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The MAS NMR spectra of the "B, and “Li isotopes in a series of un-doped crystalline
and glassy borate compounds with Li,B,O,, LiB3Og and LiCaBOj chemical compositions
were investigated and analyzed. The investigated borate glasses of high optical quality and
chemical purity were obtained from corresponding polycrystalline compounds using stand-
ard glass synthesis technique. The obtained results of MAS NMR spectroscopy show good
correlation with X-ray diffraction data for local structure of the cationic sites in borate
crystals and glasses with same chemical compositions.

UccuegoBanbl u npoaHanusupoBanbl cruexkTpsl MAS AMP wusoromos "B u “Li B cepun
HEJEerHPOBAHHBIX KPUCTAINYECKUX U CTEKJOBUAHBIX OOPATHBIX COCLMHEHUI XUMHUYECKOTO
cocrasa Li,B40,, LiB3Og u LiCaBOgs. Mccnenopanubie 60paTHEIE CTEKJIa BEICOKOIO ONTHYECKO-
ro KavyecTBA U XUMHUUYECKOU UMCTOTHI, IIOJYUYEHBI M3 COOTBETCTBYIOIINX IIOJHUKPUCTAJINYIEC-
KHX COEIMHEHHUI C IOMOIILIO0 CTAHZAPTHON METOAMKIN CHUHTE3a CTeKOoJ. IloiyueHHbIE pes3yJib-
Tarel MAS fAMP coexTpocKOnMH XOPOIIO KOPPEIUPYIOT C PEHTIeHOBCKUMMU IAHHBIMU [IJISA
JIOKAJbHOM CTPYKTYDPHI KATHOHHBIX IIO3UIMI B GOPATHBIX KPHCTANIAX H CTEKJIAX C TAKUM
JKe XMUMUYECKUM COCTABOM.

MAS AMP B i 7Li ckxomomiéuux i kpucramiumux GoparHux cmoayk. M.O.Cepzecs,
B.B.Iladaakx, M.Oavwescvruil, I1.Cmemners.

TMocainseno i npoananisosano cuexrpu MAS AMP isorouie ''B i “Li y cepii Hexeropamux
KprcTamivEnx i ckaomogi6HMx GoparTHHX cmoayk 3 Ximiummmu ckaagamum LipB,O,, LiB3Og i
LiCaBOg. Hocrimxysani spasku GopaTHOro cKja BHCOKOI omrmunoi axocti Ta ximiunoi ume-
TOTH, OTPUMAHO 3 BiITMOBiIMHUX TOJIKPHUCTAMIUYHMX CHOJYK 3a JOTTOMOTOI CTAHAAPTHOI MeTo-
IUKY cuHTe3y ckjaa. Orpumani pesyabratu MAS fAMP cnexkTpockomii 700pe KOpesioiTh 3
JaHUMU PEHTTreHiBCBLKOI AudparIlii Ijid JJOKaJbHOI CTPYKTYPM KaTiOHHWX mo3uiiit y dopar-
HUX KPHUCTAJAX Ta CKJIi 3 TAKUM CaMUM XiMiUHUM CKJIagoM.

© 2014 — STC "Institute for Single Crystals”

1. Introduction

Anhydrous borate compounds (crystals
and glasses) are characterized by high resis-
tance to the effects of optical [1, 2] and
ionizing radiation [8-5], high transparency
in the vacuum ultraviolet (VUV) — middle
infrared (MIR) spectral range [6, 7] and ex-
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hibit good luminescent, thermoluminescent
[8-12], nonlinear optical [13,14] and other
interesting properties. Therefore, borate
crystals and glasses are very promising ma-
terials for quantum electronics, solid state
dosimetry, nonlinear optics etc.

Practically all borate compounds includ-
ing LIZB4O7’ L|B305, and L|CaBOS can be
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Fig. 1. Method for determining N, and Ny in
a "B NMR spectrum Ny=A /(A3 + Ay
Ny = Ag/(Ag + A,) [24].

obtained in both crystalline and glassy
phases. From technological point of view
the glassy (or vitreous) borate compounds
are more perspective than their crystalline
analogies due to technical difficulty of bo-
rate single crystals growth.

The structures of Li,B,O,, LiB3Og, Li-
CaBO3 and other crystalline borate com-
pounds were detailed described in [15-18].
The local structure of cationic sites in the
L|zB407, L|B305 and L|CaBO3 glasses flI'St].y
was investigated in [19] by direct X-ray dif-
fraction (XRD) technique and comparative
analysis of the obtained results with refer-
enced data for corresponding borate crystals
with the same chemical composition. But, at
present time the structural units (or local
structure of the cationic sites) in the
L|zB407, LI5305, L|CaBO3 and other glassy
borate compounds were not satisfactory es-
tablished and need more detailed investiga-
tions by different structural and spectro-
scopic methods, in particular by nuclear
magnetic resonance (NMR) spectroscopy of
the 1B and 7Li isotopes.

In the present paper are detailed investi-
gated and analyzed MAS (Magic Angle Spin-
ning) NMR spectra of the 1B and “Li quad-
rupolar nuclei in a series of un-doped crys-
talline and glassy borate compounds with
Li,B40, LiB3Og and LiCaBOs compositions.
Based on the obtained results of MAS NMR
spectroscopy and available referenced struc-
tural data for investigated borate glasses
and their crystalline analog the main struc-
tural units and their proportions in the bo-
rate compounds are proposed.

2. Experimental
The un-doped nominally-pure glasses

with LIZB4O7’ LI8305 and L|CaBOS composi-
tions of high optical quality and chemical
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Fig. 2. The MAS NMR spectra of “Li and SLi
in the LiB3Og polycrystalline compound.
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purity were obtained in the air from corre-
sponding polycrystalline compounds using
corundum crucibles and standard glass tech-
nology set-up, described in [19, 20].

The "B MAS NMR spectra were regis-
tered at frequency 128.384 MHz and induec-
tion of magnetic field B=9.4 T using a
Bruker Avance-400 NMR spectrometer. A
4 mm diameter rotor was filled with a pow-
dered (glassy or polyerystalline) sample and
spinning under magic angle with the fre-
quency 14 kHz. A 90-1-180-t-Acqg Hahn
echo sequence has been employed to investi-
gate the structure of the sample [21-23]. The
1B nucleus has spin I = 8/2 and for the se-
lective excitation of the central transition
(+1/2 & —1/2), the optimal pulse duration
will be equal to the duration of a non-selec-
tive m/2 pulse divided by (I +1/2) = 2 [22].
In our experiments the first radio-frequency
pulse n/4 =1.75 us was used. The recycle
delay between acquisitions was 0.5 s and a
total of 1024 acquisitions were sufficient to
resolve the characteristic borate spectral
features for the polycrystalline samples. In
the case of some glassy samples it is suffi-
cient to use 100 acquisitions.

In the used magnetic field (B = 9.4 T),
experimental spectra of 1B of the investi-
gated borate samples contain overlap signals
from BO; and BO,. Symmetric peaks at
about 2 ppm are attributed to BO, groups
and the asymmetric broad peaks are as-
signed to BO3 groups [24—28]. The fractions
N4 of the four-coordinated boron (i.e. in
BO, tetrahedra) and N3 of three-coordinated
boron (i.e. in triangle BO3 units) was deter-
mined using the method proposed by
P.J.Bray (Fig. 1) [24].

The ’Li and 6Li MAS NMR spectra were
obtained at resonance frequencies
155.5183 MHz and 58.886 MHz, respec-
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"B MAS NMR spectra in Li,B,0,

(a) - polycrystalline sample
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Fig. 3. The MAS NMR spectra of the ''B in the
polycrystalline and glassy compounds with
Li,B,0;; (a) — polycrystalline sample — N,/Ng
= 1:1; (b) — glassy sample — N,/Ng = 1:4.

tively, and 14 kHz magic angle spinning
speed. A free induction decay signals were
recorded after application of a single 3 us
radio-frequency pulse. The example of MAS
NMR spectra of the 6Li (nuclear spin I =1,
natural abundance — 7.59 %) and ’Li (nu-
clear spin I = 3/2, natural abundance —
92.41 %) isotopes in the LiB3Og crystalline
compound are shown in Fig. 2. The ratio of
the 6Li and “Li nuclear quadrupolar moments
is ~0.02 [25] and, as a result, linewidth of
the 6Li NMR MAS signal are too much less
then linewidth of the 7Li MAS NMR signal.
In the present paper are detailed considered
the 7Li MAS NMR spectra only.

3. Results and discussion

In Figs. 8, 4 are presented the 1'B MAS
NMR spectra obtained for powdered crystal-
line and glassy samples with Li;B,O-,
LiB3Og chemical compositions.

All observed the "B MAS NMR spectra
contain two peaks corresponding to the BOj
and BO, structural atomic groups. Large
differences in the quadrupolar coupling con-
stants between triangular BOg groups (Cq =
e2gQ/h) typically about 2.45 to 2.65 MHz)
and tetrahedral BO, groups (typically Cq <
0.85 MHz) lead to large differences in the
linewidth and lineshape of the MAS NMR
signals [24—-28]. A symmetric peak at about
2 ppm is attributed to the BO, groups and
an asymmetric broad peak is assigned to the
BO; groups. The different frequency posi-
tions of the MAS NMR signals of the boron-
oxygen bonding groups are connected with
different 1B isotropic chemical shifts of
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"'B MAS NMR spectra in LiB,O,

(a) - polycrystalline sample

ppm

Fig. 4. The MAS NMR spectra of the ''B in
the polycrystalline and glassy compounds
with LiB3Og; (a) — polycrystalline sample —
N,/Ng = 1:2; (b) — glassy sample — N,/Ng = 1:9.

the BO3 and BO, groups [24, 25]. The li-
neshape of MAS NMR signal is determined
by the second-order quadrupolar shift only,
because the dipolar interactions between the
magnetic moments of the ''B nuclei are
completely averaged [22].

The structure of Li,B4,O, crystal contains
one magnetically non-equivalent asymmetri-
cal BO3 group and one magnetically non-
equivalent BO, group [15, 16] and this is in
a good agreement with our NMR data (Fig.
3a). The simulation of the experimental
MAS NMR spectrum of the Li,B4,O; glass
(Fig. 8b) gives the fractions of the BO, and
BO3 groups — Ny/Ng =1:4. So the transi-
tion Li,B4O from crystalline to glassy leads
to growing of number groups BOs,.

According to [17] the LiB3Og crystal
structure contains two magnetically non-
equivalent deforming triangular BO3 groups
and one tetrahedral BO, group and this is
in a good agreement with our NMR data
(Fig. 4a). The deconvolution of the experi-
mental MAS NMR spectrum of the LiB3Ojg
glass (Fig. 4b) gives the fractions of the
BO, and BOj groups — N,/Ng=1:9. So at
the transition LiB3Og from crystalline to
glassy grows of number groups BOj also.

The obtained results of NMR spectros-
copy show good correlation with the XRD
data for Li,B,O; and LiB3Og crystals [15-17]
and glasses [19].

The structure of LiCaBO; crystal con-
tains one magnetically non-equivalent boron
atom coordinated by 8 oxygen atoms [18].
The "B MAS NMR spectrum for polycrys-
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"B MAS NMR spectrum in policrystalline LiCaBO,
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"'B MAS NMR spectrum in H,BO,
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"B MAS NMR spectrum in glassy LiCaBO,
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Fig. 5. The MAS NMR spectra of ''B in poly-
crystalline and glassy compounds with Li-
CaBOj; and in boron acid HzBOg; (a) — poly-
crystalline sample; (b) — boron acid (¢) —
glassy sample — N,/Ng = 1:5.

talline LiCaBOg3 agrees with this result (Fig.
5a) and confirms that the structure of the
LiCaBOg3 crystal mainly consists of triangu-
lar BO3 units. For comparison in Fig. 5b is
presented the "B MAS NMR spectrum for
boric acid (H3BO3), which contains the BOj
groups, only.
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Li MAS NMR spectra in glassy and polycrystalline LizBAO7

a)

Li MAS NMR spectra in glassy and polycrystalline LiB,O,

b)
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Li MAS NMR spectra in glassy and polycrystalline LiCaBO

3
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Fig. 6. The MAS NMR spectra of ’Li in the
glassy and polycrystalline compounds with
Li,B,O; (a), LiB3Og (b) and LiCaBO; composi-
tions (c). Narrow symmetrical MAS NMR
lines of “Li nuclei refer to the glassy com-
pounds.

As it follows from Fig. 5c in the LiCaBOj4
glass the peak nearly ~ 2 ppm is observed in
the "B MAS NMR spectrum. This peak in-
dicates the presence in the LiCaBOj glass
fourfold-coordinated  tetrahedral (BO,)
groups. So, on the basis of obtained results
(Fig. 5¢) we infer that the boron atoms in
the LiCaBOgj glass network form not only
triangle BO3 units, but also fourfold-coordi-
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nated tetrahedral BO, groups. The obtained
NMR results show satisfactory agreement
with the XRD structural data for LiCaBOj
crystal [18] and glass [19].

In Fig. 6 are presented the ‘Li MAS NMR
spectra obtained for powdered crystalline
and glassy samples with Li,B4,05, LiB3Og and
LiCaBO3 chemical compositions. Sufficiently
narrow symmetrical MAS NMR line of 7Li
nuclei in polycrystalline and glass Li,B40-
confirms that the main structural units in
lithium tetraborate compound are LiO,
group. From Fig. 6 it follows that the
linewidths of MAS NMR spectrum of the 7Li
nuclei in glassy samples are smaller than
corresponding linewidths in their crystalline
analogy. This indicates that the average in-
teratomic Li-O distances in the LiO, group
in the glassy samples are somewhat larger
than that in the polyecrystalline compound.
These results coincide with results obtained
in [19].

4. Conclusions

The MAS NMR spectroscopy of the 1B
quadrupole nuclei in a series of un-doped
crystalline and glassy borate compounds
with LizB407, L|8305 and LICa803 chemical
compositions allows determining the main
structural units: triangular BO5; and tetra-
hedral BO, atomic groups and their propor-
tions in the struecture of crystals and
glasses. Based on the analysis of the ’Li
MAS NMR spectra it was shown that the
LiO, structural units dominate in the
Li;B4O-, LiB3O5 and LiCaBOj crystalline and
glassy borate compounds. The obtained re-
sults of NMR spectroscopy show good corre-
lation with the XRD structural data for in-
vestigated crystalline and glassy borate
compounds. The obtained NMR results and
corresponding referenced structural data
allow concluding that the local structure of
the cationic sites (main structural units) in
the oxide glasses and their crystalline
analogies is closely similar.
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