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Transpiration method [1–3].

Absolute vapour pressures of benzophenones were measured using the transpiration method. The details of this method can be found elsewhere [1–3]. A brief description and the necessary details are compiled here. The main idea of this method is to saturate the gas stream flowing over the sample and to determine the amount of compound transferred by the gas within a given time. Approximately 0.5 to 0.8 g of the sample is mixed with glass beads (diameter 1 mm) and placed in the thermostatted U-shaped saturator. The glass beads are needed to enlarge the contact area between gas and sample. A stream of nitrogen at a well-defined flow rate was passed through the saturator at constant temperature (± 0.1 K), and the transported material was collected in a cold trap. The amount of the condensed substance was determined by GC. The saturation vapour pressure pi at each temperature Ti was calculated from the amount of condensate collected within a definite period of time:
	pi = mi·R·Ta / V·Mi ; 	V = (nN2 + ni)·R·Ta / Pa	(S1)
where V is the volume of the gas phase consisting of the nN2 moles of the carrier gas and ni mole of gaseous compound under study (with the molar mass Mi) at the atmospheric pressure Pa and the ambient temperature Ta. The volume of the carrier gas VN2 was determined by the digital flow rate sensor from integration with a microcontroller. We used the Honeywell S&C - HAFBLF0200C2AX5 digital flow rate sensor with uncertainty at the level of 2.5 %. The flow rate of the nitrogen stream was also controlled by using a soap bubble flow meter (HP soap film flowmeter (model 0101-0113)) and optimized in order to reach the saturation equilibrium of the transporting gas at each temperature under study. The volume of the carrier gas VN2 was readied from the digital flow rate sensor. The amount of the compound under investigation ni in the carrier gas was estimated at each temperature using the ideal gas law.
Before starting the vapour pressure measurements, the sample was first pre-conditioned at 310-320 K (within about one hour) in order to remove possible traces of water. The saturator was then kept at 310-315 K (to remove possible traces of volatile compounds). In order to assure the competition of pre-conditioning at the selected temperature, three samples were taken during the sample flashing at and analyzed by the GC. A constant vapour pressure at this temperature indicated that the transpiration experiments could begin. GC analysis of the transported material did not reveal any additional contamination. The absence of impurities and decomposition products was re-checked by GC analysis of the saturator content at the end of the entire series of experiments.







Table S1
Compilation of data on molar heat capacities (cr or liq) and heat capacity differences  at T = 298.15 K (in J.K-1.mol-1) 
	Compounds
	 a
	 b
	 a
	b

	benzophenone
	226.5
	34.7
	298.0
	88.1

	x-methyl-benzophenone
	254.1
	38.9
	326.4
	95.4

	4-ethyl-benzophenone
	281.0
	42.9
	358.3
	103.7

	4-iso-propyl-benzophenone
	-
	-
	383.7
	110.3

	4-tert-butyl-benzophenone
	-
	-
	410.2
	117.2

	3,4-dimethyl-benzophenone
	281.7
	43.0
	354.8
	102.8

	4-iso-propyl-acetophenone
	-
	-
	259.4
	78.0

	4-tert-butyl-acetophenone
	-
	-
	285.9
	84.9


a Calculated by the group-contribution procedure developed by Chickos et al. [4]. 
b Calculated according to the procedure developed by Acree and Chickos [5]. 

Table S2
Vapor pressures, pi, at different temperatures compiled from the literature [6], standard molar vaporisation enthalpies, , and standard molar vaporisation entropies, 
	T/
Ka
	/
Pae
	(T)/ a
kJmol-1
	(T)/
JK-1mol-1

	4-ethyl-benzophenone: (298.15 K) = (67.60.7) kJ.mol-1

	 ; pref = 1 Pa

	605
	101325
	54.9
	90.9

	599
	95992
	55.5
	92.3

	598
	95992
	55.6
	92.7

	597
	99058
	55.7
	93.2

	593
	101325
	56.1
	94.8

	591
	101325
	56.3
	95.4

	449
	1333
	71.1
	122.3

	447
	1333
	71.3
	123.5

	4-tert-butyl-benzophenone: (298.15 K) = (67.60.7) kJ.mol-1

	 ; pref = 1 Pa

	648
	101325
	53.8
	83.2

	443
	267
	77.9
	126.4

	441
	267
	78.1
	127.8

	426
	133
	79.9
	132.3

	424
	133
	80.1
	133.8

	3.4-dimethyl-benzophenone: (298.15 K) = (67.60.7) kJ.mol-1

	 ; pref = 1 Pa

	614
	101325
	56.4
	91.9

	613
	99192
	56.5
	92.0

	608
	101325
	57.0
	93.8

	421
	267
	76.2
	131.6

	411
	133
	77.2
	132.8

	4-iso-propyl-acetophenone: (298.15 K) = (67.60.7) kJ.mol-1

	 ; pref = 1 Pa

	527
	101325
	50.4
	95.7

	432
	6533
	57.8
	111.0

	431
	5600
	57.9
	110.2

	428
	5600
	58.1
	111.7

	406
	2666
	59.8
	117.1

	404
	2400
	60.0
	117.4

	403
	2400
	60.0
	117.9

	401
	1600
	60.2
	115.7

	399
	1600
	60.4
	116.8

	397
	1333
	60.5
	116.5

	396
	1307
	60.6
	116.9

	395
	1333
	60.7
	117.6

	395
	1307
	60.7
	117.5

	393
	1333
	60.8
	118.8

	392
	1333
	60.9
	119.4

	378
	453
	62.0
	119.1

	376
	453
	62.1
	120.3

	345
	107
	64.6
	130.2

	4-tert-butyl-acetophenone: (298.15 K) = (67.60.7) kJ.mol-1

	 ; pref = 1 Pa

	535
	99992
	48.3
	90.3

	439
	6133
	56.5
	105.3

	423
	2933
	57.8
	107.3

	422
	2933
	57.9
	107.8

	417
	2666
	58.3
	109.7

	410
	2000
	58.9
	111.1

	408
	1467
	59.1
	109.7

	407
	1467
	59.2
	110.2

	381
	667
	61.4
	119.4

	380
	667
	61.5
	120.0


a Uncertainties of the vaporisation enthalpies are expressed as the expanded uncertainty (0.95 level of confidence, k = 2). They include uncertainties from the fitting equation, and uncertainties from temperature adjustment to T = 298.15 K. Uncertainties in the temperature adjustment of vaporisation enthalpies to the reference temperature T= 298.15 K are estimated to account with 20 % to the total adjustment.

Table S3
Calculations of vaporisation enthalpies, , of 4-alkyl-subtituted benzophenones and acetophenones using the “centerpiece” approach (at 298.15 K, in kJ.mol-1) a

	Benzophenone
	(H→R1)b
	(CP)
	(add) c

	4-methyl-
	4.2±0.2
	78.0±0.2 d
	82.2±1.0

	1,2-dimethyl-
	9.6±0.2
	78.0±0.2 d
	87.6±1.0

	4-ethyl-
	8.4±0.2
	78.0±0.2 d
	86.4±1.0

	4-iso-propyl-
	11.3±0.3
	78.0±0.2 d
	89.3±1.0

	4-tert-butyl-
	13.6±0.4
	78.0±0.2 d
	91.6±1.0

	4-iso-propyl-
	11.3±0.3
	55.4±0.3 e
	66.7±2.0

	4-tert-butyl-
	13.6±0.4
	55.4±0.3 e
	69.0±2.0


a Uncertainties of vaporisation enthalpy () are the expanded uncertainties (0.95 level of confidence, k = 2).
b From Table S5.
c Calculated as the sum of columns 2 and 3.
d Enthalpy of vaporisation of the “centerpiece” molecule benzophenone, evaluated in Table 2.
e Enthalpy of vaporisation of the “centerpiece” molecule acetophenone, given in Table S7.
Table S4
Specific “transfer” contribution, (H→R1) derived from vaporisation enthalpies of substituted benzenes (at 298.15 K in kJ·mol-1)a
	R1
	(298.15 K) [7]
	(H→R1) b

	methyl-
	38.1±0.2
	4.2±0.2

	1,2-dimethyl-
	43.5±0.2
	9.6±0.2

	ethyl-
	42.3±0.2
	8.4±0.2

	iso-propyl-
	45.0±0.2
	11.3±0.3

	tert-butyl-
	47.5±0.4 [8]
	13.6±0.4


a Uncertainties are expanded unc08verertainties (0.95 level of confidence, k = 2).
b Calculated as the difference between the vaporisation enthalpy of alkyl-benzene and benzene (298.15 K) = 33.9 ± 0.1 kJ·mol-1 [9]


Table S5
Compilation of enthalpies of vaporisation  for the acetophenone derivatives derived in this work from the data available in the literature.

	Compound
	Ma
	T- range
	(Tav)
	(298.15 K)b
	Ref.

	CAS
	
	K
	kJ·mol-1
	kJ·mol-1
	

	4-iso-propyl-acetophenone (liq)
	BP
	345-527
	58.4±2.8
	68.2±3.4
	Table S3

	645-13-6
	CP
	
	
	66.7±2.0
	Table S4

	
	Tb
	
	
	68.2±2.0
	Table S6

	
	
	
	
	67.5±1.3 c
	average

	4-tert-butyl-acetophenone (liq)
	BP
	380-535
	55.7±2.5
	68.4±3.6
	Table S3

	943-27-1
	CP
	
	
	69.0±2.0
	Table S4

	
	Tb
	
	
	70.8±2.0
	Table S6

	
	
	
	
	69.7±1.3 c
	average


a Techniques: BP = derived from boiling points at different temperatures available in the literature (see Table S2); CP = derived using the “centerpiece” approach (see Table S3); Tb = derived from correlation of vaporisation enthalpies with the normal boiling points (see Table S6).
b Vapor pressures available in the literature were treated using heat capacity differences from Table S1 to evaluate the enthalpy of vaporisation at 298.15 K in the same way as our own results in Table 1. Uncertainty of the vaporisation enthalpy U() is the expanded uncertainty (0.95 level of confidence) calculated according to procedure described elsewhere [2, 3].
c Weighted mean value (uncertainties were taken as the weighing factor). Values in bold are recommended for further thermochemical calculations.













Table S6
Correlation of vaporisation enthalpies, (298.15 K), of acetophenone derivatives with their normal boiling temperatures (Tb)
	
	
	Tb a
	(298 K)exp
	(298 K)calc b
	c

	CAS
	Compound
	K
	kJ·mol-1
	kJ·mol-1
	kJ·mol-1

	98-86-2
	acetophenone
	475
	55.4±0.3 [10]
	55.7
	-0.3

	577-16-2
	2-methyl-acetophenone
	487
	59.2±0.3 [10]
	58.6
	0.6

	585-74-0
	3-methyl-acetophenone
	493
	59.9±0.3 [10]
	60.0
	-0.1

	122-00-9
	4-methyl-acetophenone
	499
	61.5±0.3 [10]
	61.5
	0.0

	2142-64-5
	2-ethyl-acetophenone
	505
	62.3±0.5 [10]
	62.9
	-0.6

	22699-70-3
	3-ethyl-acetophenone
	514
	64.7±0.6 [10]
	65.0
	-0.3

	937-30-4
	4-ethyl-acetophenone
	518
	66.4±0.6 [10]
	66.0
	0.4

	645-13-6
	4-iso-propyl-acetophenone
	527
	
	68.2±2.0
	

	943-27-1
	4-tert-butyl-acetophenone
	538
	
	70.8±2.0
	


a Normal boiling temperatures, Tb, [6].
b Calculated using equation: (298.15 K) /(kJ·mol-1) = 0.2390×Tb - 57.8 with (R2 = 0.986).
c Difference between column 4 and 5 in this table.



Table S7
Correlation of experimental vaporisation enthalpies, (298.15 K), of benzene and acetophenone derivatives (in kJ·mol-1)
	
	R-benzene 
	4-R-Acetophenone
	
	

	
	(298 K)exp [7]
	(298 K)exp
	(298 K)calc a
	b

	R = H
	33.9±0.2
	55.4±0.3 [10]
	56.4
	-1.0

	R = Me
	38.1±0.2
	61.5±0.3 [10]
	60.7
	0.8

	R = Et
	42.3±0.2
	66.4±0.6 [10]
	65.0
	1.4

	R = iso-Pr
	45.2±0.2
	67.5±1.3 [Table S5]
	68.0
	-0.5

	R = t-Bu
	47.5±0.4 [8]
	69.7±1.3[Table S5]
	70.3
	-0.6

	R = 2,3-diMe
	43.5±0.2
	
	66.2±2.0
	


a Calculated using equation:
 (298.15 K) /(kJ·mol-1) = 1.0283×(298 K, R-benzene)exp + 21.5  with (R2 = 0.968).
b Difference between column 3 and 4 in this table.

Table S8
G4 total energies at 0 K and enthalpies at 298.15 K (in Hartree) of the benzophenones studied in this work
	Compounds
	Eo
	H298

	benzophenone
	-576.311899
	-576.300064

	2-methyl-benzophenone
	-615.594242
	-615.580729

	3-methyl-benzophenone
	-615.595658
	-615.581892

	4-methyl-benzophenone
	-615.595923
	-615.582156

	3,4-dimethyl-benzophenone
	-654.879403
	-654.864213

	4-ethyl-benzophenone
	-654.874288
	-654.859350

	4-iso-propyl-benzophenone
	-694.155055
	-694.138725

	4-tert-butyl-benzophenone
	-733.435663
	-733.418139




Table S9
Thermochemical data at T = 298.15 K (p° = 0.1 MPa) for reference compounds (in kJ·mol-1)

	Compound
	 (liq)
	
	(g)exp.

	benzene
	49.0±0.9 [9]
	33.9±0.1 [9]
	82.9±0.9 

	methyl-benzene
	12.0±1.1 [9]
	38.1±0.1 [9]
	50.1±1.1 

	ethyl-benzene
	-12.3±0.9 [11]
	42.3±0.2 [11]
	29.9±1.1

	1,2-dimethylbenzene
	 -24.4±1.1 [11]
	43.5±0.2 [11]
	19.1±1.1

	iso-propylbenzene
	-41.1±1.0 [11]
	45.2±0.2 [11]
	4.0±1.0

	tert-butyl benzene
	-71.2±0.5 [8]
	47.5±0.4 [8]
	-23.7±0.6

	formaldehyde
	
	
	-108.6±0.5 [11]

	acetone
	
	
	-217.3±0.7 [11]

	methane
	
	
	-74.4±0.4 [11]

	ethane
	
	
	-83.8±0.4 [11]

	n-butane
	
	
	-125.6±0.7 [11]

	acetophenone
	-142.5±1.0 [12]
	55.4±0.3 [13]
	-87.1±1.0

	nitrobenzene
	10.6±1.6 [14]
	55.0±0.1 [14]
	65.6±1.6 [14]

	chlorobenzene
	11.0±1.3 [2]
	41.8±0.3 [2]
	52.8±1.3 [2]



Table S10
The theoretical gas-phase enthalpies of well-balanced reactions (10) (18) calculated using G4 method (at T = 298.15 K, in kJ.mol-1) a
	Number
	Reaction
	(g)theor

	10
	benzophenone + ethane = acetone + 2 × benzene
	-15.8±1.5

	11
	benzophenone + acetone = 2 × acetophenone
	-3.5±1.6

	12
	benzophenone + n-butane = acetone + 2 × methylbenzene
	-41.0±1.7

	13
	benzophenone + 2 methane = formaldehyde + 2 × methylbenzene
	187.8±1.7

	
	
	

	14a
	2-methyl-benzophenone + benzene = methylbenzene + benzophenone
	-2.3±1.6

	14b
	3-methyl-benzophenone + benzene = methylbenzene + benzophenone
	0.7±1.6

	14c
	3-methyl-benzophenone + benzene = methylbenzene + benzophenone
	1.4±1.6

	15
	4-ethyl-benzophenone + benzene = ethylbenzene + benzophenone
	1.3±1.7

	16
	3,4-dimethyl-benzophenone + benzene = + 1,2-dimethylbenzene + benzophenone
	2.2±1.6

	17
	4-iso-propyl-benzophenone + benzene = iso-proylbenzene + benzophenone
	1.4±1.6

	18
	4-tert-buyl-benzophenone + benzene = tert-butylbenzene + benzophenone
	1.4±1.5


a Uncertainties in this table represent two standard deviations. They were calculated using uncertainties of the reaction participants (see Table S9).

Table S11
Specific “transfer” contribution, (g)(H→R1) derived from enthalpies of formation of substituted benzenes (at 298.15 K in kJ·mol-1)a
	R1
	(g)
	(g)(H→R1) b

	methyl-
	50.1±1.1 [9]
	-32.8±1.4

	1,2-dimethyl-
	19.1±1.1 [11]
	-63.8±1.4

	ethyl-
	29.9±1.1 [11]
	-53.0±1.4

	iso-propyl-
	4.0±1.0 [11]
	-78.9±1.4

	tert-butyl-
	-23.7±0.6 [8]
	-106.6±1.1

	nitro-
	65.6±1.6 [14]
	-17.3±1.8

	chloro-
	52.0±1.3 [2]
	-30.9±1.6


a Uncertainties are expanded uncertainties (0.95 level of confidence, k = 2).
b Calculated as the difference between the enthalpy of formation of alkyl-benzene and benzene (g)(298.15 K) = 82.9 ± 0.9 kJ·mol-1 [9]

Table S12
Parameters and pairwise nearest and non-nearest neighbor interactions of substituents on the “centerpieces” for calculation of thermodynamic properties of substituted benzenes and benzophenones at 298.15 K (in kJmol-1).
	Centerpiece
	(g)
	

	benzene
	82.9
	33.9

	acetophenone
	-87.1
	55.4

	benzophenone
	49.4
	78.0

	Contributions
	
	

	H(H→C=O(CH3)
	-170.0
	21.5

	H(H→CH3)
	-32.8
	4.2

	H(H→NO2)
	-17.3
	21.1

	H(H→Cl)
	-30.9
	7.9

	Interactions
	
	

	meta C=O(CH3) - NO2
	5.0 [15]
	-

	para C=O(CH3) - NO2
	5.3 [15]
	-

	ortho C=O(CH3) - Cl
	15.2 [16]
	-3.2

	meta C=O(CH3) - Cl
	2.5 [16]
	0.7

	para C=O(CH3) - Cl
	0.5 [16]
	-0.2
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Fig. S1. Quantification of the enthalpic contributions for the alkyl substituents on the benzene ring and propagation of this contributions to the benzophenone. The scheme is valid for the for the standard molar enthalpies of vaporisation, (298.15 K), as well as for the gas-phase standard molar enthalpies of formation, (g, 298.15 K). The numerical values of contributions are given in Table 10. They were derived using thermochemical data collected in Table S8. 
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