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Abstract Five fully optimized geometries of 3-nitro-1,2,4-triazol-5-one (NTO)/NH3 and NTO/H,O su-
permolecules have been obtained with density functional theory method at the B3LY P/6-311+ +G** level.
The intermolecular interaction energy was calculated with basis set superposition error correction and zero
point energy correction. The greatest corrected intermolecular interaction energies of the NTO/NH3; and
NTO/H,0 supermolecules are —37.58 and —30.14 kJmol respectively, indicating that the intensity of in-
teraction between NTO and NHjs is stronger than between NTO and H,O. Electrons in supermolecular sys-
tems transfer from NHz or H,O to NTO. The strong hydrogen bonds contribute to the interaction energies
dominantly. Natural bond orbital (NBO) analysis was performed to reveal the origin of the interaction. Based
on the vibrational analysis, the changes of thermodynamic properties from the monomer to supermolecules
with the temperature ranging from 200.0 to 800.0 K have been obtained using the statistical thermodynamic
method. It was found that structures I and 111 can be produced spontaneously from NTO and NH3 at room
temperature, while structures 1V, V and V1 can only be produced spontaneously from NTO and H,O at lower
temperature.
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Figurel Optimized geometriesand intermolecular distance (hm) of NTO, NTO/NHzand NTO/H,O
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%1 NTO, NTO/NH; 1 NTO/M,0 (¥ B3LY P/6-311+ +G** & /> 4k JL [ 2 8k 2
Tablel Part of fully optimized geometries of NTO, NTO/NHzand NTO/H,0 at the B3LY P/6-311+ +G** level

Geometry [ I 1 \Y Y VI
N(1)—N(2) 0.1358 0.1356 0.1354 0.1354 0.1360 0.1355
N(1)—C(5) 0.1398 0.1400 0.1393 0.1389 0.1390 0.1401
N(1)—H(10) 0.1008 0.1008 0.1039 0.1019 0.1008 0.1008
N(2—C(3) 0.1291 0.1295 0.1293 0.1292 0.1293 0.1294
C(3—N(4) 0.1366 0.1362 0.1366 0.1368 0.1362 0.1364
C(3—N(6) 0.1451 0.1451 0.1445 0.1449 0.1454 0.1450
N(4)—C(5) 0.1402 0.1396 0.1403 0.1395 0.1392 0.1398
N(4)—H(11) 0.1009 0.1050 0.1008 0.1009 0.1021 0.1029
C(5—0(9) 0.1204 0.1209 0.1210 0.1216 0.1216 0.1207
N(6)—O(7) 0.1215 0.1217 0.1217 0.1215 0.1216 0.1215
N(6)—O(8) 0.1230 0.1231 0.1232 0.1231 0.1228 0.1233
N(12—H(13) (0.1015) 0.1016 0.1016

N(12)—H(14) (0.1015) 0.1017 0.1017

N(12)—H(15) (0.1015) 0.1016 0.1016

0(12)—H(13) (0.0965) 0.0972 0.0971 0.0965
0O(12)—H(14) (0.0965) 0.0961 0.0961 0.0962

#Bond lengths are in nm and values in parentheses are data of NHz and H,O.
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NTO, NH;, H,O Hl 5 Fl 43+ HIE AR 433l Ky
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Table2 Total energy, zero-point energy and interaction energy at the B3LY P/6-311+ +G** level

Energy NH3 H,O NTO I Il v \% VI

E —148557.9 —2007419 —1370872 —1519478 —1519475 —1571655 —1571655 —1571653
AE —48.18 —45.88 —41.53 —41.73 —39.13
ZPEC 6.22 6.43 8.32 831 6.87
BSSE 4.38 4.06 314 331 4.47
AEc zpec —37.58 —35.39 —30.14 —30.11 —27.79
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Table3 The calculated natural atomic charges of NTO, NTO/NH3z and NTO/H,0 supermolecules
Atom | I " v \Y Vi
N(1) —0.423 —0.422 —0.444 —0.420 —0.417 —0.420
N(2) —0.221 —0.233 —0.221 —0.212 —0.229 —0.227
C(3) 0.463 0.462 0.452 0.458 0.468 0.461
N(4) —0.620 —0.649 —0.621 —0.612 —0.622 —0.634
C(5) 0.769 0.766 0.764 0.700 0.771 0.768
N(6) 0.463 0.465 0.460 0.462 0.464 0.467
o(7) —0.322 —0.332 —0.334 —0.323 —0.328 —0.323
o(8) —0.386 —0.400 —0.396 —0.390 —0.374 —0.415
0(9) —0.598 —0.621 —0.620 —0.647 —0.649 —0.609
H(10) 0.423 0.418 0.456 0.460 0.423 0.400
H (11) 0.452 0.473 0.447 0.451 0.486 0.478
N(12) [O(12)] —1.053 (—0.916) —1.054 —1.059 —0.968 —0.965 —0.938
H(13) [H(13)] 0.351 (0.458) 0.373 0.371 0.495 0.495 0.491
H(14) [H(14)] 0.351 (0.458) 0.380 0.375 0.475 0.476 0.481
H(15) 0.351 0.373 0.372

2Vauesin parentheses are data of H,O.
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Table4 Partsof calculated results of NTO/NHzand NTO/H,O at B3LY P/6-311+ +G** level by NBO analysis

Structure Donor NBO (i) Acceptor NBO (j) E/(kJemol %)
Il BD(1) N(12—H(13) BD*(1) N(4)—H(11) 2.84
BD(1) N(12—H(14) BD*(1) N(4)—H(11) 5.10
BD(1) N(12—H(15) BD*(1) N(4)—H(11) 2.88
LP(1) N(12) BD* (1) N(4)—H(11) 136.85
n BD(1) N(12)—H(13) BD* (1) N(1)—H(10) 2.01
BD(1) N(12)—H(14) BD* (1) N(1)—H(10) 2.88
BD(1) N(12)—H(15) BD* (1) N(1)—H(10) 2.05
LP(1) N(12) BD* (1) N(1)—H(10) 108.26
\Y BD(1) N (1)—H(10) BD* (1) O(12)—H(13) 1.50
LP(1) O(9) BD* (1) O(12)—H(14) 2.59
LP(2) O(9) BD* (1) O(12)—H(14) 15.76
LP(2) O(12) BD*(1) N(1)—N(2) 121
LP(2) O(12) BD*(1) N(1)—H(10) 25.50
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Structure Donor NBO (i) Acceptor NBO (j) E/(kJ*mol 1)
v BD(1) N(4)—H(11) BD*(1) O(12)—H(13) 1.38
LP(1) O(9) BD* (1) O(12)—H(14) 2.42
LP(2) O(9) BD* (1) O(12)—H(14) 14.59
LP(2) O(12) BD* (1) N(4)—H(11) 31.85
VI BD(1) N (4)—H(11) BD* (1) O(12)—H(13) 1.21
BD(1) O(12)—H(14) BD*(1) N(4)—H(11) 259
LP(1) O(12) BD* (1) N(4)—H(11) 1.21
LP(2) O(12) BD* (1) N(4)—H(11) 75.74

#E denotes the stabilization energy, BD denotes bonding orbital, BD* denotes antibonding orbital, LP denotes lone-pair. For BD and BD*: (1) and (2) denote o or-
bital and = orbital, respectively. For LP: (1) and (2) denote the first and the second lone pair electron, respectively. Only the stable energies over 1.00 kJmol *are

listed.

25 AR

2541t NTO, NH3, H,O, NTO/NH;3 F1 NTO/H,0 %14
ROEANFRELE T IIRRHET R Com )~ FRUERI( Sy ) bR
HERS(Hp ). AHERIL, [A—E R, XFR) 271 NTO/NH;
I F1) C o (EARARIT; R, 23R EAE A EATTE
NTO 5 NH; i Com Z MK 5.58~14.63 Je
mol Kt 2, 3 Bl NTO/H,0 i 5 TF1) Com (1 th3E
ARPEE, EAIH NTO 5 HO ¥ Cply Z AR 2.77~15.19
Jemol %K 1. 7EIR S 4 200.0~800.0 K i [ A H FLAK T
D el O i AN & U Y X (R 4 N PR N s b e ]
FHELAE R T8O A2 I A B A 28 VR L EZ ok

F5 AR T NTO, NH,,

Table5 Thethermodynamic properties of NTO, NHa,

H AGr=AHr—TAS: KAG ARG BE N1 AGHH. K
I 298.2 K I}, 1 NTO Al NH3 £ )8(NTO/NH3) #4511 Al
R, AGy B4 fl, RUIERIR i B mT
RHEAT; AR, NTO Rl H,O HfEAE 200 K LA R IR A
e F R B BGE 73 F(NTOHL0) L 1V, V VI X igE—
AU NTO 5 NH; 973 7R AH BAEH 38 T NTO 5 H,0
MVER. ERRAIF L Bk TR R P2 g de
IR ERARIR L N AR R B RIE IR, SERT
HRHL Fox-7 (1,1- 2k —hg%E 24%) 2R NTO 19 — 5
u‘r%[”] AG<<0, 454 Reth 2 fh o U5 i Uik

H,0, NTO/NH; Fl NTO/H,0 #8457 #2321t )5t @
H,0, NTO/NHzand NTO/H,0 at different temperatures

Structure - Temp./K (J-mC;I’)LnI-/K’l) (JmiT{-K’l) (kJ-Hr:of’l) (J-mgi{wl) (kfn:g{*l) (kfn?gll’l)
NHs 200.0 33.66 187.84 6.66
208.2 3543 20156 10.04
400.0 38.33 212.36 13.79
600.0 44.63 229.09 22.00
800.0 50.47 24274 3161
H,0 200.0 3327 175.28 6.65
208.2 3353 18859 9.93
400.0 34.28 19854 13.38
600.0 36.41 212.82 20.44
800.0 38.75 22361 27.95
NTO 200.0 87.40 316.01 11.46
208.2 117.42 356.61 21,54
400.0 14378 304.93 34.89
600.0 180.16 460.73 67.50
800.0 202,01 515.81 105.99
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Structure - Temp./K (J-m((:)Ip '*nl-/Kfl) (J-ijll-K’l) (kJ-Hr:of’l) (J-mgi{wl) (kfn:g(*l) (kfn?gll’l)
I 200.0 126.64 384.81 16.98 —119.04 —43.36 —19.50
298.2 160.72 441.84 3111 —116.33 —42.69 —7.99
400.0 191.74 493.52 49.11 —113.77 —41.79 3.72
600.0 237.32 580.54 92.34 —109.28 —39.56 26.01
800.0 267.03 653.17 142.97 —105.38 —36.85 47.45
Il 200.0 127.19 391.20 17.17 —112.65 —40.65 —18.12
298.2 161.43 448.49 31.36 —109.68 —39.92 —7.21
400.0 192.44 500.39 49.43 —106.9 —38.95 3.80
600.0 237.71 587.63 92.77 —102.19 —36.61 24.70
800.0 267.12 660.33 143.45 —08.22 —33.85 44.72
v 200.0 123.44 367.26 15.96 —124.03 —35.71 —10.90
298.2 158.78 423.33 29.86 —121.87 —35.17 1.16
400.0 188.84 474.35 47.62 —119.12 —34.21 13.43
600.0 230.26 559.44 89.87 —114.11 —31.72 36.74
800.0 255.82 629.46 138.67 —109.96 —28.83 59.13
\% 200.0 123.46 367.22 15.95 —124.07 —35.91 —11.09
298.2 158.66 423.27 29.84 —121.93 —35.38 0.97
400.0 188.68 474.25 47.59 —119.22 —34.43 13.25
600.0 230.13 559.28 89.81 —114.27 —31.97 36.59
800.0 255.75 629.27 138.59 —110.15 —29.10 59.01
VI 200.0 127.05 374.19 16.56 —117.10 —34.08 —10.66
298.2 160.72 431.37 30.73 —113.83 —33.27 0.67
400.0 189.79 482.81 48.63 —110.66 —32.17 12.09
600.0 230.51 568.12 90.99 —105.43 —29.57 33.68
800.0 255.95 638.18 139.82 —101.24 —26.65 54.33
AAS=(SP )i~ S )~ S i, AHr=(Hp, +E(HF)+ZPE)~ Hyy +E(HF)+ZPE)~ Hi +E(HF)+ZPE); (i=11 and l11, ii=NHs; i=1V, V and VI, ii=H0).
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