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Abstract

Structural Studies of iron molybdenum phosphate glasses were carried out using infrared
(IR) radiation, density, Vicker hardness measurements and conductivity. Fe,O; concentration
ranging from 2.5 to 15 mol% was introduced at the expense of MoQ; content. The
measurements have shown that molybdenum participates predominantly in the six fold
coordinated (MoO;) and four fold coordinated (MoOy), iron participates also in tetrahedral
(FeO,) and octahedral (FeOg) concentrations. Small amount of (PO;) and/or (PO;), (POy)
groups are also present in the network former position. The increase in the Fe; 05 content lead
to the formation of covalent bond between the non bridging oxygen (NBO) ions and iron ions
to form (P-O-Fe) units as well as to increase the (MoQy) groups.

Gradual increase in density, Vicker hardness and number of oxygen ions density are
observed with the increase of Fe;0; concentration. There is a proportional relation between
the molar volume and electrical conductivity.

Introduction

Molybdenum containing glasses posses a variety of specific features which
arouse interest in view of their applications. It is known that MoQ; adds
semiconductor properties with n-type conduction. MoO; containing glasses are also
used for the development of optical and radiation glasses and crystalline glass
materials. There are very reported studies concerning structural details for
molybdenum containing iron glasses U4 The density of a material is an important
property to understand and make a quality control of commercial glass
manufacturing. Density is an intrinsic property, which relates directly to the
structure and other properties of the material.

The present paper contains the results of studies of structure and some of
physical properties of MoO;- P,O; as a function of Fe,O; concentrations by IR
techniques, Density, molar volume, hardness measurements and electrical
conductivity.

Experimental:

A glass system was prepared according to the formula 20 mol% P;0s, (80-x)
mol% MoO; and x mol% Fe,0; where x= 2.5, 5.0, 7.5, 10.0, 12.5 and 15. The
homogeneous mixture was melted in porcelain crucible at 1000°C for 2 hours and

the melt was quenched in air at room temperature (R.T). The (IR) measurements
were carried out using Parken Elmer spectrometer, using Fourier transform infrared

(FTIR) model RTX with a resolution of 2 cm”. The IR- absorption spectra were
recorded at room temperature applying KBr disk method in the range 400-4000 cm™
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The density of the glass samples was measured at RT using Archimede's
technic%ue, which is the most convention used method to accuracy up to + 0.001

gm/cm’.

Shimadu micro hardness tester type M was used for indentation testing of the
glass samples, with parallel and highly polished surfaces. Two samples were
examined for each composition. The identification diagonals lengths were measured
in micron with estimated accuracy of =+ 0.5 pm. At least ten indentations over area
of 1 cm? were made and measured for each sample. A load of 100 gm was used for
indentation keeping the time of indentation of 10 sec in all samples. The micro
hardness values (H) was calculated using the formula:

H=AP/d*) gm/mm’
Where A is a constant, that depends on the indenter geometry, equals 1.845 for the
used indenter, P is the applied load and d is the average diagonal length.

Results and Discussion:

IR measurements:

Figs. (1a, b) shows the IR spectra of the base glass sample as well as the 20
mol% P,0s, (80-x) mol% MoO; and x mol% Fe,O; where x= 2.5, 5.0, 7.5, 10.0,
12.5 and 15 respectively. It can be observed that the intensities of IR band in the
region 4000-1450 cm™ given evidence that very small contents of water or OH-
groups are detected in these samples which have no effect on the structure ® . The
amount of water present in the samples ia attributed to the intake of water from air-
moister during preparation of KBr pellets for infrared measurements. Table 1 shows
the visual estimation of the band position in the studied glasses.

Table (1): Visual estimation of the band position in the studied glasses.

Iron Content| Wave number (cm™)
(mol%)

2.5 | 508, 650)sm.b, (873,979)v.stbr., (1300)sh, (1457, 1516,1650)m.b(
50 | (521,625)sm.b, (866,986)v.stbr, (1031,1300)sh, (1457, 1540,

1735)m.b. .

75 (@68)sm.b, (551)sh., (864,972, 1031)v.st, (1300)sh, (1391, 1463,

1540, 1646)m.b

10.0 (488)sm.b., (567)sh, (899.984, 1044)v.st,(1365, 1475, 1600)m.b.

125 | (488, 567)sm.b,, (855. 986, 1041)v.st.b., (1535, 1629)m.b.

15.0 (501)sm.b., (597,694)sh, (815, 959, 1097)v.st.b., (1450, 1627)m.b.

Letters key: m- medium, st- strong, v- very, sh- shoulder, m- medium, sm- small, b-
band and br- broad. ;

From these Fig.1b and table 1, it can be observed the presence of absorption
bands which at 508, 650, 873, 979 and 1300 cm™for the sample with 2.5 mole%
Fe,0s, the same bands are observed are present for all samples but with different
intensities and small change in band position and appearance a new bands at 1031
cm’ for the samples containing iron oxide > 2.5 mol% and the band at ~ 486 cm™
for the glass containing
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Figure 1b: Infrared spectra of these glasses with different iron contents,
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> 5.0 mol%. The fundamental bands of frequencies between 899- 855cm™ are
assumed Iron oxide >5 mol %. The fundamental bands of frequencies between 899 -
855 cm™ are assumed to be the result of activation of vibrations of Mo-O bonds in
disordered MoQO4 groups 6% The strong and broadening in these bands that at 873
and 973 cmindicated the formation of a series of complexes with more than one
Mo=0 bond having vibration frequencies close to each other, so these overlapping
bands cannot be resolved. The bands range from 694 to 551 cm™ are characteristic
vibrations of FeO, groups in these glasses, while the bands that are at 521 to 468 cm’
I are due to FeO4".. The band at 979 cmis shifted to 985 cm™ this band is probably
due to the vibration of a short Mo=0 bond of deformed MoOg groups ®. The band-
at 815 cm™ is assigned to the anti-symmetric stretching vibration of a Mo~ O long
Mo bridge associated with MoOg octahedral having Mo=0 bond ™. The band at 650
cm™ is attributed to bending vibration of FeO, ®? or is assigned to bending modes
of the PO, groups %, The absorption band observed at 508 cm™ is assigned to
vibration of FeOg . The band at 1300 cm™ is assigned to asymmetric vibration (v,)
of P-O bonds in O-P-0, i.e., [P=0] in phosphate chains (PO,), this absorption band
is typical of meta phosphate chains!'"'?. The shoulder band at 1031 cm™ is assigned
to P-O° (NBO, non bridging oxygen) stretching vibration of PO, ™ ‘terminal groups
(chain terminator)"'® and /or v, (PO;)* groups (chain end groups). The band at
1031 cm™ is shifted to 1044 cm™at 10 mol% the iron content . Such shift can be
discussed in terms of the formation of covalent bond between the NBO ions and the
iron ions to form P-O-Fe units ‘"%

Density, Molar Volume, Hardness.
and Number of Oxygen ions density Results:

The change in Density (D), Molar Volume (M.V), Hardness and Number of
Oxygen ions density Results as a function of iron content in these glasses (table 2)
and (figures 2,3&4) are suggested to explain the following structure changes through
the formation or the modification process in the glass network.

Table 2: Density, Molar volume, Number of oxygen ions density and hardness of these
glasses as a function of iron content.

Fe,O; D (gm/cm’) M.V (cm’/mol.) No.of oxygen Hardness
Mol% ion density Kgm/mm”*
X10*

2.5 3.14 45913 44,7535 74.019
5.0 : 3.15 45.895 44.7989 ' 75.789
7.5 3.61 40.075 51.2320 248.431
10.0 3.68 39.455 52.1120 267.613
12.5 3.79 38.395 53.5528 295.080
15.0 3.74 38.932 49.7452 294.423

From fig.(2,3&4) it is observed that the density of these glasses and the oxygen
ions density increases with the increase of iron oxide content from 2.5 to 15 mol%
on the expense of molybdenum oxide. This can be attributed to the introduction of
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iron cat ions which tend to occupy interstitial sites within the glass network and has
greater mass (159.611 a.m.u) than that of molybdenum atom (143.937 a.m.u). So
that the increase of the mass of the glass is greater than the increase in its volume.
The slight increase of the density for 2.5 and 5 mol% iron oxide can be attributed to
slight increase of the degree of bridging corresponding to slight change of the glass
network structure. While the large increase in iron oxide content from 5 to 15 mol%
can be attributed to an increase of the degree of bridging correlated with a change of
the glass matrix (into a three dimensional network structure) which was composed
of MoOg and MoQj, tetrahedral instead of MoQOg only this results consistent with IR
result. The large increase in density in this region can be attributed also to the
formation of more closed packed structure as a result of the increase of Mo* ions
and also as a result of the interaction of Fe’* with the isolated Mo-O and P-O bonds
as can be seen from the change in the intensity and the frequency of the IR
stretching band of the Mo-O and P-O.

Fig.4 represents the effect of Fe ion concentration on the O- ion density,
where it was found that O- ion density increase with the gradual increase of Fe ions
concentration and then decrease again at high iron concentration. This indicated that
there is a gradual change in the structure of the glass net work as Fe,O; was
gradually increased due to the change in the O-ion density. Thus these results main
that polarons become able to hop easily !® between Mo and Fe ions at high iron
concentration while it become slowly at low iron content. The changes in hardness
and density reflect an increase in the structure condensation, increase in bond
strength and decrease in flow mobility as will be seen in the electrical conductivity.

Electrical conductivity results '
Table 3 and figure 5 showed the electrical conductivity measured at room

temperature as function of Fe203 concentration.

Table 3: Electrical conductivity data of the glasses.

Fe, 03 mol% oQ'cm” x10~°
2.5 7.3800
5.0 8.6731
7.5 4.8661
10.0 4.2589
12.5 5.2457
15.0 6.8863

The decrease in conductivity in the addition of 7.5 and 10 mol% Fe,0O; indicates a.
decrease in the mobility of Mo®* and Fe**ions which can be attributed to the
formation of compact structure and isolated molybdenum ions as can be seen from
the IR, density and hardness results. The increase again in the conductivity on the
addition of 12.5 and 15 mol% Fe,O; can be attributed to the increase in the number
of paramagnetic ions as Effect and ESR measurements ” and hence an increase in
the hopping mechanism between Fe** & Fe** and Mo®>* & Mo®".
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Fig.5: relation between Electrical conductivity
and iron contents in these glasses.

The measurements have shown that the structural net of these glasses consist
mainly of MoOs, MoO4, PO,, PO;, FeOy and FeOq The increase of Fe,O;
concentration in the composition led to the formation of covalent bond between the
NBO ions and iron ions to form P-O-Fe units, as well as an increase in MoQO,

groups.

This increase up to 10 mole% led to a decrease in the conductivity due to the
formation of compact structure. More increase than 10 mol% led to an increade

again in the conductivi
& Fe*" and Mo’ & Mo®".
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