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Results 

The results of the pKa measurements in MeCN are presented in  
Table 1. 

 
Table 1 pKa values1 of the studied phosphines, including all individual measurements in 
acetonitrile. 

Base Reference Base pKa 
(reference)a ΔpKa s(ΔpKa)b pKa 

(Base) 
Assigned 

pKa 

(2-F-C6H4)(Ph)2P 2,6-Cl2-Aniline 5.06 -1.04 0.01 6.10 6.11 2-Cl-Pyridine 6.79 0.68 0.01 6.11 

(2-F-C6H4)2(Ph)P 2,6-Cl2-Aniline 5.06 0.50 0.01 4.56 4.55 2-NO2-Aniline 4.80 0.25 0.02 4.55 

(2,6-F2-C6H3)(Ph)2P 2,6-Cl2-Aniline 5.06 -0.11 0.01 5.17 5.16 2-NO2-Aniline 4.80 -0.36 0.04 5.16 

(2-F-C6H4)3P 2,3,5,6-Cl4-Aniline 2.73 -0.30 0.04 3.03 3.03 5-Cl-2-NO2-Aniline 3.22 0.19 0.02 3.03 

(2,6-F2-C6H3)2(Ph)P 
2,3,5,6-Cl4-Aniline 2.73 0.28 0.02 2.45 

2.52 5-Cl-2-NO2-Aniline 3.22 0.64 0.05 2.58 
2,3,4,5,6-Cl5-Aniline 2.35 -0.19 0.02 2.54 

(C6F5)(Ph)2P 
2,3,5,6-Cl4-Aniline 2.73 0.24 0.02 2.49 

2.56 5-Cl-2-NO2-Aniline 3.22 0.63 0.01 2.59 
2,3,4,5,6-Cl5-Aniline 2.35 -0.26 0.03 2.61 

(2,6-Cl2-C6H3)3P 2,3,4,5,6-Cl5-Aniline 2.35 0.61 0.03 1.74 1.72 2,3,5,6-Cl4-Aniline 2.73 1.03 0.03 1.70 
(2,6-F2-C6H3)3P Estimated from correlation with DCE data 0.7 

P(naph)3 Estimated from correlation with DCE data 6.8 
a experimental values from reference 5; b experimental standard deviation of ∆pKa allows evaluating the within-series 
agreement of ∆pKa values. 

 

Due to experimental difficulties – insolubility of P(naph)3 in MeCN and very low basicity of 
(2,6-F2-C6H3)3P – 1,2-dichloroethane (DCE) was used to predict the pKa values of P(naph)3 
                                                            
1 As is customary among organic chemists, the term "pKa of base X" is used in this paper with the actual 
meaning of pKa of the conjugate acid of base X. 



and (2,6-F2-C6H3)3P in acetonitrile (MeCN). For that a small basicity scale was constructed in 
DCE, which incorporated compounds (2-F-C6H4)(Ph)2P, (2-F-C6H4)2(Ph)P and (C6F5)(Ph)2P 
for which also the MeCN pKa values were measured. For the construction of basicity scale 
altogether 19 individual measurements were made (See Figure 1 and Tabel 2). The consistency 
standard deviation of the scale is s =  0.05 pKip units. 

 

Experimental 

Determination of pKa values in acetonitrile (and pKip in case of 1,2-dichloroethane) is based 
on measurements of relative difference in basicities of two bases, the phosphine and a 
reference base. This method has been previously used in measurements of acidity and basicity 
of different compounds in acetonitrile,1,2 tetrahydrofuran3 and 1,2-dichloroethane.4 In short, 
this method is bases on spectrophotometric titration of mixture of two compounds. Knowing 
the spectra of neutral and ionic form of both compounds allows the calculation of degree of 
protonation/deprotonation in the mixtures formed during titration, which in turn can be used 
to calculate the differences in pKa (or pKip) values of the studied compounds according to the 
following formula.  
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The mixture is titrated, the degree of dissociation of both species is changed and a number of 
∆pKa (or ΔpKip)values are obtained, which can be averaged. If a compound is measured 
against different reference compounds and the results are averaged then an absolute pKa value 
can be assigned. In MeCN t-BuP1(pyrr) as basic and triflic acid as acidic titrant was used. In 
DCE CF3SO(=NTf)NHTf had to be used as acidic titrant, because triflic acid was found to be 
too weak to protonate the investigated bases. A more detailed description of measurement and 
details about the apparatus can be found in references 4 and 5. 

Assinging zero as absolute pKip for (2,6-F2-C6H3)3P in the constructed scale, the pKip values 
for all the phosphines can be calculated. Knowing their pKa values in acetonitrile allows the 
construction of a correlation equation (See Graph 1) which can be used to predict the pKa 
values in acetonitrile for compounds P(naph)3 and (2,6-F2-C6H3)3P. Alternatively, the directly 
measured ∆pKip values between two phosphines in DCE can be used to describe the changes 
in basicity. 



Figure 1 Constructed basicity scale in DCE together with the assigned pKip values. 

Compound pK ip Individual measurements

P(naph)3 6.86

P(2-F-C6H4)Ph2 5.91

2,6-MeO Pyridine 5.90

4-Br Aniline 4.81

P(2-F-C6H4)2Ph 4.55

4-CF3 Aniline 3.47

4-F-3-NO2 Aniline 2.66

P(C6F5)Ph2 1.96

2-NO2 Aniline 0.49

P(2,6-F2C6H3)3 0

NPh3 -0.61
 

 

Tabel 2 Individual ΔpKip measurements in DCE. 

Base Reference Base ΔpKip s(ΔpKip)a

(2-F-C6H4)(Ph)2P 
P(naph)3 0.91 0.05
2,6-MeO Pyridine 0.03 0.04
4-Br Aniline -1.10 0.01

(2-F-C6H4)2(Ph)P 

P(naph)3 2.33 0.06
2,6-MeO Pyridine 1.38 0.02
4-Br Aniline 0.22 0.04
4-CF3 Aniline -1.06 0.03
4-F-3-NO2 Aniline -1.90 0.03

P(naph)3 
2,6-MeO Pyridine -1.02 0.02
4-Br Aniline -2.01 0.03

2,6-MeO Pyridine 4-Br Aniline -0.96 0.04

(C6F5)(Ph)2P 

4-CF3 Aniline 1.50 0.04
4-F-3-NO2 Aniline 0.72 0.03
2-NO2 Aniline -1.39 0.03
NPh3 -2.62 0.03
(2,6-F2-C6H3)3P -1.98 0.02

(2,6-F2-C6H3)3P 2-NO2 Aniline 0.41 0.05
NPh3 -0.56 0.04

4-CF3 Aniline 4-F-3-NO2 Aniline -0.82 0.06
a experimental standard deviation of ∆pKa allows evaluating the within-series 
agreement of ∆pKa values, 



 

Graph 1 Correlation between pKa values in acetonitrile and pKip values in DCE. 
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