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FLUX GROWTH, MORPHOLOGY AND COMPOSITION OF YAI3(BOs3)4
CRYSTALSDOPED WITH Pr, Ho, Yb, Tm
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This paper reports new data on flux growth and characterization of (R,Y)Al3(BO3)s (R =Pr,
Ho, Yb, Tm) single crystas obtained using potassium trimolybdate and lead fluoride based
systems. The average R distribution coefficients were found to be 0.53 to 1.02 for different
rare earth elements. Two morphological types of (Tm,Y)AIx(BOs), crystals were
characterized. The visible luminescence spectra of (Pr,Y)Al3(BO3), and PrAl3(BOs), at 10 K
and room temperature were measured.
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1. Introduction

Borate crystals with a general formula RAI3(BOs), (RAB) (R=Y, La-Lu) can be considered as
polyfunctional materials having device potential due to their good thermal and chemical stability and a
possibility of wide isomorphous substitutions. Most of them beong to the huntite type of structure with
R32 space group (low-RAB) [1], but Nd-, Gd-, Sm-, Eu- and Pr-representatives also have high
temperature monoclinic modifications (high-RAB) with the phase transitions at 880-900 °C,
1040-1050 °C, 1130-1150 °C, 1130-1150 °C and 1080 °C respectively [2-4]. Of this borate family, the
non-centrosymmetric R.Y 1, Als(BOs), (RYAB) crystals with R = Nd*, Er*, Yb* are of highest
interest as promising solids for lasing and non-linear optical applications [5-8]. Optical and acoustic
characteristics of these borates with R = Gd® and Eu** have been reported in Ref. [9-11]. The Pr¥
doped crystals have a potential as laser materials in the UV region. The optical spectra of PYAB and
PAB have also been studied [12,13]. Among a number of publications on crystal growth and
characterization of these compounds (see, for example, Refs. [14-19]), there are no systematic
investigations of composition, homogeneity, morphology and structural characteristics of above solid
solutions depending on the flux growth conditions. In the present work, we consider the system
(R,Y)Al3(BOs)s, where R = Pr, Ho, Yb and Tm. The visible luminescence spectra of PYAB and PAB
at 10 K and room temperature have been measured in order to obtain further information about the
concentration dependence of the Pr** emission properties in these materials.

2. Experimental details

The crystals RcY 1..Al3(BOs)s, x = 0.1, 0.05, 0.03 (R = Ho), x = 0.11, 0.09, 0.07, 0.05, 0.025,
0.005 (R = Tm), and x = 0.05, 0.025, 0.005 (R = Yb) were prepared by spontaneous nucleation using
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K>M05049 based fluxes in the temperature range of 1120-900 °C. Rare earth doped YAB crystalline
substances in the starting solutions were 20 wt% and 17 wt.%. According to the Ref. [4], the fidd of
YAI3(BOs)s (YAB) primary crystallization in the system YAB-(K;M0;010-B20s-Y203) has wider
temperature-concentration boundaries at 17 wt% in comparison with 20 wt.%. Consequently, this flux
composition is more convenient for growth of slightly doped YAB crystals. Asit was shown earlier [4],
PbF, based fluxes are more preferable for PrAl-borate. Hence, the complex flux PbF,-B,03
was used for (PrcY 1)Al3(BOs)s (PYAB), x = 0.05, 0.025, 0.005 crystallization. Starting chemicalsin
al runs were Y03, R,O3 (R = Pr, Ho, Tm, Yb), PbF,, Al,Os; and B,Os, but K,M0;0,, was previously
synthesized from K,Mo00, and H,M 0O, at 650 °C.

Platinum crucibles with the initial mixture were kept at 1050-1120°C for 1-4 hours and cooled
down to 900 °C at arate of 0.2-0.5 °C/h (4.8-12 °C/day). Then, the temperature was lowered to 350 °C
at therate of 10 °C/h.

The composition, homogeneity and external morphology of grown crystals were studied by the
analytical scanning dectron microscope (ASEM) JSM-5300 + Link ISIS. Microprobe analysis of
polishing samples was performed with an accuracy of 0.2-0.3 wt %. A Cameca analyzer was used for
the study of the crystal with minor dopant concentration. In this case the accuracy has been increased
up to 0.02-0.03 wt.%. The X-ray powder diffraction pattern of solids were obtained using INEL and
DRON-1UM diffractometers.

The distribution coefficients (K) of Pr, Tm, Ho and Yb were calculated on the basis of the
equation K=Cqs/Ciiss-rvas, Where Ceys is R content in RYAB grown crystals and Ciss.rvas 1S
R concentrations in the borate crystalline substances of the melt.

3. Results and discussion

The typical size of the crystals grown was up to 2 x 2 x 5 mm®. (Yh,Y)AI- and (Tm,Y)Al-
borate crystals are colorless, but (Pr,Y)Al- and (Ho,Y)AI-samples have light green and light pink color
respectively. Crystals (Yb,Y)AI3(BO3), and (Ho,Y)AI3(BOs), have the well known set of simple

crystallographic forms of the borate family: two trigonal prisms {1120}, {21 10} and rombohedron
{10171}.

Among TmyY 1,,Al3(BO3)4 (TYAB) borates, two morphologically different types of the crystals
are distinguished. First type shows dongated crystals along third axis (elongation 4-6.5) (Fig 1a).

a b
Fig. 1. Habit (a) and micromorphology (b) of first type of TYAB crystals.

SEM photographs show splitting strongly developed on the trigonal prism faces (Fig. 1b).
Rombohedron faces of these crystals consist of separate disordered blocks (Fig. 2a,b) and no smooth
areas are found on these { 10 11} faces. «Steps», formed due to this splitting, are related to the crystal
type and frequently propagate from a prism face to rombohedron (Fig. 2b). X-ray pattern of the mixed
split crystals does not differ from those for YAB with huntite structure (Table 1). The second type of
TYAB crystals shows smooth prism and rombohedron faces and ther elongation is 2-2.5.
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Fig. 2. Micromorphology of rombohedron faces of first type TYAB crystals.

Table 1. X-ray powder diffraction data for the TYAB crystal (x=0.05).

Data of this work YAl3(BOs),
[JSPDS # 15-117]
d(A) 1(%) d(A) 1(%)
5.42 28 5.34 60
4.68 3 4.63 40
3.53 11 3.50 60
3.31 7 3.29 40
2.81 9 2.80 40
2.69 100 2.69 100
2.33 9 2.32 80
2.15 8 2.14 60
2.136 5 2.128 60
1.939 3 1.937 40
1.901 10 1.898 40
1.796 9 1.792 40
1.766 2 1.765 30
1.757 2 1.754 40
1.675 6 1.673 60
1.654 4 1.651 40
1.470 2 1.470 30
1.419 3 1.420 40

Most PYAB crystals, grown in our experiments, also display growth striations on the trigonal
prism faces (Fig. 3a). These growth striations are characteristic feature of high-temperature rare-earth
aluminium borates. Any crystal of low modification series placed into supersaturated fluxed melts at
the temperature higher than its phase transition point, exhibits growth striations which are specific for
high monoclinic RAB [4].

500 mkm

Fig. 3. Typical morphology (a) and composition image (b) of PYAB crystals.
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Table 2. Microprobe analyses of the (PrY 1.x)Al3(BO3), crystal (x = 0.05).

Point PYAB crystal composition Ker
number

1 (ProgsY 0ss)Als(BOs), 1.29
2 (ProosY 095)Als(BOs)s 0.91
3 (ProcsYos)Als(BOs)s 1.67
4 (Proc2Yo0g)Als(BOs)s 0.37
5 (ProoiY099)Als(BOs)a 0.24
6 (Proo1Yo0g9)Als(BOs)s 0.12
7 (ProosYo97)Als(BOs)a 0.68
8 (ProgsYogr)Als(BOs), 0.54
9 (ProozY 0.98)Al3(BO3)4 0.49

According to ASEM data, these crystals are very inhomogeneous. The backscattering eectron
image of these crystals is shown in Fig. 3b. Depending on the average atomic humber the light grey
areas contain much more amount of praseodymium in comparison with the dark grey ones (Table 2).
X-ray patterns of these crystals correspond to the R32 space group (Table 3), but they are
characterized by high background. This fact may be attributed to disordering in the crystal structure.
For the first time, this type of disordering was discovered in (Nd,Y)Al3(BOs), and (Gd,Y)AIl3(BOs)4
solid solutions [20]. In our case, the end members show high temperature monoclinic modifications.
Therefore, it may be concluded, that specific morphology and composition of PYAB crystals are also
connected with phase transition in their crystallization process.

Table 3. X-ray powder diffraction data for the PYAB crystal (x=0.05).

Data of this work YAl3(BOs)4
[JSPDS # 15-117]
d(A) 1(%) d(A) 1(%)
5.38 32 5.34 60
4.64 17 4.63 40
3.51 39 3.50 60
3.29 10 3.29 40
2.80 25 2.80 40
2.69 100 2.69 100
2.32 36 2.32 80
213 10 214 60
2.131 24 2.128 60
1.937 10 1.937 40
1.898 25 1.898 40
1.793 8 1.792 40
1.764 3 1.765 30
1.755 14 1754 40
1.672 19 1.673 60
1.648 14 1.651 40
1.469 6 1.470 30
1.417 12 1.418 30
1.404 4 1.406 30
1.401 4 1.402 40
1.361 2 1.363 10
1.344 4 1.340 30
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It was found that the average R distribution coefficients vary from 0.53-76 in PYAB to 1.02 in
YbYAB crystals (Table 4). A main reason for the variation of the distribution coefficient is a difference
in Y and R* cation sizes. In the case of PYAB, when the Pr*" cation radius is considerably higher
that of than Y*, and it can be supposed that yttrium sites in Y Al(BOs)4 (YAB) huntite structures are
not ideally suitable for praseodymium. In contrast, the distribution coefficients of Ho, Yb and Tm are
close to one as a consequence of minor difference in the sizes of Y*" and R** cations. Relatively lower
values of Tm* distribution coefficients for x = 0.7-0.11, are due most likely, to higher cooling rates of
the melts during spontaneous crystallization.

The main band system of the room temperature spectra of the PYAB crystals is due to the
D, %H, transition and consists of at least seven components arising from the Stark structure of the
involved levels. Its maximum lies at 605 nm. This is usually the main emission band present in the
luminescence spectra of diluted Pr** doped materials. The weaker features observed at 645 and 649 nm
are assigned to the P, - °F, transition. The other bands due to emissions from the P, leve to lower
states are very weak. It is interesting to note that when the Pr** concentration increases, the intensity of
the 'D,— *H, band system decreases, indicating that the concentration quenching of the 'D- is present
even at the rdatively low Pr* doping levels of our samples. This concentration quenching has been
attributed to energy migration and cross relaxation mechanisms (see, for example, the paper of R. C.
Naik et al. [21] on YPO4Pr®). In the emission spectra PAB at the 298 K and the 10 K the 'D, - *H,
band is weaker than the P, - °F, one, as a consequence of the concentration quenching of the emitting
level. Moreover, it is evident the stronger temperature dependence of the emission from the 'D. level
with respect to that from the P, one.

Table 4. Microprobe analysis of RYAB crystals.

RY AB compositioninthe Theaverage RYAB The average
fluxed melt crystals compasition RE distribution
coefficient (K)
(HO0.01Y 099)Al3(BO3)4 (Hoo01Y 090)Alx(BO3)4 1.00
(HOo.03Y 0.97)Al3(BOs)4 (Hoo.03Y 097)Al3(BOs)4 1.00
(HO0.05Y 0.95)Al3(BO3)4 (Hoo.05Y 0940)Al3(BO3)4 1.00
(YbooosY 0.905)Al3(BOs)s (YbooosY 0953)Al3(BO3)4 1.00
(YbogsY 0g75)Als(BOs)4 (YbooosY 0974)Al3(BOs)4 1.02
(Y b0.075Y0.925)A|3(Bos)4 (Y b0.075Y0.925)A|3(Bos)4 1m
(YboosY095)Al3(BOs)s (YboossY 0954)Al3(BOs)4 0.98
(ProoosY 09es)Als(BOs)4 (ProgosY 0997)Als(BO3)4 0.60
(Pro0z5Y 0.975)Al3(BOs)4 (ProomsY 0ss7)Als(BOs)s 0.53
(ProosYogs)Als(BOs)4 (ProgssY 0952)Als(BO3)4 0.76
(TMooosY 0.905)Al3(BOs)4 (TMo.oosY 0.995) Al3(BO3)4 1.00
(TMogesY 0975)Al3(BOs)4 (TMo.24Y 0.976) Al3(BO3)4 0.98
(TMogsY 095)Al3(BO3)s (TMoo5Y 0.05)Alz(BOs)4 1.00
(TmMoorY 0s3)Als(BOs)s (TMoo6Y 0.05)Alz(BOs)4 0.80
(TmMogeY 091)Al3(BO3)s (TMoceY 0.92)Al3(BO3)s 0.87
(TmMoa1Y 089)Als(BOs)4 (TMogeY 0.02)Al3(BO3)4 0.84
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