.000
-0.569


(3,-1) (C-N)
0.498
-0.633
0.000
-0.949

(3,-1) (C-N)
0.459
-0.711
0.002
-0.859


(3,1) ring
0.010
0.044

0.002

(3,1) ring
0.013
0.056

0.002

8
(3,-1) (O1-O2)
0.278
0.041
0.038
-0.182
12
(3,-1) (O1-O2)
0.278
0.039
0.039
-0.183


(3,-1) (O1-H1)
0.376
-2.834
0.043
-0.779

(3,-1) (O1-H1)
0.375
-2.838
0.043
-0.779


(3,-1) (O2-H2)
0.375
-2.837
0.042
-0.779

(3,-1) (O2-H2)
0.374
-2.843
0.040
-0.779


(3,-1) (O2(((H3)
0.016
0.058
0.044
0.002

(3,-1) (O2(((H3)
0.027
0.088
0.058
0.001


(3,-1) (C-H3)
0.290
-1.153
0.000
-0.316

(3,-1) (N-H3)
0.329
-2.049
0.000
-0.557


(3,-1) (C-N)
0.498
-0.637
0.000
-0.949

(3,-1) (C-N)
0.460
-0.730
0.001
-0.862

Table III: Cont.

Complexesa
Description
( (r)

(e/a03)
(2( (r)

(e/a05)
(
Ed (r)

(hartree/a03)
Complexes
Description
( (r)

(e/a03)
(2( (r)

(e/a05)
(
Ed(r)

(hartree/a03)

13
(3,-1) (O1-O2)
0.277
0.041
0.036
-0.181
14
(3,-1) (O1-O2)
0.277
0.042
0.036
-0.181


(3,-1) (O1-H1)
0.377
-2.828
0.044
-0.779

(3,-1) (O1-H1)
0.378
-2.827
0.043
-0.779


(3,-1) (O2-H2)
0.376
-2.839
0.043
-0.780

(3,-1) (O2-H2)
0.372
-2.812
0.042
-0.773


(3,-1) (O((( H2)
0.009
0.039
0.050
0.002

(3,-1) (C((( H2)
0.016
0.047
0.046
0.002


(3,-1) (C-O)
0.511
-0.066
0.000
-1.025

(3,-1) (C-O)
0.517
-0.031
0.000
-1.040

HP
(3,-1) (O-O)
0.285
-0.033
0.032
-0.208
NO+
(3,-1) (N-O)
0.774
-3,200
0.000
-1.876


(3,-1) (O-H)
0.377
-2.837
0.041
-0.780
CN-
(3,-1) (C-N) 
0.488
-0.848
0.000
-0.951

HCN
(3,-1) (H-C)
0.294
-1.164
0.000
-0.324
HNC
(3,-1) (H-N)
0.343
-2.173
0.000
-0.590


(3,-1) (C-N)
0.502
-0.327
0.000
-0.980

(3,-1) (C-N)
0.461
-0.463
0.000
-0.878

CO
(3,-1) (C-O)
0.517
0.227
0.000
-1.041







aSee Figure 1 for numbering.

Table IV: Total energies (a.u.) and dipole moment ((), for all the HP···X complexes and monomers on the BSSE-corrected and noncorrected PESs.

Complex
B3LYP/6-311+G(3df,2p)
MP2/6-311+G(3df,2p)


Non-corrected PES
BSSE-corrected PES
( (Debye)
Non-corrected PES
BSSE-corrected PES
( 

(Debye)

1 HP···NO+
-281.246 921 0
-281.245 744 5
1.07
-280.829 051 0
-280.826 155 8
1.84

2  HP···CN-
-244.538 732 5
-244.538 121 7
2.53
-244.140 338 2
-244.137 998 9
2.46

3
-244.541 256 6
-244.540 648 1
3.63
-244.141 661 3
-244.139 225 7
3.79

4
-244.541 517 7
-244.540 850 1
3.14
-244.142 784 9
-244.140 458 9
3.33

5  HP···HCN
-245.075 575 7
-245.075 265 9
5.92
-244.676 187 1
-244.675 294 5
6.02

6
-245.079 748 3
-245.079 325 4
5.05
-244.680 452 9
-244.679 007 7
5.04

7
-245.078 601 1
-245.078 187 2
5.45
-244.679 514 7
-244.678 125 5
5.44

8
-245.078 864 3
-245.078 489 9
5.51
-244.679 604 4
-244.678 193 1
5.47

9  HP···HNC
-245.053 423 1
-245.053 052 9
5.99
-244.648 051 2
-244.646 989 9
6.35

10
-245.058 244 6
-245.057 778 0
5.11
-244.652 732 5
-244.651 302 9
5.30

11
-245.058 452 4
-245.057 961 5
5.58
-244.653 970 7
-244.652 429 3
5.84

12
-245.059 964 5
-245.059 535 1
5.75
-244.654 996 5
-244.653 375 7
5.99

13  HP···CO
-264.970 329 9
-264.970 026 4
1.89
-264.557 212 1
-264.556 325 6
1.80

14
-264.972 347 8
-264.971 913 3
2.09
-264.559 910 8
-264.558 625 3
2.21

HP
-151.612 055 9

1.79
-151.374 411 2

1.81

NO+
-129.583 836 6

0.38
-129.413 959 3

0.20

CN-
-92.893 506 6

0.63
-92.729 758 2

0.75

HCN
-93.460 427 8

3.04
-93.296 829 4

3.03

HNC
-93.438 215 9

3.07
-93.268 418 6

3.28

CO
-113.356 793 0

0.10
-113.180 200 0

0.27

asee Figure 1 for numbering.

Table V:  Harmonic vibrational frequenciesa (cm-1) and zero point vibrational energies, ZPVE (kcal/mol), for the HP∙∙∙NO+ (1), HP∙∙∙CN- (2-4), HP∙∙∙HCN (5-8), HP∙∙∙HNC (9-12) and HP∙∙∙CO (13 and 14) complexes, at the B3LYP/6-311+G(3df,2p) theoretical level.


1
2

3

4

5

6

7
8
9

10
11

12
13
14


3687
3416
(A’)
3454
(A1)
3355
(A1)
3758
(A)
3783
(A)
3772
3772
3802
(A)
3805
3772
(A)
3771
3786
3783


3658
3356

2145

2178

3434

3436

3771
3770
3750

3783
3698

3769
3781
3720


2280
2133

1542

1540

2206

2218

3392
3345
2123

3603
2114

3541
2209
2237


1483
1546

937

941

1393

1489

2196
2191
1391

2140
1444

2108
1453
1471


1305
1504

239

221

952

953

1441
1443
952

1497
950

1451
1345
1353


981
943

442
(A2)
475
(A2)
449

616

1332
1335
444

1362
429

1333
952
953


598
245

747
(B1)
754
(B1)
71

163

951
953
71

952
123

958
438
516


480
213

100

133

3753
(B)
3670
(B)
829
848
3745
(B)
644
3770
(B)
758
166
225


397
44 i

3392
(B2)
3297
(B2)
1414

1363

776
836
1418

500
1323

728
91
140


308
691
(A”)
1514

1515

771

770

427
428
502

498
653

433
64
112


201
399

138

127

767

770

199
194
495

241
518

205
45
75


179
65

61

96

194 i

233

102
126
214 i

174
218

176
23
30









184

109

93 i
121
200

124
166 i

146











51

64

73
81
67

79
92

104











35

43

68
37
44

47
85

55



ZPVE
22.2
20.7

21.0

20.9

27.5

28.1

27.6
27.9
27.2

27.8
27.4

27.9
20.5
20.9



HP

NO

CN

HCN

HNC

CO












3780
(A)
2487
()
2130
()
3437
()
3810
()
2217
()











1444





2200

2103














952





760
()
476
()













395






















3780
(B)





















1337




















ZPVE

16.7

3.6

3.0

10.2

9.8

3.2










asymmetry in parentheses, and the imaginary frequency of TS is indicated by i.
