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The infrared spectra of tetramethylurea have been measured in mixtures of dimethylsul-
foxide or acetonitrile with D2O or deuterated methanol (CH3OD). Marked solvatochro-
ism is observed for bands associated with the C==O and C----N stretches of tetram-
ethylurea, with the former moving to lower wavenumber, and the latter to higher, as
the concentration of the protic component is increased. The C==O band shows four
distinct absorbances, which are attributed to non-, mono, di-, and trihydrogen bonded
tetramethylurea. The relative populations of the different hydrogen bonded species were
determined from analyses of the C==O band shapes. It is found that the variations in the
populations of the different hydrogen bonded species can be accounted for by a simple
mass action treatment.
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1. INTRODUCTION

Preferential solvation plays an important role in determining changes in the
thermodynamics of solvation in mixed solvents.(1) Where the solute is symmetric,
as in the case of monatomic ions, all surfaces of the solute are similarly solvated.
However, for complex solutes, with two or more distinct surfaces, or functional
groups, each surface may be solvated differently and so have a different thermo-
dynamic response to changes in solvent.

Infrared spectroscopy provides a useful technique for investigating the sol-
vation of functional groups that are infrared chromophores; among systems that
have been studied in this way are: the C==O of amides,(2,3) ketones,(4) and esters,(5)
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the P==O of triethylphosphine oxide,(6) the S==O of dimethylsulfoxide,(7) -sulfate,
and -sulfone,(8) and the C==N of acetonitrile.(9) The technique is particularly use-
ful in systems with protic components since, in many cases, it provides detailed
information about the extent of hydrogen bonding to the chromophore.

In the present paper, we present the results of an infrared study of the solvation
of tetramethylurea (TMU) in mixtures of deuterium oxide or deuterated methanol
(CH3OD) with acetonitrile or dimethylsulfoxide. It is shown that TMU can form
hydrogen bonds to three protic solvent molecules, although the majority species are
mono-hydrogen bonded TMU in CH3OD and di-hydrogen bonded in D2O. In the
mixed solvents, the extent of hydrogen bonding increases as the concentration of
the protic solvent increases, with the rate of increase being greater in the acetonitrile
mixtures. The variations in the relative populations of the differently hydrogen
bonded species are accounted for by a simple mass action treatment.

2. EXPERIMENTAL

Dimethylsulfoxide and acetonitrile were dried over calcium sulfate and frac-
tionally distilled; tetramethylurea (Aldrich, 99.5%), D2O (Aldrich 99.9%) and
CH3OD (Aldrich 99.9%) were used without further purification.

Infrared spectra were measured at ambient temperature (typically 18–20◦C)
using a Mattson Satellite spectrometer with a resolution of 1 cm−1 and a de-
mountable solution cell with a path length of 0.025 cm. Solutions were nominally
0.1 mol-dm−3 and spectra were corrected for variations in concentration.

Mixed solvents were made up by mass to a precision of 0.2% or better,
tetramethylurea solutions were made up by dissolving a known mass in the solvent
and making up to 1 cm3. Solutions were nominally 0.1 mol-dm−3 and spectra were
corrected for variations in concentration.

3. RESULTS AND DISCUSSION

The spectra of TMU in the mixtures of acetonitrile and dimethylsulfoxide
with D2O and CH3OD are shown in Figs. 1–4.

Examination of the spectra shown in Figs. 1–4 indicates that four distinct
infrared absorbances are present. Thus, in pure acetonitrile or dimethylsulfoxide
there is a single band, centered at 1640 cm−1; this can be assigned to nonhydrogen
bonded TMU. With the addition of the protic component, a second absorbance,
at 1620 cm−1, grows at the expense of band for the nonhydrogen bonded TMU.
We can identify this absorbance with mono-hydrogen bonded TMU. In the aprotic
+ CH3OD systems, an isosbestic point at 1630 cm−1 indicates that the principal
process occurring in the aprotic-rich media is the formation of a single hydrogen
bond between CH3OD and TMU. At higher CH3OD concentrations and in the
aqueous systems two additional absorbances, at 1600 and 1585 cm−1, respectively,


