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1 

 

1H-Tetrazol-5-amine (1) 

a. 
1
HNMR, b. 

13
CNMR 

 

2 2-Azido-1H-imidazole-4,5-dicarbonitrile (4) 

a. 
1
HNMR, b. 

13
CNMR, c. DSC-TGA, d. C, H, N analysis 

 

3 4,5-Di(1H-tetrazol-5-yl)-1H-imidazol-2-amine (5) 

a. 
1
HNMR, b. 

13
CNMR, c. DSC-TGA, d. HRMS, e. C, H, N analysis  

 

4 2-(1H-Tetrazol-1-yl)-1H-imidazole-4,5-dicarbonitrile (6) 

a. 
1
HNMR, b. 

13
CNMR, c. DSC-TGA, d. HRMS, e. C, H, N analysis 

 

5 5, 5'-(2-(1H-Tetrazol-1-yl)-1H-imidazole-4,5-diyl)bis(1H-tetrazole (7) 

a. 
1
HNMR, b. 

13
CNMR, c. DSC-TGA, d. HRMS and e. C, H, N analysis 

 

6 2-Amino-5-cyano-1H-imidazole-4-carboxamide (8) 

a. 
1
HNMR, b. 

13
CNMR, c. DSC-TGA, d. HRMS, e. C, H, N analysis 

 

7 1-(1H-1,2,4-Triazol-3-yl)-1H-tetrazole (9) 

a. 
1
HNMR, b. 

13
CNMR, c. DEPT, d. DSC-TGA, e. HRMS  and f. C, H, N 

analysis 

 

8 Diaminomethaniminium 3-(1H-tetrazol-1-yl)-1,2,4-triazol-1-ide (9a) 

a. 
1
HNMR, b. 

13
CNMR, c. DEPT, d. DSC-TGA, e. HRMS  and f. C, H, N 

analysis 

 

9 (Hydrazinylcarbonyl)hydrazinium 3-(1H-tetrazol-1-yl)-1,2,4-triazol-1-ide (9b) 

a. 
1
HNMR, b. 

13
CNMR, c. DEPT, d. DSC-TGA, e. C, H, N analysis 
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10 4-Amino-4H-1,2,4-triazol-1-ium 3-(1H-tetrazol-1-yl)-1,2,4-triazol-1-ide (9c) 

a. 
1
HNMR, b. 

13
CNMR, c. DEPT, d. DSC-TGA, e. HRMS, f. C, H, N analysis. 

 

11 3-Amino-1H-1,2,4-triazol-4-ium 3-(1H-tetrazol-1-yl)-1,2,4-triazol-1-ide (9d) 

a. 
1
HNMR, b. 

13
CNMR, c. DEPT, d. DSC-TGA, e. C, H, N analysis 

 

12 3,5-Diamino-1H-1,2,4-triazol-4-ium 3-(1H-tetrazol-1-yl)-1,2,4-triazol-1-ide (9e) 

a. 
1
HNMR, b. 

13
CNMR, c. DEPT, d. DSC-TGA, e. C, H, N analysis 

  

13 5-(1H-Tetrazol-1-yl)-1H-1,2,4-triazol-3-amine (10) 

a. 
1
HNMR, b. D2O exchange 

1
H c. 

13
CNMR, d. DEPT, e. DSC-TGA, f. HRMS  

and g. C, H, N analysis 

 

14 Diaminomethaniminium 3-amino-5-(1H-tetrazol-1-yl)-1,2,4-triazol-1-ide (10a) 

a. 
1
HNMR, b. 

13
CNMR, c. DSC-TGA, d. HRMS and e. C, H, N analysis 

 

15 (Hydrazinylcarbonyl)hydrazonium 3-mino-5-(1H-tetrazol-1-yl)-1,2,4-triazol-1-

ide (10b) 

a. 
1
HNMR, b. 

13
CNMR, c. DSC-TGA, d. HRMS, e. C, H, N analysis 

  

16 3-Amino-1H-1,2,4-triazol-4-ium 3-amino-5-(1H-tetrazol-1-yl)-1,2,4-triazol-1-ide 

(10d) 

a. 
1
HNMR, b. 

13
CNMR, c. DEPT, d. DSC-TGA, e. C, H, N analysis 

 

17 3,5-Diamino-1H-1,2,4-triazol-4-ium 3-amino-5-(1H-tetrazol-1-yl)-1,2,4-triazol-

1-ide (10e) 

a. 
1
HNMR, b. 

13
CNMR, c. DEPT, d. DSC-TGA, e. HRMS, f. C, H, N analysis 

 

18 

 

1-(3-Azido-1H-1,2,4-triazol-5-yl)-1H-tetrazole (11) 

a. 
1
HNMR, b. 

13
CNMR, c. DSC-TGA, d. HRMS, e. C, H, N analysis 

  

19 3,5-Diamino-1H-1,2,4-triazol-4-ium 3-azido-5-(1H-tetrazol-1-yl)-1,2,4-triazol-1-

ide (11e) 
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a . 
1
HNMR, b. 

13
CNMR, c. DEPT, d. DSC-TGA, e. C, H, N analysis 

  

20 3-Azido-1H-1,2,4-triazol-5-amine (12) 

a. 
1
HNMR, b. 

13
CNMR, c. DSC-TGA, d. HRMS, e. C, H, N analysis 

 

21 Diaminomethaniminium 5-amino-3-azido-1,2,4-triazol-1-ide (12a) 

a. 
1
HNMR, b. 

13
CNMR, c. DSC-TGA, d. HRMS and e. C, H, N analysis 

  

22 3,5-Diamino-1H-1,2,4-triazol-4-ium 5-amino-3-azido-1,2,4-triazol-1-ide (12e) 

a. 
1
HNMR, b. 

13
CNMR, c. DSC-TGA, d. HRMS, e. C, H, N analysis 
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1. 1H-Tetrazol-5-amine (1) 

 

a. 
1
H NMR 

 

 

b. 
13

C NMR 
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2. 2-Azido-1H-imidazole-4,5-dicarbonitrile (4) 

 

a. 
13

C NMR 

 

 

b. TG-DTA measurement 
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c. C H N analysis 
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3. 4,5-Di(1H-tetrazol-5-yl)-1H-imidazol-2-amine(5) 

 

a. 
1
H NMR 

 

 

b. 
13

C NMR 

 

 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013



c. TG-DTA measurement 
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d.HRMS 
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e. C H N analysis 
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4. 2-(1H-Tetrazol-1-yl)-1H-imidazole-4,5-dicarbonitrile(6) 

 

a. 
1
H NMR 

 

 

b. 
13

C NMR 
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c. TG-DTA measurement 
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d.HRMS 
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e. C H N analysis 
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5. 5, 5'-(2-(1H-Tetrazol-1-yl)-1H-imidazole-4,5-diyl)bis(1H-tetrazole) (7) 

 

a. 1
H NMR 

 

 

 

b. 13
C NMR 
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c. TG-DTA measurement 
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d. HRMS 
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e. C H N analysis 
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6. 2-Amino-5-cyano-1H-imidazole-4-carboxamide (8) 

 

a. 1
H NMR 

 

 

b. 13
C NMR 
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c. TG-DTA measurement 
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d. HRMS 
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e. C H N analysis 
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7. 1-(1H-1,2,4-Triazol-3-yl)-1H-tetrazole (9) 

 

a. 
1
H NMR 

 

 

b. 
13

C NMR 
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c. DEPT 

 

 

 

d. TG-DTA measurement 
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e. HRMS 
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f. C H N analysis 
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8. Diaminomethaniminium 3-(1H-tetrazol-1-yl)-1,2,4-triazol-1-ide (9a) 

 

a. 
1
H NMR 

 

b. 
13

C NMR 
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c. DEPT 

 

 

d. TG-DTA measurement 
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e. HRMS 
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f. C H N analysis 
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9. (Hydrazinylcarbonyl)hydrazinium 3-(1H-tetrazol-1-yl)-1,2,4-triazol-1-ide (9b) 

 

a. 
1
H NMR 

 

 

b. 
13

C NMR 
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c. DEPT 

 

 

d. TG-DTA measurement 
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e. C H N analysis 
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10. 4-Amino-4H-1,2,4-triazol-1-ium 3-(1H-tetrazol-1-yl)-1,2,4-triazol-1-ide (9c) 

 

a. 
1
H NMR 

 

 

b. 
13

C NMR 
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c. DEPT 

 

 

d. TG-DTA measurement 
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e. HRMS 
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f. C H N analysis 
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11. 3-Amino-1H-1,2,4-triazol-4-ium 3-(1H-tetrazol-1-yl)-1,2,4-triazol-1-ide (9d) 

 

a. 
1
H NMR 

 

 

b. 
13

C NMR 
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c. DEPT 

 

 

d. TG-DTA measurement 
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e. C H N analysis 
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12. 3,5-Diamino-1H-1,2,4-triazol-4-ium 3-(1H-tetrazol-1-yl)-1,2,4-triazol-1-ide 

(9e) 

a. 
1
H NMR 

 

b. 
13

C NMR 
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c. DEPT 

 

 

 

d. TG-DTA measurement 
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e. C H N analysis 
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13. 5-(1H-Tetrazol-1-yl)-1H-1,2,4-triazol-3-amine (10) 

 

a. 
1
H NMR 

 

b. 
1
H NMR (D2O exchange) 
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c. 
13

C NMR 

 

 

d. DEPT 
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e. TG-DTA measurement 
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e. HRMS 
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g. C H N analysis 
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14. Diaminomethaniminium 3-amino-5-(1H-tetrazol-1-yl)-1,2,4-triazol-1-ide 

(10a) 

a. 
1
H NMR 

 

 

b. 
13

C NMR 
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c. TG-DTA measurement 
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d. HRMS 
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e. C H N analysis 
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15. (Hydrazinylcarbonyl)hydrazonium 3-mino-5-(1H-tetrazol-1-yl)-1,2,4-triazol-

1-ide (10b) 

 

a. 
1
H NMR 

 

 

b. 
13

C NMR 
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c. TG-DTA measurement 
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d.HRMS 
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e. C H N analysis 
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16. 3-Amino-1H-1,2,4-triazol-4-ium 3-amino-5-(1H-tetrazol-1-yl)-1,2,4-triazol-1-

ide (10d) 

a. 
1
H NMR 

 

 

b. 
13

C NMR 
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c. DEPT 

 

 

d. TG-DTA measurement 
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e. C H N analysis 
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17. 3,5-Diamino-1H-1,2,4-triazol-4-ium 3-amino-5-(1H-tetrazol-1-yl)-1,2,4-

triazol-1-ide (10e) 

 

a. 
1
H NMR 

 

 

b. 
13

C NMR 
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c. DEPT 

 

 

d. TG-DTA measurement 
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e.HRMS 
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f. C H N analysis 
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18. 1-(3-Azido-1H-1,2,4-triazol-5-yl)-1H-tetrazole (11) 

 

a. 
1
H NMR 

 

 

b. 
13

C NMR 

 

 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013



c. TG-DTA measurement 
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d. HRMS 
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e. C H N analysis 
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19. 3,5-Diamino-1H-1,2,4-triazol-4-ium 3-azido-5-(1H-tetrazol-1-yl)-1,2,4-triazol-

1-ide (11e) 

 

a. 
1
H NMR 

 

 

b. 
13

C NMR 
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c. DEPT 

 

 

d. TG-DTA measurement 
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e. C H N analysis 
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20. 3-Azido-1H-1,2,4-triazol-5-amine (12) 

 

a. 
1
H NMR 

 

 

b. 
13

C NMR 
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c . TG-DTA measurement 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013



d.HRMS 
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e. C H N analysis 
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21. Diaminomethaniminium 5-amino-3-azido-1,2,4-triazol-1-ide (12a) 

 

a. 
1
H NMR 

 

b. 
13

C NMR 
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c. TG-DTA measurement 
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d. HRMS 
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e. C H N analysis 
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22. 3,5-Diamino-1H-1,2,4-triazol-4-ium 5-amino-3-azido-1,2,4-triazol-1-ide (12e) 

a. 
1
H NMR 

 

 

b. 
13

C NMR 
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c. TG-DTA measurement 
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d. HRMS 
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e. C H N analysis 
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Table 1. Calculated total energy (E0), zero point energy (ZPE) and thermal correction 

(∆HT) at B3PW91/6-31G(d,p) level for selective nonionic compounds and their 

molecular surface properties.  

Comp. 
E0  

(a.u.) 

ZPE 

(a.u.) 

∆HT 

(a.u.) 

A  

(Å
2
) 

σ
2

tot 

(kcal/mol) 
v 

5 -795.27592 0.1445 0.0130 217.21 702.91 0.20 

7 -996.87609 0.1547 0.0152 255.88 534.86 0.18 

9 -499.02838 0.0878 0.0078 151.34 432.26 0.22 

10 -554.35787 0.1046 0.0093 166.32 235.98 0.23 

11 -662.54621 0.0908 0.0105 186.37 213.53 0.22 

12 -460.94548 0.0805 0.0085 147.58 402.34 0.16 

A: Area of the isosurface of 0.001 electrons/bohr
3
 electronic density. ν: Degree of 

balance between the positive and negative surface potentials. σ
2

tot: Measure of 

variability of the electrostatic potential. 
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