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Ultrasonic and spectroscopic study of risperidone and
polyethylene glycol suspension
Priti Kabra* and O.P. Chimankar #
Acoustic Research Laboratory, Department of Physics, RTM Nagpur University, Nagpur-440033, India
E-mail: *pritikabra1@gmail.com; #opchimankar28@gmail.com
The ultrasonic absorption of drug-polymer suspension was determined as a function of temperature using
pulser receiver. The suspensions were made up of a 1:1, 1:2, 1:3, 1:4, 1:5 mixture by weight of drug resperidone
and polyethylene glycol by using ultrasonic probe sonicator. Ultrasonic velocity, density, and viscosity have been
measured for different suspension at different temperature ranging from 10°C to 50°C and the various acoustical
data are evaluated. The product was further characterized by using techniques such as scanning electron microscopy
(SEM), fourier transform infrared spectrocopy (FTIR), Ultraviolet absorption (UV). The SEM investigations
exhibit that as we increase polymer ratio the drug molecules are uniformly coated with polymer which is useful
for stability and rate controlled drug release.
Keywords: Drug-polymer suspension, ultrasonic, FTIR, SEM.

Risperidone (C 23 H 27 N 4 O 2 ) is a benzisoxazole
derivative, is a second-generation of typical
antipsychotic agent indicated for the treatment of
schizophrenia with reduced side effects especially extrapyramidal symptoms. It is a dopamine antagonist
possessing anti-serotonergic, anti-adrenergic and antihistaminergic properties. It is used primarily in the
management of schizophrenia, inappropriate behavior
in severe dementia and manic episodes associated with
bipolar I disorder. Risperidone is effective for treating
the positive and negative symptoms of schizophrenia
compared to first generation antipsychotics. Risperidone
was approved by the United States Food and Drug
Administration (FDA) in 1994 for the treatment of
schizophrenia. Physicochemical properties and long half
life of Risperidone make it suitable candidate for oral
fast dissolving drug delivery system1,2,3 .
In the present study PEG loaded Risperidone micromolecules were developed by solvent evaporation
method. The aim was to develop polymer loaded
Risperidone molecules to increase its solubility, to
provide better understanding of microbubbles in
ultrasonic field and studying the various characteristics

of drug polymer suspension by SEM, FTIR, and
Ultrasonic methods.
Experimental Methods
Material : Risperidone was kindly gifted by the IPCA
Laboratories India. Polyethylene glycol, acetone and
tween-80 were all of AR grade. The experimental work
was performed by using distilled water.
Effect of drug-polymer ratio in internal phase on
microsponge formulation was studied. Five different
ratios of drug to polymer were employed to determine
the effect of drug-polymer ratio on physical acoustical
characteristicsof microsponges. In each formulation the
amount of drug was kept constant at 0.5 gm and type
and amount polymer PEG were changed.
Preparation of microparticles : Solution of polymer
in acetone containing risperidone was mixed by using
magnetic stirrer. This solution is then added dropwise
with the help of syringe to aqueous solution of surfactant
tween-80 (0.5%). During this mixing the aqueous phase
was sonicated using a probe sonicator to produce oil in
water emulsion. The organic phase was evaporated by
stirring mixture for 12 hours. The obtained microparticles were recovered by centrifugation and washed
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thrice with distilled water. The washing water was
removed by a further centrifugation and microparticles
were filtered.
Ultrasonic Measurements
Ultrasonic velocity was measured by pulser-receiver
method and corresponding attenuation were recorded at

Fig. 1. FTIR spectrum of Risperidone

Fig. 2. FTIR spectrum of Risperidone and PEG ratio (1:1)

Fig. 3. FTIR spectrum of Risperidone and PEG ratio (1:2)

Frequency 4 MHz at various temperature ranging from
283 K to 323 K. Density was measured by Picnometer
method and Viscosity by Ostwald's viscometer. The
values of velocity, density, viscosity and adiabatic
compressibility have been used to calculate further
acoustic parameters.
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Fig. 4. FTIR spectrum of Risperidone and PEG ratio (1:3)

Fig. 5. FTIR spectrum of Risperidone and PEG ratio (1:4)

which no new peaks are formed and no existing peaks
are disappeared.

FTIR : FTIR of pure drug risperidone and various
formulation of ratio (1:1, 1:2, 1:3 & 1:4) are shown in
Figs. 1-5. From spectral analysis various functional
groups are identified as shown in Tables 1 and 2. All the
characteristic peaks of Risperidone and Polyethylene
Glycol appeared in the spectra of formulation which
reveals formation of polymer loaded drug particles in

Scanning Electron Microscope : Morphological
studies of the risperidone microparticles were visualized
using scanning electron microscopy (Figure 6). The
study affirmed the spherical nature of the particle with
mostly uniform size distribution with the particle size
between1-10 micrometre.

Table 1 – FTIR spectrum of Risperidone and formulation.
Peak (cm–1)
in pure drug

3069
1651
1130
2804
1060

Peak (cm–1) in formulation
1:1

1:2

1:3

1:4

3067.97
1643.41
1189.57
2807.66
1091.19

3069
1648
1194
2809
1022

3064.53
2804.3
1189.61
2809
1022

3068.03
1644.41
1190.28
2806.83
1022

Group

Peak assignment

C-H
C=O AMIDE
C-F FLUORIDE
C-H
C-N AMINES

BENDING
STRETCHING
STRETCHING
STRETCHING
BENDING
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Table 2 – FTIR spectrum of PEG and formulation.
Peak (cm–1)
in pure PEG

Peak (cm–1) in formulation
1:3

1:4

3393.15

3424.60

Group

Peak assignment

1:1

1:2

3391.15

3392.64

3402.09

O-H HYDROXYL

STRETCHING

2871.90

2852.43

2851.95

2939.48, 2889.71 2924.93, 2886.46

C-H ALKANES

STRETCHING

1302.94,
1355.96,1453.05

1309.43,
1348.84

1416.55

1447.34, 1414.77, 1449, 1415.08,
1348.70, 1310.79 1346.75, 1310.24

C-H ALKANES

SCISSORING &
BENDING

1036.08,1251.10

1036.08

1019.36

1126.85

1109.12,

C-O ALCOHOLS

STRETCHING

1095.53

1091.19

1091.55

1019.15

1019.11

C-O-C ETHER

STRETCHING

collect the spectra at room temperature. The interference
of the outside light was also prohibited to prevent photon
shot noise. The spectra were collected over the
wavelengthrange from 320 to 400 nm (shown in fig. 7).

Fig. 6(a). SEM of pure drug
Fig. 7. UV of formulation

Ultrasonic characterization
Table 3 – Values of acoustic parameters at 4 MHz.
Drug-Polymer ratio

Fig. 6(b). SEM of formulation

UV Spectra : The solid powder samples of
formulation (prepared as per the above mentioned
procedure) were characterized by ultraviolet light to

U

1:1
1:2
1:3
1:4
1:5

1480
1486
1494
1484
1490

1:1
1:2
1:3
1:4
1:5

1496
1506
1512
1504
1514


T=283K
724.72
738.81
751.57
747.67
749.18
T=293K
718.47
734.88
747.03
742.77
743.66

 (*10–3)

?a (*10–10)

1.045101
1.010805
1.285934
1.009607
1.197062

6.2994
6.1295
5.9610
6.0732
6.0122

0.679158
0.690088
0.871915
0.731418
0.805045

6.2190
5.9997
5.8554
5.9517
5.8664
Conte d.....
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1:1
1:2
1:3
1:4
1:5

1510
1521
1532
1517
1527

1:1
1:2
1:3
1:4
1:5

1544
1546
1554
1542
1548

1:1
1:2
1:3
1:4
1:5

1558
1566
1584
1562
1564

T=303K
714.79
729.35
741.79
739.32
738.97
T=313K
700.64
724.26
737.26
733.39
734.45
T=323K
695.26
717.56
724.13
724.91
727.16

0.484267
0.552850
0.723530
0.584416
0.668054

6.1357
5.9265
5.7437
5.8775
5.8035

0.4108
0.4333
0.5446
0.4433
0.4861

5.9870
5.7767
5.6166
5.7344
5.6819

0.2924
0.3245
0.4195
0.3443
0.3686

5.9254
5.6827
5.5039
5.6539
5.6221

Isothermal Compressibility versus concentration:
Adiabatic compressibility and isothermal compressibility show same behavior with dip at (1:3). The rise in
adiabatic compressibility is due to weakening of intermolecular forces in solution and decrease in cohesive
forces between solvent molecules 4 . The nonlinear

5

variation of isothermal compressibility for different
ratios indicates complex formation5.
Free length versus concentration : The decrease in
free length is due to compression of liquid, which
indicates that the molecules are coming closer to each
other, hence intermolecular cohesion is stronger leading
to strong molecular interaction 6. The intermolecular free
length decreases with increasing concentration of
polymer in 1:3 and 1:5 ratio.
Internal pressure versus concentration : Internal
Pressure (Pi) is measure of how internal energy of system
changes when it expands or contracts. Internal pressure
show non-linear variation for different compositions.
Internal pressure is resultant of attractive and repulsive
forces between the molecules. The internal pressure
shows peak for (1:1) and (1:3) ratio and dip for (1:2)
and (1:4) ratio showing phase transition where
intermolecular forces (cohesive forces or attractive
forces) depend on solid content in suspension7.

Fig. 10. Internal pressure vs ratio

Bayer's non-linearity parameter versus
concentration : The increase in B/A, for drug polymer
Fig. 8. Isothermal compressibility vs ratio

Fig. 9. Free length vs ratio

Fig. 11. Bayer's non-linearity parameter vs ratio

6
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ratio (1:1) shows decrease in intramolecular modes of
vibration and anharmonicity in the system under study.
This indicates associating tendency and weak
intermolecular8.
Volume expansivity versus concentration : Volume
expansivity depends on influence of electrostatic field
of solute ions on solvent molecules. The decrease in
volume expansivity shows weak orientation of solvent
molecules around solute ions, indicating the weak
associating tendency of the molecules in solution. The
increase in volume expansivity shows strong orientation
of solvent molecules around solute ions, indicating
strong associating tendency of molecules in suspension 9.
Fig. 14. Observed absorption vs ratio

suspension initially decreases with increasing polymer.
This may be attributed due to the formation of strong
hydrogen bonds which generally increase the inter proton
distance between adjacent hydrogen bonds. This is also
due to the weakening of intermolecular forces of bulk
solution and the decrease in non-hydrated free water
content of the solutions11.
Fig. 12. Volume expansivity vs ratio

Classical absorption versus concentration : The
maximum occur at particular ratio may indicate a remote
possibility of the formation of an aggregate containing
molecule of drug and polymer. These molecular
aggregates form large molecular clusters. This
aggregation of many small molecules is bound together
by cohesive forces10.

Moelwyn-Hughes parameter versus concentration:
For all the systems studied the Moelwyn-Hughes
parameter (C1) values are found to be comparable with
the values of C1 in other non-associated liquids12. From
the graphs, it is clear that, the variation of C 1 and volume
expansivity () shows the opposite behavior. If C1
increases then volume expansivity () decreases for
different compositions. This may be due to associating
tendency of liquid molecules in solution.

Fig. 13. Classical absorption vs ratio

Observed absorption versus concentration : The
observed ultrasonic absorption in drug-polymer

Fig. 15. Moelwyn-Hughes parameter vs ratio
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Lattice-Gruneisen parameter versus concentration
The Gruneisen parameter is an important quantity of
current interest because of its usefulness in studying the
internal structure, molecular order and other thermo
acoustic properties of polymers and liquids.
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Cohesive energy density versus concentration :
Cohesive energy density is the energy required to
disassemble material into constituent parts per unit
volume15. Cohesive energy density shows peak for (1:3)
ratio and dip for (1:2) and (1:4) ratio.

Fig. 16. Lattice-Gruneissen parameter vs ratio

The increase of Bayer's nonlinearity parameter (B/A)
& Gruneisen parameter () for particular composition
shows the decrease in intra molecular modes of vibration
and anharmonicity in system under study. It also
indicates the associating tendency and intermolecular
forces in the solution13.
Solubility parameter versusConcentration : The
solubility parameter (s) is a numerical value that
indicates the relative solvency behavior of a specific
solvent. Solubility parameter shows non linearity
indicating molecular interactions and complex
formation14.

Fig. 18. Cohesive energy density vs ratio

1. Thermo-acoustical parameters such as isothermal
compressibility, free length, Lattice Gruneissen
parameter, internal pressure, Moelwyn-Hughes
parameter etc. indicate the strength of molecular
interactions in suspension.
2. Decrease in isothermal compressibility and free
length for particular ratio is due to strong association.
3. The opposite behavior of volume expansivity and
Moelwyn-Hughes parameter (C 1 ) indicates the
associating tendency of the molecules in the
suspensions.
4. From spectral analysis (FTIR) of different systems
of drug-polymer ratio, various functional groups
present in systems are identified. It shows there is
no chemical change in original drug and drug and
polymer are compatible to each other.
5. SEM photographs shows The obtained micro
particles were spherical, uniform size, porous and
tough in nature.

Fig. 17. Solubility parameter vs ratio

6. No shift in UV spectra shows stability of Drug and
Polymer.
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Evidence of blocking temperature of BaPr xFe2–xO4
orthoferrites from in-situ ultrasonic measurement
K. Sakthipandi 1*†, R. Rajesh Kanna1 and Aslam Hossain2
1Department

of Physics, Sethu Institute of Technology, Kariapatti-626 115, India
2Department of Physical and Inorganic Chemistry,
Institute of Natural Sciences and Mathematics, Ural Federal University, 19 Mira street, Ekaterinburg-620002, Russia
*E-mail: sakthipandi@gmail.com
In this article, ultrasonic technique was applied for both the syntheses and characterize the BaPrxFe2-xO4
(x = 0.00. 0.02, 0.04, 0.06, 0.08 and 0.10) orthoferrites. The measured ultrasonics parameters for the prepared
orthoferrite using through transmission technique were correlated with AC susceptibility (ac) measurement. The
successfully doping of praseodymium ion in barium ferrite and their existence of the orthorhombic phase structure
was confirmed through the respective diffraction peaks by using the X-ray diffraction (XRD). The crystalline
size of the pristine barium ferrite (51 nm) was higher than that of praseodymium doped barium ferrite (28 nm).
Curie temperature and blocking temperature of the BaPrxFe2-xO4 ferrite were explored through the temperaturedependent AC susceptibility (ac) and in situ ultrasonic measurements, respectively. The obtained results were
compared and the blocking temperature (T B) measured from AC susceptibility is marked with a mid-point of
anomaly in the temperature dependent in-situ ultrasonic measurement.
Keywords: Orthoferrites, magnetic properties, curie temperature, structural properties.

Undoped barium orthoferrites (BaFe 2O4) and partially
praseodymium-substituted barium orthoferrites
(BaPrxFe2-xO4; 0 < x < 0.1) were extensively studied in
respect of their physical and magnetic properties 1-6.
These orthoferrites attract significant attention from
theoretical and practical point of view due to their
interesting coupled magnetic and electric properties
which shows an anomaly in dielectric at/around spin
reorientation temperature7 . These orthoferrites with
excellent tunable properties can be used for multipurpose
applications in naval-ships, stealth technology of military
air-crafts, information storage, high frequency
microwave systems and transformers, magnetic
resonance imaging magnetic data storageand microwave
absorber.
Barium ferrites have finds wide scope for their
applications in magnetic media, an array of fields,
†

INSA Visiting Scientist, Department of Inorganic and Physical
Chemistry, Indian Institute of Science, Bangalore-560 012, India

including switching and microwave devices8 . The
functional properties of barium ferrites can be enhanced
or abated through substitution of the precise rare earth
(RE) elements in the interstitial sites of iron lattice.
The RE elements are doped with the barium ferrite to
customize the microwave properties due the super
exchange interaction between iron (Fe 3+ ) and RE
elements9,10. The adding of RE element in barium ferrites
may alter the electric and magnetic properties, especially
anisotropy constant. The anisotropy constant facilitates
to tailor the complex permittivity and permeability
parameter, which are constitutive electromagnetic
characteristics10.
Magnetical properties of ferrites have attained
considerable attention because of their extremely
magnetic flux induction11 . Generally, the scientific
researchers were used different parameters like
syntheses method, heat treatment, cation distribution,
chemical composition, sintering conditions, and
crystallite size to refine the properties of ferrites 12-14.
Various attempts on the ferrites was made to determine
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the critical temperatures such as blocking temperature
(T B ), Curie temperature (T C ), Neel temperature
(TN)15,16. Critical temperature have much influence in
the magnetic characteristics of the materials. Saturation
magnetization (M s ) of the magnetic material is a
maximum at 0 K and the thermal vibrations are a
minimum at the same temperature. An increase in the
temperature of a solid leads to an increase in the
magnitude of the thermal vibration of atoms. Hence,
the saturation magnetization diminishes gradually with
an increase in temperature, and then abruptly drops to
zero at the transition temperature (TC/TB/TN).
Generally, TB and TC are not very much different to
each other. TB is mainly depends on the net alignment
of the spin of the particles. Whereas, TC depends on the
net alignment of the atomic spins within a particle 15.
Although, lot of method were practiced in the literature
to measure critical temperature TC or TB of magnetic
materials such as heat capacity, susceptibility and
magnetization measurements which gives a discontinuity
in behavior at TC or TB when its temperature dependence
physical quantities is measured. A survey of literature
reveals that numerous attempts was made to measure
TC through ultrasonic sound/attenuation measurements
for the different materials such as transition metal oxides,
alkaline metals, and RE doped bulk/nano oxides17-19.
However, there is no report for the TB through ultrasonic
measurements. Therefore, in this present investigation,
on-line ultrasonic velocity was used to explore and to
compare the TB and TC.

BPF100 for the composition x = 0.00, 0.02, 0.04, 0.06,
0.08 and 0.10, respectively.
The crystal structure and phase of the prepared
BPF000, BPF020, BPF040, BPF060, BPF080, and
BPF100 ferrite was carried out using an X-ray
diffractometer (Bruker D8 axis) with Cu K as the
radiation source ( = 0.15406 nm). The crystallite size
of the praseodymium undoped and doped barium ferrite
was calculated from Scherrer's equation 21 . In-situ
ultrasonic shear velocity (U S) of the BPF000, BPF020,
BPF040, BPF060, BPF080, and BPF100 ferrite was
measured using the transmission technique in the
temperature range from 300 to 700 K.The ultrasonic
shear velocity was measured from an indigenously
designed investigational system which controlled by
Eurotherm (2604) programmable temperature controller
(USA).The ac of the BPF000, BPF020, BPF040,
BPF060, BPF080, and BPF100 ferrite was measured
and the temperature maintained from 300 to 600 K by
the mutual inductance technique at 20 Hz.

XRD technique was used to identify the crystal/
structural properties of BaPrxFe2-xO4 (x = 0.00. 0.02,
0.04, 0.06, 0.08 and 0.10) samples. The obtained X-ray
peak patterns of the prepared BaPrxFe2-xO4 ferrites are
shown in Fig. 1 and the observed peaks of BPF000
ferrite were indexed as (220), (311), (400), (333), and

In this investigation, a novel material BaPrxFe2-xO4
(x = 0.00. 0.02, 0.04, 0.06, 0.08 and 0.10) ferrites were
prepared by sono chemical reaction method. X-ray
diffraction (XRD), in-situ ultrasonic measurements and
AC susceptibility measurements were performed for
the characterization of the newly prepared ferrites.

Merck chemicals with high-purity (99%) praseodymium oxide, ferric chloride, barium nitrate, ammonia
hydroxide, citric acid, and deionized water were used
for the preparation of the praseodymium doped barium
ferrite without additional purification. BaPrxFe2-xO4 (x
= 0.00. 0.02, 0.04, 0.06, 0.08 and 0.10) ferrites were
successfully prepared by the standard sonication reactor
method. The complete synthesis procedure was reported
in our earlier study20. The prepared ferrites were termed
as BPF000, BPF020, BPF040, BPF060, BPF080, and

Fig. 1. X-Ray diffraction patterns of prepared BaPr xFe2-xO4
(x = 0.00. 0.02, 0.04, 0.06, 0.08 and 0.10) orthoferrite
samples.
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(440) diffraction planes and its confirm an orthorhombic
phase structure with a Bb21m space group. The
diffraction pattern of BPF020, BPF040, BPF060,
BPF080, and BPF100 is similar to that of BPF000 ferrite.
The crystalline size of BPF000, BPF020, BPF040,
BPF060, BPF080 and BPF100 ferrite is 51, 33, 32, 31,
30 and 28 nm, respectively. The crystalline size of the
praseodymium-substituted barium orthoferrites is
smaller than the pristine barium ferrite. This might be
Vedards law i.e. the ionic radius differences between
ferrite and rare-earth element. Here, the ionic radius
(1.013 Å) of Pr3+ ions are relatively higher than ionic
radius (0.64 Å) of Fe3+ ions22. This kind of reports
were observed for NiGd xFe2-xO423 and MgSmxFe2-xO424
spinel ferrites.
The ac of the prepared BPF000, BPF020, BPF040,
BPF060, BPF080 and BPF100 ferrite is obtained by
varying temperature and shown in Fig. 2. The
temperature dependent ac is mostly used to recognize
the specific transition temperatures such as blocking
temperature (T B) in the magnetic materials. Fig. 2
representsthat increase of temperature from 300 K, the
ac of the pristine barium ferrite slowly increases and a
sharp peak is observed at 585 K. In temperature at higher
region beyond 585 K, ac suddenly decreased up to
zero which is indicating as the blocking temperature
(T B) of the BPF000. Generally, the temperature TB takes
place just ahead of the Curie temperature (TC) in the
magnetic materials15,16. It is very clear that the sharp
decrease in ac occurs at the blocking temperature.

Fig. 2. Normalized susceptibility of prepared BaPrxFe 2-xO 4
(x = 0.00. 0.02, 0.04, 0.06, 0.08 and 0.10) orthoferrite
samples20 (Copyright 2019, Elsevier).

11

Similarly, the TB value of the prepared BPF000, BPF020,
BPF040, BPF060, BPF080, and BPF100 are 585, 574,
550, 537, 507 and 493 K, respectively.
It was ascertained that the TB of the BPF000, BPF020,
BPF040, BPF060, BPF080 and BPF100 ferrite decreases
with increase in praseodymium content in barium ferrite.
Typically, two exchanges are found in ferromagnetic
substances like Fe 3+ –O–Fe 3+ and Fe 3+ –Fe 3+. This
exchange Fe3+–O–Fe3+ and Fe3+–Fe3+ are changed due
to the doping of the RE element (Pr3+) which leads
reduces the TB and ac of the BPF000, BPF020, BPF040,
BPF060, BPF080, and BPF100 ferrite. Moreover, the
super exchange interactions of ferrite are tuned by the
doping of RE elements due to valency change of Fe
from 3d5 with 5 B to 3d6 with 4 B25,26. This change
in valence induces the arrangement to shift from collinear
to non-collinear which causes to a decrease in the TB
and TC27. In addition, the octahedral sites of the BPF020,
BPF040, BPF060, BPF080 and BPF100 ferrites system
had Fe and RE (Pr3+) interaction, it is weaker than Fe
and R E interaction which causes a decline in the
transition temperatures.
The TC in magnetic materials could be investigated
by temperature-dependent investigation of the ultrasonic
shear velocity 28 . Ultrasonic measurements were
conducted at wide range of temperatures from 300 to
700 K for BPF000, BPF020, BPF040, BPF060, BPF080,
and BPF100 ferrites. Here, magnetic phase transition
was marked with an observed anomaly in temperature
dependent ultrasonic parameter. In the present study,
ultrasonic waves were applied to the BPF000, BPF020,

Fig. 3. Ultrasonic shear velocity of prepared BaPrxFe 2-xO 4
(x = 0.00. 0.02, 0.04, 0.06, 0.08 and 0.10) orthoferrite
samples.
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BPF040, BPF060, BPF080, and BPF100 orthoferrites
and US was examined using through transmission
technique in the temperature between 300-700 K.
Generally, when increasing the temperature, the
ultrasonic velocity was monotonically decreased.

An anomaly in ultrasonic U S was observed for
BPF000, BPF020, BPF040, BPF060, BPF080, and
BPF100 ferrite as a function temperature and shown in
Fig. 3. The temperature at which the value of US becomes
minimum is called the anomalous temperature or TC.

Fig. 4. First differential of Ultrasonic shear velocity of prepared BaPr xFe2-xO4 (x = 0.00. 0.02, 0.04, 0.06, 0.08 and 0.10) orthoferrite
samples with marked T B, T C and T M.
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The TC values for BPF000 ferrite is 592 K, whereas, the
TC values for BPF020, BPF040, BPF060, BPF080, and
BPF100 orthoferrites are 576, 554, 540, 512 and 494 K,
respectively. It is fascinating to note that the obtained
TC values using ultrasonic studies are more precise than
the other characterizations.
In this study, the blocking temperature (T B) was
measured from AC susceptibility and the Curie
temperature (TC) were measured from ultrasonic velocity
measurements. The variation in TC and TB was used to
explain the orientation of the domain walls. Further, the
variation difference in TB and TC was more than ~60 K
which observed form the scientific reported for the
various sample 16 . In the present investigation, the
difference in T B and T C is very less (~7 K). At
temperature TB, the magnetic moments of different
particles are unsystematically oriented by thermal
excitations. The spins within different particles are
randomized by the thermal energy at TC; in general, TB
< T C 15 which is well correlated with the present
investigation.
An attempt was made to correlate the TC and TB in the
ultrasonic shear velocity, the first differential of the
shear velocity (dUS/dT) is calculated and plotted in Fig.
4. The obtained TC from ultrasonic velocity and TB
from AC susceptibility measurements are along marked
in Fig. 4. In BPF000, a monotonic variation in ultrasonic
shear velocity (Fig. 3) along with increasing temperature
region 300-578 K and 602-700 K was observed. An
anomalous variation inultrasonic shear velocity was
observed in the temperature region starts from at 578 K
(temperature at which anomaly starts; TS ; starting
temperature) to 602 K (temperature at which anomaly

ends; TE; end temperature). At the temperature of 592
K, a sharp peak in dUS/dT is noted at TC. In addition,
the mid temperature (TM = (TS+TC)/2) is marked between
the TC and TS i.e., (578 K + 592 K)/2. The TM noted for
BPF000 orthoferriteis 585 K which is exactly matched
with temperature TB of BPF000 orthoferrite. Similarly,
TM value is marked for BPF020, BPF040, BPF060,
BPF080, and BPF100 orthoferrites are 570, 548, 535,
507 and 489 K respectively. Similarly, TM noted for
BPF080 orthoferrite is well matched with temperature
TB. However, a small difference (2 K) in TM and TB was
observed for BPF040 and BPF060 orthoferrites. 4 K
difference was observed between TM and TB for BPF020
and BPF100 orthoferrites. It is interested to note that
the average or middle temperature between TC and TS is
exactly matched with TC of the BPF000 and BPF080
orthoferrites.
A small deviation marked between TM and TC for
BPF020, BPF040, BPF060, BPF080 and BPF100
orthoferrites is 4, 2, 2, 0 and 4 K respectively. In order
to understand the temperature TM, Table 1 denotes the
TS, TB, TM, TC and TE for BPF000, BPF020, BPF040,
BPF060, BPF080, and BPF100 orthoferrites. The error
in the ultrasonic measurement is ±2 K. Hence, it is
concluded that the middle point of transition between
the transition temperature (TC) and temperature at which
anomaly starts (TS ) is also marked as the blocking
temperature of the orthoferrites. All the above, it is
denoted that in-situ ultrasonic shear velocity
measurement on magnetic materials is exact to tool to
explore the various temperature dependent transition.
Under this study, it is a first report from ultrasonic
measurement was used to mark TB.

Table 1 – Comparison of the marked Anomalous Temperature (K) marked from temperature dependent ultrasonic measurement with blocking
temperature (K) measured from temperature dependent susceptibility measurement.
Samples

Temperature from Ultrasonic measurement

Susceptibility
measurement
Middle (TS + TC)/2 Blocking

difference

Starting

Curie

End

(TS)

(TC)

(TE)

(TM)

(TB)

TC ~ TB

TB ~ TM

BPF000

578

592

604

585

585

7

0

BPF020

564

576

592

570

574

2

4

BPF040

542

554

564

548

550

4

2

BPF060

530

540

552

535

537

5

2

BPF080

502

512

524

507

507

5

0

BPF100

484

494

506

489

493

5

4
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BaPrxFe2-xO4 (x = 0.00. 0.02, 0.04, 0.06, 0.08 and
0.10) orthoferrites were meritoriously synthesized
employing by the ultrasonic assisted sono chemical
reactor. The variation in structure of the praseodymiumdoped barium orthoferrites was explored by XRD
pattern. TC and TB of the BPF000, BPF020, BPF040,
BPF060, BPF080, and BPF100 orthoferrites was
obtained from ultrasonic velocity and AC Susceptibility
measurements respectively. The bolcking temperature
(TB) measured from AC susceptibility was correlated
with in-situ ultrasonic measurements for the better
understanding.

KS is grateful to the Indian National Science Academy
(INSA), New Delhi, India, for providing the fellowship
to do this research work (sanction no. INSA/SP/VSP35/2019-20 dt. March 6, 2019).
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Ultrasonic, XRD and micro-hardness studies on
single crystal of aluminum ammonium sulfate (AAS)
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Single crystal of aluminum ammonium sulfate has been grown. Crystals are subjected to X-ray diffraction
analysis and Acoustical studies. Acoustical studies are made before and after crystal growth formation. Acoustical
parameters like acoustical impedance (Z), free length (Lf ), compressibility ( ), relaxation time (), attenuation
(), coefficient of absorption (/f 2) are determined from velocity, density and viscosity measurements. The
crystal is formed at 0.453 gm/ml and interesting changes in physical and chemical properties takes place. The
smaller value of Hardness refers to soft crystal. Surface morphology of the crystal grown was studied by scanning
electron microscope (SEM). From the observation of fluorescence spectra the luminescence properties of planar
single crystal of AAS is studied. XRD studies confirm crystal belongs to cubic system. The cell parameters are
a = 24.56A°, b = 24.56A°, c = 24.56A°,  =  =  = 90°, volume 14815A03.
Keywords: Crystal growth, XRD, micro hardness studies, ultrasonic studie, aluminum ammonium sulfate

Ultrasonic studies on crystals (non-linear and linear)
had been subject of interest for many researchers1-5.
aluminum ammonium sulfate had been subject of
interest because of its excellent thermal stability. It is
used in water purification, fire proof material, dyeing
and as deodorant. X-ray diffraction, FTIR and Raman
studies are made on this crystal. The crystal is subjected
to ultrasonic waves acoustical parameters and acoustical
elastic constants have been determined. Free volume,
molar cohesive energy of the crystal had been
determined. Micro-hardness had been determined by
ultrasonic and mechanical measurements. Surface
morphology of the AAS was studied by scanning electron
microscope (SEM). From time resolved fluorescence
spectra, three emission were distinguished. Chemical
formula: (NH4)Al(SO4)2, Molar mass: (237.15g/mol),
Appearance : (White crystal), Density: (2.45 g/cm 3),
Melting point (93.5°C), Crystal structure: (Cubic).
In growth of crystal, slow evaporation technique was
used to grow crystal by reducing their solubility. Su et

al.6 studied a new single crystal of iron nickel sulfate
twelve hydrate Su et al.7 studied ammonium nickel
sulfate crystal. Baviskar and Bhavsar 8 studied growth
and characterization of ammonium nickel sulfate crystal
grown by gel technique. Vasudevan et al.9 studied
thermal analysis effect of dopants spectral characterization and growth aspect of KAP crystal 9. Chemla and
Zyss10 studied optical properties of organic molecules
and crystal. Also, shock waves interact directly with
solid particle, causing sono fragmentation 11,12.

AR grade sample of aluminum ammonium sulfate
and water 1 molar concentration to obtained
homogeneous solution was magnetically stirred for 5
hours at room temperature. A small portion of the
solution was used to get the seed crystals by slow
evaporation of the solvent. The crystallization took place
within 20 to 25 days. Pure redistilled water was used
for crystal growth. The conductivity of the water was
measured to be 20 micromhos. The photographs of the
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Elastic constants
Elastic constants for an isotropic material which obeys
Hooke's law, where strain is linearly proportional to
stress, there are only two independent elastic constants,
those of stress and strain. The elastic and mechanical
properties such as elastic constants, elastic modulus,
shear modulus, bulk modulus and Poisson's ratio were
determined from the measured longitudinal and shear
wave velocity and density of the sample. The measured
micro hardness data with different loads was measured.
Yield strain was determined from yield stress and
measured elastic constant using the standard formula,


Fig. 1a. Photograph of as grown Crystal.

Longitudinal velocity (VL) = (2d/t) m/s–1

(7)

m/s–1



Shear's velocity (VS) = (2d/t)



Young's modulus (E) = (1+)2G Gpa



Micro hardness (H) = (1–2)E/6(1+) Gpa (10)

(8)
(9)

Fig. 1b. Structure of aluminum ammonium sulfate.

grown aluminum ammonium sulfate crystal and
structure are shown in fig. la and fig. lb. The crystal is
used in device applications because of its good thermal
stability. The ultrasonic velocity is determined by pulse
echo Interferometer. Conductivity is measured by
conductivity meter.

Molecular association studies helps to determine the
physical and chemical properties. The stability constant
can be calculated by different methods,
The equilibrium constant 'K' may be obtained by


K=

Acoustical parameters
The various acoustical parameters were calculated
from measured values of ultrasonic velocity (U), density
( ) and viscosity (  ), conductivity ( ), acoustic
impedance (Z) and coefficient of absorption (/f 2),
adiabatic compressibility ( ), free length (Lf ), relaxation
time (), attenuation factor () have been determined
using the standard formula,


Yoshida and Oswaa method

Acoustic impedance Z = U kgm–2 S–1
8 2
3U 3



Coefficient of absorption (/f 2) =



Adiabatic compressibility ( ) = 1/U 2

(1)
(2)

Intermolecular free length (Lf) =



Relaxation time () = 3 u 2 Sec



Attenuation factor () = 3U 3  f

2  10
 .U

4

8 2

(4)
(5)

2

(11)

Where 'K' is ratio of maximum deviation in any of
physical properties of the system.
The equilibrium constant by Kannappan method is
given by


Kannappan Method
Y

K = y = (C – y ) 2
2

C1 – (C2 K )
(k – K )

(12)

Where 'K' is ratio of deviation in ultrasound velocity
at different concentration C1 and C2.

(3)

–6



2 K (C  C ) – (C  C )
(C – kC )

(6)

Free volume, molar volume and molar cohesive energy
are computed parameters, obtained from the equation,
M



Molar volume (Vm) = 



Free volume (Vf) = k 3 / 2

Mu

(13)
(14)
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k

 2/3

Internal pressure (i) = bRT u 1 / 2 M 7 / 6
Molar cohesive energy = Ip × Vm

(15)
(16)

Hardness is a measurement of the resistance of solid
matter to various kinds of permanent shape change when
a force is applied. The Vickers hardness (Hv) number, is
determined by the load (g) over the surface area (m2)
of the indentation. By varying the loads over a fixed
interval of time 15s, the values of Hv at different loads
were calculated using the formula,
Hv = 1.8544 × p/d2 kg mm–1

(17)

Where, "p" is the applied load "d" is the average
diagonal length. The load versus hardness value of AAS
single crystal is show in Fig. 4.

Steady state fluorescence spectra are when molecules,
excited by a constant source of light, emit fluorescence,
and the emitted photons, or intensity, are detected as a
function of wavelength. We have gone beyond the
qualitative observation of fluorescence by analyzing the
luminescence properties of planar single crystal of AAS.
From time resolved fluorescence spectra, three emission
were distinguished. The shortest-lived one at =370 nm
was predicted by theory and corresponds to an extraction
life time of 0.8 ns. A trap with an intermediate emission
life time of 1.4ns was found at 480 nm and a final trap
at 590 nm has a life time of 2.1ns. These attributions
were confirmed by the study of the polarization of these
emissions. The 370 nm emission was polarized along
the long axis of the crystal. The 480 nm emission was
polarized perpendicularly to the plane of the crystal and
the 590 nm emission was polarized along the short axis.
The fluorescence spectra is shown in Fig. 3.

In order to analyze the nature and surface morphology
of the grown crystal, aluminum ammonium sulfate was
investigated by scanning electron microscope. SEM
measurements were performed at FEI - quanta FEG
250. The surface morphology and particle size of the
title compound, (NH 4)Al(SO4)2, have been shown in
Fig. 2. From the SEM micrographs, it can be seen that
particles have nonuniform distribution. The structural
morphology consists of foam - like shape. It is observed
that the surface of AAS crystal appears as smooth. The
average grain size is 0.3 µm and grain boundary
thickness is 0.5 µm.

Fig. 3. Fluorescence Spectra of aluminum ammonium sulfate

Fig. 2. SEM image of aluminum ammonium sulfate

It is observed that the conductivity of the grown crystal
is high about 7000 mhos. High impedance, low
compressibility, low free length, less relaxation time,
less attenuation, less coefficient of absorption and Low
stability constant K value "3.65" and "1.16" favours
crystal formation. It is used for device applications, and
excellent thermal stability of the crystal. The smaller
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magnitude number of hardness attributes to soft crystal.
Vicker's micro-hardness increases with increasing load.
Molar cohesive energy of the crystal is lowered at crystal
growth concentration. Acoustic impedance is analogous
to refractive index. The flow of ultrasonic wave increases
the Acoustic impedance, thus increasing the ultrasonic
velocity through the crystal. The Young's modulus
magnitude has a high value indicating the elastic property
of crystal. The surface morphology was also studied by
SEM analysis and the results indicate a nonuniform
distribution for the sample. The emission was polarized
along the long axis to short axis of the crystal.

Fig. 4. Micro-hardness studies on aluminum ammonium sulfate

Table 1 – Acoustical Parameters.
S
No

Concentration

U

"C" gm/ml

m/s


kg/m3

Conduc-

Acousti-

Coefficient

Adiabatic

Free

Relaxation

Attenuation

tivity

cal

of absorption

compress-

length

time

factor

( )

impedance

/f 2 × 10–14
Neper

ibility ( )

(Lf )

( )

( )

(x10–10)

(x10–11)

(x10–13)

(x10–2)

 mhos

(z) ×

106

1

0.02

1349.2

963

200

1.29

1.10

5.70

5.65

7.53

4.40

2

0.05

1680

980

2000

1.64

0.058

3.61

4.97

0.49

0.23

3

0.25

1358.4

1028

5000

1.39

1.08

5.27

5.27

7.49

4.35

4

0.45

1814

1027

7000

1.86

0.544

2.95

4.57

5.00

2.17

Table 2 – Elastic Constants.
Concentration

Type of

Longitudinal

Shear velocity

gm/ml

Crystal

velocity (VL) m/s

(Vs) m/s

0.453

Aluminum Ammonium Sulfate

1001

1016

Table 3 – Stability Constants.
S.No

Young's modulus
(E)Nm–1x

1011

6.59945043 x1011

Micro
hardness (H)
0.0022

Table 4 – Molar Cohesive Energy.

Yoshida and

Kannappan

Osawa Method

Method

1

4.58

2.53

2

4.75

3

3.65

S. No

Concentration

Molar cohesive

"C"

energy atmos m3

1

0.025

75563.1

0.43

2

0.05

30955854

1.16

3

0.25

237948.3

4

0.453

9755.16

Table 5 – Micro-Hardness studies.
S. No

P

Hv

log P

log d

log p/d

1

10g

0.11

1

1.1233

0.890

2

25g

0.10

1.3979

1.3327

1.048

3

50g

0.09

1.6989

1.5097

1.125
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Various studies show that crystal we have investigated,
is used for device application. The molecular structure
of aluminum ammonium sulfate, using single crystal
X-ray diffraction is determined, acoustical parameters,
elastic constant, stability constant are computed. Single
crystal of AAS have been successfully grown by the
slow evaporation technique from aqueous solution. The
X-ray diffraction analysis confirmed the cubic structure
of the crystal. The SEM analysis reveals the existence
of the surface and growth morphology of the grown
crystal. Micro Hardness studies revealed that the AAS
crystal belongs to soft material category. The polarized
absorption spectra, emission spectra and fluorescence
dynamics of AAS established that the crystal may be
used for NLO application in non linear optics and device
applications.

The authors thank to all the faculty members of PG
and Research Department of Physics, RKM Vivekananda
College, Department of Physics, Presidency College
Chennai and St. Joseph's College (Autonomous) Trichy
for their support.
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Studies of free volume, internal pressure, relaxation time, excess enthalpy
and absorption coefficient in aprotic-aprotic binary mixture
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Ultrasonic velocity (U), density () and coefficient of viscosity () in aprotic-aprotic binary mixture of
acetyldimethylamine and isobutyl methyl ketone at different frequencies have been measured at constant
temperature 308 K. The observed data have been used to compute free volume (V f ), internal pressure (i ),
relaxation time (), excess enthalpy (H E) and absorption coefficient (/f 2) for entire range of mole fraction and
are interpreted to explain molecular interaction occurring in the liquid mixture.
Keywords: Free volume, internal pressure, relaxation time, excess enthalpy, absorption coefficient.

The measurement of ultrasonic velocity enables the
accurate determination of some useful acoustical and
thermodynamic parameters and their excess values,
which are highly sensitive to molecular interactions in
liquid mixtures 1-3 . Thermodynamic and transport
properties of binary and ternary mixtures with different
organic liquids have been studied by many authors 4,5.
Although a large number of investigations are carried
in liquid mixtures having acetyldimethylamine (or)
Isobutyl methyl ketone as one of the components, It is
found that no work has been made so far to measure the
ultrasonic velocity in the binary mixtures of
acetyldimethylamine and isobutyl methyl ketone. The
study of acetyldimethylamine is important due to its
application in industry and medicine. It is a dipolar
aprotic liquid. It is used as solvent for the production of
various pharmaceuticals. Isobutyl methyl ketone is also
a dipolar aprotic liquid used as a solvent in
pharmaceuticals. The physical and chemical properties
of liquid mixture can be studied by the non-linear change
of ultrasonic velocity and other related parameters with
structural changes occurring in a liquid and the liquid
mixture6,7.
Experimental procedure : The liquid mixtures of
various concentrations in mole fraction were prepared

by taking chemicals of analytical grade which were
used as such without further purification The mole
fractions were varied between 0.1 and 0.9 so as to have
the mixture of different compositions. Liquid mixtures
of different mole fractions were prepared on
concentration scale with a precision 0.0001g using an
electronic digital balance. Density () of pure liquids
and liquid mixture was determined by a specific gravity
bottle of 10 ml capacity. Coefficient of viscosity () of
pure liquids and liquid mixture was determined by an
Ostwald's viscometer The ultrasonic velocity (U) was
measured by a multifrquency interferometer with a high
degree of accuracy operating at different frequencies (2
MHz, 4 MHz, 6 MHz and 8 MHz). An electronically
operated constant temperature water bath is used to
flow water through the double walled measuring cell
made up of steel containing the experimental liquid
mixture at a fixed temperature.

The experimental values of density (), coefficient of
viscosity () and ultrasonic velocity (U) at 308 K for
frequencies 2 MHz, 4 MHz, 6 MHz and 8 MHz for the
binary liquid mixture are presented in Figs. 1 to 3. The
values of free volume (Vf ) and internal pressure (i),
relaxation time (), excess enthalpy (HE) and absorption
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Fig. 1. Variation of  Versus X1

Fig. 3. Variation of U Versus X1

Fig. 2. Variation of  Versus X1
Fig. 4. Variation of Vf Versus X1

coefficient (/f2) have been calculated from the standard
relations8 and are shown in Figures 4 to 8. Figure 4
shows that the values of free volume V f
decrease with the increase in concentration of
acetyldimethylamine (X1) for a particular frequency.
The decrease in free volume with the increase in
concentration of acetyldimethylamine is because of (i)
contraction due to the free volume difference of unlike
molecules. (ii) contraction due to the hydrogen bond
formation between unlike molecules. (iii) specific
interactions between unlike molecules in the binary
liquid mixture 9 . In the present investigation the
contraction of volume of the binary liquid mixture of
acetyldimethylamine and isobutyl methyl ketone may
be interpreted as the presence of specific interactions
between unlike molecules in the binary liquid mixture.
Figure 5 shows that the values of internal pressure i
increase with the increase in mole fraction of
acetyldimethylamine for a particular frequency. The
increase in internal pressure with the increase in
concentration of acetyldimethylamine indicates the
increase of cohesive forces in the binary liquid mixture.

Fig. 5. Variation of i Versus X1

Figure 6 shows that the values of relaxation time 
decrease with the increase of mole fraction of
acetyldimethylamine in higher concentration region for
a fixed frequency which indicate the increase of
molecular interaction. The increase in relaxation time 
with the increase in frequency indicates the decrease of
molecular interaction. The relaxation time is in the order
of 10-12s may be due to the structural relaxation process
showing the presence of molecular interactions in the
binary mixture. The values of excess enthalpy HE are
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frequency for a particular concentration of acetyldimethylamine indicates the decrease in molecular
interaction in the binary mixture11.

Fig. 6. Variation of  Versus X1

There exists dispersion, and dipole-dipole interactions
in the binary liquid mixture. The molecular interaction
increases with the increase in concentration of
acetyldimethylamine at a particular frequency and the
molecular interaction decreases with the increase in
frequency at a particular concentration of acetyldimethylamine.
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