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Fig.1 Optimized geometries of complexes as the proton donor or the proton acceptor

HCN(HNC) ( values in parentheses are the data of the monomers; the unit is nm).
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Table 1 Selected parameters to the complexes of HCN( HNC) as the proton donor( acceptor)

Species AE/(k) - mol™') AE,./(k]+ mol™") BSSE  AE®/(kJ-mol™') ZPE  AE®*?P/(kJ - mol™') R/nm

H;N—HCN -28.478 -5.915 2.366 -26.112 6. 663 - 19. 449 0.210
H, 0—HCN —-22.760 -3.122 2.203 —-20. 557 4.702 -15.855 0. 205
HF—HCN -13.347 -2.128 1. 931 -11.415 3.156 -8.260 0.212
H;N—HNC -49.453 -17.176 3.193 -46. 260 8. 882 -37.377 0.179
H, 0—HNC —-36. 445 -10. 646 2.947 —-33.498 7.419 -26.079 0. 180
HF—HNC —-20. 168 -6.312 2.479 -17.690 4.702 -12.987 0. 190
HCN—HNH, -9.856 -5.685 1. 455 -8.402 3.674 -4.727 0.236
HCN—HOH -18.375 -17.240 2. 006 -16. 369 5.919 -10. 450 0.209
HCN—HF -33.239 -8.143 2.529 -30.710 8.456 —-22.254 0. 183
HNC—HNH, -9.718 -6.416 1. 463 -8.255 3.887 —-4.368 0. 250
HNC—HOH -19.199 -9. 606 2. 002 -17. 196 6.216 -10. 981 0.219
HNC—HF -35.973 -13.121 2.508 -33.465 8.770 -24.695 0. 191
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Table 2 The net atomic charges and charges transfer in the complexes at the MP2/aug-cc-pVTZ level

Species N C H N 0 F H AQ
H;N — — — 1. 030 — — 0.344 0. 00
H,O0(HF) — — — — 0.923 -0.559 0.461(0.559) 0.00(0.00)
HCN(HNC) -0.341( -0.824) 0.117(0.372)  0.223(0.452) — — — — 0.00(0.00)
H;N—HCN -0.385 0. 103 0. 260 -1.046 — — 0. 356 0. 021
H, 0—HCN -0.376 0.112 0.253 — 0.944 — 0.477 0.011
HF—HCN -0.362 0.116 0.241 — — 0. 567 0.572 0. 005
H;N—HNC -0.843 0.315 0.476 -1.038 — — 0.363 0. 051
H, 0—HNC -0.832 0.331 0. 475 —  -0.941 — 0.483 0. 025
HF—HNC -0.8244 0. 347 0. 466 — —  -0.566 0.577 0.011
HCN—HNH, -0.368 0. 143 0.226 -1.047 — — 0.369 0. 001
HCN—HOH -0.392 0.168 0.229 —  -0.948 — 0.491 0. 004
HCN—HF -0.422 0. 205 0.234 — —  -0.604 0.586 0.017
HNC—HNH, -0. 808 0. 357 0.454 -1.049 — — 0.367 0. 003
HNC—HOH -0.791 0. 346 0. 457 —  -0.952 — 0. 486 0.012
HNC—HF -0.762 0. 344 0. 461 — — -0.613 0.570 0. 043
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Table 3 The composition of interaction energy to complexes obtained at the SAPT2/aug-cc-pVTZ level (kJ/mol)

H3N-- H,0-- HF--- HyN--- H,0-- HF--- HCN---  HCN--- HCN--- HNC--- HNC:-- HNC---
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Fig.2 The correlation between the induction forces and charges transfer

HCN(HNC) as the proton donor( A) or as the proton acceptor(B).
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Theoretical Study on Intermolecular Interactions Between
HCN(HNC) and NH,, H,0, HF

WANG Zhao-Xu, ZHANG Jing-Chang, CAO Wei-Liang "
(Institute of Modern Catalysis, State Key Laboratory of Chemical Resource Engineering,
Beijing University of Chemical Technology, Beijing 100029, China)

Abstract Ab initio molecular orbital calculations including MP2 correlation energy was employed to optimize
the geometries of the hydrogen-bonded complexes formed by HCN( HNC) with NH,, H,0 and HF, respective-
ly at aug-cc-pVTZ level. It was found that there were two kinds of stable complexes bonded by intermolecular
hydrogen bonds; HCN(HNC) as the proton donor and as the proton acceptor. The effect of basis set superpo-
sition error on the total interaction energy is smaller than 3.34 kJ/mol. Natural bond orbital (NBO) analysis
was performed to analyze the atomic charges and charges transfer in the monomers and complexes. The results
of the decomposition of interaction energy according to SAPT2 show that the electrostatic and induction forces
dominate the intermolecular interaction, and there is a good correlation between induction forces and charges
transfer.

Keywords HCN(HNC) ; Intermolecular interaction; Basis set superposition error( BSSE) ; Natural bond or-
bital (NBO) ; Symmetry adapted perturbation theory (SAPT)
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