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The pKa values of methanediol deprotonation were found to decrease with increase in solution ionic strength as

estimated by a 13C NMR titration method.

Formaldehyde is hydrated in aqueous solutions forming
methanediol:

HCHO�H2O ÿÿÿ43ÿÿÿH2C�OH�2 �1�

The equilibrium constant of reaction (1) was found to be
2� 103 1 and 2.3�103.2,3 This suggests that nearly all for-
maldehyde is present in hydrated form in aqueous solutions.
In alkaline aqueous solutions dissociation (deprotonation)
of methanediol occurs:4

H2C�OH�2
Kaÿÿÿ4
3ÿÿÿH2C�OH�Oÿ �H� �2�

or

H2C�OH�2 �OHÿ ÿÿÿ43ÿÿÿH2C�OH�Oÿ �H2O �3�

Methanediol and its anion are assumed to be of di�erent
activity in various reactions, e.g. methanediol anion rather
than methanediol is thought to participate in anodic oxi-
dation of formaldehyde in alkaline solutions.5±10 However,
methanediol is an active species during the interaction with
tartrate.11 Therefore it is important to know the exact value
of the deprotonation constant (pKa) of methanediol.
Di�erent values of methanediol deprotonation constants

(pKa from 12.5 to 13.6 at 20±25 88C) were obtained using
various experimental techniques: 12.5 (spectrophotometry),12

13.1 (13C NMR),7 13.3 (conductometry)13 13.42 and 13.6
(polarography).14 The scatter in the available pKa values
can be attributed to the di�erent ionic strengths of the
solutions investigated. Therefore the aim of this work was
to determine the in¯uence of ionic strength on methanediol
deprotonation. The systems investigated were: CH2O±
KOD±KNO3±D2O, CH2O±NaOD±NaNO3±D2O and
CH2O±LiOD±LiNO3±D2O.

Results and Discussion

To study the equilibrium between methanediol and its
anion form we have used 13C NMR spectroscopy. Various
NMR techniques can be used, e.g. 1H, however the latter
method is not very accurate since the di�erence of the
chemical shift between two forms in some solutions does
not exceed 0.1 ppm.15

The 13C spectra were measured in formaldehyde solutions
(0.38 mol dmÿ3) at the ionic strength (I) of the electro-
lyte, 0.4 and 1.0 mol dmÿ3. Formaldehyde solutions in
water are known to form polyoxymethylene glycols of
various compositions and molecular weights.4 In this work
we studied alkaline solutions of formaldehyde prepared by

dissolving trioxymethylene in supporting electrolyte
solutions. The low concentration of formaldehyde was used
to avoid oligomer formation and no signals of the oligo-
meric forms of formaldehyde were observed in the NMR
spectra under these conditions. Owing to the rapid proton
exchange between methanediol and its anion a single 13C
signal which is the weighted average of the shift of both
species is observed in the spectrum. The chemical shift (d) of
the protonated form of methanediol is observed at 83.0 ppm
in accordance with literature data.16 The chemical shift was
measured relative to the methylene and methyl carbon lines
of ethanol as a reference compound by addition of ca. 10%
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Fig. 1 The 13C chemical shift of methanediol vs. pD at
25 88C [CH2O] � 0.38 mol dmÿ3 I/mol dmÿ3 � 0.4 (a), 1.0 (b).
w, LiOD � LiNO3; *, NaOD � NaNO3; &, KOD � KNO3
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ethanol to the electrolyte solution. To obtain a reliable 13C
signal in the strongly alkaline solutions, i.e. pHr13.5, a
greater number of scans was necessary due to the longer
relaxation times of the methanediol anion caused by a
stronger solvation of the nuclei and the increased viscosity
of the solution. However, the chemical shift values were not
changed within the measurement error on varying the pulse
interval. A shift of the methylene carbon of methanediol to
lower ®elds was observed in all cases with increasing pH of
the alkaline solutions. Although the methanediol anion
is more strongly solvated in such solutions the deshielding
e�ect of the charged oxygen atom is dominant. The
Cannizzaro reaction did not proceed signi®cantly during the
period of recording spectra as the probes were analysed by
polarography.17

The dependences of the 13C chemical shift of methanediol
vs. pD (Fig. 1) have a form18,19 typical of titration curves
from which pKa values were determined. We suppose that
the conversion of the protonated and the base form of
methanediol in eqn. (2) corresponds to a linear scale vs. the
chemical shift value at least in the range of pH below 13.5,
as has analogously been found for carboxylic acids and
other small molecules.20 Thus the pKa values were taken as
the in¯ection point of the dependence of d vs. pD.
The results obtained show a trend of decrease in pKa

values with increase in ionic strength of the solution
(Table 1). The pKa values of methanediol deprotonation
were found to be in the range from 13.05 to 13.55 in
CH2O±D2O solution depending on the ionic strength and
the cation of the supporting electrolyte. This decrease
in pKa values is consistent with the known trend of the
in¯uence of ionic strength on the reaction rate constant, i.e.
the ionic strength does not in¯uence the rate constant of
reaction between non-charged species [direct reaction (2)]
and increases the rate of reaction involving two species with
opposite charge [reverse reaction (2)].21,22

When comparing numerical pKa values at the ionic
strengths 0.4 and 1.0 mol dmÿ3 respectively it is seen that
the smallest di�erence is observed in the case of LiOD±
LiNO3 as supporting electrolyte and the di�erence rises in
the sequence of alkali-metal ions Li�<Na�<K�. This can
be related to di�erent changes in the activity coe�cients of
LiNO3, NaNO3 and KNO3 with increase in concentration,
e.g. with increase in molal concentration from 0.5 to 1.0 mol
kgÿ1 in the case of LiNO3 the activity coe�cient changes
insigni®cantly (rises 0.018), and considerably decreases in
NaNO3 solution (0.070) and, especially, in KNO3 solution
(0.103).23

Experimental

The 13C NMR spectra were recorded on a Tesla BS 587A
spectrometer operating at 20 MHz with intervals of 2, 5 and 10 s
between the pulses, the probe temperature being 2521 88C. D2O
with deuterium content 99.8% was used as a solvent and ethanol as
internal standard. The chemical shifts were measured relative to the
methylene and methyl carbon lines of ethanol with an accuracy of
0.1 ppm. The solutions for spectral measurements were prepared by
dissolving known amounts of paraformaldehyde (trioxymethylene)
in solutions containing deuteriated alkali-metal hydroxides and
nitrates and were allowed to equilibrate for several minutes before
recording the spectra. The ionic strength of solutions was kept con-
stant at 0.4 or 1.0 mol dmÿ3.

The pD of solutions was measured using an EV-74 pH-meter
(Belarus). The glass electrode was kept in 0.1 mol dmÿ3 DCl
solution before the measurements. The calibration was carried
out by taking into account known values of the NaOD activity
coe�cients in D2O and the ionic product of D2O, equal to 14.96.2
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Table 1 Dependence of methanediol pKa values
(calculated from 13C NMR data) on the ionic
strength of solution at 25 88C

I/mol dmÿ3 Supporting electrolyte pKa

0.4 LiOD±LiNO3 13.55
NaOD±NaNO3 13.25
KOD±KNO3 13.55

1.0 LiOD±LiNO3 13.45
NaOD±NaNO3 13.05
KOD±KNO3 13.30
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