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Fig. 1 The structure of 1H-tetrazoles
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Table 1 Optimized structures and the indexes of thermal stability for 1H-tetrazole derivatives

| NI-N2 N2-N3 N3-N4 N4C5 C5N1| | AE Resonance | Tysc™
RL RS (A) (kJ/mol) (T)
H H 1326 1252 1342 1289 1330 | 838 | 348 599 211
1347 1325 1362 1324 1349
H CH3)] 1329 1251 1340 1294 1333 | 857 | 454 60.3 252
1348 1323 1361 1330 1352
CH3 H 1326 1254 1337 1292 1329 | 80 | 489 212
1350 1324 1360 1328 1349
CH3 CH3 | 1331 1252 1335 1296 1333 | 85 | 549 574 345
1350 1325 1358 1332 1353
H NH2{ 1343 1244 1344 1294 1331 | 831 34 716 228
1353 1320 1364 1327 1351
H 1HT ) 1322 1254 1338 1290 1328 | 867 267
1347 1325 1360 1332 1347
’ Upper line : Optimized at HF/6-31G*
Lower line : Optimized at MP2/6-31G*
*Bird's aromatic index
**Ring stabilized energy defined in ref. 9
**From ref. 1 '
Table 2 Electron charge and = electron density at MP2/6-31G* level
total charge (upper) and n-electron density (lower) Tosc:
Rl RS N1 N2 N3 N4 C5 ring ()
H H -0442 -0027 -008 —0267 0292 -0531 | 211
1469 1135 1116 1122 0964 5.806
H CH3)] -0484 -0037 -0101 -0316 0474 ~0464 | 252
1.483 1.137 1122 1136 0946 5.824
CH3 H -0277 -0056 -0099 -0280 0.8 -0527 | 212
1418 1152 1124 1121 0992 5.806
CH3 CH3| —-0328 =-0054 -0106 -0321 0467 -0343 | 345
1429 1154 1.129 1136 0963 5812 '
H NH2| -0502 -0035 -0102 -0341 0650 -0329 | 229
1514 1143 1127 1118 0938 5.841
H IHT | -0510 -0010 -0079 -0353 0520 -0431 | 267
1453 1125 1.105 1138 0984 5.805
Upper value . electron charge

i2H2HDNHOHF, MP2RICROBBEAEICRBIEY
REEBREZI>TVE, ShhbbhiLHichE
BEHIBVTF PV N EBELDICRBTFEBIIT
SBBRELRREPDREIBRALCTVSMICEATSE
EDBFELWEEIONS, HiIZAFVEDRS, B
RBICI-TESIIAEEBEIBIDLELONS,
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Lower value : = electron density
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Fig. 5 Resonance structures of alkyl-tetrazoles
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Fig. 8 The tetraoles expected with both high thermal stability and high energy
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Ab initio MO study on the thermal stability of alkyl tetrazoles

Yoshio OHNO?®, Mitsuru ARAI*, Masamitsu TAMURA®
and Takehiro MATSUNAGA**

In order to estimate the thermal stability of tetrazoles, ab initio MO calculations of alkyl
tetrazoles were carried out and the initial process of thermal decomposition were discussed. The
relationships between the chemical structures and the thermal stabilities were investigated.

The initial step of the thermal decomposition is the cleavage of the N3-N4 bond, then
the C5-N1 bond is cleave. The relationship between the N3-N4 bond length and the thermal sta-
bility is recognized, that is, the shorter the bond length is, the more thermally stable the
tetrazole is. In addition it turns out, the more positive the ring charge is, the more thermally
stable the tetrazole is. The relationship between the 7z -electron density and the thermal stability
is not found.

The indexes adopted as a measure of thermal stability indicate that the more equal the
bond lengths of the ring are, the more thermally stable they are.

From these results, three tetrazoles with both high thermal stability and high nitrogen con-
tent are proposed.

(*Department of Chemical System Engineering, School of Engineering, The University

of Tokyo, 7-3-1, Hongo, Bunkyo-ku, Tokyo 113-8656, Japan
**National Institute of Materials and Chemical Research, 1-1 Higashi, Tsukuba,
Ibaraki 305-8565, Japan)
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