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A b s tra c t: The Zn,.,C oxAI2Oi  (x = 0.005 + 0.300) spinel powders have been 
synthesized by the sol-gel m ethod. Optical properties o f Co2* ion in the 
synthesized sam ples w ere investigated. The dependence o f the  em ission 
spectrum  on the  excitation wavelength and tem perature w as presented. 
T rans itions taking place in the tetrahedral coordina te s ite w ere conclusively 
identified.

1. In t ro d u c t io n

Recently transparen t glass-ceramics, as a new kind of m aterials, have attracted  a lot 
of in terests due to their novel therm al and optical properties as well as their relatively low 
production costs Ị1]. Extensive studies of transparen t glass-ceramics doped with various 
transition m etals and rare-earth  elements have been carried out so far [2], [3], [4], [5], [6], 
In this report, we present the optical properties of Co2* ion in cobalt-doped zinc alum inate 
(ZnAl20 ,  Co24) synthesized by the well-known sol-gel method. The dependence of the 
photoluminescence spectrum  on the excitation wavelength and on the tem perature was 
investigated providing some insight into the actual optical properties of Co2* in the 
tetrahedral coordinate site.

2. E x p e r im e n ta l

The Zn,,,Co,Al.,0| spinel was synthesized by the sol-gel method described in detail 
elsewhere [7], Zn(NOa).„ Co(NO:!)2 and A1(N03);, were used as starting  m aterials. The 
xerogel sam ple was placed a t  the center of the horizontal tube furnace. The furnace was 
then heated  up to 1050 °c  a t a heating ra te  of 7 °c/m in and kept for 3 h. After sintering, the 
sample was left in s id e  the furnace to cool down naturally.

The crystal structu re of the synthesized sam ples was characterized by a Siemens 
D5005 XRD diffractometer. Photoluminescence (PL) and photoluminescence excitation 
spectra (PLE) w ere both m easured in the tem perature range from 11 to 300 K using a 
Fluorolog FL3-22 Spectrofluorometer with a Xenon lamp of 450 w as an excitation source.

3. R e su lts  a n d  d isc u ss io n

Figure 1 shows typical XRD pattern  of th e  synthesized sample. All the diffraction 
peaks closely resem bles th a t of ZnAl20 4 crystal in the database. No o ther phases are 
detected. T he strong and sharp diffraction peaks also indicate a rem arkable good 
crystalinity of the synthesized ZnALO.1 samples.
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The photoluminescence excitation (PLE) spectra of Zni .Co^AL.O, (X = 0.005) recorded 
by monitoring the fluorescence of transitions a t two different wavelengths, 643 and 689 nra, 
are shown in Fig. 2. It is well-known that Co2* ions, having the electronic configuration 3d", 
often occupy tetrahedra l sites as  they are doped in ZnAl .O, The PLE lines around 404. 424. 
475, Õ4Õ and 618 nm are indeed due to the characteristic transitions of Ccr* ion from the 
'A.,(*F) ground s ta te  to the 2T2(ZH). 2E(2H), 2T|(2P), 2A ,ỢG) and 4TịCP) excited states, 
respectively. The luminescence excitation lines around 570 and 590 nm are a ttribu ted  to 
the vibronic transition from !A2('jF) to 'T ịỰP) [0],

Fig.l. The XRD patterns of the Zn̂ .COjALO, Fig.2. The PLE spectra of Znl vCo,AI ,0,
spinel with X = 0.300 (x = 0.00Õ) monitored at 643 nm (a), 689 nm (b)

The photoluminescence (PL) spectra of the synthesized Zn, .Co.Al.O, (x = 0.005) 
excited a t  three different excitation wavelengths of 590, 475 and 424 nm are  shown in Fig.
3. It is found th a t the PL spectrum of the sample strongly depends on the excitation 
wavelength. The PL spectrum  excited a t  590 nm manifests only a broad band around 643 
nm. The origin of this transition has been inconsistently reported elsew here [2], [3] and the 
m atter would be brought back into discussions la ter in th is report. Under excitation 
wavelength of 475 nm, the PL consists of a strong broad emission band a t  643 nm and a 
series of weak emission lines locating around 676, 699, 709 and 718 nm (Fig. 3a). The PL 
spectrum is completely dominated by a series of seven emission lines centered a t  about 669, 
676, 687, 699, 709, 718 and 724 nm (Fig.3b) as the shorter excitation wavelength of 424 nm 
is employed. Interestingly, this spectrum  nearly coincide with th a t o f Cr3* ion in the 
octahedral coordinate site as depicted also in Fig. 3. It should be noticed here the fact that 
the energy levels of Cr3* ion (3d*) in octahedral site are sim ilar to those of Co2* ion (3d7) in 
tetrahedral site  [1], Therefore, the series of sharp emission lines appearing in the range of 
6Õ0 to 730 nm can be evidently attributed to the transition from ~E(2G ) exited state to the 

*A-,('F) ground state  and its vibronic transitions.

As already mentioned, there have been some conflict resu lts concerning the origin of 
the broad band a ro u n d  643 nm. D en isov  et al. assigned th is band to ‘TjCP)-» 'A.>('F) 
transition as they observed a broad band a t  300 K [2]. W hereas T anaka et al., having 
observed it as a series of sharp  lines a t  4.5 K. concluded th a t this emission band is due to 
2E(-G) - *  'A-.CF) transition [3]. In order to clarify the m atter, we examined the dependence
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of th is band on th e  tem perature. Figure 4 shows the evolution of the concerned emission 
band as the tem perature varies from 13 K to 300 K. It is clear th a t the broad band around 
643 nil) a t  300 K is sp lit up into several sharp lines a t  tem perature lower than  150 K due to

„ „ „ §

I  ẵ §  s
s

1 101,0 / m ỉ K

8 n  Ỉ

| | t

5 0.10' 2 0*10’

Fig.3. The emission spectra of the Fig.4. The emission spectra of
Zn,.,Co,AlaO with X = 0.005 excited at Zn1.xCo,Al20 4 (x = 0.010) excited at 589 nm

476 (a), 424 (b) and 590 nm (c) recorded at different temperature

the strong spin-orbil interaction. Four emission lines a t around 630, 636, 644 and 661 nra 
are clearly identified a t  13 K (Fig.4a). They can be assigned to the transitions from 
r^TịCP), f ^ T tC P ) .  r 7T ,( 'P )  and r B*Tt(*P) s tates to the 4A2(*F) ground state , respectively.

4. C on clu sio n

The optical properties of Co'"* ion synthetic ZnAU01:Co2’ was studied. T ransitions of 
Co2’ ion taking place in the tetrahedra l site  were evidently identified, The broad band 
around 643 nm was attributed to the T |('P)-> 4A2('F) transition, whereas the -E^G) -» *Aọ(*F) 
transition together w ith its vibronic transitions resu lts in a series of sharp  emission lines.
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