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Dielectric Relaxation Studies of Cellulose-Water Mixtures Using Time and
Frequency Domain Technique
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I'he complex dielectric permittivity of hydroxypropyl methyl cellulose (HPMC)-water mixture was measured by using
Time Domain Reflectometry (TDR) and Frequency Domain (LCR) Technique at 25 °C. The complex dielectric permittivity
e*(w)., complex electrical modulus M*(m). complex electrical conductivity o™(w). loss tangent (tand). static dieleciric
constant (g) and relaxation time (1) have been determined for the cellulose-water system.

Keywords: Complex permittivity spectra; Relaxation time: Electrode polarization: Precision LCR meter; TDR: HPMC

1 Introduction

Over the last two decades a significant advancement
in the experimental dielectric spectroscopy technique
developed in the frequency range from 10° to 107
Hz'. Dielectric dispersion and absorption spectra of
binary liquid mixtures provides information on
molecular interaction in the liquid mixture via
hydrogen bonding”. Therefore, systems like aqueous
or alcoholic mixtures where hydrogen bonding is
important are [requently studied using dielectric
relaxation spectroscopy (DRS). In recent years
polysaccharides have been the topic of several
experimental and theoretical researches. There have
been attempts to link the characteristics of different
polysaccharides to their chemical structure and
conformation. On the subject of how polysaccharides
interact with a solvent, scveral publications have
been published™®. Numerous studies have also been
done on the mechanical and dielectric relaxation of
cellulose and its derivatives””. The present investigation
is carried out on cellulose water mixture. Cellulose
belongs to the category of polysaccharides andis made
up of glucose subunits. Hydroxypropyl methyl
cellulose (1IPMC) is a cellulose derivative generated
from the structure of natural cellulose by changing the
-OH group with the -OR group (R is the substituent)
cellulose residue group as shown in Fig. 1.

In the present paper complex permittivity spectra
for hydroxypropyl methyl cellulose (HPMCI5¢cps and

*Corresponding author: (E-mail: akumbharkhane(@yahoo.co.in)

HPMC50cps) in water solutions have been investigated
using Time Domain Reflectometry (TDR)10MHiz to
30GHz and frequency domain technique inm the
frequency range 20Hz to 2MHzat 25 °C. The values
of static diclectric constant, rclaxation time, complex
dielectric permittivity &£*(®), complex electrical
modulus M*(®), complex eclectrical conductivity o*(m)
and loss tangent (tan 8), have been determined using
the least squares fit method for the aqueous 1HPMC.
An attempt has been made to understand the
molecular interaction in the HPMC-water mixiure by
means of dielectric parameters using TDR  and
frequency domain techniques. However, the literature
survey reveals that no study was reported using Time
Domain Technique which is expected to give better
results.

2 Experimental

2.1 Materials

The hydroxypropyl methylcellulose 15¢Ps LR
(HPMC 15 ¢Ps) and hydroxylpropyl methyl cellulose
50 ¢PsLLR (HPMC 50 ¢Ps) were used from S. d. Fine-
Chemical Limited, whereas water was used after
deionization. The mili molar solution of HHPMCs were
prepared in water and further volume fraction were
made with pure water.

2.2 Measurements

Two different techniques were uscd to cvaluate the
dielectric properties of the system. The first technique is
Time domain Reflectometry. The diclectric dispersion off
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Fig. 6 — (a) and (b) shows the frequency dependent spectra of the
rcal part £ of the rei;ttivc dielectric function £*(@) for HPMC 13
Cps-water and HPMC 50 Cps-water binary mixture,

technique (TDR) in the frequency range from 10 MHz
to 30 Gliz at 25 °C for binary mixtures of HPMCs in
water at various concentrations. From Fig. 4 & 5 it is
observed that the dielectric permittivity goes on
decreasing as the frequency increases this indicates
the dielectric dispersion. The dielectric losses are
shifted towards higher frequency and exhibit the
Debye type dispersion.

Figures 6 (a) and (b) depict the variation of £'(w)
with frequency for various concentrations of HPMC
in water at 25 °C which is obtained by an LCR meter
in the frequency range from 100Hz to 2ZMHz. It is
seen that for all concentrations, €'(w) remains constant
above the frequency 10°Hz.On the other hand, it is
observed that ¢'(w) increases with decreasing
frequency in the lower frequency range (l.e., < 10°
Hz). This is due to the electrode polarization (LP)
effect that occurs in a mixture'. This effect is a result
of the development of long-distance ion and free-
charge drift, which results in the creation of an
electric double layer (EDL).

(k

1.Q.A.C. Coadlna:grd e
Bisimeeo Chavhan Arts :
Chav:;:w:l (Birnli)ﬁ Mukhed Dist.Nended M B3 Ta pukhe

E (ﬂ) Hydroxypropy | methy | celiulose (HPMCy 15 Cpa

] [
10°4 e

1 I

e, 1 JPRAL
VP

10 T T F T
10° 10 10* 10° 10°
Frequeney (Hz)
]07 Hydroxypropy E methy | cellulose (HPMO 150 Cpa
(b) ydrosypropy bLES MCLSHCp

U
VTP
A

v |
SR

10 e
S|
_ 1o S
T
10°
10"
10° - T e - L
10 w0’ 10* 1 10°
Frequency (Hz)
Fig. 7 — Spectra of the imaginary part £'(m) of the relative

dielectric function £*(w) for (a) HPMC 15 Cps-waler and (h)
HPMC 50 Cps-water binary mixtures.

The capacitance at the interface between the
dielectric material and metallic electrode surfaces in
plane geometry ', When the electric field is applied in
the form of a direct current ion is spread in a double
layer, and charges are trapped at the interface between
an electrode and bulk material surfaces.

The complex permittivity loss spectra for [HHIPMC 15
Cps-water and HPMC 50 Cps-water as shown in Fig. 7
(a,b). In both the systems, dielectric loss value is very
high. Also, the valuc of €” is higher for the samples
with higher concentrations of both HPMCs and the
diclectric loss €" is rapidly falls for both 1IPMC
systems (above 10 Hz). This is because both 1IPMC
systems are highly polar, and polar liquids absorb ionic
contaminants throughout the manufacturing process.
The larger values of &" are caused by the ionic
impurity’s conduction loss at lower frc cncies' .




SAKNURY /i : DIELECTRIC RELAXATION STUDIES OF CELLULOSE-WATER MIXTURES 3]

_D\st.\‘\

Hydeoxypropyl methy ] celiulose (11PMC) 15 Cps (a)

0.010 [Tpme | .
D S i
A ¥
adisss F
0.008 4 | « seww, "
e e | °
.« 07 .' .
S ¢ R
_ o.eoe |2 &
= —— .‘
d "o
0.004 - &
& " o
" " -'»’:
- s . ate* '
0.002 + A aiberyee
o patam P el
ent® jadan® ceikrayBEilaet .
LS _— N
0.000 lensssasiiiinantttiicuniittiiaiie::
105 Ii
Frequency(I1z)

0.012
-lllydroxypmpyl methyl cellulose (HPMC) 50 Cps (b)
fie= 1
0,010 = nus o
| e tuenc e
| & amene g
[ (1Y
0.008| " |
|
0.006+
s | a8l |
T
0.004: s
0.002
0.000
T T =T
10° P

Frequency (Hz)

Fig. 9 — Spectra of the real part M'(w) of the complex electric modulus M*{m)for (a) HPMC 15 Cps water and (b) [IPMC 50 Cps water

binary mixture.

0.007

Hydroxy propy | methyl cellulose (HPMC) 15 Cps (a)
0.006 )
= 01 PG|
& 0 HPMC!
0.005 75 e
4 03 rem
b= 0 § HPRL
0.004 4 = 27
- 08RG
;_ 1 PR
% 0.003 -
0.002 4
0.001
0.000
T . . s
10° 10* 10° 10°

Frequency (Hz)

Fig. 10— (a.b) Frequency dependent electric modulus spectra (or binary mixture HPMC 15 Cps — water and HPMC 50 Cps

0.030

(a} Hiydroxyprapyl methiyl eeliulose (ITPMC) 15 Cps

T T
10° 10° 10° 10°

Frequency (Hz)

0.007 - Hydroxypropyl methyl cellulose (1IPMC) 50 Cps
e ——

0:006d| S~

S DIEMC

e 0 SHPC
D.005- . JUnrl ’

—+—osiirMC .-“'
—E Pl

b RHPAT .‘ &

—a— FHPNIC | S ok Lo
0.003 o
0.002 -

0.001 4

P ——

ry

10°
Frequency (Hz)

10

water at 25 °(C,

0.014

(b) Hydroxy prapst wethyl cellulose (HPMC) S0€ ps

0.0124
ik f
u.oos'%
0.00674——
0.004 "

[

0.002

10’ 10* 10° 10°
Frequency {Hz)

Fig. 11 — (a, b) The ac conductivity spectra for HPMC 15 Cps-water and HPMC 50 Cps-water binary mixture.

less ionic contaminants than water. lonic conductivity
relaxation causes a continuous dispersion in the ionic
conduction region above fzp for both systems
examined here'®,

Figure 10 (a,b) displays the spectra of the
imaginary portion M"(@) of M*(w) (a, b). All of the
samples examined in this study had the pcaks at high

frequency. With an increase in HPMC concentration,
M"(w) peaks move towards higher frequency. We can
calculate the ionic conductivity relaxation time by
using the frequency to= (1/2nfy) that corresponds to
the peak value of M"'®,

Figure 11(a,b) shows the real portion of the AC
conductivity spectra for the binary mixture of water and
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Akola DI : re"smdy area comes under the [ittle draught prone area. Agricultire in Akola District is

depend upon ”’f:’ rainfall :Spe‘c_rah’y monsoon. Rainfall variability adversely impact on agriculivre. j

Keyword: - Rainfall variability, drought prone area, agriculiure

Introduction:-

India is an agricultural country. India's cconomy is based on agriculture, Agriculture is depending
upon 1}1? monsoon. The.famou‘s quotc aboul monsoon says, India Agriculture is gamble of monsoon
rainfall 15 megi{lar' and diverse in the all over country. Akola is one of the districts ol vidharbh region of
Maharashtra. District comes qnder the low rainy arca. In the study arca rainy season shot from middle of
the June to the September. Climate of the district is hot As compared to other district. The average annual
rainfall is about 750 mm. The the continuously of rainfall is rarc phenomena in the district. The dry spells
in the rainy season are very common phenomenon in the district.

Objective:-

The study of rainfall variability in Akola District
Data collection And Methodology:-

The present study is based on the secondary data collected from the district socio economic
review, Agricultural office and metrological department. For the present study comparative methodology is
adopted. The rainfall data from the 2010 to 2019 is shown by the graph with Tahsil wise. The rainy days
used for analysis from the year of 2010 to 2019 with Tahsil wise. The trend and pattern of rainfall shows
by graph gives clear picture of rainfall variability.

Study area:-

Akola district is located on the banks of Purna River and it is situated in the north part of
Maharashtra. Akola is the administrative centre ol the district. This district is located under Amravati
administrative region.

Latitude expansion of Akola district is 20°.17' N 21° 16 and horizontal extension is 76°.7 E 77":4
E. Amravati district is located on the East and North side of the Akola district. Washim district is located
on the South while Buldhana district is on west side of this district. Purna is the main river in this district
while Katepumna, Moma, Mun, Man, Uma, Pus are the tributaries.

Akola district has 5428.84 sq.k.m. Tolal area. According to 2011 census Akola district has
1094165 rural populations. Density of rural population per sg.k.m. Is 201.54.

Rainfall variability in Akola district:- e ,

The rainfall variability plays a very important role in the agriculture and allied activities. Rainy
days and rainfall is closely related 1o cach other, In the monsoon period amount of rainl‘an' is depend upon
the number of rainy days. Akola District comes under the drought prone area. The rainfall is less compared

1o other part of the state and country.
Table 1. I Tahsil wise Rainy days in Akola district (2010-2019)

Talisil’s Telhara Akot Balapur Akola Murtijapur | Patur BarshiTa 1-3—1_1E

B Year’s i
2010 a0 39 24 39 35 43 40

2011 57 60 60 67 57 W %

2012 45 48 48 53 16 o ¢ NN

. SR
2013 2 51 50 Sz |48 2 33

2014 40 40 39 /T I T T &

@ 55 57 T E I T N w]
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\(3&)‘\ 51 39 52 29 35 e
% a3 42 41 39 40 )
H :
2018 kS 42 42 39 41 43 42
L3 /,5&,/1 35 40 41 B
i o 38 i 2

(Source- Socio economic review of Akola district)

Table 1. 2 Tahsil wise Total Rainfall in Akela district. 2010-2019(rainfall in mm)

Tabsil's | Telharn | Akot Balapur | Akola Murtijapur | Pater | Barshi Tapy
Year's

2010 701.1 831.1 633.8 908.1 838.¢ 671.0 I T
2011 521.1 726.8 476.0 670.4 876.7 461.0 6142

2012 799.4 974.0 653.6 739.25 861.3 725.5 8453

2013 855.3 831.8 7977 853.3 881.3 888.3 | 8754
2014 561.8 7225 5190 555.7 678.5 672.0 o
2015 589.8 668.4 581.2 725.5 654.4 700.0 6928 - |
2016 6173 766.5 651.9 780.9 793.6 930.6 765.4

2017 559.9 4865 4280 492.5 495.8 519.8 4626
2018 690 720 685 739 740 739 695

2019 7003 712.1 770.5 670.4 807.1 810.1 672.4
(Source- Socio economic review of Akola district)

Tabsil wise rainy days of Akola District
compare 10 rainy area, it is very Jow. The highest 1
with 57 days and lowest in the year 2010 with onl
2011 with 60 days and lowest in 2010 and 2019
recorded in the year 2011 with 60 da
in Akola Tahsil in 2011 with 67 an
recorded in 2011 with 57 days and lowest
Tabsil in 2011 with 59 days and lowest
days ebserved in 2011 with 56 days and 1

Tahsil wise rainfall shows diver
Distriet is closely associate with each other. The highest ra
in 2013 and lowest in 2011 with 521, 1mm. In Akot Tahsil
and lowest in 2017 with 486.5 mm,
797.7 mm and lowest in 2017 with
with 908.1 mm and lowest in 201
the year 2013 with 881.3 mm and
2016 930.6 mm and lowest in 20
with 875.4 mm and lowest in 462
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Conclusion:-
Rainfall variability is common in the all over India as well as world. But it is intensity and
difference is very high in the drought prone area and low rain area.
1) The high rain days observed in the year 2011 with 460 days.
2) The lowest rain days observed in the ycar of 2010 with 250 days.
3) The average highest rainfall observed in the year 2013
4) The lowest rainfall is recorded in the year 2017 in the whole study area.

References:-
1) "District statistical office” Directorate of economics and statistics, Government of Maharashtra, Akola:

Statistical Abstract of Akola 2010

2} District statistical office” Direclorate of economics and statistics, Government of Maharashtra, Akola:
Statistical Abstract of Akola 2018.
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Here, an association among monthly
income with loan-seeking difficulties is
displayed in Table 6. The variables of Problems
faced prior to obtaining a loan and troubles
experienced following a loan are not
substantially correlated with Monthly income,
according to the receiving of the null hypothesis
(p>0.05). The data makes it abundantly evident
that the issues encountered while applying for
a loan both before and after are unaffected by
monthly income.

CONCLUSION :

As vital components of the Indian
financial system, NBFCs have proven to be
growth engines, increasing competition and
diversification within the industry, spreading
risks, particularly during difficult financial times,
and garnering recognition as a cost-effective
complement to the banking system. The quality
of services offered in comparison to banks and
lending methods enhance the competitive
environment. With a dedication to delivering
value to consumers, NBFCs formulate a carefully
considered, customer-focused product planning
and pricing strategy. With this strategy, NBFCs
can establish legitimacy in the face of a
competitive and unstable industry.
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Fluctuations in centre-State

Relations in India: A Historical and
Comparative Analysis

Dr. M.R. Kadam
Research Guide
H.0.D Political Science
Shri Shivaji College, Kandhar

Mr. Sumit Patil
Researcher

Abstract :

This research paper explores the
fluctuations in centre-state relations in the
context of the federal structure of India. India,
as a diverse and federal nation, has witnessed
dynamic interactions between the central and
state governments, impacting governance,
policy implementation, and overall national
development. Through a historical lens and a
comparative approach, this paper aims to
analyse the factors contributing to fluctuations
in centre-state relations in India.

Introduction :
1.1 Background :

India adopted a federal structure that
allocates powers between the central and state
governments. Over time, the relationship
between these entities has experienced
fluctuations, influenced by constitutional
provisions, political dynamics, economic factors,
and sociocultural considerations.

Historical Evolution of centre-State Relations
in India:
2.1 Pre-Independence Era :

The concept of a federal system of
governance, although not precisely defined in
the modern sense, is not a recent development
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in India. Throughout various historical periods,
India has exhibited a multi-tiered system of
administration. The administration in ancient
India operated on a three-tier system,
comprising village panchayats and local
principalities at the grassroots level, urban
provinces at a more intermediate level, and
kingdoms or empires at the top tier. The cohesion
of political entities was rooted in the economic
self-sufficiency of these units, the preservation of
social order, and the adherence to religious and
linguistic identities, all while embracing traditional
diversity. The federal principles of administration
can be traced back to the heritage of the Indus
and Indo-Aryan civilizations, and their application
was widespread, enduring over centuries.

Commencing from the earliest epochs,
the Indian governance system has been
classified by both English and Indian historians
into three major epochs: the Ancient or Hindu
period, the Muslim era, and the British era. The
extensive ancient Hindu period endured for over
2000 years, marked by a continuous cycle of
transformation, expansion, decline, and
subsequent resurgence. Throughout this era,
federal principles and systems underwent
rigorous testing and practical application.
Remarkably evident was the establishment of
democratic principles and people’s active
participation in governance at the grassroots
level, enduring relatively unchanged over
extended periods. Key features of self-
governance systems included liberty, local
administrative autonomy, and the involvement
of women in local elected governments. The
hallmark of these systems was the executive,
financial, and judicial autonomy enjoyed by local
governments or Panchayats, which remained
largely intact across centuries despite the ebb
and flow of empires, external invasions, and
shifts in administrations.

The British period, particularly in its
initial phase, carried a distinct character. The
British East India Company initially established

itself with a primary focus on trade, and its
military presence served the purpose of
safeguarding this commercial enterprise. Over
time, the company expanded its territorial
influence, primarily by intervening in local
conflicts and supporting one faction against
another. This strategic approach led to a
significant augmentation of the company’s
power and military strength. By the time the local
realisation dawned that the British intentions
extended beyond trade to political domination
in India, the company had already firmly
entrenched itself in the country. With
surprisingly minimal resistance, they acquired
a vast empire and amassed immense wealth,
propelling them to become a dominant global
power.In the initial phase of their governance
until the 1820s, the British actively embraced
and adapted several aspects of the Mughal
administrative systems, tailoring them to suit
their own requirements. Notable instances of
this adoption include the acknowledgment of the
emperorship concept and the centralization of
power structures, the integration of revenue
administration, and the implementation of a civil
service framework. Concurrently, modifications
were introduced, such as the segregation of civil
and military services, the establishment of
courts, and the formation of independent judicial
systems. A pivotal moment in this transformative
process was the introduction of the ‘Permanent
settlement’ system (Landlord System) in 1793.

This landmark initiative brought about
fundamental changes in the administrative
framework of Indian villages and the rural
economy. The settlement had far-reaching
effects on property relations, giving rise to new
social classes and triggering a social revolution
in the Indian countryside.

The core of the national movement for
Independence was a concerted effort to revive
self-rule within a federal structure. After a
century of centralised governance, even the
British came to acknowledge the significance
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and practicality of a federal administration in a
country as vast, diverse, and pluralistic as India.
Though somewhat limited, steps in that direction
were initiated during the Lord Ripon regime,
including the extension of self-government and
the involvement of Indians in legislative councils.
Despite being touted as a significant milestone
in the evolution of representative institutions
in India, the Indian Councils Act of 1909 fell short
of fulfilling national aspirations. By this juncture,
the burgeoning national consciousness had
found ample expression, and the populace
yearned for genuine and effective control over
the governance of their country.

The Government of India Act, 1919,
which emanated from the Montague-Chelmsford
Report, introduced a significant degree of
decentralisation of authority to the provinces.

This marked the first instance of a clear
division in the field of administration,
delineating central and provincial spheres.
Matters of national significance necessitating
uniform treatment, such as defence,
communication, foreign relations, customs,
income tax, criminal law, etc., were categorised
under the central list. Concurrently, subjects
predominantly of provincial interest, including
education, medicine, public health, public
works, land tenures, etc., were designated as
provincial subjects. Residual matters fell within
the purview of the Center. The Governor-General-
in-Council retained the authority to shift a
subject from the Central list to the Provincial
list. Simultaneously, while the Central
Government possessed the powerto enact laws
on any matter in the provincial list, such
legislation required the prior approval of the
Governor-General.From 1924 to 1931, the
nationalist demand for Independence
experienced a remarkable surge in strength. A
pivotal shift occurred during the three Round
Table Conferences held in London (1930-32),
where delegates from British India and Indian
States unanimously embraced the federal idea

as the immediate solution to the Indian
constitutional predicament. The Government of
India Act of 1935, representing the culmination
of discussions initiated during the Round Table
conferences, envisioned an all-India federation
comprising eleven Governor’s provinces, six
Chief Commissioner’s provinces, and Indian
States willing to join the federation.
Governmental subjects were categorised into
three lists: Federal, Provincial, and Concurrent.
Exclusive legislative powers were granted to
provincial legislatures for matters in the
Provincial list, while the federal legislature had
exclusive authority over the Federal List. Both
federal and provincial legislatures shared
concurrent jurisdiction over matters in the
Concurrent List. In the event of a conflict
between a provincial law and a federal law on a
Concurrent List matter, the latter prevailed,
rendering the former void to the extent of the
inconsistency. Residuary powers were vested in
the Governor-General, who had the discretion
to assign such powers, through public
notification, to either the federal legislature or
the provincial legislature The Government of
India Act of 1935 provided for a powerful Centre.
At the same time, this Act, to a certain extent at
least, introduced provincial autonomy which
implied two things. Firstly, the Provinces were
to derive their powers from the same source,
i.e. The Government of India Act of 1935, from
which the Centre too derived its authority.
Secondly, provincial autonomy implied
responsible government in the provinces. The
matters within the sphere of provincial
government would be administered by an
executive responsible to the legislature and
ultimately to the people. The Act of 1935 came
into force on April 1, 1937. The part of the Act
which contemplated the inclusion of the princely
States never came into operation as the States
did not opt to join the federation. The Rulers
considered the proposed federal scheme
inadequate for protecting their special rights and
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as its provincial part was concerned, till 1947
when substantial changes were introduced
following the transfer of power.

2.2 Constitutional Framework :

The Constituent Assembly adopted the
Constitution of India on November 26, 1949, and
it was officially implemented on January 26,
1950. This assembly, responsible for drafting
and endorsing the Indian Constitution, was
indirectly elected in 1946 by provincial
legislatures, using a franchise determined by
property ownership and educational
qualifications as outlined in the Government of
India Act, 1935. Following independence,
universal suffrage was established under the
Constitution in 1950.The founding fathers of the
Indian Constitution drew their thoughts for
drafting the Constitution, primarily from the then
continuing federal administrative arrangements
under the Government of India Act, 1935.When
delineating and conceptualising Indian
federalism, a crucial and widely acknowledged
historical reality is that the Indian federation did
not arise from a contractual agreement among
two or more pre-existing sovereign entities.
Instead, it evolved from the sovereign will of
the people, expressing their collective desire to
coexist as a unified political entity Dr. B.R.
Ambedkar, the Chairman of the Drafting
Committee of the Constitution of India, made
the use of the term “‘Union’ clear when he stated
inthe Constituent Assembly that “the use of the
term ‘Union’ is deliberate.... | can tell you why
the Drafting Committee used it. The Drafting
Committee wanted to make it clear that though
india was to be a federation, the federation was
not the result of an agreement by the states to
join a federation and that the federation not
being the result of an agreement, no state has
the right to secede from it.” It also explains the
fact that the Union is indestructible but not the
States; their identity can be altered or even
obliterated. Explaining the purpose, Dr.

Ambedkar emphasised: “the Draft constitution
has sought to forge means and methods
whereby India will have federation and at the
same time will have uniformity in all basic
matters which are essential to maintain the
unity of the country”.Indian federation, according
to experts, approaches most closely to what has
been called ‘cooperative federalism’The
Constitution of India gives rise to a nuanced
concept of a robust federal union. It delegates
specific exclusive powers concerning legislative
initiatives and executive controls te the Central
Government, the execution of which holds the
potential to significantly influence the political
landscape. Notably, these powers are
contingent upon different levels of federal
concurrence, incorporating an inherent
constitutional system of checks and balances,
along with parliamentary accountability.

Part X of the Indian Constitution is
dedicated to centre-state relations,
encompassing legislative and administrative
connections, while Part XIl addresses laws
governing financial relations. The ensuing
discussion provides a detailed examination of
all three categories.

Legislative Relations :

Articles 245 to 255 elucidate legislative
relations between the Union and the states,
focusing on the Parliament and state
legislatures. These articles delineate the extent
of the Union’s and states’ legislative powers,
revealing that the Parliament holds overarching
authority over state legislatures. Various
provisions define the subjects open to legislative
action, address the repercussions of
inconsistencies between state and national
laws, outline Parliament’s residuary powers, and
cover other pertinent aspects. Schedule VI
classifies subjects into the Union List, State List,
and Concurrent List.

Administrative Relations :

Articles 256 to 263 are dedicated to

administrative relations, encompassing
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and multiple state governments. Despite India’s
federal structure, which incorporates unitary
characteristics, Article 256 mandates that state
governments must adhere to laws enacted by
Parliament and refrain from executing executive
or administrative functions that contravene such
laws. Recognizing the need for enhanced relations
between the Centre and states, the Sarkaria
Commission advocated for cooperative federalism
in administrative interactions to mitigate conflicts
and promote efficient administration.

Financial Relations :

Part Xll of the Constitution, spanning
Articles 264 to 293, delves into financial relations
between the Centre and the states. Given India’s
federal nature, the division of powers in taxation
is upheld, and it is the responsibility of the Centre
to allocate funds to the states, reinforcing the
federal financial framework.

The Constitution adopts a three-fold
distribution of legislative powers by placing
them in any of the three lists, namely, Union List,
State List and Concurrent List in the seventh
schedule of the constitution.Subjects of national
importance requiring uniform legislation for the
country as a whole are inducted in the Union
List.The subject of local importance, where
variations in law in response to local situations
may be necessary, has been included in the State
List. The inclusion of List Il or the Concurrent
List, in the Constitution gives a particular
significance to the distribution of legislative
power in the Indian federal scheme. The
Concurrent List consists of items, such as
criminal law and procedure, civil procedure,
marriage, contracts, port trusts, welfare of
labour, economic and social planning.

Factors Influencing Fluctuations in centre-
State Relations:
3.1 Political Dynamics :

The role of political parties, electoral
considerations, and coalition politics has been
instrumental in shaping centre-state relations

in India, impacting policies, resource allocation,
and the distribution of power. Here are some
examples to illustrate this dynamic:

3.1.1 Political Parties and Ideological Standpoint:
> Example: The Bharatiya Janata Party
(BJP) has often advocated for a more centralised
form of governance, emphasising a strong and
unified India. This is reflected in their push for
policies such as the abrogation of Article 370 in
Jammu and Kashmir, which granted special
autonomy to the state.

3.1.2 Regional Parties and State Autonomy:
e Example: The Telangana Rashtra Samithi
(TRS) in Telangana has consistently advocated
for greater state autenomy and control over
resources. Their emphasis on regional issues
and autonomy reflects in their policy stances,
influencing centre-state relations.

3.1.3 Electoral Considerations and Resource
Allocation:

Ve Example: During election campaigns,
political parties often make promises to specific
states or regions. For instance, promises related
to irrigation projects, infrastructure
development, or special economic packages for
certain states are made to garner support and
influence voters.

3.1.4 Coalition Politics and Power-Sharing
Dynamlcs

> Example: The United Progressive
Alliance (UPA) and the National Democratic
Alliance (NDA) are examples of coalition
governments at the centre comprising parties
with diverse regional interests. The power-
sharing dynamics in these coalitions involve
negotiations and compromises to address the
concerns of different states.

3.1.5 Regional Representation in Coalition
Governments:

be Example: In coalition governments,
regional parties often play a crucial role. The
representation of regional parties in the central
cabinet and their involvement in decision-
making processes can impact policies related
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to states. For instance, parties like the DMK in
Tamil Nadu or the Trinamool Congress in West
Bengal have had significant roles in coalition
governments.
3.1.6 Policy Formulation and Implementation
at the State Level:
> Example: The implementation of
national policies at the state level is influenced
by the political party in power. For instance, the
implementation of the Goods and Services Tax
(GST) required the cooperation of states.
Different states, based on their political
leadership, may adopt varying approaches to
policy implementation.
3.1.7 Constitutional Reforms and Amendments:
- Example: The demand for changes in the
distribution of powers is often reflected in the
political discourse. For example, the demand fora
more decentralised federal structure has been
articulated by various political leaders and parties,
leading to debates on constitutional reforms.

The interplay of political parties,
electoral considerations, and coalition politics
is evident in various facets of centre-state
relations in India. These dynamics shape
governance, policy decisions, and the overall
balance of power within the federal structure,
often reflecting the diverse political landscape
of the country.
3.2 Economic Factors

The impact of economic policies, fiscal
federalism, and resource distribution has
profound implications for centre-state dynamics
in India. Let’s analyse each aspect:
3.2.1 Economic Policies:
> Impact: Economic policies, especially
those related to taxation, industrial incentives,
and investment promotion, can significantly
influence centre-state relations. Policies that
attract industries or provide tax incentives may
affect the economic landscape of states
differently, leading to variations in revenue
generation and economic development.
¥ Example: The implementation of the

Goods and Services Tax (GST) aimed to create a
unified tax system. However, its impact varied
among states based on their economic
structures. States with a higher reliance on
manufacturing and services might experience
different effects compared to agrarian-
dependent states.
3.2.2 Fiscal Federalism:
> Impact: Fiscal federalism involves the
distribution of financial resources and responsibilities
between the central and state governments. The
design of fiscal policies and mechanisms can impact
the autonomy of states in managing their finances
and delivering public services.
> Example: The Finance Commission of
India plays a crucial role in recommending the
distribution of central revenues among states.
The formula used by the commission
takes into account factors like population, area,
and fiscal discipline. Changes in these
parameters can influence the resource
allocation to states.
3.2.3 Resource Distribution:
> Impact: The distribution of resources,
including funds and natural resources, has a
direct impact on state development. Unequal
distribution may lead to disparities in
infrastructure, education, healthcare, and
overall quality of life among states.
> Example: The allocation of funds for
centrally-sponsored schemes and projects can
influence state development. States receiving
a larger share of centrally sponsored funds may
have an advantage in implementing key
projects, potentially creating disparities in
resource utilisation.
3.2.4 Revenue Sharing and Grants:
r Impact: The sharing of central taxes and
grants-in-aid to states plays a crucial role in
fiscal federalism. The quantum and nature of
these transfers influence the financial autonomy
of states and their capacity to meet local needs.
> Example: States with a higher share of
grants may have more flexibility in funding
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sharing and grant distribution can impact the
financial stability and independence of states.
3.2.5 Impact on Development Goals:

> Impact: The centre-state dynamics
influenced by economic policies and fiscal
federalism have implications for achieving
development goals. States with greater financial
autonomy and access to resources may have a
better chance of meeting their specific
development objectives.

> Example: The emphasis on cooperative
federalism in recent years has aimed to enhance
collaboration between the centre and states.
initiatives such as the Direct Benefit Transfer
(DBT) seek to ensure that welfare benefits reach
the intended beneficiaries directly, minimising
leakages and improving efficiency.

Economic policies, fiscal federalism, and
resource distribution are integral elements
shaping centre-state dynamics in India. Striking
a balance between the needs of the centre and
the autonomy of states is crucial for fostering
inclusive development and addressing regional
disparities. Continuous evaluation and adaptation
of these policies are essential for promoting
cooperative federalism and ensuring the well-
being of all states in the Indian federal structure.
3.3 Social and Cultural Factors :

Examining regional identities, linguistic
diversity, and cultural nuances is essential for
understanding the fluctuations in centre-state
relations in India. These factors significantly
influence political dynamics and the relationship
between the central government and individual
states. Here’s an analysis of their contributions:
3.3.1 Regional Identities:

- Impact: Regional identities often play a
crucial role in shaping political aspirations and
demands. States with strong regional identities
may advocate for greater autonomy and
representation in decision-making processes.
This can lead to demands for special status,
linguistic recognition, and policies that reflect

022
1(115iF)| Peer-Reviewed International Journal {Issue-109, Vol-03 -y
cts. The terms of revenue  the unique cultural identity of a region.
> Example: States like Tamil Nadu and

West Bengal have historically emphasised their
distinct cultural identities and linguistic heritage,
influencing their political narratives and the
nature of their engagement with the central
government.

3.3.2 Linguistic Diversity:

» Impact: India’s linguistic diversity is
immense, with multiple languages spoken
across the country. Language often becomes a
focal point in centre-state relations, with states
emphasising the importance of preserving and
promoting their linguistic heritage. States may
seek language-based policies, representation,
and recognition.

- Example: The reorganisation of states
on linguistic lines in 1956, known as the States
Reorganisation Act, was a landmark step that
aimed to address linguistic and cultural diversity.
States like Maharashtra and Gujarat were
formed to accommodate linguistic identities.
3.3.3 Cultural Diversity:

> Impact: Cultural diversity, encompassing
traditions, customs, and social practices,
influence the socio-political fabric of states.
Policies that respect and acknowledge cultural
diversity are often crucial for maintaining
harmony and cooperation between the centre
and states.

e Example: States in the northeastern
region, such as Assam and Manipur, have
distinct cultural nuances. The demand for
preserving cultural identities, including
autonomy over tribal lands and traditions, has
been a significant factor in centre-state relations
in these regions.

3.3.4 Federalism and Cooperative Approaches:

- Impact: The cooperative federalism
model recognizes the importance of
accommodating regional identities and linguistic
diversity. Collaborative decision-making
processes and policies that respect cultural
nuances contribute to a more harmonious
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> Example: Initiatives like the National
Integration Council, which brings together
leaders from different states and communities,
aim to foster unity in diversity. The emphasis
on cultural exchange programs and inclusive
policy making reflects a cooperative approach.
3.3.5 Political Mobilisation Based on Identity:
> Impact: Political mobilisation based on
regional identities, linguistic diversity, and
cultural nuances can lead to shifts in power
dynamics. Political parties often align
themselves with regional sentiments, and
electoral outcomes may reflect the influence of
identity-based issues.

» Example: The rise of regional political
parties, such as the Dravida Munnetra Kazhagam
(DMK) in Tamil Nadu or the Shiv Sena in
Maharashtra, reflects the mobilisation of political
support based on regional and cultural identity.
3.3.6 Conflict Resolution and Accommodation:

) Impact: Effective centre-state relations
require mechanisms for conflict resolution and
accommodation of diverse identities. Policies
that acknowledge and accommeodate regional
aspirations contribute to a more stable and
cooperative federal structure.

> Example: The formation of linguistic
states and the establishment of autonomous
councils in tribal regions, such as the Bodoland
Territorial Region in Assam, demonstrate
attempts to address regional and cultural
aspirations through accommodation.

Regional identities, linguistic diversity,
and cultural nuances are dynamic factors that
contribute to the fluctuations in centre-state
relations in India. Acknowledging and
addressing these diverse elements are crucial
for fostering cooperative federalism, ensuring
equitable representation, and sustaining the
unity of India’s diverse cultural landscape.
Case Studies:

4.1 Emergency Period (1975-1977)
The declaration of emergency in India

in 1975 had a profound impact on centre-state
relations and resulted in significant changes to
the federal structure. The imposition of a
national emergency by then-Prime Minister
Indira Gandhi led to a suspension of democratic
processes, curtailing the autonomy of state
governments. The central government, under
the leadership of the Prime Minister, assumed
unprecedented powers, effectively subverting
the federal principles enshrined in the
Constitution. State governments were dissolved
or brought under the control of central
authorities, eroding the traditional federal
balance. The declaration of emergency
showcased the potential fragility of India’s
federal structure during times of political crisis,
raising concerns about the concentration of
power at the centre. The subsequent revocation
of emergency rule in 1977 marked a return to
democratic norms, but the episode left a lasting
impact on the discourse surrounding the delicate
balance between centre and state powers inIndia.
4.2 Goods and Services Tax (GST)
Implementation

The implementation of the Goods and
Services Tax (GST) in India exemplifies the
cooperative federalism model, emphasising
collaborative decision-making between the
central and state governments. GST replaced a
complex tax structure with a unified, nationwide
tax regime. This required extensive cooperation
and coordination between the centre and states
to create a harmonised taxation system. The
GST Council, comprising representatives from
both levels of government, was established to
facilitate consensus on tax rates and other
crucial aspects. This cooperative federalism
model has positively impacted centre-state
relations by fostering a spirit of joint decision-
making, ensuring that the concerns and interests
of both levels of government are considered.

The successful implementation of GSi
highlights the potential for collaborative efforts
in addressing complex issues and signifies a
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shift toward a mo operative and integrated
approach in India’s federal structure.
Conclusion :

In conclusion, this research paper has
delved into the historical and comparative
analysis of fluctuations in centre-state relations
in India, unravelling a complex tapestry of
political, economic, and socio-cultural dynamics.
From the ancient three-tier administrative
systems to the modern cooperative federalism
model exemplified by the implementation of
GST, the evolution of centre-state relations
reflects a nuanced interplay of factors. The
imposition of emergency in 1975 highlighted
vulnerabilities in the federal structure, while
subsequent shifts toward cooperative decision-
making underscored resilience and adaptability.

The examination of regional identities,
linguistic diversity, and cultural nuances
illuminated the intricate factors influencing
political landscapes. As India navigates its path
forward, future research should explore the
sustainability of cooperative federalism, the
impact of emerging challenges on governance,
and the evolving role of technology and global
dynamics in shaping centre-state relations. A
comprehensive understanding of these facets
will be pivotal for steering the course of India’s
federal structure towards inclusive and effective
governance in the years to come.
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Artificial intelligence is not a substitute
for human intelligence; it is a tool to amplify
human creativity and ingenuity.

——— Fei-Fei Li.

Artificial intelligence is a system with the
nature of human intelligence that can
automatically provide knowledge and information
to create intelligent applications to make it easier
to solve problems such as problem-solving, speech
recognition, and learning. This research was
investigated to find out and understand the
relationship of intelligence between educators and
students in applying artificial intelligence in
universities.

The article aims to conduct a
comprehensive and inclusive review of the
proliferation and impact of Artificial intelligence
on Higher Learning. Chronologically, the focus has
been artificial intelligence applications in higher
learning since the early 1950s. There needs to be
more literature regarding the adoption of Al in
higher education, resulting in a substantial
limitation of this article. The findings demonstrate
the enormous contribution artificial intelligence
makes to improved quality educational services,
hands-on learning and teaching, and teaching
assessment methods for a better future job. All
of this helps universities evolve digitally to meet
shifting global needs. According to the study,
artificial intelligence will likely have an impact
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2 T :-The current paper is highlighted the subaltern consciousness in the select
novels of Amitav Ghosh .1t is usually applauded for his major novels in which he has spoken
his concerns for the oppressed people of India. In his major novels Amitav Ghosh’s sensitive
manner towards the subaltern can be apparent. The problems of isolation, immigration and
existential crisis in life of poor class of the socicty are explored through his novel. Through
his writings he provided subalterns center step by making them as the pivotal character of his
fiction so that they can raise voice against the oppressive forces of their society. The selected
novels for study including The Circle of Reason, The Calcutta Chromosomes, The Hungry
Tide, The Glass Palace, and The Sca of Poppies. In these novels Amitav Ghosh has sensibly
depicted the wretched and complicated situation of the subaltern classes. The vice facest of
poverty, homelessness, mistreatment and repression have also been exposed in Amitav
Ghosh’s novels.

Key Words:-Amitav Ghosh, Subalternity, struggle, Marginalized Masses, voice, Post
colonialism.

Introduction:~Amitav Ghosh dclineated the realistic condition of the Indian society on the
castes and class basis. Amitav Ghosh has touched theme of history, real events of life. The
stories of the common man, who have been the sufferers to the maximum of these historical
upheavals or political crisis, have been taken as a subject of the fiction. These characters from
the marginalized sphere arc in the major lead of his stories. By providing the centrality to the
marginalized characters, Ghosh alse answers the dilemma of the postcolonial intelligentsia
about the capacity of the subaltern to speak.

Ghosh assumes the role of narrator of a narrative for himself who doesn’t become the
representative; but allows the representations of the subaltern group by the same group by
providing them stage. Hisfiction tried to provide the space for or re-instates the unrecorded.
subaltern, silenced, voiceless or those who are overlooked by history and who are wrapped up
by the powerful. Ghosh negotiates the challenge of recovering and representing the story of
subalterns in an integrated manner. He employs two methods to incorporate the discussion of
subaltern writings.

Apparently in his writings, both fiction and nonfiction the character of this marginalized
group has occupied the central stage. The stories and issues arc construed as anillustration of
the issues of subaltern class. Concept of Subaltern Before analyzing his novels from this
perspective, it is important to undertake the perception of subalternity and the views of
different thinkers. In the postcolonial view, concept of subalternity has incepted from the
concept of self and other.

The term, subaltern consciousness, highlighted the predicament of those who are allotied
‘sub’ or ‘secondary’ space in the human society. Subaltern is the term that refers to the low-
gradeposition or person from the below strata of the social order. Antonio Gramsei first used
the word subaltern in the essay ‘On the Margins of History’ that can be associated with the
people of those group in the socicty who are the subject to the hegemony of the ruling
classegs.
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-= may include the people who have denied access to hegemonic power come

agegory like farmers, laboureres, Untouchables, workers or woman. Gramsci

ims that %% history of the subaltern classes is as complex as the history of the dominant
Massna OtGugh the history of the latier is usually accepted as official history. The history of
subaltern group is generally fragmented and episodic, since they are always subject to the
activities of the ruling class, even when they rebel. They have less access to the powers that
be social, cultural, and political institutions as they have no power to represent.

The formation of subaltern study is not a sudden occurrence. Ranajit Guha a critic initiated
this group in 1982 when a collective of South Asian scholars in Britain especially Dipesh
Chakraborty and Partha Chatterjee initiated publication of a book titled Subaltern Studies.
The most prominent writers of the subaltern scholars are Gayatr Chakrabarty Spivak .
Edward Said ,Ranjit Guha, Partha Chatterjee, Dipesh Chakrabarty, , Gyan Pandcy,Gautam
Bhadra, Sudipta Kabiraj ,David Hadriman, Shahid Amin etc. Subaltern studies group focused
on the concept of subaltern and the various aspects of subordination as a subject to study.

Subaltern studies sketched out the complex implication arising from the composition of
subordination and its wide ranging concern in cooperation with the visible history, politics,
cconomics and sociology of subalternity and with the thwarted attitudes, ideologics and beliel
systems- in short, the culture informing that condition. In other words, Subaltern studies
defined itself as an endeavor to allow people finally to speak within. Therefore, the term
Subaltern can be used as an umbrella term for all those who are marginalized and
underprivileged or deprived off their voice to speak.

Subalternity in select Novels of Amitav Ghosh’s: At Glance:-Amitav Ghosh is observed
the social order of India in which the people are not equal to social, economical and cultural
point of view. He projected the superior and inferior position of the society through his some
novels. The term subaltern refers to the suppressed group that belongs to the lower strata of
life, or the woman, who have been intimidated for many years. Subaltern can be meant as
overlooked, neglected, ignored, and treated with unconcern and indifference. Subaltern
Studics & Amitav Ghosh writing truly exhibits the sign and implications of the term
‘subaltern’ in contemporary writings.

Ghosh determinedly brings subaltern characters into stories and focuses on personal histories
of these individuals. The marginalized characters help us perceive life, events and issucs from
their point of view. In his first novel The Circle of Reason, almost all the characters be it Alu,
Shombhu Debnath, Rakhal, Toru Debi, Rajan, Zindi-al-Aiffaha, Kulfi, Karthamma,
Jeevanbhai Patel, Haji Fahmy, Zaghloul were belonging to lower strata of society and
forming the subaltern group. In this novel, the resist of these characters and their survival
issues has been pen down.

In The Calcutta Chromosome. Ghosh has provided group to the subaltern and tried to extend
the reach of Subaltern Studies Group. Mangala and Lakhan though belonging to subalterns
helped Ronald Ross in discovery. Their practice seems quite different to the scientific
rescarch for Malaria but they provide direction to the research by providing useful but
scattered information leading Ross towards the final discovery.

‘In The Hungry Tide Amitav Ghosh sketches the out-caste Dalit refugees from Bangladesh in
Sunderban forest. The Hungry Tide registers a response to the social and political concern of
the marginal sections of the socicty.” The novel unfolds the events at Morichjhapi in1979 and
the subaltern consciousness which demarcates the post partition movement of persons from
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etiihapi incidents and silence towards it enthuses Nirmal, a revolutionary, to wrile
everything so that history can get known through the Kanai. This incident is brutally
repressed by the government forces and after effects Kusum is killed. Nirmal as a Marxist
believed in rapprochement across class barricrs that can bring subaltern people, the other and
the elite, the self together. Morichjhapi incident, a viciousaggression against subaltern can be
attributed to the lower caste and class identity.

The massacre, the tiger killing Kusum's father and Fokir's vulnerability to the state official
are instances in the novel that depicted the subaltern as well as the marginalized people's
predicament. Subaltern social group were also in a position to subvert the authority of those
who had hegemonic power.

This can be well exemplified by Kusum in The Hungry Tide. Kusum gives vision to Nirmal
to see the whole movement of Morichjhapi to feel the agony, pain or sufferings caused to
these refugees. This turmoil is from below or the subalterns which is being evinced by
voiceless nobodies who want to be heard. For Nirmal, the cry of the refugees becomes a
representative of all such subaltern communities without home. It becomes a sob for not just
themselves, but on behalf of confusedhumanity. This subaltern information therefore 1s made
the real heroes by their pure power of struggle to insufferable odds and adversitics rise to the
status of real makers of history.”

The Glass Palace is the story of the three generations consisting in it several characters whose
positions in the socicty keep on changing with the change of time and space. The King
Thebaw, in The Glass Palace talks about the inexplicable shift of power and margins in the
social order. The king status of ruler to exile itself is again an example of how people in
center can shift to the margins; the royal family is reduced to the status of subalterns. Raj
Kumar position also shifted from subjugated and subaltern to the center of power.

The several other characters like Dolly, Mo Chao, Arjun, Kishan Singh in The Glass Palace
mirror the locus of the author’s interest in subaltern individuals. Amitav Ghosh ponders on
the force and nature of power of British Empire that was changing fates of thousands across
the subcontinent. *

This novel also unexplored an additionalfeature of Indian history. The history of Indian Army
under British Rule is completely over sighted in the discussion of the colonial past in terms of
what it meant for those who had joined British Army. In the novel, Arjun, Iardy these are the
characters class and agency changes in accordance with time and space. The time span of the
novel makes space for the monstrous manifestations of exploitation from the time of
colonialism to the period of neocolonialism. ‘Tt is ironical that soldiers like Arjun as
subalterns (subordinate officer) in the British Indian Army were fighting neither to defend
nor to extend the territory of India. They were simply facilitating the British policy of
colonial expansion.

It is through the character of Arjun that Amitav Ghosh raises the issuc of identity,
subalternity, colonialism and belongingness, most vocally. Ghosh points out the fact that
Indians were also responsible for such exploitation of people and place.” “What 1s as
fascinating about The Glass Palace as a novel with its sweeping historical canvas 1s that, the
Orient or the colonized or the subaliern is given a voice of its own. The Glass Palace
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Conclusion:-Subaltern consciousness reflected in Amitav Ghosh’s selected novels which

represented the underprivileged society.It has shown the delincation of the common man in
the different places of Indian. Themarginalized characters help to perceive life, events and
issues from their point of view. Possessing hegemonic power and of their slaves, sighing and
crying under the burden of oppression, be it for their caste hierarchy or for the British power
or for their gender status. Thus, his writings are a demonstration of connotations and
manifestations of the term subaltern in contemporary writings.
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Dr. Anshu Sharma (Research Guide

Abstract:-The current paper is highlighted on the socio-culture conflicts and cultural identities
of people in Indian society. To highlight on the social, political, historical, and cultural aspects of
partition of India as well as Freedom movement, nationalism, colonial and neo-colonial power
structure India would be highlighted decisively. To cxplain the factors which have been
responsible for the happening of events like violence, riots, massacre, hatred and nuseries in the
moment of crisis on historical point of view. The Shadow Lines (1988), by Amitav Ghosh.The
novel is specially covers with historical approach which is focused on historical perspectives and
colonial expericnce. The study is not highlighted the history of the post modernliterature. It is a
case study of select novel; it has its own limitations.Amitav Ghosh as a practitioner of post
modernism and his novel is focuses on entire on the colonial impoverished, and usually non-
white, victims.Amitav Ghosh’s writing deals in the epic themes of travel and Diaspora, history
and memory, political struggle and communal violence, love and loss, while all the time crossing
- the generic boundaries between anthropology and art work.
Keywords:-History, Identity, Neo-Colonial, Nationalism and Post-Modernism.
Introduction:-The post-colonial writers have patriotic feelings and seriousness about disruptive
issues affected on internal atmosphere of India. The select novel on historical
perspectiveminutely observed the past incidents and investigated the realistic problems of India.
So it is carried out the reminiscence and retrospect of the writer. It is pasteurization of wholce
situation of British India in sclect novels which presented the internal confrontation and re-build
of nation in colonial and post-colonial era. Thereby, it is a quite importance {o probe that
incident of Indian Diaspora through novels.
In so far as, Indian community faced the British dictatorship as well as internal conflict. The
activist was influenced by the patriotic fervor they took part in different activities and
movements for sake of self-existence and identity. Therefore, the study is also tried to explore of
those innocent people suffered by riots, cultural conflict, communal rivalry and social crisis so
on. Hereby, it’s representation of unmemorable incidents and consecution of past scenario. A
detail exploration of historical background of India which projected Amitav Ghosh has different
opinion and thought on Indian movement, politics culture, wars and riots. Here upon the study is
also focused on inner convulsions intricate, contradictions and the characters are faced the
communal violence with several problems under British imperialism.
The Shadow Lincs by Amitav Ghosh exposed that the Indian people have cultural identity, love
for land and feclings of oneness under British imperialism. These novels draw the
delineatepicture of different historical events and crucial incidents based on factual incident and
realization of writers and correspondence with the real history of freedom activists. It brings out
multiple images of historical background of India such as historical structure, objects portrayal of
Individual beings, narration and description of Indian people who lost their homeland and
people.
Thus, the present paper is focused on the history from various amplitude of novels which
reflected the cultural maeclstrom, degencration of cultural identity, communal rivalry, political
upheaval, brotherhood, colonizer’s role whirlpool crisis, exploitation of innocent people, loss of
civilization nationalism and breakdown so on and so forth. Therefore,Amitay Ghosh has brought
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, events and calibrated the internal collision of India;this novelistfervently

Yl thc controversial issues in different point of view.

. prical traits in The Shadow Lines
Amitav Ghosh's The Shadow Lines is the story of the family and friends of the nameless narrator
which has its roots in broader national and intcrnational cxperience. In the novel the past, prescnt
and future combine and melt together erasing any kind of line of demarcations. The title is a
good example for showing us the symbolist and the realist clements. Amitav Ghosh's The
Shadow Lines is deep-rooted in reality and yet it looks beyond. Another sig gnificant factor the
novel has is that the main characters are very real, nearly rounded. The novel deals with the
concerns of post modern period, the search for identity, the need for independence, the difficult
relationship  with colonial culture.The Shadow Lines interweaves fact, fiction and
reminiscence. The present paper explored the historical events and incidents which are pertaining
to communal riots, nationalism, freedom struggle, cultural issues, pain and suffering of an
individual and partition of Bengal. In this context, the rescarch would generate consciousncss
among the natives about cultural conflicts, cultural identity, degeneration, colonizer’s role,
communal violence, nationalism and patriotism so on. Amitav Ghosh has attempt to express the
realistic condition of the people who faced for the critical problems which suddenly arisen. The
story wanders between famlly and their friends who are connected to each other. It’s a realist
factor of the socicty. It is a past based memory of the writer who keenly observed the socicty
.The people of the Calcutta whose link of the Dhaka. It is a well experienced story reflected and
the novelist caught the existence of the society who are real sufferer with the different issucs
including violence, cultural identity with the nationalism and patriotic fervor.It has been reflected
the realistice picture of the world through the novel. Amitav Ghosh exposed many issues related
to the post modern society.Ghosh*s novel, The Shadow Lines (1988), has received more critical
attention than his other, by no means unnoticed, novels. New editions of the novel designed for
literary scholars and common readers alikc are constantly released, especially in the Indian
subcontinent. This novel has the most prominent position also in this dissertation, as it has in my
other output, too. The Shadow Lines is strongly awarc of the thought of nationalism and its
shortcomings in the subcontinent. In the background of the novel lics the murder of Indira
Gandhi in 1984 and the violence and unrest that followed. The miraculous, close to magic-realist
features and incidents typical of Ghosh‘s first novel are here replaced by tight plot structure and
realist narration. In The Shadow Lines, Ghosh weaves temporal and spatial scope into a personal
texture on which the anonymous narrator builds his identity. The novel narrates the History of an
Indian family that lives in Calcutta, but has its roots in Dhaka on the Pakistan side of the border.
The experience of Partition and of living in the nation-state of India in the 1960s is presented

= through the symbolism of lines, be they political, communal or geographical, or lines dividing
consciousness or identity. The intersecting histories of the family and their British acquaintances,
the Price family, are narrated as stories that come into existence through the unnamed narrator of
the book. Most of these stories are told by the narrator's grandmother; his Uncle Tridib; his
cousins, Robi and Ila; and the family friend, May Price. The stories interweave life in Dhaka
before Partition, life in London during the war, and the life the narrator leads in Calcutta during
the 1960s and London of the 1970s.

From a narrative point of view, The Shadow Lines concentrates on the various ways of
narrating/giving meaning to the world. It brings together fictive reconstructions of the past bascd
on reminiscence and official history based on ostensibly neutral facts. Ghosh highlights
imagination as a way of transcending hegemonic official representations and tricky their
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r g d narration. There is also a growing awareness of the relativity of the

lities~that language constructs. Consequently, Ghosh appears to have moved on
from his first, experimental, novel, which highlighted the power of narration as the creator of
World and realities. In The Shadow Lines, it is more the shadowing, or muting and cclipsing,
nature of these realities that is examined. The novel offers the reader several ways of
experiencing/narrating the world. The narrator regards his imaginary reconstructions of the past
as being more truthful than History of an Indian family that lives in Calcutta, but has its roots in
Dhaka on the Pakistan side of the border. The experience of Partition and of living in the nation-
state of India in the 1960s is offered through the symbolism of lines, be they political, communal
or geographical, or lines dividing consciousness or identity.
The intersecting histories of the family and their British connections, the Price family, are
narrated as stories that come into survival through the unnamed narrator of the book. Most of
these stories are told by the narrator‘s grandmother; his Uncle Tridib; his cousins, Robi and [la;
and the family friend, May Price. The storics intermingle life in Dhaka before Partition, life in
London during the war, and the life the narrator leads in Calcutta during the 1960s and London
of the 1970s. Through his narration of several stories representing differing worldvicews and
socio-cultural discourses, the narrator attempts a kind of self-produced unity very much like the
one Mahatma Gandhi had in mind for the diverse population of India. Ghosh‘s message herc 1s
that we can only know the world through words. But words carry meanings; they carry power
relationships and ideological overtones. For instance, the national discourse of the official reports
in newspapers creates gaps, because the words and the world they are meant to describe do not
always meet. The newspapers do not take the riots into the national narrative they support
because this would mean giving them meaning. The communal and religious riots are left outside
the national secularist narrative because this scrves the interests of the national discourse. At the
end of the novel, the narrator is finally able to give voice to this silence, when May Price relatcs
the story of her own personal experiences of the situation surrounding Tridib's death. Iere
narration and imagination seem to function as tools for weaving together different worldviews
and ideologies, as well as voicing the silences created by the nationalist discourse. The symbol
for the encounter with the other is that a person or the other half of the divided Indian identity on
the other side of the border is the mirror.
These mirrors form into mirror-windows’ allowing the narrator to sce out to other sclves in
addition to seeing his own image reflected. The theme of The Shadow Lines and over-lapping
between the world of experience and the language of meaning. When the narrator arrives in

London and is taken to mect old Mrs Price for the first time, he astonishes the others by his
information of the city‘s geography. He is capable of finding the house without a map, although
he has never visited the arca before: The narrator also uses London for a very exact kind of
"spatial analogue", to borrow Jameson‘s phrase. He counts the miles he wanders in the streets of
London towards Stock well to see Ila, with whom he has fallen in love. As he is incapable of
finding a linguistic metaphor for the state of love, he resorts to a spatial one.
The route he has taken through London and the miles he has walked function as a metaphor for
his love for Ila. The placing of the imaginary before the actual indicates that the narrator has
primarily an imaginary recognition with London. The merging of various spatial and temporal
dimensions into a heterogencous whole is at its most obvious in the scene where. shortly aller
Ila‘s marriage to Nick Price, the narrator and Ila go down to the cellar of Mrs Price’s house in
London, where Ila tells him that Nick has been unfaithful to her. It is the same cellar in which

Au-Fait Volume-10 Issue -4,2022

% Principal
NACC Coordi og/ 1.Q.A.C.Coordinato Late Bhimrao Chavan Art's ¢

r
himrao Chavhan Arts & Sci College Chavhan Arts & Sci Coflege | Science College Chavanwadi(Bara
imrdo a Late Bhimreo LR
di (BachallToMubhad Dist Nanded (M3) Ll iy aarnaliTe Wukhed Dist Nanded ¢ Tq.Mukhed Dist Nanded




ISSN 2395-5066

narrator was 1T love with her. Sitting on a camp bed beside the weeping Ila, the narrator
contemplates the miscellancous stuff in the cellar: The Shadow Lincs does not emphasize the
Western notion of an individual subject or consciousness through which the world is realized. In
addition to the level of individual prejudice, there scems to be a longing for an ethical inter-
subjective space transcending the boundaries of separate subjectivities. The novel does not keep
in typically postmodern cpistemological problematical, though, as shown above, in some
& respects it can be said to make use of postmodern narrative technique to ethically transcend the
modernist condition of alienation between essence and appearance in the The Shadow Lines is
occupied with the transcending of differences and the establishing of connections between
various representative models and epistemologices.
The Shadow Lines does not reinforce the Western notion of an individual subject or awarcness
through which the world is realized. In addition to the level of personage subjectivity, there
seems to be a longing for an ethical inter-subjective space transcending the boundarics of
scparate subjectivitics. The novel docs not engage in typically postmodern epistemological
problematic, although, as shown above, in some respects it can be said to make usc of
postmodern narrative technique to cthically transcend the modernist condition of alienation
between essence and appearance in the The Shadow Lines is occupied with the transcending of
differences and the establishing of connections between various representational models and
epistemologies.
It is no wrong to call The Shadow Lines as a historical novel as it is closely associated to the
historical events i.e., to the modern history of India and also some of the incidents of the world
history, especially thePortrayal of the World War II is very clear through the words of the
narrator. Violence is one of the most outstanding themes in the novel The Shadow Lines.
Violence is described regarding the death of his inspirer and role model i.c., Tridib. The narrator
describes how his family lived under the same roof and how they divided is clearly portrayed.
The novel The Shadow Lines can also be said as an irony. This is another major outstanding
theme of post-modernism. This novel mainly deals with the migration of the narrator’s family to
different parts of the world. This is a novel of both fact and fiction.
Summing up.:- The novel is established by its imitating history, it progressed by making
massive use of history, incorporating within the fictional frame a large number of social, political
and cultural events, reflected and it was most remarkable phase. It presented a truthful picture of
colonial and postcolonial era in select novels, the novelists located human actions in a
recognizable geographical and historical space. The historical events and incidents are major
mfluenced on the novelist
History is an account of an cvent with speculation; however literature is more microscopic.
multidimensional and sensitive revelation of the past incident. In the pretext of this notion,
Amitav Ghosh has projected the true history of colonial period and comments on various issucs
without hesitation. There several issues in concern of political, social and cultural background in
different parts of India but partition were one of the rigid issues between India and Pakistan. The
novelist agreed that the communal rivalry, linguistic convulsion, cultural identity, fragmentation,
pain/suffering of an individual and partition of Bengal etc. were one of the sensitive issucs and
hurdles in the nation building.
The novelist has projected their historical experience and ground level reality as well as
historical-political panorama around them. As a matter of fact, many factors were affected on
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A such as the greatest divorce, rootlessness, and neo-colonial power,
Tginmunal harmony, and imperialism, loss of values, mutual harmony,
glitey mistdSplt in the history of Indian humanity at large. Eventhough India has unity
in diversity. '

References:

T g

Primary Sources

 Ghosh, Amitav.The Shadow Lines. New Delhi: Oxford University Press, 1988,

Secondary Sources:

® Abrams, M.H. And Geoffrey Harphan. A Glossary of Literary Terms.New Delhi:
Cengagelndia Learning Private Limited, 2009. Print.

e Das, Sisir Kumar.A History of Indian Literature 191 1-1956.Sahitya Akademi:New
Delhi, 1995 . Print

¢ Mahajan, Vidyadhar. History of India from Beginning To 1526 A.D. New Delhi: S.
Chand and Company, 1990.Print

e Das, Bijay Kumar. Twenticeth Century Literary Criticism. New Delhi: Atlantic,
1998.Print.

e Ahmad, Aijaz. In Theory: Nations, Classes, Literatures. Delhi: Oxford University Press,
1994. Print.

¢ Gocl, Dharmendra. Philosophy of History. Delhi:Sterling Publishers Limited, 1967. Print.

® Prasada Rao, V. Pala. India-Pakistan Partition Perspective in Indo-English Novels. New
Delhi: Discovery Publication, 2004. Print.

¢ Mechrotra, Arvind Krishna. An Tllustrated History ofIndian Literature in English. New
Delhi: Permanent Black, 2003. Print.

® Verghese, C. Paul. Problems of the Indian Creative Writer in English. Bombay: Somaiya
Publications Pvt Ltd, 1971. Print.

® Fieshman, Avrom. The English Historical Novel: Walter Scott to Virginia Wooll
Baltimore Hopkins, 1972. Print.

© Sharma, Gobinda Prasad .Nationalism In Indo-Anglian Fiction. New Delhi: Sterling
Publications, 1978. Print.

® Iyengar, K.R. Srinivasa. Indian Writing in English. New Delhi: Sterling Publications,
1962. Print.

® Jafa, Jyoti Nurjahan.A Historical Novel. Calcutta: Writer Workshop, 1978. Print.

e (Gossman, Lione].Between History and Literature. London:Ilarvard University Press,
1990. Print.

® Tiwari, Shubha. Amitav Ghosh: A Critical Study. New Delhi: Atlantic Publishers 2003
Print.

° Prasad, Murari. “Amitav Ghosh’s The Shadow Lines” A Critical Companion. New Delhi:
Pen craftInternational, 2008. Print.

* Bhargava, Rajul. Indian Writing in English. New Delhi: Rawat Publications,2002 Print.

e Sharma, K.K. The Partition inIndian English Novels: Ghaziabad:Vimal Prakashan, 1984,
Print.

° Hilal, Fahmeeda,History and Fiction. New Delhi: Books plus, 2009 Print.

agedd

:
Au-Fait Volume-10 Issue -4,2022
RSN VT §;§ \\
NACC Coordin g‘.—
at cipal
Coordinator i

Sinra0 Chayhan QA s 7
di {Barhalyr, .Mu:m & Sci Couage Late Bhismreo Chavha ik imrao Chavan N i
Fukhed Dist Haneg (M.5) Chavhamvaek (Rermaitiy MT:“. ‘uﬁ ’ ‘-'atcee%tg‘\\eqe havanwadl(gzé
Scen i Dist.Nan

Ta Mukhed



ISSN-2348-7143

Ch
15 g#EE)ARCH JOURMNEY International Multidisciplinary E- Research Journal

. ,_ . = =t o TS)IF) 6261, (CIF)-3.452, (GIF)-0.676 Specialissuc =93 June 2019 UGC Approved
kL 2 ‘-'; ; Research Need of the Hour (sivier Tl TS) e AN

fwg“;irﬁ’
= e b "
& @iEd 49
= rrETe WA ST ERradter IR ST @ Teh ST .
=R TYETHT geettSit
Sy SRS HE =
. 2. s T - ST
o g 133
e e AT R S foepreer AT - 5 Femee S i
=%, P ST Wi
e ———— T R AL i
7. fFEr RN
ST HOTTE WX ST ST =
sl TR
e a————— S AL A MR o
. W o mﬁ}[ﬂ e 157
| <, waT TR BE
e = 160
g <t RRER gRrT SRE
ST sTEaTel TR o THE e
o1 2k R TR T
CrerrE TEETEA g qrrEETd e "HieS = HeHT IF
e . gorl €. TH.
}%‘*ﬁa 48 W FeNEE=AT =1 i
Ny A& amrare e, TSt oS T T
% 9 | arenfee geie e i
ey iz ST Y e
L
i,:‘n:" 1QAC. s;e:e mhﬁm
s, Late Bimrao Chavhan Arts & Sol College TaMukhed DistHa™

:



Ras

ISSN-2348-7143

R SEARCH JOURNEY international Multidisciplinary E-Research Journal

P Chavi Ay

e vactor - (SIF) - 6.261, (CIF )-3.452, (GIF)—0.676 Special Issue —93 June 2019 UGC Approved
® Research Need of the Hour (%o e 79 No. 40705

TSNS Nl UEg—3T

N g, ST
I
’!;?“ s (o] ig’ 5 {4"[ . gaq !Q

e weEE, GANItd  ATAeG Rrqareedy afe qearar R gugrarel fear e
S = wae ST B, AHE G PIOTel Ul WM HId ST
e o TescTT GG BT AT SIS, A a6 Wl [ R S, R
AT By Teal e

e e T SRIATET WEE eoa Wi Ry g YT s
TEfee SR Al —

qr=t. I, ”ﬂﬁﬁawﬁwﬁsﬁaaqﬁwmﬂﬁawﬁﬁaﬂmma
FTGHIRT aaa;amaamwmwmmwﬁmmw
ﬁqnﬁmwﬁﬁmaﬂfﬁrwmﬁqﬁmmﬁaﬁmaﬁmmﬂm

1) SR G SO G—OT Hew SR
2) woRA TE-ar IRy sna

e Al Wey oYdd drd.

2) fARer — o fawg 7 el Sxfieury PIREIRI URH SNl WA e HeT
ﬁrﬁmmﬁﬁwmﬁﬁwﬁaﬂﬁmmﬁwaﬁaﬂﬁﬁmww.
3) W:—WWWWW@WWWW
W:ﬂmmmmwmﬁﬁwamw
WWW"MWW.WWWWW.%W

' siftr Frepd Td v e gete weieere feem fived e

5) USRI — WWWWW.WWH
mﬁﬁmmﬁ.mﬁﬁwmmﬁﬁm%ﬁ%w
SIRG]

6) et SRS — WWWWWWWWW

FeET ARNESAR <1 U Sea. anaEl W SIRIEST 4 HaER ot
STRIEST TUR HITS GIE H¥f HRIGAT ITe ¥ B PRy
. | | ale BRI h:}-\;&.\;
7] | LA, GRS Coliege gcience Colieg® Cg\aglsl.Nai"ndeu
L ,d,) ‘%" ate-Brisa0 LlaVn ‘.“;"“Sd s) ToMukne
_ NETT Enardinator T q. Muk =
himra; R Sei College Chavhanvadi (BarhatilTa Ten

“' ‘Barha""q.laulh-.h Yicwirali@ea !Hgf



M—— ——— e S — - T

| g g pe . - SSH- 22387147
uﬂ_"sﬁﬁﬁﬂ“ JOURKMEY firternational Multidiscinlinary £-Research Journai I !

}

ctor - (S4iF) -~ 6.261, {CIF}-3.452, {GIF)-0.676  Special lssue - ug June 2019 I UGC Approvng i
i

—

Research Need of the Hour (Wvmr s wwe) ! Mo, 40705

R ARRGS] TR BeIMaY o8 HHeT Fad T, e
St wdfar e wamEr e, R W T ST wfie @
SEDRRIT -~ Tl T SeToN @Y YOI Ben @, ared dear qRerr P,
afifesvor R, e Aiefe FE 20, ARl g BICS AU, T Fed gaRor
9) YfRRaHH TSIl — awﬁéwmmg?ﬁﬂfsﬁmqﬁmhﬁq@wﬁ@@ IR

Pri al
;ate Bhimrao Chavan Art's &
Science College Chavanwadr‘(Barahaﬁ)
Tq.Mukhed Dist Nanded

Principar
Late Bhimrao Chavan Arts

By @( : Chavanwadi{B- .
g nce College
_NACE oo ! . e Mkhed DistNande,

Late Bhimrao Chavhan Aris & Sci Collrve _ Late Bhimrao Chayhan Arts & 189
avhanwadi (Barhali)Tg.Mukhed Dist.Nanasu . 315V hanvagi (Barhal)Tq.Mukheq Dfsﬁumz.(u 5) -

; L O A

T s AR




Speaful J&-ﬂ#-

MH&N LRIty
8 l:_%\i (RS N £J§}€ii§ 5y éii&?’&g{}&i it
SRR : ; PHsLIc

ADMINISTRATION

Y
pa

Y P
éi}a%‘ﬁ meao Chavan Atts &
Callege Chauanwada{ﬂa. a2
 janded




RIarsit #eRTeT arear Fr@T FEge vemwe

UI.31.3T0IS TH. T,
EIEHIGGREE T

. SEd <ISgIoT Foell T ATt
dr.Ags fof.Aes
1.8408836294

EATaT:

TG FTerdsTd ST RIATSHT HERISTAT Talodr=l T delr
MO T AR g PAISqds arene Und cdie YeraT egae
%ﬁwﬁr.mmmm@ﬁmw;fﬂﬁmﬁﬁ.mﬁ
SR, ISATE Y9Tcd] e 38e 30T o feharae 31da a¥ ear S,
TSIl 9mE=T gaed =ilell 3Ten gdl. Rrarsl #AgReiET e
USISTTELA YA A S5 Reamqss i Uo7 Rwd 3nfor e,
&t} YATSY ST ASC VAR @9 HRUT By H, Ioqcgaedell GIgTET AT
&j SIS AAcgdl. TRIaTsll FEUSA! aaagiT Ted a2 el AR Ygamar aray
FAl. AP TAATAT AM9UTEll 3T SHell. &AT HodT0T gd [Iarsh
FERISTTAT YA HE AALURT doicl. UF 3Medl Uod AT ooy

Fol. AHS TSTel cATEAT  eTHeATd el YATHS  eIgedar A
FAgcca ol T ANTGL .
sfesey ¢

TEIA AMUHGETT 9HE 3R oAddr REel #AgRsear s

meé?ﬁ‘

21 | lg"‘ ' 1.G.A £.Chordinator o B Chavan AT'S ¢
NACC Coor a; src College Late Bhimrao Chavian Aris & Sci College i.ale %zll;’;\g ;i o[B8
. : £ ist. fagye College Ladvete = ‘
- _;m:;m:;ﬁ';ﬁ';mﬁ’d s (i Shavhanvad (Barhali) T4 Mukiod Dist Nmeét’ﬁm!} e it Nanled

NP ERRRRREE;

€

¥



PRRREEREVL Y

@

g Tevhanvadi {Barhali)Tg.Mukhed

ERERIEREIERT)
% s T N TsERERTT
NACC Coor ir’\zﬂr’— =T pRACIPpA!

Late Bhim

rao Chavhan Arts & Sci Colads Late Bhimrao Chavhan Arts & Sci College . :
(g Scence College
' h

TsTHdT I A PrarsT :
[ ? WWQQWWQTW

HGI wﬁmmuvllammg\a 39gd g3 & 39T §eg g9ar
RGN ' “
FENISIEAT ST gIedr. Tacrean smsirear SoTaey §1d aaar ST #59)
mﬁmﬁmﬂﬁaﬁmmmﬁaaﬁﬁwmﬂmm
GISITAT ZI0T, RO A&7 | | iy
i | | mmwmmaﬁ%wuimsa SGREA]
3 I WP ey B ‘\
BELrRl I
Wmmmmﬁmw.%ﬁﬁ
&TOT 0T §Te AT IISThRARTAT & #egdl o TI Hegmy
L i} e &1 T
qCT 3Y Blal. ARKT TAHS FHGUITETE S 3Seutrs T
HEBTIT
TATIAT Fell
| B, 3TTST=aT  olianeT ATFAYVITHYANNT & HEss BT, AT
mmmm.mmmﬁwm carar faoly sifas
. G
AT TS, TSAFRRTT ARIATST AR caaeel 3% Wrearg [T

AT ER. A G SR I AETe 3R v, e @
HASHIER @ TSTohid UoedapR fafguam & Revias g, feofarer
HUTIRIRET HTT e
HTCYUT HEw:
HE
B cmeesom
RS A ASer BT e 1642 _

1.G A ardinater Late Bhime

DistNaness (¥.5
aness (%.5) ., 1o nvai (Barhali]Tq Mukhed Dist.Nandec

30 Cravanirss
Cham\.-aadif%:anme'



mmw.mmmmm
TR SOG3FAT 9N UTSell Ay, off gdreryaTor
D) 7T 94E (@) : HE GUEE W o s, saraT

3) BT (YA : FERISIT A SHTER T e e T s
T R I, AT T A, et Rhwaiear e SRR
SIETT. FEIEr d AT AT qUraol FUdr. oo gea R
FUL. FERISAT SOOMA el § ve R,

4) #A (aTFA) : HIAET ToeAT TSR T Ueife Sd wismsear

5) Haraell (FXitera) @ w9 V=ad e T HET YA FAT 3D, T2
Adcd HUAE YHE F AR Tourd 6O P aea tr;w
AT TR qISTe o7,

6) AT (39R) : WUSU=AT EleAEiaT et &aU, W afdrerar 3meT

I HehR POY. IeIiedr i
STl IGAGATE Frerarendy Afeeh Ryarstr
20 W,__ 2 ' Principat
NACC Ciordina gr LO.2.C Cdorginaio! Late Bhimrao Chavan Art's «

vhan Arts & S¢i °°“°952F§$e College Chavanwadi(Barahe
qQ

BLate Bhimrao Chavhan Arts & 3ci Sollege "
Late Bhimrao Cha T Nanisd |
qMukhed Dist.Nan Mukhed Dist Nanded

Chavamvadi BarhalijTa. Muihed Dist.Nanved (M.8
( A ) Chavhanvadi (Barhali)T



éﬂu@"

NACC Coording
himrao Chavha

' 0 thﬁl “gdusama\\)'lql‘“

FIATAT AR T[T TaY qgeT RO, ey ereciay
aﬁwmmﬁwmwm.mww
8-)%(%?5):WWWWWW
mmm.mw@m,wam@mmw
3.
SAT! ATl AR AgHe cgawa:

UoATell 97E 3cUee] AgHai=Td Az 38, Ramsh dAgrrerear

mmwwqﬁ?ﬁgxm.qﬁm,wgw
AT HHA Fd m.ﬁwmwaammmmma
TEHA  HaEIAS ol FRIGATNS 3= g FOTRIST  farardy
HENISIAT SSTaeRe Jecd AT O, Wil adie far CRiEs Re)
FSreeamar 2edis Aeas Aeae SaER F LUAT S IO Srrearay
foregamear R foRi=eT Savarg e,
ST JHR e Tear:
ammmmm_mmmaﬁmﬁwﬂmmﬁ
Waﬁ.m@maﬁ?ﬁaﬁ%mmmméw,wa
Adleh SITAHER ATHRT HHRAT ST A8, AP S A g

Pri

(3 AT ‘74' ‘gi- ‘,-5‘,' & ’

LGATC B0 A e g D3y
aArts & Sci couegj NS Late Bhimiao Chaviiar, Arts & i Calb Zimrag

5 - g 1 tay
Kped Dist.Nand3 } Chavhanvadi (Barhali)Tq.Mukhed Dist.Nandea @?gn}'f/ﬁr/ege Chay.. N Art's &
2 Tk R



&SI Edd

rdd

t

J ‘1 ‘i ‘! ‘I f? J :ff GE c'; )’ J d cl ei Jﬁ? Jd(fjmfj

SR 1) 3rcaer (el 2) gF () 9 A (FfAs) T QT
I Fell SIS,
FTERT AR Tgd :

SITETET Aol o6 T ScTeTdl [hHd Sed AdART Sl SIS,

THUT IeqeeAred] 2/5 Tael ATHRT Tl el SiTd 3. JAERT GregTedT
TAEATT T el S 3. HAGS T AT i@l ATHRT AR el
S, AT A i HAT eI ST Adw-Arel gy
HHRTTTET ATERT FNOATdT el = Xl cdrell e agrar el FRawsh
RIS HAr e, S s s geee @i ArcarEr AR
¥, T FEE RN F1E I FEUTA. Riaehrdr qr g1l 30T 9 HE s
AR 3. BT dier agEr 9gTd JNfor HET A 82 dHdT HAT SUATATT
el gla. g 3R A #regiar v foar g8 @ 120 feeuEr ue e
3 ST A AT & cOiaa JTERT adel shell Sifd 3.

AgHe faHmerl T

1) TS FERISA TodHRENAT FRAET die faamr #3oard 3 8.
TR fasmend el gH gid.

2) GHT - &5 A Tl ARG BT FEA ST IUIRT 1T

3) qTaTOT - 40 T 60 WSATAT HATARA IITUTE el ST Bidl.

aﬁzﬂwmmm

211 (Q/ L a0l %\%
: , Coof n or i Colizge
0 N%CC(;\EJ’& prts & Sci College < Late B humtao ch aﬂ“ﬁ :;E:fﬂ:‘; E’ 4 Pnn al |
wmmaamamh iukned DistNangsa (8-3) oo ngnyaci (Bashal T Pt émmrao Chavan Art's &
@ - Science Coilege Chavanwadi(Barah?"

Ta Mdiihibad Miad Mandad



1) F.40. Sgdat, Tadr Riarsl TR, a4t g qot

2) SIS U, SAHE g, sAvEr Rars s faws

3)  sswAREr fems, e ameR, Smorar wem ;o Riawwed, swon
I, T

4)  TFT A, FERTSEIee TRa==aT e, sRHe wieser ot

5  SL.Iuf¥IRIE yar, AUE TedEr 38

Pn al
Late Bhimrao Chavan Art's o
Science College Chavanwadi(Barahali
Ta.Mukhed Dist Nanded

pnndpa‘a o s &

dinator ae Bh\ml'aoe“

e EE
L.OAC L VAN J,,,@
o - A lCoIieg% Nege Ly e
1 y Lﬂtﬂ Bhlmrao cha?l:- i “iﬂs & .sc CO Daﬁ‘?wﬁ W
R NACC ﬂﬁa{rmse’lgﬁ,"wl - Chavhanvadi ({Barhalij i q.iukned Di“-"ﬂ““%'i‘“'%mwé '
, .  AS X 561 v
“W Late Bhimrac Chavnae :ne
B adi (Barhali)i g.du

d Uist.Nandaa (M.S)



TS BN 39_&—?3‘_6}-"’09 ?? 22

A5EVELOPMENT OF F
ADMINISTRATI Oifs}ﬁ 1

¥ ¥ ¥
1 gl ﬂ'
B ol i m.e.

i ._D;_:”Urmilfa Reddsl»’“_if,;f
_Dr lattatmya L '1'_ l‘atﬂ}?

S
-
b
o
[
W




F\

3

Frr

I 1,

{

ITE

it
{

r

(

i
{

TTT

¥

J «

TTIT:

Late Bhimrao Chavan Art's e SIS
< ‘ —  Science Coliege Chavanwadi(Baral 88
ML et g ek Be Coligs G

Lo Arlleae Chavhianvaw (en, | gaiuad d oist Nands :
o i e




A TR AN T
i
i
o

f American T/ T, TR wee
S T, e, Sy, doge _Waﬁam oy .~ |
e o, W&mamg@mmw%éﬂ 7
%sﬁmmmm%ﬁamam TRy | ;M‘SW
ot & 7 2. TR ST e e A o |
amagaﬁﬁm.wmmmﬁmgw Wiy | A ™
émwmwwmm%mm% I
B . | o, |
q@ﬁﬁwmﬂ’rwwﬂﬁm,m | ’M
mmwmmﬁmmmwi
ST ST TR TSI T FrTaTeraT 2 o
| e g A a1 wiiedl AR A fow ey o2
et Rigarar e I FerE WO Sod W aam |
wrfecly oS ¥ AT Seprars! U TR o o A |
BT I HHT A1, QAT T FEST i FTOATS S I §
ST TR, W LI Aty AT Ao $Hw swn
erT ST, QFTTE e o Sl ST et ST, R e |

\a
A%

P

E WW?‘W@?WWW
mﬁm@aﬁmmm Sreforen uﬁm%ﬁ@‘; »
e, STt AT SEaTy, g, e e ey
5z 7 A T, S, i, e P A

o T 3 T S 3, AR e @ e

Pr@jj‘/g ‘

P :::iif . Late i | ' S Al By Chayan A,
bilost . LA atewbe L Gl Coliege cience College Chavanwagiikar -~
B RSSO0 ﬁa%g'd Chavhanvadi {Barilai) | gasuauwd wist.ianded J1.8) Tg MU*(?md S arwga!(ggr. i
i himrao Chavhan Arts & Sci College AR LISt Ko
madl‘ﬂaﬂh"'ﬂ'n Bdishthaadd Mt da . . 7




i T 9% Al 9 e W 4
ﬁﬂg;ﬂ?ﬂaﬁ%m@maﬁaﬂ%aw@“ fafefr wei=r=m
| Wmﬁmmmmmmmmwm
| ggﬁmﬁmaﬁma@ammm
ST ot T, T T el ST, TITTS! T Heeeras
SIS BT A R . www.pdshanded.com AT ﬁl%ﬁ[ﬁa’f T

TET 3 B | s A ST BT & ST A o FGAHAT ST
ST AT Tmﬁawmgﬂﬂﬁmw@fﬁmaﬁﬁ@
T s T | g, e S AT FOTRAE TResRT St R A
R R | 3) e S ¢ GO T HITHI BT
o A ad § aw o e o, et 69 QIHvaTEst W T
TR e | o, ez s e A, R AT S ST
s o AT A AT T ST . AR TS S

| B ¥ e g e S e,
§ o) g FRf : AT SO TR €A
§ T % st o, wfeely st WS S ShRE g
& T A ey s gRiE F, SR o Awad,
| P i ey s e, AR IR
%:ﬁ""’w EIATE 2% 9 Yo Qe e T SR
b e OWS.20v.in e TSR 9 AT www.eseman.nic.in
TR e s ey e R, S Wbt e

Govai (BariaiyTg sy & Sci Colleds

Development of PybfiCAdbnistration in ndia { 243 Prinerpe;
' ‘ .ate Bhimrao Chavan A
1.0 & Coordinator Science College Chavanwadi(He
Late Si: .- > han Arts & Sci Coliege Tq.Mukhed Dist Nandé
Mrag A _ Chavhanvad: {Bsiuaiyiyeenn2d DistNandsd (US) vy



R e S SpaSra s R FE Toy e R L RS ol EoSE T e LD E
I . Wl Ry S e R i Y e AR i 4 iibE ] il i
s = b G i d x & e ity Abh bbb AR TGN FERFaE
“ 4 - FEX 2 PR s EiqRseient LR ERE LUV R L4}
-~ g = Tl e 2
L - - |
iy " -

£ e
P

L T T T

.&A‘

39.

Eapiice
& SRy T
1 AT s

£

Phncipa
mrao Chavan A-

: hollege Chavany
s T Mk had -

fdinator
3¢t Cotvgdate Bh
auknad Dist Imﬁjaﬂa?\




: *f,h\} Taylor & Francis
L) o

Physics and Chemistry of Liquids

| prni national Journal
/ 0*“9“ Se;

i@ Journal homepage: https:ffwwwian,djonline.cp_m_!Ig[[ggc_hzg

water solutions using dielectric spectroscopy

shankar H. Saknure, Nitin P. Garad, Ashwini G. Gubre, Yogesh S. Joshi &
Ashok C. Kumbharkhane

To cite this article: Shankar H. Saknure, Nitin P. Garad, Ashwini G. Gubre, Yogesh S. Joshi
& Ashok C. Kumbharkhane (2023): Molecular interactions studies of methyl cellulose-

e water solutions using dielectric spectroscopy, Physics and Chemistry of Liquids, DOL:
10.1080/00319104.2023.21 88212

To link to this article: https://doi.org/10.1 080/00319104.2023.218821

@ published online: 10 Mar 2023.

"
@ submit your article to this journal [y

—
View related articles &'

(5} view Crossmark data &

ek

Fuil Terms & Conditions of access and use can be found at
https://www.tandfoniine.com/acti /jou alinformation?journalCode=gpch20

c\pa
mﬁ'}— N P avan Ats &

Al g Chavan RS
NACC Cogrdinator 1.Q.4.C.Coordinator Lale Bh“mao(‘,havanwad\\aa‘aha\“

"7+ ™hifrao Chavhan Arts & Sei sence OO0
. Barhaii : Sci College Late Bhimrao Chavhan Arts & Sci Callege Science istNand
 \Barhali)Tq Mukhed Dist.Nandeq (i 5) Chavhaiva:: (Sarmaliyie Mukiied Dist Nanoer* 5) Tq.MU\‘“ed e




2 (@ S.H.SAKNUREET AL

Figure 1. Structure of MC.
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made to study molecular association in binary mixtures of methyl cellulose with water as
polar solvent and the values of static dielectric constant, relaxation time, complex diclectric
permittivity £*(w), complex electrical modulus M*(w), complex electrical conductivity o (w)

and loss tangent (tan 0) are det
The main goal was to study the

ermined for aqueous MC using the least squares fit method.

diclectric relaxation in methyl cellulose-water mixture using

TDR and frequency domain techniques. According to the literature review, 1o study was
reported using the time domain technique, which is expected to produce better results.

2. Experimental

2.1 Materials

The methyl cellulose 350-550 Cps LR (MC 350-550 Cps) and methyl cellulose 4000 Cps LR
(MC 4000 Cps) were used from S. d. Fine-Chemical Limited, whereas water was used after
deionisation. The mili molar solution of MCs in water was prepared.

2.2 Measurementis

The diclectric measurement of agueous cellulose was done using the dielectric spectro-
scopy techniques. Time Domain Reflectometry (TDR) technique was used to measure the

dielectric relaxation in the frequency range of 10 MHz to 50 GHz [13,14]. For this tech:

nique, Tektronix DSA8300 (Digital Serial Analyser) sampling mainframe and 80EI0B

sampling module has been u

sed. A coaxial cable used to feed the pulse which has 50-

ohm impedance. The sampling oscilloscope measures the changes in the step pulse after
reflection from the line’s end. The sampling module provides 12ps incident and 15ps
reflected rise time pulse these pulses are reflected pulse without sample R;(t) and with
sample R.(f) were recorded in time window of 5 ns and digitised in 2000 points as shown

in Figure 2.

The addition [q(t) =Ry (t) + Rx(1)] and subtraction [p(t) = Ry(t) - R,(t)] of these pulses arc
done in oscilloscope memory. To obtain complex permittivity spectra, data analysis and the
Fourier transformation of the pulses were performed using the non-linear least squares {il
method. The precision LCR metre has been used in the frequency range of 20 Iz to 2 MIx
(Agilent E49804) along with liquid dielectric test fixture 16452A [15].
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Figure 4. Complex permittivity spectra for MC 4000 Cps-water mixture at 25°C using TDR.

Frequency dependent dielectric permittivity (¢’) and dielectric loss (&) spectra of methyl
cellulose with water is obtained using LCR metre in the frequency range 20 Hz to 2 Miiz at
25°C are shown in Figure 5 and Figure 6. Il is seen that the value of ¢ in Figure 5(a,b) iy
constant in the higher frequency range (i.e., +10° Hz). However, it is observed that ¢ increases
with decreasing frequency in the lower frequency region (i.e., <10° Hz). This is due to the
electrode polarisation (EP) effect. This effect causes the accumulation of long-distance drifted
ions and free charges causes the electric double layer (EDL) capacitance at the interface of the
dielectric material and the metallic electrode surfaces [16-19].

When the applied electric field is dc, the ions are spread in a double layer and the charges arc¢
trapped at the interface between the electrode and bulk material surfaces. When an ac field is
applicd, the ion’s sensitivity to changes on the electrodes is slowed down by the drag force of the
liquid medium. The EDL disappears at high frequency because the ionic movement is oo slow to
form EDL [20].

Figure 6(a,b) shows the diclectric loss &(w) spectrum for eleven concentrations of methyl
cellulose in water. For the higher concentration of MCs in water, it decreases rapidly in the.
frequency range 10% TIz, whereas water decreases above the frequency range of 10° Hz. The
existence of free fonic contaminants in the methyl cellulose solutions is confirmed by the large
value of £ (w). The high value of g”(w) at lower frequencies results from the dominance of ionic
conduction loss [21].

3.2 Static dielectric constant

The complex permittivity spectra of binary mixtures were fitted to the Havriliak-Negami equation
using nonlinear least squares fit method [22,23]
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- (a) Methyl cellyloge 350-550 Cps (M)

Frequency (Hz)
o (B} Mothyl Cottutose 4000 Cps (MC)
2 Methyl Cellulase 4000 Cps

Frequency (Hz)

Figure 6. Spectra of the imaginary part £” (w) of the relative dielectric function £%(w) for (a) MC 350-550 Cps-water and (b) M(
4000 Cps-water binary mixture,

viscosity, temperature, and so on [24]. When the volume fraction of MC in water increascs, values
of T shows non-linear nature in both the systems.

The number in bracket indicates errors obtained by least squares fit method, e.g., 78.16 (10)
means 78.16 + 0.01

The loss tangent tans (e°/€") spectra for MC 350-550 Cps + water and MC 4000 Cps + waler iy
shown in Figure 7(a,b). The conductivity effect is muted and relaxation peaks can be seen in the loss
tangent spectra of that 10® Hz to 10° Hz frequency ranges. The frequency at which the 1p
phenomena are distinguished from the bulk material i called the EP relaxation frequency [25]
Figure 7(a,b) shows the tans peaks shift towards lower frequency to higher frequency region as the
volume fraction of methyl cellulose increases in the binary mixtures. The EP relaxation time can be
calculated using the formula [19]:
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o014 T@ ~ Methyl cellulose 350-550 Cps (MC)
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Frequency (Hz)
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0.012
0.010
0.008 -
w 0.006
= 00

Frequency (Hz)

Figure 8. Spectra of the real part M’ (w) of the complex electric mod ulus M*(w) for (a) MC 350-550 Cps water and (b) MC 4000 Cps

water binary mixture.

7ep = (1/27fep) | (2)

With increasing frequency, the value of M’(w) increases and reaches a constant level for the
water and minimum for both MCs in the MHz range as shown in Figure 8(a,b). This
suggested that the methyl cellulose has less ionic contaminants than water. In the frequency
range between fgp and fo frequencies, which correspond to the tand peak and M” peak,
respectively.

The imaginary component M‘(w) of M*(w) are shown in Figure 9(a,b). As the concen
tration of methyl cellulose for both systems rises, M’(w) peaks shift towards higher

frequency.
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(a) Methyl cellulose 350-350 Cps (MO

Frequency (H2)

(b) Methy! Cellulose 4000 Cps (MC)
0.009
0.008

0.007

0.006

0.005

o 0.004

Frequency (Hz)

Figure 10. (A, b) the ac conductivity spectra for MC 350-550 Cps-water and MC 4000 Cps-water binary mixture.

4. Conclusion

The dielectric and electrical properties of MC 350-550 Cps, MC 4000 Cps, and their binary
i mixtures with water have been studied at 25°C in the frequency range 20 Hz to 2 MHz and 10
MIz to 30 GHz, using frequency and time domain, respectively. To calculate the dielectric para-
meters, the complex permittivity spectra, were fitted to the Debye model. In the low frequency
region, electrode polarisation phenomenon is observed due to ionic contaminants in the liquids.

b
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{ the hydration of various proteins and determined the strong and
N¥dter numbers, N, and N, separately based on the difference in their
Bkation frequencies. This study, we believe provides valuable insights
faflgn properties of proteins.
aSnlives of cellulose, hydroxypropyl methyl cellulose (HPMC) and methyl
cellulose (MC), are water-soluble, nontoxic, and biodegradable polymers. They are
available as white, odorless, and tasteless powders in a variety of grades. CD are
used in a wide range of applications, depending on their viscosity and other proper-
ties. 1% The observed differences in hydration properties between different grades
of HPMC and MC highlight the importance of selecting the appropriate derivative
for specific applications. In future research, we expect to explore the impact of differ-
ent environmental factors, such as temperature and pH, on the hydration behavior of
these CD, further expanding our understanding of their behavior in agueous systems.
In this paper, we report a hydration and dielectric study of HPMC 15 cPs, HPMC 50
Ps MC 450 cPs and MC 4000 cPs in water solutions at 25° C. The values of the static
diclectric constant, hydration number, and density of the solutions are reported.

2. Experimental techniques

2.1. Materials

Two grades of Hydroxypropyl methyl cellulose (HPMC) having viscosities 12-18 and
40-60 cPs in 2% solutions in water al 20°C and two grades of methyl cellulose (MC)
having viscosities of 350-550 and 3500-5500 cPs in similar solutions, all purchased
from S. D. Fine-Chemical Ltd, India, and deionized water were used. The polymers are
hercafter labeled as HPMC 15, HPMC 50, MC 450 and MC 4000, respectively.
Milimolar CD solutions in water were prepared at various concentrations.

2.2. Technique of dielectric spectroscopy

The complex permittivity spectra of the CD in the water solutions were studied using
Time Domain Reflectometry (TDR).!'*1*! For this method, the sampling mainframe
Tektronix-DSA8300 (Digital Serial Analyzer) and sampling module 80E10B (available al
the School of Physical Sciences, SRT.M.U. Nanded, India) both produced by
Tektronix, USA, were used. T hrough a coaxial line with an impedance of 50 Q repeal-
ing, rapidly increasing voltage pulses were provided. After the reflection from the end
of the line, a sampling oscilloscope monitors changes in the step pulse. The reflected
pulses with sample, Ry(t), and without sample, R,(t), were recorded in a 5ns time win-
dows and digitized into 2000 points. The complex permittivity spectra were determined
using a non-linear least squares fit method. The measurements were carried oul at
25°C. The temperalures were maintained with an accuracy of +0.1°C using a constant
temperature bath. The density measurements were prepared in 5cm?” flasks by measur-
ing the masses of the components of known volume with an electronic balance. The

maximum error in the density measurement was £5 X 107 g-cm3.ll‘1]
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chamamadig-‘ olvent per liter (W}, in kilograms) is
/%, Wi, = (1 = Ry)dy (4)
. density of the solvent (for water at 25°C, d, = 0.9541 kg/L)
ThereTore, the total mass of water (W,,) in one liter of solution would be
W, —d—10"Mc (5)

where M represents the molecular weight (in grams/mole) of the CD molecules, the
solution density is expressed as d (kilograms/liter), and the CD concentrations is given
as ¢ (moles/liter). The mass of hydrated water per liter of the solution is the difference
between the total mass of water and that of the free water. The number of hydrated

water molecules per cellulose molecule is given by

Nh}'d == (WW =5 WIH’)/(OO]-SC) (6)
Table 2. HPMC 15 cPs solutions hydration parameters determined from the dielectric constant.
Conc. of HPMC 15 cPs solutions Density {d) (g/cm’) Vp (nm?) Wiy Niyd
0.1 1.002 53.65 410.29 28753.35
0.2 1.012 35.13 214.48 15030.78
0.3 1.003 100.84 174.93 12259.48
04 0.998 47.31 108.54 1606.65
05 1.003 2272 87.03 6099.63
0.6 1.008 11.24 75.86 5316.60
0.7 0.993 55.70 68.98 483461
0.8 1.003 95.75 91.36 6402.51
0.9 1.005 22.99 33.97 2381.1/
1.0 1.005 39.30 57.88 4056.52
Table 3. HPMC 50 cPs solutions hydration parameters determined from the dielectric constant.
Conc. of HPMC 50 cPs solutions Density (d) {gfcm’) Vp (nm?) Whya Niy
0.1 1.012 166.06 390.29 27352.07
0.2 0.992 174.30 71.82 5033.34
03 1.002 257.10 10.86 761.15
0.4 1.014 198.68 2841 1991.37
0.5 1.008 182.28 2.39 167.51
0.6 1.008 138.54 7.64 535.72
0.7 1.016 132.69 9.34 655.04
0.8 1.017 133,10 1.10 77.40
0.9 1.015 7.64 4951 3470.08
10 1.005 53.59 64.39 4512.64
Table 4. MC 450 cPs solutions hydration parameters determined from the dielectric constant.
Conc. of MC 450 cPs solutions Density (d) (g/cms) Vp (nm* Whyd Niy
0.1 1.122 244,80 3394.72 85716.86
0.2 1122 396.73 135031 34095.37
03 1122 264.49 900.31 22732.94
0.4 1.123 52.13 864.12 21819.21
0.5 1.121 11637 $83.70 2231345
0.6 1133 131.96 825.72 20849.45
0.7 1.126 7208 632.81 15978.49
0.8 1.122 203.03 720.21 18185.41
0.9 1.120 2224 43292 10931.41
1.0 1.121 61.03 44569 11253.89
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ber decreased, as shown in Figure 1. This is because, at higher CD concentrations, there

may not be enough water molecules available to fully hydrate each CD molecule. We
note the hydration number increased abruptly at the highest CD concentration for
HPMC 50 cPs. This behavior is due to the complex relationship between CD concentra-
tion and hydration number, which depends on the degree of polymerization of the cel-
lulose chains and the CD structure.

Conclusions

The static dielectric constant, relaxation time, and hydration number were determined
for aqueous CD solutions with varying concentration. The values of the dielectric
parameters and hydration number suggest that a solvation shell of bound water mole-
cules formed around the CD by Coulomb forces in the CD solutions which depended
on the solution density and types of the CD. We note the hydration number slightly
increased at the highest HPMC 50 cPs concentrations, influenced by the degree of poly-
merization of the cellulose chains and cellulose structure.
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The complex permittivity spectra of 1, 4-but

range from 10MHz to 30GHz using the time domain reflectometry (TDR) techniqu
The static dielectric constant and relaxation
inear least squares fit method. The orientation of electric
the liquid mixture was confirmed from the excess, Bruggeman. Kirkwood

the Cole-Davidson type relaxation.

obtained from complex permittivity spectra by using the nonl

dipoles and solute-solvent interaction in
correlation factor and thermodynamic parameters.

Keywords: Complex permittivity spectra; TDR; Diclectric constant;

Thermodynamic parameters

1 Introduction

Time domain reflectometry (TDR) is one of the
experimental  technique used for  accurate
measurements of the complex diclectric permittivity
g*(w) over a broad frequency range. Understanding
the structure of liquids from experimental data and
developing liquid molecular model are important and
challenging.  Recently extensive  experimental
investigation on the relationship between dielectric
relaxation and the -OH group has been done on
polyhydric  alcohols (diol’s)1'4. The dielectric,
spectroscopic, structural and dynamical properties
have all been investigated'™. In general, data reported
from various techniques and physical approaches are
used to investigate the molecular structure of liquids'™.
Polyhydric alcohols are of particular interest among
liquids with hydrogen bonds because of their
tendency to form strong hydrogen bonds with the
other molecules and the existence of numerous OH
groups’.

Organic compound alcohol are extensively utilized

ancdiol -1, 4-dioxane binary mixtures have been measured in the frequency

e. The complex permittivity speetra show
time at various temperaturces have been

Relaxation time: Kirkwood correlation factor:

derived from butane where hydroxyl groups present at
the first and last carbon of the chain®. It is used in
industry as a solvent and in the production of certain
types of polymers, clastic fibers. and polyurcthane
chain extenders. The butanediol have several uses in
biochemical research, particularly in the
cryopreservation of living organs.

The 1, 4-dioxane (DX) is a heterocyclic dicthy!
ether, and each of its two oxygen atoms forms an
ether functional group. It is a common example of
non-polar, non-ionic liquid. Its structure includes
ether oxygen, an [i-bond acceptor site, and
hydrophobic (-C,Ha) non-interacting sites. Due o
absence of H-bond donor sites DX is non-associative,
however it would be fascinating to investigate its
properties in the presence of associating liquicls‘“. In
the past butanediols have been extensively studied in
the presence of polar and non-polar solvent at room
temperature and aboye 2112 This investigation is
mainly carried out on the hydrogen bonding
interaction and dipole orientation in presence of non

chemicals in industry and technology for a varicty of polar  solvent and  their effects  on  the
applications’ such as a reagent, solvents or chemical  thermodynamical propertics bellow room
intermediates® and  exhibit a number of  temperature.

conformational characteristics due to their molecular This work reports the diclectric relaxation

flexibility”. The organic compound diol with
structural formula OHCH,CH,CILCH,OII is 1, 4-
butanediol (1,4BD), this colorless viscous liquid is

behaviour of 1,4BD in the solvent 1.4DX using time
domain reflectometry technique (TDR) at various
temperatures in the frequency range from 10MlLlz o
30GHz These investigations aimed to understand the
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" The diclectric parameters for 1.4-butanediol-1,4-dioxane mixture at various temperaturc.

Vol. frac. 1.4-Butanediol-1.4-Dioxane
of Dx 20°C 15°°%¢ =g
& T(ps) £ T (ps) £ T(ps) £ T(ps)

0 32.60(9) 616.7(52) 33.17(10) 702.1(64) 34.44(10) 845.2(77) 10.53(20) 1068.8(47)
0.1 25.02(8) 344.5(30) 26.18(8) 412.1(43) 28.78(8) 562.6 (51) 31.26(8) 782.6(60)
0.2 21.95(7) 320.9(34) 22.31(5) 108.3(31) 23.30(5) 479.6(34) 24.59%(7) 551.2(49)
0.3 17.96(06) 236.2(27) 18.46(5) 278.7(27) 19.09(5) 312.6(28) 16.68(5) 343.7(33)
0.4 16.26(6) 174.6(24) 16.83(5) 192.2(20) 17.68(6) 210.0(30) 19.32(9) 238.1(47)
0.5 13.30(4) 134.8(15) 13.57(3) 141.7(12) 14.06(3) 168.6(13) 16.35(4) 201.53(22)
0.6 8.73(1) 94.9(6) 9.98(2) 96.45(10) 10.54(3) 108.3(14) 10.96(7) 114.:437)
0.7 8.70(1) 47.1(11) 9.01(4) 48.5(11) 9.33(4) 59.1(12) 9.93() 69.3(13)
0.8 4.08(1) 34.2(3) 4.20(1) 36.84(27) 4.64(1) 38.94(31) 5.61(1) 40.82(50)
0.9 2.66(1) 21.9(1) 3.14(1) 22.51(20) 3.98(1) 25.56(29) 4.75(1) 28.98(415)
1 2.50(3) 3.95(2) 2.52(1) 1.01(3) 2.53(2) 4.23(3) 2.55(1) 4501

Nuinbers in brackets denote uncertainties in the last significant digits as obtained by the least-squares method, e.g. 32.60(9)

means 32.60+ 0.09.

35 ==

dielectric losses (£7) with the frequency ranging from I I hid |
10MHz to 30GHz. The experimentally obtained data 503y :\ e |
= : : g
¢ and & were fitted into the Cole-Davidson’s 28] :\. amc |
equations by using non-linear least squares fit method - TSR ‘
s 3 * sy
10 as follow!>": & SE=a
15 “\;\

¥ = o BT SN
e+ (W) =&, + T Gan =] L) el \S"’i. N
Where &, is static dielectric constant, &, is high ] == S
frequency dielectric constant, o and B are distribution i = =iz o =5 T

parameters and their values lies in between 0 to 1. The
dielectric parameters such as static dielectric constant
(£.) and relaxation time (1) are reported in Table. |

Fig. 3 — Static diclectric constant vs volume fraction of dioxane
for 1, 4BD-1.4DX system.

and are in good agreement with those reported in 1200
literature' "%, 11004 o e |
1000+ e 15°C |
3.2 Static dielectric constant and relaxation time 9°°,\ Ly
The dielectric permittivity of liquids is affected by S L l
many factors, including temperature, the type of g:;:\ :
intermolecular forces, dipole moment, the angular " soog\°\\: i
correlation of a dipole with a neighboring dipole. and ind e ,\ [
the number of carbon atoms present inside the 3004 -W'sf\ !
molecule®. Fig. 3 shows that the mixtures diclectric 2001 %Eg»
constant  decreases  with  increasing  dioxanc 180+ "“"‘“ﬁmhmﬂ__w {
concentration for all binary combinations and 0% B ., oe T

temperature under study except for pure butanediol
bellow 15 °C. This represents a decrease in the density
of electric dipoles inside the mixture'®. The decrease
in diclectric constant with Vpy in the mixture is also
due to the transformation of more elongated aggregate
molecular structure into spherical aggregate molecular
structure'>. The decrease in g with respect to
temperature rises is due o the orientation polarization
and electric dipole alignment in the mixture'’. The

Fig. 4 — Relaxation time vs volume fraction ol dioxane for 1.
4BD-1.4DX system.

pure 1, 4-Butancdiols solidification takes place bellow
15 °C, according to Curme and Johnston (1053)".
Hence there are decrees in dielectric constant beliow
15 °C. The relaxation time of molecule is depends on
their molecular size, functional group and viscosity of
the molecules. Fig. 4 shows the plot of dicleetric
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mixture for differént  volume fractions, such as
activation energy enthalpy AH, and entropy AS™.

et e BETEE 5
Tk P TRy ~(3)

Where t,k, R, h, T denote the relaxation time,
Boltzmann constant, gas constant. Planck’s constant,
and Temperature respectively. In order to determine
activation energy the slope and intercept of log (T*1)
versus 1000/ T have been used as shown in Fig. 7.
The molar enthalpy of activation (AH) is positive and
fluctuating for different concentrations as shown in
Fig. 8, which indicate that during the dipole
reorientation process the heat energy was absorbed.
Additionally, it implies that the association of two
species results in the formation or breakage of
hydrogen bonds in the mixture. In order to interpret
the fluctuating values of AH it is convenient {o
consider the mixture as the systems of two
heterogeneous hydrogen bonded networks. AH was

-84

66

6.8+

7.0

-8.8-

T 340 342 342 345 348 3b0 352 554
LO0O/TEMP

Fig. 7 — Arrhenius Plot of log (T * ) vs 1000/ Temp in Kelvin

for various volume fraction of dioxane
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Fig. 8 — Activation energy Al vs volume fraction of dioxane,
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found to be 24.12 kJ/mol for purcl, 4-butanediol,
which is equal to the amount of energy required to
break a hydrogen bond.

3.6 Kirkwood Correlation Factor

The Kirkwood correlation factor gives imformation
regarding dipole orientation in a liquid. The
Kirkwood-Frohlich equation is used to calculate the
dielectric constant for diol-dioxane mixturcs in order
to understand the amount of hydrogen bonds that exist
between each alcohol and dioxane molecule is as
follow™.

(6,=2,)28, +5,) _

L 4mNp
7 [&
(&, +2)

.e{0)
OTM

(i=1 or 2 represent 1,4BD and 1.4DX respectively)
where, g; = Kirkwood correlation factor. &, static
diclectric  constant, &, = permittivity at high
frequency, N= Avogadro’s number, M = molecular
weight, T = temperature, p= dipole moment of the
liquid, k = Boltzmann constant and p - density of the
liquid. The interpretation of the dielectric constant for
mixtures of associating liquids in terms of the
Kirkwood correlation factor is quite difficult. It is
difficult to separate the the average correlation factors
gl and g2 without making any assumptions from
single value of static dielectric constant. [uzar
suggested theoretical equations for hydrogen-bonded
mixtures based on the theory of mean field
approximation™. The 1.4-butancdiol-dioxane mixture
is assumed to contain two different types
intermolecular hydrogen bonding. which modilies the
Kirkwood correlation factors g;. ¢, for individual
species. The following equations were used 1o
calculate the correlation factors, g; and g,*'!,

s 1)
.(8)

where Ziy = 2 (nf), Zip= n}k) and 7,

(nfi)Vox/1- Vpy are the average number of particles
involved in the formation of the hydrogen bonds with
1.4-butancdiol-1,4-butanediol  (pair 11), 14-
butanediol -1,4-dioxane (pair 12) and 1.4- dioxane-
1,4-Butanediol pairs, respectively. Vi is the volume
fraction of 1.4-dioxane. The neighboring dipale
angles of the molecules 1.4-butanediol and 1.1-
dioxane are @;; and ¢, respectively. The value of g,
and g» depends on the volume fraction of 1.413% 1n
the 1.4BD-1,4DX mixtures as shown in Vig. 9. The
number of hydrogen bonds ou average (n}y) .

g1=1 +Zycos@y + Zpc050; ((1a/ Uy )
E=1+Zs cos@y (/1)
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05 April 2023, The complex permittivity spectra of hydroxypropyl methyl cellulose
Revised on 25 April 2023, 15 Cps with water were studied by usingthe time domain reflectometry
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DOL: 10.20959/wjpr20238-28 146 (IDR) and frequency domain technique (L.CR) in thefrequency range

=" 20 Hzto 2 MHz and 10 Mz to 30 GHz at 25°C. Now a days diclectric

e g ea— Sra—— p—

. spectroscopy technique is reliable and widely used for the
*Corresponding Author

- measurement of complex permittivity. The complex diclectric
Shankar H. Saknure |

School of Physical Sciences, permittivity £*(m), static dielectric constant (£0) and relaxation time (1)

Swami Ramanand Teerth have been determined. The complex permittivity spectra for [IPMC 15

Marathwada University. . Cps- water were fitted in the Debye-type model.
Nanded. India-431606. |

fj’ KEYWORDS: Complex permittivity - spectra, relaxation {ime.
Electrode polarization, TDR.

1. INTRODUCTION

Cellulose is an organic compound belonging to the category of polysaccharides. It is a
polymer made up of glucose subunits. Cellulose is a complex carbohydrate consisting of
oxygen, carbon and hydrogen. Hydroxypropyl methylcellulose (HPMC) is a cellulose cther in

which hydroxyl groups have been substituted with one or more of the three hydroxyl groups

found in cellulose ring as shown in fig.1.
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Fig. 2: Block Diagram of Time Domain Reflectometry (TDR).

The addition [g(z) = Ry(t) + Ry(t)] and subtraction [q(1) = R;(t) - R(t)] of these pulses arc
done in oscilloscope memory. These subtracted and added pulses are transferred to PC for
further analysis. The fourier transformation of the pulse and data analysis were done earlier to
determine complex permittivity spectra £¥(®) using non-linear least square fit method. The
sccond method is Agilent E4980A precision LCR meter, which measures capacitance and
resistance with a four terminal liquid dielectric test fixture (Agilent 16452A) in the frequency

range of 20 Hz to 2 MHz, has been used to examine complex pcrmittivity.[S]

3. RESULT AND DISCUSSION
3.1 Complex permittivity spectra
Frequency dependent complex permittivity spectra of HPMC 15 Cps-Watermixture at
different concentrations is shown in fig.3. it is observed that when the concentration of

HPMC in the water increases, values of dielectric permittivity (&) decreases and the peak ol

the dielectric loss (g") shifts to the lower frequency side.

80 —F i Ery Ui 4 O e =
- 60 o S
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40 — .
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o 1 HPMEC 0 % i Wy
w HPMC 0 2 o
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Fig. 3: Complex permittivity spectra for HPMC 15¢Ps-water mixture at 25 'Cusing
TDR.
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Molar(M) HPMC 15 Cps
conc, of 25°C
MC (107%) g9 (TDR) £0(LCR) T
Water 78.18(1) 78.35 9.94(8)
0.1 84.97(1) 80.04 13.82(7)
0.2 84.70(1) 79.72 15.60(8)
03 84.69(9) 78.98 12.67(4)
0.4 82.23(4) 80.16 12.76(18)
0.5 89.98(2) 79.25 18.19(10)
0.6 88.44(3) 78.60 23.99(16)
0.7 85.27(3) 78.64 24.51(17)
0.8 81.06(4) 78.11 22.34(20)
0.9 81.62(2) 71.76 21.65(12)
1 79.50(3) 76.87 28.46(18)

The number in bracket indicates errors obtained by leastsquares fit method e.g.. 78.18(1)

means 78.18+ 0.01

4. CONCLUSION

Studied thedielectric and electrical properties of HPMC with water in the frequency range of
20 Hz to 2 Mz at 25°C. To determine the dielectric parameters, the complex permittivity
spectra have been examined and fitted to the Debye model. Low-frequency region electrode

polarisation is observed by the LCR method.
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- 1, 4-dioxane mixtures
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Abstract

The TDR method was used to investigate the complex dielectric permittivity spectra
of a mixture of 1,3-butancdiol (1.3-BD) and 1,4-dioxane(1,4-DX) across a high-
frequency range from 10MHz to 30GHz which showsCole-Davidson type
relaxation. The static dielectric constant was used to calculate Kirkwood correlation

factor, which were used to study the H-bonding interactions in the

mixture. Thedielectric parameters,Bruggeman factor,thermodynamic parameters and

excess dielectric properties were also determined.

Keywords:TDR, Kirkwood correlation factor, complex permittivity spectra, Bruggeman

factor, Molecular parameters.

1. Introduction

The diclectric permittivity data of the liquid
is required to investigate hydrogen bond
molecular  interactionsas well as the
structural rearrangement of molecules in
theliquid state [1-5]. Organic alcoholsand
liquid diols are extensively utilized in the
chemicalindustry for a  variety of
applications such as reagents, solvents [6-7],
or chemical intermediates [8] and exhibit a
number of conformational characteristics
duc to their molecular flexibility [9]. 1,3-
butanediol (1,3-BD) is a colorless liquid,
and the hydroxyl groups are present at the
first and third positions of the carbon
chain.A network structure is created in 1.3-
BDliquid because of two OH groups [10-
11]. Because of the two OH groups,
intermolecular interactions between dipoles
and hydrogen bonds have a significant
impact on the dielectric properties of 1,3-BD
compounds. However, as the OH groups get
closer together, on one molecule, as in the
liquid, the capacity to make H-bond with
other molecules reduces [12]. Measurements

ofthedielectric permittivity of diols have
been the subject of extensive research up to
this point [13-14]. Due to its importance in
industry and useas a food flavouring agentas
well as a co-monomer in specific polycsters.
numerous dielectric measurements of 13-
BD and their solutionshave been performed
[15-18].

This article reports the dielectric behaviour
ofl, 3-BD+1, 4-dioxane (1.4DX)
mixtureusing the time domain reflectometry
technique (TDR). The dielectric parameters,
Bruggeman factor, Kirkwood correlation
factor, thermodynamic and excess dieleetric
parameters werccomputed.

2. Experimental details

2.1. Chemiicals

The chemicalspurchased commercially 1.3-
BD fromMerck Specialities Private l.td.and
1.4-DX  from SigmaAldrich Chemicals
Private Ltd.with 99% purity.

*Corresponding Author(Email: akumbharkhane @yahoo.co.in)
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Fig.3 Static dielectric constant vs 1, s jor the 1,3-BD+ 1, 4DX system af various temperatures

3.1. Relaxation time

Fig. 4 represents the plot of relaxation time
(1) vs Vpxof the 1,3-BD+1,4-DX mixtures.
With an increase in 1,4-DX concentration in
1,3-BD, the t decreased. 1,4-DX reduces the
hydrogen bonds in the 1,3-BD molecule. The
change in twith 1,4-DX concentration isdue
to the distribution of hydrogen bonds.The
wrelieson  functional — groups,molecular

size,and viscosity of the molecules. With
increasing 1,4-DX concentration, the t© of
the 1,3-BD-1,4-DX system decreased non-
lincarly. These decreases in values indicated
a change in theorientational polarization
configuration andchemical structure ol
themixture. With therise in temperature. thet
decreased;this is due to increasc in effective
length of dipoles with rising temperature.
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3.2. Thermodynamic parameters R AH-TAS 3
An  Arrhenius plot for the 1,3-BD-1.4- PR Ty (3)
DXmixtures studied is shown in Fig. 6.The
slope of Arrhenius plot gives enthalpy of
Where h = Planck’s constant, k -

actlivation(AH:)foreach system. The
activation energy,entropy AS andenthalpy
AH were derived using the Eyring rate

equation [25].

Boltzmann's constant, T = temperature (K).
= rclaxation time, and R = gas constant.
Figure 7 shows the activation enthalpy
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~K dipole
pvided by the KCF. The KCF
deviation from unity measures the strength
of intermolecular hydrogen bonding. The
KCF is calculated for liquids using the
Kirkwood-Frochlich equation [26].

(5,» —£,)2¢, +¢,)

& (e, +2)°

(=1 represents 1,3-BD and i=2 represents
1,4-DX) where, gi denotes the Kirkwood
correlation  factor T = temperature,p =
density, k = Boltzmann constant, M =
molecular weight, 1= dipole momentand N=
Avogadro’s number. [t js very challenging
to interpret the dielcctric constant for
mixtures  of associating compounds,
considering the KCF [27]. without assuming
anything it is difficult to distinguish between
the average KCFg; and g, from single
gvalue [27]. Luzar proposed theoretical
cquations applicable to hydrogen-bonded
mixtures using the theory of mean field
approximation [27-28]. To calculate the
average KCF g and g, the following
equations were used [27-28].

g1=1 + Zjcos0; + 75 CosQrz ( Mo/ 1) (5)
82=1 + 25108021 i/ ) (6)

where the angles of the 1,3-BD and 1,4-DX
neighboring dipoles are, respectively, @l1,
912, and @217, = 2{uild. 7\~ il
and Zp; = {nZlVpy/I- Vpxrepresent the
average number of H-bondsin between 1,3-
BD-1,3-BD, 1,3-BD-1,4-DX, and 1,4- DX-
1.3-BDpairs respectively [27-28]. The g
and g» values depends on Vpy in the 1.3-

tive Research, ISSN 2581-8198 Vol. 4, Issue 1 Year 2023

8.Theaverage number of H-bonds (n2L),
s ) and{rn%) per 1.3-BD
werecalculated by using
relationship [27-28]

molecyle
the following

(Miip)=n" &'/ n,, (7)

Where o' =1/(1+¢ gy represent the
bond formation probability of 1.3-BD and
1,4-DX. The n,is the number density of ] 4-
DX.a“represent the ratio in  between two
statistical subvolumes of 4fe phase space
that correspond to the non-H-bonded and -
bonded pairs, the value off isB=1/KkT [27].
These H-bonded 11 and 12 pairspossesstwo
different energy levels, E'' and pl2 The
(nis dand {ni%depends on the Il-bonding
pair densitybetween 1,3-BD-,4-DX Ny and
1,3-BD —1,3-BD molecule, i.c. ny - 2n;—
n2[28]. This can be determined when 1.3
BD -1,3-BD (pair 11) andi,3-BD-]4-
DX(pair 12)was formed [27-28]. Fig. 9
represents the plot between average number
of H-bonds between pairll and 12 vs, Vpy
The {ngLdand (=12 )values depend on the
Vpx in the 1,3-BD-1.4-DX. The parameters
taking into consideration while applying
Luzar model [27-28] to compute  the
theoretical values are mentioned in {able
2.The theoretical values of & by Luzar
model and the experimental values obtained
using TDR techniques are compared in Fig.
10and are found to be in good agreement.
The excess diclectric permittivity (&) can
given as [20]

5= (€~ [ (2)oVor+ (&ap -Vl 18

Figure 11 shows the plot of &F against the
Vpx. Negative gsE values indicate that
thel.4-DX molecules break the structure of
the 1,3-BD as evidenced by the decrease in
the dipole moment [20].The minimaof &
was found to be at around V px=0.6.

BD+1.4-DX  mixtures, as shown inFig
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Fig. 10 Static dielectric constant vs . Iy for the | 3-BD+ 1,4-DX svstem at 25°
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Fig. 11 Excess dielectric permittivity vs. 1y for the 1,3-BD+ 1, 4-DX system.

3.4. Bruggeman dielectric theory
Bruggeman formula is used to find out the
relationship ~ between  static  dielectric
permittivity with the Vpy is as follow [27]:

o= (@) sy, )

EBD—EDX/ \Egm

Where fgstand for Bruggeman dielectric

(black line) is predicted by the above
equation for a plot of (fg) vs. (Vp,). Figure
12 shows (red line) that f does not follow
the Bruggeman equation's prediction that it
is linear with Vpy. Thereforeto understand
the curve's non-linear relationship  the
Bruggeman formula modified as.

The modified Bruggeman equation is as
follows [29]:

fo (Zams 0wy (CBD G g 1) Do

J
NACC Co im‘ﬁ

Late Bhimrao Chavhan Ags & Sci College

factor.egp, epyandey, arestatic dielectric e it
constants of 1,3-BD, 1.4-DXand the (10)
mixture, respectively. A linear relationship
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: ; 1d hydrogen bonding studies of butyronitrile
with 1,4-dioxane using a time-domain reflectometry

D.G. Dongre, AR, Deshmukh, N.p. Garad, A.G. Gubre, S.H. Saknure, and A.C. Kumbharkhane ©

School of Physical Sciences, S.R. T. M. University, Nanded 431606, Maharashtra, India
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Abstract
! [is}x)r}l{g tl_me-d.omain reflectometry (TDR), the complex permittivity of binary mixture of butyronitrile (BIN) and 1,4-dioxane
(1,4-DX) at various _tqn_peratures and solvent proportions was determined over the frequency range of 10 MHz to 30 GHz
Tpe con_lplex Permittivity spectra (CPS) have been fitted to the Havrilik-Negamj equation. The relaxati
dielectric constant (£0) have been calculated for each concentration using the least squares fit method. The nonlinear behavior

of dielectric parameters suggests a change in the molecular size and intermolecular bonding of BTN-1,4-DX mixtures. Theo-

retical s-tatic dielectric constants (¢0) have been determined using hydrogen bonded model suggested by Luzar for all solvent
proportions and compared with experimental values obtained from TDR.

on time (r) and static

I(es’ W OIdS. tllllE-dOIIlEllIl Ieﬂl( t()lIlEtIy StatiC I C ) tsi y g n
2 T C ta , T N I 1
dle e t 1C onstant elaxat“nl t1 me, com ex peml ttl\v‘l Spectl da, ]] dl() &)

1. Introduction

miscible in water and most organic solvents [10]. The study of
dielectric relaxation and hydrogen bonding between binary
mixtures has been studied using 1,4-DX as a solvent [11-15].
Intermolecular (dipole-dipole) interaction and hydrogen
bonding in binary mixes may be studied using dielectric
analysis. Many studies have used dielectric measurement
to describe homogeneous and heterogeneous interactions
in binary mixtures [16-22]. However, the structure of the
BTN-1,4-DX mixture is complex and forms molecular dimers.
Thus far, no further study has been conducted on the BTN=

Dielectric properties of binary liquid mixtures as a func-
tion of frequency are important for both theoretical and
applied studies of liquid structure determination and
dynamics. Molecular interactions and processes can be de-
termined from the frequency-dependent dielectric behavior
of liquid mixtures. Many techniques, including ultrasonic
spectroscopy and the dielectric method, can be used to study
molecular dynamics in the liquid system [1-5]. Butyronitrile
(BTN) [C4H;N] is a chemical compound of cyanide in which

=3k

hydrogen has been replaced by a propyl group. It is also
used in the chemical and pharmaceutical industries. The
dielectric parameters for BTN with toluene have been studied
and reported earlier by Karthick et al. [6] using FTIR, 3C
NMR, and the time-domain reflectometry (TDR) technique,
which demonstrates the dielectric characteristics’ systematic
variation. Several spectroscopic techniques have been used
to evaluate the propyl acetate/BTN mixture’s refractive in-
dex, viscosity, and dielectric constant [7]. Supercooled BTN’s
dielectric relaxation behavior has been characterized for
both bulk samples that were generated by physical vapour
deposition and samples that were cooled from the melt [8].
The dynamics of quinoxaline, a triplet state probe, solvation
in the glass-forming dipolar liquid BTN close to the glass tran-
sition temperature was described by Ito et al. [9]. 1,4-dioxane
(1,4-DX) [C4HgOy] is a nonpolar solvent and nonhydrogen-
bonded liquid with a small electric dipole moment. This
heterocyclic ether has four carbon, eight hydrogen, and two
oxygen atoms in a ring. Because its oxygen atoms form hydro-
gen bonds with water, 1,4-DX is hydrophilic and completely

Can. J. Phys. 00: 1-6 (2024) | dx.doi.org/10.1 139/cjp-2023-0301

1,4-DX mixture using the TDR method. Therefore, in this
work, TDR investigates BTN-1,4DX mixtures with various
solvent proportions. This study provides better values for
dielectric parameters because of the large frequency range
covered in a single measurement. The results are also com-
pared with the therotical dielectric parameter based on the
hydrogen bonding model of Luzar. The Luzar model has been
used to estimate the number of molecular dimers in the

systems.

2. Materials and experimental method

From S. D. Fine Chem. Ltd., we purchased BTN and 1,4-DX
with 99% purity. The solutions were prepared for at differ-
ent volume fractions of BTN in 1,4-DX. Complex permittiv-
ity spectrum (CPS) was obtained using TDR. It includes a Tek-
tronix DSA8300 sampling oscilloscope and 80E108 sampling
module with step generator. The data were processed to get
CPSs ex(w) from 10 MHz to 30 GHz using the least squares fit
method, as previously described [23, 24).

Principal
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Table 1. Static dielectric constant

{e0) and relaxation time (z in ps) for butyronitrile-1,4-dioxane mixtures.

25 C

20 C 15 C 10 C

Vox (#0) (z) (20) (v) (e0) (t) (£0) {r)

0.0 23.67(1) 8.40(2) 24.90(1) 8.83(2) 25.81(1) 9.32(2) 27.80(1) 9.85(3)
0.1 19.53(2) 9.88(5) 20.40(1) 10.40(3) 21.91(3) 10.71(1) 23.30(4) 16.97(1;
02 16.76(1) 10.01(7) 17.28(1) 10.83(4) 18.25(1) 11.30(4) 21.75(2) 11.59(6)
0.3 14.87(3) 10.28(1) 15.56(2) 10.84(2) 16.83(4) 11.50(4) 19.62(3) 11.78(1)
04 11.24(4) 11.76(3) 12.33(5) 12.12(3) 14.89(4) 13.01(2) 17.95(1) 13.21(2)
05 9.31(4) 13.24(3) 11.12(4) 13.40(2) 11.29(4) 14.53(3) 12.89(3) 14.64(2)
0.6 7.21(1) 16.49(9) 9.30(3) 16.52(1) 9.52(2) 16.61(1) 10.98(5) 16.89(1)
0.7 6.17(2) 13.32(4) 7.52(3) 13.38(4) 7.86(1) 13.69(9) 9.49(1) 12.90(1)
0.8 5.04(1) 12.41(3) 6.58(1) 12.68(7) 7.03(1) 13.21(8) 7.88(1) 13.41(1)
0.9 3.94(1) 11.33(7) 4.16(3) 12.28(3) 4.64(1) 12.40(4) 6.26(1) 12.70(1)
+1.0 2.50(3) 3.95(1) 2.52(1) 4.01(3) 2.53(2) 4.23(3) 2.55(1) 445(1)

Note: Numbers in brackets show errors in the corresponding value. For example. 23.67 (1) means 23.67

1,4-dioxane.

3. Results and discussions

3.1. Dielectric permittivity (¢’) and dielectric
loss (¢”) spectra

Figure 1 shows the plot of dielectric permittivity (') and di-
electric loss (¢”) spectra of BTN binary mixtures in 1,4-DX as
a function of frequency. It shows that when the solvent pro-
portion of 1,4-DX in BTN increases, the values of ¢’ decrease.
As frequency increases, the resonance of permanent electric
dipoles decreases, which results in a decrease in ¢’ at high fre-
quencies [25]. As the solvent proportion of 1,4-DX increases,
the value of ¢” decreases. For pure BTN, the loss peak is found
at or around 30 GHz. This shift in the ¢” peak might indicate
that the addition of 1,4-DX to BTN changed the molecular ge-
ometry. Using the least squares fit method, the experimental
CPS has been fitted to the Havrilik-Negami equation to de-
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+ 0.01. =Reported in ref. [11]. BTN, butyronitrile; 1.4-Dx,

termine the dielectric relaxation parameters [26].

o — Ex

_ B (1)
[1+ (jor) "

.‘.‘*:S%—i-

where gy represents the static dielectric constent, ¢+, is the
high-frequency permittivity, ¢ and # are distribution parain-
eters, and v is the picoseconds relaxation time. Havriliak-
Negami integrates Cole-Cole (f = 1) [27], Davidson-Cole
(@ = 0) [28], and Debye (¢ = 0, # = 1) [29] relaxation spec-
tral functions in limiting form. In this study, BTN with 1,4-
DX shows Debye-type dispersion [29]. To calculate dielectric
relaxation parameters, CPSs were fitted in the Debye-type
model using the nonlinear least squares fit method.

The values of dielectric parameters of ¢ and ¢ of BIN~1,4-
DX mixtures are reported in Table 1. It shows that the val-

Can. J. Phys. 00: 1-6 (2024) | dx.doi.orgl0 11304))-2823-020 1
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mixtures of BIN-1,4-DX because the mixture’s orientation
polarization and electric dipole alignment cause the elon-
gated molecular structure to change into a spherical molec-
ular structure, which lowers the dielectric constant [30]. The
value of ¢ increases gradually with an increase in 1,4-DX sol-
Vent proportion; it reaches maximum at Viyx = 0.6, and again,
it decreases at higher solvent proportion of 1,4-DX. It is the
change in molecular size that affects the relaxation time, as
reported earlier [31, 32], which shows that molecule bonding
causes a rise in molecular size at high solvent proportion.

3.2. Kirkwood correlation factor (“g”)

The Kirkwood correlation factor (“g”) is very useful to ob-
tain information about the orientation correlation of dipoles
in pure liquids, as explained by the Kirkwood-Froehlich
equation as given [33].

247 Np
9kTM

(20 — £00) (269 +éx) =

£nlenc +2)2 a

The Kirkwood correlation factor, obtained from the dielec-
tric constant, shows how molecules align. The intermolecular
bonding force is measured by g’s deviation from unity. Luzar
suggested the hydrogen-bonded model, based on the mean-
field approximation [34], to calculate average correlation fac-
tors g; and g; from a single £y value.

w
g1 =1+ Zy1 COS @11 + Z13 COS 12 (M_z) {3)
1
i
g3 = 1+ Z31008@y, (ﬁ—l) (4)
M2
where Zii = 2{u}L}, Zip =2 (nf3). and 7o =

2{nf}h}Vox/ (1 —Vpx) are the average number of particles

forming hydrogen bonds with BTN=-BIN, BTN~1,4-DX, and
1,4-DX-BTN pairs, respectively. The angles between the
neighboring dipoles of BTN and 1.4-DX molecules are ¢y,
and ¢yy. Figure 2 shows the separation of g; and g, for
hydrogen-bond contribution to dipole-dipole correlation
in the BTN-1,4-DX mixture. Due to dipole orientation and
hetero chemical interaction, &1 and g; values decrease when
1,4-DX solvent proportion increases in BTN. The average
number of hydrogen bonds (nf), (ni2), and (nfh) per BIN
molecule for 1;pairs (i = 1, 2) has been calculated using the
following equation [34]:

1 1i :
S Ty (5)

where wy; = ——'z+a“1e =7 gives the possibility of bonding be-
tween BTN and 1,4-DX. The 1,4-DX molecules’ number
density is represented by ny. f = 1/kT and «1i represent
the ratio of the two subvolumes of the phase space. For
BTN-1,4-DX, the newly formed nonhydrogen-bonded pairs
have energy levels E11 and E12, respectively. The values of
(n_HB"11) and (n_HB"12) are determined by the number or
hydrogen bonding pairs between the molecules BTN-BTN,
BTN-1.4-DX, and BTN. When the pairings BTN-BTN and BTN~
1,4-DX are formed, this is possible. It shows how the valites
of (n_HB"11 ) and (n_HB"12 } in BTN-1,4-DX combinations
are impacted by 1,4-DX. Figure 3 shows the average number
of hydrogen bonds between pairings 11 and 12 with the
Vpx. It shows that the average number of hydrogen bonds in
BTN-BTN decreases as the value of Vpy increases due to weak
interaction in BTN-BTN. However, the average number of
hydrogen bonds between BTN-1,4-DX increases as the value
of Vpy increases. It indicates that there is a sironger nterac-
tion between BTN-1,4-DX mixtures. The solvent proportion
dependence of the static dielectric constants is computed

Can. J. Phys. 00: 1-6 (2024) | dx.doi.org/18- X023-0301
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dielectric study on the hydrogen bonding
On 1,5-pentanediol + 1,4-dioxane binary
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The cnrnplfax dielectric permittivity spectra (CPS) of a binary mixture of 1.5-pentanediol (1 5-PD) with 1,4-dioxane (1 4-DX)

~ were determined using time-domain reflectometry in the frequency range of 10 MHz to 30 de. The expe’rimeural (‘Pé data
were fitted to the Cole-Davidson equation using a nonlinear least squares fit method to determine the dielectric rclla*‘(-ni(;;z
parameters. The intermolecular interactions in the binary liquids were studied through the Kirkwood correlation factor le%(‘cw
parameters, thermodynamic Parameters, and Bruggeman’s factor. o

Key words: dielectric constant, TDR, relaxation time, thermodynamic parameters, Kirkwood correlation factor

1. Introduction

Time-domain reflectometry (TDR) is an experimental
method for measuring complex permittivity spectra (CPS)
over a wide frequency range. Dielectric analysis of liquid
mixtures provides information on interactions, dipole ori-
entations, and molecular dynamics and allows researchers
to develop a molecular model by combining experimental
evidence with computational techniques.'¢ Recent research
has focused on experimental dielectric relaxation in poly-
hydric alcohols to understand the importance of hydrogen
bond interaction in alcohol,!-6 Among all the polyhydric
alcohols, here we have chosen the 1,5-pentanediol (1,5-PD)
because it is used in various industries such as cosmetics,
sharmaceuticals, and coatings. Its unique chemical proper-
ties make it an ideal ingredient for moisturizers, solvents,
and resins. Additionally, 1,5-PD has excellent stability and
low toxicity, making it a safe and reliable choice for many ap-
plications.” Both 1,4-dioxane (1,4-DX) and 1,5-PD are solvents
with unique properties. Mixing them can lead to changes in
salvation behavior, solubility of different compounds, and
overall solvent properties. This can be important in various
chemical processes and reactions where the choice of sol-
vent affects the reaction rate, selectivity, and product yield.
The choice of 1,4-DX is because it is complete miscible in
1,5-PD. Also, the electric dipole moment of 1,4-DX molecule
is very small and it is a nonpolar organic solvent.8 The 1,4-DX
molecule induces intermolecular hydrogen bonding between
1,5-PD molecules by adding 1,4-DX to 1,5-PD it could provide
valuable insights into the nature of the hydrogen bonding
interactions of 1,5-PD.

Can. J. Chem. 00: 1-6 (2024) | dx.doi.org/10.1139/cjc-2023-0190
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The high frequency dielectric study aimed to investigate
the changes in the hydrogen bonding interaction between
1,5-PD and 1,4-DX as temperature and concentration varied.
The results provide valuable insights into the nature and
strength of these interactions under different conditions. The
molecular interaction, orientation of electric dipoles, and
hydrogen bonding interactions in binary liquids were con-
firmed through the Kirkwood correlation factor (KCF), excess
parameters, thermodynamic parameters, and Bruggeman’s
factor.

2. Experimental setup

The chemical 1,5-PD was purchased from Merck Special-
ities Pvt. Ltd. with a purity of 97%, and the chemical 1,4-
DX with a purity of 99% was purchased from Sigma Aldrich
Chemicals Pvt. Ltd. There were nine binary mixtures pre-
pared in different volume fraction of 1,4-DX and other two
were pure solvents. The CPS of the solutions was measured in
the 10 MHz to 30 GHz frequency range using the TDR tech-
nique. The experimental setup is done accordingly as men-
tioned in the references.®® The calibration of instrument was
done using methanol, ethanol, and water as reference liquids.

3. Results and discussions

3.1. Complex permittivity spectia (CPS)

Figure 1 represents the frequency-dependent CPS of the
binary mixture of 1,5-PD and 1,4-DX at 25 ‘C, which indi-
cates that the dielectric permittivity (¢') decreases with in-
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eters (g, 7, and ) for the pentanediol-dioxane binary mixture,

28 "6 20 C
7 (ps) B £ T (ps) 3
. 1099.05(11) 0.811(1) 26.45(14) 1211.25(14) 0.824(3)
.1 21.75(8) 784.01(9) 0.789(2) 22.48(9) 874.33(10) 0.805(3)
0.2 2011(7) 564.58(6) 0.776(2) 20.86(7) 682.03(7) 0.783(1)
0.3 15.93(7) 317.19(5) 0.742(2) 17.25(7) 412.60{7) 0.777(3)
04 12.71(4) 256.84(2) 0.737(1) 14.08(4) 325.74(3) 0.738(1)
0.5 9.85(3) 162.72(1) 0.699(2) 10.96(4) 198.10(3) 0.721(1)
0.6 7.39(2) 99.95(1) 0.676(1) 7.76(2) 105.51(1) 0.697(1)
0.7 5.41(1) 63.06(1) 0.593(2) 5.57(1) 70.66(1) 0.669(3)
0.8 4.60(2) 32.16(1) 0.638(1) 4.83(2) 41.99(1) 0.653(1)
0.9 2.85(1) 9.41(1) 0.621{1) 3.25(2) 12.59(1) 0.632(2)
_I'E}, o 2.50(1} _3.95(1) 0.605(1) 2.52(1) 4.01(1) 0.623(1)
Vol. frac. 15 C - lo_ci = 4 ]
of 1,4-DX s
o 7 (ps) B £9 7 (ps) R
0.0 28.31(16) 1366.61(17) 0.833(4) 30.43(19) 1656.24(19) 0.866(5)
0.1 23.10(10) 998.07(13) 0.816(3) 23.55(17) 1050.27(15) 0.829(2)
0.2 21.43(11) 766.92(11) 0.780(2) 22.98(11) 823.81(12) 0.802(1)
0.3 17.6%{9) 446.60(5) 0.757(2) 18.50(8) 468.81(7) 0.765(3)
0.4 15.21(7) 377.35(6) 0.769(2) 15.43(5) 387.03(5) 0.744(1)
0.5 11.92(6) 209.45(4) 0.733(3) 12.11(3) 229.72(2) 0.678(2)
0.6 7.99(3) 112.50(1) 0.706{1) 8.98(5) 116.42(2) 0.692(2)
0.7 6.31(1) 75.61(1) 0.687(2) 6.77(2) 86.90(1) 0.669(3)
0.8 5.44(3) 48.32(1) 0.628(3) 5.61(7) 54.17(2) 0.459(2)
0.9 3.69(1) 18.21(1) 0.635(2) 3.91(1) 22.59(1) 0.621(1)
1.0 2.53(1) 4.23(1) 0.653(2) 2.55(1) 4.45(1) 0.641(1)
Note: The bracketed term Tepresents error in last digit (i.e., 25.97(14) means 25.97 + 0.14 or 1099(11) means 1099 + 11). 1,4-DX, 1.4-djoxane.
Fig. 2. Bruggeman’s factor (f3) versus Vpx at 25 °C.
1.0 —
Expt.
| - - Theo.
— Brug. model
0.8 -} |
0.6
w3
0.4 <
0.2 +
0.0
0.0

earship, the modified Bruggeman’s equation is used.!s

£PD — FDx £sm

_ 1/3
o) fgz(u)(“’—”) =1 [a (@ — 1) Vo] Vix

The parameter Vpy is replaced with (a — (a — 1) V; o) where

“a” is an interaction parameter. The term a = 1 indicates that
solute and solvent do not interact. The value of “a” is found to

Can. J. Chem. 00: 1-6 (2024) | dx.doi.org/10.1139/cjc-2023-0190
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where N = Avogadro’s number, g; = KCF, M = molecular
weight, #; = static dielectric constant, T = temperature, ¢
= permittivity at high frequency, k = Boltzmann constant, x
= dipole moment of the liquid, and p = density of the liquid.
The density and dipole moment values used in calculating ef:
fective KCF for 1,5-PD and 1,4-DX are pep = 0.994 g/mL,'® ,p,
= 1.03 g/mL.® and upp = 2.50D,% 4y = 0.45D,19 respectively.
The calculated values of effective KCF are reported in Table 2,
The values greater than one indicate the parallel orientation
of electric dipoles, which is maximum for 1,5-PD (¢ = 2,55)20
and decreases as the concentration of 1,4-DX increases, which
will suggest that the orientation of electric dipoles changes
from parallel to antiparallel. The effect of temperature was
also seen on effective KCF, which suggests that as the tem-
perature decreases, the molecules in the binary mixture align
themselves in a more organized and cooperative manmner,
leading to an increase in the value of g°ff,

3.5. Excess dielectric parameters

Excess dielectric parameters such as excess dielectric per-
mittivity (f) and excess inverse relaxation time (1/z)f pro-
vide information regarding the nature of the interaction of
the solute and solvent in the mixture. It also provides infor-
mation about packing phenomena and formation of multi-
mers in binary systems.'” These values depend on the struc-
tural characteristics, molecular interactions, and molecular
geometry of the individual constituent molecules making
up the mixture. The excess dielectrics parameters for binary
mixture are calculated using the following equations:'’

ESE == (SS]M - I(ES}DxVDx + (&5)pp (1 — V)]

(6)
() (1/1)° = (1/2)y = [(1/T)pyVix + (1/T)pp (1 — Vi)
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Equation 6 is used to calculate the excess dielectric permit-
tivity. This ¢ is plotted against the Vp, in Fig. 4A. The de-
crease in the total number of effective dipoles in the mixture
was indicated by the negative values of &¢.'7 By creating mul-
timer structures, the constituent molecules (1,5-PD and 1,4-
DX) reduce the effective dipole moments. The minima of ¢
for the system are located at about 0.5-0.6 Vi, and show the
production of the more complexes by H-bonding. Liquation -
is used to determine the values of excess inverse relaxation
time (1/z)*. Figure 4B displays the (1/7)F plotted against the
Vpx. This value has the potential to reveal details regarding
dynamic molecular interactions. The values of 1/} are neg-
ative, indicating that the interaction between the solute and
solvent produces an electric field that causes the effective
dipole to rotate slowly.?! Around a 0.8 Vp,, the minima of
(1/z)" for the system may be found.

4. Conclusion

The CPS of a binary mixture of 1,5-PD and 1,4-DX
was studied using the TDR technique in the 10 MHz -to
30 GHz frequency range, which provided valuable informa-
tion about the molecular interactions and dynamics in the
mixture. The system shows Cole-Davidson-type dispersion.
The temperature-dependent values of the static dielectric
constant and relaxation time are reported and provide in-
sights into the overall molecular structure and mobility of
the mixture, which can be further correlated with its physi-
cal properties and applications. The value of KCF for 1,5-PD is
greater than one, which indicates the parallel orientation of
electric dipoles, and it will change from parallel to antipar-
allel as 1,4-DX concentration increases. This change in Kirk-
wood correlation factors suggests a shift in molecular ai-
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ABSTRACT :

The frequency-dependent complex permittivity spectra (CPS) of the acry-
lonitrile (ACRN) and 1,4-dioxane (DX) binary mixture in the range from
10 MHz to 30 GHz were measured using the time domain reflectometry
(TDR) technique. Experimentally obtained CPS was fitted into the Debye
equation. Dielectric relaxation behaviours depend on the temperature
and concentration of binary mixtures. The obtained dielectric parameters,
the Kirkwood correlation, and the Bruggeman factor have been discussed
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to understand the molecular association and hydrogen bonding interac-
tions in the mixture.

1. Introduction

Dielectric relaxation studies are the best way to look into the molecular and intermolecular
interactions between solutes and solvents and between solutes and solutes in a mixture [1].
Scienlists are now studying the physicochemical and dielectric relaxation behaviour of mixtures
for a number of reasons, such as to learn more about how molecules interact, for industrial uses, and
for biological uses [2]. The intermolecular association and dielectric relaxation of nitriles and their
mixtures have been studied earlier [3-9]. Nitrile is a polar organic compound that includes a cyano
group (—C = N) attached to a carbon atom. Nitriles have a strong permanent dipole moment, so
the intermolecular interactions are strong, which can produce associations between the molecules
[3]. Acrylonitrile (ACRN) [C3H;N] is used in the chemical industry. It is an aprotic nitrile and
a polar, non-hydrogen-bonded organic solvent with high dipole moments. The ACRN is used
mainly as a monomer to prepare polyacrylonitrile, widely used for the production of rubber, resins,
plastics, elastomers, and synthetic fibres, as well as for the produclion of carbon fibres used in the
avialion, defence, and aerospace industries. It is highly flammable and toxic by nature. The
physiochemical properties and FIIR studies were applied to find out the intermolecular interac-
tions of a binary liquid mixture of acrylonitrile with chlorobenzene and bromobenzene [10,11].
However, 1,4-dioxane (DX) [C,HsO,] is a non-hydrogen bonded liquid treated as a non-polar
solvent, having a very small dipole moment and no pair formation takes place between two DX
Molecules [12]. Many studies have been conducted to obtain dielectric properlies, hydrogen
bonding, thermodynamic behaviour, dielectric relaxation, and structural behaviour using DX as
asolvent [13-17]. The main objective of this paper is Lo study the dielectric behaviour of a polar and
non-polar molecule i.e. binary mixture of ACRN in DX by using time domain reflectometry (1'DR)
at various temperatures in the frequency range from 10 MHz to 30 GHz We used the least squares
fit method (LSF) to find the dielectric constant, relaxation time, excess dielectric paramelers, and

CONTACT A.C. Kumbharkhane @ akumbharkhane@yzahoo.co.in e School of Physical Sciences, S.R.T.M. University Nanded,
Nanded 431606, India
© 2024 Informa UK Limited, trading as Taylor & Francis Group
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* ACRN and DX molecules in
Tles interact

ACRN-DX mixture is discussed using the Luzar model.

2. Material and method

ACRN and DX with 99%
prepared at different volu

along with the sampling module
The details of the experimental

3. Results and discussions

80E1

3.1. Complex permittivity spectra

The complex permittivi ly spectra (

a function of frequency. It is observed t

increase in frequency. This may b
Similarly, it will

Negami equation [20].

CPS)

¢ due to a decrease in space

also decrease with an increase in the concentration o
can be understood as an indication that th
addition of DX in ACRN. The expe

o — Ex

[1+ (iwr)]_“]'ﬁ
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order to study

how the dielectric

with each other. The hydrogen bonding behaviour of the

purity were purchased from S. D. Fine Chem. Ltd. The solutions were
me fractions of ACRN in DX. The CP

S was studied using the TDR
method [18,19]. It consists of a Tektronix digital serial anal

yser DSA8300 sampling oscilloscope,
0B with step generator unit, which has been used for TDR.
setup and workings of TDR are explained in the references [18,19).

ol binary mixtures of ACRN in DX are shown in Figure 1 as
hat the value of dielectric permittivity (&7) decreases with an

charge polarisation with frequency.

f DX. This sh

ift in the (£”) peak

¢ molecular geometry has changed as a result of the
rimentally obtained CPS has been filted into the Havriliak-

(1)

where, &, ¢..,7, a and p are the fitting parameters. The nonlinear LSF method is used to determine
the dielectric relaxation parameters.

3.2, Static dielectric constant (20) and relaxation time (t)

The obtained values of &, and T of a binary mixture of ACRN-DX are reported in Table 1. The
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The collective orientation correlation between molecules can be determined using the Kirkwood
correlation factor, which is calculated from the dielectric constant. An indicator of the strength of
intermolecular bonding is the deviation of the Kirkwood correlation factor ‘g’ from unity. Without
making any assumptions, it is impossible to determine the average correlation factors gl and g2
from a single static dielectric constant value. Luzar offered the hydrogen-bonded model, which is
based on the theory of the mean field approximation [24], as a solution. Equations 3 and 4 are used

to get the correlation factors gl and g2.
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Figure 6. Average number of hydrogen bonds in ACRN-ACRN {pair 11) and ACRN-DX (pair 12) against v,
DX-

Table 2. Parameters used in the I i
' 2. uzar model to deter i
dielectric constant, e S

Parameters ACRN DX
Dipole moment (Ha, Hy) 29D

Polarizibility (a; a,)(A ”3’ 3:11 Ong
Bonding energy (' E'%) (kl/mol) -133 1825
Molecular weight (gm/mal) 53.06 88.11
Density (gm/cm?) 0.801 1.032

Note: 11-ACRN Pair, 12-ACRN —1,4DX pair
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Figure 7. Static dielectric constant of a binary mixture of ACRN-DX vs. Vpy at 25°C.

3.4. Excess dielectric parameters

Information on the intermolecular interaction between the binary liquid mixtures can be obtained
from the excess dielectric properties. The excess static dielectric permittivity is used to study how
hydrogen bonding affects the dielectric characteristics of related mixtures. The following equation
(25,26 can be used to calculate the excess dielectric permittivity of ACRN-DX.

g = (e0)ar — MEU)DXVDX + (e0) pcav(1 = VDXJ " (6)

where n, px acrn, and Vpy represent the mixtures, 1,4-Dioxane, acrylonitrile, and the
volume fraction of DX in ACRN respectively. To study the strength and nature of
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