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The hydrolysis/alcoholysis reaction of di-2-
pyridyl ketone (DPK) in the presence of metal ions
has been of considerable interest; previous studies
have involved transition metal species such as nickel
[L—4], iron [2, 4], and cobalt [1, 4, 5] as well as
one investigation involving uranium [6]. To date,
the mechanism of the reaction is not understood,
although it has been proposed on the basis of molec-
ular models that the driving force might involve an
sp> — sp? transition of the central carbon atom in
order to minimize strain and steric interaction within
the system [1, 2]. Additional speculation centers
around the possible formation of one of the hydroxyl
groups of \/C(OH)2 bonding to the metal cation, thus
resulting in the formation of a tridentate ligand [2].

Research in the chelate chemistry involving this
ligand has been almost totally restricted to the non-
Main Group complexes, specifically, those involving
the first row transition metal ions as the acceptor.
In coordination with transition metals, for example,
DPK is capable of participating in back w-bonding
through electron delocalization of metal t;, electron
transfer to the ligand m orbital. Thus, it has been of
interest to study its reactions and bonding character-
istics in relation to those of the analogous compounds
2,2"-bipyridine and 1,10-phenanthroline, for which
there is an extensive known chemistry with metal
ions. The spectroscopy of these two ligands in metal
complexes is also quite useful in helping distinguish-
ing between interactions of metal ions with the ring
nitrogens in DPK versus metal ion interactions with
the carbonyl group. The present study makes use of
these comparisons.

This investigation also extends the chemistry of
di-2-pyridyl ketone with metal ions to tin(IV). With
the exception of a brief reference to the tin(II) chlor-
ide complex [7], this is the first detailed account of
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the reaction of the ligand with a Group IVA species.
Also, no previous studies of DPK complexes have
included the X-ray photoelectron spectral (XPS)
data on the oxygen environments in these com-
plexes containing the presumed hydrolyzed car-
bonyl group.

Experimental

Physical Measurements

Infrared spectra were taken as KBr pellets using
a Beckman Model 4250 infrared spectrophotometer
with polystyrene as the calibrant. X-ray photoelec-
tron spectra were obtained on an instrument that has
been previously described [8]. Samples were pres-
sed into Scotch-brand double sided adhesive tape
and were mounted on an eight-position wheel. All
spectra were calibrated against the C,, peak, assum-
ing a value of 285.0 eV for the Cy line of contami-
nant carbon [9]. The samples were pumped down for
an extended period of time in an attempt to remove
any chemisorbed water.

Elemental analyses were performed by PCR,
Inc., Gainesville, Florida. The anhydrous diethyl
ether was reagent grade, and it was further dried
and stored over sodium metal until used. The ligand
di-2-pyridyl ketone was obtained commercially
(Aldrich Chemicals) and used without further purifi-
cation. Tin(IV) chloride (Fisher Scientific), tin(IV)
chloride pentahydrate (Baker Chemical), and tin(IV)
bromide (Research Organic/Inorganics) were also
commercial samples and used as received. Synthetic
manipulations were carried out in a nitrogen-filled
dry box in order to protect both the tin halides
and complexes from extended exposure to moisture.
All four complexes were slightly hygroscopic.

Syntheses

SnC14'C11H5N20

Tin(IV) chloride was slowly added dropwise to a
stirred, cold solution of di-2-pyridyl ketone (0.184
g, 1.0 mmol) in anhydrous diethy! ether. The addi-
tion was continued until the precipitation of the
adduct was completed, and the complex was allowed
to settle. It was then washed several times with
diethyl ether, filtered, and dried in vacuo for two
hours at room temperature. Anal. Calcd. for SnClg*
C;;HgN,0: C, 29.70; H, 1.80; N, 6.30. Found: C,
30.22;H, 1.92;N, 6.82%.

SnCI4'C11H5N20'2H20

A solution of tin(IV) chloride pentahydrate (0.351
g, 1.0 mmol) in 20 ml of 95% ethanol was added
slowly with stirring to a solution of di-2-pyridyl
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TABLE I. Infrared Assignments for Tin(IV)—-DPK Complexes.a
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Compound »(C=0) »(C=C) §(C—H) §(C—H)
v(C=N) In plane Out of plane
Di-2-pyridyl ketone (DPK) 1675s 1578s 1325s 753s
1565m 742s
SnBr4-DPK 1700vs 1610vs 1330m 770s
1590w 750vs
SnBr,s-DPK-4H,0 1607vs 130S5s 765vs
1572w 742w
SnCl, - DPK 1690vs 1605vs 1330s 765vs
1582s 745vs
SnCl,-DPK-2H,0 1604vs 1305s 766vs
1570w 742w

a . —1
Values in wavenumber, cm .

ketone (0.184 g, 1.0 mmol) in 10 ml 95% ethanol.
Stirring of the solution was continued for several
minutes during which time the product slowly preci-
pitated. It was subsequently filtered, washed several
times with cold diethyl ether, and vacuum dried at
room temperature for two hours. Anal. Calcd. for
SnCl,+C,,HgN,0-2H,0: C, 27.48; H, 2.50; N, 5.82.
Found: C, 26.99; H, 2.37; N, 6.05%.

Snqu'C11H3N20

A solution of tin{(IV) bromide {0.438 g, 1.0 mmol)
in 30 ml of cold diethyl ether was slowly added drop-
wise to a stirred solution of di-2-pyridyl ketone
(0.184 g, 1.0 mmol) in 5 ml diethyl ether. The com-
plex (which formed immediately) was allowed to
settle, and the supernatant diethyl ether was then
removed. The product was then filtered and dried
in vacuo at room temperature for two hours. Anal
Calcd. for SnBrs:C,;HgN,0: C, 21.22; H, 1.29; N,
4.50. Found: C, 21.83; H, 1.39; N, 4.31%.

SnBr4'C11H3N20'4H20

A solution of tin(IV) bromide (0.438 g, 1.0 mmol)
in 30 ml of cold ethanol was slowly added dropwise
with stirring to 0.184 g (1.0 mmol) di-2-pyridyl
ketone dissolved in 5 ml of 95% ethanol. The prod-
uct formed slowly over a period of several minutes
and was allowed to settle. The supernatant ethanol
was drawn off, the complex was washed several
times with cold portions of diethyl ether, filtered,
and dried at room temperature for two hours under
vacuum. Anagl. Calcd. for SnBry-C, HgN,0-4H,0:
C, 20.06; H, 1.82; N, 4.25. Found: C, 21.34; H,
1.71; N, 4.11%.

Results and Discussion

Infrared
The ligand di-2-pyridyl ketone (DPK) can poten-
tially exhibit two modes of coordination as a chelate:

bBand intensities: vs, very strong;

s, strong; m, medium; w, weak.

through the two ring nitrogen atoms, and less likely,
through one of the ring nitrogen atoms and the car-
bonyl group. While the latter type of linkage was
reported in an earlier study [10], subsequent work
[1] indicated that only N,N-coordination was present
for that series of complexes. As a result of the con-
centrated 7-electronic system present in the car-
bonyl group, adduct formation through it would
necessitate a lowering of the carbonyl band found at
1675 em™® in the free ligand. In the case of N N-
coordination, the pyridine ring vibrational mode,
as a result of the high degree of delocalization of the
w-electron density, should not experience any high
degree of change. The C=0 frequency, however,
might be expected to increase slightly.

An increase in the carbonyl frequency was indeed
observed in this study for two non-hydrated com-
pounds, a 25 and 15 cm™ increase for the SnBr,
and SnCl; adducts, respectively. The pyridine
ring modes, (C=C) and »(C=N), shifted to higher
wavenumber in the complexed ligand, with the shift
being ~25 cm™ in the case of ¥(C=C). This shift
was observed in both the anhydrous and hydrated
tin(IV) complexes. The »(C=0) band disappeared
in the hydrated complexes (Fig. 1).

The very strong bands at 1521 and 1520 cm™
in the infrared spectra of the anhydrous tin(IV)
bromide and chloride complexes, respectively,
disappeared on hydration. Previous workers [4]
have interpreted strong absorption bands in this
region (1530 cm™, for example, in the case of the
iron(IIT) system) as being proof of N,0-coordination.
Other workers [11], however, have observed a strong
band at 1512 cm™! in the infrared spectra of the com-
plexes of the bidentate nitrogen donor 2,2-bipyri-
dine with SnCl,; and SnBr,. This band is very close
to the 1520-1521 cm™' values observed in this
study and was assigned as the totally symmetric
ring stretching mode of the pytidine rings. In the
complexes studied here, this vibrational mode appar-
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TABLE II Binding Energies of Tin(IV) Halide—DPK Complexes.?

Compound Sn(3d5ﬂ) N(1s) 0Q1s) Br(3ds;2) Cl(2p3/2)
SnBr4-DPK 487.2 400.2 5321 69.6

SnBr4-DPK-4H,0 487.1 400.9 5334 69.5

SnCl,;*DPK 487.8 400.6 5322 198.4
SnCl,;-DPK-2H,0 487.6 400.4 5333 198.5

#Value are in electron volts (eV) and are referenced to the contaminant carbon line: Cig=285.0eV.
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Fig. 1. Infrared spectra of (a) SnClg+DPK and (b) SnCly-
DPK-2H;0 in the 1700—1400 em ! region.

ently becomes infrared inactive on hydration of the
complexes. Spectra of the anhydrous and hydrated
SnCl, complexes shown in Fig. 1 illustrate this.

Complexation of a metal ion with di-2-pyridyl
ketone which yields an alcoholated or hydrated
species (such as the one reported here) also gives an
infrared spectrum which does not contain a C=0
stretching frequency. Previous workers [1, 2] have
suggested the following reactions with alcohols,
water, and the carbonyl group of the ligand:

C=0 + ROH — C(OH)(OR) (1)

Any reactions such as these with the carbonyl group
would effect a concomitant strengthening of the
bonding in the pyridine ring system and thus increase
the ring frequencies. As mentioned above, this
increase was observed for all four complexes, with
the magnitudes of the shift comparing very favorably
with those previously reported for other metal sys-
tems [1-3].

X-Ray Photoelectron
The tin-3ds, lines of the complexes in this study
exhibited values that ranged from 487.1 to 487.8

eV (Table II). The value of 487.2 eV recorded for
SnBr,-DPK is in good agreement with that of 487.6
eV previously reported for SnBrs-2,2"-bipyridine
[12]. As shown by Fehlner and co-workers [14],
however, most tin(IV) complexes involving ligands
with oxygen, nitrogen, and sulfur donor atoms have
tin binding energies in this range, clearly demon-
strating the core electron binding energies to be
insensitive to the bonding environment of the tin.
For example, the bis(triphenylphosphine oxide)-
tin(IV) bromide complex [12] has a tin-3dsp line
at 487.7 eV, almost identical to the value of 487.6
eV reported here for the bidentate di-2-pyridyl
ketone nitrogen donor in SnClsDPK-2H,0. The
core binding energies tabulated here consequently
give very little insight into the bonding of the present
tin complexes.

The nitrogen-1s lines range from 400.2 eV, in very
good agreement with those reported earlier [12]*
for similar complexes of 2,2'-bipyridine and other
nitrogen donor ligands. The nitrogen-1s binding
energy in di-2-pyridyl ketone is 398.4 eV. Thus, the
increase in binding energy is ~2 eV on coordination
of the ligand to tin(IV), the same magnitude of
change in the nitrogen-1s line binding energy as with
the coordination of 2,2'-bipyridine to tin(IV).

The bromine-3ds;, values of 69.5 and 69.6 eV for
the SnBr, complexes are those that would be
expected for terminally bonded, coordination sphere
bromide ligands [13]. The case of the chloride ions
is less clear in that the 198.6 eV chlorine-2p3p, line
for SnCly DPK-2H,0 is slightly higher than the
198.5 eV value accepted for inner coordination
sphere chlorine atoms [13]. These workers [13]
have noted, however, that the irradiation and high
vacuum inherent in the XPS experiment can affect
the bonding status of chloride ions in coordination
compounds, especially those containing water. This
would probably apply even more to the compounds
in this study, which are hygroscopic by nature.
Deterioration such as this was not readily apparent

*All binding energies from other studies, quoted here for
comparison to the binding energies in this study, have been
normalized to the contaminant Cig = 285.0 eV line using
Cj4 values reported by the authors of these studies.
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from the data obtained here, since the compounds
gave spectra which were not a function of the time
they were irradiated.

The oxygen-1s lines for the hydrated and anhyd-
rous tin(IV)—DPK complexes should be useful in
distinguishing between the unreacted carbonyl and
the hydrated or alcoholated species shown in eqns.
1-2. The binding energies, along with the peak
widths, were indeed different for the two types of
complexes here. SnBr,+DPK and SnCl;-DPK exhibit-
ed oxygen binding energies of 532.1 and 532.2 eV,
respectively, values that are expected for organic
carbonyl groups [14]. The hydrated compounds
had oxygen-1s lines at higher binding energies,
lines which were also broader (~0.3 eV broader).
These higher binding energies are in agreement with
a hydroxide species [14], but they are also in agree-
ment with a hydroxide species [14], but they are also
in agreement with simple lattice or coordinated water
molecules [15]. Again, because of the hygroscopic
nature of these compounds, the XPS parameters
observed for the present series of complexes may
only reflect a small surface layer of adsorbed water.
The slight line broadening might also indicate
multiple oxygen species which appear as super-
imposed lines on the spectrum. The results here
should therefore be weighed against this possibility.
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