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The luminescence of the following ions with s2 configuration was studied in lithium hydride (LIH) 
crystals: Ge2+, SrP+ , Sb3+, Pb2+, and Bi 3+. Their emission spectra show pronounced vibrational struc- 
ture. These are discussed in terms of AT and Ax emission with underlying trap levels. The temperature 
dependences of the decay times co&m such a model. The presence of more than one type of center 
and of lithium colloids prevents a complete analysis. 

1. Introduction 

The luminescence of alkali halide crys- 
tals doped with ions with s2 configuration 
has been thoroughly investigated (I). Two 
emission bands can be observed in most 
phosphors after excitation into the A band. 
They are called AT (higher energy) and Ax 
(lower energy). The adiabatic potential en- 
ergy surface (APES) of the 3TIu relaxed ex- 
cited state (RES) contains two minima (T 
and X). These arise from Jahn-Teller cou- 
pling of the orbital triplet to Eg and T2g lat- 
tice modes (2, 3). The structure of the min- 
ima is complex, because trap levels exist 
below the T and X minima. 

In MgO and CaO these ions show only 
Ar emission. This emission shows ex- 
tended vibrational structure which has been 
studied by many authors (4-6). 

Lithium hydride (LiH) has the same crys- 
tal structure (rock salt) as the host lattices 
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mentioned above. Not much work on acti- 
vators in LiH has been reported in the liter- 
ature, probably due to the fact that single 
crystals are hard to prepare. Preliminary 
measurements on the luminescence of 
doped LiH single crystals have been re- 
ported in the literature by Rebane et al. 
(7, 8). These crystals, however, were of 
poor quality. Here we report on the lumi- 
nescence of ions with s2 configuration in 
LiH crystals of much better quality. The 
optical properties and luminescence of un- 
doped crystals has been reported before 
(9). Our results show that the emission 
bands are highly structured. The lumines- 
cence of these ions in LiH is strikingly dif- 
ferent from that observed in the alkali 
halide lattices. 

2. Experimental 

The LiH single crystals were grown in 
Urals Polytechnical Institute using a modifi- 
cation of the Stockbarger method (10). A 
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steel tube and crucible remain stationary, 
whereas the furnaces were moving upward 
with a rate of 4 mm/hr. Three hot zone tube 
furnaces were used. During growth their 
temperatures are 750 (upper), 780 (center), 
and 670°C (lower). Lithium metal was vac- 
uum distilled several times. The crucible 
was made of a special type of steel 
(ABMCO), which was selected upon reac- 
tivity with the lithium melt. The crucible 
had an inner diameter of 3.2 cm. The inner 
wall was highly polished and ended in a 90” 
cone. 

The hydrogenation of lithium occurs at 
710°C. Spectroscopically pure Hz was used. 
The HZ pressure was about 10 atm to de- 
crease the dissociation of the LiH melt. 
Crystals were in the form of cylinders 5-6 
cm long and 3 cm in diameter. They were 
slightly blue-colored due to colloidal lith- 
ium particles. 

Doped crystals were prepared by using 
very pure metals (Ge, Sn, Sb, Pb, Bi). 
Plates cleaved from the crystal were an- 
nealed in hydrogen at 550°C for 80-100 hr 
to reduce internal tension and to improve 
stoichiometry. 

The optical instrumentation was the 
same as used previously in other studies 
(II). It consists of a Perkin-Elmer spec- 
trofluorimeter MPF3 equipped with an Ox- 
ford helium cryostat. 

3. Results 

Before giving the more specific results 
the following general observations are pre- 
sented. They should be kept in mind. All 
crystals show continuous absorption in the 
excitation as well as in the emission range 
of the luminescent centers under study. 
Since this absorption does not coincide 
with our excitation spectra, it must be due 
to one or more other centers which do not 
luminesce. Figure 1 gives a specific exam- 
ple of such an absorption spectrum. It will 
not be discussed any further in this paper. 
In spite of these complicating absorptions, 
the present study was undertaken since 
these crystals are the best we could obtain 
and, as far as we are aware, the best de- 
scribed in the literature up till now. 

The emission spectra at LHeT can be di- 
vided in two groups, viz., relatively narrow 
emissions in which one-phonon lines domi- 
nate (Ge2+, Sn2+, Pb2+) and broader emis- 
sions in which a progression in a certain 
frequency is observed (all cases). The 
former can be excited in the visible; the lat- 
ter selectively in the uv. The excitation 
spectra consist of broad bands at much 
higher energies than the emission lines. 
Only in the case of the excitation spectrum 
of Pb2+ were we able to observe the mirror- 
symmetry band of the emission. 
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FIG. 1. Absorption spectrum of a LiH-Sb crystal at 80K. 
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FIG. 2. Emission spectra of a LiH-Ge crystal as a 
function of temperature. Excitation wavelength was 
450 nm. 

At higher temperatures the vibrational 
structure disappeared. Pronounced temper- 
ature quenching of the luminescence was 
not observed for any of the luminescent 
centers under study. It is impossible to give 
even an estimate of the quantum efficiency 
of the crystals. The overall luminescence 
intensity was weak to medium. It is not 
clear what the role of the additional absorp- 
tion is. 

The starting dopant metal concentration 
was about 1 wt%. The concentration of the 
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50 

0 

dopant metal ions in the LiH crystals was 
considerably lower, especially in the case 
of lead. Representative values are: LiH-Bi 
2000 ppm and LiH-Pb about 50 ppm. These 
concentrations were determined by mass 
spectroscopy and X-ray fluorescence. 

3.1. LiH-Ge2+ 

Figure 2 shows the emission spectra of 
LiH-Ge2+ at different temperatures under 
visible excitation. Figure 3 shows the exci- 
tation spectrum of this emission at LHeT. 
The former spectrum is temperature depen- 
dent. The latter is not. In Table I we tabu- 
lated the emission spectrum. 

The emission spectrum is an example of 
what was called above a narrow emission. 
At LHeT there is a clear, intense origin fol- 
lowed by some broader, vibronic lines. At 
higher temperatures another origin appears 
at 410 cm-r higher energy. By plotting the 
logarithm of the intensity ratio of the two 
origins versus the reciprocal temperature 
we observed an activation energy of 30 
cm-r for the higher-energy origin. Note that 
this is a considerably smaller value than the 
spectroscopical difference between the two 
origins. 

Decay time measurements revealed the 
following. The decay curves are not purely 
exponential, because they tend to have long 
tails. They could be approximated by an ex- 

500 400 300 nm 
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FIG. 3. Excitation spectra of the emission of a LiH-Ge crystal (1) and of a LiH-Sn crystal (2) at 
4.2K. qr gives the relative quantum output. Both curves were monitored for 640-nm emission. 
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TABLE I 

VIBRATIONALSTRUCTUREOFTHEEMISSIONOF 
LiH-Ge (ALL VALUES IN cm-*; SEE TEXT) 

LHeT Higher temp. 

Visible excitation 
17,050 
16,760 
16,680 

16,640 
16,290 
16,220 

+ lines under uv ext. 

Assignment 

O-O’ 
y5 wa 
Y2 (370) 

O-O 
vs (350) 
Y (420) 

Ultraviolet excitation 
16,325 (br) 
15,920 (br) 
15,580 (br) 
15,150 (br) 

o-o 
V2 

2v2 

3~2 
q (ave.) = 390 

ponential for a certain time after the pulse 
(Fig. 4). Decay times derived from these 
exponent& are given in Fig. 5. Note their 
strong temperature dependence in a tem- 
perature region where the total emission in- 
tensity is constant. By plotting T similarly 
to the intensity ratio of the origins we de- 
rived an activation energy of 25 cm-l, in 

good agreement with the intensity ratio 
measurements. 

Under ultraviolet excitation we could ex- 
cite a broader emission band with an equi- 
distant number of vibronic lines (see Table 
I). 

3.2. LiH-Sn2+ 

The results for LiH-Sn2+ are very similar 
to those mentioned above for LiH-Ge2+. 
Figure 6 presents the emission spectra as a 
function of temperature. In Table II the 
emission spectrum is tabulated. The differ- 
ence between the two origins is 390 cm-l. 
The activation energy from the intensity ra- 
tio is only 60 cm-l. The excitation spectrum 
is given in Fig. 3, and the decay times are 
plotted in Fig. 5. From this figure we derive 
a value of 55 cm-r for the activation energy. 

3.3. LiH-Sb3+ 

The case of LiH-Sb3+ is different from 
those of LiH-Ge2+ and LiH-Sn2+. The 
emission spectrum is given in Fig. 7, to- 
gether with the excitation spectrum. The 
emission spectrum shows vibrational struc- 
ture. The lines are equidistant (400 cm-‘), 
forming a progression. There is no striking 

--et 
xx 
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FIG. 4. Decay curve for the emission of LiH-Ge at 4.2K. Broadband ultraviolet excitation. The l- 
msec slope is discussed in the text. 
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FIG. 5. Decay times as a function of temperature for the emission of LiH-Ge (1) and LiH-Sn (2). 
Note break in temperature scale. 

temperature dependence, apart from the 
fact that the vibrational structure disap- 
pears above 70K. The decay time of this 

700 650 600 nm 

160 K 

14 15 16 
- 

17. 103cms’ 

FIG. 6. Emission spectra of a LiH-Sn crystal as a 
function of temperature. Excitation wavelength was 

luminescence at LHeT was 25 psec and be- 
comes shorter at higher temperatures. 

3.4. LiH-Pb2+ 

The case of LiH-Pb2+ is by far the most 
complicated. Figure 8 presents several 

TABLE II 

VIBFUTIONAL STRUCTUREOF THE EMISSION OF 
LiH-Sn (ALLVALUESIN cm-‘; SEETEXT) 

LHeT Higher temp. Assignment 

Visible excitation 
16,990 
16,680 

16,600 16,600 
16,290 
16,180 
15,800 

+ lines under uv ext. 

Ultraviolet excitation 
-16,240 
-15,800 
-15,400 
-15,040 

O-O' 
vs (310) 

o-o, v2 (310) 
'3 (310) 
9 (420) 

2v2 

o-o 
v2 

2v2 

3~2 
u2 (ave.) = 380 

450 nm. 
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FIG. 7. Emission (left) and excitation (right) spectra 
of the luminescence of LiH-Sb at 4.2K. The excitation 
wavelength was 320 nm; the emission wavelength 
monitored 520 nm. 

emission spectra. Dependent on excitation 
wavelength we find two different emission 
spectra at LHeT. One is similar to that of 
LiH-Sb3+, the other to those of LiH-Ge*+ 
and LiH-Sn*+. The latter is strongly tem- 
perature dependent. At higher tempera- 
tures another origin (b) appears, not at 
higher, but at lower energy than the low- 
temperature origin a. At still higher temper- 
atures, however, another line (c) appears in 
between these lines (see Fig. 8). The emis- 
sion spectra are tabulated in Table III. The 
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FIG. 8. Emission spectra of a LiH-Pb crystal as a 
function of temperature. Excitation wavelength was 
550 run. The letters a, b, and c refer to the text and 
Table III. 

TABLE III 

VIBRATIONALSTRUCTUREOFTHE EMISSIONOF 

LiH-Pb (ALL VALUES IN cm-r; SEE TEXT. a, b, 
AND c REFER TO FIG. 8) 

LHeT Higher 
temp. 

Still 
higher 
temp. 

Assignment 

Visible excitation 
16,740 
16,610 
16,420 
16,280 
16,170 (a) I 

Other centers 

O-O’ (T) 
l%%o (be ? 

15,805 (c) O-O’ (X) 
15,790 O-O’ (T)-v* (380) 

-15,485 O-O' (X)-us (320) 
-15,405 o-cl' (x)-q VW 

15,395 '3) O-0 (X) 
15,075 0-0(X& (320) 

-15,005 oa(x)-2v~ 
14,990 o-o(x)-v~(405) 
14,590 0-O(X)-2v* 

+ lines under uv ext. 

Ultraviolet excitation 
15,ooo O-O 
14,600 Y MC9 
14,200 7.w 
13,800 3Q 

temperature dependence of the intensity ra- 
tio of the lines yields an activation energy 
of 25 cm-r for the one appearing at the low- 
est temperature (b), and 115 cm-’ for the 
one appearing at a still higher temperature 
(c) (relative to b). The behavior of the 
lines b and c reminds of LiH-Ge*+ and 
LiH-Sn*+. 

The other emission spectrum is not strik- 
ingly temperature dependent. It consists of 
a number of equidistant vibronic lines (400 
cm-l), the fourth member of the progres- 
sion being the most intense one. 

The relevant excitation spectra are given 
in Fig. 9. Note that in this case we were 
able to observe some vibronic lines on the 
low-energy side of the excitation spectrum. 
The lowest one coincides with the origin a 
in emission. The others are at 120, 270, and 
440 cm-r from the origin in the excitation 
spectrum. A similar excitation spectrum 
has been reported by Rebane et al. (8). 
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FIG. 9. Excitation spectra of the luminescence of 
LiH-Pb at 4.2K. Curve 1 is for 660-nm emission and 
curve 2 for 730-nm emission. The inset illustrates the 
vibrational structure in curve 1. 

In emission we also observed some weak 
lines at energies higher than origin a. In 
view of the fact that at LHeT the excitation 
spectrum starts with line a, these additional 
emission lines are ascribed to different cen- 
ters. This part of the emission spectrum 
varied from crystal to crystal. In one crys- 
tal we found a clear origin at LHeT at 
16,890 cm-i. This line was also observed by 
the authors of Ref. (7), who reported a 
large number of lines at energies higher 
than origin a. 

Decay time measurements did not yield 
conclusive results. In view of the relative 
weakness of the emission we had to ob- 
serve the total emission intensity, so that 
we measure the decay of a large number of 
centers. The curves are by no means expo- 
nential. In the temperature region where 
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FIG. 10. Emission (left) and excitation (right) spectra 
of the luminescence of LiH-Bi at 4.2K. The excitation 
wavelength was 348 nm, the emission wavelength 
monitored 600 nm. The weak emission band at 450 nm 
is also observed for undoped LiH (compare Fig. 11). 

line c appears a considerable shortening of 
the decay is observed, comparable to the 
situation for LiH-Ge*+ and LiH-Sn2+. 

3.5. LiH-Bi3+ 

The emission and excitation spectra of 
LiH-Bi3+ are comparable to those of 
LiH-Sb3+. The emission and excitation 
spectra of LiH-Bi3+ are given in Fig. 10. 
The progression frequency in the emission 
spectrum is 425 cm-l. The vibrational 
structure disappears above 60K. The decay 
time of the emission at LHeT is about 35 
psec and becomes shorter at higher temper- 
atures. 

3.6. Undoped LiH 

In all samples we observed another emis- 
sion which was also observed in undoped 
LiH. Figure 11 gives the emission and exci- 
tation spectra of this luminescence. Its in- 
tensity does not vary with temperature up 
till 300K. Since the optical band gap of LiH 
is situated at about 250 nm (9), this emis- 
sion cannot be intrinsic. If the cryostat was 
opened to bring the crystal in contact with 
air, the intensity of this luminescence had 
increased when the measurement was re- 
peated. We therefore assume that this lumi- 
nescence is due to atmospheric attack of 
LiH at the surface. Its decay time was 
about 5 msec at LHeT and 1 msec at 80K. 
None of the emissions mentioned above 

600 500 ‘loo 350 300 “In 

.50 

FIG. 11. Emission (left) and excitation (right) spectra 
of the luminescence of an undoped LiH crystal at 
4.2K. The excitation wavelength was 360 nm, the 
emission wavelength monitored 500 nm. 
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were observed in the undoped LiH. In all 
the experiments mentioned above special 
care was taken to reduce to a minimum the 
atmospheric attack of freshly cleaved LiH 
crystals. 

Infrared spectra of undoped LiH crystals 
showed an absorption peak at about 3670 
cm-l. The intensity of this peak increased 
slowly with time if the crystal was left in the 
air, 

4. Diission 

It seems obvious to ascribe the emission 
transitions of the crystals under study to 
transitions on the s2 ions. The present 
results are, however, more complicated 
than those observed for the other host lat- 
tices with rock salt structure. Only for the 
trivalent ions (Sb3+ and Bi3+) do we observe 
one type of emission, but for the divalent 
ions there are at least two different types of 
emission, viz., one which reminds one of 
that of the trivalent ions and one which is 
much narrower. It is hard to separate these 
two emissions spectrally, so we do not have 
excitation spectra of the two different cen- 
ters at our disposal. 

Since the trivalent ions have a twofold 
effective, positive charge in LiH, we as- 
sume that the broad emissions are due to an 
s2 ion associated with a charge compensa- 
tor. This may be Vh or Oh. The narrow 
emissions, observed only for the divalent 
ions, are then ascribed to an s2 ion without 
charge compensation. Therefore we will try 
to analyze our data as follows. First the 
narrow spectra will be discussed in terms of 
3Pl 0 --, *So emission transitions in a MI& 
octahedron. The broad spectra will be dis- 
cussed later. 

4.1. LiH-Ge2+ and LiH-Sn2+ 
The sharp line at 16,640 cm-’ (LiH- 

Ge2+) and at 16,600 cm-l (LiH-Sn2+) dom- 
inates the emission spectrum at LHeT un- 

der visible excitation. This is assumed to be 
the origin of the 3A,, + ‘A,, (3Po + *So) 
emission. It is followed by some vibronic 
lines, the longer wavelength part of which 
is covered by the broad emission which can 
be excited selectively in the ultraviolet. 
These vibronics are given in Tables I and II; 
their assignment will be discussed below. 
At higher temperatures another set of lines 
appears as shown in Tables I and II. They 
also contain a clear origin, viz., at 17,050 
cm-’ (LiH-Ge2+) and at 16,990 cm-’ 
(LiH-Sn2+). This is ascribed to the pure 
electronic 3TtU + lAlg (3Pt + *So) transition. 
These also carry a restricted number of vi- 
bronic lines. This interpretation runs paral- 
lel with that for s2 ions in the alkaline earth 
oxides (4-6). 

Since the 3Alu + *Al, transition is com- 
pletely forbidden, the origin is a false origin 
only. This explains why the energy differ- 
ence between the 3Al, and the 3T1u level 
from the spectra (-400 cm-‘) differs from 
that derived from the temperature depen- 
dence (-30 and 60 cm-l). The latter value is 
the real energy difference between 3Alu and 
3Tlu. As expected it is larger for Sn2+ than 
for Ge2+. The former value is about 360 
cm-* higher. This is the frequency of the 
phonon which makes the 3A1, + ‘Al, transi- 
tion possible. It should have Tlg symmetry 
(4). Since the false origin of 3A1, + ‘Al, and 
the pure origin of 3Tlu * ‘AI, are both al- 
lowed, they should carry the same vibronic 
lines. This agrees with our results. 

From the decay time measurements it 
follows that the low-temperature 3A1, + 
‘A,, emission has a considerably longer life- 
time than the thermally occupied 3Tl,, 4 
‘AI,. The activation energy should equal 
the 30 and 60 cm-’ mentioned above and 
this is actually observed. The lifetimes, 
however, are about one order of magnitude 
shorter than expected, because transitions 
of the type 3P0 = ‘So are known to have 
radiative transition probabilities of about 
lo-’ set-1 (4-6). Our shorter values cannot 
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be due to nonradiative losses in the excited 
ions. The parabolae offset must be small in 
view of the vibrational structure with its 
short progression. This makes nonradiative 
transitions rather improbable (12). We as- 
cribe the observed short values to energy 
transfer to the centers responsible for the 
absorption in the region where the lumines- 
cent centers emit. If this would be correct, 
the radiative decay time would equal the 
slope of the decay curve after long times. 
This slope tends to values of the order of a 
millisecond as indicated in Fig. 4 for com- 
parison. This is the value to be expected. 

If this interpretation is correct the 
present spectra are the first example of 
Ge2+ and Sn2+ emission bands with vibra- 
tional structure. Let us now turn to the nar- 
row emission spectra of LiH-Pb2+. 

4.2. LiH-Pb2+ 

In the case of LiH-Pb2+ we were able to 
measure an excitation spectrum which 
shows a clear zero-phonon line, in agree- 
ment with the previous work (8). This line 
coincides with one of the origins in the 
emission spectra, viz., the 16,170~cm-’ 
line. This observation leaves only one as- 
signment, viz., a transition of the type 3P1 
+ ‘SO. This is the only allowed transition. 
We note that it is hard to find a series of 
vibronics around this line. As far as they 
are present, they are rather weak. 

The absence of the corresponding 3P~ 
emission may be due to the fact that a large 
3P,-3Pl-J energy difference cannot be 
bridged by the lattice phonons (6). In fact 
this difference is expected to be large for 
small-offset cases (13). One might argue 
that the line at 15,395 cm-l which appears 
at higher temperatures is due to this line. 
This, however, does not give the assign- 
ment of the 15,805cm-’ line which occurs 
at even higher temperatures. In fact the 
missing 3Po-1So emission is expected at 
even lower energies, viz., about 14,500 

cm-i (3P1-3Po distance > 1000 cm-l), 
and this is the region which is covered by 
the broad emission band. 

For the explanation of the 15,395- and 
15,805-cm-i bands we have to look for an- 
other mechanism. In view of the low lead 
concentration, thermally activated energy 
transfer to another center seems unlikely. 
We feel that our observation is related to the 
fact that in the alkali halides two emission 
bands are also observed. This has been ex- 
plained by the presence of two minima on 
the APES of the 3Tl,, relaxed excited state 
(1-3). The 15,395-cm-i line is then ascribed 
to 3A1, + ‘A,, emission from the X mini- 
mum and the 15,805-cm-* line to 3Tlu * 
‘Al&J emission from the X minimum. The 
16,170~cm-i emission is then due to emis- 
sion from the T minimum. Note that the X 
lines carry more pronounced vibronics than 
the T line. The assignment is given in Table 
III. 

The difference between LiH-Ge2+ and 
LiH-Sn2+ on one hand and LiH-Pb2+ on 
the other is the presence of the T line in the 
case of lead. The X lines are completely 
similar to the emission lines observed for 
tin and germanium. The activation energy 
observed between the X lines is, therefore, 
the trap depth of the X minimum. This in- 
creases with increasing principal quantum 
number. The activation energy observed 
for the 15,395~cm-l emission corresponds 
to the barrier height between the T and the 
X minimum. The fact that the X minimum 
becomes more pronounced in the sequence 
6s2 + 4s2 is in agreement with existing theo- 
ries (Z-3). 

Let us now turn to the assignment of the 
vibronics. Generally speaking we observe 
two vibrational frequencies, viz., about 400 
cm-l and about 320 cm-r. There is a ten- 
dency to form a progression on the 400- 
cm-l frequency. This is a little obscured by 
the coincidence that the energy difference 
between the true origin of the ‘Tlu + IA,, 
transition and the false origin of the 3A1, + 
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‘Al, transition is also about 400 cm-l. Since 
the progressions are only observed for X 
emissions, the 400-cm-l frequency is as- 
cribed to the internal v2 mode of the MH#- 
octahedron. More extended progressions 
built upon v2 have been observed for the 
emission from the X minimum in the case of 
Cs&&, (A4 = Se, Te; X = Cl, Br) (14). 
Note that for Pb2+ in the alkaline earth ox- 
ides a progression in vl is observed, but this 
is emission from a single minimum on the 
APES. The 320-cm-l mode is then neces- 
sarily the v5 mode of the octahedron in view 
of symmetry arguments (6). Its value is rel- 
atively high, but this may be due to the fact 
that light particles (H-) are involved. 

The situation in the case of lead is addi- 
tionally complicated by a number of weaker 
lines at energies below the 16,170~cm-i ori- 
gin. These lines vary from crystal to crys- 
tal. In view of the fact that the 16,170 cm-’ 
occurs as origin in emission as well as in 
excitation, these additional lines are as- 
signed to other Pb2+ centers. It should be 
kept in mind that the Pb2+ ion (1.19 A> is 
much larger than the Li+ ion (0.76 A). Here 
we use the Shannon radii (25). This may 
result in association with the charge-com- 
pensating lithium vacancies. Since this is 
possible in at least two ways (along [lo01 
and along [IlO]), several additional centers 
may result. For LiH-Sn2+ these additional 
lines were hardly detectable, for LiH-Ge2+ 
they were not detectable. The Ge2+ radius 
(0.73 A) is nearly equal to that of Li+. 

If this would be correct, the broad emis- 
sion spectra must be ascribed to another 
type of center. The associate (W+-02-Y 
seems to be an obvious possibility. 

Decay times of LiH-Pb2+ are not very 
informative. This is not surprising, since 
the number of transitions in the total emis- 
sion is large. Therefore we did not analyze 
the decay times any further. 

It is interesting to note in this connection 
that the ‘SO --, 3P1 absorption of Pb2+ in 
alkali iodides is a very narrow band (e.g., 

for LiI-Pb2+ at 77K the half-width is about 
500 cm-r) (16). For CdIz-Pb*+ even nar- 
rower spectra were reported for this transi- 
tion (17). This compares with the situation 
for LiH-Pb2+. It is interesting that for 
Cd12-Pb2+ a broader emission band is also 
observed at lower energies than the narrow 
one. This may well be a Pb2+-02- emission, 
since oxygen seems to be an obvious impu- 
rity in Cd12 crystals. 

In our broad emission bands we observe 
a progression in about 400 cm-r (see Tables 
I-III). This may indicate that the broad 
emissions are Ax emissions with vibrational 
structure which can be assigned to a pro- 
gression in ~2. 

The strong bands in the excitation spec- 
tra of the emissions discussed are probably 
not related to the emission transitions. 
Apart from the origin in the case of 
LiH-Pb2+ they do not show any mirror 
symmetry to the emission spectra. The 
more obvious assignments are transitions 
of the A-band type (‘S&PI) and charge- 
transfer transitions. For Pbz+ in iodides (26) 
the latter transitions are observed just be- 
low 5 eV. In the even more covalent hy- 
dride they will be situated at lower energy. 

Let us now turn to the trivalent ions. 

4.3. LiH-Bi3+ and LiH-Sb3f 

Although Pb2+ and Bi3+ have very similar 
spectra in CaO (4-6), they are different in 
LiH. Since the broad emission bands show 
a progression in about 400 cm-‘, we assign 
this emission to Ax emission. In view of the 
analogy with the longer-wavelength emis- 
sions in the case of the divalent ions, the 
relevant center may well be (Bi3+-202-Y. 
Similar reasonings are valid for the case of 
SW+. The decay times are even shorter 
than for the divalent metal ions. This may 
be due to the fact that these emissions are 
at shorter wavelengths and overlap with a 
region of stronger absorption of our crys- 
tals. 
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4.4. Undoped LiH 

Lithium hydride reacts readily with the 
atmospheric surroundings. The reaction 
products may be Li20, LiOH, and L&CO3 
(28). To assign the luminescence observed 
for undoped LiH (Fig. 1 l), we made a com- 
parison with other oxygen centers in alkali 
halides. The O*- ion in alkali halides is 
known to absorb in the ultraviolet region, 
but does not luminesce (19). Another cen- 
ter in alkali halides is the Oz- radical. It has 
been studied by several authors (20). Its lu- 
minescence exists up to 200K. The emis- 
sion spectrum shows extended vibrational 
structure and has a large Stokes shift (21) 
relative to the excitation band. This makes 
it unlikely that the emission of Fig. 11 is due 
to 02- centers. 

The OH- ion has been reported to lumi- 
nesce, even at room temperature, in a spec- 
tral region which is not very different from 
that in Fig. 11 in a large number of com- 
pounds. Examples are KBr-OH- (22, 23), 
NaOH and KOH solutions (24), and OH- 
on alumina (25) and on MgO (26). We 
therefore propose to assign the spectra in 
Fig. 11 to the OH- ion. From the present 
data it cannot be decided whether this is 
OH- in LiOH or in LiH (or both). The 
value of the decay time of this emission 
agrees with that reported in the literature 
for OH- emission (23). Further, the pres- 
ence of a peak at 3670 cm-r in the infrared 
spectrum is clear evidence for the presence 
of OH- groups in or on our crystals. 

5. Conclusion 

The metal ions with s* configuration seem 
to offer highly interesting luminescent 
properties when incorporated in lithium hy- 
dride. They show vibrational structure 
which is contrary to the situation in the al- 
kali halides but similar to that in the alka- 
line earth oxides. Further, they show AT as 
well as Ax emission. We feel, however, that 

the present study does not really prove the 
models proposed. The problem with our 
crystals seems to be that they contain a cer- 
tain amount of other centers which make 
luminescent measurements difficult. Up till 
now we did not succeed in improving this 
situation. For the future it seems tempting 
to try to obtain pure, s*-ion-activated LiH 
crystals in order to study the luminescence 
in more detail. This, however, is a very 
heavy preparative challenge. 
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