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the correlation the limiting values of lithium and sodium affinities for very long alkyl chain were 
predicted to be –153.3 kJ/mol and –108.4 kJ/mol, respectively. 
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With the development of supramolecular science, the coordination chemistry of C-F unit 
in fluorocarbons has attracted much attention recently1.  In fact, the interaction between 
C-F unit and metal cations not only has been successfully employed to construct novel 
host molecules for molecular recognition2, but also has been effectively used to control 
the stereochemistry in organic synthesis3.  However, as this interaction is usually very 
weak, little has been known about its strength, geometry, and thermodynamics.   

Herein, we studied the lithium and sodium affinities of n-alkyl fluorocarbons with 
high-level theoretical calculations, which are apparently essential for the understanding 
of C-F…cation interactions.  In addition to obtaining accurate affinity data for potential 
applications as recently the metal cation attachment has been found very useful in soft 
ionization mass spectrometry4, we are more interested to know if the non-conventional 
C-F…cation interaction can be described by certain quantitative structure-activity 
relationships (QSAR).  Such relationships can offer important insights into the 
mechanism of the interaction, and with them a researcher can easily estimate the 
interaction energy in related systems without sophisticated experimental or theoretical 
work. 

 
Methods 
 
All the calculations were performed with GAUSSIAN 985.  The monomers and 
complexes were optimized with B3LYP/6-31+g (d, p) method, which has been shown 
reliable to calculate lithium affinities in a recent work6.  For all the alkyl compounds the 
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linear, all-anti form was adopted as the initial geometry in optimizing the structures. 
Frequency calculations were also performed at the same level of theory, which 
confirmed that the optimized complexes corresponded to true minima and yielded the 
zero-point energies (∆EZPE).  Interaction energy (∆E0) was computed as difference in 
energy between the complex and the sum of isolated monomers, and basis set 
superposition error (BSSE) was corrected by the counterpoise procedure of Boys and 
Bernardi7.  The lithium or sodium affinity was finally calculated according to Eq. 1: 

)(0298 PVEEH thermalK ∆+∆+∆=∆                                          (1) 

where )(PV∆  = )(nRT∆  = -2.5kJ/mol at 298K.  
 
Results and discussion 
 
In Figure 1 is shown a typical structure of the complex between n-alkyl fluorocarbons 
and alkali-metal cations, for which it can be seen that the cations indeed form complexes 
with the fluorine atom of the fluorocarbons.  The corresponding Li+ …F and Na+ … F  
distances and interaction energies are listed in Table 1 and Table 2.  Herein, it should be 
mentioned that the accuracy of the present calculations is acceptably good. In fact, the 
lithium affinity of HF has been calculated as -91.5 kJ/mol at MP4/aug-cc-pvQZ level8 
(compared with -95.1 kJ/mol here), and the lithium affinity of CH3F was calculated to be 
-125.8 kJ/mol at B3LYP/6-311+g (3df) level9 (compared to -123.1 kJ/mol here).  
 

Figure 1  The structure of C-F..,cation complex between n-butyl fluoride and Li+ 

 

 

 

 

 

 
 
 
 
 
 
 

Table 1  The calculated structures and energies of the C-F … L i+ complexes 
 

n Li+ …F distance 
 (Å) 

∆E0 
 (kJ/mol) 

BSSE 
 (kJ/mol) 

∆Ethermal 
 (kJ/mol) 

−∆H298K 
 (kJ/mol) 

0 1.811 -96.74 1.50 2.67    -95.1 
1 1.760 -126.61 1.15 4.90  -123.1 
2 1.743 -140.51 1.02 4.34 -137.7 
3 1.738 -144.00 1.05 4.65 -140.8 
4 1.735 -146.36 0.97 4.78  -143.1 
5 1.733 -147.62 0.94 4.73 -144.4 
6 1.733 -148.36 0.92 4.81  -145.1 
7 1.732 -148.64 0.82 4.52 -145.8 
8 1.732 -149.10 0.89 4.96 -145.8 
9 1.732 -149.25 0.87 4.91 -146.0 
10 1.731 -149.48 0.92 4.81 -146.2 
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Table 2  The calculated structures and energies of the C-F…Na + complexes 
 

n Na+ …F distance 
 (Å) 

 

∆E0 
 (kJ/mol) 

BSSE 
(kJ/mol) 

∆Ethermal 
(kJ/mol) 

−∆H298K 
(kJ/mol) 

0 2.147 -71.37 2.12 2.53   -69.2 
1 2.123 -91.77 2.40 4.30   -87.6 

2 2.107 -101.24 2.42 3.91   -97.4 
3 2.103 -103.87 2.47 4.04   -99.9 
4 2.100 -105.54 2.47 4.04 -101.5 
5 2.100 -106.47 2.44 3.98 -102.6 
6 2.098 -107.03 2.45 4.05 -103.0 
7 2.097 -107.38 2.42 4.25 -103.2 
8 2.097 -107.68 2.44 4.20 -103.5 
9 2.097 -107.80 2.42 4.26 -103.6 
10 2.097 -107.95 2.42 4.11 -103.9 

 
According to Table 1 and 2, the cation…F distance is shorter in the lithium case, which 
is reasonable as the radium of lithium cation is smaller. Interestingly, the cation…F 
distances fit the following empirical equations (Eq. 2 and 3) quite well (Figure 2), which 
leads to a limiting value of lithium and sodium affinities for very long alkyl chains as 
1.719 Å and 2.091 Å, respectively. Such a relationship has been found before and is well 
known as the Holmes relationship10.  
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Figure 2  The dependence of the cation…F distances on the length of the alkyl chain. 

 

 

 

 

 

 
 
 

 
 
From Table 1 and 2, it is also apparent that C-F… Li + interaction is usually stronger 

than C-F… Na+ interaction.  The result is understandable as Li+ is a harder Lewis acid. 
Again, the Holmes relationship (Figure 3) is found applicable for the lithium and sodium 
affinities, which gives Eq. 4 and 5, respectively.  It is notable that the standard deviations 
of the regressions are less than 2kJ/mol.  Therefore, such QSAR should be very useful as 
we can quite accurately estimate the lithium or sodium affinity of any long n-alkyl 
fluoride.  In addition, from the relationship the limiting values of lithium and sodium 

0 2 4 6 8 1 0
1 . 7 0

1 . 7 5

1 . 8 0

1 . 8 5

1 . 9 0

1 . 9 5

2 . 0 0

2 . 0 5

2 . 1 0

2 . 1 5

2 . 2 0

 

 

N a
+
...F

L i
+
...F

d

n



Ke Chun ZHANG et al. 44

affinities for very long alkyl chain were predicted to be –153.3 kJ/mol and –108.4 kJ/mol, 
respectively.  
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Figure 3  The dependence of the lithium or sodium affinity on the length of the alkyl chain 

 
 

 

 

 

 

 

 

 

Conclusion 
 
High-level density function theory calculations were performed to obtain the lithium and 
sodium affinities of n-alkyl fluoride. It turned out that these affinities obey the Holmes 
relationship. Thus, the lithium and sodium affinities of any n-alkyl fluoride can be 
reasonably and easily estimated, whose limiting values for very long alkyl chain were 
predicted to be -153.3 kJ/mol and -108.4 kJ/mol, respectively.  
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