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THERMOCHROMISMS OF SOME B-DIKETONE CHELATE COMPLEXES OF
COPPER(II) IN PURE PYRIDINE

Hiroshi YOKOI, Mitsuru SAI, and Taro ISOBE
Chemical Research Institute of Non-aqueous Solutions,

Tohoku University, Katahira, Sendai

Two types of thermochromisms have been found for several B-di-
ketone chelate complexes of copper(II) in pure pyridine. One is ob-
served for such complexes as bis(acetylacetonato)copper(II), where
the visible absorption spectra at various temperatures have well-
defined isosbestic points. The other is observed for such complexes
as bis(salicylaldehydato)copper(II), where only the spectral intensi-

ty increases unusually with a rise in temperature.

We report here the new experimental fact that two interesting types of thermo-
chromisms are observed for some B-diketone chelate complexes of copper(II) in pure
pyridine. The complexes employed in this study are bis(acetylacetonato)copper(II),
bis(benzoylacetato)copper(II), bis(dipivaloylmethanato)copper(II), bis(salicyl-
aldehydato)copper(II), and bis(ethyl acetoacetato)copper(II), which are abbreviated
as Cu(acac)z, Cu(bzac)z, Cu(dpm)z, Cu(sal)z, and Cu(Etacest)2 respectively. They
can group themselves in the two classes, the former three complexes and the latter
two, according to the stabilityl) and to whether they form the 1:1 or 1:2 adducts
with pyridine,z) The visible absorption spectra of Cu(acac)2, Cu(bzac)z, and
Cu(sal)2 in pyridine at various temperatures are shown in Figs. 1 — 3 respectively.
The above-mentioned classification is also consistent with the one based upon the
temperature dependences of the visible absorption examined in this work; the com-
plexes of the two classes show quite different types of the temperature dependences,
as is seen in Figs. 1 — 3. Some results of the visible absorption spectra are listed
in Table 1. |

Any of the complexes of the first class have well-defined isosbestic points in
their visible absorption spectra at various temperatures, as are shown in Figs. 1
and 2. This experimental fact clearly indicates that there are two complex species,
the low-temperature and high-temperature species, at equilibrium in each of the
pyridine solutions, namely, that there are two different interactions of pyridine
with the complexes of this class even in pure pyridine. It has been reported that
the copper atom is penta-coordinated to the four oxygen atoms in the B-diketone
and to the nitrogen atom of the pyridine molecule for Cu(acac)2 in pyridine.3) The
visible absorptions of these complexes in pyridine shift to somewhat longer wave-

lengths and their peak heights slightly decrease with a rise in temperature, but
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Fig. 1. Visible absorption
spectra for Cu(acac)2 in pyridine.
(1): 60°C, (2): 40°c,
(3): 20°C, (4): o°.

Fig. 2. Visible absorption
spectra for Cu(bzac)2 in pyridine.
(1): 60°c, (2): 40°c,
(3): 20°C, (4): o0°c.

Fig. 3. Visible absorption
spectra for Cu(sal)2 in pyridine.
(1): 60°c, (2): 40°c,
(3): 20°, (4): o°c.
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TABLE 1. VISIBLE ABSORPTION SPECTRA IN PYRIDINE
Isosbestic Absorption Oscillator
point peak strength
/ . \ F—Lﬁ
Copperxr(II) 0° 60°C 0°c 60°C
complex
AN € A € A €
(nm) (nm) (nm) (X103) (X103)
Cu(acac)2 585 38 652 80 667 75 1.76 1.95
700 71
Cu(bzac), 576 32 660 98 670 94 2.20 2.33
686 83
Cu(dpm)2 562 33 645 114 652 94 2.25 2.44
726 77
Cu(sal)2 ca. 750 98 ca. 750 123 2.72 3,68
Cu(Etacest), 730 67 730 77 1.63 1.99

it is reasonably considered that the oscillator strengths of the visible absorptions
listed in Table 1 hardly vary with temperature, when such a substantial temperature
dependence of spectral intensity as described below is taken into consideration.
This result of the oscillator strengths indicates that there is almost no difference
in the symmetry of the copper ion environment between the low-temperature and high-
temperature species,4) and, furthermore, the experimental fact that the visible ab-
sorptions of the high-temperature species appear at somewhat longer wavelengths than
those of the low-temperature species suggests that the in-plane coordination bonding
becomes weaker and the axial one, stronger in the high-temperature species than in
the low-temperature one.s) It seems, therefore, probable that the copper atom lies
in the plane of the four oxygen atoms in the low-temperature species but is displaced
to a slight extent from the plane in the direction of the nitrogen atom of the co-
ordinated pyridine molecule in the high-temperature species, as has been often ob-
served in many crystals of the metal complexes.é)

On the other hand, the visible absorption spectra of Cu(sal)2 and Cu(Etacest)z,
the complexes of the second class, remarkably increase their intensities with a
rise in temperature, as is shown in Fig. 3. The thermochromism of Cu(acac)2 in some
solventsis thought to be the same type.6) Temperature affects the intensity of an
electronic transition induced by a vibrational mode n according to coth(hvn /2kT),
in the simplest theory,s) and it was found that the increases in the oscillator
strength with a rise in temperature for these complexes in pyridine exceed the expec-
tations based upon the coth rule. It seems, therefore, probable that the changes in
structure accompanying a change in spectral intensity take place continuously ac-

cording to temperature for the complexes of the second class in pyridine.
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All the above-described facts indicate that the metal complexes essentially

have the property of changing their structures flexibly under appropriate conditions,

and some of those structures may be considered as the ones of reaction intermediates.

1)
2)
3)
4)
5)
6)
7)

8)

REFERENCES
L.G.Sillen and A.E.Martell, Stability Constants of Metal-ion Complexes (Special
Publication No.7), The Chemical Society, Burlington, London (1964).
D.P.Graddon and E.C.Watton, J.Inorg.Nucl.Chem., 21, 49 (1961); Y.Muto, Bull.Chem.
Soc.Japan, 31, 56 (1958); H.Yokoi, M.Sai, and T.Isobe, ibid., 43, 1078 (1970).
D.P.Graddon, Nature, 183, 1610 (1959); D.P.Graddon and E.C.Watton, ibid., 187,
1021 (1960).
R.L.Belford and W.A.Yeranos, Mol.Phys., 6, 121 (1963).
R.L.Belford, M.Calvin, and G.Belford, J.Chem.Phys., 26, 1165(1957).
E.Frasson, R.Zannetti, R.Bardi, S.Bezzi, and G.Giacommetti, J.Inorg.Nucl.Chem.,
8, 452 (1958); P.R.H.Alderman, P.G.Owston, and J.M.Row, J.Chem.Soc., 1962, 668;
S$.00i and Q.Fernando, Chem.Commun., 1967, 532.
K.Sone, K.Mizutani, and T.Sakaki, Proceedings of the X.ICCC, Tokyo-Nikko (1967),
p. 138.
A.D.Liehr and C.J.Ballhausen, Phys.Rev., 106, 1161 (1957); J.Ferguson, R.L.Belford,
and T.S.Piper, J.Chem.Phys., 37, 1569 (1962).

(Received October 2, 1971)



