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PREPARATION AND TUNABLE LUMINESCENCE PROPERTIES OF Tb**-DOPED
ZINC-ALUMINUM HYDROTALCITE-LIKE COMPOUNDS"™
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Th* -doped Zn-Al (ZnAITb) hydrotalcites with tunable blue-green emission synthesized by co-
precipitation. The compositions and properties of the samples were characterized by X-ray diffraction
(XRD), Fourier-transform infrared spectroscopy (FTIR), and photoluminescence. XRD and FTIR results in-
dicate that the samples were in a pure hydrotalcite-like phase. The fluorescence spectra indicate that the
ZnAl hydrotalcite exhibited blue fluorescence at 350—450 nm. Under an excitation wavelength of 231 nm,
ZnAITh hydrotalcite exhibited the characteristic green emission of *Do—"Fy of Tb®", and the fluorescence life-
time of the sample was 0.8442 ms. At different excitation wavelengths, ZnAITb hydrotalcites can exhibit
emission from green to blue wavelengths, which indicates that ZnAITb hydrotalcites are potential multicolor
functional materials.
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Jleauposannvie uonamu Th>" cuopomanvyumuvr Zn-Al (ZnAITb) ¢ nepecmpausaemvim cuHe-3e1eHbIM U3-
JIyHeHuemM CUHMEe3UPOsaHvl nymem cosmecmuozo ocaxcoenus. Cocmae u ceoticmea obpasyos oxapaxmepu-
308aHbl ¢ nNoMOWbIo penmeenosckou ougparyuu, UK-Dypve-cnexmpockonuu u omoniomunecyenyuu. Pe-
synemamsl penmeenozpaguu u UK-Pypve-cnexmpockonuu ceudemenrbcmsyiom o mom, 4mo oopasyvl Haxo-
0sIMcsL 8 YUCMOU 2uOpomarbyumono0oonol ¢ase. Ilokasano, umo suopomanvyum ZnAl nposieisem cuniorw
dayopecyenyuio npu 350—450 um. Ilpu 6o36yacoenuu ¢ A = 231 um ons euopomanvyuma ZnAITh nabaio-
daemcs xapaxmeproe senenoe usiyuenue Th®" na nepexode *Dy—"F ¢ epemenem xcusnu gryopecyenyuu
0.8442 mc. Ipu paznuunvlx O1uHax 601K 8030ydcoenus euopomanvyumvl ZnAlTh mocym nposename usnyye-
Hue om 3eleHblx 00 CuHux Onun 601H. [loomeepoicoeno, umo euopomanvyumol ZnAIlTb sensiromes nomenyu-
ANHBLIMU MHO20YBEMHBIMU QYHKYUOHATLHBIMU MAMEPUATAMU.

Knrouegvie cnosa: cuopomanvyumor Zn-Al, necuposannvie uonamu Th>* zuopomansyumer Zn-Al, nomu-
Hecyenmmubvle C0UCMBA, MHO20YBEMHOCb.

Introduction. The unique 4f electronic structure of rare-earth elements contributes to their lumines-
cence. Such elements can emit light from the near-ultraviolet (UV) to far-infrared. Therefore, materials
based on rare-earth elements are a rich source of luminescent materials [1-3]. The emission of Tb>" is main-
ly from the *Ds—"F, (J = 0-6) transition. Therefore, Tb>"-doped phosphors are an active area of research.
For example, Sun et al. used a high-temperature solid-state method to prepare a CaLuBO4:Tb*" yellow—
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green phosphor that is suitable for UV excitation [4]. Seiya et al. synthesized green-emitting Tb**-doped pol-
lucite (Csi-3xTbx)AlSi206 (x = 0.01-0.13) phosphors with emission at ~543 nm under excitation at 238 nm [5].
Zhao et al. reported a blue-emitting Srs(PO4)2Si04:Ce*",Tb*" phosphor; the samples exhibited a wide and
strong emission band located at 405 nm [6]. Mi et al. synthesized a series of SrMgy(PO4),:Ce*", Tb** phos-
phors with tunable emission spectra of blue—green light by controlling the dopant concentration [7]. Vijay et al.
reported a Tb>"-activated SroP,07 green phosphor under vacuum-UV and UV excitation for plasma display
panel applications [8]. Layered double hydroxides (LDHs) are commonly termed Mg—Al hydrotalcites. Met-
al cations with a suitable ionic radius (close to the 0.072-nm ionic radius of Mg?") and charge number can
form hydrotalcite-like compounds (HTlcs). The general formula of HTles is [M",_ M"Y (OH),J*" (A" )s/n
mH0. Here, M" is a divalent metal cation such as Mg>*, Zn**, Ni*>*, or Cu*"; M is a trivalent metal cation
such as AI**, Cr**, Fe**, or Sc®*; A" is an inorganic or organic ion such as CO;*", NOs~, PO4*", CI", SO4*,
CsH4(COQ7),, or a complex anion. When x is between 0.17 and 0.33, LDHs with a complete structure can be
generated [9-11]. Co-precipitation is a common method for preparing HTlcs because of its simple operation,
the ease with which one can control the precipitation, and low energy input. In recent years, fluorescent ma-
terials based on hydrotalcite or hydrotalcite-like materials have become an active area of research. For ex-
ample, Song et al. prepared fluorescent films of a Nag[EuW0036]/Mg2Al-LDH nanocomposite by layer-by-
layer assembly [12]. Chen et al. reported Mg-Al-Eu ternary hydrotalcite-like LDHs with a >Do—F} transition
(J = 1-4) of Eu*" ions, with the strongest emission for J = 2 [13]. Chen et al. synthesized Mg-Al-Tb ternary
hydrotalcite-like LDHs by co-precipitation [14]. In the [15-18] a Zn-Al layered double hydroxide was pre-
pared. Herein, Tb*"-doped Zn-Al HTlcs were prepared by coprecipitation. The photoluminescence properties
of ZnAl hydrotalcite and Tb**-doped ZnAl hydrotalcite were studied.

Experimental. Analytical grade zinc sulfate (ZnSO4 - 7H,0) and aluminum sulfate [Al>(SOs); - 18H20]
were obtained from Beijing Chemical Reagent Factory (Beijing, China). Tb2(SO4)3 (99.99% pure) was ob-
tained from Shangdong Desheng (Shandong, China). ZnAl HTlcs were synthesized by co-precipitation. Zinc
sulfate and aluminum sulfate were used as raw materials to prepare mixed salt solutions with different mole
ratios of Zn?*/AI**. The pH was adjusted to 8-9 with aqueous sodium hydroxide. Then, the precipitation was
aged at 65°C for 24 h. The samples were centrifuged and dried at 60°C for 24 h. The synthesis of Tb**-doped
ZnAl HTlcs was the same as described, but an appropriate quantity of Tb2(SO4), was added to replace some
of the AI’*. Phase identification was performed by X-ray diffraction (XRD; Bruker, Japan). The scanning
rate was 10°/min, and the scanning range was 10 to 80°. The photoluminescence (PL) of ZnAl HTlcs and
Tb**-doped ZnAl HTlcs was analyzed using an F-7000 fluorospectrophotometer. The excitation slit was
2.5 nm and the emission slit 2.5 nm. A 360-nm filter was used.

Results and discussion. Phase identification analysis. Figure 1a—d show the XRD patterns of ZnAl
HTlcs with different Zn/Al ratios. The results indicate that the synthesized samples were pure, as evaluated
by the hexagonal phase of ZnAl HTlcs with the standard diffraction data of JCPDS No. 38-0486 [19, 20].
Figure le shows the XRD pattern of a 5% Tb-doped ZnAl hydrotalcite sample. The pattern indicates that
a small quantity of Tb** did not change the hydrotalcite-like phase. The sample was still a pure hydrotalcite-
like phase.
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Fig. 1. X-ray diffraction patterns of the samples: (a) Zn; 3Al hydrotalcite-like compound (HTIc);
(b) Zn,Al HTlc; (¢) Zn3Al HTlc; (d) ZnsAl HTlc; (e) Znj 3Alp.95Tboos HTlc.
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Infrared spectra of Zn;3Aly.95Tbo.os HTlcs. The infrared spectra of the Zni 3Alp95Tboos HTlcs exhibited
the typical characteristic peaks of the hydrotalcite-like sample (Fig. 2). The absorption peaks at 428, 615,
and 805 cm™' were attributed to the vibration peaks of metal-oxygen and metal-oxygen—metal (Zn-O,
Al-0O, and Zn—0O-Al) bonds in the Zn—Al LDH compound. The bending vibration peak of the OH group of
the crystal water was evident near 1661 cm™' [21]. The broad peak near 3429 cm™' corresponds to the vVOH
of the hydrotalcite-like sample. The strong absorption peak at 1113 cm™! was attributed to the stretching vi-
bration of SO42". Thus, SO4>~ ions were intercalated in the Zn; 3Al HTlcs and Zn; 3Alp.95Tbo.os HTlcs.
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Fig. 2. Fourier-transform infrared spectra of Zni 3Alo.95Tbo .05 hydrotalcite.

Luminescence properties of ZnAl HTlcs. Figure 3 shows the PL spectra of a representative ZnAl HTlc.
The maximum emission peak was 399 nm at the maximum excitation peak of 248 nm. Sun et al. also report-
ed ZnAl HTlcs with blue fluorescence, with a maximum emission located at 443 nm at an excitation wave-
length of 375 nm [22].
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Fig. 3. Excitation and emission spectra of ZnAl hydrotalcite.

Luminescence properties of Zn—AI-Th HTlcs. Upon excitation into the 4f8-4f75d ! transition at 231 nm,
the PL spectra of Zn;3AlosTboos HTlcs exhibited a series of bands because of the *Ds—"F; (J = 3-6) of
Tb** ions (Fig. 4) [4-7]. The strongest emission peak was at 547 nm, corresponding to the >Ds—"Fs transi-
tion of Tb*". Moreover, the weak bands at 350-450 nm originated from the emission of the ZnAl-HTIc ma-
trix. The excitation spectra of Zn—Al-Tb HTlcs were monitored by the 547-nm emission of Tb** (*Ds—"F5s).
The maximum excitation peak was at 231 nm, attributable to the absorption of the charge transfer band be-
tween O> —Tb** (because of the 4f-5d transition allowed by Tb>"). The excitation peaks at 274 nm were at-
tributed to the spin-forbidden transition of Tb**, and the remaining weak excitation peaks at 300-400 nm
were from 4/ in the shell transition, which is usually very weak [23, 24].
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Fig. 4. Excitation and emission spectra of Zn; 3Alo95Tbo.os HTlcs.

Optimal Zn**/AP* ratios and the optimal extent of Th>" doping. To study the influence of the Zn/Al ratio
and the quantity of Tb>* on the luminescence properties, the fluorescence spectra of different ratios and ex-
tents of doping were measured at an excitation wavelength of 231 nm (Fig. 5). The fluorescence spectra in-
dicate that the (Zn?"+Tb>*)/Al ratio of 1.3:1 exhibited the strongest intensity. By increasing the quantity of
Tb** dopant, it was determined that 5% Tb**-doped ZnAl hydrotalcite exhibited a good intensity. When the
quantity of Tb®" was increased to 20%, the intensity of the Tb*" decreased. Therefore, the suitable mole ratio
of Zn/Al was 1.3:1, and the suitable quantity of Tb** dopant was 5%.
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Fig. 5. Photoluminescence emission spectra (Aex = 231 nm) of samples with (a) various Zn>"/(AI*") ratios
and (b) various quantities of Tb*": a— Zn;3Alpo95Tbgos HTlcs (1), ZnAlp9sTboos HTlc (2), Zn3AlposTboos
HTlc (3), and ZnsAloosTboos HTlc (4); b—Zni3Alo.97Tbooz HTle (1), Zni3Alp.95Tboos HTle (2),
Zn3Alp9Thbo.1 HTlc (3), and Zn; 3Alo8Tbo2 HTIc (4).

Decay curves. Figure 6 shows the decay curve of Zn;3Alp95Tboos HTlc phosphor when the excitation
and emission wavelengths were 231 and 547 nm, respectively. The lifetime decay curves perfectly fit the bi-
exponential functional equation:

y=yo+Aexp(—x/t)+ Aexp(—x/t,). (1)
The average lifetime was calculated from
byur :(Alt1 +A2[2)/(A1 +A2). 2)

The fluorescence lifetime of Zn; 3Alo.05Tbo.os HTlc phosphor was 0.8442 ms.
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Fig. 6. Room-temperature photoluminescence lifetime decay curve
of Zn; 3Alp.95Tboos HTlcs phosphor excited at 231 nm. The fit is shown in blue.

Excitation-wavelength-dependent photoluminescence. The luminescence of Znj3Alg9sTboos HTlc re-
sults from a combination of the emission of the ZnAl-HTIlc matrix at 350450 nm and the °Ds—'F)
(J = 3-6) green emission of Tb*>". Figure 7 shows the emission spectra of Znj3AlgesTboos HTlcs at various
excitation wavelengths. At the maximum excitation wavelength of 231 nm, the sample exhibited strong
green fluorescence emission. With increasing excitation wavelength, the blue luminescence intensity of the
ZnAl-HTIc matrix increased, whereas the green emission intensity of Tb*" decreased. Under near-UV exci-
tation at 254 nm, the luminescence of the sample exhibited the strong blue fluorescence of the matrix and the
weak green fluorescence of the doped terbium ions.
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Fig. 7. Excitation-wavelength-dependent photoluminescence of Zn; 3Alp 95Tbo.os HTlcs.

International Commission on Illumination chromaticity coordinates analysis. To observe the color of
the phosphor directly, the International Commission on Illumination (CIE) color coordinates were converted
in accordance with the spectra. Figure 8 shows the chromaticity diagram. The CIE color coordinates of the
ZnAl HTIc phosphor were 0.1721, 0.1009, labeled as “a” in Fig. 8a. ZnAl HTlc exhibited blue emission
at an excitation wavelength of 248 nm. The CIE color coordinates of the ZnAlTb HTlcs were calculated
to be 0.2323, 0.4508, located in the green region (Fig. 8b). Therefore, ZnAlTb HTIc is a green fluorescent
material under UV excitation.

By gradually adjusting the excitation wavelength at 231, 240, 245, and 254 nm, respectively, the corre-
sponding CIE color coordinates gradually changed to 0.2323, 0.4508; 0.2176, 0.3631; 0.1999, 0.2637, and
0.1924, 0.2252; and their luminescence changed from green to sky blue. Thus, they are potential multicolor
fluorescent materials. The sample still emitted some green light with color coordinates of 0.2115, 0.3488
at an excitation wavelength of 270 nm, although this is the spin-forbidden transition of Tb** (Fig. 8d).
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Fig. 8. Chromaticity coordinates of ZnAl hydrotalcite (a) and Zn;3AloosTboos hydrotalcite
at various excitation wavelengths: (b) 231 nm; (c) 240 nm; (d) 270 nm; (e) 245 nm; (f) 254 nm.

Conclusions. Zn;3AloosTboos HTlc was synthesized by low-temperature co-precipitation. The
Zn13Alo9sTboos HTlc exhibited the characteristic emission of Tb*" ions Ds—'F; (J = 3—6) under 231-nm
UV excitation. The CIE coordinates of the sample were 0.2323, 0.4508, and the fluorescence lifetime T was
0.8442 ms. At different excitation wavelengths, the luminescence of Zni3AloosTboos HTlc gradually
changed from green to sky blue; thus, they are potential multicolor fluorescent materials.
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