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Table S1
Compilation of data on molar heat capacities  and heat capacity differences of [R4Am][BF4] and [R4Am][BF4] at 298.15 K (in J.K-1.mol-1) a 
	Ionic Liquid
	(liq) a
	-
	-b

	[N4444Am][BF4]
	613
	88 c
	-40

	[N4444Am][NO3]
	588
	60 b
	-40


a Calculated according to the empirical procedure suggested by Ahmadi et al. [1].
b Assessed
c Calculated according to the empirical equation [2]:
/J.K-1.mol-1= -0.0879×  (liq, 298.15 K) - 34.6 with R2 = 0.9938.


Table S2. Solid-solid and solid-liquid phase transitions in [R4NAm][BF4] reported in Ref. [3] (in kJmol-1) a

	Phase
	[N1111Am][BF4]
	[N2222Am][BF4]
	[N3333Am][BF4]
	[N4444Am][BF4]

	transition
	Ttr/K
	
	Ttr/K
	
	Ttr/K
	
	Ttr/K
	

	III→II
	154
	0.5
	
	
	289
	1.5
	
	

	II→I
	601
	1.7
	336
	11.7
	392
	16.3
	335
	7.9

	I→liq
	716
	17.2
	642
	13.8
	511
	19.2
	429
	12.1

	Td b [4]
	651 
	
	606
	
	575
	
	551
	

	(Tfus)
	
	(18.9)
49.4±2.0 c
	
	(25.5)
44.3±2.0 c
	
	
35.5±0.5
	
	
20.0±0.5 d


a Uncertainties are presented as expanded uncertainties (0.95 level of confidence with k=2). Values in parentheses were neglected because melting and decomposition occurred simultaneously.
b Decomposition temperature.
c Calculated according to the Walden's rule [5] with the WC estimated from [N3333Am][BF4]:
WC = 35500/575 = 69 Jmol-1K from data in this table.
d Compilation of data available for [N4444Am][BF4]is given in Table S3.



Table S3. Compilation of solid-solid and solid-liquid phase transitions in [N4444Am][BF4] (in kJmol-1)

	Phase
transition
	[6]
Ttr/K
	[6]

	[3]
Ttr/K
	[3]

	[7]
Ttr/K
	[7]


	III→II
	
	
	
	
	314
	1.2

	II→I
	341
	6.7
	335
	7.9
	340
	2.1

	I→liq
	439
	10.5
	429
	12.9
	432
	8.7



Table S4. Compilation of solid-solid and solid-liquid phase transitions in [N3333Am][NO3] (in kJmol-1)a

	
	
	Phase
transition
	Ttr/K
	

	
	
	II→I
	366 [8]
	9.0 [8]

	
	
	I→liq
	523 [8]
	19.9 b

	
	
	(Tfus)
	
	28.8±2.0


a Uncertainties are presented as expanded uncertainties (0.95 level of confidence with k=2). 
b Calculated according to the Walden's rule [5] with the WC estimated from [N4444Am][NO3] (from Table S5): WC = 14800/389.9 = 38 Jmol-1.

Table S5. Compilation of solid-solid and solid-liquid phase transitions in [N4444Am][NO3] (in kJmol-1)a

	Phase
transition
	[6]
Ttr/K
	[6]

	[7]
Ttr/K
	[7]

	[8]
Ttr/K
	[8]

	
Ttr/K
	


	II→I
	366
	0.2
	359.8
	0.2
	362.3
	0.2
	
	

	I→liq
	392
	14.6
	388.4
	14.3
	389.3
	15.6
	
	

	(Tfus)
	
	14.8±2.0
	
	14.6±0.5
	
	15.8±1.0
	389.9 a
	14.8±0.6 a


a Uncertainties are presented as expanded uncertainties (0.95 level of confidence with k=2). 
a Weighted average value calculated using the uncertainty as the weighing factor.

Table S6
Correlation of vaporisation enthalpies, (298.15 K), in series of imidazolium based ILs [Cnmim][NTf2] and [Cnmim][BF4] (in kJ·mol-1) a

	n
	(298.15 K)/
[Cnmim][NTf2] [9]
	(298.15 K)/
[Cnmim][BF4] [10]

	2
	126.4
	130.5

	4
	132.3
	138.3

	6
	140.2
	146.8

	8
	149.5
	152.8

	10
	156.9
	158.3


a The following linear correlation was developed using the data from this table (see Fig S1):
(298.15 K, [Cnmim][BF4]) = 20.0 + 0.889×(298.15 K, [Cnmim][NTf2]) with R2 = 0.980 


Fig. S1. Correlation of vaporisation enthalpies in series of imidazolium based ILs: x-axis is [Cnmim][NTf2] and y-axis is [Cnmim][BF4] (in kJ·mol-1).
Table S7
Correlation of vaporisation enthalpies, (298.15 K), in series of imidazolium based ILs [Cnmim][NTf2] and [Cnmim][BF4] (in kJ·mol-1) a

	n
	(298.15 K)/
[Cnmim][NO3] [10]
	(298.15 K)/
[Cnmim][BF4] [2]

	2
	158.1
	130.5

	4
	162.3
	138.3

	6
	170.1
	146.8

	8
	177.9
	152.8


a The following linear correlation was developed using the data from this table (see Fig S2):
(298.15 K, [Cnmim][BF4]) = -41.5 + 1.10×(298.15 K, [Cnmim][NO3]) with R2 = 0.971.



Fig. S2. Correlation of vaporisation enthalpies in series of imidazolium based ILs: x-axis is [Cnmim][NO3] and y-axis is [Cnmim][BF4] (in kJ·mol-1).

Table S8
Correlation of vaporisation enthalpies, (298.15 K), in series of imidazolium based ILs [Cnmim][NTf2] and [Cnmim][BF4] (in kJ·mol-1) a

	
	(298.15 K)/
[Cnmim][NTf2] [9]
	(298.15 K)/
[Cnmim][NO3] [10]

	2
	126.4
	158.1

	4
	132.3
	162.3

	6
	140.2
	170.1

	8
	149.5
	177.9

	10
	156.9
	


a The following linear correlation was developed using the data from this table(see Fig S3):
(298.15 K, [Cnmim][NO3]) = 47.5 + 0.873×(298.15 K, [Cnmim][NTf2]) with R2 = 0.998.


Fig. S3. Correlation of vaporisation enthalpies in series of imidazolium based ILs: x-axis is [Cnmim][NTf2] and y-axis is [Cnmim][NO3] (in kJ·mol-1).


Table S9
Correlation of vaporisation enthalpies in series of imidazolium based ILs [Cnmim][NTf2] [Cnmim][BF4] used to calculate (298.15 K) of the [R4Am][BF4] series (in kJ·mol-1)

	n
	(298.15 K)/
 [Cnmim][NTf2] [9]
	(298.15 K)/
 [Cnmim][BF4] [2]
	(298.15 K)/
 [R4Am][BF4]

	2
	126.4
	130.5
	

	4
	132.3
	138.3
	

	6
	140.2
	146.8
	

	8
	149.5
	152.8
	

	10
	156.9
	158.3
	

	
	[N1111][NTf2] 139.3 [11]
	
	[N1111][BF4] 143.6±3.0 a

	
	[N2222][NTf2] 144.4 [11]
	
	[N2222][BF4] 148.0±3.0 a

	
	[N3333][NTf2] 149.4 [11]
	
	[N3333][BF4] 152.3±3.0 a

	[N4444][BF4]
	154.5 b
	155.3 b
	


a Calculated using the correlation developed in Table S6:
(298.15 K, [Cnmim][BF4]) = 20.0 + 0.889×(298.15 K, [Cnmim][NTf2]) with R2 = 0.980 
b Coordinates of the red point in Fig. 1 (main text).

Table S10
Correlation of vaporisation enthalpies, (298.15 K), in series of ammonium based ILs [R4Am][NO3] and [R4Am][BF4] (in kJ·mol-1) a

	n
	[R4Am][NO3]
	[R4Am][BF4]

	4
	152.1 [7]
	143.6 [Table S9]

	8
	161.2 [7]
	149.9±3.0 b

	12
	165.1 c
	152.7±3.0 b

	16
	168.9 [Table 2]
	155.3 [Table 2]


a The following linear correlation was developed using the data from this table:
(298.15 K, [R4Am][BF4]) = 37.7 + 0.696×(298.15 K, [R4Am][NO3]).
b Interpolated using the correlation developed in this table.
c Calculated from the chain-length dependence according to Eq. (13) (see main text).


Table S11
Enthalpies of vaporization (298.15 K) of [N2222][BF4] and [N3333][BF4] derived from structure-property correlations a

	IL
	(298.15 K)/ kJ·mol-1

	[N2222][BF4]
	149.3±3.0 [Table S10]

	
	148.0±3.0 [Table S9]

	
	149.0±2.1 b

	[N3333][BF4]
	152.7±3.0 [Table S10]

	
	152.3±3.0 [Table S9]

	
	152.5±2.1 b


a Uncertainties are presented as expanded uncertainties (0.95 level of confidence with k=2). 
b Weighted average value calculated using the uncertainty as the weighing factor.




Table S12
Enthalpies of solution (, 298.15 K) of [N2222][BF4] and [N3333][BF4] derived from structure-property correlations a

	
	(, 298.15 K) / kJ·mol-1

	[N2222][BF4]
	30.9±3.0 [Table S14]

	
	32.3±3.0 [Table S15]

	
	31.6±2.1 b

	[N3333][BF4]
	18.7±3.0 [Table S14]

	
	19.1±3.0 [Table S15]

	
	18.9±2.1 b


a Uncertainties are presented as expanded uncertainties (0.95 level of confidence with k=2). 
b Weighted average value calculated using the uncertainty as the weighing factor.

Table S13
Correlation of solution enthalpies, (, 298.15 K), in series [R4Am][NO3] (in kJ·mol-1) a

	n
	(, 298.15 K)/
[R4Am][NO3] [7]

	4
	19.8±0.3

	8
	8.1±0.1

	12
	(-6.2±1.0) b

	16
	-19.8±0.2


a The following linear correlation was developed using the data from this table:
(, 298.15 K, [R4Am][NO3]) = 33.8 - 0.696×NC with R2 = 0.998.
b Interpolated using the correlation developed in this table.

Table S14
Correlation of solution enthalpies, (, 298.15 K), in series [R4Am][BF4] (in kJ·mol-1) a

	n
	(, 298.15 K)/
 [R4Am][BF4]

	4
	43.1±0.5 [Table 1]

	8
	(30.9±3.0) b

	12
	(18.7±3.0) b

	16
	6.5±0.5 [Table 1]


a The following linear correlation was developed using the data from this table:
(298.15 K, [R4Am][BF4]) = 55.3 – 3.1×NC.
b Interpolated using the correlation developed in this table.











Table S15
Correlation of solution enthalpies, (, 298.15 K) in series of ammonium based ILs [R4Am][NO3] and [R4Am][BF4] (in kJ·mol-1) a

	
	(, 298.15 K)/
[R4Am][NO3] [7]
	(, 298.15 K)/
[R4Am][BF4]

	[N1111][BF4]
	19.8±0.3
	43.1±0.5 [Table 1]

	[N2222][BF4]
	8.1±0.1
	(32.3±3.0)b

	[N3333][BF4]
	-6.2±1.0 c
	(19.1±3.0)b

	[N4444][BF4]
	-19.8±0.2
	6.5±0.5 [Table 1]


a The following linear correlation was developed using the data from this table:
(, 298.15 K, [R4Am][BF4]) = 24.8 + 0.924×(, 298.15 K, [R4Am][NO3]).
b Interpolated using the correlation developed in this table.
c From Table S13.

Table S16
Compilation of the crystalline phase enthalpies of formation, , for alkyl-ammonium nitrates at T = 298 K (p° = 0.1MPa)a

	
	/ kJ·mol-1

	tetra-methyl ammonium nitrate
	-331.04.2 [12]

	[N1111Am][NO3]
	-331.81.0 [13]

	
	-328.51.1 [7]

	
	-330.61.1 [Table 5]

	
	-330.40.6 b

	tetra-ethyl ammonium nitrate
	-428.54.0 [12]

	[N2222Am][NO3]
	-433.03.6 [7]

	
	-430.62.1 [Table 5]

	
	-430.71.7 b

	tetra-butyl ammonium nitrate
	-600.23.9 [7]

	[N4444Am][NO3]
	-609.12.2 [Table 5]

	
	-607.01.9 b


a Uncertainties are presented as expanded uncertainties (0.95 level of confidence with k=2). 
b Weighted average value calculated using the uncertainty as the weighing factor.


Determination of the Molar Enthalpies of Solution [14]
Molar enthalpies of solution of [N1111][BF4] and [N4444][BF4] were measured with a commercial LKB 8700-2 isoperibol solution calorimeter. The calorimeter was manufactured in 1967 and it has been basically upgraded in our lab. From the original device, we kept only mechanical parts, measuring cell, thermostatic bath with proportional heat controller, and calibrator power block. But the electronic and the data acquisition parts have been completely replaced with a modern equipment. We installed for the temperature measurements two precise digital multimeters (DMM). A relay card Quancom with a conventional PC was used to switch on/off the calibrator and the trigger for the ampoule breaker.
Sample Preparation. Prior to experiments, samples were subjected to vacuum evaporation at 333 K for more than 24 hours to remove possible traces of solvents and moisture. Samples loaded in ampoules for the solution experiments were additionally kept for 48 h over the P2O5 in vacuum in a desiccator connected to a rotary pump. Before an experiment desiccator was filled with the dry nitrogen and ampoules were closed with silicon stoppers.
Solution experiment. Calorimetric procedure. The solution experiment procedure consists of several steps. The 25 ml calorimetric cell is filled with 25.00 ± 0.01 g of bi-distilled water. The sample is loaded into a pre-weighted glass crushing ampoule. Liquids were loaded in the ampoule with a syringe. Solids were loaded as a pallet. The ampoule was closed with a silicon stopper and weighted again in order to determine the mass of the sample. In experiments with volatile compounds a thin wax layer was deposited upon the stopper. In experiments with ILs such precaution was unnecessary. All weightings were made using the Mettler-Toledo balances with the resolution 1·10-5g. The mass of the sample was adjusted to provide the final molality of the solution in the calorimetric cell at the level of 0.02 mol·kg-1 and lower.
Assembled ampoules were fixed in the golden ampoule holder, which was inserted in the calorimetric system. Electrical calibrations were performed short before and after solution step. The duration of main period differed significantly for different ILs, ranging from several seconds for sufficiently soluble samples to 1 hour for sparingly soluble samples. Temperature change was determined as a difference between the temperatures of the end and the beginning of main solution period. Temperature change was corrected using integration of cubic splines to take into account the heat exchange between the calorimetric system and the calorimetric bath. 
The performance and accuracy of the calorimetric system was tested by measuring the molar enthalpy of solution of KCl in water at (298.15 ± 0.01) K. The mean value of the solution enthalpy of (17.41 ± 0.04) kJmol-1 was in excellent agreement with the recommended value (17.47 ± 0.07) kJmol-1 [15]. These results verify that our calorimeter was operating correctly.
Dissolution of [N1111][BF4] and [N4444][BF4] was carried out using the ampoule technique. A cylindrical glass ampoule was filled with the sample (0.01 to 0.05 g), sealed, weighed (±0.01 mg), inserted in the sample holder, and finally immersed into the solvent. After thermal equilibration with the solvent the ampoule was broken and the temperature change in the cell was recorded. Results from the solution calorimetry are given in Table 1 (main text).

Quartz Crystal Microbalance. Vapor pressure and vaporization enthalpy determination [16]
Vapor pressures and vaporization enthalpies of ionic liquids were measured with the QCM technique, combined with the evaporation from an open surface described by the Langmuir equation. The detailed description of the applied QCM-Langmuir technique can be found elsewhere [16]. The absolute vapor pressures of ILs under study were derived from calibrated frequency change rates as it described in details in our recent work [17]. In short, the experimental study is performed as follows. The IL sample is placed in an open cavity drilled on the top of the thermostatted block made of the stainless steel. The quartz crystal incorporated in a thermostatted sensor is placed directly above the sample. At a constant temperature, the sample is exposed to vacuum (10-5 Pa) and a certain amount m of the sample is vaporized and deposited on the surface of QCM leading to the change of the vibrational frequency f of the quartz crystal according to Sauerbrey equation [18]:
	f = − C·f 2·m·SC-1	(S1),
where SC is the surface of the crystal, C is a constant, f = 6 MHz with f << f. The measured frequency change rates (df/dt) can be used for calculation of absolute vapor pressures psat according to Eq. (S2):
	pi = .	(S2)
where the K´-value is the empirical constant containing all parameters of the Sauerbrey equations, as well as parameters specific for the geometry of the experimental setup. The K´-value for our apparatus was evaluated with the help of reliable vapor pressure data on [Cnmim][NTf2], [CnPy][NTf2], and [CnCnim][NTf2] [17]. The experimental enthalpy of vaporization  at the average temperature Tav was determined from vapor pressures ps temperature dependence according to Clarke-Glew equation [19].
In order to detect a possible decomposition of the IL during the study, a typical experiment was performed in a few consequent series with increasing and decreasing temperature steps. Every experimental run consisted of 7 to 11 temperature points of mass loss rate determination. As a rule, an irreproducibility of the results of consequent series clearly indicates the decomposition. And vice versa, the consistency of results from randomly performed experimental runs is a good proof for the absence of decomposition. The vapor pressure study was finished when the enthalpy of vaporization  obtained in the sequential runs agreed within the reproducibility of ± 1 kJ·mol-1. In order to confirm the absence of decomposition of IL under the experimental conditions, the initial IL sample, the residual IL in the cavity and the IL deposit on QCM were analysed by ATR-FTIR spectroscopy. No changes in the spectra have been detected.
The experimental vapor pressures at different temperatures were approximated by the following equation:
		(S3),
where R = 8.31446 J.K-1.mol-1 is the molar gas constant, the reference pressure,  and a and b are adjustable parameters; the arbitrary temperature T0 applied in Eq. (S3) was chosen to be T0 = 298.15 K and  (see Table S1) is the difference of the molar heat capacities of the gas and the crystal (or liquid) phases respectively. The coefficient a from Eq. (S3) have been used to obtain the enthalpies of sublimation/vaporisation using the following equation:
		(S4)


Estimation of fusion enthalpies according to the Walden´s Rule [5]

In 1908 Paul Walden found that the ratio according to Eq. 8 can be considered as a constant (Walden´s Constant) [20]:
 	WC =  =  = 56.5 J·K-1·mol-1	(S5)
This observation was supported by experimental results from 35 compounds (mostly substituted benzenes like nitrobenzene, aniline, dimethylaniline, diphenylmethane, diphenylamine, acetophenone, para-propenylanisole, but also aliphatic esters, anhydrides, etc.). The prerequisite for this constancy is that the compounds did not associate in the liquid state. Eq. 9 is known as Walden's rule for thermochemistry [21]. 
From a practical point of view and based on our experience, Eq. S5 can be easily adapted for calculations within a range of similarly shaped molecules. We have already observed similarity of Walden´s Constants for R-acetanilides with R = alkyl, F, Cl, Br, NO2, NH2, OH, OCH3 [22] and for the for R-substituted benzamides [23]. We have found that for these series the WC for each series deviates from the “classic” value 56.5 J·K-1·mol-1 by about ± 10 J·K-1·mol-1. Such a “modified” Walden's Constant helps not only in evaluating the consistency of the experimental fusion data within a set of similarly structured compounds (see Table 3), but also the Walden's rule serves as a valuable tool for estimating missing fusion enthalpies of interesting compounds, provided that their fusion temperatures are available. Moreover, the “modified” Walden's Rule often helps to evaluate available phase transition data according to the general equation Eq. (1) (see main text).

Quantum chemical (QC) calculations. 
Standard ab initio molecular orbital calculations were performed with the Gaussian 09 Rev.04 series of programs [24]. Different conformers are generated by systematically or randomly altering the torsional angles in the molecule. For all the species included in this study, full geometry optimizations were carried out at the HF/6-31G(d) level. The corresponding harmonic vibrational frequencies were evaluated at the same level of theory to confirm that the optimized structures found correspond to potential energy minima and to evaluate the corresponding zero-point vibrational energies, ZPE, and the thermal corrections at 298 K. All the minima found at the HF/6-31G(d) level were again fully reoptimized at the MP2(FULL)/6-31G(d) level. Enthalpies H298 of each most stable conformers were calculated by using the G3MP2 method [25]. Calculations were performed under assumption “rigid rotator”-“harmonic oscillator”. The H298 values were evaluated according to standard thermodynamic procedures [26].
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