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Abstract

Contact transfer charge (CCT) absorption spectra of N,N-dimethylformamide
(DMF) and N,N-dimethylacetamide (DMA) with molecular oxygen (O,) have been
investigated. These solvents form contact complexes with O, and have strong
ultraviolet CCT absorption bands with intensities that are related to the partial
pressure of the applied O, and the mole percentages of DMF and DMA in
DMF/acetonitrile (MeCN) and DMA/MeCN mixtures, respectively. Electron spin
resonance spectra and luminol chemiluminescence tests confirm the absence of the
formation of superoxide ions from oxygenated DMF and DMA solutions.

Introduction

N,N-Dimethylformamide (DMF) and N,N-dimethylacetamide (DMA) are
widely used dipolar aprotic solvents for many organic and inorganic compounds in
which an aprotic solvent environment is necessary because of their fairly high relative
permittivity [1,2]. The properties of aqueous mixtures of DMF and DMA have
received considerable attention in the past years. Some studies including dielectric
constants [3,4]; enthalpies of dilution [5]; conductance of electrolytes in aqueous
mixtures of DMA [6]; magneto-optical rotation [7]; NMR; densities; viscosities [4,8];
diffusion; refractivity [8]; and limiting partial molar volumes of electrolytes in
aqueous mixtures of DMF [9] have been made in order to elucidate the mechanism
of the interaction of ion-solvent and solvent-water interactions.

It has been known that some organic solvents exhibit contact charge transfer
(CCT) absorption with molecular oxygen (0,) {10]. Molecular O, acting as an
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electron acceptor via its triplet electronic state (*0,) can form a donor-acceptor
(D-30,) contact pair with some solvents acting as electron donors. Radiation absorbed
by the ground state D-30, contact pair gives an excited state (D-*0,)" which
subsequently dissipates the excess energy through one or more mechanisms [11,12].
However, studies of the contact complexes of DMF and DMA with O, have not been
received much attention although these solvents are widely used in organic synthesis
and analytical spectroscopy. The work described here is to report the CCT absorption
of DMF and DMA with O,. The results can provide an insight of the interaction of
these solvent molecules with dissolved O, molecules.

Materials and Experimental

DMF (99.9 %, HPLC grade), DMA (>99.9 %, HPLC grade) and acetonitrile
(MeCN, >99.9 %, HPLC grade) were purchased from Aldrich Chemical Co. Ltd.,
England. Luminol (>98 %) was from Fluka Chemicals, England. *White spot’
nitrogen (N,) gas (O, free), O,, carbon dioxide (CO,) and hydrogen (H,) gases were
supplied by BOC Ltd., England.

Different oxygen concentrations [O,] (in the range 0 to 100 %) in the gas
stream were produced by controlling the flow rates of O, and a diluent N, gas
entering a mixing chamber. The gas mixture from the chamber passed through a
portable O, meter (Oxywarn 100I from Draeger Manufacturing, England) where the
[O,] in the gas mixture was determined before passing through the solvent contained
in a 10 mm path-length spectrophotometer silica cuvette.

The ultraviolet (UV) absorption spectra were measured on a Perkin-Elmer
Lambda 15 spectrophotometer (Perkin-Elmer, England) equipped with a Epson FX-
850 dot-matrix printer (Epson Telford, England) using silica cuvettes of 10 mm path-
length. Background corrections for the UV absorption spectra were done by filling
the reference beam cuvette in the spectrophotometer with the corresponding solvents
saturated with air. Gaseous standards with different [O,] values at flow rates of about
30 cm®/min passed through the solvent until it was totally gas saturated and the UV
absorption spectrum was recorded as soon as possible. The CCT absorption spectra
for different mole percentage solvent mixtures of DMF/MeCN and DMA/MeCN were
also recorded. Electron spin resonance (ESR) spectra of oxygenated DMF and DMA
solutions were recorded on a Bruker EPR 300E spectrometer at 77 K.

Results and Discussion

The CCT absorption spectra of DMF and DMA with O, are shown in Figs.
1 and 2, respectively. The absorption bands are broad and lie mainly in the UV
region. The absorption bands disappear when the dissolved O, in the solvents are
removed by purging with N,, CO, or H, gases and they re-appear when the solvents
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DMF
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Fig. 1

The effect of different oxygen concentrations on the CCT absorption spectra of
DMF. The K/Ftical path-length of cuvette is 10 mm and the reference is air-
saturated DMF.
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Fig. 2

The effect of different oxygen concentrations on the CCT absorption spectra of
DMA.e'cIl‘hB o) Xcal path-length of cuvette is 10 mm and the reference is air-
saturat .



03: 35 30 January 2011

Downl oaded At:

236 CHOI

are passed through with O, again. A negative absorption band is observed for the
solvents with [O,] less than the atmospheric concentration (~21 % (v/v)) as the
reference cell contains air-saturated solvent. The CCT absorption band maxima could
not be determined accurately and reliably in the region under 270 nm because of the
overlap of the continuous bands with the very much stronger absorption band of the
solvent itself. The apparent maxima for the CCT absorption bands will be distorted
because of the stray light effect of the solvents in the shorter wavelength region.
Spurious absorption maxima often arise in solvents having very intense absorption
bands [13].

The effect of [O,] on the CCT absorption intensity is shown in Fig. 3 with
plots of A, at a wavelength of 280 nm against applied [O,] in the solvents where in
this case, Ay, = absorbance of solvent saturated with O, standards — absorbance of
solvent saturated with N, (i.e. [O,] = 0 %). The graphs show that the CCT
absorbance at this wavelength increases linearly with [O,]. The wavelength of 280 nm
was chosen as they are far away enough from the maximum of the solvent absorption
band for there to be any instrumental errors as described earlier. Similar straight line
graphs are obtained when other wavelengths in the CCT absorption bands are used
with plots of Ag, against [O,] having a steeper slope for wavelengths nearer the
maximum of the absorbance peak for the CCT spectrum. These results show that the
CCT absorption spectra of the solvents with O, obey Beer-Lambert’s law.

The effect of the concentration of DMF and DMA in solvent mixtures of
DMF/MeCN and DMA/MeCN on the CCT absorption spectra is shown in Figs. 4
and 5, respectively. Acetonitrile was used as the co-solvent due to its light
transparency and absence of CCT absorption bands in the wavelength region used in
the investigation [11]. All the solvent mixtures investigated were saturated with pure
0,.

It is found that the absorption intensity of the CCT absorption bands of the
solvent mixtures with O, decreases as the concentration of DMF and DMA in solvent
mixtures of DMF/MeCN and DMA/MeCN diminishes. Plots of Ay, at 280 nm
against mole % of DMF and DMA in MeCN (Fig. 6) show fairly linear straight lines
that indicate the absorption intensity is related to the concentration of DMF and DMA
in the solvent mixtures of DMF/MeCN and DMA/MeCN, respectively. Since all the
solvent mixtures were saturated with pure O,, the actual concentration of dissolved
O, in each mixture probably varies according to the composition of the mixture
because of the difference in the solubilities of O, in DMF, DMA and MeCN. This
effect causes a slight non-linearity of the lines shown in Fig. 6.

A donor molecule (D) reacts with an O, molecule to form a molecular contact
complex D--O, which is responsible for the CCT absorption as follows [12]:

hv
D + 0, &2 D0, & (D0 1)
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Fig. 3
Plot of A,, against [O,] at 280 nm using the data from Figs. 1 and 2.

DMF/MeCN solvent mixtures
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Fig. 4
The CCT absorption spectra of DMF/MeCN solvent mixtures. Solvent mixtures
are in mole percentages.
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Fig. 5
The CCT absorption spectra of DMA/MeCN solvent mixtures. Solvent mixtures
are in mole percentages.
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Fig. 6

Thge effect of different solvent concentrations on the CCT absorption of DMA and
DMF. Plots of A, against Mole % of DMA or DMF in MeCN at 280 nm using
the data from Figs. 4 and 5.
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Ao, = K[D]Py, 0]
where Ay, K, [D] and Py, are the CCT absorbance, a constant, the mole fractions
of donor (in this case, DMF or DMA) and the partial pressure of the applied O,,
respectively. It is obvious that DMF and DMA follow the aforementioned equations
as donors in the CCT process with O,.

Luminol chemiluminescence tests and ESR spectra confirmed the absence of
the formation of superoxide ions in oxygenated DMF and DMA solutions. It has been
reported that iodine (electron acceptor) can form adducts with amides (electron
donors) [14]. Likewise the mechanism for the CCT of amides with O, is that a
contact complex is first formed between amides and O, molecules with the partial
transfer of an electron from the carbonyl oxygen in the amide molecule to the O,
molecule:

X N
/C6+ _— 06- + ()2 E /C — 05+ ______ 025- (3)
N(CH,), N(CH,),

where R = H or CH,
It is the absorption of a UV photon by the contact complex which gives rise
to the CCT absorption spectra for amides with O,.
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