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ABSTRACT
Glasses in the system [50Li2O-xB2O3-(50-x)P2O5] (10 < x < 27.5), have been prepared by the melt
quenching technique. Density, molar volume, hardness and Ft-IR spectroscopy have been employed to study the
role of B2O3 on the structure of the glass network. The results of density and hardness showed that both
increased as P2O5 is replaced by B2O5 [as y was increased from 0.2 up to 0.4 where (y = B2O3/(B2O3+P2O5))].
After Y 0.4 both of them decreased. Infrared spectra reveal that with the replacement P-O-B bonds are present
at very low B2O3 content and their relative amount increased within the whole range of B2O3. BO4 tetrahedral
groups are predominant (~ 100%) up to 15 mole% B2O3. Then, the proportion of BO3 units starts to appear.

1. INTRODUCTION
Alkali borate glasses with high ionic
conductivity are receiving considerable
attention because of their unique properties and
their potential applications [1-4]. The role of
alkali oxides in borate network is to modify the
host structure by the transformation of BO3 to
BO4 units. Previous studies [5-7] showed that
the presence of B2O3 in the matrix of alkali
phosphate improves the glass quality and
enhance IR transmission. Also borophosphate
glasses have a variety of other useful
properties, where they can be used as fast ion
conductors [8], zinc borophosphate can be used
as glass solders [9], these glasses exhibit also
high chemical durability.
The coordination of more than one former
oxide such as P2O5 and B2O3, have interesting
subject to study. The properties of such mixed
former glasses are specific to the matrix being
differ from the properties of either pure borate
or pure phosphate networks. The basic units of
pure borate glasses are BO3, whereas the basic
units of pure phosphate glasses are PO4
tetrahedra. The addition of a modifier oxide to
borate and phosphate networks has different
effects. In a borate network, the addition of a
modifier oxide increases the degree of
polymenzation, the alkali oxide change the
coordinates of boron from trigonal to
tetrahedral, and the basic units changes from
BO3 to BO4. In phosphate network, the addition
of alkali oxide has the opposite effect, it has a
deplymenzation effect, the extra oxygen atoms

introduced by the alkali oxides form negative
non-bridging oxygen (NBO) sites, whose
charge is compensated by the positive charge of
the alkali cation [10,11].
Borophosphate glasses possess a variety of
useful
properties.
Alkali
and
silver
borophosphate glasses are fast ion conductors
[12,13]. Koudelka and Moser [14,15] have
studied zinc borophosphate and zinc-lead
borophosphate where they found that the
addition of B2O3 increases Tg and they
attributed it to the increased crosslinking and
hence the dimensionality of the network. IR
spectra revealed the presence of P-O-B
linkages. It has also been observed that ionic
conductivies in borophosphate are higher than
that of corresponding binary borate and
phosphate glasses.
In this article, we report a wide range of
structural investigations for some lithium
borophosphate
glasses.
Their
physical
properties such as density, molar volume,
hardness will be measured. Infrared will be
used. to investigate the structure and an
available model will be applied.
2. EXPERIMENTAL
2.1) Sample preparation
An oxide glass system of the composition
[50Li2O – xB2O3 - (50 - x) P2O5] was prepared
on the bases of the molecular percentage,
within the glass formation limits 10 < x < 27.5.
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These samples were prepared in batches of
10 g. The compositions of the selected glasses
were prepared by the conventional melt
quenching method. The starting materials
Li2CO3, (NH4) 2HPO4 and H3BO3 (all of analar
grade) were mixed thoroughly by powdering in
an agate mortar for half an hour to obtain well
mixed fine powder. The ground mixture was
heated in a platinum crucible at 450°C for
about 1.5 h, then at 600'C for another 1.5h in
order to decompose Li2CO3 and NH4)2 HPO4.
The batches were then melted at 1000°C for
about one hour, meanwhile the batches were
stirred several times to ensure complete
homogeneity. The clear, bubble-free melted
mixture was poured on a preheated copper plate
at 200°C to avoid shattering of the quenched
sample and pressed by another preheated
copper plate. Thus, colorless, transparent
[50Li2O- xB2O3-(50-x) P2O5] mole% glass was
obtained.
Due
to
the
different
proposed
measurements, the samples were divided into
two parts. One part was powdered to suit
Infrared and X-ray measurements. The second
part was used in its solid form to suit the
density and other measurements.
The prepared glass samples were
investigated by means of (XRD) to confirm the
amorphous nature of the samples. (XRD)
measurements were performed. using a Philips
Analytical X-ray diffraction system, type PW
3710 with the Cu – tube anode to check the
non-crystalline nature of the glass samples.
The obtained XRD diffraction patterns are
shown in Fig (1). This confirms that the
prepared samples are completely amorphous.
and the absence of any crystalline phase due to
the absence of any sharp peaks in X-ray
diffraction.

Fig (1) XRD patterns of all the studied glass
samples.

2.2) Density and molar volume:
2-2-l) Density measurements:
The density of the prepared glasses was
determined using Archimedes method. Each
sample was weighed in air and after then
immersed in toluene at room temperature. The
density of the samples was calculated according
to the following formula:

 ex 

(Wa )

Wa  Wt t

(1)

Where ex is the experimental density of the
glass sample, Wa. is the weight of the glass
sample in air, Wt, is the weight of the glass
sample in toluene, t is the density of
toluene,(t = 0.865 gm/cm3 at RT) [16,l7].
The theoretical density of the samples was
calculated from the following formula:
theo = 1/i (ai/i)

(2)

Where the nominator represents the mass of
one gram of the sample and the denominator is
represented by the summation of ai over i,
where ai is the weight fraction of the oxides
used in preparing the samples and pi is the
density of these oxides forming the sample.
2-2-2) Molar volume calculations:
The following formula was applied for
calculating the experimental molar volume
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(Vm) of the investigated glass samples in the
present work,

Vm 

 wi

(3)

 ex

Where Vm is the molar volume of a glass
sample, Wi represent the mean molecular
weight of the glass sample, ex is the
experimentally obtained density of such glass
sample [18].
The theoretical molar volume (Vm) of the
investigated glass samples is calculated from:

Vm 

 wi

(4)

 theo

2-3) Micro hardness:
A Vicker's diamond indentor was used in a
standard micro hardness tester (Leco AMH
100, USA) for specimen indentation.
High polishing was necessary for obtaining
smooth, flat parallel surfaces before indentation
testing. A load of 250 g applied for 15 s was
used to make indentations in specimens of
glass. Each sample was subjected to ten
indentations at randomly selected areas, hence,
erors in the measured values corespond to the
standard deviation is about 2%. The diagonal
length impressions were measured and the
hardness number H was calculated according to
a standard formula,

H 

1.854F
( Kg / mm 2 )
2
d
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Where F is the indentation load (the force) and
d is the diagonal length impression.
2-4) IR Spectroscopy and measurements:
Infrared spectroscopy is one of the most
useful experimental techniques available for
easy strucfural studies of glasses. It represents a
powerful tool because it leads to structural
aspects related to both the local units
constituting the glass network and the anionic
sites hosting the modifying metal cations
[9,20].
Perken Elmer Spectrometer, model RTX,
FTIR was used to obtain the IR spectra in the
vibrational range from 4000 to 400cm-1. The IR
absorption spectra were recorded applying KBr
disk method using Fourier Transform Infrared
(FTIR) spectrometer at room temperature. The
used apparatus gives directly the value of the
vibrational energies of the present structure
groups from the (FTIR) software.
3. RESULTS AND DISCUSSION
3.7 Density, molar volume and hardness
Density is an important and accurate
property, which strongly reflects the fine
changes in the glass structure; it is a measure of
mass per unit volume. Fig (2), Fig(3), Fig(a)
and Table (1) show the theoretical and
experimental values of density (), as well as
the corresponding molar volume VM and vicker
microhardness of the studied glasses.

(5)

Table (1): theoretical and experimental density (), molar volume VM and. Hardness
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Careful reading and analysis of the
experimental density (), and microhardness
(H) given in Table (1) shows that:

5

Table (2): Assignments of the observed bands of
the alkali Borate, alkali phosphate and
borophosphate glasses

1) The initial parts of B2O3 (x < 20) replacing
P2O5 cause slight increase in both of the
experimentally measured density () and
microhardness (H).
2) Both of these materials characterizing
parameters (p, H) are slightly decreased as
the B2O3 parts exceed (x > 20).
3) The inflection point in (, H) relations
shown in figures (2) & (4) are nearly at (Y =
0.35), where [y=B2O3/B2O3+P2O5]. In other
words, it is in agreement with a previous
finding by Biakov a 123).
These changes in (p, H) may reflect some
changes in the structure of the glass sample on
increasing the B2O3 content, for example, the
increase of both (, H) may indicate that, the
glass matrix overall becomes stronger and more
rigid with increasing the B2O3 content due to
the increase in cross-linking in between the
phosphate chains in the glass network through
B-O-P bonds.
The decrease in molar volume indicates a
higher crosslinking of the glass network within
the whole range of compositions.
3.2) Infrared
The infrared absorption spectra over the
frequency range from (400 to 4000) for [50
Li2O - X B2O3 - (50-X) P2O3] glass system,
with 10< x < 27.5mole% are represented in Fig
(5) and the assignments of the detected
absorption bands are sunrmarized in Table (2).
Careful comparison of such spectra and
trials following different proportions, leads to
the following assignments:
1- The band at - 1640 cm-' is assigned to the
vibration of OH group.
2- The absorption band at around (1350-1450)
cm-1 is a small peak attributes to the B-O
stretching vibrations of trigonal BO3 units
and increases with the increase of boron
oxide.

Fig. (5) Infrared absorption spectra of the glass
system (50 Li2O – X B2O3 – (50-X) P2O5) where
10 < x < 27.5
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3- The absorption band around (1180-1280)
cm-' attributes to symmetric and asymmetric
stretching vibrations of P-O bonds in O-P-O
groups which is a broadband and becomes
weaker as B2O3 content increased.
4- The absorption band at around (1200) cm-1
can be attributed to symmetric vibrations of
two non-bridging oxygen atoms in PO4
tetrahedra which is a broadband and
becomes weaker as B2O3 content increased.
5- The absorption band at around (1200) cm-1 is
attributed to the asymmetric vibrations of
P-O– and it gets weaker as B2O3 content
increased.
6- The absorption band at around (1000) cm-1 is
attributed to P-O– symmetric stretching
vibrations of PO4 tetrahedra in the chain
structure and becomes weaker as B2O3
content increased.
7- The relatively weaker absorption band at
(950) cm–1 can be attributed to B-O
stretching modes of BO4 units which
increases in intensity towards the increase of
boron oxide.
8- The absorption band around (900) cm-1 can
be attributed to (P-O-P)As asymmetric
vibrations it gets weaker, shifted to higher
wave number and its intensity decreased as
B2O3 content increased.
9- The absorption band around (840) cm-1 can
be attributed to (P-O-B) symmetric
vibrations. It is a small peak and increases
as boron oxide increased.
10- The absorption band around (750)cm–1 can
be attributed to (P-O-P)s symmetric
vibrations. It is a small peak and becomes
weaker. as B2O3 content increased.
11- The absorption band around (600-800) cm-t
can be attributed to the bending vibrations
of B-O-B linkages. It is a small peak and
increase in intensity as B2O3. content
increases.
12- The absorption band around (450-500) cm–1
can be attributed to (PO4)3–. Such peak
strong one and becomes weaker as B2O3
coiltert increased.

DISCUSSION:
In the binary glass XM2O-(1-X) P2O5, the
ratio of BOAIBO within the whole range of 0 <
x < 0 .7 5can be predicted by the following
equation (4):
BO/NBO = 0.5 (3-4x)

(6)

Where (BO) are the bridging oxygens,
(NBO) are the non- bridging oxygens and X is
the alkali concentration. In the studied glass
system the alkali concentration is constant
(Li2O concentration= 50 mole %). So, before
adding B2O3:
BO/NBO = 0.5 [3-(4 x 0.5)] = 0.5
In other words, bridging and non-bridging
proportions are equal in the parent glass [36,37)
As P2O5 is replaced by the glass forming
B2O3, new structural groups will appear as a
result of the bridging between phosphate units
and borate units [38].
The different types of phosphate species
(Q2 and Q1 units) are bonded to either BO3 or
BO4 boron groups. Therefore a transition from
a phosphate to a borophosphate glass network
occurs [22] where Q2 & Q1 represent The
resulting depolymerisation of the phosphate
network with the addition of alkali oxide, M2O
by the pseudo-reaction model [164], where the
index n in Q, (where n - 0, 1,2,3) is the number
of bridging oxygens per PO4 tetrahedron [39].
2Qn + M2O  2Qn – 1

(7)

Due to the simultaneous presence of borate
and phosphate groups in the sample, the
spectral region (600-1200) reflects the
overlapping of the characteristic bands of the
expected BO4, P-O-P(S, AS), and P-O-B groups.
So, IR deconvolution is made by an origin
program in the region (600-1600) cm-1 to
achieve the best fits for all the experimental
spectra and to separate this overlapping and
define the accurate position for each group by
calculating the relative area for each position
resulting from deconvolution assignment
positions. (The position of each band,
bandwidth and its intensity are adjustable
parameters during the fitting) [40].
An example of deconvoluted IR spectra is
represented in Fig (5).
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(8)
(9)
(10)
(11)
(12)

Fig (5) An example of the deconvolution of one of
the studied glass sample

When P2O5 is replaced with B2O3, some
new bands are observed around (600-800)cm-1
is assigned to bond bending vibration of B-O-B
linkages which increase in intensity as B2O3
increased, at (950) cm–1 which is attributed to
BO4 increases as B2O3 content increases (BO4)
groups exists till the ratio of 20% mole of B2O3,
it then decreases which may be due to the
transformation from BO4 tetrahedral to BO4
triagonal and this is in agreement with B. K.
Money et al. who concluded that at more than
20% B2O3, there is anomalous behavior BO4
converts to BO4. The phosphate units
progressively disappear as B2O3 content
increases (phosphate units bridge borate
groups) [21].
By following the absorption bands results
from deconvolution analysis, there is still an
overlapping in the same region (600 to 1200),
different structural groups cannot be
distinguished.
Another useful way to separate and assign
various bonds is by what is called a structure
model. It is a model developed for
borophosphate structure to allow one to check
the plausibility of the various experimental
findings, such as the relative fractions of nonbridging oxygens (NBOs), bridging oxygens
(BOs) (i.e, P-O-P, B-O-B and P-O-B bonds)
present in the borophosphate glass system
[0.45Li2O – xB2O3–(0.55-x) P2O5] [41].
The relative fractions of the four possible
oxygen species can be described by:

Where fNBO, fPOB, fPOP, fBOB are the relative
fractions of NBOs, P- O - B, P- O- P and B - O
- B bonds respectively. NNsop represents the
number of NBOs in one formula unit of the
parent phosphate glass and it can be calculated
from equation (6), No is the total number of
oxygens per formula unit, ϒ is the B2O3
molecular percentage, N4, N3 are the relative
fractions of BO4 and BO3 units, respectively,
and they can be calculated from relative area
calculated
for
their
positions
from
deconvolution results and Ɛ is the preference
factor for the P - O - B formation it is equal to
1.65.
11

B MAS NMR studies on [0.50Li2O (0.50 - x) P2O5 – xB2O3] glasses indicated that
BO3 units are predominant (N4 = 100%) up to x
- 0.15, then Na progressively decreases and the
fraction of BO3 units increases with the further
B2O3 addition. 31P MAS NMR spectra in this
glassy system further showed that the increase
of B2O3 content leads to the increase of Q1
phosphate units as well as P - O – B linkages,
and the decrease of Q2 phosphate units. In
addition, 7Li MAS NMR confirmed that Li
atoms remain a four-coordinated environment
with B2O3 addition in the [0.50Li2O - (0.50 - x)
P2O5 - xB2O3] glasses [22]. The fraction BO4
units (N4) and hence the fraction of BO3 units
(N3, where N3 = l-N4).
Due to the studied glass system [0.50Li2OxB2O3 - (0.50 - x) P2O5] is similar to the
previously studied glass system [0.45Li2OxB2O3-(0.55-x) P2O5] with XPS technique so,
the same preference factor is used with
different way as the present glass system
depends on the deconvolution results as
mentioned above.
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1. P-O-B bonds are present at very low
B2O3 content and their relative amount
increases within the whole range of B2O3 as
shown in fig (6).
2. BO4 tetrahedral borate groups are
predominant - l00%o up to 15 mole% B2O3,
Then, proportion of BO3 units increases as
shown in fig (5).

Fig (6) The fractional P-O-B and P-O-P& B-O-B
bonds calculated from the structure model
through deconvolution results as a function of
relative content y.

From fig (6) the proportions of P-O-P & BO-B decrease, and the concentration of P-O-B
bonds increases with the rising B2O3 content
[42].

And this in agreement with the results for
density, molar volume and Hardness. As the
density and hardness increase with the increase
of borate content and this may be due to the
existence of BO4 group and formation of P-O-B
bonds which increase the bridging between the
borophosphate units. Then the introduction of
BO: units after then when x excesses 20 mole%
are responsible for the decrease in density and
hardness. The molar volume decreases for all
proportions of borate content.
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