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Abstract Direct density functional theory B3LY P was employed to obtain the optimized geometries of the
ground state for 1,2,4-triazine-(H,0), (n=1, 2, 3) complexes. All caculations indicate that the 1,2,4-
triazine-water complexes on the ground state have strong hydrogen bonding interaction, and the structure
having an N---H—O hydrogen bond and a chain of water molecules, which is terminated by an O-*H—C
hydrogen bond, is most stable. The first singlet (n, m) vertica excitation energy of the monomer
1,2,4-triazine and the hydrogen bonding complexes between 1,2,4-triazine and water has been investigated
by time-dependent density functional theory.
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Table 1 Bond lengths (nm) and bond angles (°) of equilibrium
structure for 1,2,4-triazine (*A’, Cy)

FH BB IR A 18 oR Eii AU T 22 S 4R Bl e (ZPE) AR I B3LYP MP2
6-31++G** 6-31G** 6-31++G** 6-31G** TzVPL]
2 HRMIHE N—N2 01334 01336 01347 01347 0.1341
21 124-= FAERE TSR Nl c: 01334 01334 01343 01342 0.1336
N>~C® 01337 0133 01344 01342 0.1336
AR 124 ZHAREETFEHIEH o v oo 01087 01082 01082 01076
W 1, HEh BB NE 2. fE LW BHEH, W N 01342 01342 01348 01347 01342
Pt TS BB A3, AREREEN 4 o o130 0490 0158 01336 01352
WL B 2 A, HOPERER BB B s e oiom 04088 01083 01083 O4GEL
B3LY P o5 5y £ i L MP2 B4 S8 C>—C® 01401 01399 01398 0.1396 0.1394
22 124-ZF8FEE-(H0), BETEERSMER Co—H® 01086 01086 01082 01082 0.1080
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i, K H'—O #K#K 0.001 nm %47 (B3LYP/6-
31++G** K P B H0 23 1 H—O % K 4 0.0963
nm). SRR A, B, C IS FIBE S A —3K, A2

N-NZC® 1183 118.0 118.0 1180 1181
N:-CS.-C® 1215 121.7 122.2 1223 1223
NZNLC® 1183 118.2 117.6 1175 1175
NZC:N* 1269 127.2 127.3 1275 1275
C:N*C® 1144 114.2 114.1 1140 1139
N*-C>-C® 1206 120.7 120.7 120.7  120.7
N-C:-H® 1162 116.2 115.6 115.7 1157
N%C:H’ 1156 115.5 115.4 1154 1153
N-C:H" 1174 117.2 117.2 1172 117.2
N*-C>-H®  117.8 117.8 1175 1175 1176
C-Co.H® 1222 122.1 122.1 1220 1221
C:-C>-H® 1216 1215 121.8 121.7 1217

R2 124 =FKPAR> AW B SRR ME SR A
Table2 Calculated dipole moment (10 *° Cem), rotational constants (MHz), total energy (a.u.) and zero-point vibrational energy (ZPE,
kJmol) for the monomer

dipole moment rotational constants (A, B, C) total energy ZPE
Reference [16] 6578.212 6135.898 3174.098
B3LYP/6-31G** 8.543 6575.34 6136.69 3174.22 —280.3262852 168.761
B3LYP/6-31+ +G** 9.133 6565.32 6139.63 3172.67 —280.3381598 168.575
MP2/6-31G** 9.485 6541.05 6076.11 3150.01 —279.5201748 170.670
MP2/6-31+ +G** 9.714 6526.94 6067.39 3144.39 —279.5378569 169.099
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Table 3 Calculated total energies (E/a.u.), zero-point energies (ZPE), interaction energy AE, AE; AE” (kJmol) and dipole moment
(10" Cem) for the ground state of 1,2,4-triazine-(H;0),,, AE=AE-+BSSE, AE "=AE+BSSE+AZPE

Species E ZPE AE AE' AE" Dipole moment
C3H3N3-H,0 (A) —356.7823057 231.596 —26.314 —24.760 —17.590 6.216
C3H3N3z-H,0(A)? —355.7834155 233.241 —31.986 —25.378 —18.031 4.851
C3H3N3z-H,0 (B) —356.7819865 231.453 —25.476 —23.734 —16.707 15.081
C3H3N3-H,0(B)? —355.7824288 232.857 —29.395 —22.895 —15.932 12.601
C3H3N3z-H,0 (C) —356.7808061 231.391 —22.377 —20.676 —13.711 4.969
C3H3N3-H,0O(C)? —355.7815486 232.892 —27.084 —20.195 —13.197 7.412

C3H3N3-(H20)2(D) —433.2245816 294.387 —47.718 —44.315 —30.205 8.396
C3H3N3-(H0),(E) —433.2251459 294.148 —49.200 —45.760 —31.889 6.803
C3H3N3z-(H0),(F) —433.2269650 298.199 —53.976 —48.342 —29.880 24.729
C3H3N3-(H20)(G) —433.2314889 298.781 —65.854 —59.919 —41.415 6.860
C3H3N3-(H20)2(H) —433.2324800 298.778 —68.456 —62.846 —44.345 10.202
C3H3N3z-(H0),(1) —43.2337283 299.146 —71.733 —65.811 —46.942 3.286
C3H3N3z-(H20)3(J) —509.6674944 356.890 —70.795 —65.503 —44.741 1.229
C3H3N3-(H20)3(K) —509.6692351 360.738 —75.365 —67.835 —43.225 21.623
C3H3N3z-(H0)3(L) —509.6725859 362.744 —84.163 —74.749 —48.133 20.842
C3H3N3-(H20)3(M) —509.6753714 361.294 —91.476 —83.824 —58.658 8.782
C3H3N3-(H20)3(N) —509.6782843 363.400 —99.124 —90.232 —62.960 10.238
C3H3N3-(H20)3(0) —509.6784981 363.963 —99.685 —89.684 —31.849 12.105
C3H3N3z-(H0)3(P) —509.6832194 364.833 —112.081 —102.021 —73.316 11.155
C3H3N3-(H20)3(Q) —509.6849827 365.264 —116.711 —106.324 —76.378 3.668
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Table4 Calculated vertical excitation energy (E,/eV) for thefirst singlet (n, ') state of 1,2,4-triazine-(H,0),,
Species  C3H3N3(*A") A B C Average D E F G H
Caculation E, 3.076 (3.1%) 3.169 3181 3.096 3.149 3.197 3.257 3.226 3.099 3.198
Species I Average J K L M N @) P Q Average
CaculationE,  3.207 3.197 3295 3265 3294 3.202 3.285 3.011 3215 3.228 3.224

3 Observed value 7.

FI MRD-CI/DZPR 7KV [ HE 8 v 5748 7373l i 3.56 Fl 3.48
eV, AR HAML 3.076 eV, JEH TSz 3.1
eV, UiB A TDB3LYP/6-31++G** Tiill /K % 1,2,4- =%
W TFH— 10, © VR ATEEBE AL T {5
.
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