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Abstract—Polarized Raman spectra of single crystals of lead diborate, PbB4O7 (PBO), are studied in detail at
300 K. The TO-, LO-, and IO-phonon lines of the A1, A2, B1, and B2 symmetries in the Raman spectra of this
compound are assigned. Changes in the Raman spectra of the internal vibrations of boron–oxygen complexes
upon transition from the crystalline to the glassy and the molten states of PBO are observed. On the basis of
the obtained results, the regularities in the formation of boron–oxygen complexes in glasses, melts, and crys-
tals of the PbO ⋅ 2B2O3, SrO ⋅ 2B2O3, and Li2O ⋅ 2B2O3. diborate compositions are analyzed.
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INTRODUCTION
Single crystals of lead diborate, PbB4O7 (PBO),

were synthesized in [1]. Recently, these crystals have
became a subject of interest due to their possible appli-
cations in nonlinear optics [2]. Single crystals of stron-
tium diborate, α-SrB4O7 (SBO)—a crystal-chemical
analog of lead diborate—are of interest due to the
combination of unique properties: an unprecedented
among oxide materials threshold of the fundamental
optical absorption (~130 nm) and high values of non-
linear optical coefficients [3–5].

The structure of SBO and PBO belongs to the ort-
horhombic crystal structure with space group Рпт21
and has a number of features. It is based on a three-
dimensional lattice formed only of boron–oxygen tet-
rahedra [6, 7]. The crystal lattice of most borate crys-
tals is formed either of boron–oxygen triangles or
bound [BO3]-triangles and [BO4]-tetrahedra [8].
Crystals of PBO and SBO are the only structures con-
taining boron triply coordinated by oxygen [8].

This peculiarity of the structures of the PBO and
SBO compounds stimulates interest in their spectro-
scopic studies to obtain information about the unusual
structure of the boron–oxygen fragments in these
diborates. In addition, Raman spectroscopy allows
one to investigate the influence of the cation (in this
case, Sr and Pb) on the structure of boron–oxygen
complexes in diborate compounds in the crystalline,
glassy, and molten states.

For strontium diborate, a detailed study of the
polarized Raman spectra at 300 K and the identifica-

tion of the symmetry of the vibrational modes in the
above-mentioned aggregation states were presented in
[9, 10]. The Raman spectra of lead diborate single
crystals at 300 K were studied as well [11, 12]. How-
ever, these results require clarification, because the
data on the vibrational spectra are incomplete due to
the use of a limited number of scattering geometries.
Also, the results of [11, 12] on the identification of
vibrational modes as well as on the appearance of the
polarized Raman spectra are contradictory. In this
regard, in the present work we carried out a detailed
study of the Raman spectra of PbB4O7 single crystals
at 300 K and identified the symmetry of almost all
transverse and longitudinal vibrational modes that was
absent in the previous publications. Another aim of
this work was to apply Raman spectroscopy to study
the structural transformation of boron–oxygen frag-
ments in melting–crystallization processes of diborate
compounds, including PbB4O7 and SrB4O7, which is
useful for understanding the existing difficulties in
their synthesis from the melt.

MATERIALS AND METHODS
PbB4O7 single crystals were grown from the melt

with a stoichiometric ratio of components by the
Czochralski method. Details of the synthesis process
are given in [13]. The sample made for the Raman
studies with the use of the X-ray diffraction method
had the form of a parallelepiped with the orientation of
the edges along the a, b, and c axes. Lead diborate has
a rhombic structure Рпт21 ( ) [7] with two formulav
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units in the unit cell. This symmetry implies the exis-
tence of 72 TO vibrations: 19A1 + 17A2 + 17B1 + 19B2
corresponding to wave vector k = 0 [11], with A1 +
B1 + B2 being acoustic vibrations. The A1, B1, B2 vibra-
tions are active both in the Raman and IR spectra,
while the A2-symmetry mode is active only in the
Raman spectra. In addition to 69 transverse TO-vibra-
tions 18A1 + 17A2 + 16B1 + 18B2, in Raman spectra
one can also record longitudinal LO-vibrations of the
A1, B1, and B2 symmetries when wave vector k of the
scattered phonons coincides respectively with the a, b,
and c axes of the crystal. Besides the pure TO- and
LO-phonon lines, Raman spectra should also contain
frequencies of the mixed (IO) phonons, vector k of
which makes an angle with the crystallographic axes.
This phenomenon is typical for so-called “normal
scattering geometries” when the propagation direc-
tions of the incident and scattered light are perpendic-
ular. Raman spectra at 300 K were recorded using a
SPEX–Ramalog 1403 (Spex-Ramalog 1403) mono-
chromator at a spectral width of the slits of 1 cm–1. The
excitation of the Raman signal was carried out by con-
tinuous radiation of an argon laser with wavelengths of
488.0 and 514.5 nm and an average power of 0.6 W.
Raman spectra recorded for different excitation laser
lines showed no impurity luminescence in the studied
spectral range.

The Raman spectra at temperatures up to 1400 K
were studied with the use of specially developed equip-
ment [14]. The excitation source was a 578.2-nm cop-
per-vapor laser working in the pulsed mode with a fre-
quency of 15 kHz and an average power of 5 W. Raman
spectra during the heating and melting were recorded
in air; the sample was placed in a platinum crucible
inside a vertical tubular furnace heated resistively with
a Pt-30%Rh wire. The temperature was measured
with an accuracy of 1 K using a Pt-6%Rh–Pt-30%Rh
thermocouple attached to the crucible. Raman spectra
of the melt were excited and recorded through its
upper boundary. For the Raman spectra recorded at
high temperatures, the spectral resolution was 3–
4 cm–1.

The samples of the SrO · 2B2O3 and PbO · 2B2O3
diborate compositions were also prepared by melting
the corresponding components. Polycrystalline α-
SrB4O7 and PbB4O7 compounds were synthesized at
slow solidification of the melt. To obtain a glass with
the same composition the melt was poured on a cop-
per strip. A similar technique was used to prepare a
polycrystalline Li2O ·2B2O3 sample as a model of a
diborate compound with the same ratio of basic and
acid oxides as in PbB4O7 and SrB4O7, but with a differ-
ent crystal structure and structure of boron–oxygen
fragments.

The glass with composition Li2O · 2B2O3 was
obtained by rapid hardening of the melt between two
cooled copper plates.

RAMAN SPECTRA AND IDENTIFICATION
OF VIBRATIONS IN PbB4O7 SINGLE

CRYSTALS AT 300 K
Polarization studies were performed for 12 scatter-

ing geometries at both 90° and 180° angles (Table 1).
This ensured a reliable identification of the TO-vibra-
tions as well as the LO- and IO-vibrations of the A1, B1,
and B2 symmetries that was absent in [11, 12]. Raman
spectra of single crystal PbB4O7 at 300 K illustrating
the vibrational spectra TO, LO, and IO phonons with
symmetry A1, B1, B2, and A2 are shown in Fig. 1. The
polarized Raman spectra at 300 K in low (up to
300 cm–1) and high (800–1400 cm–1) frequency
ranges are shown in more detail in Fig. 2. The frequen-
cies of the assigned phonons are given in Table 2. The
recorded data include 15А2 + 16В1 + 17В2 lines of TO-
vibrations, which is close to the result obtained for the
vibrational spectrum of PBO on the basis of group
theory analysis, 17А2 + 16В1 + 18В2. At the same time,
measurements of polarized Raman spectra for the
TO-vibrations of the A1 symmetry resulted in 19 lines
instead of the 18 expected from the theory. This con-
tradiction cannot be associated with the registration of
the Raman lines, which are forbidden in the scattering
geometry for the A1 vibrations, but may appear in the
form of weak traces owing to their large intensity in
other scattering geometries. This was carefully
checked by analyzing the Raman spectra recorded in
different scattering geometries, and the data in Table 2
exclude any wrong assignment of the same frequency
to vibrations of different symmetries. It is more likely

Table 1. Scattering geometries used for the identification of
the phonons in the rhombic structure of PbB4O7 at 300 К.
(Directions X, Y, and Z correspond to crystallographic axes
[100], [010], and [001], respectively.)

Scattering 
geometry

Vibration 
symmetry

Observed 
component of the 
scattering tensor

A1(TO) αzz

X(ZZ)Y A1(TO) αzz

A1(TO) αxx

A1(TO) αyy

A1(LO) αxx

A1(LO) αyy

A2 αxy

Y(XY)Z A2 αxy

Z(XZ)Y B1(TO) αxz

X(ZX)Y B1(IO) αzx

Z(YZ)X B2(TO) αyz

Y(ZY)X B2(IO) αzy

( )X ZZ X

( )Y XX Y

( )X YY X

( )Z XX Z

( )Z YY Z

( )Z XY Z
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that the presence of an “extra” A1 TO-line is associ-
ated with the effects of anharmonicity or isotopical
shift, which were observed earlier in the Raman spec-
tra of borate compounds [15, 16].

Analysis of the spectra of the LO- and IO-vibra-
tions revealed a number of interesting phenomena.
The frequency shift of these vibrations relative to the
corresponding TO-modes in the range of low and
medium frequencies was either absent or did not
exceed 10–50 cm–1, whereas in the high frequency
range the shift reached a value of 90–130 cm–1 (Figs. 1
and 2, Table 2). The same effect was previously
observed in the Raman spectra of strontium diborate
[10], which is isostructural to PBO.

The Raman spectra of crystalline PbB4O7 exhibit
an influence of the electro-optic effect on the change
of line intensities upon switch from the scattering
geometries for the TO-phonons to the geometries for
the LO- and IO-phonons. Previously, this phenome-
non was observed in the crystals of α-quartz [17], lith-
ium niobate [18], LiB3O5 [19], and SrB4O7 [10]. A
number of lines in the Raman spectra of PBO in the

scattering geometries for the LO and IO phonons
exhibit a 10- to 15-fold increase in the intensity as
compared with the intensity of the TO components of
these lines (Fig. 1 and 2).

Owing to this increase in the intensity of the
Raman lines of the LO- and IO-vibrations of a partic-
ular symmetry, our attention was attracted to the exis-
tence of very weak lines in the Raman spectra for the
TO-phonons. In the high and low frequency ranges of
the Raman spectrum of PBO crystals we identified a
number of TO-phonon lines, which were not regis-
tered in [11, 12]. In addition, a detailed analysis of the
Raman spectra in the 12 scattering geometries, corre-
sponding not only to TO-phonons, but also to LO-
and IO-phonons, allowed us to exclude the wrong
assignment of the same frequency to vibrational
modes of different symmetry that is typical for [12].

The present assignment (Table 2) of the symmetry
of the vibrational modes in the Raman spectra of
PbB4O7 is close to the assignment for the SrB4O7 sin-
gle crystals [10], which confirms that these two com-
pounds have an isostructural character. At the same

Fig. 1. Polarized Raman spectra of PbB4O7 single crystals at 300 K recorded in the scattering geometries in Table 1 to identify the

TO-, LO-, and IO-phonon lines with symmetry А1, А2, В1, and В2 (the  components of the scattering tensor from Table 1).
The lines that are forbidden in given scattering geometry are labeled with “*”.
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time, the Raman spectra of PBO and SBO differ due
to either the different weight or the different character
of the partially covalent bonding for Sr and Pb cations.
The influence of the cation mass manifests itself in the
low frequency range via a significant shift of the
threshold of the Raman signal from 104 cm–1 in
SrB4O7 to 48 cm–1 in PbB4O7, allowing us to assign this
signal to external vibrations involving movement of the
cations relative to the boron–oxygen anionic motif. In
comparison with SrB4O7, the high frequency thresh-
old of the Raman spectrum of PbB4O7 is only slightly
shifted to the low frequency range (not more than 2%)
evidencing a weak influence of the cation on the inter-
nal vibrations in the boron–oxygen motif.

A difference in the Raman spectra of SrB4O7 and
PbB4O7 is also seen in the redistribution of the relative
intensities of the Raman lines in different spectral
ranges. This is evident from a comparison of unpolar-
ized Raman spectra of polycrystalline SrB4O7 and
PbB4O7 shown in Figs. 3b and 3c (curve 1). In the
SrB4O7 spectrum the most intense lines are in the

middle of the frequency range, whereas the PbB4O7
spectrum is dominated by the lines in the low fre-
quency range (<200 cm–1). A peculiar influence of
cations on the intensity of the Raman spectra for the
structures having a sublattice formed of Pb2+ ions was
observed previously for compounds with a scheelite
structure. This phenomenon was explained by the for-
mation of a partially covalent bond between Pb2+ and
oxygen in the structure of the anionic motif of a num-
ber of oxide compounds [20].

RAMAN SPECTRA OF STRONTIUM, LEAD, 
AND LITHIUM DIBORATES IN THE GLASSY 

AND MOLTEN STATES

Earlier studies of glasses [15, 21] and melts [22–24]
of alkali and alkaline earth borates with different ratio
of concentrations of basic and acidic oxides showed
that their discrete Raman spectra correspond to the
internal vibrations of boron–oxygen fragments with a
strong covalent bond. Changes in the structure of
these fragments depend on the concentration of the

Fig. 2. Low and high frequency ranges of the polarized Raman spectra of PbB4O7 single crystals at 300 K from Fig. 1. The lines
that are forbidden in given scattering geometry are labeled with “*”. The numbers indicate the frequencies of the lines in cm–1.
The direct and broken lines indicate the shifts of the TO-LO and TO-IO phonon lines.
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basic oxide, its type and temperature. The internal
vibrations in boron–oxygen complexes were also
assigned in the Raman spectra of crystalline borates.
Analyzing the Raman spectra, it is convenient to con-
sider the lines of characteristic vibrations of boron–
oxygen bonds including terminal (B–O) and bridging
(B—O–B) bonds, as well as metaborate and boroxole
rings for the fragments consisting of isolated or linked
[BO3]-triangles [15–16, 21–24]. The structures con-
taining fragments with linked [BO3]-triangles and
[BO4]-tetrahedra also exhibit characteristic vibrations
of the rings that consist of these fragments (the six-
membered rings) [15, 25]. The presence or absence of
lines of such characteristic vibrations in Raman spec-
tra of glasses and melts provided initial grounds for the
conclusion of the presence in their composition of the
boron–oxygen fragments with a structure similar to
the structure of such fragments in crystalline borates
[15–16, 22–25]. In this connection, it seemed inter-
esting to analyze the features of the Raman spectra of
glasses and melts of strontium and lead diborates, con-
sidering the previous detailed studies of the Raman
spectra of other diborates, in particular lithium dibo-

rate [21–22, 25–27]. Figure 3 (images in the bottom
numbered 1, 2, and 3) shows the original Raman spec-
tra of polycrystalline, glassy, and melted diborates of
lithium, strontium, and lead. For a more detailed
demonstration of their features due to the different
arrangement of separate boron–oxygen fragments in
different aggregate states, the top pair of images (4 and
5) show the Raman spectra of the same diborates in
the glassy and melted states after the Bose-factor cor-
rection.

Let us consider the features of the Raman spectra
in Fig. 3a, which were identified earlier in studies of
crystalline, glassy, and molten lithium diborates [21,
22, 25, 26].

The high frequency range of the Raman spectra of
diborate lithium glass and melt, 1300–1500 cm–1,
exhibits a broad polarized band A (2–5, Fig. 3a). This
band in the Raman spectra of melts and glasses was
attributed to the vibration of the terminal B–O bond
in the [BO3]-triangles, which form either chains of dif-
ferent length, or a framework. Band A indicates the
presence of the [BO3]-triangles, one vertex of which
has no contact with other boron–oxygen fragments,

Table 2. Vibration frequencies (cm–1) corresponding to LO- and IO-phonons in the Raman spectra of PbB4O7 single crystal
at 300 K

αij labels the components of the scattering tensor that determine the intensity of the Raman lines for the studied scattering geometries.

A1 A2 B1 B2

αxx αyy αzz αxy/αyx αxz/αzx αyz/αzy

ТО LO TO LO TO – TO IO TO IO

48 49 48 49 48 66 66
104 149 104 149 104 107 92 93 81 96
– – – – 131 122 –
– – 246 248 246 261 141 141 160 160
292 292 291 292 292 324 158 164 245 245
350 353 350 353 350 352 273 273 271 271
420 421 420 420 420 410 281 281
486 486 484 485 486 484 433 433 431 –
564 564 564 564 564 526 501 502 506 507
623 623 623 623 623 604 602 603 544 546
627 641 – 641 627 630 627 631 613 –
696 696 696 696 696 714 649 654
– – – – 727 740 708 718
806 – 806 844 806 786 786 803 805
868 874 – 874 868 907 909 874 904
– – 998 1007 – 922 961 – 944 944

1007 1067 – – 1007 1002 1013 – – 1010
1082 – 1082 1092 1082 1079 1071 1071 1026 1051
1138 – 1138 1227 – 1125 1179 1284 1070 1110

1142 1272
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which form a complex anion motif. Because the struc-
ture of Li2B4O7 crystal contains no [BO3] triangles
with the terminal B–O bond, the high frequency
boundary of the Li2B4O7 spectrum is considerably
lower (below 1200 cm–1) than in the spectra of its glass
and melt (2–5, Fig. 3a). Thus, the appearance of the
A-band in the Raman spectra of the lithium diborate
glass and melt evidences that part of its anionic motif
undergoes restructuring upon melting.

Another feature of the Raman spectra of the melted
and glassy lithium diborate is the bands B and C in the
500–770 cm–1 range. Highly polarized and intense
band B at 770 cm–1 deserves attention. This line,
according to studies of the Raman spectra of alkaline
and alkaline–earth borate glasses [15, 25] and melts
[22, 26], is a characteristic vibration of a six-mem-
bered ring consisting of linked [BO3]-triangles and

Fig. 3. Raman spectra of (a) lithium diborate, (b) strontium diborate, and (c) lead diborate in polycrystalline (300 K), glassy, and
melted states. Original unpolarized Raman spectra of (1) polycrystal and original polarized Raman spectra of (2) glass, and
(3) melt; (4) spectra of glass (shown in (2)) after correction for the Bose factor; and (5) spectra of melt (shown in (3)) after cor-
rection for the Bose factor. The numbers indicate the frequencies of the lines in cm–1. The lines labeled with A, B, C, D, E, and
E1 belong to the fragments the nature of which is discussed in the text.
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[BO4]-tetrahedra. As can be seen from Fig. 3a (2–5),
such fragments should have a rigid structure with a
fairly fixed В–О–В angles which exist in the glass and
can persist in the melt. The Raman lines in the 500–
770 cm–1 range of crystalline Li2B4O7 spectrum were
attributed to the presence of ring-shaped fragments of
two linked [BO3]-triangles and two [BO4]-tetrahedra.
This allows us to consider the B- and C-lines as indi-
cators of the presence of such ring-shaped [BC]-frag-
ments in glassy and molten borates.

In addition to the [BC]-fragments, glassy lithium
diborate also contains complexes [DF], to which the D
and F lines in the 900–1150 cm–1 range (2–5 in
Fig. 3a) are attributed [15, 21, 25]. The D and F lines
completely disappear from the Raman spectra upon
the transition from the glassy state of lithium diborate
at 300 K to its molten state (2–5 in Fig. 3a). At the
same time, in the spectra of the melt recorded at the
lithium diborate melting temperature, the lines of the
ring-shaped [BC]-fragments are preserved, but their
intensity is redistributed with band A showing stronger
growth upon melt overheating by 150–200 K [22, 26].

Such temperature behavior of the lines of the [BC]-
and [DF]-fragments confirms that, along with [BO3]-
triangles, their composition includes [BO4]-tetrahe-
dra, which transform into the boron–oxygen triangles
at high temperatures. In addition to the Raman spec-
troscopy method, the thermal instability of the tetra-
hedral groups in various borates and their transforma-
tion into [BO3]-fragments have also been proven by
other experimental methods [28, 29]. If the B band is
widely recognized as a characteristic vibration of the
six-membered ring, the question of the structure of
the fragments corresponding to the D and F bands in
the Raman spectra is controversial. Given the disap-
pearance of these bands from the Raman spectra of
melted borates at relatively low temperatures, it can be
considered that the [DF]-complexes includes mixed
fragments of [BO4]- and [BO3]-groups with an
arrangement differing from that for the ring-shaped
[BC]-fragments.

The low frequency range of the Raman spectrum
(65–75 cm–1) of glassy lithium diborate exhibits an
intense broad band E (2 in Fig. 3a), which is a distinc-
tive feature of the Raman spectra of the glassy state
(the Boson peak [30]).

As can be seen comparing Figs. 3a and 3b (2–5),
the Raman spectra of glassy and molten diborates of
lithium and strontium are completely similar in the
number of observed bands, their frequencies, the ratio
of their intensities and polarization, as well as in char-
acter of the temperature-induced change of the
Raman spectra upon the transition from the glassy to
the molten state. This allows us to conclude that the
anionic motif in the SrO · 2B2O3 и Li2O · 2B2O3 glasses
and melts contains the same set of boron–oxygen

fragments with a specific structure and the ratio of
their concentrations.

The crystal structure of α-SrB4O7 does not include
the [BO3]-triangles, as well as mixed fragments of the
[BO3]-triangles and [BO4]-tetrahedra, whereas the
lines of these groups are seen in the Raman spectra of
strontium diborate glass and melt (Fig. 3b). This fact
indicates that melting of the α-SrB4O7 crystal com-
pletely transforms this peculiar construction of the
anionic motif consisting solely of [BO4]-tetrahedra.

At first glance, the formation of a boron–oxygen
motif in lead diborate glass and melt would have to be
the same as in the cases of lithium and strontium dibo-
rates. However, the Raman spectra of PbO·2B2O3
composition in the glassy and melted states (2–5 in
Fig. 3c) differ significantly from the spectra of lithium
and strontium diborates in the glassy and melted states
(2–5 in Figs. 3a and 3b). In addition to boson peak E,
the low frequency range of the spectrum of the PbO ·
2B2O3 glass, exhibits strongly polarized band E1 (2 in
Fig. 3c). In the Raman spectra of lead diborate glass
and melt, it is also possible to assign features of the
same characteristic vibrations of boron–oxygen frag-
ments as in the spectra of SrO · 2B2O3 and Li2O ·
2B2O3, namely, the A-, B-, D-, and F-bands, consid-
ering such characteristics as frequency, polarization,
and change in intensity with temperature. At the same
time, if the narrow and strongly polarized B-band
dominates in the spectra of lithium and strontium
diborates in the glassy and melted states, the intensity
of this line in the spectra of lead diborate in these
aggregation states is very small (spectra 2–5 in Figs. 3b
and 3c). On the contrary, the A-band, which is less
intense in the Raman spectra of lithium and strontium
diborates in the glassy and melted states, dominates in
the spectra of PbO · 2B2O3. In addition, the D- and
F-bands in the spectrum of the PbO · 2B2O3 glass also
have a relatively large intensity in comparison with
SrO · 2B2O3 and Li2O · 2B2O3 glasses (spectra 2 in
Figs. 3c, 3a, and 3b).

Thus, in the first approximation, the analysis of the
Raman spectra of Li2O · 2B2O3, SrO · 2B2O3, and
PbO · 2B2O3 compositions in the glassy and melted
states reveals the same set of boron–oxygen fragments.
At the same time, the ratios of the relative amounts of
these fragments in the case of Pb2+ significantly differ
from those for Li+ and Sr2+. In particular, glassy and
molten lead diborate contain a very small amount of
the ring-shaped [BC]-fragments and a large amount of
the [BO3]-triangles, with one vertex forming no bridg-
ing B–O–B bonds (the A-fragments). The reason for
this may be a relatively high value of the partially cova-
lent bond between Pb and oxygen in the composition
of the boron–oxygen fragments, which shifts the equi-
librium in the melt toward the preferential formation
of complexes containing triple-coordinated boron. A
large degree of the covalent character in the Pb–O
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bond is a probable explanation for the appearance of
low frequency band E1 in the Raman spectrum of lead
diborate glass (2 in Fig. 3c). In this case, bonding of Pb
with “nonbridging” oxygen in the B–O groups would
result in the formation of a partially ordered structure
with the Pb–O vibrations being localized within a nar-
row interval of the low-frequency range.

The structure of PbB4O7 is a crystallo-chemical
analog of α-SrB4O7 and contains only fragments of
vertex-linked [BO4]-tetrahedra; as follows from the
analysis of Raman spectra, in melted PbB4O7 these
fragments are completely transformed into fragments
consisting of linked [BO3]-triangles. Accordingly,
crystallization of the melt is to be accompanied by the
inverse structural transformation of the anionic motif.
Given the strong difference in the structure of the
individual fragments of melted and crystalline PBO,
such a transformation is hampered in both homoge-
neous and heterogeneous processes of nucleation.
This explains the high propensity of the PbO · 2B2O3
melt to glass transition even at relatively slow cooling
and in the presence of a contact with the surface of
PbB4O7 crystal. This phenomenon is illustrated in
Fig. 4.

This figure shows a photograph of a PbB4O7 single
crystal with a transparent droplet of PbO · 2B2O3 on
the crystal surface which was solidified after separa-
tion of the crystal from the melt. Figure 4 also shows
Raman spectra of the droplet and crystal surfaces at
300 K. As follows from the analysis of these spectra,
the solidified droplet is a partially crystallized glass
consisting of randomly oriented PbB4O7 nanocrystals.

It is for this reason that the Raman spectrum of such
crystallites in the glassy droplet noticeably differs from
the spectrum of a oriented face of the single crystal.
Thus, the single crystalline surface, which is in contact
with the droplet, does not act as a seed for the growth
of the crystallites with the same orientation as the face
of the single crystal.

CONCLUSIONS
Analysis of polarized Raman spectra recorded at

different scattering geometries of the PbB4O7 single
crystal resulted in identification of 15А2 + 16В1 + 17В2
lines that is close to the theoretical spectrum of TO-
vibrations for the Рпт21 structure (17A2 + 16B1 +
18B2). At the same time, for the А1 symmetry, the
number of recorded lines is 19 instead of 18 that is pre-
dicted by the theory.

Replacement of Sr for Pb in the Рпт21 structure
significantly shifts the spectrum of external lattice
vibrations to the low frequency range, while the spec-
trum of internal vibrations in the boron–oxygen motif
virtually remains the same.

Similarly to the Raman spectra of α-SrB4O7, the
spectra of PbB4O7 show a significant shift in the fre-
quencies of the LO- and IO-vibrations (up to 130 cm–1)
and the increase in the intensity of these lines as com-
pared to the Raman spectra of the TO-phonons.

The study of Raman spectra showed that the pecu-
liar arrangement of boron–oxygen complexes in the
structure of SrB4O7 and PbB4O7 crystals completely
transforms upon their melting. At the same time, for

Fig. 4. Raman spectra of (1) surface of a PbB4O7 single-crystal, (2) drop of the melt on its surface, and (3) glassy lead diborate.
Spectra were recorded at 300 K. Arrows indicate the places on the sample (inset) where the Raman spectra were recorded. 
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lead diborate in the molten and glassy states, the pro-
cess of formation of new complexes significantly dif-
fers from the same process in the case of strontium and
lithium diborates.
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