Volume 70, number 1

CHEMICAL PHYSICS LETTERS

15 February 1980

ON THE LUMINESCENCE OF BIS (TRIPHENYLPHOSPHINE) PHENANTHROLINE COPPER (I)

George BLASSE

Physical Laboratory, State University, 3508 TA Utrecht, The Netherlands

and

David R. McMILLIN

Department of Chenustry, Purdue University, West Lafayette, Indiana 47907, USA

Received 17 December 1979; 1n final form 11 January 1980

The luminescence spectra and decay times of the emission of the [Cu(PPh3), (phen)]* ion have been measured down to
liquid helium temperature. The long decay time at low temperatures 1s interpreted in terms of the triplet level of the charge-

transfer state.

1. Introduction

Recently some copper(I) complexes have been
shown to luminescence in solution {1,2]. In view of the
fact that the ligands involved have low-lying, unoccu-
pied n* levels the emission was ascribed tentatively to
metal-to-ligand charge-transfer transitions (CTTL).
Metal-centred transitions could, however, not be eli-
munated convincingly. Since some of the complexes
involved show efficient luminescence at room temper-
ature in the solid state, we extended the previous
work to solid-state luminescence studies down to lig-
uid helium temperature. The first results are reported
in this letter. They relate to the [Cu(PPh;), (phen)]*
on.

2. Experimental

Samples were prepared and charactenzed by the
methods described previously [1,2]. The optical mea-
surements were carried out at room temperature, {i-
quid nitrogen and liquid helium temperature as de-
scribed before [3].

3. Results

The complex [Cu(PPh3),(phen)] [BF,] has a
yellow body colour. At room temperatuse it shows
an intense greenish emission. Upon cooling to lower
temperatures the intensity of the emission does not
change, but the colour becomes yellowish. In fig. !
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Fig. 1. Spectral energy distnbution of the emission of the
[Cu(PPh3), (phen)]* ion at 4.2 and 300 K under long wave-
Iength ultraviolet excitation. @& gives the radiant power per
constant wavelength interval in arbitrary units. The figures
are not to scale; their maxima have been drawn in such 2 way
that clarity is optimized.
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Fig 2 Decay time of the lumnescence of the [Cu(PPhs),
(phen)]™* 10n as a function of temperature All imes corre-
spond to exponentials Excitation 1s 1n the maxamum of the
excitation band Note that the luminescence intensity is in-
depcendent of temperature 1n the temperature region con-
cerned.

we present the room temperature as well as the hquid
helium temperature emission spectrum. It s clear that
the room temperature spectrum contains an addition-
al component at shorter wavelength

The excitation spectrum of this emission has a
maximum at about 400 nm at all temperatures. [t ex-
tends far into the ultraviolet region. The room temper-
ature excitation spectrum 1s broader than that at lig-
uid helium temperature.

The temperature dependence of the luminescence
decay time 1s given 1n fig. 2. At low temperatures 1t
becomes very long (some 250 us) in comparison with
the room temperature value (30 pus) This decrease
cannot be 2scribed to the occurrence of nonradiative
trzasiaons i view of the constant and high intensity
of the uminescence. Due to the fact that our excita-
tion source was a xenon lamp, components in the de-
cay curve with time constants of 1 us or less could not
be observed. Pulsed excitation with a Ny-laser pumped
dye laser will be performed 1n the near future.
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4. Discussion

From the temperature dependence of the emission
spectrum and the decay time we conclude that the
radiative processes have to be described with at least
a three-level system. The lower excited level yields the
yellow emission which corresponds to a highly-for-
bidden transition in view of the long decay time at li-
quid helium temperature. The higher excited level
yields the green emission.

Assuming the nonradiative transitions between the
two excited levels to be fast in companson with the

radiative transitions, the temperature dependence of
the decay time 1s given by

1__1 exp(AE/KT) 1 1
T 73 1 +exp(AE/KT) ’

7o 1 +exp(AE[KT)
where AFE 1s the energy difference between the two
excited levels, and 75 and 75 are the reciprocals of
the transition probabilities from the lower and the
higher excited levels to the ground level, respectively
[4]. It is possible to fit the curve 1n fig. 2 to this
formula with AE about 1000 cm—1, 7, about 230 us
and 74 about 0.2 us. The fit 1s not perfect which might
be due to a temperature dependence of 7, and 73 or
to a more complicated level scheme. The present re-
sults give, nevertheless, a rehable first-order approx-
mation of the complete energy level scheme mvolved.
If the room temperature emission 1s regarded as a mix-
ture of the component seen at low temperatures and
a shorter wavelength component the energy differen-
ce between the two maxima amounts to about 900
cm~1, in good agreement with the decay time mea-
surements

The present results confirm the 1dea of a CTTL tran-
sition. If the excited state would be 3d%7* we expect
a singlet and a tniplet level. This fits the energy level
diagram given above. Felix et al. [S] have recently re-
ported the CTTL transitions of Fe2* Ru2* and Os2*
in Zn(bipy);Br, 6H,O and the energy difference
between the triplet and singlet levels 1s of the same
order of magmtude as observed here.

Let us, however, consider the possibility of a 3d—
4s transition on the Cut 1on. A semi-empirical molec-
ular orbital calculation has been given for Cut in some
alkali halides where the Cu* ion is “on centre” {6].
The 3d?4s state yields the following state: 3T, < 1T,
< 2E < 1E. The energy difference between the singlet

)
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and triplet levels 1s of the same order of magnitude as
the AE value mentioned above. The fact that the or-
batal triplets lie below the orbital doublets for octa-
hedral coordination of Cu? in the alkali halides is due
to the fact that J(t5,, aj,) 1s much larger than J(eg,
alg), where J represents a Coulomb integral.

In the present complex with tetrahedral coordina-
tion for the Cu* ion the orbital doublet is expected to
be the lower level. If this is the case the two excited
states in our model are 3E and 1E. Transitions from

both levels are symmetry forbidden. Aithough in the
complex involved the symmetry of the Cu* 10n 1s def-
itely lower than tetrahedral, the value of 73 seems
much too short to relate to the 1E level. We feel, there-
fore, that our experimental results confirm the propo-
sal of a CTTL transition 1n the case of the present

Cu* complex.

Finally we compare our results with recent mea-
surements on Cuy(Py)4I4 [7.8], because these seem
to bear some relation to ours. Below 100 K there 1s
a blue emission ascribed in ref. [8] to the pyridine
ligand. We did not observe a comparable emission
band (see, however, ref. [2]). From room temperature
down to low temperature there is also a yellow emis-
sion band showing a red-shift for decreasing temper-
ature. This parallels our observations. In ref. [7] this
1s ascribed to an increase of electronic interactions
between adjacent copper 10ns 1n the excited state
with lowering temperature. Decay times reported n
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ref. [8] are nearly temperature independent and do
not reach the long values reported here. This suggests
that the energy level scheme for the tetrameric clusters
in refs. [7,8] 1s essentially different from the one pro-
posed here.
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