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Table 1 Crystallographic data for 1H-tetrazole

1 tormula CH2N4
2 | crystal system triclinic
3 | formula mass 70.05
4 | crystal dimensions(mm) | 0.70%0.20x0.10
5 | lattice parameters a=4.942(1)A
b=4.TT1( A
c=3.731(2) A
a=101.53(2)°
B=107.24(2)°
y =106.97(2)°
6 | volume of unit cell 76.31(6)mm*®
7 | space group Pl
8 | Z value 1
9 | radiation - | MoKa
10 | diffractometer Mac Science MXC18
11w 0.119mm™!
12| 20, 55.0°
13 | total refractions 408
14 | refractions used 271
15 | parameters 43
16 | scan technique w
17 | refinement Full matrix least squares
w=1/[0%(F0)+0.000025| Fo|*]
Non-H Atoms Refined Anisotropically
18| R,Rw 0.0312, 0.0434 '
19 | residual d 0.23eA™
20 | software and computer | Mac Science Crystan-GM(1.6) version 6.2(1994) 5
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Table 2 Optimized parameters for 1H-tetrazole and the CPU time

6661 ‘L 'ON ‘09 'IOA ‘lysiepies nyede))

_.9_.

MO level NI1-N2 N2=N3 N3-N4 N4=C5 C5-N1 index 1 index 2" total energy CPU time
(A) (A) (a.u.) (s/1SCF)
1 STO-3G 1.3871 1.3095 1.4108 1.3202 1.3712 0.0362 0.085 -253.4721 11.7
2 HF/4-31G 1.3560 1.2668 1.3774 1.3003 1.3405 0.0190 0.132 -256.3178 10.2
3 HF/4-31G* 1.3257 1.2502 1.3415 1.2870 1.3288 0.0225 0.115 -256.5027 24.3
4 HE/6-31G 1.3528 1.2699 1.3721 1.3044 1.3423 0.0162 0.120 -256.5912 14.9
5 HF/6-31G* 1.3261 1.2521 1.3414 1.2893 1.3301 0.0218 0.112 -256.7541 27.7
6 HF/6-311G 1.3490 1.2732 1.3703 1.3035 1.3393 0.0140 0.101 -266.6598 15.0
7 HF/6-311G* 1.3245 1.2480 1.3412 1.2864 1.3306 0.0237 0.123 -256.8108 33.1
8 HF/6-31G* 1.3261 1.2521 1.3414 1.2893 1.3301 0.0220 0.112 -256.7541 27.7
9 MP2/6-31G* 1.3482 1.3227 1.3637 1.3262 1.3476 0.0181 0.045 -257.6357 66.7
10 MP3/6-31G"* 1.3453 1.2924 1.3643 1.3135 1.3454 0.0096 0.043 -257.5322 206.4
11 C1/6-31G"* 1.3366 1.2754 1.3523 1.3032 1.3369 0.0115 0.068 -257.5327 353.7
12 dCISD/ﬁ-SlG * 1.3551 1.2916 1.3726 1.3156 1.3476 0.0143 0.063 -257.5350 1149.7
13 MP2/3-21G 1.4264 1.3939 1.4685 1.3441 '1.3704 0.0769 0.097 -255.8206 21.9
14 MP2/4-31G 1.4032 1.3662 1.4414 1.3460 1.3682 0.0614 0.054 -256.8757 25.2
156 MP2/4-31G* 1.3466 1.3207 1.3619 1.3238 1.3455 0.0161 0.045 -257.2847 62.9
16 MP2/6-31G 1.4009 1.3698 1.4336 1.35620 1.37156 0.0620 0.053 -257.1442 28.2
17 MPZ] 6-31G* 1.3482 1.3227 1.3637 1.3262 1.3476 0.0181 0.045 -257.5357 66.7
18 MP2/6-31G** 1.3479 1.3222 1.3632 1.3261 1.3479 0.0179 0.046 ~257.5525 88.0
19 MP2/6-311G 1.3917 1.3673 1.4236 1.3476 1.3644 0.0553 0.068 -257.2455 46.2
20 MP2/6-311G* 1.3419 1.3147 1.3580 1.3234 1.3477 0.0136 0.044 -257.6274 106.1
21 MP2/6-31+G* 1.3491 1.3240 1.3639 1.3286 1.3493 0.0194 0.046 ~257.5526 257.1
obs. (our work) 1.342(6) = 1.295(6) 1.358(4) 1.308(5) 1.315(6)

a) index 1 =X |Ri(obs.)-Ri(calc.)|/5, index2= X |Ri(calc.)/R2(calc.)-Ri{obs.)/R2(obs.)|/5
Ri(obs.) is the ith observed bond length.
Ri(calc.) is the ith calculated bond length. (i=1 to 5)
No. 1 to 7 : Basis set effects at HF level
8 to 12 : Electron correlation effects at 6-31G* basis set
13 to 21 : Basis set effects at MP2 level
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Table 3 Optimized parameters of dimers and trimers (MP2 level)

basis NI-N2 N2=N3 N3-N4 N4=C5 C5-NI N...H” AEY

set

(A) (kJ/mol)

monomer 6-31G* 1.3482  1.3227 1.3637 1.3262  1.3476
6-31G** 1.3479  1.3222 1.3632 = 1.3261 1.3479

dimer1 6-31G* A | 1.3466 1.3255 1.3619 1.3286 1.3456 | 1.973(N4.5) 42.3

B | 1.3480 13183 1.3636 1.3270  1.3452

6-31G**4 | 1.3464 1.3252 1.3618 1.3284 1.3456 | 1.950(N4B) 41.9

B | 1.3478 13179 1.3634 ~ 1.3266  1.3452

dimer2 6-31G* B | 1.3421 1.3255 1.3566 1.3276  1.3484 | 2.077(N2B) 41.5

Cc| 1.3453 1.3261 1.3624 1.3284 1.3462 | 2.938(N35B)

6-31G** B | 1.3418 1.3249 1.3568 1.3273  1.3485 | 2.073(N2B) 4].1

C | 1.3451 1.3265  1.3623  1.3281 1.3464 | 2.804(N35B)

trimeri  6-31G* B | 1.3457 1.3225 1.3595 1.3272  1.3467 | 2.365(N4B)| 92.6
C| 1.3451 13270 1.3626 1.3300 1.3450 | 1.983(N4D)
D| 13475 1.3196 1.3628  1.3289  1.3457 | 2.253(N3B)

trimer2 6-31G* A | 1.3431 1.3265 1.3580 1.3300 1.3458 | 1.965(N4B)| 106.4
B | 1.3461 1.3181 1.3628 1.3275  1.3451 | 2.200(N3B)
C| 1.3435 1.3283 1.3619  1.3301  1.3453 | 2.301(N2A)
obs. (our work) 1.342  1.295 1.358 1.308 1.315 | 1.94(N4)

a) (): Acceptor-atom label in hydrogen bond

b) AE=-(E(dimer)-2XE(monomer)) or AE=-(E(trimer)-3 XE (monomer))

E: Total electronic energy
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X-ray diffraction analysis and MO calculations of 1H-tetrazole

Yoshio OHNO®, Yoshiaki AKUTSU®*, Mitsuru ARAI"
Masamitsu TAMURA®* and Takehiro MATSUNAGA**

The X-ray diffraction analysis and the MO calculations of 1H-tetrazole were
carried out, in order to explain its high stability. From the X-ray diffraction
- analysis, five bonds in the ring have intermediate lengths between single and
double bond lengths. Therefore, 1H-tetrazole is quite stable because of its aroma-
ticity. The N1-C5 distance of 1.315 A'fis significantly short. The molecular struc-
ture which was calculated by the ab initio MO calculation of one 1H-tetrazole
molecule at MP2/6-31G* level, showed a good agreement with our experimental
one, except for the abnormal shon N1-C5 distance. From the calculations of
dimers and trimers, 1H-tetrazole is shown to be stabilized by a strong intermo-
lecular electrostatic interaction between the protons and the delocalized elec-
trons over the ring.
(*Department of Chemxcal 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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