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ABSTRACT. The structure of the lithium zine borate 1.iZn130); has been established by single-crvstal X-ray

diflraction methods. 1t ervstallizes in the triclinic space group PI(Z-2). with unit-cell parameters - a-
3.0913(9A. b=3.039( DA. c=6.156( DA, V-120.6( DA, 0-63.81(1)". B=63.56(1)" and 7=39.77(1)°. The struc-
ture was determined trom 704 unique reflections and retined to the tinal residuals R—0.039 and ,R—0.036. It
15 charactenzed by an association of BO, triangles and LiO, and ZnQ, tetrahedra. The Li and Zn atoms are dis-
ordered around the average positions between Lil and Li2 atoms or between Znl and Zn2 atoms. The disorder

can be deseribed by four halt-occupied positions about Lil. Li2. Znl and Zn2 atoms.

INTRODUCTION

The phase LiZnBO; was tirst desenbed by Lehmann
and Schadow: following a study of the quasibinary svs-
tem ZnQ-LiBO,'. The preparation of LiZnBO, has been
achicved by heating the corresponding ZnO with excess
LiBO: at 800°C in the air and extracting the unrcacted
LiBO, by means of CH;OH. The fmm was identitied as
a hexagonal malerial forming in cell parameters: a—=3.10A
c—R808A and 7-3. later. 3odareva, Simonov. Tismenka
and Belov reported an X-ray siructural investigation of the
1170130, ervstal oblained by hyvdrothermal svnthesis and
the method of Teast squares in the isotropic approximalion to

Ry —0.067. This material crystallizes in a centrosvymmetric

strueture having a monoclinic crvstal svstem in space group
C2ie(/-8) and the sizes of the unit cell constanls:
a=3 094 DA b-8 8UKIA. c-10.374 (DA, V=463 2(3)A"
and o91.00(3)". The monaclinic cell parameters were
refined on a RKOP automatic diffractometer.

The X-rav powder patterns of these previous papers
nusmatehed any other phase i our experiments. Further-
more. we deseribe the phase transition of LiZnBO, with
DTA analysis (Fig. 1) at chemistry department of

Colorado Stale University,
EXPERIMENTAL

A powdered sample ol LiZn30O; was prepared by
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Fig. 1. DTA analysis of LiZnBO;.

heating a stoichiometric mixture of the rcagents ZnQ
{Alfa. 89.99%) and LiBO. (Alfa. 99.997%). The mixture
was heated in a Pt crucible at 893 K for | h. cooled.
ground at room temperature. and again heated in a Pt
crucible at 1273 K for 12 h. The X-ray powder dittrac-
tion palterns are shown in #7g. 2, The X-ray powder dil-
fraction pattern{ #ig. la) of the product. oblained with a
Phillips difTractometer. matched that generated with the
computer program LAZY-PULVERIX  and the results of
the single-crystal X-ray study (vide infra)(Fig. 1b). The
crystals were grown in a Pt crucible from a mell con-
taining 1Zn0 and 1. 1LiBO:. The melt was cooled at 4 K
h from 1370 to 800 K. and then 5 K/min to room tem-
perature. Then. the 0.1LiBO- was washed with a weak
acidic solution. A clear. colorless ervstal was physically
scparated from the matrix for X-ray mcasurcments.

The colorless block crystal. having approximate
dimensions o 0.420~0.350%0.280 mm, was mounted on
a glass fiber and analyzed on a Rigaku AFCOR X-ray
diffractomeler. Unit-cell parameters were derived rom
least-squares refinement with the seling angles of 20
automaltically centered rellections in the range 30.42<29
<35.60° Intensity data were collected at room empera-
ture by using the «w-scan technique with a rae=16"(w)/
min and peak widths = 1.50—0.30 tan 8. The lattice
parameters and Lauc symmetry T correspond to the tri-
clinic system. The intensity data were collected over the
range of indices -7<h<7. -7<k<7. -8<1<8 to 20,,.=60"
From the 777 measurcd. a total of 550 rcflections were
observed [F.7=36(F)]. The intensitiey of three standard
reflections varied by an average of 3% during the data
collection.

The structure was solved and relined by using pro-
wrams from the TEXSAN crystallographic  software
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Frg. 2. (@) Powder X-ray diffraction trace of LiZnBO;
synthesised at 700 ¥C: ¥=Zn0. s—Sample holder. (b) Powder
Xeray dillraction trace ol LiZnBO: synthesised at above
melting point. 1110 °C: ¥=Zn0O, s—Sample holder. {¢) Powder
X-ray difftaction trace generated with the computer program
LAZY-PULVERIX" and the results ol the single-crystal data.

package* on a u-YAX-11 computer. The space group Pl
and PT has been chosen on the basis of the Laue sym-
metry -1. The space group PT has been sclected only on
the basis of the distribution of intensitics and the suc-
cesslul solution and relinement of the structure. The eifli-
ciency ol the second-harmonic generation from a selection
ol small crystals of LiZnB30s was not measured by the
frequency conversion measurement., the method of Kurtz,

and Perry.” The centrosymmetric crystal. the space group
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{uble 1. Cryvstallographic data tor LiZnBO Table 2. Postiona] purameters for LiZnBO,
Chemical formula 117.nBOs Atom X v z
Formula weight. u 131.13 Znl 0.7466(2) 0.0678(3) 0.8030(3)
Crvstal dimensions{mm) 0420 0.350-0.280 £n2 O.1179%(3) 0.4330(3) 0.69352(3)
Crvstal system triclinic 0l 0.7075(0) 0.5022(7) 0.6941(3)
Spaco proup PT (No.2) 02 04039(6)  -00020(7)  0.8044(3)
X 50015994 03 01539(7)  0T501(8)  0.7468(8)
b 5.059(1HA Bl 0.577(1) 0.250(1) 0.234(1)
o 6.156(1)A Lil 0.048(2) 0.401(2) 0.81002)
” 65.81(1)° 1i2 0761(3n  0.102(2) 0.68%2)
B 63.56(1)°
¥ S9.7HIY Molectron MY-34 Nd"': YAG laser. filtered and passed
v 120.6(1HA* through the sample mounted on a silica glass plate. The
L 2 second harmonic was directed onto a photomultiplier
Peaca. gem1™ 3612 tube through a dichronic mirror and monitored with
Froo 124 Tektronix 246713 oscilloscope). The atom Zn was located
Ko o K’(x (A-0710694) by using the direct methods program SHELXS®. Follow-

graphile monochromated N - i o N .
Temperature. K 296 ing the analysis. the remaining atoms were placed on dif-
Scan tvpe @28 ferent clectron density maps. After a tull-matix. least-
Scan rate.” in @ 16 squares retinement of the model with isotropic displace-
SN By A 1.50 ment coctlicicnts on cach atom. an absorption correction
Lincar absorption coeft. em”  101.3 was applied by using the program DIFABS’ (transmis-
Transmission factors 0.81-1.09 sion factors — 0.81-1.09). the data was then averaged
Secondary extinction cocflicient 021056101 (R — LO3R) I'inal refinement with 274 averaged reflec-
Total no. measured data 777 . . Ly i
10, obscervations tions and anisotropic displacement coelticients on each
RS 2 36(Rd) 530 alom resulted in the residuals R = 0.039 and (R - 0.036.
R(F.y 0.039 The largest peak in the final difTerence electron-density
R} 0.056 map corresponds (0 2.1% of the Zn atom. Relevant ervs-
p factor 0.03 tallographic data and atomic parameters are listed in
Goodness of fit 228

Maximum shift'errorm final exele (.01

‘R - XFl-1F] - ZIF]
"Ry ~ [EW(IFI - IF ]y EwlF ) ?

PT. was expected by this experiment (Fundamental IR

radiation, 1064 nm light, was generated with a Q-swilched

Table 3. Anisotropic displacement coellicients lor LiZnBO,

Table 1 and 2. respectively: anisotropic displacement
coctlicients arc summarized in Tuble 3.

Results and Discussion

Fig. 1 shows the ditterennal thermal analvsis (DTA) of

the title compound [iZnB0;. One peak can be observed

ATOM U, U, U, Un U
Znl 0.0132(6) 0.0150(6) 0.030(1) -0.0034(:) -0.0051(6) 0.0077(6)
n2 0.01747) 0.0156(7) 0.029(1) -0.0039(3) 001157 -0.0080(7)
ol 0.010(1) 0.010(1) 0.010(2) -0.003(1) -0.0041) -0.001(1)
o2 0.015(1) 0.012(1) 0.009%(2) 0.007(1) -0.0041) 0.002(1)
o 0.013(2) 0.024(2) 0.061(3) L0.003(1) A1.015(2) 0.021(2)
n 0.010(2) 0.010(2) 0.012(2) 0.003(2) L0.005(2) 0.002(2)
1il 00134 0.009(4) 0.015(5) 0.002(3) 0.007¢4) 0.008(+)
1i2 0.021(7) 0.007(6) 0.024(4) L0.009(5) 0.010(5) 0.008(+)
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Fig. 3. Crystal structure of LiZnBOy,

in the DTA analysis. the peak at 1107.67 °C is ascribed
to the thermal decomposition in the phase transition as a
endothernue peak. The compound LiZnBO; has a single
phase below the melting pot. 1107.67 °C.

The structure(Fig. 3) of the title compound LiZnBO;
contains lavers ol Planar 13O, groups that are linked
through 7Zn and Li atoms in LiO, and ZnQ, distorted tet-

rahedra. Selecled interalomic distances and angles are

listed in fahle 4: The Zn atom 1s surrounded by lour
oxvgen atoms at the vertices of a distorted tetrahedra - no
site symmetry 1. The 7Zn-O distances. 1.945()HA in Znl-
01 distance. 2.0443A in Zn1-02 distance. 1.873(HA
in Znl-03 distance. 2.034(HA in Zn2-O! distance.
1.946()A in Zn2-O2 distance and 1.863(3)A in Zn2-03
distance. are normal. and the O-Zn-O angles in the ZnO,
and ZnQ,. tetra. 92.6(1)° -1 18.4(2)°. are consistent with a
terahedron. The distorted tetrahedral LiO, group exhibits
no point-group svmmetry with six Li-O distances ot .90
(DA in Lil-O1 distance. 1.93(DHA in Lil-O2 distance.
o LYS(DA in Lil-0O3 distances. 1.92(DA in 1i2-01
distance. 1.91(DA in Li2-O2 distance and two 1.95(DA
in Li2-O3 distances. These lengths are reflected in the
angles O-11-07s. 94 8(3)" 119.8(6)". The 13-0) distances.
1.374(59HA in BI-O1 distance. 1.391(DA in B1-02 dis-
tance and 1.366(1)A in B1-O3 distance. and the O-B-O
angles. 120.6(4) in O1-B1-0O2 angle. 120.2(d)"in Ol-
B1-O32 angle and 119.3(3)" in O2-B1-03 angle. in the
distorted trigonal BO; group is normal.

The Zn-Li. intcratomee distanees. are 0.66( DA in the
Znl-Li2 distance and 0.64( DA in the Zn2-Lil distance.
Then. around 2 electrons are shown at the Li atom sile
listed with temperature factors B, of 7abfe 5. During the

structural relinement. it became apparent that the I.i and

Table 4. Sclected interatomic distances(A) and angles(") tor 1iZnBO,

Interatomic distances(A)

Interatomic angles(")

7n1-01 1.945(3)
7n1-02( 2) 2.04H3)
7n1-03 1.873(3)
7n2-01( 2) 20344
7n2-02 1.946(3)
7n2-03 1.863(3)
B1-01 1.374(3)
B1-02 1.391(3)
B1-03 1.36601)
Lil-O1 1.90(1)
Li1-02 1.93(1)
Lil-03( 2) 1.93(1)
Li2-01 1.92(1)
Li2-02 1ol(l)
Li2-03( 2) LO3(1)

O1-7n1-02 99.9(1). L17.1¢1)
O1-7n1-03 1174(2)
02-7n1-02 92:6(1)
02-7n1-03 103.1{2).118.1(2).
01-702-01 92.6(1)

O1-70n2-02
O1-70n2-03

100.1(1), 117.3(1)
1034(2), 118.4(2)

02-702-03 117.5(2)
O1-B1-02 120.6(+)
O1-B1-03 120.2(4)
02-B1-03 119.3(3)
O1-Lil-02 119.8(6)
O1-Lil-03 116.0(6)
O2-Lil-03 114.2(3)
O1-Li2-02 119.0(8)
O1-Li2-03 04 8(3), 114.1¢6)
02-Li2-03 10403, 114.8(6)
03-Li2-03 106.5(7)
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Table 5. Atomic temperature factor B,* and veewpation for Zn
and L1 aloms of LiZnBO,

Atom B.* Oceupation
Znl 1.4(1) 0460
in2 1.5(1) 0473
Lil -0.4(8) 0.330
Li2 0.1(" 0.380

*B,,~ 8 ’% T5Ua' e,

/Zn atom positions could possibly be disordered. The
structure Li and Zn polvhedra consists of zig-zag bands
of alternating 1.1 and Zn polvhedra. This disorder could
be accounted for by allowing the I and 7n atoms lo
oceupy two positions around the initial average posi-
lions. respectively (Tabfe 5} A super structure was con-
sidered i this arvstal svstem. We could not sce any
evidence m the single-crvstal X-rav experimental data.
Theretore. the ttle compound should be disordered
around the average posihions between Zn and Li atoms.
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