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S1. Ideal gas properties
Table S1. Available experimental data on standard molar enthalpy of formation and standard molar entropy for pure N2O4 and NO2 at 298.15 K.
	Source
	
, kJ/mol
	
, J/mol/K

	
	N2O4
	NO2
	N2O4
	NO2

	Chao [1]
	9.16
	33.18
	304.64
	240.25

	Hisatsune [2]
	10.63
	−
	304.30
	−

	Altshuller [3]
	−
	−
	−
	239.83

	Gordon [4]
	−
	−
	−
	239.94

	Lasala et al. [5]
	9.99
	34.20
	297.65
	240.03

	Gurvich et al. [6]
	11.11
	34.19
	304.35
	240.06

	NIST-JANAF [7]
	9.080
	33.100
	304.376
	240.034


[bookmark: _Ref164279852]
Table S2. Available experimental data on standard molar enthalpy and standard molar entropy for the reaction N2O4 ⇄ 2NO2 at 298.15 K.
	Source
	
, kJ/mol
	
, J/mol/K

	Chao [1]
	57.20
	175.86

	Hisatsune [2]
	57.07
	175.35

	Lasala et al. [5]
	58.41
	182.41

	Gurviĉ et al. [6]
	57.27
	175.71

	NIST-JANAF [7]
	57.12
	175.68

	Blend [8]
	57.11
	−

	Harris and Churney [9]
	57.07
	−

	Mišina et al. [10]
	57.57
	−

	Vosper [11]
	57.11
	175.39

	Glendening and Halpern [12]
	58.40
	176.45


S2. Available experimental data for the reactive system N2O4 ⇄ 2NO2 ⇄ 2NO+O2
[bookmark: _Ref160714680][bookmark: _Hlk176185096]Table S3. Available experimental critical properties of the reactive system N2O4 ⇄ 2NO2 ⇄ 2NO+O2.
	Source
	
, K
	
, bar
	
, kg/m3

	Bennewitz and Windisch [13] 
	431.34 ± 0.7
	−
	570 ± 18

	Greben’kov et al. [14]
	430.91
	101.4
	−

	Nadejdine [15]
	444.34
	−
	−

	Polikhronidi et al. [16]
	431.07 ± 0.1
	−
	551.7 ± 4.33

	Scheffer and Treub [17–19]
	431.35 ± 0.2
	101.33
	−

	Reamer and Sage [20] / Schlinger and Sage [21]
	431.36
	101.28
	550.5

	Scheuer [22]
	430.1
	−
	566.7

	Curbelev [23,24]
	430.91 ± 0.61
	−
	556.2

	Veržinskaâ et al. [25]
	430.91 ± 0.1
	−
	555 ± 6


[bookmark: _Hlk176452973]Table S4. Available P-T experimental data of the reactive system N2O4 ⇄ 2NO2 ⇄ 2NO+O2 at vapour-liquid equilibrium conditions. Data indicated with (*) have not been used as justified in the main text.
	Source
	Number of points
	Temperature range, K
	Pressure range, bar

	Greben’kov et al. [14]
	42
	352-431
	10-101

	Scheffer and Treub [17–19]
	72
	262-431
	0.2-1

	Reamer and Sage [20]
	25
	294-428
	1-92

	Schlinger and Sage [21]
	26
	294-428
	1-92

	Scheuer [22]
	13(*)
	263-288
	0.2-0.8

	Nesterenko [26]
	53
	292-427
	1-91

	Giauque and Kemp [27]
	24
	262-295
	0.1-1

	Addison and Sheldon [28]
	6
	263-293
	0.2-1

	Baume and Robert [29,30]
	25
	265-311
	0.2-2.2

	Guye and Drouginine [31]
	8(*)
	263-285
	0.2-0.8

	Mittasch et al. [32]
	34
	276-333
	0.4-5.2

	Ramsay and Young [33]
	17
	263-295
	0.2-1

	Selleck et al. [34]
	1
	278
	0.45

	Stoddart [35]
	8
	273-293
	0.3-1

	Thorpe [36]
	1
	295
	1

	Cymarnyj [37]
	9
	363-428
	14-94


Table S5. Features of available saturated liquid density data for the reactive system N2O4 ⇄ 2NO2 ⇄ 2NO+O2. Data indicated with (*) have not been used as justified in the main text.
	Source
	Number of points
	Temperature range, K
	Density range, kg/m3

	Bennewitz and Windisch [13]
	19(*)
	293-431
	738-1447

	Polikhronidi et al. [16]
	15
	301-431
	562-1427

	Reamer and Sage [20]
	26
	294-431
	550-1439

	Scheuer [22]
	15(*)
	283-429
	730-1468

	Curbelev [24]
	4
	430-431
	538-682

	Veržinskaâ et al. [25]
	7
	406-431
	589-1033

	Mittasch et al. [32]
	28
	276-329
	1356-1484

	Pascal and Garnier [38]
	19
	268-294
	1444-1500

	Greben’kov et al. [39]
	23
	400-431
	556-1080

	Amirhanov [40]
	5
	301-427
	804-1427


[bookmark: _Ref160728554]Table S6. Available saturated vapour density data of the reactive system N2O4 ⇄ 2NO2. Data indicated with (*) have not been used as justified in the main text.
	Source
	Number of points
	Temperature range, K
	Density range, kg/m3

	Bennewitz and Windisch [13]
	19(*)
	293-431
	3.4-488

	Polikhronidi et al. [16]
	11
	417-431
	201-550

	Reamer and Sage [20]
	26
	294-431
	3-550

	Schlinger and Sage [21]
	9
	294-428
	3.5-306

	Scheuer [22]
	15(*)
	283-429
	3.4-405

	Curbelev [24]
	6
	430-431
	429-519

	Veržinskaâ et al. [25]
	19
	370-431
	46-556

	Mittasch et al. [32]
	7
	273-333
	1.4-15.2

	Veržinskaâ and Curbelev [41]
	9
	370-431
	45-556


Table S7. Used in this work experimental data on equilibrium constants in the liquid phase of the reactive system N2O4 ⇄ 2NO2. 
	Source
	Number of points
	Temperature range, K

	Gray and Rathbone [42]
	6
	262-294

	James and Marshall [43]
	4
	266-296

	Vosper [44]
	16
	263-333


Table S8. Used in this work experimental data on liquid phase density of the reactive system N2O4 ⇄ 2NO2. 
	Source
	Number of points
	Temperature range, K
	Pressure range, bar
	Density range, kg/m3

	Reamer and Sage [20]
	98
	294-428
	34-414
	956-1487

	Thorpe [36]
	1
	273
	1
	1490

	Cymarnyj [37]
	117
	299-511
	26-594
	800-1441

	Addison and Smith [45]
	23
	263-293
	1
	1447-1515

	Ramsay and Shields [46]
	2
	275-293
	1
	1444-1487

	Bousfield [47]
	20
	277-293
	1
	1450-1484

	Vitûk [48] / Vitûk and Golovskij [49] / Vitûk et al. [50]
	52
	262-343
	23-596
	1402-1540


Table S9. Used in this work experimental data on enthalpy increment of the liquid phase of the reactive system N2O4 ⇄ 2NO2. 
	Source
	Number of points
	Temperature range, K
	Pressure range, bar
	Enthalpy increment range, kJ/kg

	Sarumov [51]
	38
	283-429
	49-294
	101-402

	Šejndlin et al. [52,53]
	45
	283-438
	49-294
	100-430

	Šejndlin et al. [54]
	41
	283-431
	49-294
	100-430

	Šejndlin et al. [55]
	20
	283-468
	49-294
	35-522

	Šejndlin et al. [56] / Simonov [57]
	69
	283-482
	118-294
	44-654


S3. Sensibility analysis plots
This section introduces the results of the sensibility analysis, applied to the variables of the optimisation problem and presented in Figures S1 – S4. Pink solid curves represent results of calculations in the case of non-perturbed input parameters (thus coincident with calculations shown in Figure 1 of the main manuscript); green dashed and black dashed curves portray the results of calculations at perturbed values of the variable parameter: values of the parameter were increased or reduced by 10%, respectively. Blue curves represent the results of calculations in the case of coincidence between the results of calculations for non-perturbed and perturbed values of parameters. The red line corresponds to the triple temperature point of the reactive system. 
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[bookmark: _Ref178529531][bookmark: _Hlk178529427]Figure S1. Results of sensitivity analysis performed for critical temperatures: (a) and (b) – for Tc(NO2), (c) and (d) – for Tc(N2O4).
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[bookmark: _Ref180079267][bookmark: _Hlk178529556]Figure S2. Results of sensitivity analysis performed for critical pressures: (a) and (b) – for Pc(NO2), (c) and (d) – for Pc(N2O4).
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Figure S3. Results of sensitivity analysis performed for acentric factors: (a) and (b) – for ω(NO2), (c) and (d) – for ω(N2O4).
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[bookmark: _Ref166495838]Figure S4. Results of sensitivity analysis performed for standard molar properties of the N2O4 ⇄ 2NO2 reaction: (a) and (b) – for , (c) and (d) – for .
[bookmark: _Hlk182558940]S4. Validity of the Clapeyron equation for reactive systems with congruent material transfer between phases
Consider the change of the extensive Gibbs energy in the reactive system:

		
In the case of the phase equilibrium between liquid and vapor phases, we can write

		
Since at chemical equilibrium the Gibbs energies of the reaction of vapor and of liquid are both equal to zero, we obtain:

		

[bookmark: ZEqnNum785677]		

Thus, the Clapeyron equation is still valid for reactive systems. However, we can not rewrite eq.  in terms of molar properties as in the case of inert fluids, since the composition of the system changes during the process of evaporation ():

		

		

Since mass of the system does not change during the evaporation process (), we can use the Clapeyron equation in terms of mass properties:
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