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This supplementary information includes :

TABLE S1. Provenance and purity of samples under study.
TABLE S2. Data (areas and Clausing factors) of the effusion orifices of the Knudsen effusion apparatus.
TABLE S3. Standard molar heat capacities, in the gaseous phase, for 4-amino-4H-1,2,4-triazole, 3-amino-1H-1,2,4-triazole, and 3,5-diamino-1H-1,2,4-triazole, derived from statistical thermodynamics using the vibrational frequencies calculated at the HF/6-31G (d)) level of theory (scaled by a factor of 0.8929).
TABLES S4-S8. Computed enthalpies of reactions, (g), and formation,  (g), for the amino-1,2,4-triazole derivatives, using G3(MP2), at T = 298.15 K.
TABLE S9. G3(MP2) absolute enthalpies of the amino-1,2,4-triazole derivatives and of the auxiliary molecules and atoms used in the reactions and standard molar enthalpies of formation, at T = 298.15 K, taken from the literature.








Table S1 
Provenance and purity of samples under study
	Chemical name
	CAS
	Provenance
	Initial mass fraction puritya
	Purification method
	Final mass fraction purityb
	

	3-Amino-1H-1,2,4-triazole
	61-82-5
	TCI
	99.9
	Sublimation
	99.98
	

	4-Amino-4H-1,2,4-triazole
	584-13-4 
	Sigma-Aldrich®
	99.4
	Sublimation
	99.91
	

	3,5-Diamino-1H-1,2,4-triazole
	1455-77-2
	Sigma-Aldrich®
	99.7
	Sublimation
	99.99
	


a Commercial information; bGC chromatography.


TABLE S2
Areas and transmission probability factors for the platinum orifices of the Knudsen effusion apparatus. 
	
	Orifice number
	Orifice diameter 2r / mm
	l/r
	Ao / mm2
	Wo

	
	
	
	
	
	

	Small orifices
	A1
	0.800
	0.0313
	0.502
	0.988

	
	A2
	0.805
	0.0311
	0.509
	0.988

	
	A3
	0.796
	0.0314
	0.498
	0.988

	
	
	
	
	
	

	Medium orifices
	B4
	0.994
	0.0252
	0.774
	0.991

	
	B5
	0.999
	0.0250
	0.783
	0.991

	
	B6
	1.004
	0.0249
	0.792
	0.991

	
	
	
	
	
	

	Large orifices
	C7
	1.183
	0.0211
	1.099
	0.992

	
	C8
	1.197
	0.0209
	1.125
	0.992

	
	C9
	1.200
	0.0208
	1.131
	0.992


 l is the thickness (0.0125 mm) of the effusion hole and r is its radius. Ao represents the area of the effusion orifice and wo is the transmission probability factor (Clausing factor) calculated by means of the equation, wo = {1 + (3l / 8r)}-1








Table S3
Standard molar heat capacities, in the gaseous phase, of 4-amino-4H-1,2,4-triazole, 3-amino-1H-1,2,4-triazole, and 3,5-diamino-1H-1,2,4-triazole derived from statistical thermodynamics using the vibrational frequencies calculated at the HF/6-31G (d)) level of theory (scaled by a factor of 0.8929).
	T / K
	 / JK-1mol-1

	
	4-amino-4H-1,2,4-triazole
	3-amino-1H-1,2,4-triazole
	3,5-diamino-1H-1,2,4-triazole

	200.00
	59.01
	61.04
	81.57

	250.00
	70.03
	73.13
	96.96

	298.15
	81.34
	84.82
	110.86

	300.00
	81.78
	85.27
	111.38

	350.00
	93.49
	96.97
	124.77

	400.00
	104.63
	107.9
	137.04

	450.00
	114.90
	117.86
	148.15

	500.00
	124.20
	126.83
	158.14

	550.00
	132.54
	134.85
	167.07

	600.00
	140.02
	142.00
	175.07

	650.00
	146.71
	148.40
	182.25




 =f(T), determined by HF/6-31G(d), used to correct  to 298.15 K, using the equation:
 	(1)
4-amino-4H-1,2,4-triazole
	(2)

3,5-diamino-1H-1,2,4-triazole
	(3)
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Table S4
Computed enthalpies of reaction, , and formation, , in the gaseous state, of 1-amino-1H-1,2,4-triazole, using G3(MP2), at T = 298.15 K
	Reaction
	
	
	

	

	(1)
	–44.7
	288.7

	

	(2)
	–63.9
	293.1

	

	(3)
	–94.8
	291.6

	

	(4)
	–94.7
	293.0

	

	(5)
	–95.3
	291.0

	
	 (G3(MP2)) = (291.5 ± 0.8) kJ.mol-1a








Table S5
Comput
aMean and standard deviation.




Table S5
Computed enthalpies of reaction, , and formation, , in the gaseous state, of 4-amino-1H-1,2,4-triazole, using G3(MP2), at T = 298.15 K
	Reaction
	
	
	

	

	(1)
	–88.8
	332.8

	

	(2)
	–107.9
	337.1

	

	(3)
	–138.8
	335.6

	

	(4)
	–138.8
	337.1

	

	(5)
	–139.3
	335.0

	
	 (G3(MP2)) =(335.5 ± 0.8) kJ.mol-1a







Table S6
Compute
a
aMean and standard deviation.



Table S6
Computed d enthalpies of reaction, , and formation, , in the gaseous state, of 3-amino-1H-1,2,4-triazole, using G3(MP2), at T = 298.15 K
	Reaction
	
	
	

	

	(1)
	64.3
	179.7

	

	(2)
	45.1
	184.1

	

	(3)
	14.3
	182.5

	

	(4)
	14.3
	184.0

	

	(5)
	13.8
	181.9

	
	 (G3(MP2)) =(182.4 ± 0.8) kJ.mol-1a










Table S7
C
aMean and standard deviation.







Table S7
Computed enthalpies of reaction, , and formation, , in the gaseous state, of 5-amino-1H-1,2,4-triazole, using G3(MP2), at T = 298.15 K
	Reaction
	
	
	

	

	(1)
	60.0
	184.0

	

	(2)
	40.8
	188.4

	

	(3)
	10.0
	186.9

	

	(4)
	10.0
	188.3

	

	(5)
	9.4
	186.3

	
	 (G3(MP2)) = (186.8 ± 0.8) kJ.mol-1












Compute
aMean and standard deviation.








Table S8
Computed enthalpies of reaction, , and formation, , in the gaseous state, of 3,5-diamino-1H-1,2,4-triazole, using G3(MP2), at T = 298.15 K
	Reaction
	
	
	

	

	(1)
	125.2
	170.1

	

	(2)
	88.4
	171.3

	

	(3)
	86.8
	178.9

	

	(4)
	25.1
	175.9

	

	(5)
	25.1
	178.8

	

	(6)
	51.2
	177.0

	

	(7)
	24.1
	174.6

	
	 (G3(MP2)) = (175.2 ± 1.3) kJ.mol-1a













aMean and aMean and standard deviation.



Table S9
G3(MP2) computed enthalpies for amino-1,2,4-triazoles and for the auxiliary molecules and atoms used in the gas-phase reactions and standard molar enthalpies of formation, at T = 298.15 K, taken from the literature
	Compound
	−G3(MP2)
Enthalpy (T = 298.15 K) / a.u.ª
	

	1-Amino-1H-1,2,4-triazole
	297.145521
	____

	3-Amino-1H-1,2,4-triazole
	297.187062
	181.1 ± 1.1b

	4-Amino-4H-1,2,4-triazole
	297.128755
	____

	5-Amino-1H-1,2,4-triazole
	297.185412
	____

	3,5-Diamino-1H-1,2,4-triazole
	352.473717
	178.9 ± 3.1b

	1,2,4-Triazole
	241.899077
	[bookmark: _Ref147843220]192.7 ± 0.8 [[endnoteRef:1]] [1: [] 	J.B. Pedley, R.D.  Naylor, S.P. Kirby, Thermochemical Data of Organic Compounds, Chapman and Hall, New York (1986) 1–792. ] 


	Benzene
	231.824304
	[bookmark: _Ref451782723]82.9  0.9 [[endnoteRef:2]] [2: [] 	M.V. Roux, M. Temprado, J.S. Chickos, Y. Nagano, J. Phys. Chem. Ref. Data 37 (2008) 1855–1996.] 


	Methane
	40.418284
	[bookmark: _Ref451773032]–74.8  0.34 [[endnoteRef:3]] [3: [] 	M.W. Chase Jr., J. Phys. Chem. Ref. Data, Monograph 9 (1998) 1–1951.] 


	Ethane
	79.646717
	–84.0 ± 0.4 [[endnoteRef:4]] [4: [] 	J.A. Manion, J. Phys. Chem. Ref. Data (2002) 123–172.] 


	Ethene
	78.430763
	52.46 ± 0.29[3]

	Methylamine
	95.681769
	–23.4 ± 1.0 [1]

	Ethylamine
	134.917509
	–47.5 ± 0.6 [1]

	Aniline
	287.106846
	87.03 ± 0.88 [[endnoteRef:5]] [5: [] 	W.E. Hatton, D.L. Hildenbrand, G.C. Sinke, D.R. Stull, J. Chem. Eng. Data 7 (1962) 229–231.] 


	m-Methylaniline
	326.344119
	61.1 [[endnoteRef:6]] [6: [] 	J.A. Draeger, J. Chem. Thermodyn. 16 (1984) 1067–1073.] 


	Biphenyl
	462.480044
	180.3 ± 3.3 [2]

	2-Aminobiphenyl
	517.762778
	184.4 ± 1.0 [1]

	Toluene
	271.061587
	50.1 ± 1.1 [2]

	Urea
	244.963059
	[bookmark: _Ref451784751]–235.5 ± 1.2 [[endnoteRef:7]] [7: [] 	G. Ya. Kabo, E.A. Miroshnichenko, M.L.  Frenkel, A.A. Kozyro, V.V. Simirskii, A.P. Krasulin, V.P. Vorob'eva, Yu.A. Lebedev, Bull. Acad. Sci. USSR, Div. Chem. Sci. (1990) 662–667.] 


	Acetone
	192.838677
	–217.1 ± 0.7 [1]


ª All energies are in Hartrees. (1 Hartree = 2625.5 kJ·mol-1); b This work 



image1.emf
+

CH

4

+

H

3

C NH

2

N N

N

NH N

N

NH

2



image2.emf
H

3

C CH

3 NH

2

+

+

N N

N

NH N

N

NH

2



image3.emf
+

+

N N

N

NH N

N

NH

2

NH

2



image4.emf
+

+

N N

N

NH N

N

H

2

N

NH

2



image5.emf
+ +

N N

N

NH N

N

NH

2

NH

2



image6.emf
+

CH

4

+

H

3

C NH

2

N N

N

NH N

N

NH

2



image7.emf
H

3

C CH

3 NH

2

+ +

N N

N

NH N

N

NH

2



image8.emf
+ +

N N

N

NH N

N

NH

2

NH

2



image9.emf
+ +

N N

N

NH N

N

H

2

N

NH

2



image10.emf
+

+

N N

N

NH N

N

NH

2

NH

2



image11.emf
+

CH

4

+

H

3

C NH

2

NH N

N

H

2

N

NH N

N



image12.emf
H

3

C CH

3 NH

2

+ +

NH N

N

H

2

N

NH N

N



image13.emf
+ +

NH N

N

H

2

N

NH N

N

NH

2



image14.emf
+ +

NH N

N

H

2

N

NH N

N

H

2

N



image15.emf
+

+

NH N

N

H

2

N

NH N

N

NH

2



image16.emf
+

CH

4

+

H

3

C NH

2

NH N

N

NH

2

NH N

N



image17.emf
H

3

C CH

3 NH

2

+ +

NH N

N

NH

2

NH N

N



image18.emf
+ +

NH N

N

NH

2

NH N

N

NH

2



image19.emf
+ +

NH N

N

NH

2

NH N

N

H

2

N



image20.emf
+ +

NH N

N

NH

2

NH N

N

NH

2



image21.emf
+

2CH

4

+

H

3

C NH

2

NH N

N

NH

2

H

2

N

NH N

N

2



image22.emf
H

3

C CH

3

H

2

N

NH

2

+ +

NH N

N

NH

2

H

2

N

NH N

N



image23.emf
H

3

C CH

3 NH

2

+ +

NH N

N

NH

2

H

2

N

NH N

N

2 2



image24.emf
+ +

NH N

N

NH

2

H

2

N

NH N

N

2 2

NH

2



image25.emf
+ +

NH N

N

NH

2

H

2

N

NH N

N

2 2

H

2

N



image26.emf
+ +

NH N

N

NH

2

H

2

N

NH N

N

H

2

N

O

NH

2

O

H

2

C CH

2

+



image27.emf
+ +

NH N

N

NH

2

H

2

N

NH N

N

NH

2

2 2



