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ABSTRACT: This paper presents the microwave assisted synthesis of a terpolymer by using the o-aminophenol , urea and 
formaldehyde. The o-APUF terpolymer have been synthesized from o-aminophenol (o-AP), urea (U) and formaldehyde (F) 
in DMF media at 132±2 ºC for 110 sec where as the conventional method took five hours refluxing at 126 to 128°C. The 
synthesized terpolymer was purified and then characterized on the basis of spectral data generated from FTIR, 
H1NMR, C13NMR and SEM. 

Keywords: microwave irradiation, structure, spectral analysis, o-APUF. 

INTODUCTION 
Tercopolymer are macromolecular entities which form an integral part of the backbone. Tercopolymers are found to be amorphous 
powder or crystalline resinous in nature and form special class of polymers which are widely known for their uses. Terpolymer is 
found very useful application as adhesive, high temperature flame resistant, fibers, coating materials, semiconductors, catalysis and 
ion exchange resins.[1,2,3] Ion-exchange resins have attracted much interest in the recent years due to their application in waste 
water treatment, metal recovery and for the identification of specific metal ions.[4,5]. However, the metal ion removal by chelating 
ion-exchange resin using batch equilibration method has gained rapid acceptance because of its wide variety of sorbent phases, high 
degree of selectivity, high loading capacity and enhanced hydrophilicity [6]. Ionexchangers are widely used for the treatment of 
radioactive wastes from nuclear power stations [4]. 

 
MATERIAL AND METHODS: 
SYNTHESIS OF o-APUF TERPOLYMER 

The proportionate mixture of o-aminophenol (0.1 mol, 1.091 g) and urea (0.1 mol, 0.70 g) with formaldehyde (7.50 ml of 37 %, 0.2 
mol) in a proportion of 1:1:2 in the presence of DMF medium at 130 ± 20C for 110 Second using a microwave system. The resinous 
brown solid mass obtained was immediately removed from the flash as soon as the reaction period was over and then it purified. 

The resinous brown product so obtained was repeatedly washed with cold distilled water, dried in air and powdered with the help 
of mortar and pestle. The powdered sample was washed many times with boiling water and ethanol to remove unreacted monomers. 
It was further purified by dissolving in 8% NaOH solution, filtered and reprecipitated by gradual addition of ice cold 1:1 (v/v) 
concentrated HCl/distill water with constant and rapid stirring to avoid lump formation. The process of reprecipitation was repeated 
thrice. The resulting terpolymer sample was filtered, washed several time with boiling water, dried in air, powdered and kept in 
vacuum over silica gel. The yield of the terpolymer was found to be 88%. The reaction is shown as follows. 
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Fig. 1. Reaction and Suggested Structure of Representative o-APUF terpolymer 
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RESULTS AND DISCUSSION: 
I. 1H-NMR SPECTROSCOPY 
The NMR spectra of o-APUF terpolymers were scanned in DMSO and have been shown in (Fig. 2). The NMR spectral data are 
incorporated in (Table 1). Proton NMR spectra of terpolymer show a weak multiplet signal (unsymmetrical pattern) 7.80 to 7.90 
(δ) ppm is due to the aromatic protons. The weak multiply signals in the range at 6.62 – 6.76 (δ) ppm is due to the amido –CH2- 
NH-CO linkage. A signal at 3.66 – 4.12 (δ) ppm is due to methylene proton of (Ar – CH2 – N) moiety. The signal appeared in the 
range of 8.28 – 8.34 (δ) ppm can be assigned to proton of phenolic -OH. A week signal appeared in the range of 1.2507-1.2526 (δ) 
ppm is due to the presence of Ar-NH2 group. In the region of 2.16 – 2.69 (δ) ppm is due to methelenic bridges of Ar – CH2 – Ar 
linkage[14]. 

 
Table 1 

1H NMR Spectral Data of o-APUF Terpolymer 
 

Chemical shift (δ) ppm of copolymer Nature of proton 
assigned 

Expected 
Values o-APUF-I o-APUF-II o-APUF-III o-APUF-IV 

7.9 7.8 7.89 7.88 Aromatic proton 
(unsymm. Pattern) 6.5-8.5 

6.62 6.64 6.76 6.76 Amido proton of – 
CH2-NH-CO linkage 6-7 

3.66 3.89 3.99 4.12 Mathelene proton of 
Ar-CH2-N moiety 3-5.5 

8.28 8.34 8.31 8.34 Proton of Ar-OH 
(phenolic-OH) 7.5-8.5 

1.2507 1.2526 1.2505 1.2513 Amine Ar-NH2 1.1-3.5 

2.16 2.49 2.54 2.69 Methelene proton of 
Ar-CH2-Ar 1.5-5.5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. 1H NMR Spectra of o-APUF Terpolymer 
II. 13C NMR SPECTROSCOPY 

 

13C NMR spectra of o-APUF terpolymers are presented in Fig. 3. The 13C NMR spectra of o-APUF terpolymers peak are assigned 
with reference to the literature values. The13C NMR spectra show the corresponding peaks at 122.14, 128.71, 129.49, 132.88 and 
154.94 ppm with respect to C1-C6 of aromaticring of the benzophenone. The peak appeared at 163.11 ppm of may be corresponding 
to carbonyl group of biuret moiety. The peak appeared at 67.56 ppm may be due to the presence of –C-OH group in aromatic 
benzophenone group. The peaks appeared at 40.27 ppm may assigned to the –CH2 – bridge in terpolymer. The medium peak 
appeared at 116.33 ppm may be confirmed the presence of –C-NH group of terpolymer. The 13C NMR spectrum clearly established 
the linear structure of the terpolymer synthesized from o-aminophenol-urea-formaldehyde. 
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Fig. 3. 13C NMR Spectra of o-APUF-I Terpolymer 

III. INFRA-RED SPECTROSCOPY 
The recorded FTIR spectra of o-APUF terpolymer is shown in (Fig. 4) and the important IR bands along with their assignments have 
appeared in the spectrum is tabulated in (Table 2). The spectrum shows a very broad absorption band at 3252-3403 cm-1 may due to 
the the stretching vibrations of phenolic hydroxyl (Ar-OH) involved in intramolecular hydrogen bonding between –OH, >CO and 
>NH group of amide/imides [15]. The 1,2,3,5 tetrasubstitution of aromatic benzene ring can be recognized from sharp and medium 
absorption bands appeared at 559-583cm-1, 1086-1100 cm-1 respectively. The weak band at 2812-2887 cm-1 may be due to stretching 
vibration of >NH (amide/imides). The band at 1527-1535 cm-1 may be due to bending vibration of –NH in secondary amide. The 
bands at 1442-1447 cm-1 indicate the (-C-H bending) and –CH2 bending of CH2 group. The band obtained at 1288-1356 cm-1 
suggests the presence of methylene (–CH2) bridge. The sharp and strong band at 1624 – 1654 cm-1 may be due to the bending 
vibration of >C=O group of urea moiety. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.4. Infra Red Spectra of o-APUF Terpolymer 
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Table 2 
IR frequencies of o-APUF Terpolymer 

 
Observed band frequencies (cm-1)  

Assignment 
Expected band 

frequencies (cm- 
1) o-APUF-I o-APUF-II o-APUF-III o-APUF-IV 

    -OH phenolic  

3398(b) 3403(b) 3392 (b) 3252(b) intermolecular 3500-3200 
    hydrogen bonding  

2812(w) 2887(w) 2822(w) 2842(w) >NH stretching 
(Amide/Imides) 2800-2900 

1629 (st,sh) 1630 (st,sh) 1624 (st,sh) 1654(st,sh) (Carbonyl 
Stretching vib.) 

1630-1680 

 
1535(m) 

 
1537 (m) 

 
1527 (m) 

 
1528 (m) 

NH bending 
vibration of 

 
1510-1550 

    secondary amide  

1447 (m) 1444 (m) 1442(m) 1443 (m) (-C-H bending) of 1445-1485 
    CH2 group  

1355(sh,m) 1288 (sh,m) 1310(sh,m) 1356(sh,m) 
-CH2 methylene 

bridge 1250-1340 

559 (m) 583(m) 562 (m) 594 (m) 1,2,3,5 substitution 550-600 
1100 (m) 1086(m) 1094 (m) 1089 (m) in aromatic ring 1050 

sh=sharp, b=broad, st= strong, m= medium, w=weak 
 
 

IV. SCANNING ELECTRON MICROSCOPY (SEM) 
 
 
 
 
 
 
 
 
 
 
 
 

 
(a) (b) 

Fig. 5. SEM Micrographs of o-APUF Terpolymer 
The scanning electron morphology of the o-APUF terpolymer sample was investigated by different magnification 1000X and 
5000X, which are shown in Fig. 5 (a) and (b) respectively. The terpolymer appeared to be brown in colour. The SEM morphology 
of o-APUF terpolymer exbitits spherulites and fringed model. The spherules are typical polycrystalline formation having as good 
as smooth surface. In the present case the spherulites are complex polycrystalline nature of o-APUF terpolymer. The morphology 
of terpolymer shows also a fringes model of the crystalline amorphous structure. The extent of crystalline character depends on the 
acidic nature of the monomer. The morphology shows the fringed and scatted nature having shallow pits represent the transition 
between crystalline and amorphous. The terpolymer exhibits characters that are more amorphous with closed packed surface having 
deep pits. Thus, by SEM micrographs morphology study of o-APUF terpolymer shows a transition between amorphous and 
crystalline state. However, the o-APUF terpolymers show a more amorphous structure rather than crystalline, hence o-APUF 
terpolymer exhibits higher metal ion exchange characteristic. 
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ABSTRACT 
This paper presents the microwave assisted synthesis of a terpolymer by using the o-aminophenol , melamine and formaldehyde. 
The o-APMF terpolymer have been synthesized from o-aminophenol (o-AP), melamine (M) and formaldehyde (F) in DMF media 
at 132±2 ºC for 110 sec. The synthesized terpolymer was purified and then characterized on the basis of spectral data generated 
from FTIR, H1NMR, C13NMR and SEM. 

 
Keywords: microwave irradiation, structure, spectral analysis, o-APMF. 

 
INTODUCTION 

The terpolymers offered novelty and versatility; hence they occupy the pivotal position in the field 
of material science. The progress in the field of terpolymer has been extensively rapid, as they are useful in 
packaging, adhesive, coating in electrical sensors and organometalic semiconductors. [1-3]. Polymer 
additives improve manufacture process and product quality. It can form continuous phase of coating with no 
deleterious effects on coatings, and having better thermal stability [4-6]. 
In recent years, microwave techniques have been mainly applied for domestic, industrial and research purposes. 
Various synthetic reactions using microwave irradiation involve processes to prevent pollution and consume 
minimum amounts of materials as well as energy while producing little or no waste material. More recently,  
microwave-assisted organic synthesis, a new method, has been developed to obtain more efficient compounds in a 
short reaction time period [12, 13]. This method has been applied for many inorganic, organic and polymer 
syntheses. [14-18]. Various researchers have reported the application of microwave technology in terpolymer 
synthesis [19,20]. Microwave irradiation has been applied in recent years for step-growth polymerizations and 
ring-opening polymerizations as well as radical polymerizations [21]. 

In this article, we present the synthesis and characterization of terpolymer (o-APMF) derived 
o-aminophenol, melamine using the linkage of formaldehyde. The newly synthesized terpolymer has been 
characterized by elemental analysis and spectral methods. 

 
MATERIAL AND METHODS: 

SYNTHESIS OF o-APMF TERPOLYMER 

o-APMF terpolymer was prepared from o-aminophenol (0.1 mol, 1.243 gm,) and melamine (0.1 
mol, 1.26 gm,) with formaldehyde (11.1 ml of 37 %, 0.3mol) in the molar ratios of 1:1:3 in the presence of 
DMF medium at 130 ± 20C for 110 Second using a microwave system. The resinous brown solid mass 
obtained was immediately removed from the flash as soon as the reaction period was over and then it 
purified. Excellent yield of terpolymer be obtained by this reaction. 

The resinous brown product so obtained was repeatedly washed with cold distilled water, dried in air 
and powdered with the help of mortar and pestle. The powdered sample was washed many times with 
boiling water and methanol to remove unreacted monomers. It was further purified by dissolving in 8% 
NaOH solution, filtered and reprecipitated by gradual drop wise addition of ice cold 1:1 (v/v) concentrated 
HCl/distill water with constant and rapid stirring to avoid lump formation. The process of reprecipitation 
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was repeated thrice. The resulting terpolymer sample was filtered, washed several time with boiling water, 
dried in air, powdered and kept in vacuum over silica gel. The yield of the copolymer resin was found to be 
89%. 
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Fig. 1. Reaction and Suggested Structure of Representative o-APMF terpolymer 
 

RESULTS AND DISCUSSION: 
 

A) 1H NMR SPECTROSCOPY 
 

The NMR specta of o-APMFwere scanned in DMSO and have been shown (Fig. 2). The NMR 
spectral data are incorporated in (Table 1). All the o-APMF terpolymer show the weak multiplate signal 
(unsymmetrical pattern) in the region of 6.55 - 6.75() ppm may be attributed to aromatic proton. The signal 
appeared in the range of 7.74 to 7.80 () ppm can be assigned due to phenolic hydroxyl protons. The 
position of the signal of phenolic hydroxyl proton is slightly shifted to downfield, indicating clearly the 
intramolecular hydrogen bonding of -OH group [186-187]. The signal at 2.27 - 2.36 () ppm may be due to 
methylene proton of Ar-CH2 moiety.The intense weakly multiplate signals at 2.14 - 2.16 () ppm may be 
attributed to methyl proton of Ar-CH3 group. The signal at 3.26to 3.38 () ppm may be due to the methylene 
proton of Ar-CH2-N moiety. The signal in the region 5.18-5.22 () ppm are attributed to protons of -NH 
bridge. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. 1H NMR Spectra of o-APMF Terpolymer 
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Table-1 1H NMR Spectral Data of o-APMF Terpolymer 
 

Observed Chemical Shift (δ) ppm  
Nature of proton assigned 

Expected 
chemical shift 

(d) ppm 
o-APMF- 

I 
o-APMF- 

II 
o-APMF- 

III 
o-APMF- 

IV 
 

2.15 
 

2.14 
 

2.16 
 

2.17 
 

Methyl proton Ar-CH3 group 
 

2.00 - 3.00 

2.27 2.29 2.31 2.36 Methylene proton of Ar-CH2 2.00 - 3.00 
    moiety  

3.38 3.3 3.26 3.34 Methylenic proton of  Ar- 3.00 - 3.50 
    CH2-N moiety  

5.22 5.22 5.18 5.19 Proton of –NH bridge 5.00 - 8.00 

6.8 6.55 6.7 6.7 Aromatic Proton 
(Ar-H) 

6.2 - 8.5 

 
7.74 

 
7.76 

 
7.77 

 
7.8 

Proton of phenolic-OH 
involved intramolecular 

 
7.00 - 12.00 

    hydrogen bonding  

 
 

B) 13C NMR SPECTROSCOPY 
 

A 13C NMR spectrum of o-APMF terpolmer is presented in Fig. 3. The 13C NMR spectra of o-APMF 
terpolymer peak are assigned with reference to the literature value. The 13C NMR spectra show the 
corresponding peaks appeared at 118.64, 119.92, 128.93, 133.90 and 136.90 ppm may be corresponded to 
carbons present in aromaticring of the benzophenone. The peak appeared at 164.77 ppm of may be 
corresponding to carbonyl group of biuret moiety. The medium peak appeared at 116.55 ppm may be 
confirmed the presence of –C-NH group of copolymer resin. The peak appeared at 80.48 ppm may be due to 
the presence of –C-OH group in aromatic benzophenone group. The peaks appeared at 43.46 ppm may be 
due to the –CH2 – bridge in terpolymer. The 13C NMR spectrum clearly established the linear structure of 
the terpolymer synthesized from o-aminophenol-melamine-formaldehyde. 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3. 13C NMR Spectra of o-APMF Terpolymer 

 
 

C) INFRA-RED SPECTROSCOPY 

The recorded FTIR spectra of o-APMF terpolymer are shown in (Fig. 4) and important IR band 
along with their assignments have appeared in the spectrum is tabulated in (Table 3). The FTIR spectra of 
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Fig. 4. Infra Red Spectra of o-APMF Terpolymer 

Table 3 
IR Frequencies of o-APMF Terpolymer 

terpolymer are found to be similar pattern of various bands at the characteristics frequencies, which are 
described below. 

The spectrum shows a very board absorption band appeared at 3331-3419cm-1 may be due to the 
stretching vibrations of phenolic hydroxyl (-OH) groups involved in intramolecular hydrogen bonding. A 
peak at 1570-1700 cm-1 may be ascribed to aromatic skeletal ring. The sharp, medium/ weak absorption 
bands appeared at 946-949 cm-1 and 1038-1040 cm-1 may be due to 1,2,3,5 substitution of aromatic benzene 
ring respectively. The sharp and strong band appeared at 3042-3094 cm-1 indicates the presence of -NH 
bridge or may be due to -CH3 stretching. The bands appeared at 1478 to 1482 cm-1 may be due to -NH 
bending of secondary amide and the band at 1354-1360 cm-1 may be due to (-CH2-) bridge[22]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Observed band frequencies (cm-1)  

Assignment 
Expected band 

frequencies 
(cm-1) o-APMF-I o-APMF-II o-APMF-III o-APMF -IV 

    -OH phenolic  

3331 (b,st) 3381 (b,st) 3384 (b,st) 3382 (b,st) intermolecular hydrogen 3450-3200 
    bonding  

2912 (w, m) 2920 (w, m) 2942 (w, m) 2940 (w, m) Aryl C-H stretching 3000-2910 

3042 (b,st) 3066(b,st) 3086(b,st) 3094(b,st) >CH2, >NH, -CH3 ~3000 
    stretching  

1653 (sh,b) 1569 (sh,b) 1572 (sh,b) 1583 (sh,b) Aromatic ring 
(substituted) 

1700-1500 

1482 (m) 1480 (m) 1478 (m) 1480 (m) -NH bending of 1500-1450 
    secondary amide  

1354 (w) 1360 (w) 1357 (w) 1359 (w) -CH2- bridge 1390-1370 
946 (w) 948 (w) 947 (w) 950(w) 1,2,3,5 substitution in ~950 

1038 (m) 1039 (m) 1040 (m) 1039 (m) benzene ~1050 

sh=sharp, b=broad, st= strong, m= medium, w=weak 
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D. SCANNING ELECTRON MICROSCOPY (SEM) 
 
 
 
 
 
 
 
 
 
 
 
 

 
(a) (b) 

Fig. 5. SEM Micrographs of o-APMF-I Terpolymer 
 

The scanning electron morphology of o-APMF terpolymer sample was investigated by different 
magnification 2000X and 5000X, which are shown in Fig. 5 (a) and (b) respectively. The terpolymer 
appeared to be dark drawn in color. The scanning electron morphology of o-APMF terpolymer shown 
spherule and fringed model. The spherules are complex polycrystalline formation having as good as smooth 
surface. This indicates the crystalline nature of o-APMF terpolymer. The morphology of terpolymer shows 
also a fringes model of the crystalline amorphous structure. The extent of crystalline character depends on 
the acidic nature of the monomer. But the photograph shows the fringed and scatted nature having shallow 
pits represent the transition between crystalline and amorphous. The terpolmer exhibits more amorphous 
characters with closed packed surface having deep pits, which is shown Fig.5. Due to the deep pits, 
terpolmer exhibits higher exchange capacity for Pb (II) ions (as well as other many metal ions). This could 
be the reason of bigger nitrated Pd (II) ions, which can easily penetrate in to the deep pits. Thus by scanning 
electron morphology of the o-APMF terpolmer shows the transition between crystalline and amorphous 
nature. When compare to the other resin, the o-APMF terpolymer resin is more amorphous in nature, hence 
shows higher metal ion exchange capacity. 
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Abstract: The experimental data of ultrasonic velocity, density, viscosity have been obtained for 
o-APUF terpolymer in DMSO, over the concentration range of (0.5 to 3.0) mol.Kg -1. The derived 
parameters such as adiabatic compressibility (βs), free length (Lf), Relative Association (RA), 
Acoustic Impedance (Z) have been calculated from viscosity, velocity and density measurements. 
The variations of these properties with concentration give the information about solute-solvent 
interactions. 
Key words: Terpolymer, ultrasonic velocity, acoustic impedance, adiabatic compressibility, 
intermolecular free length. 

 
Introduction: 

Ultrasonic is a branch of science, which deals with waves of high frequencies. The study of 

intermolecular interaction plays an important role in the development of molecular sciences. In recent 

years Ultrasonic method has become a powerful tool in providing information regarding the physico- 

chemical properties of liquid system.[1-4] A large number of studies have been made on the molecular 

interaction in liquid systems by various physical methods like Infrared, [5,6] Raman effect, [7,8] Nuclear 

Magnetic resonance, Dielectric constant,[9] ultra violet[10] and ultrasonic method. [11,12] In the present 

investigation, free intermolecular length, acoustic impedance, adiabatic compressibility, relaxation 

time of terpolymer derived from o-Aminophenol (o-AP), Urea (U) and Formaldehyde (F) in DMF 

media has been evaluated in DMSO at 310.15 K different concentration using experimentally 

determined values of ultrasonic velocity, viscosity and density. 

 
Materials & Methods: 

The solutes used in the present investigation were synthesized by standard methods.[14] The solvent 

DMSO used was of analytical grade. It was obtained from E. Merck Chemical Company. Solvent 

was used after purification by distillation. A thoroughly cleaned and dried Ostwald viscometer filled 
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with the experimental liquid was placed vertically in a glass-fronted, well-stirred water bath. Once 

the thermal equilibrium was attained, the flow times of the liquid were recorded with an accurate 

stopwatch (+0.01s). The viscosities were calibrated with double distilled water and with DMSO. Care 

was taken to reduce evaporation during the measurements. The present value for the liquids agrees 

with the literature value within a deviation of +0.01 Poise. Ultrasonic velocity measurements were 

made by variable path single crystal interferometer (Mittal Enterprises, Model F–81) at 2MHz with 

the accuracy of +0.03 %. Ultrasonic and thermodynamic parameters have been measured at 

310.15 K. 
 

Theory and Formulae: 
 
The ultrasonic velocity (Us), density (d) and viscosity (ηs) in terpolymer resin of various 

concentrations have been measured at 310.15 K. Acoustical parameters such as adiabatic 

compressibility (βs), free length (Lf), acoustic impedance (Z), relaxation time (τ), were determined  

using the observed values of velocity, density & viscosity using the standard relations given below. 

 
1) Adiabatic compressibility (βs) has been calculated from the ultrasonic velocity (Us) and the 

density (d) of the medium using the equation as: 

βs = 1 / 2 Usd 

2) Intermolecular free length (Lf) has been determined as: 

Lf = K x √βs 

Where K – is a Jacobson’s constant. 

3)  Relaxation time (τ) has been calculated from the adiabatic compressibility (βa) and viscosity 

of the liquid (η) as: 

τ = 4/3 βs η 

4) Acoustic impedance (Zs) The specific acoustic impedance is related to density and ultrasonic 

velocity by the relation. 

Zs = Us x d 
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Results & Discussion: 
 
Table 1: Values of Density (d), Velocity (Us), Viscosity (ηs), Adiabatic Compressibility (βs), Specific Acoustic 

Impedance (Zs), Intermolecular Free Length (Lf), Relaxation time (τ): at 310.15 K in DMSO. 

Table−I 

Sr. 
No 

Conc. 
(C) 

d 
(kgm-3) 

Us 
(ms-1) 

ηs βs 
(X10-10m2N-1) 

Zs 
(kgm-2s-1) 

Lf 
(10-8) 

τ 
(10-10sec) 

1 3.0 1.286 1586.43 1.334 5.108 2039.6 1.498 9.085 

2 2.5 1.271 1542.32 1.286 5.342 1959.8 1.532 9.161 

3 2.0 1.242 1489.21 1.248 5.600 1849.5 1.569 9.320 

4 1.5 1.227 1446.14 1.205 5.867 1774.3 1.606 9.423 

5 1.0 1.198 1393.51 1.150 6.170 1669.7 1.647 9.465 

6 0.5 1.174 1348.89 1.108 6.452 1583.5 1.684 9.532 
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The ultrasonic velocity, ‘U’ depends on the wavelength ‘λ’ of the sound wave. Since the frequency (2  

MHz) is constant, λ increases with the increase in the concentration as depicted in Table−I. the 

ultrasonic velocity in medium depends inversely on density and adiabatic compressibility of the 

medium. For the terpolymer, data reveals increase in ultrasonic velocity (U) increases with increase 

in the concentration of solute. This suggests presence of solute-solvent interactions.[16,17] The increase 

suggests a structure-making capacity of polymers in solution. Moreover, the increase in ultrasonic 

velocity indicates the possibility of H-bond formation between solute and solvent. There is also an 

indication of greater association among the molecules. 

As density and viscosity of any solution or solvent are directly related to each other, the measured 

values show similar trend. From the computed data given in Table-I, for the terpolymer viscosity 

increases with concentration of solute. This may be due to the formation of cage like structure during 

solute-solvent interactions. Again the increase suggests the H-bond forming tendency of the solute. 

The solutes are of structure-maker type. The terpolymer contains two bulky rings therefore viscosity 

is high and it increases with the concentration. 

From the Table-I it can be seen that for the terpolymer, adiabatic compressibility decreases with 

increase in concentration of solute. This may be due to the aggregation of solvent molecules around 

the ions supporting solute-solvent interaction. The results are in accordance with the findings of 

earlier authors.[18,19] As concentration increases, a larger portion of the solvent molecules are electro 

restricted and the amount of bulk solvent decreases causing the compressibility to decrease. Decrease 

in adiabatic compressibility indicates the formation of large number of tightly bound systems. 

The variation of RA values with increase in concentration is shown in Table–I. 

It depicts that relative association (RA) increases with increase in concentration. This increase 

indicates salvation of solute molecules. A similar increase in the value of RA has been found in case 

of sucrose solution by Syal [20]. 

As concentration increases, number of ions or particles increase in a given volume leading to 

decrease in the gap (intermolecular free length) between two species. Also, the decreased 

compressibility brings the molecules to a closer packing resulting in decrease in intermolecular free 

length. Similar type of trend was also observed by Vasantharans.[20] Again for the terpolymer 

decrease in the intermolecular free length with the increase in ultrasonic velocity has been observed. 

The variation of intermolecular free length with concentration is shown in Table–I. 
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Acoustic impedance is the product of ultrasonic velocity and density. As density and velocity both 

increase with increase in concentration for the Zs value also increases as shown in Table−I which 

indicates the interaction between the solute and solvent molecules. A similar type of behavior has 

been obtained for tetra-alkylammonium and alkali metal salts in methanol-chlorobenzene mixtures by 

Syal.[20] 
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Abstract 
 
The University Grant Commission (UGC) established National Assessment and Accreditation 
Council (NAAC). The key agenda NAAC as included in its abbreviation i.e to assess and accredit 
the institutions of higher education. The prime aim of NAAC has been to aid HEIs in improving 
the quality of higher education. Quality in higher education during these days has become a 
matter of utmost importance and concern. NAAC proposed that every accredited institution 
should have Internal Quality Assurance Cell (IQAC) as a post-accreditation quality sustenance 
measure. IQAC in the institute or college is significant administrative body which is responsible 
for all quality matters. The establishment IQAC has proven significant in creating a positive 
change in the overall performance of HEIs. IQAC has become an efficient instrument to ensure 
and to create a quality culture at the institutional level. Since quality enhancement is a 
continuous process IQAC helps institution to achieve academic excellence. The present paper is 
an attempt to analyze the functions and role of IQAC in HEIs in terms of quality assurance and 
quality enhancement. 
Key words: NAAC, IQAC, Quality, HEIs, Function, Role 

 
Introduction 

 
Since independence there has been remarkable expansion in the number of HEIs in India. The 
traditional courses (in the faculty of Arts, Commerce and Science) offered with little efforts to 
better the qualitative part. As the globalisation began to blow its trumpet in education sector too 
during nineties, the governments of India seriously consider bringing metamorphosis in its 
conventional higher education system. Accordingly, National Assessment and Accreditation 
Council (NAAC), an autonomous institution of UGC come into existence at Bangalore on 
September, 1994. The task of evaluation, assessment and accreditation of colleges and 
universities is being done by NAAC. NAAC proposed every Higher Education Institute to 
establish an Internal Quality Assurance Cell (IQAC) after completion of first cycle of 
accreditation of several colleges and universities in order to monitor the sustenance and enhance 
the quality of education 
Quality is backbone of any education system be it primary, secondary of higher education. As it 
is said by Foster that “quality is never an accident”, quality requires persistent pursuance, high 
intention, sincere efforts, planning and sincere execution. The quality of any nation gets reflected 
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in its citizen and the quality of citizens in turn depends on education system of the nation. The 
education system of the nation is eventually determined on the quality of teachers. The quality in 
higher education is the most essential aspect as India advancing towards becoming an 
educational hub. Therefore maintaining the momentum of quality realization is of vital 
importance. IQAC is in fact regarded as body that ensures to retain the impetus created by the 
accreditation at the institutional level. The very establishment of IQAC has been the step towards 
internalization and institutionalization of quality culture. 

 
Formation of IQAC 
IQAC formation has to be done after the guidelines laid down by NAAC with some essential 
amendments. The vice principals from both wings (where senior college is attached to junior 
college), Registrar, office superintendent are to be included as administrative officers in IQAC. 
The teacher representatives from different faculties are to be selected after the consideration of 
their participation in evaluation, teaching leaning process, research and extension work etc The 
positive, quality conscious, highly qualified and enthusiastic members of governing council 
should be requested to offer their contribution. Similarly, the local people from learned, 
qualified, social workers of repute may be selected in IQAC of the institution. The NAAC co- 
coordinator will act as co-coordinator of IQAC. The IQAC coordinator should be full time 
teacher having experience of more than five years and whose position should be non- 
transferable. 

The objective/aim of IQAC 
 

The aim of IQAC should be 
 

 To develop a system for conscious, consistent and catalytic action to improve the 
academic and administrative performance of the institution. 

 
 To promote measures for institutional functioning towards quality enhancement 

through internalization of quality culture and institutionalization of best practices 
 
Strategies 

 
IQAC shall evolve mechanisms and procedures for 

 
a) Ensuring timely, efficient and progressive performance of academic, administrative and 
financial tasks; 
b) The relevance and quality of academic and research programmes; 
c) Equitable access to and affordability of academic programmes for various sections of society; 
d) Optimization and integration of modern methods of teaching and learning; 
e) The credibility of evaluation procedures; 
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f) Ensuring the adequacy, maintenance and proper allocation of support structure and services; 
g) Sharing of research findings and networking with other institutions in India and abroad. 

 
Functions Expected of the IQAC 

 
a) Development and application of quality benchmarks/parameters for various academic and 

administrative activities of the institution; 

b) Facilitating the creation of a learner-centric environment conducive to quality education and 
faculty maturation to adopt the required knowledge and technology for participatory 
teaching and learning process; 

c) Arrangement for feedback response from students, parents and other stakeholders on quality- 
related institutional processes; 

 
d) Dissemination of information on various quality parameters of higher education; 
e) Organization of inter and intra institutional workshops, seminars on quality related themes and 

promotion of quality circles; 
f) Documentation of the various programmes/activities leading to quality improvement; 
g) Acting as a nodal agency of the Institution for coordinating quality-related activities, including 

adoption and dissemination of best practices; 
h) Development and maintenance of institutional database through MIS for the purpose of 

maintaining /enhancing the institutional quality; 
i) Development of Quality Culture in the institution; 
j) Preparation of the Annual Quality Assurance Report (AQAR) as per guidelines and parameters 

of NAAC, to be submitted to NAAC. 
(Revised Guidelines of NAAC, 2013, p.3-4) 

 
Benefits of IQAC 

a) Ensure heightened level of clarity and focus in institutional functioning towards quality 
enhancement . 

b) Ensure internalization of the quality culture; 
c) Ensure enhancement and integration among the various activities of the institution and 

institutionalize good practices; 
d) Provide a sound basis for decision-making to improve institutional functioning; 
e) Act as a dynamic system for quality changes in the HEIs; 
f) Build an organized methodology of documentation and internal communication. 

 
 
 
 

Role of IQAC Coordinator 
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The role of IQAC coordinator is crucial. For, he/she has to ensure the effective functioning 
and participation of all members. He /she has a major role in implementing the above 
mentioned functions. 

 
 
Role of IQAC in Ensuring Quality enhancement of Higher Education 

 
The primary responsibility of higher education is the quality. Undoubtedly the government has 
this exclusive responsibility viz quality assurance in majority of the nations, it is the very 
institute itself is responsible for providing and guarantying quality. IQAC at HEIs is mechanism 
of resources and information devoted to retaining and advancing the quality as well as standards 
of HEIs. Hence if the quality is sought after, there is need to have structured and organized 
quality assurance machinery to monitor and evaluate quality. IQAC performs the various tasks in 
HEIs. It sets up documentation in motion. It brings awareness among faculties and generate 
confidence. It evolves formats for the information and data of the institutions and designs 
stipulated schedule for the work as well as drafts the quality status report. 

 
Areas for Qualitative Improvement 

 
It is desirable that the HEIs should pay attention to the following aspects in order to improve 
performance in regard to criteria identified by NAAC. 

 
First and foremost, for the quality enhancement of education the HEIs must establish dynamic 
IQAC comprising dynamic academicians. The members should be committed, well-versed in 
handling the human as well as physical resources in the institution. There should have effective 
and healthy communication among the principal, management and the rest of the staff members. 
IQAC should study the NAAC methodology of accreditation and set its target, annual as well as 
for five years and monitor activities in the institute till the forthcoming accreditation. 

 
IQAC of an institute should encourage the faculty members to take initiative in designing/ 
revising curriculum of the university. There should be participation of teachers in the activities of 
Board of Studies, concrete say in revision of syllabi along with record thereof. 

 
It should encourage various departments in the college/ institute to start need based certification 
and diploma courses. It will be beneficial in filling up the gaps in the university curricula and 
developing employment potential as well as personality of students. In the same way IQAC 
should strengthen UGC sponsored add on courses such as Remedial Coaching, NET / SET 
coaching for the students. There should be career counselling cell. These cells motivate student 
to cater their diverse needs. The teachers running these cells should have positive, dynamic 
approach and missionary zeal. IQAC shall also involve other stake-holders like alumni and 
parent teacher association members, management, and industrial officials. 
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Importantly, the admission process of the college should be such that the student should feel-at- 
home. The college should have student enrolment profile developed annually.“The profile report 
should indicate the socio economic and geographic status of the students enrolled for its various 
academic, professional, certification, add on and other courses”( Hereker). IQAC should devise 
the departments to identify and shortlist the scholar students in various subjects and streams to 
shape their career through proving them with required resources as books, counselling, special 
coaching, and training etc. 
IQAC should facilitate the student as well as faculty members the use of ICT and modern 

methods of teaching. It should develop e-learning resources and organize orientation, workshops 
for upgrading their technological skills. It should encourage teachers to prepare their 
presentations and notes and display them on college websites. 

 
IQAC should design its own continuous internal evaluation system at the college level. It should 
consist of test, unit tests, individual and group assignments, PPT competitions, online tests etc 
and as the quality is decisive factor in the qualitative improvement in the education system the 
IQAC should ensure that the teachers from the various departments are deputized for research 
fellowships, orientations/refresher courses, seminars and conferences, and alike programmes and 
should encourage the departments to organise seminar, conferences and workshops etc. in the 
institution. 

 
The IQAC should not only promote the research activities, providing departmental targets 
regarding major and minor research projects, research papers and publications to be done every 
year it should also have  periodic follow up of the progress of the same. 

 
The principal and IQAC should design short term and long term plan for development of 
infrastructure in consultation with college management. They should prepare a mechanism to 
realize those plans through assistance of UGC, government and other agencies and it should also 
exploit own financial resource. 

 
There should be a strong and efficient feedback system. The constructive feedbacks from all 
stakeholders aids in increasing efficiency. The corrective measures are to be adopted soon after 
the feedback in order to improve efficiency of particular segment. The IQAC must cultivate the 
practice of maintaining appropriate records of every activity as expected by NAAC for 
assessment and accreditation. 

 
 
 

Conclusion 
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There is a good prospect for Higher Education in India since world’s largest population of young 
people is in the age group of 15 to 24 years (18% of all Indians). The role of IQAC for the 
quality enhancement in higher education is crucial and instrumental in about some positive 
change in the administration of the college/institute. IQAC functions for enhancement and 
retaining the quality. The duo, quality and excellence result out of team work and commitment. 
The leaders i.e. the principals and coordinators of IQAC should work on the guidelines of NAAC 
for proper realization of the role of IQAC and its accountability. Quality assurance is essential 
for improving institutional efficiency and also increasing public accountability. 
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ABSTRACT 

Due to the vast pharmacological activity of Coumarins derivatives the viscosity, ultrasonic velocity and 

density of 7-hydroxy-4-phenyl-2H-chromed-2-one has been measured in 70:30 (v/v) Acetone–water, 70:30 

(v/v) NNDMF-water and 70:30 (v/v) DMSO-water with different concentration of 7-hydroxy-4-phenyl-2H- 

chromene-2-one at temperature 308.15K.To know the various interaction with the various Thermo acoustical 

parameters internal pressure, Gibb’s free energy was calculated from experimental data of ultrasonic velocity, 

viscosity, and densities. The changes in values of this parameter with the change concentration of solute 

represent the different types of interaction like solute-solvent interaction, solvent-solvent, and dipole-dipole 

interactions present in the solutions. 

 
Keyword:- 7-hydroxy-4-phenyl-2H-chromen-2-one, Acetone, DMF, DMSO, internal pressure, Gibb’s free 

energy. 

 
I. INTRODUCTION 

 
Coumarins and chromones are ubiquitous and have relevant pharmacological activities such as anti- 

inflammatory, antioxidant, cardio protective, and antimicrobial properties1,2. The majority of the large numbers 

of drugs being introduced in pharmacopeias every year are heterocyclic compounds. 
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The knowledge of viscosities, densities, ultrasonic velocities, and various acoustical parameters are useful for 

the studies of thermo acoustical properties of a system. The study of molecular interaction in liquid shows 

valuable information regarding the internal structure, molecular association, complex formation, internal 

pressure. The studies of the solution properties of a liquid solution of polar and non-polar components have 

great applications in industrial and technological process3. The literature survey 4-7 reveals the many researchers 

who give attention to the study of ultrasonic velocity measurement and the study of acoustical properties. Due 

to these vast applications of 7-hydroxy-4-phenyl-2H-chromen-2-one make our interest in an investigation of 

its acoustical parameters. The measured values of ultrasonic velocity, internal pressure, Gibb’s free energy gives 

idea regarding types of interaction present in the 7-hydroxy-4-phenyl-2H-chromen-2-one -70:30 (v/v) Acetone 

–water,7-hydroxy-4-phenyl-2H-chromen-2-one-70:30 (v/v) NNDMF-water and 7-hydroxy-4-phenyl-2H- 

chromen-2-one -70:30 (v/v) DMSO-water solutions. 

 
II. MATERIALS AND METHODS 

 
The compound 7-hydroxy-4-phenyl-2H-chromen-2-one synthesize by known method8. The densities of 

Ethanol, Acetone, DMF, and 8,10-dinitro-7H-benzo[c] carbazole solution were measured by using a specific 

gravity bottle, and the viscosity was measured using Ostwald’s viscometer. The ultrasonic velocities of pure 

components and their mixture were measured by ultrasonic interferometer (Mittal enterprises, model F-81s) at 

2 MHz having accuracy ±1 ms−1 in velocity. 

Theory:- 

Given acoustical parameters are calculated by using various equations. 

Ultrasonic velocity (u) 

(u) = vλ ............................................................................ (1) 

Where, u-ultrasonic velocity, λ-wavelength. 

Internal pressure (Пi) 

(Пi) = bRT (kη/U) 1/2 (ρ2/3/M7/6) ........................................(2) 

Where, b is the cubic packing factor which is assumed to be 2 in liquid systems. K = 4.28 x 109 and is 

independent to the nature of liquid. R is gas constant. η is the viscosity and ρ is the density of solution, M- 

molecular weight (M is the molar mass of the solute) of solute. 

Gibb’s free energy (ΔG) 

(ΔG) = R.T.Ln (KTτ/h) ..................................................... (3) 

Where, k = 1.23×10-23 , h = 6.626×10-34 , R is the gas constant, T is the absolute temperature & (τ) is the 

Relaxation time. 

 
III. RESULTS AND DISCUSSION 

 
The experimentally determined values of density(ρ) and ultrasonic velocities (u) and viscosity (η) for 7- 

hydroxy-4-phenyl-2H-chromen-2-one- 70% Acetone, 7-hydroxy-4-phenyl-2H-chromen-2-one-70%NNDMF 

and 7-hydroxy-4-phenyl-2H-chromen-2-one-70% DMSO solutions measured at 318.5K are given in Table 1.At 

a constant temperature From fig.1 it is observed that increase in the concentration of 7-hydroxy-4-phenyl-2H- 

chromen-2-one with an increase ultrasonic velocity (u), also fig 2 and 3 indicates an increase of density and 

viscosity an increase in the concentration of solute at a constant temperature. An increase in concentration 
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allows for a closer approach of solvent and solute molecules and a stronger association between solute and 

solvent molecules. This leads to a decrease in the volume and an increase in the density of the solution9. The 

increased values of viscosity and ultrasonic velocity indicate molecular association in the experimental systems, 

which are possible due to the presence of hydroxyl group solute structure notably; velocities of lower value are 

less molecular interaction. It may be due to breaking of molecular clusters, presence of dipole-dipole 

interaction, solute-solvent interactions, solvent- solvent interactions, and presence of hydrogen bonding 

between the solute molecule and water molecule solvents. 

The internal pressure (πi) is the cohesive force, which is a result of the strength of attraction and force of 

repulsion between solute and solvent molecules of the solution. It is evident from fig 4 and Table-which 

internal pressure values increase with the increase of solute concentration for all the experimental systems. 

Further πi with attentiveness indicates an increase in intermolecular interactions due to the forming of 

aggregates of solvent molecules around the solute, which affects the structural arrangement of the solution 

system. Indicated may also accredit to the presence of solute-solvent interactions and hydrogen bonding10. 

Gibb’s free energy (∆G) decreases with an increase in the concentration of solute and a decrease at high 

temperatures [fig-5].decline of Gibb’s free energy indicates the need for a longer time for the co-operative 

process to take place or for the rearrangement of molecules in the mixture. Stipulate the restricted flow of the 

ternary mixture compared with the behavior of pure components. 

 

 

 

 

 

 

 

 

 

 

 

Figure1. Ultrasonic velocity (u) plotted against 

concentration of 7-hydroxy-4-phenyl-2H- 

chromen-2one -70% Acetone (■),7-hydroxy-4- 

phenyl-2H-chromen-2one – 70%NNDMF (▲) 

and 7-hydroxy-4-phenyl-2H-chromen-2one – 

DMSO (×), at 308.15K. 

Figure 2. Density (ρ) plotted against 

concentration of 7-hydroxy-4-phenyl-2H- 

chromen-2one-70% Acetone (■),7-hydroxy-4- 

phenyl-2H-chromen-2one – 70%NNDMF (▲) 

and 7-hydroxy-4-phenyl-2H-chromen-2one – 

DMSO (×), at 308.15K. 

 

 

 

 

 

 

 

 

 

Figure 3. Viscosity (ŋ) plotted against concentration of 7-hydroxy-4-phenyl-2H-chromen-2one -70% 

Acetone (■),7-hydroxy-4-phenyl-2H-chromen-2one – 70% DMF (▲) and 7-hydroxy-4-phenyl-2H- 

chromen-2one –DMSO (×),at 308.15K. 
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Table 1. Experimental values of ultrasonic velocity, density and viscosity of 7-hydroxy-4-phenyl-2H-chromen- 

2one -70% Acetone, 7-hydroxy-4-phenyl-2H-chromen-2one – 70% DMF and 7-hydroxy-4-phenyl-2H- 

chromen-2one –DMSO solutions at temperatures 308.15K. 

 

 
 

C 

u, m.s-2 (ρ) kg.m-3 
(η) 

10-3 N.s.m-2 

7O% 

Ac+L 

70% 

NNDMF+L 

70% 

DMSO+L 

7O% 

Ac+L 

70% 

NNDMF+L 

70% 

DMSO+L 

7O% 

Ac+L 

70% 

NNDMF+L 

70% 

DMSO+L 

0 1590.1 1456.2 1464.5 0.801 0.954 1.048 1.185 1.643 1.822 

0.01 1596.9 1462.3 1472.2 0.802 0.962 1.055 1.311 1.658 1.841 

0.02 1598.3 1483.7 1476.9 0.816 0.976 1.059 1.352 1.678 1.852 

0.03 1604.4 1515.6 1484.3 0.818 0.989 1.073 1.417 1.695 1.867 

0.04 1610.5 1563.1 1498.6 0.824 0.998 1.094 1.483 1.724 1.876 

0.05 1618.6 1596.9 1512.1 0.836 1.017 1.122 1.523 1.738 1.882 

0.06 1630.1 1627.2 1528.5 0.859 1.032 1.145 1.585 1.756 1.896 

0.07 1642.7 1652.8 1536.7 0.868 1.048 1.157 1.603 1.764 1.907 

0.08 1658.3 1698.4 1548.6 0.898 1.067 1.168 1.762 1.789 1.923 

0.09 1672.1 1736.8 1566.4 0.904 1.087 1.182 1.819 1.802 1.945 

0.1 1684.6 1784.3 1592.8 0.909 1.105 1.191 1.898 1.835 1.961 

 
Table 2. Gibb’s free energy(∆G), internal pressure (πi) of 7-hydroxy-4-phenyl-2H-chromen-2one -70% 

Acetone ,7-hydroxy-4-phenyl-2H-chromen-2one – 70%NNDMF and 7-hydroxy-4-phenyl-2H-chromen-2one 

–DMSO solutions at different concentration(c) and at temperature 308.15K. 
 

 
C 

(πi)10-6 Pa (ΔG)( x 10-20 k.J.mol-1) 

7O% 

Ac+L 
70%NNDMF+L 70%DMSO+L 

7O% 

Ac+L 
70%NNDMF+L 70%DMSO+L 

0 133.075 183.979 205.683 0.125 0.1258 0.1258 

0.01 139.789 185.461 207.128 0.1249 0.1257 0.1257 

0.02 143.542 187.018 207.939 0.1248 0.1256 0.1257 

0.03 146.912 187.622 210.09 0.1247 0.1254 0.1256 

0.04 150.742 187.452 212.314 0.1244 0.1252 0.1255 

0.05 153.855 188.565 215.299 0.1243 0.1249 0.1253 

0.06 159.256 189.608 217.863 0.1243 0.1248 0.1252 

0.07 160.655 190.506 219.431 0.1241 0.1246 0.1251 

0.08 171.481 191.538 220.89 0.1239 0.1243 0.125 

0.09 174.284 192.464 222.646 0.1238 0.1241 0.1249 

0.1 178.02 193.725 222.823 0.1234 0.1239 0.1248 

 

 
(Uncertainties in isnotropic internal pressure 1×10-6 Pa, Gibb’s free energy 0.01 x 10- 20 k.J.mol-1). 
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Figure 4 Internal pressure (Лi) plotted against 

concentration of 7-hydroxy-4-phenyl-2H- 

chromen-2one -70% Acetone (■),7-hydroxy-4- 

phenyl-2H-chromen-2one – 70%NNDMF (▲) 

and 7-hydroxy-4-phenyl-2H-chromen-2one – 

DMSO (×), at 308.15K 

Figure 5 Gibb’s free energy (∆G) plotted 

against concentration of 7-hydroxy-4-phenyl- 

2H-chromen-2one -70% Acetone (■),7- 

hydroxy-4-phenyl-2H-chromen-2one – 

70%NNDMF (▲) and 7-hydroxy-4-phenyl- 

2H-chromen-2one –70%DMSO (×), at 

 
 

IV. CONCLUSION 

 
In the present article, the densities, ultrasonic velocities, viscosity, and thermodynamical parameters at 

temperatures, 308.15K over the entire range of composition of 7-hydroxy-4-phenyl-2H-chromen-2one in 70% 

Acetone, 70%NNDMF and 70% DMSO has been scope. From these measured physical property data, internal 

pressure, Gibb’s free energy intend and used to found the solute-solvent, solvent-solvent interaction, and 

hydrogen bonding. From the above investigation, it is the effect that 7-hydroxy 4-phenyl-2H-chromen-2one 

shows absorbing interactive behavior with solvents like Acetone, DMF, and DMSO. 
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Abstract. Ultrasonic velocity, density, and viscosity measurements for o-APUF (o-
aminophenol, urea and formaldehyde) terpolymer in DMSO were collected throughout a 
concentration range of (0.5 to 3.0) mol.Kg-1. From viscosity, velocity, and density 
measurements, derived metrics such as adiabatic compressibility (s), free length (Lf), Relative 
Association (RA), and Acoustic Impedance (Z) were determined. The knowledge concerning 
solute-solvent interactions comes from the fluctuations of these properties with concentration. 

 
Key words: Terpolymer, ultrasonic velocity, acoustic impedance, adiabatic compressibility. 

 
 

1. Introduction: 
Ultrasonic is a branch of science that studies high-frequency waves, intramolecular 

interaction. Intermolecular interaction research is critical for the advancement of molecular sciences. 
In recent years, the ultrasonic method has shown to be a useful instrument for determining the 
physico-chemical properties of liquid systems.[1-4] Molecular interaction could be studied by numerous 
physical approaches including infrared,[5,6] Raman effect,[7,8] Nuclear Magnetic Resonance, Dielectric 
constant,[9] ultra violet[10], and ultrasonic method. In this study molecule interaction in liquid systems 
by Ultra sonic studies for pre synthesized [12] terpolymer is described here. Free intermolecular length, 
acoustic impedance, adiabatic compressibility, and relaxation time of terpolymer derived from o-
Aminophenol (o-AP), Urea (U), and Formaldehyde (F) in DMF media [12]have been evaluated in 
DMSO at 310.15 K using experimentally determined values of ultrasonic velocity, viscosity, and 
density in DMF media also studied. 

 
2. Materials & Methods: 

 
 Material: O-aminophenol (Spectrochem.), urea (Spectrochem), formaldehyde (Solution in water ), 

Analytical grade Dimtheylformamide (DMF) and DMSO the E. Merck Chemical Company. 
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 Method : Synthesis of o-APUF (o-aminophenol urea formaldehyde) Terpolymer 
The o-aminophenol (0.1mol,1.091g) with urea (0.1 mol, 0.70 g) and formaldehyde (7.50 ml of 

37 %, 0.2 mol) was taken and mixed in a proportion of 1:1:2 in DMF (130 °C) ± 20C for and reaction 
mixture was treatment for 110 Second using a microwave system. After which, the brown solid mass 
obtained was immediately filtered from solution. Further no purification required for product. The 
resinous brown product so obtained was repeatedly washed with cold distilled water, dried in air and 
using vaccum desiccators and crushed as a powdered with the help of mortar and pestle. Unreacted 
monomer was removed from product by washing with many times with boiling water and ethanol. The 
product was isolated and purified by following literature procedure. It was necessary to wash resulting 
terpolymer sample with several time with boiling water. The product was dried in air under vacuum, 
powdered using motel pestle and kept in vacuum over silica gel. The experimental yield was found 
88%. On the basic of studies of different characterization we have confirmed that the synthesized 
terpolymer is o-APUF.[12] 
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Scheme-1 : Synthesis scheme for (o-aminophenol urea formaldehyde) terpolymer using Urea 
formaldehyde and o-aminophenol 

In above work the solutes used in this work were synthesized using standard procedures.[15] 
Analytical grade DMF and DMSO were used as solvents. It was provided by the E. Merck Chemical 
Company. All solvents purified by distillation, after distillation, used for study. Double distilled water 
was used for the various percentages of DMF-water system. In an Ostwald viscometer that had been 
well cleaned and dried, the experimental liquid was placed vertically in a glass fronted, well-stirred 
water bath. Once thermal equilibrium was reached, the flow timings of the liquid were recorded using 
an accurate stopwatch (+0.01s). The viscosities were calibrated using DMF and double distilled water. 
 The Ultrasonic Detail 

Every attempt was made to limit evaporation to a minimum during the measurements. The 
current liquids value corresponds to the known value within a margin of +0.01poise. The ultrasonic 
velocity was measured with an accuracy of +0.03 percent using a variable path single crystal 
interferometer (Mittal Enterprises, Model F–81) at 2MHz. The terpolymer of o-aminophenol, 
melamine, and formaldehyde was measured ultrasonically and thermodynamically at 310.15 K. 

 
3. Results & Discussion: 

Table I: Ultrasonic data for o-APUF terpolymer 
Values of Density (d), Velocity (Us), Viscosity (ηs), Adiabatic Compressibility (βs), Specific Acoustic 
Impedance (Zs), Intermolecular Free Length (Lf), Relaxation time (τ): at 310.15 K in DMSO. 

NH2 
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Detail about ultrasonic data for o-APUF terpolymer has been shown in Table-I. 
Table−I 

Sr. 
No 

Conc. 
(C) 

d 
(kgm-3) 

Us 
(ms-1) 

ηs βs 
(X10-10m2N-1) 

Zs 
(kgm-2s-1) 

Lf 
(10-8) 

τ 
(10- 
10sec) 

1 3 1.286 1586.43 1.334 5.108 2039.6 1.498 9.085 

2 2.5 1.271 1542.32 1.286 5.342 1959.8 1.532 9.161 

3 2 1.242 1489.21 1.248 5.6 1849.5 1.569 9.32 

4 1.5 1.227 1446.14 1.205 5.867 1774.3 1.606 9.423 

5 1 1.198 1393.51 1.15 6.17 1669.7 1.647 9.465 

6 0.5 1.174 1348.89 1.108 6.452 1583.5 1.684 9.532 

Graphs for o-APUF terpolymer properties measurement all result shown below in Fig. 1 to Fig. 7. 

(Fig. 1) (Fig. 2) 

  
(Fig. 3) (Fig. 4) 
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(Fig. 5) (Fig. 6) 

 

(Fig. 7) 
The wavelength of the sound wave determines the ultrasonic velocity, 'U.' Because the 

frequency (2 MHz) remains constant, increases as the concentration rises, as shown in Table I. The 
ultrasonic velocity in a medium is inversely proportional to its density and adiabatic compressibility. 
The ultrasonic velocity (U) of the o-APUF terpolymer increases as the concentration of solute 
increases, according to the data. This indicates that there are interactions between the solute and the 
solvent.[16,17] The increase shows that polymers in solution have the ability to form structures. 
Furthermore, a rise in ultrasonic velocity suggests the creation of H-bonds between the solute and the 
solvent. There's also evidence of a stronger bond between the molecules. 

Because the density and viscosity of any solution or solvent are proportional, the measured 
values follow a similar pattern. According to the computed data in Table-I, the o-APUF terpolymer 
viscosity increases as the solute concentration increases. This could be because of the creation of a 
cage-like structure during the interactions between the solute and the solvent. Rise again, indicates the 
solute has a proclivity for creating H-bonds. Structure-maker solutes are present. Because the 
o- APUF terpolymer has bulky rings, it has a high viscosity that rises with concentration. 

The adiabatic compressibility of the o-APUF terpolymer diminishes as the concentration of 
solute increases, as shown in Table-I. This could be because solvent molecules clump together around 
the ions that support the solute-solvent interaction. The findings are consistent with those of previous 
researchers.[18,19] As the concentration rises, a proportion of the solvent mole become electrically 
restrict. It reduces bulk solvent amount which is available, lowering compressibility. The creation of a 
large number of closely bound systems is indicated by a decrease in adiabatic compressibility. 
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Table–I shows the variance in RA values as concentration increases. It shows that relative 
association (RA) increases as concentration rises. This rise suggests that solute molecules are being 
saved. Syal [20] discovered a comparable increase in the value of RA in the case of sucrose solution. 
The number of ions or particles in a given volume increases as concentration rises, resulting in a 
decrease in the gap (intermolecular free length) between two species. Also, because of the reduced 
compressibility, the molecules pack closer together, resulting in a reduction in intermolecular free 
length. Syal and co-workers have noticed a similar pattern.[20] In the case of the o-APUF terpolymer, 
a decrease in intermolecular free length was seen as ultrasonic velocity was increased. Table–I shows 
the fluctuation of intermolecular free length with concentration. 

The product of ultrasonic velocity and density is acoustic impedance. The Zs value increases 
as density and velocity both increase with increasing concentration, as shown in Table-I, indicate 
solute and solvent molecule interaction. According to literature study Syal and co-workers observed a 
similar result for tetra-alkylammonium and alkali metal salts in methanol-chlorobenzene combinations 
as a solvent system.[20] 
4. Conclusion: 

The presence of molecular interactions between the solute-solvent interactions is shown by 
ultrasonic analysis of o-APUF (o-aminophenol urea formaldehyde) terpolymer. The decrease in 
intermolecular free length of the solute-solvent causes an increase in ultrasonic velocity with 
increasing concentration. As concentration increase, so does the density and viscosity. With increasing 
concentration, adiabatic compressibility and intermolecular free length decreases 
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ABSTRACT 

The planning and execution of education must be improved in order to meet the goals set for each age group. A 

modest growth trend in total representation is reflected in India's higher education. The NPE-2019 declares a 

favourable long-term policy. It is about providing a large-scale facility and access to educational needs, as well 

as the total integration of physical and biological educational resources with technology. It would be possible to 

produce the most amount of higher education with greater values if the teacher, students, curriculum, 

extracurricular activities, teaching aids, facilitators, evaluations, assessments, virtual utility, etc. were all 

integrated. The agencies and organisations involved in the direction, supervision, and management of higher 

education keep a close eye on the programmes, and education technology will give the organisation a timely 

and ideal functionalism for developing new policies. The government's aim and vision for education are made 

possible through both private and public initiatives. The actual preservation and analysis of data for educational 

purposes is guaranteed by educational technology. The electrification of higher education and its use of 

technology and communication have a positive impact on student interest and performance. 

Keywords:- Technology, Higher Education, Challenges 

 
I. INTRODUCTION 

 
The Diploma, Graduation, Post-Graduation, Doctoral, Post-Doctoral, and Fellowship educational programmes 

are offered to applicants to enrol under colleges, institutions, universities, and research centres in order to 

enhance their knowledge for practical application. In India, many public and private institutes of higher 

learning have been established. The main goal of educational institutions is to impart knowledge as effectively 

as possible through the efficient use of its input resources, which include lecturers, classrooms, libraries, and 

laboratories. Every programme has a different aim, but the most typical one is to equip the participants with 

knowledge for future learning or professional competencies. 

Social well-being is a component of sustainable development, and it depends on education. Reforms in 

education are primarily motivated by the emergence of information technology as a tool for the dissemination 

of knowledge. Education in schools and institutions has changed as a result of the introduction of new 

technology-assisted learning tools like mobile devices, smart boards, MOOCs, tablets, laptops, simulations, 

dynamic visualisations, and virtual laboratories. One of the most economical strategies for training developing 
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minds is the Internet of Things (IoT), which has been demonstrated. Additionally, it serves as a method for 

universally integrating top-notch educational opportunities [1-3]. Businesses in the educational technology 

sector are always tempted to develop innovative solutions to increase access to education for people who lack 

suitable educational facilities. Social media has advanced significantly as a tool for education. 

Social media is used by many teachers and students as a crucial component of the whole e-learning experience. 

These days, it serves as a vital forum for the exchange of knowledge about important subjects. Social media 

websites are a great resource for creating networking opportunities to build social activities and maybe new 

occupations [4,5] in addition to the ability to share information anywhere, at any time. 

The versatility and non-intrusive nature of modern technology do, in fact, make learning more enticing to the 

younger generation. It could be a difficult technique to master at first, though, as conventional educators is 

reluctant to integrate modern technology and gadgets into the classroom because they see them as a distraction 

rather than a clever learning tool [6, 7]. Students can better prepare for class by using an online calendar that 

shows the times of classes, assignments, field trips, guest speakers, exams, and semester breaks. Student response 

systems, such smartphones and clicker devices, give teachers a quick and simple way to assess how quickly 

students are absorbing the pre-sented material and whether further explanation is needed [8–9]. 

Digital learning is a fantastic way to reduce expenses, more effectively use resources, encourage sustainability, 

and increase both reach and impact for students and teachers. This is true of the environmental impact of using 

less paper for handouts and books as well as the time savings and convenience of research. [16,17]. Modern life 

and society are heavily reliant on technology in many areas. The worldwide digital revolution has started to 

permeate the field of education. Technology is projected to change education by making it more affordable and 

accessible because it is fast changing how students learn [18–20]. 

 
ICT (Information And Communication Technology) Role in Higher Education: 

A number of factors combined over the course of the 1990s to force institutions of higher learning to 

investigate the expanding possibilities that information and communication technology (ICT) offered in terms 

of enhancing pedagogy and simultaneously changing the way that administrators and academics engaged with 

various student cohorts [21]. Many factors are driving the adoption of ICTs in education as we enter the 

twenty-first century, and current trends indicate that we will soon witness significant changes in how 

education is organised and delivered utilising ICT [22]. Furthermore, the quick development and transition of 

new technology suggests that higher education systems must adapt to improvements in knowledge and abilities. 

Universities must ensure that their students have the information, abilities, and skills necessary to compete in 

an increasingly global and cutthroat industry [24]. The goal of the ICT policy in higher education is to "prepare 

young for creative participation in the establishment, sustaining, and expansion of a knowledge society 

contributing to overall socioeconomic development of the nation and worldwide competitiveness"[25]. ICT is 

used for management and administration tasks in addition to delivering lectures and course materials. It is 

obvious that the usage of ICT has helped administrative processes such student registration, grades, course 

scheduling, and even staffing evaluation [26]. Higher education will inevitably incorporate ICT, and the 

emphasis will be on using it to improve the system for open and distance learning. The unique function of ICT 

in strengthening research capabilities should be identified in institution- and sector-wide higher education ICT 

policy and planning, and sufficient infrastructure should be supported by capacity building. Digital libraries, 

access to online databases, networking etc .can be enhanced through inter institutional collaboration to ensure 

optimal usage of ICT expertise and resources[24]. 
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Benefits and Implications of applying ICT in Higher Education 

ICT application in higher education can serve the following: 

 Speed and automatic functions: the feature of ICT which enables routine tasks to be completed and 

repeated quickly, enabling teachers to demonstrate, explore or explain aspects of their subject, and 

allowing students to concentrate on thinking and on tasks such as analyzing and looking for patterns 

within data, asking questions and looking for answers, and explaining and presenting results. 

 Capacity and range: the ability of ICT to access and to handle large amounts of information; change 

timescales, or remove barriers of distance; give teachers and pupils access to historical, recent and 

immediate information and control over situations which would normally be outside their everyday 

experience. 

 Provisionality: the feature of ICT which allows information to be changed easily and enables alternatives 

to be explored readily. 

 Interactivity: the function of ICT which enables rapid and dynamic feedback and response 

 Furthermore, applying ICT in education has the following advantages: 

 A sense of presence, possibly even community, in online interaction; 

 Improved learner support; 

 Unlimited practice of difficult concepts, skills, etc.; 

 Unlimited access to resources via the Internet; 

 Improved delivery of learner preferences; 

 Global access to resources and teaching; and 

 Learning anywhere, anytime [21]. 

 There are some implications of ICT in higher education: 

 Time, space and socio-economic factors are no longer major barriers to learning. 

 Decentralized nature of the new technology frees the learner from the technology provider. 

 Learners have access to variety of learning resources. 

 Up-to-date knowledge from any part of the world. 

 New media allows interactive, learner need not be a passive recipient of knowledge. 

 New technology allows the learner to receive information in a variety of formats [22]. 

 
Challenges of ICT in Higher Education: 

The high expense of purchasing, setting up, using, maintaining, and replacing ICTs comes first. The use of ICTs 

into teaching is still in its infancy, although having a lot of potential. Since implementing ICT systems is 

frequently more expensive in absolute terms than in industrialised countries, and other investments (such 

buildings) are generally less expensive, introducing them for teaching in poor countries has a particularly high 

opportunity cost. In particular, if the pirated software varies in common formats, using unlicensed software can 

be exceedingly challenging both legally and financially. Even while well-made educational materials can be of 

great value to students, teaching online poses some special difficulties because not all professors are ICT-literate 

and capable of using ICT tools. 

The four most common mistakes in introducing ICTs into teaching are: 

 Installing learning technology without reviewing student needs and content availability; 

 Imposing technological systems from the top down without involving faculty and students; 

 Using inappropriate content from other regions of the world without customizing it appropriately; 
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 Producing low quality content that has poor instructional design and is not adapted to the technology in 

use. 

 Lack of support from management; 

 Unclear division of function and power; 

 Uncoordinated planning and implementation; 

 Question of ownership; 

 Shortage of trained staff to cope with the diversity of responsibilities and tasks; 

 Resistance from staff and reluctance to be retrained; 

 Insufficient funds for developing, purchasing and implementing ICT [20]. 

 Overcoming negative perceptions from early unsatisfactory experiences; 

 Educational design and publishing standards; 

 Timescale and workload; 

 Getting take-up of the quality assurance processes; 

 Maintaining momentum [24]. 

 
II. CONCLUSION 

 
The findings for the Effectiveness of ICT in Higher Education Model make it clear that all the free components, 

including ICT availability, usage, knowledge, and cost, are very enormous and have a strong positive impact on 

ICT viability. It is also clear from the research that cost is the aspect that has the most influence on how well 

ICT is used in advanced education, with accessibility and learning coming in second. It is commonly assumed 

that ICT in education can support a few processes related to educating and learning through data transfer and 

information assistance. ICT facilitates learning and teaching since it is thorough and well-organized, and as a 

result, basic skills may be developed to further benefit from the process. In this way, it should be considered 

that changes in learning outcomes are typically related to the use of creative mechanical techniques in 

instruction. It is typical for teachers and administrators to create clear and appropriate rules in schools, 

businesses, and institutions in order to increase the use of ICT. 
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