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Th e synthet ic Zn A l2 O 4 spinels doped w ith C r3 + ions are prepared from
Zn SO4 , A l2 ( SO4 ) 3 ; and C r 2 ( SO 4 ) 3 . T he spinel single phase is detected from

X -ray di˜ractio n. L uminescence prop erties of C r 3+ in ZnA l2 O 4 were studied
by low temp erature luminescence and decay measurements. Four lumines-
cence lines at 14570, 14520, 14460, and 14330 cm 1 w ere found to originate
from structure distortion and the line at 14175 cm 1 | f rom chromium

pairs. T he broad emission band at about 13540 cm 1 is considered to arise
from a new Cr 3+ center in ZnC r 2 O 4 .

PACS numb ers: 78.60. {b, 72.80.Ga, 81.05.Je, 81.05.Mh

1. I n t rod uct io n

The study of lum inescence properti es of Cr doped both natura l and syn-
theti c spinel has been reported in several publ icati ons [1{ 3]. D ue to the possible
appl icati on as a tuna ble sol id state laser m ateri al , i t is importa nt to understa nd
cl earl y opti cal properti es of acti ve ions in spinel . Since the spectra characteri sti c of
tra nsiti on m etal ions are stro ngly dependent on the local envi ronm ent, the opti cal
pro perti es may give interesti ng inform ati on about the crysta l sites occupi ed by the
Cr ions [2, 4, 5]. In previ ous papers [1, 2, 4{ 6], the emission l ines
of Cr in spi nel structure are denoted as R and N lines. R l ine is due to class
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of Cr 3 + centers located in ideal crysta l sites. Two ki nds of N l ines exi st : the l ines
whi ch depend on the latti ce structure are cal led \ structure dependent l ines" and
tho se, whi ch are chrom ium concentra ti on dependent | \ Cr 3 + pair l ines" [2, 7{ 9].
Som e papers on ZnAl 2O4 :Cr 3 + [10{ 12] present partl y di ˜eri ng resul ts on the N
l ines. Theref ore, the questi on of the nature of the Cr 3 + Ûuorescent centers in both
polycrysta l l ine and sing le crysta ls of ZnAl 2 O 4 :Cr 3 + i s sti l l open.

In thi s paper, the result of preparing syntheti c ZnAl 2 O 4 powder spinel doped
wi th Cr 3 + ions is presented. The gra in size and polycrysta l l ine pro perti es of tho se
sam ples were investigated by AF M and X- ray di ˜ra cti on m easurements. The di f-
ferent sites of Cr 3 + in ZnAl 2 O spi nel are determ ined by using lum inescence and
lum inescence decay m easurem ents. The Cr pai r l ines and thei r side band were
found and discussed.

The ini ti al m ateri als used for fabri cati ng spinel powder were: ZnSO H O,
Al SO 16H O 99 5 and Cr SO 8H O. They were di ssolved in di sti l led
wa ter to concentra ti on of 0.5 M, then m ixed in a pro porti on to get Ùnal compositi on
of ZnAl O doped wi th 0.5, 0.7, 1, and 2% Cr ions. Am m onia soluti on was
added drop by dro p into the m ixed sulfate soluti on, whi ch was sti rred wi th a
m agneti c sti rrer unti l the gel became ful ly vi scous. The gel was then annealed
at C in 1 hour at heati ng rate of C/ min. The gra in size of 80{ 90 nm of
the powder spinel sampl e wa s indi cated f rom AFM im age. The X- ray di ˜ra cti on
m easurement was ta ken on a D5000 Siemens system. The lum inescence spectra
were obta ined by using GDM 1000 doubl e grati ng m onochro mato r equipped wi th a
l iqui d ni tro gen cooled photo mul ti pli er EMI 9684B and an SR 530 lock- in ampl iÙer.
Lo w tem perature measurements was perform ed in an Oxf ord 1204 cryostat wi th
tem perature contro l ler. D ecay ki neti cs of lum inescence were obta ined by usi ng a
SR 430 Mul ti channel Scaler. The Ar laser l ine of 514.5 nm was used as an exci ta ti on
source.

The X-ray di ˜ra cti on spectrum of ZnAl O spinel doped wi th 0.5% Cr is
presented in Fi g. 1. Thi s shows tha t thi s powdered sam ple possesses sing le-phase
spi nel structure.

The lum inescencespectra of ZnAl O doped wi th 0.5% m ol Cr at di ˜erent
tem peratures are shown in Fi g. 2.

It can be seen tha t al l the lum inescence l ines are shifted to higher wa ve
num bers wi th decreasing tem perature. The spli tti ng of R l ine into two com po-
nents can be clearl y observed at 20 K, however only the low- energy com ponent
can be seen at 10 K. The disapp earance of the R l ine hi gh-energy com ponent at
low temperature can be interpreted by the e˜ect of energy level occupati on. The
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Fig. 1. X -ray di˜raction spectrum of ZnA l2 O 4 spinel p owder.

Fig. 2. Luminescence of ZnA l2 O 4 :0.5%C r3+ at di˜erent temp eratures: 300 K ( a), 20 K

( b) and 10 K ( c ).

separati on of R l ines at 20 K gives di rectl y the spli tti ng of the lowest exci ted state
E 2g, whi ch is caused by tri gonal di storti on and spi n{ orbi t intera cti on. The energy
levels calcul ati on for a Cr 3 + ion in a tri gonally di storted octahedra l site, ta ki ng
into account the spin{ orbi t coupl ing, were described by Ma cfarlane [8, 9]. Thi s
typ e of calculati on was appl ied by W ood and Im busch [10] to the case of ZnAl 2 O
and Mg Al O spinels.

The decays of the lum inescence l ines of ZnAl O doped wi th 0.5% Cr are
m easured at 10 K. The li feti m es of di ˜erent lines are obta ined by Ùtti ng the decay
ki neti cs wi th one or two exponenti al curves. Tabl e I shows the Ùtti ng results for
the li feti me of the l ines to gether wi th thei r identi Ùcati on.

The R lum inescence l ine has a long l i feti m e of 32.7 m s. Thi s is consistent
wi th a l ine arising from an electri c di pole forbi dden tra nsi ti on. The l ines num ber
4, 7, 8, 9, and 10 have the sam e l i feti me as tha t of R l ine. Theref ore i t is natura l
to assign these l ines to phonon-assisted side l ines of the R l ine. The remaini ng
l ines have shorter l i feti mes. Thi s suggests tha t they al l ari se from centers wi th
lower sites symm etry . They can be divi ded into four groups: (i ) l ine numb er 2 wi th
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T ABLE I

Lif etime of luminescen ce lines of ZnA l2 O 4 doped 0.5% Cr 3+ at
10 K and their identi Ùcatio n.

Peaks Positions Lif etime I dentiÙcation

numb er [cm À 1 ] § [ms]

1 14578 32.7 R line

2 14520 20.0 N 2

3 14460 13.0 N 3

4 14352 32.5 R side band

5 14330 §1 = 8 :0 ; §2 = 33 :0 N 4 and R side band

6 14175 4.0 N 5

7 14120 32.5 R side band

8 14073 32.5 R side band

9 13940 32.5 R side band

10 13830 32.5 R side band

11 13715 4.0 N 5 side band

12 13665 4.2 N 5 side band

13 13540 4.1 N 5 side band

14 13415 4.0 N 5 side band

l i feti m e § = 2 0 ms, (i i ) line num ber 3 wi th § = 1 3 m s, (i i i ) l ine numb er 5 wi th
§ = 8 m s and 33 m s; (i v) l ines numb er 11, 12, 13, and 14 wi th § = 4 m s. In order
to determ ine whi ch of tho se N l ines are Cr 3 + pair l ines, sampl esof ZnAl O doped
wi th di ˜erent Cr concentra ti ons are used. The lum inescencespectra of ZnAl O
conta ining 0.5%, 0.7%, 1%, and 2% of Cr are presented in Fi g. 3.

Fig. 3. Luminescence spectra of ZnA l2 O 4 dop ed w ith 0.5% Cr 3+ ( a ), 0.7% ( b), 1% (c ),

and 2% (d ) at temp erature T = 10 K .
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The lum inescence decay measurements have been perform ed for al l lines in
each sam pl e. It turns out tha t the decay ti m es of lum inescence l ines in sampl es
doped wi th 0.5% (a ), 0.7% (b) and 1% (c) of Cr 3 + do not depend on Cr 3 + con-
centra ti on.

It can be seen from the spectra (a ), (b) and (c) tha t the relati ve intensi ty of
l ines numb er 6, 11, 12, 13, and 14 increases wi th increasing Cr 3 + concentra ti on,
whi le no such dependence is observed for the l ines numb er 2, 3, and 5. Theref ore
the l ines numb er 6, 11, 12, 13, and 14 m ay ori ginate from Cr pai rs. Mo reover,
these lines have the same l i feti m eof about 4 m s, then we assume tha t l ine num ber
6 is the zero pho non l ine and the l ines 11, 12, 13, and 14 are its phonon repl icas.
There is addi ti onal evidence for thi s interpreta ti on i f we noti ce tha t the di stances
between the l ines num ber 11, 12, 13, 14, and l ine numb er 6 (N5 l ine) are very
sim i lar to the spectra l distances of parti cul ar l ines in the side band of the R l ine
in T able I I.

TABLE I I

The spectrum ( ) in Fi g. 3 shows tha t, wi th increase in Cr concentra ti on
to 2%, the 1a l ine at 14570 cm dom inates. Mo reover, there is a signi Ùcant change
of intensi ty of the N5 and i ts side l ines (l ine 11, 12, 13, and 14). The Ûuorescence
decay of 2% Cr doped ZnAl O were recorded and the resul ts are presented in
T able I I I. The app earance of the 1a l ines, havi ng l i feti m eof 15.5 ms, gives evidence
for the exi stence of new cl ass of centers in hi ghly doped sam ple. The presence of
1a l ine, the increasing background, and the bro adening of the lum inescence l ines
in thi s sampl e indi cate the increase in the latti ce di sorder. It is interesti ng to note
tha t the Ûuorescence decays f or som e l ines (numb er 11, 12, 13, and 14) are not
exp onenti al . The decay ti m es of 0.5 ms and 4 ms of tho se l ines were obta ined by
Ùtti ng the decay ki neti cs wi th two exp onenti al curves. The nonexponenti al it y of
tho se lum inescence decays may be expl ained by the exi stence of the broad emission
band centered at about 13540 cm , whi ch have l i feti m e of 0.5 m s (N6 band).
Fol lowi ng [11], the exi stence of ZnCr O in high Cr concentra ti on doped sampl e
is considered as one of the ori gins of thi s broad emission band.
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T ABLE I I I

Lif etime of luminescen ce lines of ZnA l 2 O 4 dop ed with 2% C r 3+ at 10 K and
their identiÙcation.

Peak Positions Lif etime IdentiÙcation

numb er [cm À 1 ] § [ms]

1a 14570 §1 = 1 5: 5; § 2 = 33 : 0 N 1 and R

2 14520 20.0 N 2

3 14460 13.0 N 3

5 14330 §1 = 8 :0 ; §2 = 33 :0 N 4

6 14175 4.0 N 5

8 14073 32.5 R side band

9 13940 32.5 R side band

11 13715 § = 0: 5 ; §2 = 4 : 0 N 5 side band broad emission

12 13665 §1 = 0: 5; § 2 = 4: 0 N 5 side band band (N 6) w ith

13 13540 §1 = 0: 5; § 2 = 4: 0 N 5 side band lif etime

14 13415 §1 = 0: 5; § 2 = 4: 0 N 5 side band of 0.5 ms

4. Co n clusion s

The syntheti c powder spinels ZnAl 2 O 4 doped wi th Cr 3 + ions were prepared.
The lum inescence and lum inescence decay properti es of Cr 3 + in ZnAl 2 O 4 were
studi ed at low tem perature. The spli tti ng of the lowest exci ted state is observed
at 20 K. Evi dence is found of the exi stence of Ùve disti nct classes of Cr 3 + associ-
ated wi th lowering of the sym m etry , tha t is by two classesm ore tha n in previ ous
publ icati ons [11, 12]. Am ong tho se, the class whi ch gives ri se to N5 l ine and i ts
phonon side bands is found to be the cl ass of Ùrst nearest neighbor Cr pai rs.
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