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The luminescence properties of Eu3+-doped (Y- and P-KM&I3 crystals were investigated. It was found 
that the luminescence spectra at low temperature are dependent on cooling rate. o 1989 Academic press, 
Inc. 

Introduction 

KMnC& is known to crystallize in the 
orthorombic perovskite structure (a-phase) 
(I). The space group is P,,, and Z = 4. The 
unit cell parameters are a = 7.08, b = 9.97, 
c = 6.98 A. The X-ray diffraction data re- 
ported by Horowitz et al. (I) have shown 
that this perovskite structure is not stable 
but transforms into another orthorombic, 
nonperovskite KCdCl,-type structure (p- 
phase) with the space group P,,, and Z = 4. 
The unit cell parameters of that structure 
are a = 8.769, b = 3.883, c = 14.42 A. 

In this paper we report the luminescence 
properties of Eu3+-doped (Y- and P-phase 
KMnC13 crystals. We found that the lumi- 
nescence spectra of P-phase were depen- 
dent on the cooling rate of the crystal. 

Experimental 

Eu3+-doped a-KMnC13 were prepared by 
melting a stoichiometric mixture of KC1 

(Johnson Matthey Chemicals Limited, 
Spectrapure), MnC12 * 4H20 (POCH, Gli- 
wice, pure for anal.), and 1 mole% of anhy- 
drous EuC13 (Pierce, 99.5%) in a dried HCI 
and Ar stream. Before melting the mixture 
of substrates was heated in three stages at 
110, 200, and 300°C. The temperature was 
raised to the next stage when no traces of 
water were observed at the reaction am- 
poule. The sample was crystallized by the 
Bridgman technique, and then checked by 
powder X-ray diffraction at room tempera- 
ture before the luminescence measure- 
ments. The europium concentration 2.42 
wt% was determined by atomic absorption. 
The crystal was stored in an evacuated 
(10m6 Pa) and sealed glass ampoule for 5 
years. After this time the X-ray diffraction 
and luminescence study was repeated. The 
luminescence spectra were recorded with a 
grating monochromator GDM 1000 (C. 
Zeiss Jena) equipped with a cooled photo- 
multiplier. An argon laser ILA 120 (C. 
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FIG. 1. Luminescence spectrum of a-KMnC1,:Eu3+: (a) for A,,, = 514 nm, (b) for Aexc = 488 nm. 

Zeiss Jena) was used as an excitation 
source. 

Results 

The X-ray diffraction powder pattern of 
Eu3+-doped a-KMnC13 after aging was 
identified as being the same as the data for 
the nonperovskite KCdC13 structure (p- 
KMnCh), also two weak reflexes corre- 
sponding to the a-KMnC13 structure were 
observed. 

The luminescence spectra of Eu3+-doped 
cr-KMnC13 measured in a stationary cryo- 
stat (denoted by A) are presented in Figs la 
and lb. The emission was observed from 
both Mn2+ and Eu3+ ions. The Mn2+ 4T, + 
6A1 luminescence at RT appears as broad- 
band at -16,900 cm-‘. The luminescence 
spectrum at 4.2 K exhibits broadband with 
two well-resolved peaks at -16,200 and 
-17,300 cm-i. The first is dominant. At LN 
temperature the 17,300-cm-’ peak disap- 
pears. The single sharp lines at -16,900 
cm-l represent the Eu3+ *Do + ?F, transi- 
tion, and the group of lines to the higher 
wavelengths was assigned to 5D0 + 'F2 
transition. It is important to note that at low 

temperature no Eu3+ fluorescence was ob- 
served. Also no Eu3+ fluorescence was ob- 
served using an excitation wavelength of 
514.5 nm. Instead of europium emission we 
observed the characteristic reabsorption of 
the 7FI 3 *DO transition resulting from the 
Mn-Eu interaction. 

The luminescence spectra of Eu3+-doped 
P-KMnC13 at 4.2 and 77 K are shown in Fig. 
2. We found that the spectra exhibited the 
significant differences in dependence on the 
cooling rate on the sample. The samples 
were cooled in the stationary cryostat (de- 
noted by A) or in the continuous-flow cry- 
ostat (denoted by B). The difference be- 
tween these cryostats is in the different 
cooling rate of the sample to low tempera- 
tures. 

The spectra at 4.2 K measured in a sta- 
tionary cryostat (rapid cooling) shows a 
maximum of Mn2+ luminescence at around 
17,300 cm-i. This maximum is identical to 
the second weaker intensity luminescence 
band observed for the a-phase at 4.2 K. The 
spectrum measured in the continuous-flow 
cryostat (slow cooling) exhibits the maxi- 
mum at -16,900 cm-‘. 
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FIG. 2. Luminescence spectrum of @KMnQ:Eu)+: 
(curve A) at stationary cryostat, (curve B) at continu- 
ous-flow cryostat. 

With increasing temperature up to 77 K 
Mn2+ luminescence measured in the sta- 
tionary cryostat was quenched. Only a very 
weak band at around 16,200 cm-l domi- 
nated by Eu3+ fluorescence lines was ob- 
served. The position of Mn2+ band was 
identical to that for a-phase. The spectrum 
in the continuous-flow cryostat was similar 
to that measured at the same cooling rate. 

The Eu3+ fluorescence of Eu3+-doped p- 
KMnClj was observed at 4.2 and 77 K at 
both cooling rates. Eu3+ exhibits several in- 
tense sharp multiples. The transitions from 
the ADO to the 7F2, 7FI, 7F0 states are ob- 
served around 17,300, 16,900, and 16,200 
cm-‘, respectively. This fine structure in 
the europium emission is the result of both 
electronic splitting and vibronic effect and 
will not be investigated in the present 
study. 

Conclusions 

In this paper we have presented the 
results of luminescence measurements of 

Ed+-doped KMnC& crystal, manifesting 
polytypism. We have found that the Mn2+ 
luminescence band centered around 16,200 
cm-* is characteristic for orthorombic 
perovskite a-phase, whereas the band 
around 17,300 cm-* is characteristic for 
orthorombic nonperovskite P-phase. The 
Mn2+ luminescence of the P-phase was rap- 
idly temperature quenched and not ob- 
served at 77 K and above. The lumines- 
cence of a-phase shifts from -16,200 cm-* 
at LH and LN temperatures to -16,900 
cm-* at RT. The changes in position of 
emission band were observed in photo- 
excited crystals of halide salts of divalent 
manganese and can be rationalized in terms 
of exciton migration by a thermally acti- 
vated hopping process (2-4). 

The luminescence properties of Eu3+- 
doped p-KMnC13, crystal were dependent 
on cooling rate at 4.2 and 77 K, namely the 
spectra of Mn2+ recorded in a stationary 
cryostat (rapid cooling) shifts to the blue at 
about 400 cm-’ in comparison to the spec- 
tra measured in a continuous-flow cryostat 
(slow cooling). This phenomena was re- 
versible at LN temperature. Additionally, 
the Mn2+ luminescence efficiency was very 
low in comparison to Eu3+ fluorescence in- 
tensity when the sample was slowly refrig- 
erated. The mechanism of that phenomena 
is unknown at present and we are eontinu- 
ing the investigation of its nature. 
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