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Abstract 

 
 
We have previously used two general solvation equations to correlate and to 
interpret a wide variety of physicochemical and biochemical properties of 
compounds (solutes). Application of these equations requires a knowledge of the 
relevant solute descriptors, viz. R2, the excess molar refraction, π2

H , the solute 
dipolarity/polarizability, ∑αH

2 , ∑β2
H , the solute overall hydrogen bond acidity and 

basicity, and logL16, where L16 is the solute gas–hexadecane partition coefficient 
at 298 K. We have also shown that these solute descriptors can be obtained from 
partition coefficients of solutes in various water–solvent and gas–solvent 
systems. Here, we use this approach to calculate solute descriptors for a series 
of 18 organofluorocarbons, classed as refrigerants, including 
chlorofluorocarbons, hydrochlorofluorocarbons, hydrofluorocarbons and 
perfluorocarbons, using Henry’s law coefficients in water and five organic 
solvents that we have already measured. These data have been used to 
calculate Ostwald solubility coefficients, log L. Gas–water and gas–solvent 
partitions have been then combined to give log P for partition between water and 
solvent. A number of log P and L values have also been taken from the 
Medchem97 database. There are enough data to obtain the above descriptors 
for the 18 organofluorocarbons, and then to estimate log P and L values in a 
large number of other solvents. The chemosensory properties of the 
organofluorocarbons are also estimated. 
 
 
 
Keywords: Refrigerants, Solvation, Partition, Hydrogen bonding, Molecular 
interaction, Method of calculation 
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1. Introduction 
 
Organofluorocarbon fluids are stable, non-flammable, non-corrosive and non 
explosive. Thanks to these physical properties, they have been used in 
numerous applications [1]. The chlorofluorocarbons (CFCs) are used as 
refrigerants, aerosol propellants, foaming agents, solvents and cleaning agents 
[1]. However, due to their effect on ozone depletion, a complete ban on their 
production by the year 2000 has been scheduled by the 1987 Montreal protocol 
and its latest amendments [2]. As a result, attention has turned on the 
development and assessment of hydrochloro-fluorocarbon (HCFCs), 
hydrofluorocarbons (HFCs) and perfluorocarbons (PFCs). HCFCs have much 
reduced ozone depletion potentials compared with CFCs, nevertheless their 
production in developed countries is due to be phased out by the year 2030. 
HFCs and PFCs have zero ozone depletion potentials. Although, CFCs, HCFCs, 
HFCs and PFCs are still widely used in everyday life, many physicochemical and 
biochemical properties are not known. Hence, it would be of great interest if it 
were possible to predict such properties. The solvation parameter method of 
Abraham [3] is one of the most useful approaches for the analysis and prediction 
of solute effects in chemical and biochemical systems. This method relies on two 
linear free energy relationships, LFERs, one for processes within condensed 
phases, Eq. (1), and one for processes involving gas to condensed phase 
transfer, Eq. (2). 
 
Log SP = c + rpolR2 + sπ2

H   + a∑αH
2   + b∑β2

H   + l log L16    (1) 
 
Log SP = c + rpolR2 + sπ2

H   + a∑αH
2   + b∑β2

H   + vVx    (2) 
 
where subscript 2 refers to a solute. The dependent variable, log SP, is some 
property of a series of solutes in a fixed phase, and the independent variables, or 
descriptors, are solute properties as follows: R2 is an excess molar refraction [4], 
π2

H  is the solute dipolarity/polarizability [5], ∑αH
2  and ∑β2

H  are, respectively, the 
solute overall hydrogen bond acidity and basicity [6]. Vx is the MacGowan 
characteristic volume in units of (dm3 mol-1/100) [7] and logL16 is a descriptor, 
where L16 is the solute gas–hexadecane partition coefficient at 298 K [8]. The first 
four descriptors can be regarded as measures of the tendency of a solute to 
undergo various solute–solvent interactions, all of which are energetically 
favorable, i.e. exoergic. The logL16 and Vx descriptors are both measures of the 
size of a solute, and so will be measures of the cavity term that will 
accommodate the solute. However, general dispersion interactions are related to 
the size of a solute, and both logL16 and Vx will also describe the general solute-
solvent dispersion interactions. The coefficients in Eqs. (1) and (2) are found by 
the method of multiple linear regression analysis (MLRA). They give information 
on the particular solvent phase in question [3]. The rpol-coefficient is a measure of 
the phase polarizability, the s-coefficient measures the phase 
dipolarity/polarizability and the a- and b-coefficients are measures of the 
hydrogen bond basicity and hydrogen bond acidity of the phase, respectively. 
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Both v- and l-coefficients are measures of the phase lipophilicity, and are the 
resultant of cavity and general dispersion interaction effects. In cases where Eq. 
(1) is applied to partition between two phases, the coefficients then refer to the 
difference in properties of the two phases. The LFERs, Eqs. (1) and (2) have 
been used to correlate and predict solute properties in numerous processes, 
such as water–solvent partitions [9], high performance liquid chromatography 
[10], solid phase extraction [11], blood brain distribution [12], gas–liquid [5] and 
gas–solid chromatography [13], the solubility of gases and vapors in water [14], 
nasal pungency thresholds in man [15], and eye irritation thresholds [16]. 
 
 
Table 1. Regression coefficients in Eq. (1) for partition from water at 298 K. 
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Table 2. Regression coefficients in Eq. (2) for partition from the gas phase at 
298K. 
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Table 3. List of refrigerants. 
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Table 4. Gas/solvent and water/solvent partition coefficients calculated from 
Henry’s law coefficients 

 
Table 5. The dependent variables for processes in Tables 1 and 2 for R32a  
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2. Methodology 
 
Of the descriptors used in Eqs. (1) and (2), Vx can be obtained for any given 
solute from atomic and bond contributions, using a simple computer program [7]. 
R2 can be easily calculated from the liquid refractive index at 293 K [4]. In the 
case of solid solutes, R2 can be obtained either from the hypothetical refractive 
index of the liquid, or through addition of fragments or substructures. For 
gaseous compounds at 293 K, R2 is better added to the list of descriptors to be 
determined, viz. π2

H , ∑αH
2  , ∑β2

H  and logL16. 
 
 
Table 6. The dependent variables for processes in Tables 1 and 2 for R23a  
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Table 7. The dependent variables for processes in Tables 1 and 2 for R14a. 

 
Table 8. The dependent variables for processes in Tables 1 and 2 for R11a. 
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Table 9. The dependent variables for processes in Tables 1 and 2 for R12a. 
 

 
The most common procedure for the estimation of descriptors uses Eq. (1) with 
water–solvent partition, P, in the dependent variable log P, and Eq. (2) with gas 
solvent partition, L, in the dependent variable log L. Equations in log P and L are 
constructed for various water–solvent and gas–solvent systems; the coefficients 
for Eq. (1) are given in Table 1, and the coefficients for Eq. (2) are listed in Table 
2. Then for a given solute, if values of log P and L are known in several systems, 
the entire set of equations can be solved to yield the solute descriptors that best 
reproduce the experimental log P and L values. As a criterion of the ‘best-fit’ we 
use S.D. in the experimental and calculated values. Although there will be only 
one ‘best-fit’ solution, there may be a number of other solutions with almost the 
same S.D. value. In such a case, the solution that best agrees with the chemical 
structure of the solute may be chosen instead of the ‘best-fit’ solution. The 
general method has recently been detailed by Abraham and coworkers for the 
determination of descriptors for terpenes [17] and Buckminsterfullerene [18]. In 
the present study, we use this approach to calculate the descriptors for a series 
of 18 organofluorocarbon fluids, classed as refrigerants, including CFCs, HCFCs, 
HFCs and PFCs; names and abbreviations are in Table 3. Arlt and coworkers 
have recently measured Henry’s law coefficient, H2,S, for these refrigerants [19-
21]. Values of H2,S were determined in the solvents (S) octan-1-ol (dry octanol), 
n-nonane, N-methylpyrrolidone (dry NMP) and dimethylformamide (dry DMF) and 
in water and water/octan-1-ol mixture (wet octanol). The Henry’s law coefficient 
can be easily transformed into the gas–solvent partition coefficient, L2,S. 
 

L2,S = RT       ρS               (3) 

         H2,S MS 
where R is the gas constant (dm3 bar K-1 mol-1), T the temperature (K) and ρS 
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and MS the density (g cm-3) and the molecular weight (g mol-1) of the pure 
solvent. Values of ρS at T were taken from the literature [22]. For simplicity, we 
refer to L2,S just as LS. If the gas–water (w) and gas–solvent (S) partitions, log Lw 
and LS, are known, then the water–solvent partition coefficient, log PS, can be 
deduced from 
 
log PS = logLS - logLw         (4) 
 
 
Table 10. The dependent variables for processes in Tables 1 and 2 for R13a. 

 
 
Values of log LS, PS and Lw obtained from the data of Arlt and coworkers [19–21] 
are given in Table 4. In addition, Eger and coworkers [23] determined gas–olive 
oil partition coefficients, log Loil, for a number of HFCs and PFCs at 310 K. 
Values of log Lw at 310K are available (see Table 4), so that log Poil at 310K can 
be obtained from Eq. (4). Finally, a number of directly determined water–solvent 
partition coefficients for R14, R134a, R125 and R114 were obtained either from 
the Medchem97 database [24] or literature surveys [25–28], and the 
corresponding log L values were deduced from Eq. (4). Note that we distinguish 
between ‘dry’ and ‘wet’ solvents. The former are solvents that are miscible with 
water and for which log P values are for the hypothetical partition between water 
and the pure dry solvent, obtained from Eq. (4). The ‘wet’ solvents are those for 
which partitions have been obtained by direct experiments in which the solvent is 
saturated with water. In Tables 5–23 are given the values of log PS and LS that 
we have used to determine descriptors. Since enough dependent variables were 
obtained, we were able to calculate descriptors for all the 18 refrigerants listed in 
Table 3. At the heading of Tables 5–23, the ‘chemically’ significant descriptor set 
that best reproduces the dependent variables is given. 
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Table 11. The dependent variables for processes in Tables 1 and 2 for R152aa. 

 
 
Table 12. The dependent variables for processes in Tables 1 and 2 for R134aa. 

 
 
3. Discussion 
 
The final list of solute descriptors for 18 organofluorocarbons, classed as 
refrigerants, is given in Table 23. It is not easy to calculate the error in the 
descriptors obtained by our method, because all the descriptors are calculated 
simultaneously. However, we can take the errors as those suggested before [17], 
viz. 0.03 U for π2

H , ∑αH
2  , ∑β2

H  and 0.02 U for logL16. 
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Inspection of the descriptors shows that the refrigerants interact with the 
neighboring solvent molecules through very weak interaction forces. These 
forces become smaller as the number of fluorine atoms in the molecule 
increases. The R2 term describes the polarizability of a solute; R2 values for most 
of the refrigerants are small and even negative. The negative value means that 
such compounds have less polarizability ability than the corresponding 
hydrocarbons, for which R2 = 0 [4]. This is in agreement with characteristics of 
the fluorine atom. Even though hydrogen and fluorine atoms have almost the 
same atomic size, the latter shields the carbon-backbone due to its electron 
withdrawing capability. The π2

H  descriptor measures the ability of a molecule to 
stabilize a neighboring charge or dipole. The PFCs of the set, R14 and R1216, 
have negative π2

H values -0.250 and -0.166, respectively. Hence, R14 is less 
dipolar than the homologous hydrocarbon (CH4, π2

H  = 0). R1216 is more polar 
than octafluoropropane (π2

H  = -0.45) due to presence of a double bond in R1216. 
In partially fluorinated alkanes, HFCs, the dipolar effect is more important than in 
PFCs because of the net C–F dipole that is absent in PFCs. We find also that 
organofluorocarbons are not important hydrogen bond acids or bases. Finally, 
the log L16 descriptor is a measure of the dissolution of the gaseous solute into n-
hexadecane. A large positive value means that the dissolution of the solute in n-
hexadecane is easy, and therefore that the solute can be called as lipophilic. A 
negative value for log L16 suggests that the dissolution in n-hexadecane is 
unfavored and that the solute has little lipophilic character. This is the case for 
the perfluorocarbon R14 and the hydrofluorocarbon R23. The remaining 
compounds have small log L16 values, and hence are slightly lipophilic. For some 
classes of solute, it is possible to estimate various descriptors, as shown. 
 
Table 13. The dependent variables for processes in Tables 1 and 2 for R125a. 
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Table 14. The dependent variables for processes in Tables 1 and 2 for R141ba. 

 
Table 15. The dependent variables for processes in Tables 1 and 2 for R142ba. 

 
Table 16. The dependent variables for processes in Tables 1 and 2 for R133aa. 
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Table 17. The dependent variables for processes in Tables 1 and 2 for R124a. 

 
Table 18. The dependent variables for processes in Tables 1 and 2 for R114a. 

 
Table 19. The dependent variables for processes in Tables 1 and 2 for R115a 
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Table 20. The dependent variables for processes in Tables 1 and 2 for R227a. 

 
 
Table 21. The dependent variables for processes in Tables 1 and 2 for R1122a. 
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Table 22. The dependent variables for processes in Tables 1 and 2 for R1216a. 

 
 
Table 23. Descriptors of the refrigerants. 
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3.1. Halogenated n-alkanes 
 
The excess molar refractivity, R2, describes the polarizability of a solute. This 
property correlates well with the size of atoms contained in a molecule, and also 
with the electron distribution. There are over 200 R2 values of n-halogenated 
alkanes available in our database. To these, can be added the R2 values 
obtained in this study. A regression of R2 against the number of iodine, bromine, 
chlorine and fluorine atoms, nI, nBr, nCl and nF, respectively, in halogenated n-
alkanes, yields Eq. (5). 
 
R2 = 0.641nI + 0.328nBr + 0.140nCl - 0.0984nF     (5)  
 
where n = 221 and S.D. = 0.083. In this equation, n is the number of data points 
and S.D. the standard deviation in the independent variable. Because we 
constrained the intercept to be zero in Eq. (5), we give no values of the 
correlation coefficient, r, or of the Fisher F-statistic, F, which have no meaning 
under this circumstance. As expected, the number of carbon atoms was found to 
be not significant. Eq. (5) could certainly be used to estimate further values of R2. 
The π2

H  descriptor is a blend of polarizability and dipolarity, therefore in order to 
estimate π2

H  values for chlorinated and fluorinated n-alkanes (with n < 3), it is 
useful to dissect π2

H  values into contributions from these two factors. A regression 
of π2

H  values against the number of chlorine and fluorine atoms nCl and nF and 
the square of the dipole moment, µ0

2  yields 
 
π2

H  = 0.108 µ0
2  + 0.108nCl – 0.053nF      (6) 

 
where n = 39 and S.D. = 0.091. Again, we give no r or F value because we have 
constrained the equation to have a zero intercept. Eq. (6) is just about good 
enough to use to estimate further values of π2

H  . 
 
Table 24. Calculated ∑αH

2  and σΙ values. 
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3.2. Estimation of ∑αH

2  values 
 
In solvation situation, ∑αH

2  the ‘effective’ or ‘summation’ solute hydrogen bonding 
acidity must be considered [6]. Here, the solute is surrounded by solvent 
molecules and undergoes multiple hydrogen bonding. For volatile solutes, the 
gas chromatographic method can in principle be used to obtain ∑αH

2 values 
through the measurements on highly basic stationary phases. However, the use 
of the partition coefficients for various water–solvent or gas–solvent systems is 
often preferred. Here, the last approach was used to estimate ∑αH

2  for several 
CFCs and HCFs. In a previous study, Abraham and coworkers [6] highlighted a 
relationship between the 1:1 hydrogen bond acidity, αH

2  and the Hammet 
inductive parameter, σΙ for a few halogenated compounds. We use the same 
approach to establish a correlation between ∑αH

2 and σΙ for a few CFCs and 
HFCs. We expected to find the same type of relationship between ∑αH

2  and σΙ . 
∑αH

2  values calculated in this study were plotted against σΙ values recently 
determined by Taylor [29] (see Table 24). Hence, it appeared that a correlation 
between these parameters could be drawn. 
 
∑αH

2  = –0.0535 + 0.389σΙ         (7) 
 
where r = 0.977, S.D. = 0.03 and n = 10. Such a correlation is certainly good 
enough to estimate further values of ∑αH

2  for aliphatic halogenated compounds. 
 
 
4. Estimation of physicochemical and biochemical properties 
 
In Tables 1 and 2 are given the coefficients in Eqs. (1) and (2) for partition from 
water and from the gas phase into a wide variety of solvents. Once the 
descriptors for the refrigerants are available (see Table 23), it is a trivial matter to 
calculate the log P and L values at 298 K, simply by inserting values of the 
descriptors into Eqs. (1) and (2), using the coefficients in Tables 1 and 2. 
 
In a similar way, any property that has been correlated through Eqs. (1) and (2) 
can be predicted, once the relevant descriptors are available. Because of the 
widespread use of refrigerants, it is of some consequence to estimate biological 
properties such as chemosensory perception. We have already obtained 
equations derived from Eq. (1) for nasal pungency thresholds [15] and eye 
irritation thresholds [16] in humans. These are defined as the minimum vapor 
concentration in ppm that a subject can just detect, and are measures of the 
chemosensory potency of gaseous solutes. The nasal pungency thresholds, 
NPT, follow Eq. (8) and the eye irritation thresholds, EIT follow Eq. (9). 
 
log   1    =  –8.519 + 2.154πH

2  + 3.522∑αH
2  + 1.397∑β2

H  + 0.860 logL16  (8) 
     NPT 
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Table 25. Estimation of chemosensory potency of the refrigerants. 

 
 
log   1    = –7.918 - 0.482R2 + 1.420 πH

2   + 4.025∑αH
2  + 1.219∑β2

H  + 0.853 logL16   (9)                            
      EIT 
 
We use 1/NPT and 1/EIT in Eqs. (8) and (9) because then the larger the value of 
log 1/NPT and 1/EIT the more potent is the solute. It is again straightforward to 
insert the relevant values of the descriptors into Eqs. (8) and (9) to deduce the 
chemosensory properties. 
 
We have all the descriptors in Eqs. (8) and (9) for the 18 refrigerants listed in 
Table 23, so that it is possible to calculate log(1/NPT) and (1/EIT) values. The 
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corresponding NPT and EIT values themselves are in Table 25 together with 
observed values for a selection of other solutes. Comparing these data with 
those obtained for the refrigerants, it can be concluded that the latter have only a 
small chemosensory effect on man. Values of NPT and EIT are all larger than 
those for 3-methylpentane and toluene that are very weak irritants. Furthermore, 
values of the saturated vapor pressure, P0, in ppm at 298K [20,30] are also given 
in Table 25. For some refrigerants the saturated vapor pressure at 298K is less 
than the threshold values, in which case these will be no perceived effect, 
anyway. 
 
 
List of symbols 
 
a phase hydrogen-bond acidity 
b phase hydrogen-bond basicity 
c constant of the regression equation 
DMF dimethylformamide 
F Fisher’s F-statistic 
H2,S  Henry’s coefficient of a solute 2 in a solvent (S) 
l, v  phase lipophilicity 
L  gas/solvent partition coefficient 
L16  solute gas/hexadecane partition coefficient or Oswald solubility coefficient 

in hexadecane at 298K 
MS  molecular weight of pure solvent (S) 
n  number of data points 
NMP  N-methylpyrrolidone 
non  n-nonane 
oct  dry octan-1-ol solvent 
P  water/solvent partition coefficient 
r  correlation coefficient 
rpol  phase polarizability 
R2  solute excess molar refraction 
s  phase dipolarity/polarizability 
S.D.  standard deviation 
SP  solute property in a fixed phase 
Vx  MacGowan’s characteristic volume 
w298  water solvent at 298K 
w310  water solvent at 310K 
woct  wet octan-1-ol solvent 
 
Greek letters 
 
∑αH

2  solute overall hydrogen-bond acidity 
∑β2

H  solute overall hydrogen-bond basicity 
πH

2  solute dipolarity/polarizability 
ρS  density of pure solvent (S) 
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Subscripts 
 
S  solvent 
2  solute 
 
 
For further reading see [31–34]. 
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