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Abstract  Our attempt  is to develop an  effective computational p rocedure for predict ing the accurate pKa for some carbon 
and alcoholic compounds within  5 to 50. The experimental determination of these values is an arduous and challenging for 
the low water solubility compare to the inorganic molecu les. As a result theoretical calcu lations may keep an important role 
for determin ing pKa values. An excellent linear regression (R2 = 0.99, SD=0.15) is obtained between experimental and 
calculated pKa at the B3LYP/6-311+G(2d,2p) and MPW1PW91/6-311+G(2d,2p) level of theory for gas phase Gibb’s free 
energy combined with the solvation energy at B3LYP/6-311++G(2d,2p)-CPCM and HF/6-31G(d,p)-CPCM methods for 
some carbon and oxygen acids respectively. 
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1. Introduction 
The important role played a part by proton transfer 

reactions in chemistry, bioorganic chemistry, bio logy, and 
material science[1,2] makes the assessment of reliable pKa 
values, a topic of continuing connotation. The deprotonation 
energies of organic compounds and the proton affinit ies of 
the corresponding conjugate bases are widely used for the 
prediction of gas-phase and aqueous phase Bronsted 
acidities[3–10]. Strong acids have small values of 
deprotonotion energy while strong bases have large values of 
proton affinity. Several works on the pred iction of the acidity 
of organic compounds can be found in the literature. For 
instance, Smith and Radom[11,12] have shown that the G2 
and G2(MP2) methods provide excellent results for both 
deprotonation enthalpies and proton affinit ies of small 
molecules and Liton et al. have successfully calculated pKa 
values of trimethylamin ium ion using G2(MP2) gas phase 
Gibb’s free energy together with B3LYP/6-311G(d)-CPCM 
solvation energy[13]. Catalan and Palomar[14] have 
investigated gas phase acidities of a number of species and 
have shown that calculations at the B3LYP method with 
6-311+G(d) and 6-311+G(3df,3pd) basis sets correlate well 
with the experimental data. Good correlations have been 
obtained between experimental pKa values of a wide range 
of organic compounds and their calculated gas-phase 
deprotonation enthalpies[15]. 
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Correlations between theoretical predictions and gas-phase 
acid-base equilib rium constants of organic compounds have 
been reported for amines, alcohols and thiols[16–18]. An 
excellent correlation  was obtained between the 
aqueous-phase acidity calculated with the HF/3-21G(d) 
method and experimental pKa values for a series of nit rogen 
bases[19]. Recently, various theoretical descriptors were 
used to investigate their correlation with the carbon acidity 
of compounds. A reasonable correlation was obtained 
between the deprotonation energies of the compounds 
calculated at the HF/3-21G(d) and B3LYP/6-31G(d) levels 
of theory and their aqueous pKa values[20,21]. The ability to 
predict acidity using a coherent, well-defined theoretical 
approach, without external approximat ion or fitting to 
experimental data would be very useful to chemists. 
However, the current situation is less satisfactory in solution, 
mostly due to the difficulty of calcu lating solvation energies 
with adequate accuracy. The aim of this work is to establish 
the theoretical calcu lation without any external 
approximation o r fitting for determin ing the pKa values of 
some organic compounds that exhibit pKa values from 5 to 
50.  

2. Method and Theoretical Calculations 
2.1. Thermodynamic Cycle 

The gas-phase Gibb’s free energy change ∆Gºgas and 
aqueous phase Gibb’s free energy change ∆Gºaq in Figure 1 
are calculated using Eq. (2) and Eq. (4)[23] respectively. The 
equilibrium constant of reaction (1) is Ka and the pKa is 
-logKa for this reaction.  
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Table 1.  The following compounds have been studied for theoretical pKa 
calculations 
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There is a relation between total change of Gibb’s free 
energy in Figure 1, ∆G°aq and pKa. Acid ity constant (pKa) 
was calculated using the thermodynamic cycle[24] shown in 
Figure 1. In this cycle, ΔG°gas and ΔG°aq are respectively, the 
gas-phase and aqueous-phase standard Gibb’s free energy 
change. ΔG°(s, HA), ΔG°(s, A-) and ΔG°(s, H+) are also the 
standard free energies of solvation for HA, A- and H+ 
respectively. 

HA  A- + H+              (1) 
∆Gºgas = Gº(g, A-) + Gº(g, H+) - Gº(g, HA)     (2) 

Δ∆G°(s, HA) = ΔG°(s, A-) + ΔG°(s, H+) – ΔG°(s, HA) (3) 
ΔG°aq = ΔG°gas + Δ∆G°(s, HA)           (4) 

pKa = -logKa                  (5) 
∆G°aq= -2.303RT logKa               (6) 
pKa = ∆G°aq/2.303RT                (7) 

Computationally calculating pKa constants are a 
demanding and laborious process because an errors of 1.36 
kcal/mol in the change of free energy in Eq. (1) results in an 
error of 1 pKa unit. There are at least three sources of error in 
pKa calculat ions[25]. The first is the model used to calculate 
pKa, which generally  involves a thermodynamic cycle 

shown in Figure 1 and the second and third major errors stem 
from the calculat ions of ∆Gºgas and ∆G°(s). In  this work, 
gas-phase Gibb’s free energies and the change in free 
energies of solvation (aqueous) of HA and A- have been 
calculated accurately to min imize errors.  

 
Figure 1.  Thermodynamic cycle used to calculate ∆Gº aq using Eq. (4) 
from its components: ∆Gºgas is the Gibb’s free change in the gas-phase; 
∆Gº(s, HA), ∆Gº (s, A-) and ∆Gº(s, H+) are the solvation energies of HA, A- 
and H+ respectively at 298.15ºK 

2.2. Computational Details 

All the calculations were performed on Intel core-i5 
Fujitsu Laptop Computer with 3-4 GB of memory  and 48 GB 
of scratch disk space, using Gaussian98 Revision-A.9[26] 
software. Every  structure is initially optimized in  the gas 
phase at HF/6-31G(d,p) level of theory. The geometries of 
the neutral and its anions are finally optimized at the 
B3LYP/6-311+G(2d,2p) and MPW1PW91/6-311+ G(2d,2p) 
methods and  frequency calculations are performed at the 
same level of theory to compute the ∆G°gas values (Gas phase 
Gibb’s free energy change) as well as the stationary points 
were characterized with no imaginary frequency. We also 
used HF and B3LYP methods at 6-31G(d,p) and 
6-311++G(2d,2p) basis sets respectively with the 
conductor-like polarizable continuum model (CPCM)[27] 
for the calculation of ∆G°(s) (Gibb’s free energy change of 
solvation). Before the calculation of solvation energies all 
the structure were finally optimized in the presence of 
solvent (water) at HF/6-31+G(d) level of theory and the 
optimized structures were confirmed to be energy minima by 
vibrational frequency calculations with all real frequencies. 
These levels of theory have been designed particularly for 
the prediction of reliable energies of molecu les in the 
gas-phase and have been demonstrated to provide the 
accuracy within 1–2 kcal/mol when assessed against large 
test sets of thermo-chemical data[28, 29].  
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Table 2.  Gibb’s free energy of each molecule and its anion together with Gibb’s energy changes of reaction (1), ∆Gºgas, in the gas phase at 298.15ºC 

Comp 
ID Level of Theory Go

gas(HA) cal Go
gas (A- ) cal ∆Go

gas (cal) ∆Go
gas (exp) 

Unsigned 
Errors 

(kcal/mol) 

1 
B3LYP/6-311+G(2d,2p) -40.511678 -39.849787 409.1 

410.0 ±3.6[35] 
0.9 

MPW1PW91/6-311+G(2d,2p) -40.386749 -39.720142 412.0 2.0 

2 
B3LYP/6-311+g(2d,2p) -338.270058 -337.667833 371.6 

370.4 ±1.5[35] 
1.2 

MPW1PW91/6-311+g(2d,2p) -338.35831 -337.762089 367.9 2.5 

3 
B3LYP/6-311+G(2d,2p) -79.809585 -79.143845 411.5 

412.0 ±2.1[35] 
0.5 

MPW1PW91/6-311+G(2d,2p) -79.778250 -79.108505 414.0 2.0 

4 
B3LYP/6-311+G(2d,2p) -117.879302 -117.222915 405.6 

404.1 ±2.1[35] 
1.5 

MPW1PW91/6-311+G(2d,2p) -117.69383 -117.035467 406.9 2.8 

5 
B3LYP/6-311+G(2d,2p) -78.590811 -77.942917 400.3 

401.2 ±0.5[35] 
0.9 

MPW1PW91/6-311+G(2d,2p) -78.556092 -77.901903 404.2 3.0 

6 
B3LYP/6-311+G(2d,2p) -116.62673 -116.013891 378.3 

377.8 ±1.1[35] 
0.5 

MPW1PW91/6-311+G(2d,2p) -116.556432 -115.947067 376.1 1.7 

7 
B3LYP/6-311+G(2d,2p) -77.317027 -76.716452 370.6 

370.0 ±1.8[35] 
0.6 

MPW1PW91/6-311+G(2d,2p) -77.351379 -76.752965 369.2 0.8 

8 
B3LYP/6-311+G(2d,2p) -115.607654 -115.005475 371.6 

375.0 ±2.6[35] 
3.4 

MPW1PW91/6-311+G(2d,2p) -115.741618 -115.136963 373.2 1.8 

9 
B3LYP/6-311+G(2d,2p) -154.993938 -154.396321 368.7 

371.3 ±1.1[35] 
2.6 

MPW1PW91/6-311+G(2d,2p) -155.047369 -154.447864 369.9 1.4 

10 
B3LYP/6-311+G(2d,2p) -194.140893 -193.537562 372.3 

369.4 ±1.4[35] 
2.9 

MPW1PW91/6-311+G(2d,2p) -194.347211 -193.748867 369.2 0.2 

11 
B3LYP/6-311+G(2d,2p) -194.216578 -193.623829 365.7 

368.8 ±1.1[35] 
3.1 

MPW1PW91/6-311+G(2d,2p) -194.352612 -193.756523 367.8 1.0 

12 
B3LYP/6-311+G(2d,2p) -233.465892 -232.865673 370.4 

367.9 ±1.1[35] 
2.5 

MPW1PW91/6-311+G(2d,2p) -233.656084 -233.061600 366.8 1.1 

13 
B3LYP/6-311+G(2d,2p) -193.131597 -192.540331 364.7 

366.6 ±2.8[36] 
1.9 

MPW1PW91/6-311+G(2d,2p) -193.072605 -192.476103 368.0 1.4 

14 
B3LYP/6-311+G(2d,2p) -191.895911 -191.312175 360.0 

361.2 ±1.5[35] 
1.2 

MPW1PW91/6-311+G(2d,2p) -191.83451 -191.247375 362.2 1.0 

15 
B3LYP/6-311+G(2d,2p) -254.321152 -253.736519 360.6 

363.7 ±3.6[37] 
3.1 

MPW1PW91/6-311+G(2d,2p) -254.249537 -253.660185 363.6 0.1 

16 
B3LYP/6-311+G(2d,2p) -353.607006 -353.028542 356.7 

359.4 ±2.0[38] 
2.7 

MPW1PW91/6-311+G(2d,2p) -353.512663 -352.929592 359.6 0.2 

17 
B3LYP/6-311+G(2d,2p) -452.903211 -452.333173 351.4 

354.1 ±2.0[35] 
2.7 

MPW1PW91/6-311+G(2d,2p) -452.786775 -452.212410 354.1 0.0 

18 
B3LYP/6-311+G(2d,2p) -492.209756 -491.639014 351.9 

353.7 ±2.0[39] 
1.8 

MPW1PW91/6-311+G(2d,2p) -492.083747 -491.508061 355.0 1.3 

19 
B3LYP/6-311+G(2d,2p) -789.955603 -789.410994 335.5 

338.4 ±2.0[35] 
2.9 

MPW1PW91/6-311+G(2d,2p) -789.855673 -789.30962 336.4 2.0 

HA represents a neutral molecule and A- represents its anion and the unit of Gºgas is in Hartree/Particl e (1 Hartree/Particle = 627.5095 kcal/mol).  Gibb’s free 
energy changes, ∆Gºgas in kcal/mol were calcul ated using Eq. (2) to the respective level of theory and optimized with the same level of theory in the gas phase 

3. Results and Discussion 
3.1. Selection and Validation of Experimental Data 

First we re-examined some reported experimental and 
theoretical values, which we use in this work for comparison 

or as part of the calculations. The solvation energy of H+ in 
water is very  important in  the calcu lation of pKa values. 
However, to date, several theoretical and experimental 
values have been reported: -264.0[30], -264.6[31], -265.9[32, 
33] and -266.1[32] kcal/mol. Th is resulting pKa value can 
then be compared with the (directly-measured) experimental 
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pKa value of the compounds. The value of -265.9 kcal/mol 
was supported by Tissandier et al.[34], on the basis of 
experimental ion water clustering data and the aqueous 
solvation free energies of neutral ion pairs, after the 
correction of standard states for the gas-phase and aqueous 
solution. Thus, they reported a value of -264.0[30] kcal/mol 
for the absolute aqueous solvation free energy of the proton 
and by the correction of 1.89 kcal/mol[34] for converting the 
standard state of 1 atm to 1 mol/L, the value o f -265.9 
kcal/mol can be obtained[32]. In this art icle the recent 
experimental gas phase Gibb’s free energy of -6.28 
kcal/mol[22] and the change in free energy of solvation 
(aqueous) of -264.0 kcal/mol[30] of H+ at standard state are 
used to calculate the pKa values. 

3.2. Calculation of the pKa  

The procedure sketched above has been applied to the 
calculation of the pKa values for a set of nineteen (19) 
organic compounds shown in Table 1. The compounds 1-7 
are designated as carbon compounds or carbon acids and the 
rest 8-19 are alcoholic compounds or oxygen acids. Some of 
these molecu les have been successfully studied by 
Mekelleche and his group[23]. In this paper numerous 
methods have been attempted to compute the accurate gas 
phase Gibb’s free energy changes for pKa values but the 
most effect ive methods are B3LYP/6-311+G(2d,2p) and  
MPW1PW91/6-311+G(2d,2p) level of theory. Gibb’s free 
energy of each molecule  and its anion in the gas phase 
together with Gibb’s free energy changes of react ion (1), 
∆Gºgas and the experimental values with unsigned errors are 
shown in Table 2. It is observed that as oxygen is directly 
attached to the compounds, the calculation of gas phase 
Gibb’s free energy favours MPW1PW91/6-311+G(2d,2p) 
level of theory. It may be due to the electrostatic effects 
arising from unbalanced delocalized charges. Comparison 

between calculated energies and experimental values as well 
as unsigned errors show that the calculated ∆Gºgas values of 
carbon acids (1-7) at B3LYP/6-311+G(2d,2p) and the values 
for oxygen acids (8-19) at MPW1PW91/6-311+G(2d,2p) 
level of theory are very good agreement to the experimental 
values.  

Different types of methods have been employed in order 
to calculate accurate solvation energies. Comparat ively the 
most successful methods are HF/6-31G(d,p) and 
B3LYP/6-311++G(2d,2p) level of theory for the prediction 
of solvation energies. Now both methods are employed to 
compute the pKa values shown in Table 3 and 4. The pKa 
values obtained from the solvation energy at 
B3LYP/6-311++G(2d,2p)-CPCM method combined with 
the gas phase energy at B3LYP/6-311+G(2d,2p) method for 
carbon acids (1-7) are very close to the experimental values 
shown in Table 3. On the other hand, the pKa calculated 
from the solvation energy at HF/6-31G(d,p)-CPCM method  
combined with the gas phase Gibb’s free energy at 
MPW1PW91/6-311+G(2d,2p) method for oxygen acids 
(8-19) are also very close to the experimental values shown 
in Table 4. Most of the calculated solvation energies are very 
close to the experimental values for neutral molecules but for 
anion species a small deviation exists. As expected, both 
models provide comparab le results for neutral molecules, 
whereas larger d ifferences are obtained for anionic species, 
where escaped charge effects become more significant. It 
may  be due to the strongly solvated in solution and the strong 
electrostatic effects arising from unbalanced delocalized 
charges. Inspection of calculated pKa reveals that in most 
cases the values are reasonably very close to the 
experimental values. For example, the calculated pKa are 
32.04, 16.07 and 14.40 for the compounds 2, 10 and 15 
whereas the experimental pKa are 32.0, 16.10 and 14.42 
respectively. 

Table 3.  Calculated gas and aqueous-phase ∆Go values of the acid dissociation together with solvation energy (in kcal/mol) as well as calculated and 
experimental aqueous pKa values at 298.15 ºK 

Comp 
ID ∆Go

gas(calc)a Solvation Energy with CPCM method 

∆Go
aq(calc)b pKa (calc)c pKa (exp) Unsigned 

Errors Level of Theory ∆Go (s, HA) ∆Go
 (s, A-) 

1 409.1 HF/6-31G(d,p) 1.87 -90.87 52.36 38.38 48.0[21a] 9.62 
B3LYP/6-311++G(2d,2p) 1.82 -78.92 64.36 47.17 0.83 

2 371.6 HF/6-31G(d,p) -1.41 -65.96 43.05 31.55 
32.0[40] 

0.45 
B3LYP/6-311++G(2d,2p) -1.23 -65.12 43.71 32.04 0.04 

3 411.5 HF/6-31G(d,p) 1.93 -81.70 63.87 46.81 
50.0[21a] 

3.19 
B3LYP/6-311++G(2d,2p) 1.90 -77.87 67.73 49.64 0.36 

4 405.6 HF/6-31G(d,p) 1.01 -75.28 65.31 47.87 
46.0[21a] 

1.87 
B3LYP/6-311++G(2d,2p) 1.04 -77.17 63.39 46.46 0.54 

5 400.3 HF/6-31G(d,p) 1.49 -72.28 62.53 45.83 
44.0[21a] 

1.83 
B3LYP/6-311++G(2d,2p) 1.43 -74.47 60.4 44.27 0.27 

6 378.3 HF/6-31G(d,p) -1.19 -74.34 41.15 30.16 29.0[21a] 1.16 
B3LYP/6-311++G(2d,2p) -1.27 -75.54 40.03 29.34 0.34 

7 369.2 HF/6-31G(d,p) 0.03 -80.68 24.49 17.95 25.0[21a] 7.05 
B3LYP/6-311++G(2d,2p) 0.31 -71.17 33.45 24.52 0.48 

a Values calculated using the Eq. (2) at B3LYP/6-311+G(2d,2p) method optimized at the same level of theory which reflected in Table 3 
b Values calculated using the Eq. (4) through Figure 1 
c Values calculated using the Eq. (7) 
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In other cases, though small deviat ions are observed but it 
is not unforeseen. Figure 2 shows the correlation between the 
experimental and calculated pKa values with lower unsigned 
errors shown in Table 3 and 4. The lower unsigned errors 
indicate the accuracy of calculated pKa values. A useful way 
to consider agreement between experiment and theory is to 
calculate the linear regression between the theoretical and 
experimental quantities. The degree of agreement between 
the two is then reflected by the slope and intercept of the 
correlation line, the standard deviation from the correlation 
line and the correlat ion coefficient. The last two depend on 
the scatter of the points about the correlation line. A slope 
different from unity and a non-zero intercept imply 
systematic deviation between experiment and theory and 
means that the theoretical values of relative acidit ies will be 
systematically either too high or too low. A non-zero mean 
difference between theory and experiment reflects an overall 
bias in the absolute values of the calculated acidity[7]. The 
regression equation with the corresponding standard 
deviation (SD) and square correlation coefficient (R2) values 
are given in Eq. (8). The F- and P-value are 30890.46 and 
0.000, respectively, which confirm the validity of regression 
results. 

 
Figure 2.  Correlation of the experimental pKa with the calculated pKa 
values 

pKa(exp)  = 1.002pKa(cal) + 0.02 (R2=0.99, SD=0.15) (8) 
From the correlation equation and Figure 2 we observe 

that the slope is very near to unity and the line passes through 
the origin, the predicted pKa are in close proximity to the 
experimental values. 

Table 4.  Calculated gas and aqueous-phase ∆Go values of the acid dissociation together with solvation energy (in kcal/mol) as well as calculated and 
experimental aqueous pKa values at 298.15 ºK 

Com
p ID 

∆Go
gas 

(calc)a 
Solvation Energy with CPCM method 

∆Go
aq (calc)b pKa 

(calc)c pKa (exp) Unsigned 
Errors Level of theory ∆Go (s, HA) ∆Go

 (s, A-) 

8 373.2 HF/6-31G(d,p) -5.14 -93.41 20.93 15.34 
15.50[43] 

0.66 
B3LYP/6-311++G(2d,2p) -5.06 -91.02 23.24 17.03 1.53 

9 369.9 HF/6-31G(d,p) -5.55 -90.02 21.43 15.71 
15.90[43] 

0.19 
B3LYP/6-311++G(2d,2p) -5.10 -87.91 23.09 16.92 1.02 

10 369.2 HF/6-31G(d,p) -4.77 -88.04 21.93 16.07 
16.10[43] 

0.03 
B3LYP/6-311++G(2d,2p) -4.71 -86.22 23.69 17.36 1.26 

11 367.8 HF/6-31G(d,p) -5.20 -85.92 23.08 16.92 
17.10[43] 

0.18 
B3LYP/6-311++G(2d,2p) -5.37 -82.91 26.26 19.25 2.15 

12 366.8 HF/6-31G(d,p) -4.90 -81.66 26.04 19.09 
19.10[43] 

0.01 
B3LYP/6-311++G(2d,2p) -4.77 -79.53 28.04 20.55 1.45 

13 368.0 HF/6-31G(d,p) -6.01 -89.43 20.58 15.08 
15.52[43] 

0.44 
B3LYP/6-311++G(2d,2p) -6.05 -82.85 27.20 19.94 4.42 

14 362.2 HF/6-31G(d,p) -7.26 -87.29 18.17 13.32 
13.55[44] 

0.23 
B3LYP/6-311++G(2d,2p) -6.96 -84.06 21.10 15.47 1.92 

15 363.6 HF/6-31G(d,p) -7.89 -87.84 19.65 14.40 
14.42[45] 

0.02 
B3LYP/6-311++G(2d,2p) -8.42 -84.22 23.80 17.44 3.02 

16 359.6 HF/6-31G(d,p) -9.19 -86.46 18.33 13.43 
13.11[45] 

0.32 
B3LYP/6-311++G(2d,2p) -9.84 -83.73 21.71 15.91 2.80 

17 354.1 HF/6-31G(d,p) -8.15 -81.08 17.17 12.58 
12.39[43] 

0.19 
B3LYP/6-311++G(2d,2p) -7.81 -76.68 21.23 15.56 3.17 

18 355.0 HF/6-31G(d,p) -6.41 -81.12 16.29 11.94 
11.80[46] 

0.14 
B3LYP/6-311++G(2d,2p) -6.27 -76.79 20.48 15.01 3.21 

19 336.4 HF/6-31G(d,p) -9.18 -68.99 12.59 9.23 
9.30[43] 

0.07 
B3LYP/6-311++G(2d,2p) -8.30 -64.07 16.63 12.19 2.89 

a Values calculated using the Eq. (2) at MPW1PW91/6-311+G(2d,2p) method optimized at the same level of theory which refl ected in Table 4. 
b Values calculated using the Eq. (4) through Figure 1. 
c Values calculated using the Eq. (7) 
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4. Conclusions 
In this paper we have employed HF and DFT (B3LYP, 

MPW1PW91) methods combined with conductor like 
polarized continuum dielectric (CPCM) aqueous solvation 
calculations to designate acidities of 19 compounds. We 
have successfully calculated accurate pKa for some carbon 
acids and oxygen acids. The pKa calculated from the gas 
phase energy at B3LYP/6-311+G(2d,2p) combined with the 
solvation energy at B3LYP/6-311++G(2d,2p)-CPCM 
methods for the carbon acids and also the gas phase energy at 
MPW1PW91/6-311+G(2d,2p) combined with solvation 
energy at HF/6-31G(d,p)-CPCM methods for oxygen acids 
show an excellent agreement to  the experimental pKa values. 
The values obtained from these methods could sometimes 
approximately match to the experimental values while in 
some cases small deviations are found. Finally, we have 
attempted to develop an effective method for determining 
pKa with the highest degree of agreement with experimental 
values using low cost methods with small basis sets instead 
of high level of theory as well as without any external 
approximation or fitting. 

 

REFERENCES 
[1] Hansch, C., Sammes, P.G., Taylor, J.B., 1990, 

Comprehensive Medicinal Chemistry. Quantitative Drug 
Design, vol. 4, Pergamon Press, Oxford, UK. 

[2] Shuurmann, G., Markert, B., 1998, Ecotoxicology, Wiley, 
New York, p 665. 

[3] Smith, M.B. and March, J., 2007, March’s Advanced Organic 
Chemistry. 6th. edn., John Wiley, New York, pp 359–364.  

[4] Dewar, M.J.S. and Dieter, K.M., 1986, Evaluation of AM1 
calculated proton affinities and deprotonation enthalpies., J. 
Am. Chem. Soc., 108, 8075-8086. 

[5] Siggel M.R., Thomas T.D., Saethre L.J., 1988, Ab initio 
calculation of Broensted acidities., J. Am. Chem. Soc., 110, 
91-96. 

[6] Kass, S.R., 1990, Hydrocarbon acidities calculated with 
MINDO/3, MNDO, and AM.,  J. Comp. Chem., 11, 94-104. 

[7] Burk, P. and Koppel, I.A., 1993, Critical test of PM3 
calculated gas-phase acidities., Theor. Chim. Acta., 86, 
417-427. 

[8] Burk, P., Herodes, K., Koppel I., Koppel, I.A., 1993, Critical 
test of pm3-calculated proton affinities., Int. J. Quantum 
Chem., 27, 633-641. 

[9] Koppel, I.A., Taft, R.W., Anvia, F., Zhu, S.Z., Hu, L.Q., Sun, 
K.S., DesMarteau, D.D., Yagupolskii, L.M., Yagupolskii, 
Yu.L, Ignat’ev, N.V., Kondratenko, N.V., Volkonskii, A.Yu., 
Vlassov, V.M., Notario, R., Maria, P.C., 1994, The 
Gas-Phase Acidities of Very Strong Neutral Bronsted Acids., 
J. Am. Chem. Soc., 116, 3047-3057. 

[10] Burk, P., Koppel, I.A., Koppel, I., Yagupolskii, L.M., Taft, 
R.W., 1996, Super acidity of neutral Brönsted acids in gas 
phase., J. Comp. Chem., 17, 30-41. 

[11] Smith, B.J. and Radom, L., 1995, Calculation of Proton 
Affinities Using the G2(MP2,SVP) Procedure., J. Phys. 
Chem., 99, 6468-6471. 

[12] Smith, B.J. and Radom, L., 1995, Gas-phase acidities: a 
comparison of density functional, MP2, MP4, F4, G2(MP2, 
SVP), G2(MP2) and G2 procedures., J. Chem. Phys. Lett., 
245, 123-128. 

[13] Liton, M.A.K., Ali, M.I., Hossain, M.T., 2012, Accurate pKa 
Calculations for Trimethylaminium ion with a variety of basis 
Sets and Methods Combined with CPCM Continuum 
Solvation Methods., Comp. Theor. Chem. (THEOCHEM), 
999, 1-6 

[14] Catalan, J. and Palomar, J., 1998, Gas-phase protolysis 
between a neutral Brønsted acid and a neutral Brønsted base., 
Chem. Phys. Lett., 293, 511-514. 

[15] Choho, K., Van Lier, G., Van de Woude, G., Geerlings, P., 
1996, Acidity of hydrofullerenes: a quantum chemical study., 
J. Chem. Soc. Perkin. Trans., 2, 1723-1732. 

[16] Yang, W. and Mortier, W.J., 1986, The use of global and local 
molecular parameters for the analysis of the gas-phase 
basicity of amines., J. Am. Chem. Soc., 108, 5708-5711. 

[17] Contreras, R., Fuentealba, P., Galvan, M., Perez, P., 1999, A 
direct evaluation of regional Fukui functions in molecules., 
Chem. Phys. Lett., 304, 405-4011. 

[18]  Perez, P., Simon-Manso, Y., Aizman, A., Fuentealba, P., 
Contreras, R., 2000, Empirical Energy−Density Relationships 
for the Analysis of Substituent Effects in Chemical 
Reactivity.,  J. Am. Chem. Soc., 122, 4756-4762. 

[19] Souza, F.D., Zandler, M.E., Deviprasad, G.R., Kutner, W., 
2000, Acid−Base Properties of Fulleropyrrolidines: 
Experimental and Theoretical Investigations.,  J. Phys. Chem. 
A., 104, 6887-6893. 

[20] Rezende, M.C., 2001, A theoretical HSAB study of the 
acidity of carbon acids CH3Z. J. Braz., Chem. Soc., 12, 73-80. 

[21] (a) Alkorta, I. and Elguero, J., 1997, Carbon acidity and ring 
strain: A hybrid HF-DFT approach (Becke3LYP 
/6–311++G**)., Tetrahedron, 53, 9741-9744. (b) Rezende 
M.C., 2001, The acidity of carbon acids in aqueous solutions: 
correlations with theoretical descriptors., Tetrahedron, 57, 
5923-5930. 

[22]  Liptak, M.D., Gross, K.C., Seybold, P.G., Feldgus, S.,  
Shields, G.C., 2002, Absolute pKa Determinations for 
Substituted Phenols., J. Am. Chem. Soc., 124, 6421-6427. 

[23] Charif, I.E., Mekelleche, S.M., Villemin, Mora-Diez, N., 
2007, Correlation of aqueous pKa values of carbon acids with 
theoretical descriptors: A DFT study., THEOCHEM, 818, 
1–6. 

[24]  Lim, C., Bashford, D., Karplus, M., 1991, Absolute  pKa  
calculations  with  continuum  dielectric methods., J. Phys. 
Chem., 95, 5610-5620.  

[25] Liptak, M.D. and Shields, G.C., 2001, Accurate pKa 



 American Journal of Chemistry 2013, 3(3): 37-43 43 
 

 

Calculations for Carboxylic Acids Using Complete Basis Set 
and Gaussian-n Models Combined with CPCM Continuum 
Solvation Methods., J. Am. Chem. Soc., 123, 7314-7319. 

[26] Frisch, M.J. et al, 2003, GAUSSIAN 03, Revision B.05, 
Gaussian Inc., Pittsburgh, PA. 

[27] Cossi, M., Rega N., Scalmani, G., Barone, V.J., 2003, 
Energies, structures, and electronic properties of molecules in 
solution with the C-PCM solvation model., Comput. Chem., 
24,  669-681. 

[28] Curtiss, L.A., Raghavachari, K., Redfern, P.C., Rassolov, V., 
Pople, J.A., 1998, Gaussian-3 (G3) theory for molecules 
containing first and second-row atoms., J. Chem. Phys., 109, 
7764-7776. 

[29] Montgomery, J.A., Frisch, M.J., Ochterski, J.W., Petersson, 
G.A., 1999, A Complete Basis Set Model Chemistry. VI. Use 
of Density Functional Geometries and Frequencies.,  J. 
Chem. Phys., 110, 2822-2827. 

[30] Palascak, M.W. and Shields, G.C., 2004, Accurate 
experimental values for the free energies of hydration of H+, 
OH-, and H3O+., J. Phys. Chem. A, 108, 3692-3694. 

[31] Liptak, M.D. and Shields, G.C., 2001, Accurate pKa 
calculations for carboxylic acids using complete basis set and 
Gaussian-n models  combined with CPCM continuum 
solvation methods., J. Am. Chem. Soc., 123, 7314–7319. 

[32]  Kelly, C.P., Cramer, C.J., Truhlar, D.G., 2007, Single-ion 
solvation free energies and the normal hydrogen electrode 
potential in methanol, acetonitrile, and dimethyl sulfoxide., J. 
Phys. Chem. B, 111, 408-422. 

[33] Kelly, C.P., Cramer, C.J., Truhlar, D.G., 2006, Aqueous 
solvation free energies of ions and ion–water clusters based 
on an accurate value for the absolute aqueous solvation free 
energy of the proton., J. Phys. Chem. B, 110, 16066-16081. 

[34] Tissandier, M.D., Cowen, K.A., Feng, W.Y., Gundlach, E.,  
Cohen, M.J., Earhart, A.D., Coe, J.V., 1998, The proton’s 
absolute aqueous enthalpy and Gibb’s free energy of 
solvation from cluster-ion solvation data., J. Phys. Chem.  A, 
102, 7787-7794 

[35] Lias, S.G., Bartmess, J.E., Liebman, J.F., Holmes, J.L., Levin, 
RD, Mallard, W.G., 2010, Ion energetics data. In: NIST 
Chemistry WebBook, NIST Standard Reference Database 
Number 69, Eds. P.J. Linstrom and W.G. Mallard, National 
Institute of Standards and Technology, Gaithersburg MD, 
20899, http://webbook.nist.gov. 

[36] Graul, S.T., Schnute ME, Squires, R.R., 1990, Gas-Phase 
Acidities of Carboxylic Acids and Alcohols from 
Collision-Induced Dissociation of Dimer Cluster Ions., Int. J. 
Mass. Spectrom. Ion. Proc., 96, 181-198.  

[37] Clair, R.L. and McMahon, T.B., 1980, An ion cyclotron 
resonance study of base-induced elimination reactions of 
fluorinated alcohols and unimolecular loss of HF from 
chemically activated fluoroalkoxide ions., Int. J. Mass. 
Spectrom. Ion. Phys., 33, 21-36. 

[38] Bartmess, J.E., Scott, J.A., McIver, R.T., Jr., 1979, Scale of 
acidities in the gas phase from methanol to phenol., J. Am. 
Chem. Soc., 10, 6046-6056.  

[39] Caldwell, G., McMahon, T.B., Kebarle, P., Bartmess, J.E., 
Kiplinger, J.P., 1985, Methyl substituent effects in the gas 
phase acidities of halosubstituted oxygen acids. A 
realignment with substituent effects in solution., J. Am. Chem. 
Soc., 107, 80-82.  

[40] Bordwell, F.G., 1988, Equilibrium acidities in dimethyl 
sulfoxide solution., Acc. Chem. Res., 21, 456–463. 

[41] Stewart, R., 1985, The Proton: Applications to Organic 
Chemistry Academic: New York. 

[42] Ballinger, P. and Long F.A., 1960, Acid Ionization Constants 
of Alcohols. II. Acidities of Some Substituted Methanols and 
Related Compounds.,  J. Am. Chem. Soc., 82, 795-798. 

[43] KIRK-OTHMER, 1994, Encyclopedia of Chemical 
Technology, 4th ed., 11, 521 

[44] Ballinger, P. and Long, F.A., 1959, Acid Ionization Constants 
of Alcohols. I. Trifluoroethanol in the Solvents H2O and 
D2O1., J. Am. Chem. Soc., 81, 1050-1053. 

 


	1. Introduction
	2. Method and Theoretical Calculations
	3. Results and Discussion
	4. Conclusions

