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The protonation constants pKa of various aromatic substituted 
organic oxides are reported. The following order of increasing 
basicities of the investigated organic oxides was established: 
sulphoxides, phosphine oxides, pyridine-N-oxides, selenoxides, arsine 
oxides, antimony oxides and tellurium oxides. Several effects, 
affecting the base strength of the investigated organic oxides, such 
as back donation, electronegativity of the element, its polarizability 
and inductive effect of the radicals bound to the element are 
discussed. 

It was shown in a previous paper1 that organic oxides are very effective 
reagents for the extraction of metal anions. Due to the fact that only proto·· 
nated oxide molecules are able to extract metal anions from the aqueous 
phase, the extraction power strongly depends on their base strength. Hence, 
the basicities of organic oxides are very useful data which permit the pre
diction of the extraction efficiency of an individual organic oxide. 

In this paper the protonation constants of various aromatic substituted 
organic oxides are reported. Two methods were used. The distribution method 
introduced by Arnett2 is particularly suitable for the protonation constant 
determination of weak organic bases, which are slightly soluble in acidic 
aqueous solutions. With substituted pyridine-N-oxides which are relatively 
soluble in the mineral acid solutions the Hammett's spectrophotometric method3 

previously used by Jaffe4 has been applied. 

EXPERIMENT AL 

Reagents 
Commercially available triphenyl arsine oxide (C6H 5)aAs0 was dried by 

azeotropic distillation with benzene. After distillation the oxide was precipitated 
by addition of n-hexane to the remaining solution. Diphenyl selenoxide (CaH5)2Se0, 
diphenylsulphoxide (C6H5)2SO and dibenzylsulphoxide (CGH5CH2)2SO were kindly 
donated by Professor D. Hadzi in very pure condition. Other organic oxides wert0 
s.lso commercial products purified by distillation or recrystallisation. Triphenyl pho
sphineoxide (C6H5)sPO, labelled w ith 32P was prepared in this laboratory.5 

The acidity function Ho of the aqueous sulphuric acid solutions was estimated 
by picnometric determination of their densities at 25° C. From densities the real 
sulphuric acid concentrations in weight percent were obtained. The acidity function 
H 0 was then taken from the plot Ho against weight percent of H 2S04 which was 
constructed using the data given by Paul and Long6• 

Protonation Constants by the Distribution Method 
Equal volumes of the organic and water phase were shaken in centrifuge tube.s 

for one hour at 25° C. The organic phase was a solution of the investigated oxides 
in dichloromethane or carbon tetrachloride while the aqueous phase was a diluted 
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sulphuric acid solution with the known acidity function H 0 • After equilibration both 
phases were separated by centrifugation. The concentration of the weak base 
in the organic phase, Corg, was determined spectrophotometr ically or radiometrically 
and the one in the aqueous phase, Caq, was calculated from the difference 
Caq = Ctot - Corg. Knowing the values of the distribution coefficients D = Corg/Caq 
and the acidity functions of the corresponding aqueous sulphuric acid solutions 
the protonation constants of the organic oxides were calculated following tc 
Arnett2 by means of the equation: 

pKa = Ho - log D/(K'n - D) 

where K~ is the distribution constant of the organic oxide if the protonation in the 
water phase can be neglected. 

All spectrophotometric measurements were made at 25° C with a spectro
photometer \F-4 (Optica, Milano) and the radiometric ones in the 10 ml. liquid 
counter tube, type M2H, 20"' Century Electronics. 

Protonation Constants by , Spectrophotometric Method 
The equilibrium between the protonated BH+ and the unprotonated form B 

of the pyridine-N-oxides was determined spectrophotometrically after equilibrating 
of the water solutions containing a known and constant concentration of the oxides 
with the diluted sulphuric acid solutions having a known acidity function. In some 
cases, such as 2,5-dibromopyridine-N-oxide, the absorptivity of the unprotonated 
form B in comparison with the protonated form BH " at the wave lenght at 'which 
the protonated form exhibits m aximal absorption, was very low and can be 
neglected. In other cases such as 2,6-dimethyl pyridine-N-oxide a correction for the 
absorptivity of the unprotonated form has to be taken into account. According to 
Hammett's calculations3, the protonation constant can be calculated from the 
equation: 

Ho= pKa + log [BH+J /[BJ. 

RESULTS 

The experimental results are given in Fig. 1 where log D/(Kn' - D) (or 
log [B] / [BH+) in the case of the pyridine-N-oxides) are plotted against the 

.,. • 1.00 

-~00 - 0.00 

-100 ;;;I~ --

-2.00 - 2.00 

-UOL--___,'----- -'------'--------,.L-:'------:'-:-:-- ---:--:::-------:-:::-3.00 - 3.00 -2.&B -1.08 0.00 1.00 2.00 -4.0I 

Np - log h1 
Fig. 1. Variation of the ratio between unprotonated and proton ated form of the organic oxides as a function of the acidity function H 0 • Sy mbols: Ph = phen y l, DBz = dibenzyl, DBr = dibromo, 
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acidity function H0 • Kn' i.e. the distribution constant of the oxides, when 
the protonation in the water phase can be neglected, was calculated by the 
least square method from the experimentally obtained values D and D · h 0 _ 

The points in Fig. 1 fit fairly well the straight lines with slope equal to 1 
indicating the absence of the Hammett-Chapman effect7. The distribution coef
ficients were determined spectrophotometrically except in the case of triphenyl 
phosphineoxide when spectrophotometric as well as radiometric measure
ments were performed. The agreement between both determinations was quite 
good. However, we consider the D values obtained with radioactive Ph3PO 
to be more reliable and consequently the radiometrically determined log 
D/ (Kn' - D) values are plotted in Fig. 1. 

~ 
Our pKa values are summarized together with the pK,,, values of some 

other oxides taken from the literature in Table I. KiBH+X- values determi
ned previously8 are also included in Table I. 

TABLE I 

Protonation Constants, pK,,, and Ionization Constants, 
K ~Hx of Various Organic Oxides 

Base 

(CaH5}2SO 
(CaHsCH2)2SO 
(CH3}2SO 
(C2H5)2SO 
(i-C3H1)2SO 
(CH2)sSO 
(CaHs)aPO 
(CHa)aPO 
(CsH11)aPO 
CsH3Br2NO 
C5H5NO 
CsH3(CH3}2NO 
(CH 3)sNO 
(CaHsCH2)sNO 
(C2Hs)aNO 
(C6Hs)aAs0 
(C2Hs)aAsO 
(CH3)aAsO 
(CaHs)2SeO 
(CH3}2SeO 
(CHa)aSbO 
(CH3}2TeO 
Urea 

- 3.19a 
- 2.03a 

-2.1oa 
Ob 

-0.90a 
0.79C 
1.02a 
4.65b 
4.7QC 
5.13b 
0.99a 
3.71b 
3.75b 
0.35a 
2.55b 
5.36b 

,..., 6b 
O.ld 

• this work; b ref. 14 ; c ref. 13; 0 ref. 9; e ref. 8; ' r ef. 10. 

DISCUSSION 

9.34 
2.10 x 102 

3.50 x 102 

6.22 x 102 

6.48 x 102 

8.92 x 102 

2.72 x 102 

3.44 x 103 

6.54 x 103 

3.34 x 102 

2.82 x 105 
2.73 x 106 

4.66 x i06 

4.18 x 105 

> 108 

1.6 x 105(1) 

The values of the protonation constants given in the Table show the 
following order of increasing basicities of the organic oxides: sulphoxides, 
phosphine oxides, pyridine-N-oxides, selenoxides, arsine oxides, antimony 
oxides, tellurium oxides. The same order was found by HadZi et al.,8 in their 
investigation on ionization constants KiBHX of the organic oxides in glacial 
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acetic acid. In Fig. 2. log KiBHX: are plotted against pK" values of the corre~ 
sponding organic oxides. Fig. 2 shows that a linear relationship between both 
constants exists. The KiBHX and pK.._ values for urea, determined by Clark 
and Perrin9 and Kolthof and Bruckenstein10 are included in Fig. 2 and this 
point also fits the straight line very well. A similar linear correlation between 
log KiBHX and· pKa values of various organic bases was observed by Hallu 
who used titration of bases in anhydrous acetic acid in order to obtain esti
mates of their pKa values in water. Only the points for pyridine-N-oxide 
and 2,5-dibromopyridine-N-oxide deviate from this linear relationship. It seems 
however, that together with 2,6-dimethylpyridine-N-oxide again they fit a 
straight line with a different slope. Additional experiments with other pyri
dine-N-oxid~s are planned in order to test this assumption. 
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Fig. 2. Correlation between log K 1
11HX and pK. of the organic oxides in question. The symbols 

r efer to the same oxides as in Fig. 1. 

The linear correlation between log K; BHX and pK,, indicates that solva
tation effects do not vary widely for the bases examinated and that the 
difference in the base strength of various organic oxides has to be attributed 
to the difference in electronic energy of the free molecule, R 11 XO, and the 
protonated molecule R 0 XO+H. The principal contribution to this difference 
is probably due to the back donation of the oxygen p electrons to the vacant 
d orbitals of S, P, As, Sb, Se and Te or to the n: orbitals of the pyridine 
(p:i: - d" bonding). With aliphatic substituted N-oxides ·this bonding type 
does not exist and consequently aliphatic N-oxides are very strong bases '. With 
increasing size and energy of d orbitals this back donation becomes l.ess 
important8. The variation of the back donation exerts a twofold effect on the 
electronic energy change of the protonated and unprotonated molecule. · Firstly, 
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with progressive decrease of the back donation the negative charge on the 
oxygen atom increases and secondly, the proton bound on the oxygen atom 
strongly inhibits the back donation. The latter is a positive energy contribution 
to the protonation. Consequently, the base strength of the arsine-, antimony-, 
selenium- and tellurium oxides is much closer to the one of the nitrogen oxides 
than to that of the sulphoxides and phosphine oxides where the p,. - d,, bond 
is strongest. 

Beside this back donation there are some other effects which affect the 
base strength of the organic oxides, such as electronegativity of the element 
X, its polarizability and the inductive effect of the radicals bound to the ele
ment X. Thus, f9r instance, the bond between arsenic or selenium and oxygen 
is more polar than the one between phosphorus or sulphur and oxygen. This 
can be due to the higher electronegativity of arsenic and selenium12 which 
is affected by the transition from eight to eighteen electronic structure. All 
the effects mentioned above cause a higher electron density around the oxygen 
atom and consequently a higher donation power. On the other hand, the 
difference in the base strength of the sulphoxides and phosphine oxides can 
probably be due to the different electronegativity of sulphur and phosphorus 
and to the different strength of the back donation. 

From the Table the inductive effect of the radicals bound to the element 
X can be deduced. It may be seen that aromatic organic oxides are always 
much weaker bases that the corresponding aliphatic compounds. Since the 
conjugation through sulphur and phosphorus is not probable, the reason for 
the different basicities of the aromatic and aliphatic oxides must be sought 
in the different electronegativities of sp2 and sp3 carbon. A negative inductive 
effect can be observed with 2,5-dibromopyridine-N-oxide while with 2,5-di
methylpyridine-N-oxide two methyl groups exhibit a positive inductive effect. 
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IZVLECEK 

Bazicnost organskih oksidov 

C. Klofutar, F. Krafovec in M. Ku5a1· 

Dolocili smo protonacijske konstante pKa razlicnih, aromatsko substituiranih 
organskih oksidov. Ugotovili smo, da bazicnost organskih oksidov narasea v na
slednjem vrstnem redu: sulfoksidi, fosfinoksidi, piridin-N-oksidi, selenoksidi, arzin
oksidi, antimonoksidi in teluroksidi. Tolmacili smo vpliv razlienih faktorjev, ki 
doloeajo bazicnost preiskovanih organskih oksidov in sicer vpliv povratne vezi, 
elektronegativnosti in polarizabilnosti elementa t~r induktivni vpliv substituent. 

ODSEK ZA FIZIKALNO KEMIJO 
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