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Abstract Li* and Mo® containing huntite borates YbAl;(BO;), were grown by spontaneous
crystallization. All crystal show only the huntite- borate phase detected by X-ray powder dif-
fraction analysis. On the basis of the data of the composition analysis, the occupation mecha-
nism of each cation in the huntite structure has been discussed. .Li’r and Mo® containing
YbAL(BO,), shows a six times higher intensity of the green light SHG detected by the
powder technique than YAl;(BO;),.
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1. Introduction

Crystals of rare-earth huntite- borates
RMe;(BO; ),(R: rare earth elements, Me: A%
or Ga*) are well k\nown for use in nonli-
near optical devices and lasers [ 1,2 ]. Re-
cently we reported the results of our study
on such crystals with different compositions
[34]. It has been shown that the most
equilibrium composition of the huntite struc-
ture is YbAl(BO;), within the investigated
composition region. Further, we have investi-
gated the crystal growth conditions for this
compound doped with Li*, Si**, Ge*" and
transition metal cations such as Ti‘t, V*,
Cr¥* and Mn** [5]. Also, we have dis-
cussed the growth of Mo® substituted hunti-
te-borates and the possibility of congruent
melting [ 6 ].

However, few literatures have precisely
reported not only the substitution behaviour
of each cation in the huntite structure, but
also the effect of second harmonic genera-
tion (SHG) in these crystals. In this paper
some new aspects of the YbAL;(BO;), hu-
ntite- borate structure doped with Li* and
Mo®" will be studied. Some problems of the

cation distribution between the sublattices
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of this huntite structure will be discussed
in detail. Additionally, the SHG effect ob-
served by the powder technique will be re-
ported.

2. Experimental

YbAl:( BO; ),
spontaneous crystallization technique which
is described in Refs. [3] and [5] in de-
tail, and is briefly éxplained here. A fur-

crystals were grown by

nace with resistance heater made of SiC
was used. A balanced starting mixture of
oxides Yb,0; AlOs;, BO; Bi,0;, Li,0 and
MoO; was kept in a covered platinum cru-
cible located in the furnace. The mixture of
oxides was heated during 10 hours to tem-
perature of 1370°C, and held there for a
time period 8 hours and then cooled quick-
ly to 1260°C in time 0.5 hours. Thereafter
the melt was cooled slowly in time 150
hours to 500°C for crystal growth. The
spontaneously grown crystals were removed
from the melts using a solution of hot
water and HNO; using ultrasonic vibration.
After the cleaning of crystals, we separated
them by the use of a mesh.

f=7cm f=10cm
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Fig. 1. Scheme of the SHG measurement system by the powder technique.
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The crystal composition was determined
by the electron probe micro- analysis
(EPMA). Two crystals with smaller and
larger sizes were studied simultaneously.

The crystal structure  was investigated
using X ray. pox\avder diffraction analysis
(Cu K., 1.5418 A).

The SHG effect of the huntite- borate
crystals was adapted for the powder tech-
nique [ 7]. The basic configuration of this
measuring method is shown in Fig. 1. The
crystals were crushed and sieved to the de-
sired particle size of 125-149. ym before
the measurement. Selected particles were
fixed between two parallel microscope
slides. A Q-switched Nd:YAG laser with a
frequency of 10 Hz having the peak power
of about 100 mJ at pulsewidth of about 10
ns was used as source. The SHG intensity
was observed by an oscilloscope using a pin
- photodiode.

3. Results and discussion

Table 1
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Fig. 2. Photograph of YbAI;(BO;), crystals
grown by spontaneous crystallization tech-

nique.

The as-grown YbAl;(BO;), crystals were
mostly transparent and white- colored with
a prismatic habit and hexagonal rod like
shape. Some slightly green colored samples
were additionally observed if the concentra-
tion of MoO; was slightly enriched. Figure
2 shows a typical YbAI;(BO;), crystals with
sizes of about 1X1X1 mm?® by the sponta-
neous crystallization technique.

Table 1 shows the crystal composition in

comparison with the composition of the

Melt and grown crystal composition (in mol% ) of different huntite borates which are provid-

ed on two kinds of crystal size

No 11-3 11-5

Phase Melt Crystals Melt Crystals

Size, mm. ( 0.25 ) 2.0 ( 0.25 ) 2.0

Yb,0, 12.33 11.76 11.60 12.40 11.76 11.53

ALO, 36.41 39.57 39.89 37.21 40.28 41.18

B0, 49.39 48.22 47.53 48.84 47.56 46.26

B0, 0.50 0.12 0.13 0 0 0

L0 0.76 0.20 0.51 0.52 0.24 0.62
-2 MoO, 0.61 0.13 0.34 1.03 0.16 0.41
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starting melt during the two growth runs
(11-3 and 11-5). The achieved productivity
(the weight ratio of crystal to melt) for
the different melts 11-3 and 11-5 were 78
and 62 wt%, respectively.

After solidification,\‘no other distinct layer
such as HBO; [ 5] except borate crystals
has been observed in each growth run. The
flux soaking into the spaces between grow-
ing crystals shrinks foward the crucible
bottom during the growth process, because
of the high thermal expansion coefficients
of B.0; and Bi,0..

Also, composition analyses, which are
providled on two kinds of crystal size
(smaller than 0.25 mm and larger than 2
mm ), are summarized in Table 1. The con-
centrations of Yb,0, AlLQO,; Bi,0; and MoO,
were measured by EPMA. B0, and Li,0
concentrations in huntite- borates were esti-
mated theoretically because of the impossibi-
lity of practical determination. Firstly, the
Li,O content was calculated by the formula
{ Li,0 Js=1.5%[ 2Mo0; ]Js where the symbol
[ 1s represents the oxide concentration
in the solid phase. This relation agrees with
the charge balance of a substitution reac-
tion for the Lit- Mo®" pairing in huntite

structure as following,
3Yb* + 2AP* — 3LiT + 2Mo** (1)

Subsequently, the B,0; concentration can
be calculated by subtracting of the sum of
all other known oxide concentrations from
100 % as reported in Refs. [8] and [ 9 ].

Using the chemical formula of rare- earth

huntite- borates RMe;( BO;), and the data of
Table 1, the crystal compositions of sam-
ples 11-3 and 11-5 are given as following,

11‘ 3( S) : BiO. 010 YbO. 941 L‘.0. 016 A13.165 NIOo. ot

By s Os (@

11- 3(L) : Bioowo Ybo 525 Lio on Al31191 Moy, o1
B 503 Or2 ‘ (3)

11-5(S) : Ybo on Lio.ors Als 222 Moo, 13 B sos
0. (4)

11- 5(L) © Ybo o2 Lio es0 Als 206 Moo, 033 Bs.7ax
(O ‘ (5)

where (S) and (L) indicate the smaller
and the larger crystals, respectively. Gener-
ally, the amount of atoms per formula unit
is only authentic for Bi, i and Mo which
1s relatively small concentrations in the
crystals. In the case of Yb and Al the con-
centration data are obtained by recalcula-
tion assuming the total amount of cations
per formula unit equal 8.

Concerning the data of X ray diffraction
analysis the structure uniformity of all pre-
pared crystals was relatively high. The full
width at half maximum (FWHM) was about
01° and nearly similar for all samples.
Therefore we can conclude that all cations
in the formulas (2)-(5) are located In a
structure with huntite symmetry.

According the compositions in equations
(2)-(5), the B* concentration shows iIn
all investigated crystals in comparison with
the ideal huntite formula containing four
[ B* ]s per formula unit. Similar results
were obtained for almost gallium huntite- bo-
rates in Ref. [ 8] where the average values
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of the cation concentrations were [ Ga* Js=
3.193 and [ B* ]s=3.443. For iron huntite-
borates a relation of [ Fe** ]s=2.968 to
[ B* ]5=3.827 was observed [ 7]. In our
crystals we found a relation of [ A" Js=
3.218 to [ B* ]s=\‘3.792. Therefore, the com-
parison of all above mentioned values yields,

LA s > [Ga* ]s > [Fe s (6)

Concerning the coordination number n=6
(octahedral positions in the huntite struc-
ture) [4], the comparison of the cation
radii Rs gives [ 10],

Re( Al*") < Re(Ga*) < Rs(Fe®) (7)

Therefore we can assume that some part
of AI** cations occupies the center of oxy-
gen triangles in the huntite structure. In
proof of this concept the sum of the [ Me®* ]
and [ B®** ]s concentrations was always
7.000 + 0.027 in all analyzed crystals. These
results agree withthe chemical formula of
(2)-(5)

huntite- borates of equations

where Me=Al, Ga or Fe. Of course, the ca- -

pacity of oxygen triangles is very small for
Al**, Ga** or Fe** cations. Nevertheless, we
assume that the decreasing cation radius
from Fe** to AI** increases the probability
of substitutional position from considering
equations (6) and (7). In this case all
other cations (Yb%** Li*, Mo® and Bi*)
can be almost located in trigonal prismatic
positions. Contradictory to this, Mn®*" cation
is located by an occupation ability of octa-
hedral positions [ 5 ]. Further more detailed

Table 2

Relative intensity of green light SHG for hu-
ntite- borate crystals represented as LnMe,
(B0, ), formula

Lu Me Relative inensity
Y Al 04
Ho Al Ga 0.9
Er Al 0.5
Yb Al 1.1
Yb, Li Al Si 2.4
Yb, Li Al Ge 2.4
Yb, Li A, Mo 2.4
Yo, Li AL, Ti 0.8
B-BaB,0, 32

investigations of this relationship are neces-
sary.

The relative intensities of the green light
SHG detected at grown crystals are shown
in Table 2. It can be seen that the relative
intensity of YbAL(BO;), is of two times
higher than of YAl;(BO;),. Moreover, mixing
crystals of the type (Yb,Li)(ALM);(BOs),
with M=S5i*", Ge**or Mo% were also able
to achieve six times higher SHG intensity.
Although the crystals have the smaller rel-
ative SHG intensity than in A BaB,O, crys-
tals( Table 2), the effective nonlinear optical
constants of (Yb,Li)( ALM):(BO;wa ), mix
ing crystals are of order in the range be-
tween p- BaB,O:, and LiB,O;. The Mose
hardness measured for YAL(BO;), and
YbAl;(BO;), was about 8. It seems that
these crystals have no effect of deliquesce-
nce because they were removed from the
crucible and subsequently were cleaned by
hot water and HNO..
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Our results show that YbAl;(BO;), doped
with Li* and Mo® seems to be the most
favourable composition with high SHG effect
and strong hardness without deliquescence
effect. Additionally this composition posses
a possibility of congru\lent melting [ 6 ]. Fur-
thermore, it is well- known that the borate
crystals have a high degree of intrinsic
transparency. These properties are very
promising for different practical applicatio-
ns. A more detailed analysis of the optical
properties including the absorption spectra
will be studied.

4, Summary

YbAI,(BO,), crystals containing li* and
Mo®* cations were grown by spontaneous
crystallization. It has been shown by the X
ray powder diffraction analysis that all crys-
tals have only the huntite- borate structure.
On the basis of the results of composition
analysis, it was proposed that the Mo®* cati-
ons occupy the center of oxygen triangles.

The detected SHG effect shows a high
relative intensity of the green light in these
crystals. It seems that YbAL(BO;), contain-
ing Li* and Mo®" is an optimal composition
for practical applications combining favour-
able physical and chemical properties (con-
gruent melting point, strong hardness, no
effect of deliquescence) with high nonline

ar optical efficiency, especially SHG intensity.
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