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The lummescence spectra and decay tunes of the emission of the [Cu(PPh&@hen)l* ion have been measmed down to 
hquid helium temperature. The long decay thne at low temperatures IS mterpreted in terms of the tripret level of the charge- 
transfer state. 

1. Illtroduction 

Recently some copper(i) complexes have been 
shown to luminescence in solution [ 1.21. In view of the 
fact that the ligands involved have low-lying, unoccu- 
pied ?r* levels the emission was ascribed tentatively to 
metal-to-l&and charge-transfer transitions (CTTL). 
Metal-centred transitions could, however, not be eh- 
mmated convmcingly. Srnce some of the complexes 
involved show efficrent lummescence at room temper- 
ature in the solid state, we extended the previous 
work to sohd-state luminescence studies down to liq- 
uid hehum temperature. The first results are reported 
in this letter. They relate to the [Cu(PPh&@hen)J+ 
Ion. 

2. Experimental 

Samples were prepared and characterued by the 
methods descrrbed prevrously [I ,2]. The optical mea- 
surements were carried out at room temperature, li- 
quid nitrogen and hquid helium temperature as de- 
scribed before [3]. 

3. Results 

The complex [Cu(PPh&Cphen)] [BFe] has a 
yeUow body colour. At room temperature 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. 1 
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Fig. 1. Spectral energy distnbution of the emission of the 
[Cu(PPh&@hen)j* ion at 4.2 and 300 K uudes long waue- 
length ultraviolet excitation. *A g&s the radiant power per 
Q)nstant wavelength interval in arbitrary units_ The figures 
are not to scale; their maxima have been drawn in such a way 
that clarity is optimized. 
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Frg 2 Decay tlmc of the lum!nescencc of the [Cu(PPhs)2 
(phen)]* Ion as a functron of temperature All times corre- 
spond to exponentials Evcltatron IS III the maximum of the 
cucltation band Note that the lummescence mtenslty IS m- 
dependent of temperature m the temperature region con- 
cerned_ 

we present the room temperature as well as the hquld 
helium temperature emlsslon spectrum. It IS clear Lhat 
the room temperature spectrum contams an addltlon- 
al component at shorter wavelength 

The excltatlon spectrum of this emlsslon has a 
maxlmum at about 400 nm at all temperatures. It ex- 
tends far mto the ultraviolet region. The room temper- 
ature excltatlon spectrum 1s broader than that at liq- 
uld hellurn temperature. 

The temperature dependence of the lummescence 
decay tune IS grven m fig. 2. At low temperatures it 
becomes very long (some 250 ps) m sompanson with 
the room ter?perature vaiue (30 ~_ls) This decrease 
cannot bc. zcnbed to the occurrence of nonradIative 
trzzGrlnns UI uew of the constant and high mtenslty 
of the lummescence. Due to the fact that our exclta- 
tlon source was a xenon lamp, components m the de- 
cay curve mth time constants of 1 ps or less could not 
be observed. Pulsed excltatlon with a N2-laser pumped 
dye laser will be performed m the near future. 

4. Discussion 

From the temperature dependence of the emission 
spectrum and the decay time we conclude that the 
radlatlve processes have to be described with at least 
a three-level system. The lower excited level yields the 
yellow emission which corresponds to a h@ly-for- 
bldden transition m view of the long decay time at h- 
quid hehum temperature. The higher excited level 
yields the green emisnon. 

Assummg the nonradlatlve transItIons between the 
two excited levels to be fast in comparison with the 
radlatlve transItIons, the temperature dependence of 
the decay time 1s given by 

1 1 1 -=_ exp (A/?/W) 1 
T 72 I + exp(aE/kT) ‘< 1 + exp(M/kT) ’ 

where AE IS the energy difference between the two 
excited levels, and 72 and 73 are the reciprocals of 
the transItIon probabihtles from the lower and the 
higher excited levels to the ground level, respectively 
[4]_ It is possible to fit the curve m fig. 2 to this 
formula with AE about 1000 cm-l, 72 about 230 ps 
and 73 about 0.2 ps_ The fit 1s not perfect which might 
be due to a temperature dependence of r2 and 73 or 
to a more comphcated level scheme. The present re- 
sults give, nevertheless, a rehable first-order approxl- 
matlon of the complete energy level scheme mvolved. 
If the room temperature emlsslon IS regarded as a mix- 
ture of the component seen at low temperatures and 
a shorter wavelength component the energy dlfferen- 
ce between the two mzuuma amounts to about 900 
cm-l, m good agreement with the decay time mea- 
surements 

The present results confirm the idea of a CTTL tran- 
sltion. If the excited state would be 3dgrr* we expect 
a smglet and a tnplet level. This fits the energy level 
dlagram gtven above. Felix et al. [S] have recently re- 
ported the CTTL transitlons of Fe2+ Ru2+ and Os2+ 
m Zn(blpy);Br2 6H2O and the ener’gy difference 
between the tnpiet and singlet levels IS of the same 
order of magmtude as observed here. 

Let us, however, consider the posslbdity of a 3d- 
4s transItIon on the Cu+ ion. A semi-empirical molec- , 
ular orbital calculation has been given for Cu+ m some 
alkali hahdes where the Cu+ ion is “on centre” [6]. 
The 3dg4s state yields the following state: 3Tz < IT2 z 
< 2E < ‘E. The energy lfference between the singlet - 
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and triplet levels IS of the same order of magnitude as 
the AE value mentloned above. The fact that the or- 
bital triplets lie below the orbital doublets for octa- 
hedral coordination of Cu+ in the alkali halides is due 
to the fact that J(tzg, a Ig) IS much larger than J(eg, 
a,,), 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 IE. Transitions from 
both levels are symmetry forbidden. Although m the 
complex involved the symmetry of the Cu+ IO* IS def- 
initely lower than tetrahedral, the value of -r3 seems 
much too short to relate to the 1E level. We feel, there- 
fore, that our experrmental results confirm the propo- 
sal of a CTTL transition m the case of the present 
Cu+ complex. 

FmaUy we compare our results with recent mea- 
surements on CIQ(P~)~I~ [7,8], because these seem 
to bear some relation to ours. Below 100 K there IS 
a blue emission ascrlbed in ref. [8] to the pyridine 
&and. We drd not observe a comparable emission 
band (see, however, ref. [2]). From room temperature 
down to low temperature there is also a yellow emls- 
sion band showing a red-shift for decreasing temper- 
ature. Thus parallels our observations. In ref. [7] this 
IS ascribed to an increase of electronic interactions 
between adJacent copper Ions m the excited state 
with lowering temperature_ Decay tunes reported m 

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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