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Excess molar enthalpies of dichloromethane +acetonitrile or + furan

or +2-methylfuran or + acetophenone at the temperature 303.15 K

Abstract Pradeep Kumar*
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+ 2-methylfuran (CsH¢O) or + acetophenone Phone 020-25902050

(C¢H5C(O)CHs;). The values of HE for the systems for
Received on 21.11.2020

CH,Cl, +acetonitrile or + C4H,O are of positive sign
Accepted on 23.01.2021

while negative sign obtained for the systems CH,Cl,
+2-methylfuran or + C¢HsC(O)CH;.The values of HE
of the different systems have been fitted with the help
of smoothing equation using the least squares method.
The obtained H® data represent the presence of

specific interactions.

Keywords: CH,Cl,, Acetonitrile, Microcalorimeter,
Hydrogen bonding, liquid state

Introduction

Cyclic ethers e.g. furan or 2-methylfuran is of interest because the compound is of industrial significance, and
its interactions are more outstanding, thus creating them better solvents. CH,Cl, is an organic compound which
is colorless, hot-tempered liquid and also used as a solvent, although immiscible with water but miscible with

lots of organic solvents.

Mixtures of CH,Cl, with acetonitrile (CH;CN) or + furan (C4H4O) or + 2-methylfuran (CsH¢O) or +
acetophenone (C¢H5;C(O)CHj3) are of meticulous significance from the opinion of the occurrence of an electron
transfer interaction which results in the formation of adducts between the components . The interaction of
CH;CN,C,H,0,CsH¢Oand C4HsC(O)CH;, due to the occurrence of two nonbonding electrons on the O or N

atom of these compounds, it can act as an n-donors toward CH2CI2, which can be engaged in the creation of



Pradeep Kumar

H-bonds with and perform as a - acceptor with all aforementioned compounds. We have already reported data
on excess volumes, ultrasonic velocities, dielectric constants and excess enthalpies of Chloroalkanes with n-
donor compounds in our earlier communications [Nath et. al., 1983, 1984; Chadha et.al, 1995; Tripathi, 1995,
2010).

A literature investigation disclosed that wide-ranging studies on such type of systems have not been made. The
values of H® data are used to detect the strength of intermolecular forces such as hydrogen bonding and charge-
transfer complex formation between the components in the liquid state. Hence, in the current programme, H®
measurements have been carried out for mixtures of of CH,Cl, with acetonitrile (CH3CN) or + furan (C,H,0)
or + 2-methylfuran (CsH¢O) or + acetophenone (C¢HsC(O)CH;) at the temperature 7=303.15K. The

experimental data obtained have been reported and discussed in the present programme.

Experimental

Dichloromethane (BDH, AR) was shaken with of conc. H,SO, to obtain acid layer colourless, then rinsed
with H,O, after that washed with aq. 5% sodium carbonate and then with H,O again. The compound is
predried with Calcium Chloride, and distilled over P,Os. Purified dichloromethane was stored away from light

in a ambered bottle having 4A° molecular sieves.

All chemicals were subjected to fractional distillation for purification and a fixed central portion was
utilized for the experiment. The specified minimum purity of chemicals were 99.5 mol%. Before using the

chemicals, activated molecular sieves 4A° were used for drying purpose.

The purities of chemicals used, as obtained by Gas Liquid Chromatography, are about 99%. Density
measurements were made by means of a vibrating tube densimeter (Patil et.al,1990) and found to be in
excellent concord with the available literature data(Riddick and Bunger,1970).

Method

A Micro calorimeter (Model no.C-80 received from Setaram, France) was used for determination of H®
data, the temperature was maintained in the range of +0.001K. Weight of compounds were taken for Solutions
preparation . Mole fractions prepared was accurate to +0.0001. The trustworthiness of the instrument was

compared with the help of H * data for hexane and cyclohexane at 2 5 ° C as reported earlier(Tripathi

2 TMU Journal of Basic & Applied Chemistry | Volume 1 | Jan-December 2021
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AD,2018). The deviation in the HE measurement was 0.5% at mole fraction, x1 =0.5 while it is about 1%

deviations of the H £ at other mole fractions.

Results and discussion:
The H® data obtained in the present study , for all systems are reported in Table 1 and the data were put

into to the following smoothing equation:

HE

Tmol—1 _ X1%2 Yo A (x1-%,)" (D

In this case x; refers to the mole fraction of CH,Cl,. The parameters Ao,A;,A; and Aj, and the values of
o, are given in Table 2 . The values of deviation of the fitting , ¢, are calculated by means of equation as given

below(eq.2)

/
= lZ(HE—HcEalc)Zjl ’ )

(m*-n*)

In the above equation, H® represents measured values and HE.,. for calculated excess enthalpy by using eq.
(1), m* for no. of data obtained & n* refers no. of constants for a particular system. A plot of obtained

experimental values of H” data against mole fractions (x1) are given in Fig. 1.

Interactions between like molecules and the commencement of new interactions between unlike molecules, are
the explanation for the values of HE obtained . The values of H® are endothermic for CH,Cl, + CHsCN or +

C4H,0 while exothermic for the system CH,Cl, + CsHO, and + C¢H5sC(O)CHj.

3 TMU Journal of Basic & Applied Chemistry | Volume 1 | Jan-December 2021
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The H" values of DCM + CH;CN is +ve and small, (H*=152.2J mol” at x1=0.5) Which indicates little
interaction of two components. It clearly suggests that CH,Cl, + CH3CN interaction reimburses to a great
extent the -ve behavior of excess enthalpy due to structural involvement, which results on the whole positive

values of HE.

The excess enthalpy of DCM + C,H,O is also +ve and small (value of excess enthalpy = 223.8 J Mol at
x1=0.5) which indicates only slight interaction between these each component. The “O” of furan is a weak
hydrogen acceptor and may intermingle for forming a hydrogen bond with hydrogen atom of DCM. on the
other hand , due to the occurrence of two double bonds present in the C,H,O ring , the O acquires less
basicity, thus the chance of H- bonding is reduced to a great extent , which results in the positive values of
excess enthalpy for this system.

The —ve values of HE for CH,Cl, + C6H5C(O)CH3(HE= -176 J mol ™ at x1=0.5) clearly indicates that there
is only partial or weak interaction between these compounds but it is higher as compared to CH;CN or C,H,O
.This may also be attributed to be due to the creation of partial or weak hydrogen bond from the H atom of
DCM and the m-electrons of the furan ring or via Oxygen—Hydrogen interactions. There is, however, also
chance that DCM may also create a charge transfer complex with C¢HsC(O)CH3;, throgh Cl atom m-electron
interface. It is seen from Fig.1, that the values of H® for the system CH,Cl+2-methylfuran is more negative

(HE=—217J mol™ at the minimum) than CH,Cl, +acetophenone system.

The specific interactions between CH,Cl, and CsH¢O are expected to be stronger than those between
CH,Cl, and CH3CN or C4;H4O which add to the stronger complex formation and greater negative value of
excess enthalpy of this system. The higher negative values for the system CH,Cl, and CsH¢O than those
CH,Cl, and C4H4O can be explained due to an increase in the basic character of the ethereal O atom owing to

the occurrence of CH3 group, situated at the a-carbon atom, which is an electron -donor .

Due to presence of heteromolecules, highly negative value of H® of these systems is obtained and this is
clear indication of specific interactions. In these systems, two types of interactions are expected. First, there is

creation of hydrogen bonding between the Hydrogen of CH,Cl, and the oxygen of furan or methylfuran.
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CHCl; with (CH,)40 and dioxane forms a hydrogen bonded complex as given in the literature(Wilhelm A

E.et.al,1982).

In the case of binarysystems the number of H-bonds created, the enthalpy of H-bond creation and other type of
interactions are the main donor to the value of H". This point outs that the interactions other than H-bonding
contribute to the value of H® of different systems. Thus in the present case not only the Oxygen. Hydrogen and
Oxygen—Chlorine interactions (Beath LA. Williamson AG.1969) are involved, but other type of interactions
add to the value of H® . However, in the case of a ethereal groups present in a cycle , the interactions of H and
ClI atoms are so governing that the occurrence of a functional group or the position of O atom is not important

for making any noteworthy difference to the value of H® .
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Tablel. H® values of dichloromethane (CH,Cl,) (1) + CH;CN (2), or + C,H,0 (2), or + CsHsO (2 ), or +

acetophenone (2) at 303.15 K

X, HE (J.mol™)

CH,Cl, (1) + acetonitrile (2)

0.1028 78
02166 132
0.3067 164
0.4007 168
0.5547 140
06564 101
0.7022 85
0.8786 31
0.9444 16

CH,CI, (1) + furan (2)

0.0876 82

0.1499 141
0.2828 221
0.3405 232
0.4247 236
0.5098 224
0.5786 199
0.6268 181
0.7204 137
0.8358 95

0.9381 43

6 TMU Journal of Basic & Applied Chemistry | Volume 1 | Jan-December 2021
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CH,CI, (1) +2-methylfuran  (2)

0.1022 -67
0.1789 -114
0.2567 -154
0.3021 -184
0.3789 -198

0.459 =212
0.5034 -221
0.5643 -216
0.6189 211
0.7023 -201
0.8222 -169
0.8876 -138
0.9233 -109
0.9678 -56
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CH,Cl, (1) + acetophenone (2)

0.1763 -110
0.3362 -165
0.4052 -176
0.4229 -175
0.5115 -175
0.6248 -161
0.7449 -142
0.8520 -95
0.9467 -43
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Fig. 1: HE values of binary mixtures of x1 of Dichloromethane (CH,Cl,

(1) + CH;CN (™) (2), + furan (1 )(2) ,+2-methy1furan(+ ), (2)and + acetophenone (™ ) (2) at the
temperature 303.15 K.
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Table 2. Least Squares Coefficients of Eq 1 for the Excess Molar Enthalpies, and the standard deviations , ¢,0f
CHzClz(l) + CH3CN (2), or+ C;H,O (2), or + C5H60 (2 ), or + C6H5C(O)CH3 (2) at 303.15 K

System Ao A A, As o/ (Jmol™)
CH,Cl, (1) + + acetonitrile (2) 608.8 -494.2 -76.92 2355 1.9
CH,Cl, (1) + furan (2) 8953  -528.1 -18.81 481.4 24
CH,Cl, (1) + 2-methylfuran (2) -868.1  -44.37 -295.1 -643.7 3.7
CH,Cl, (1) + acetophenone (2) -705.7 65.44 -134.9 -1354 2.6
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Introduction:

Amides have received huge consideration in current years because of its prospective effect of
derivatives of picolonamide as fungicide against R. solani (Kundu A, Saha S. 2014). It is also known
that the structural organization is governed basically by means of biological metal ions and activation of definite
enzymes due to their wide applications in extensive ranging fields from physical sciences to biological sciences
(Rizzotto, M.2012). Picolinamide acts as an inhibitor of poly (ADP-ribose) synthetase (PARP) of nuclei from
rat pancreatic cells. Its derivative may use a key role to reduce the C.difficile and act as an antibiotic for
C.difficile infection( Speri E..et.al.,2020) . A complete quantum chemical study may lead to asses every
energetic as well as significant mechanistic insight within its formulation periphery.

Density functional theory provides valuable information about structure electronic and biological thermal and
properties of compound (Dwivedi A..et al,2012;2011, Pandey A. K..et al,2013, Dwivedi A., Kumar A.,2019;
Das S., 2018; Aljuboori S., & Mahmood A.2019; Sert Y., 2019). In the current study, an

exploration of the

properties (e.g. electronic, structural, and vibrational) of 5-nitro- picolinamide have been undertaken. We have
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determined the composition and harmonic wave numbers and analyzed at the density functional theory (DFT)
level by using the basis set 6-311 G(d, p). The optimized geometry of 5-nitro- picolinamide and its molecular
properties e.g. as frontier orbital energy gap, molecular electrostatic potential (MESP) energy map, dipole
moment, equilibrium energy, polarisability and first static hyperpolarisability were obtained by calculation and
explained. Calculations which are based on Density Functional Theory, make available both qualitative and the
quantitative perceptive of energy distribution of each vibrational mode based on distribution of potential energy
and show the way to an extra analysis of the data obtained from vibrational spectroscopy as given by various
groups . NBO Analysis carried out gives conclusive information about charge transfer.

Computational details

The title molecule is modeled by using Gauss View 3.0 (Frisch A.,2000) and optimized without any symmetry
constrain by using G0O3 program package (M.J. Frisch, et. al. 2003). The optimizations of title molecule were
done by using combination of DFT/B3LYP method and 6-311G (d, p) basis set. The HOMO, LUMO, MESP of
title molecule is plotted by means of gauss View 3.0. The Electronic parameters and UV spectra of 5-nitro-
picolinamide are calculated by TDDFT method on optimized structure by using same level theory. The NBO is

analyzed by NBO 3.0 program package (Glendening E.D., et al. 1998).
Geometry Optimization

The optimized geometry having no symmetry with ground state energy -412.170 a,u. The optimized structure of
title molecule is presented in Fig.1.The optimized geometry 5-nitro- picolinamide having a nitrobenzene ring
with one hydrogen at ortho position is replaced by —-CONH,-group.The values of C=C bond length(calculated)
of nitrobenzene ring lies in between 1.37A%1.38A° however bond length of C=N is 1.33 A’. The calculated

bond length in between C=0 is 1.22A” however bond length in between N-H is 0.996A"-0.995 A°.
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Fig-1 Optimized geometry

Electronic Properties and UV spectra

The HOMO are said to be highest occupied molecular orbitals and LUMO the least unoccupied molecular
orbitals are border line molecular orbital. The frontier orbital gap gives valuable information about chemical
property and molecular stability. The higher energy gap means molecule is more polarized and consequently
molecule shows more reactivity (Gutowski M. et.al.1993, Bose SC.2011) . The calculated gap for title molecule
is 4.14eV. The MESP, HOMO, and LUMO plot of molecule are presented in Fig.2. Both HOMO and LUMO

distributed over whole molecule.

LUMO

>

l:..,-l.ldev

HOMO MESP

Figure-2 HOMO LUMO and MESP plot of Title molecule
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The significance of MESP lies in the reality that it simultaneously exhibits the size of molecule, and the shape
as well as +ve, -ve, and neutral electrostatic potential regions in terms of color grading and it is very helpful in
studying the molecular structure using its chemical-physical property relationship (Murray JS et.al.1996) . The
red color distributed over oxygen however violet color distributed over nitrogen of nitrile group, hence oxygen

acts nucleophilic charge center and nitrogen acts as electrophilic charge center.
Several Global reactivity descriptors are calculated and reported Table-1 which are given as
Energy band gap = eLUMO — ¢HOMO)
Electronegativity () = -¥2 eLUMO + ¢HOMO) ----(1)
Chemical potential p = -y,

Global hardness =" eLUMO — eHOMO) ---- (2)

Global softness S = % __________ 3)
Global electrophilicity index o = ’;—Tzl -------- 4)

(Parr R.G. et al.1989, 1983, Pearson R.G., 1989 , Geerlings P.,et.al.2003 )

Table 1: Calculated Electronic parameter of title compound

EHoMo ELumo AE Y n n S )

-6.98 -2.84 4.14 491 -4.91 2.09 0.240 5.79

The UV spectrum of title molecule is done by using TDDFT method with same level theory. The TDDFT
calculation has done on optimized structure of title molecule. The calculated UV spectra and transition orbitals
of title molecule is shown in Fig.3(a),and 3(b).The calculated electronic transitions E (eV), oscillatory strength
(f), Amax (nm) are calculated and collected in Table-2. The calculated UV spectra shows two prominent
absorption peak corresponds at 213nm and 194nm wavelengths. These transitions are due to HOMO-

4—LUMO(31%), HOMO-3—LUMO(21%), HOMO-4—LUMO+7(21%) and HOMO-2—LUMO+1(17%),

HOMO—-LUMO(80%), HOMO-3—LUMO+1(3%) respectively.
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Table 2: The values of electronic transitions(calculated): E (eV), oscillatory strength (f),
Amax (Nm) of title molecule

S.N. Transitions E (eV) Oscillatory Mmax % Assign
Strength(f) calculated  |Contribution ment

1 HOMO — 4 1.2 00.0068 213 31% np,—ny*
- LUMO 4 21%
HOMO - 3 21%
- LUMO
HOMO — 4
- LUMO
+ 7

2 HOMO -2 2.7 0.0568 194 17% n,—n,
- LUMO 1
+1 80%
HOMO

- LUMO
HOMO -3
- LUMO
+1

2500

2000

1500

Epsilon

1000

200

400 150 300 250 aaa i50

Wave length (nm )
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LUMO LUMOD«1 LUMO+7?

Fig-3(a) Calculated UV spectra (b) Transitions orbitals

NLO analysis

The calculations of Hyperpolarizability and Polarizability have been made by means of a grouping of the DFT
/ B3LYP method and a 6-311G base group (d, p). Buckingham defined the total p(dipole moment), mean value
of polarizability in a two dimensional cartesian coordinate frame and hyperpolarizability in three dimensional

Cartesian coordinate frame by
wo= (ux® + py? +pz?)'? (5)

1
<a> =3 [@xxt ayy+ Ayl (6)

Brotw = (B7x+B%y+ B°2)"”
= [(Bxxx+ Bxyy+ Bxzz)’, (Byyy+ Byxx+Byzz)’+(Bzzz+Bzxx+Bzyy)’]*—(7)

The calculated (Table 3) Polarizability of title molecule shows that molecule more polarize along x and y axis.
The value of Pxxy and Pxxz contains major part of hyperpolarizability. The calculated value of
hyperpolarizability of 5-nitro- picolinamide is almost 3/2 greater than that of urea. Analysis of NBO indicates
that the electron cloud moment of m—electron from the donor to the receiving atom is responsible for the

polarization in the molecule.
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Table 3 : Calculated Polarizability and Hyper Polarizability of 5-nitro- picolinamide

S.N Parameter Polarizibility S.N Parameter Hyper Polarizibility
1 s 84.908 1 Baxx -0.1470
2 ayy 73.862 2 Byyy -6.934
3 Az 19.155 3 Brzz 1.0441
4 Ay 1.826 4 Biyy -0.0088
5 Ay -0.004 5 Brxy -34.864
6 Ay, 0.001 6 Bz -61.3815
<> -59.31 a.u. 7 BXZZ 0.0068

- - - 8 Byzz 2.521

- - - 9 Byvz 7.543

- - - 10 Bxyz -0.0056

- - - Brotal 73.69 a.u.

1 a.u. = 8.3693X10 e.s.u.

Thermodynamic Property

According to vibrational analysis Enthalpy (H’,), Entropy (S%,), Heat Capacity (Cop_m) are major
thermodynamic functions. In this communication we have calculated these major parameters by using grouping
of DFT/B3LYP method and base 6-311G (d, p) in between 100K-500K temperature range. The calculated
graph in between temperature and these parameters are plotted . These are temperature and Enthalpy (H,),
Entropy (Som), and Heat Capacity (Cop,m). We have find a good correlation in between these parameters with
temperature. The calculated correlation of these parameters with variation of temperature after quadratic fitting
of order two are given below

H’,=104.77- 0 .00081T- 0.000177T* (R*=0.99961)—(8)
C°, n=-3.38+0.3211T-0.00066 (R*=0.99941) —(9)
S°,=74.124+0.267T-0.000041 T* (R*=0.99975) —(10)

The above correlation equations are helpful in thermochemistry for computation in thermo energy and also
valuable for additional work for 5-nitro- picolinamide

Conclusion

The electronic properties such as molecular orbital energies and their distributions (HOMO-LUMO clouds,
molecular electrostatic potential energy map ) were calculated by using combination of DFT/B3LYP method
and 6-311G base group (d,p). The ultravoilet spectrum of concerned molecule shows two prominent absorption

peaks. The molecular electrostatic potential (MESP) energy map plot shows that Oxygen behaves most
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nucleophilic and Nitrogen is most electrophilic charge centre. The calculated HOMO-LUMO gap of title
molecule shows that title molecule is less chemically reactive. The calculated optical parameters point out that
title molecule is good NLO agent in future.
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Abstract

In present communication we have calculated
geometry optimization, electronic properties and UV
spectra biological and thermodynamical properties of
Benzotriazoles by using combination of DFT/B3LYP
and 6-311G base (d, p). The Highest occupied
molecular orbital (HOMO), Lowest unoccupied
molecular orbital (LUMO), Molecular -electronic
surface plot (MESP) are used to obtain electronic
property of Benzotriazole molecule. Several
thermodynamical properties are also obtained by
means of same level theory. The time dependent
density functional theory (TDDFT) of concerned
molecule is also obtained by using same theory. Many
biological activities are calculated by the program
PASS. Swiss Dock is online server which is used for
docking of Benzotiazole with 6LU7 protein The
calculated value full fitness score and AG shows that
Benzotriazoles dock well with 6LU7 protein.
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Benzotriazoles (BT) such as 1H-benzotriazole (1H-BT), commonly utilized as corrosion inhibitors in aircraft

de-icing/anti-icing fluids , dish washer detergents, brake fluids, metal-cutting fluids,

automotive antifreeze

materials, liquids for industrial cooling systems, and in solid cooling fluids (Kiss A, Fries E. 2009 ). BTA can
highly enhance the tribiological actions of ionic liquids carrying hexafluoro phosphate anions for Steel/Cu—Sn
alloy sliding pair primarily for the corrosion relief (Liu X, et.al. 2006). Benzotriazole and its derivatives have
vital application in the field of pharmaceutical industry. It may also be used as agonists in reference of some of
very crucial proteins. Its esters derivative may act as in activators for severe acute respiratory syndrome
(SARS). It may act as an acid or base, can have capability to attach outer species by using its lone pair electron
properties. The BTA can be used as antifreezer in vapor phase inhibitors etc. as well (Sease C. 1978). A
complete quantum chemical study may lead to asses every energetic as well as significant mechanistic insight

within its formulation periphery.
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In the current programme, the investigation of the structural, electronic biological properties of benzotriazoles
(BT) have been undertaken. The structure and numbers of harmonic waves were determined and analyzed at the
level of density functional theory (DFT) using the set of bases 6-311 G (d, p). A number of studied have been
carried out on chemical compounds which proves reliability of our method(Pandey A K, Siddiqui SA,.Misra N.
2012,2013, Dwivedi A, Kumar A.2019, Das S, Bharanidharan S, and Dhandapani A. 2018, Aljuboori S,
Mahmood A. 2019. Our study on title molecule helps for researchers to understand new reactive sites for
chemical reaction e.g. oxidation/reduction on polyfunctional bioactive compounds. We have docked our
molecule with 6LU7 protease which is related to novel COVID 19.The optimized geometry of title molecule
and its molecular properties ( equilibrium energy, frontier orbital energy gap, molecular electrostatic potential
(MESP) energy map) were calculated and discussed. PASS analysis may significantly support its bio-utility.

2.Experimental:

We have modeled initial structure of title molecule by using GassVew3.0 (Frisch MJ et.al.2003 ). The geometry
of concerned molecule is optimized with grouping of DFT/B3LYP method and 6-311G (d, p) basis set without
any symmetry constrains. Entire calculations are done on GO3 program (Frisch A et.al. 2000), on our personal
laptop. The electronic parameters are calculated by means of same level theory. The Ultravoilet of concerned
molecule is calculated by means of TDDFT .The HOMO, LUMO, MESP of molecule is plotted by means of of
Gauss View3.0.

3. Results and Discussion
3.1. Molecular Structure

The optimized geometry of Benzotriazole molecule is shown is Fig.1.The optimized geometry of title shows C,
symmetry with ground state energy 395.96 a.u. The title molecule has benzene fused with pentene ring. In
pentene ring three carbon atoms are replaced by nitrogen. The C-C bond length of benzene ring is 1.42A°-

1.38A”however C-N and N-N bond length in pentene ring are1.34 A” and 1.32 A’ correspondingly.
3.2. MESP and HOMO — LUMO Plots

The chemical reactivity of title molecule are described by HOMO is known as highest occupied molecular
orbitals and LUMO is known as lowest unoccupied molecular are frontier molecular orbital. The frontier orbital

gap gives important result about chemical reactivity and stability of molecule. The energy gap is inversely
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related with polarization and reactivity of molecule (Fleming 1.1976, Murray JS and Sen K.1996). The
calculated gap for title molecule is 4.89eV is comparable with carbon so title molecule shows less reactivity.
The calculated, LUMO and MESP Plot of molecule are given in Fig. 2. The HOMO of title molecule
distributed over whole molecule except N8 however LUMO share out throghout whole molecule. The transition
HOMO — LUMO shows that charge transfer to N8 atom to benzene ring. The MESP plays important role to
develop relationship in between molecular structure with its physiochemical property (Sponer J. and Hobza P.

1996, Kohn W, Sham 1.J.1965).

3.3. Electronic and Thermodynamic properties

Pearson established relation in between hardness and HOMO-LUMO gap. The negative Eigen value HOMO
and LUMO is known as ionization potential and electronegativity.
IP=-gnomo EA=- &Lumo
Several electronic parameters are calculated and collected (Parr RG, Pearson RG.1983, Geerlings P
et.al.2003, Parr RG, Szentpdly L, Liu S.1999, P.W. Ayers and R.G. Parr.2000, Erdogdu Y, Unsalan O,
Gulluoglu MT..2010) in Table-2 by given formula:
Energy band gap = eLUMO — ¢HOMO)
Electronegativity (y) = -¥2 eELUMO + eHOMO) ----(1)
Chemical potential p = -y,

Global hardness =" eLUMO — eHOMO) ---- (2)

Global softness S = 2—1]1 __________ 3)
Global electrophilicity index o = ’;—j -------- 4)

Several thermodynamically parameter are obtained by grouping of DFT/B3LYP method and 6-311G base (d,
p) and collected in Table-1. The vibrational energy plays important role in entropy specific heat capacity

contributes.

3.4. UV spectral analysis
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The UV spectrum (Fig-3) of Benzotriazole is obtained by TDDFT calculation by using unchanged level theory.
The optimized structure of title molecule is used for TDDFT calculation. The Calculated electronic transitions:
E (eV), oscillatory strength (f), An.x (nm) are listed in table-3.The Ultravoilet spectra of title molecule shows
two prominent peak corresponds to 271nm and 217 nm. These peaks are originated by HOMO — LUMO (97%)

and HOMO — 1 - LUMO (80%), HOMO — LUMO + 1(20%) respectively.
Biological Activity

Some biological activities of title molecule for Pa>70% are listed in table-4. These biological activities are
intended by using PASS software which determined 900 pharmacological activities (Tetko IV et.al.2001) . The
title molecule shows good activities against TGF beta receptor type-I kinaseinhibitor(0.991), Renal disease

treatment(0.975), Aspulvinone dimethylallyltransferase inhibitor(0.842), Chymosin inhibitor(0.830).

Swiss dock(Grosdidier A et.al.2011) is online server which predicts and performs docking with suitable
protein. Swiss dock predicts 6LU7 protein suitable for docking. The 6LU7 protein is responsible for new
epidemic COVID19. The calculations of molecular docking have been undertaken as blind not covered any
specific area to avoid sampling. In docking process we upload coordinate file of optimized parameter and PDB
file of 6LU7 protein (Liu X et.al.2020). The full fitness score (FF) and binding affinity are used to determine
strength of docking of title molecule with 6L.U7 protein. The more negative of FF means protein bind well with
drugs. In this docking process calculated value of FF score (-1186.93kcal/mol) and binding affinity (-5.80
kcal/mol) shows that of title molecule bind well with 6LU7 protein. The docking picture of concerned molecule
with 6LU7 protein is presented in fig-7. The N8 atom of title molecule bind with hydrophobic surface
amphipathic amino acid Methionine (MET17) residue at 2.39A°.,

4. Conclusions

In this paper DFT calculations B3LYP/6-311 G (d, p) on Benzotriazoles. The calculated HOMO-LUMO gap
(4.41eV) shows that Benzotriazoles is chemically stable. The calculated MESP plot shows that N8 atom is
suitable for nucleophilic attack. The UV spectra of Benzotriazoles have two prominent peaks. The Full fitness
score and AG shows that N8 atom of Benzotriazoles bind with hydrophobic surface amphipathic amino acid
Methionine (MET17) residue at 2.39A°. The Benzotriazoles shows good potential against in the search of
potential inhibitors for novel corona virus, COVID-19 protease. This study only based on theoretical assumption

of docking so we have not considered other side effects.
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Table 1: Calculated thermodynamic properties of Benzotriazole by B3LYP/ 6-311 G(d,p) level.

E (kcal/mol) C, (cal/K-mol) S (cal/K-mol)

Benzotriazole Benzotriazole Benzotriazole
Total 70.633 23.452 77.233
Translational 0.878 2.893 40.238
Rotational 0.891 2.979 28.076
Vibrational 68.855 17.491 8.920

Table 2: Calculated Electronic properties of Benzotriazole by B3LYP/ 6-311 G(d,p) level .

Electronic  L.P EA n X S [0) E,
Parameters (eV) (eV) (V) (eV) (V) V) (eV)
Pyrozine 8.57 0.39 4.09 4.48 0.12 491 4.89

Table3: Calculated electronic transitions: E (eV), oscillatory strength (f), A,.x (nm) using

TDDFT/B3LYP/6-311G (d, p) method.

S.N. Electronic E (eV) Oscillatory Calculated %
Transitions strength (f) (Amax) Contribution
1 HOMO — LUMO 4.56 0.114 271.07 97%
2 HOMO1 - LUMO 5.02 0.119 247.09 80%
HOMO - LUMO + 1 20%
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Table-4 Several Biological Activity (Pa>70%) calculated by PASS

S.N. | Biological Activity Pa Pi

1 TGF beta receptor type I kinase inhibitor 0,991 0,001
2 Signal transduction pathways inhibitor 0,977 0,004
3 Renal disease treatment 0,975 0,002
4 NADPH peroxidase inhibitor 0,840 0,007
5 MAP kinase inhibitor 0,826 0,003
6 5-0-(4-coumaroyl)-D-quinate 3'-monooxygenase inhibitor 0,827 0,005
7 Glycosylphosphatidylinositol phospholipase D inhibitor 0,829 0,009
8 Aspulvinone dimethylallyltransferase inhibitor 0,842 | 0,022
9 Saccharopepsin inhibitor 0,830 0,014
10 Chymosin inhibitor 0,830 0,014
11 Acrocylindropepsin inhibitor 0,830 | 0,014
12 Phobic disorders treatment 0,829 0,023
13 Nicotinic alpha2beta2 receptor antagonist 0,811 0,009
14 Arylacetonitrilase inhibitor 0,804 0,010
15 Complement factor D (inhibitor) 0,794 0,007
16 Taurine dehydrogenase inhibitor 0,799 0,013
17 Testosterone 17beta-dehydrogenase (NADP+)( inhibitor) 0,806 0,024
18 Glutamyl endopeptidase II( inhibitor) 0,790 | 0,011
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12y

Figure 1. Molecular structure of Benzotriazole by B3LYP/ 6-311 G(d,p) level.

(a) HOMO = (b) LUMO

Figure2: HOMO, LUMO and MESP surfaces of Benzotriazole.
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B e

Figure 3. The Benzotriazole observed UV-vis spectrum calculated by TDDFT method at B3LYP/6-311G (d,p)

level.

Fig-4 Molecular docking figure of title molecule with 6LU7 protein
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Introduction

The acid hydrolysis of amyl mathaonate formate in binary aqueous solvent mixture revealed that the
polarity of solvent surrounding the reactant greatly influence the reaction rate in activation processes. Such
polarity are affected by the addition of co-solvent . However, it can be treated as mere diluents of water
modifying its dielectric properties only. In this study it has been studied that solvent effect on kinetics of amyl
methanoate formate catalyzed by acid. (which is used as flavoring agent in food) in varying composition of
water-ethylene glycol(EG) mixture at different temperatures. In acid catalyzed reaction the aquous-solvent
affect on kinetic behavior and also play a major role in controlling the reaction rate which is usually affected by
interaction of solvent with transition state and also with reactant. The dielectric constant of ethylene glycol is
less than water and make miscible with water in all proportions The varying composition of water- solvent
mixture showing different dielectric constants values lower than water (Akerlof. G.1932, Franks F. Water: 1973,
Akerlof G. and Oliver.1936) . The properties of single solvent, do not necessarily predict the reactions as

reported by many workers (Singh AK. 2019,2020, Sharma Sangita et al. 2013, Magda F Fathalla. 2011), in
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attempt to correlate the rate change with the nature and properties of the medium and bring confusing results.
Thus Parker (Parker AJ. 1962) and Robert (Roberts DD. 1966 ) found that rate constants values decreases in the
system with increase in dielectric constant of the solvent, as predicted by Hughes and Ingold (Hughes ED,
Ingold CK. 1935 ) and Laidler and Landskroener (Laidler KJ, Landskroener PA.1956) . The rate of such

reactions has been expected to show high values with increase of dielectric constant.

Experimental

The specific rate of hydrolysis observed volumetrically at five equidistance temperature over temperature range
of 20 to 40° C having extraordinary attention of solvent in response mixture of water-EG media. Pure amyl
methanoate (Merck) used for kinetic studies. Double distilled water is used throughout the experiment. The
kinetics of acid catalyzed of ester was studied as usual by adding 0.60 ml of ester in 50 ml of 0.5M HCI
solution. The values of specific rate constant were evaluated using first order rate equation and collected in
Table-1. The values of rate constant for different [H*] ion concentration of the reaction media has been inserted
in Table-2.The various activation parameter had been calculated using Wynne-Jones and Eyring equation

(Wynne-Jones WF K, Eyring H. 1935 ) and given in Table-3.

Result and Discussion

Reaction rate and solvent effect:

First order kinetic equation was used to calculate the rate constant of hydrolysis of amyl methanoate in water-
ethylene glycol solvent system and its value is tabulated in Table-1 It is evident from this Table that specific rate
constant decreases with increasing temperature from 20 to 40° C. The depletion of rate to different extent with
mole% in water- EG media may attributed partly due to solvation change and partly due to change in dielectric
constant. The factor liable for increasing rate with temperature is because of dielectric impact and partially due
to solvation in the response media. This outcome is supported through our earlier publication of Bano A. &

Singh AK(Singh A K. Arjuman Bano. 2019 ).

Table 1 : Specific Rate Constant Values With Respect To Solvent Composition [K X10*(Dm)3/Mole/Mint]
In Acid Catalized Hydrolysis Of Amyl Methanoate Formate
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% of Ethylene glycol
Temp in °C
30% 40% 50% 60% 70% 80%
20°C 44.66 35.07 31.62 27.86 24.54 21.37
25°C 83.17 64.56 56.88 49.54 42.65 35.39
30°C 149.62 114.81 100.00 86.09 72.44 56.88
359C 263.02 204.17 169.82 146.21 121.61 91.20
40°C 467.73 354.81 294.44 248.31 206.53 144.54

Iso-composition Activation Energy (E.) and solvent effect
The Iso-composition Activation Energy of the reaction mixture decreases from 106.62 to 72.07 kJ/mole with
increasing composition of solvent indicate that initial state is solvated and transition state is desolvated which

support the recent communication of Singh AK(Singh AK. Arjuman Bano. 2019 ).

Iso- Dielectric Activation Energy (Ep) and solvent effect

With assist of Arrhenius plots the Iso- Dielectric Activation Energy (Ep) turned into evaluated which indicates
lowering trend 84.19 t0100.21 kJ/mole with increasing mole%. This is also supported by using past view of

Wolford (Wolford R K, 1964 ) and these days view of Singh AK. et.al. (Singh AK. Arjuman Bano. 2019 ).

The effect of change in the concentration of [H'] ion(acid) in the reaction media,on the kinetic of acid catalyzed
solvolysis of amyl formate was studied by changing the concentration of HCI solution, keeping the ionic
strength of the media constant at (u1=0.9).The value of rate constant of the reaction were found increasing with
increasing[H"] ion in the reaction media are given in Table-2. To establish the mechanism of reaction, the log k
values were plotted against [H'] and the slope of straight line was found to be 1.005 which may be treated as
unity , this concluded that hydrolysis of amyl formate follow A,c> mechanism in water-EG media as given by

Zucker and Hammett(Zucker L and Hemmet LP.1939 ).

Table 2:_Effect Of [H'] On The Specific Rate Constant Values Of Amyl Formate In Water-EG Media At
Constant Ionic Strength

[H'] [KCI] u kx10%in 2+log[H"] 3+logk Values of
min™ slope
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0.12 0.80 0.90 27.93 1.0000 1.4461
0.15 0.75 0.90 41.70 1.1761 1.6201
0.20 0.70 0.90 56.90 1.3010 1.7551
0.25 0.65 0.90 70.34 1.3979 1.8472 1.005
0.30 0.60 0.90 84.57 1.4771 1.9272
0.40 0.50 0.90 114.13 1.6021 2.0574
0.50 0.40 0.90 142.20 1.6990 2.1529
0.60 0.30 0.90 168.27 1.7782 2.2260
0.70 0.20 0.90 198.52 1.8451 2.2978
0.80 0.10 0.90 226.52 1.9031 2.3551

Thermodynamic activation Parameters and solvent effect of reaction:

Activation parameter, like activation energy also plays an important role in ester hydrolysis. The enthalpy of
activation (AH") free energy of activation (AG") and entropy of activation (AS*) is determined using Wynne-
jones and Eyring equation(Wynne-Jones WFK, Eyring H.), and the results are collected in Table-2 with
increasing mole% of solvent. Although, the variation of (AG") with mole % is negligible as compared to the
enthalpy of activation (AH") and entropy of activation (AS*) with increasing composition of reaction mixture

but it cannot be ignored.

The enthalpy of activation (AH") decreases with increasing mole fraction of reaction mixture (AS*), become
more negative which indicated that there is polar transition state is preferentially solvated by water molecule.
The plots of (AG") against mole % of EG shown in fig-1 at 25% is found to be increasing non-linearly with
increasing concentration of EG. This gradual and non linear increase in mole fraction of organic co solvent in
reaction media is indication of salvation or desolvation of reactant as reported earlier by Elsemongy et.al.(
Elsemogy MM, Abu EMS, Mussa MNH 1975 ) and recently supported by Singh AK (Singh A K. 2017). Since
among three thermodynamic enthalpy of activation (AH"), (AS*) and (AG") the value of (AG’) increases with
simultaneous decrease in (AH"), (AS*) with increasing mole% of organic component of reaction media. On the

basis of thermodynamic co relation

AG = AH" -TAS*
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The increase in (AG") value with decrease in AH™ and AS* is possible when the extent of depletion AS* is

greater than AH. The greater extent of depletion in AS* in compare to AH" in water-EG media indicate that the

reaction enthalpy promoting and entropy deactivating.

Table-3: Calculated Values Activation Parameters of the Reaction in Water-n-propanol Media [AH and

AG" in KJ/Mole, AS in J/K/Mole.]

% of | Mole | AH in 20°C 25°C 30°C 35°C 40°C

b % KjMole —& AST AG AST AG AST AGT AS AGT | -AS
30% | 12.16 | 87.89 89.53 5.59 89.57 5.05 89.65 5.80 89.68 5.81 89.69 575
40% | 17.73 | 83.76 86.58 | 22.59 9020 | 21.61 90.32 | 21.65 | 90.33 21.33 90.41 | 21.24
50% | 24.42 | 82.84 90.38 25.73 90.52 | 2530 | 90.67 |25.84 90.80 | 25.84 | 90.78 | 25.36
60% | 32.42 | 82.09 90.96 | 3027 | 90.86 | 27.75 91.04 | 2953 | 91.19 31.88 91.44 | 29.87
70% | 42.94 | 78.84 91.00 | 41.50 9123 | 4157 | 9148 | 4171 91.66 | 41.62 | 91.70 |41.08
80% | 56.34 | 77.41 91.33 | 47.50 91.70 | 47.95 9209 | 4844 | 9240 | 4866 | 92.64 | 48.65
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Fig (3)- Variation of AS"+100 with mole % at 25°c (water-ethylene glycol)
Iso-kinetic Temperature and solvent effect: The values of iso-kinetic temperature of the reaction was

evaluated using Barclele-Butler (Barclay and Butlar JAV. 1938 ) relationship which is expressed as
AS (T =B (15).

It is relation between enthalpy and entropy of activation,  is known as iso-kinetic temperature or Laffler-
Grunwald solvent stabilizer operator (Laffler J E. ,Grundwald E. 1963). The value of iso-kinetic temperature

. ) . . - K * . . . -
was evalramed fnm the 2 npes oF araishr Tine plaring herweer 17 verses & at 25% which is shown in fig-4.

From the slope of straight line of the plots, the value of iso-kinetic temperature was evaluated to be
253.84K/Mole*( less than300). Thus, in the light of Lefler(Lefler JE. 1955) guiding communication, it can be
concluded that there may be no appreciable exchange in structure of reactant or in the solvent or in each the
reactant or in solvent or both the reactant and solvent due to weak interaction between solvent and solute present

in reaction media in similar ways as reported by Singh AK (Singh AK. 2020 ).
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Conclusion

The results of above project hydrolysis of Amyl Formate in water-EG media, following conclusion are found as:
the solvent effect was discussed considering the dielectric constant of the medium and water water concentration
effect on the reaction rate. Activation parameters calculated with help of Wynne-jones and Eyring equation and
there is considerably change was found which shows that there is specific change taking place during the
hydrolysis of amyl methanoate. The lower values of ionic strength shows weak interaction between solvent ant

solute in the reaction media.The value of ionic strength the mechanism followed by hydrolysis is Axc” type.
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Excess Molar Enthalpies of acetylene tetrachloride with cyclohexanone,
pyrrolidin-2one , methyl ethyl ketone, and acetophenone at the

temperature 303.15K

Abstract

The excess molar enthalpies, HE, of mixtures of
acetylene tetrachloride with cyclohexanone
(CH,)sCO), pyrrolidin-2one (C4H;NO), methyl ethyl
ketone (CHsC(O)CH,CH3s), and acetophenone
(CsH5C(O)CHs)at the temperature 303.15K, have been
measured throughout the whole composition range by
means of a microcalorimeter at the temperature T=
303.15 K. The excess molar enthalpies , HmE , are -ve
for all the mixtures . The values of H* for n-donor
compounds  raise in the order : acetophenone >
methyl ethyl ketone > pyrrolidin-2one >
cyclohexanone. The values of HF are used to
calculate the excess partial molar enthalpies of the
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Introduction

Binary systems of acetylene tetrachloride (ATC) (CHCI, CHCl,) with n-donor compounds are of great interest
from the perspective of the presence of an electron releasing and accepting groups interaction which leads to
the creation of intermolecular complexes between the components. The specific interaction can be thought of as
being due to the existence of two Hydrogen atoms with four Chlorine atoms in CHCI, CHCI,, which would
thus be able to act as c-acceptors toward and be engaged with the creation of hydrogen bonds with
cyclohexanone (CgH;(O), pyrrolidin-2one(C4H;NO) ,methyl ethyl ketone(CH;COC,Hs), and acetophenone
(C¢HsCOCH;) . Then again, the existence of non-bonding electrons on the O atoms of latter compounds, can
prove itself as n-donors toward CHCl, CHCl, A writing review uncovered that far and wide examinations on
such frameworks have not been completed to date. Recently we have reported data on excess molar enthalpies
HE of mixtures of CHCIl, CHCl, with C4H40 or CsHgO or (CH,);0 or C4HgO, over the entire composition
range at the temperature T= 308.15 K (Tripathi AD.2018) and the results obtained have been discussed from the

perspective of molecular interaction between the components. In the current program experimental data on
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the H® values of acetylene tetrachloride, with cyclohexanone, pyrrolidin-2one ,methyl ethyl ketone, and
acetophenone have been taken with the help of microcalorimeter at the temperature 303.15 K. The values
obtained for H" are used to get the excess partial molar enthalpies . The outcomes, accordingly got have been

reported and deciphered in this paper.

Experimental Section

Acetylene tetrachloride(AR), and and methyl ethyl ketone were collected from Sisco Research Laboratories,
Pvt. Ltd., Bombay,India . Both compounds were agitated with K,CO; solution, isolated, and afterward it was
kept for drying above anhydrous K,CO;, and it was distilled fractionally. Cyclohexanone is of AR quality and
lowest specific purity of 99.5%, HPLC High quality chemicals were also sourced from Sisco Research
Laboratories, Ltd., Mumbai, India. Cyclohexanone was applied over anhydrous sodium sulfate to eliminate
traces of water and the purest form of the mixture collected in the fractional column and was used for the
experiments. The arrangements were placed in a dry box that completely prohibited contact between materials

and air humidity. All estimates were made on fresh samples to avoid any dissociation upon standing.

Pyrrolidin-2one (Fluka) (E. Merck) and acetophenone were taken as such. All compounds were dried over
recently activated molecular sieves. Purities of chemicals utilized are > 99.6 % as decided by Gas Liquid

Chromatography.

With the help of Gas Liquid Chromatography, chemicals purities have been obtained, and are collected in
Table 1. These purities have also been obtained by determining thr density values with the help of a vibrating
tube densimeter (Tripathi et.al.2018) using under static mode. A thermostat (Haake F3) and a digital
thermometer (Anton-Paar DT) were also used for regulating 0.01K the temperature. Prior to each

determination the apparatus was calibrated at normal pressure with deionised water and CsH;00

(Fluka,purity99%).The density value of CsH;oO at 298.15K was in good concord with the literature value

(Riddick JA, Bunger WB.1970).

The resuls obtained experimentally were compared with the theoretical results of densities are given (Riddick

JA, Bunger WB.1970, Timmermans,1950) in Table 1.
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Table 1. Values of different Densities for Pure Components at T= 30°C

Compound Mol%Purity Density(g.cm™)
Experimental Literature
Acetylene tetrachloride 99.6% 1.578 57 1.578 60°
Cyclohexanone 99.7% 0.93754 0.93761°
pyrrolidin-2one 99.8% 1.1009 1.1020°
Methyl ethyl ketone 99.9% 0.794 49 0.794 53°
Acetophenone 99.7% 1.02766 1.028°

dvalues taken from ref. (Timmermans,1950 ), ®values taken from ref. (Riddick JA, Bunger WB.1970).
Experimental

A Micro calorimeter (C-80 model manufactured from Setaram, France) was utilized for determination

of excess molar enthalpies, HE, the temperature was adjusted within £0.001K.. solutions preparation was

done by mass. Accuracy of mole fractions is +0.0001. The trustworthiness of the instrument was

earlier checked by measuring HE for binary systems of C6H12 + C6H14 at 25°C as given

elsewhere(Tripathi AD,2018). At mole fraction, x,=0.5, the deviation is 0.5% whereas it is approximately

about 1% in case of the  deviations(mean) of the HE is estimated.

Result and Discussion

The values of HF, for different systems are collected in Ttable 2and data were put into to the following

equation:

HE
Jmol™1

= x1x2 Y7, Ai(x1 — x2)! (1)

In this case x1 represents to the mole fraction of ATC. The different parameters, and the standard deviations,

o, are collected in Table 3 . The values of, o , have been obtained using equation

o = [B(H® = Hi)?/(m —n)'/?2 @)

where HF is experimental values of excess enthalpy and H . refers to calculated excess enthalpy with the
help of equation (1), m represents number of data measured experimentally & n is number of constants which
are distinctive of a binary system. A plot of measured values of H* data Vs mole fractions(x1) are plotted in

Fig. 1.
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Fig.l Excess molar enthalpies of binary liquid mixtures of X; of Acetylene tetrachloride(CHCI2.CHCI2(1) with Cyclohexanone .

&

.(CsCH00(2) ( ) ,+ 2-pyrralidinone ( )(2) ,+methyl ethyl ketone(_‘ ), (2) and + acetophenone ( ) (2) at303.15

K. The smoothed curves are based on the parameters AO,Al, A2and A3 given in Table 2.

Interference of interactions between resembling molecules and the beginning of fresh interactions between

dissimilar molecules, are the main reason for the values of H® obtained . The values of partial excess enthalpies

H", 1, and H",, 2 have been obtained with the help of experimental H" data by using equations 3 and 4 and

are represented graphically in Figures 2 and 3.

E S(H—E)
H
HE, = X 5);11 o, T 3)
E
E HE s 57)
Hm,l = Z + X1Xp W D, T (4)
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Flg 2. Partial molar excess enthalpies Hm,1 of binary liquid mixtures of x1 acetylene tetrachloride+x2 cyclohexanone [1], x1 acetylene
tetrachloride +x2pyrralidin-2-one [2], x1 acetylene tetrachloride +x2 methyl ethyl ketone [3] and x1 acetylene tetrachloride + x2
acetophenone at 303.15 K.

Fig 3. Partial molar excess enthalpies Hm,2 of binary liquid mixtures of x1 acetylene tetrachloride+x2 cyclohexanone [1], x1 acetylene
tetrachloride +x2pyrralidin-2-one [2], x1 acetylene tetrachloride +x2 methyl ethyl ketone [3] and x1 acetylene tetrachloride
+ x2 acetophenone at 303.15 K.

The values of H",, 1, and H",2 depends greatly upon the selection of the quantity of fitting constants in the
Redlich—Kister equation (Mehta SK, Chauhan RK, Tripathi AD .1997 ). The values of HEm,l, and HEm72 are
pinpointing of the type of consequences dominating on the whole performance of H® in the concerned liquid
mixtures. The —ve values of HF for binary solutions suggest that the interactions between disimilar molecules
are more effective than like-like interactions in the pure liquids. The net result of +ve and -ve involvement
caused the extent of H for the current mixtures because of the breaking of bonds or interactions between like-
like molecules, and from the creation of new bonds like hydrogen bonds between unlike molecules (Mehta SK,

Chauhan RK, Tripathi AD .1997 ).
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The values of excess molar enthalpies H ® for all above-mentioned binary mixtures are exothermic in nature.
The values of H® for the system ATC+ (CH,)sCO are highly -ve thrroghout the whole range with a minimum
value of ~-2630 J.mol". The extremely exothermic mixing of this system indicates strong specific interactions,
the hydrogen bonding between the H of ATC and the O of (CH,)sCO. In the present mixtures which are of
hydrogen bond forming systems, the the chief providers to the H" values are the number of Hydrogen bonds
formed, the enthalpy of Hydrogen-bond formation and other specific interactions. The H * values for the

system ATC+ (C4H,NO) are also highly -ve all over the whole range with a lowest value of ~-2462 J.mol ' but

less than the system ATC+(CH,)sCO . Pyrrolidin-2-one consists of pyrrolidine in which the hydrogens at

position 2 are replaced by an oxo group. It is an organic compound which consists of a five-membered lactam,
thus it is the simplest y-lactam. There is a resonance between electrons of oxygen and 5 membered ring,

causing less exothermicity for the system ATC+ C4H;NO .

The H F values for the system ATC+methyl ethyl ketone are more negative (-767 J.mol'at mole fraction 0.5)
than the values for the system ATC+ acetophenone(-373 J .mol'at mole fraction 0.5) , because in acetophenone,
ethyl group of methyl ethyl ketone is replaced by phenyl group which causes resonance thus decreasing the

exothermicity during the hydrogen bond formation.

Taking into consideration the reality that the little difference in electronegative character (0.5) between
Oxygen and Chlorine leads to specific interactions, there is a chance of hydrogen bond-type interaction between
the Chlorine of CHCI,.CHCl, and hydrogen of all other mentioned compounds. When ATC combines with
cyclohexanone or pyrrolidin-2-one, not only the O... H and O--Cl interactions (Pathak G ,1992) but
interactions between CH, groups and chlorine atoms add to the H * values . several i.r. spectroscopic studies
(Walmsley JA, 1976,1978) of dilute solutions of pyrrolidin-2-one in non-ionic solvents have revealed that the
self-association of pyrrolidin-2-one is somewhat strong. The molecule has a relatively high dipole moment

11.84 X 10 C m at T=25"C. Besides its high dipole moment, C;H,NO has the carbonyl group(basic) and

acidic -NH groups of the naturally occurring —CO- NH- peptide bond.
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Table 2. Excess Molar Enthalpies of Acetylene tetrachloride (CHCI2CHCI2) (1) with Cyclohexanone (2),
Pyrrolidin-2-one (2), Methyl ethyl ketone (2), and Acetophenone (2) at 303.15 K

CHCIL,CHCl,+ CHCI,CHCl,+ pyrrolidin-
cyclohexanone 2one
x1 HE x1 HE
(J.mol™) (J.mol™)
0.1123 -893 0.0879 -650
0.2345 -1697 0.1345 -966
0.2875 -1980 0.1665 -1171
0.3211 -2136 0.2165 -1467
0.4122 -2464 0.3087 -1929
0.5098 -2639 0.3777 -2193
0.6445 -2544 0.4567 -2398
0.7086 -2346 0.5567 -2490
0.7558 -2132 0.6578 -2367
0.7889 -1946 0.7089 -2215
0.8221 -1729 0.8034 -1758
0.8678 -1377 0.8511 -1437
0.9034 -1060 0.9087 -961
0.9567 -512 0.9699 -346
CHC1,CHCl,+ METHYL CHCI1,CHCl+
ETHYL KETONE ACETOPHENONE
x1 HE x1 HE
(J.mol ™) (J.mol ™)
0.1567 -625 0.0876 -149
0.2234 -758 0.1543 -233
0.2987 -832 0.2021 -273
0.3456 -849 0.2532 -309
0.4088 -839 0.3145 -342
0.4678 -800 0.4098 -371
0.5071 -762 0.4567 -374
0.5633 -692 0.5123 -374
0.6345 -586 0.5678 -364
0.6678 -531 0.6198 -348
0.7568 -381 0.6744 -324
0.8022 -306 0.7223 -298
0.8694 -197 0.8085 -238
0.9089 -135 0.8567 -192
0.9045 -143
0.9324 -104
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Table 3. Least Squares Coefficients of Eq 1 for the Excess Molar Enthalpies , and the standard
deviations,o,0f Acetylene tetrachloride (CHCI2.CHCI2)(1) +Cyclohexanone (C¢H¢O)(2)or + pyrrolidin-2one
(2),or + Methyl ethyl ketone (2),or +Acetophenone (2) at 303.15 K

System A0 Al A2 A3 o/ (J mol™)
CHCI, CHCI,(1)+ C¢H;0 (2) -10520 -2013 | -0.2732 -2.676 0.2635
CHCIl, CHCI,(1) +2-Pyrralidinone

(2) -9848 -2115 -2.891 -5.549 0.3209
CHCI, CHCI,(1) + MEK (2) -3067 2113 -424 46.77 2.53
CHCI, CHCI,(1) +Acetophenone(2) -1491 148.4 -359.8 -16.14 2.059

The interaction between cyclic ketones(>C= O) and Br- or Cl- compounds are managed by the complete
saturation of their rings. C4H;NO or (CH,)sCO has saturated ring, which maks the interaction stronger.Thus

showing higer -ve values of enthalpy of mixing.

The values of H", |, and H",,, Vs mole fraction of each binary liquid mixtures have been plotted in Figures 2

and 3 which clearly supports the above-mentioned explanations.

Information about the difference between the enthalpy of complex formation in solution and the enthalpy in the
pure form is given by the values of HEm,l, and HEm,z . The -ve values of HEm,l, and HEm,z are due to the presence
of strong hydrogen bonds formed between Hydrogen atom of CHCI,.CHCl, and non bonding pair of electrons

present on the oxygen atom of (CH;)sCO or C4H;NO or CH;C(O)CH,CH; or C6H5C(O)CH3 as reported

elsewhere between CHCl,.CHCI, and (CH3),CO (Nath J, Tripathi AD.1984 ).
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Introduction

It is an established fact that the different carbon structures find its extensive applications in various fields of
science and technology. With the discovery of CNTs by Iijima (Iijima S.1991 ) and even before that the
extensive uses of carbon fibers and diamond like carbon films in various fields like field emission devices, bio-
medical applications, coating industry, magnetic storage device etc. (Salgueiredo E.et.al.2008; May PW
et.al.1999) have accelerated researchers to explore more and more carbon structures and their applications,
especially with the advent of nanotechnology. Different carbon nanostructures like carbon flakes, onion, carbon
tree as well as carbon spheres and their different applications have been reported by many workers (Kinoshita
H.et.al2008, Mehraban Z.et.al.2009). Although numbers of reports are available in field of synthesis of
spherical carbon, its different properties still now have not been studied rigorously. Being propelled with this
fact we have reported here a very simple low temperature solvothermal route for synthesizing the carbon
spheres. The sample thus prepared was characterized by XRD, SEM, transmission electron microscopy TEM
and AFM. Carbon spheres showed good field emission properties. Cold emission properties of the sample with

cathode to anode distance have been investigated.
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Experimental

The synthesis involves taking ferrocene and sulfur in 1 : 2 ratio and mixing it in a mortar. The mixture was
then shifted to 1 Teflon coated stainless steel autoclave of 100 ml in volume that was already 90 % filled with
benzene. The whole system was then isolated for 72 hours in an air oven kept at 573 K temperature. A
blackish powder was obtained after letting the mixture be cooled normally and was collected through filtration
process. The residue was washed several times with alcohol and distilled water and dried over night at 330 K
overnight. The sample, thus prepared with characterized by XRD (Bruker D8 Advance), SEM (JEOL-JSM-
6360), HRTEM (JEOL-JEM 2100) and AFM (NT-MDT, Solver Pro). The cold cathode characteristics of the

as prepared material were examined in high vacuum cold emission set up system.

Results and Discussions

Intensity (Arb. unit)

* 20 {ll'f.,l"fnl.‘l.']

50 &0
Fig.1: XRD patterns of the amorphous carbon spheres prepared at 200 “C.

X-Ray Diffraction Analysis:The crystalline behavior of our samples has been investigated with the help of an
x-ray diffractometer by Cu Ko radiation. The XRD pattern is shown in Fig.1. From the XRD pattern it
of the sample has also been confirmed from the SAED pattern, obtained from the microscopic study

(discussed later.)

Microscopic Study
It can be seen that no distinct peak appeared indicated the amorphousness of our sample. The amorphousness
Fig. 2 shows the SEM images of the samples taken with different magnification. It can be seen that there are

mainly two kind of distinct features. One is spherical in shape and other is sponge like. The diameters of the
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spheres are not uniform and vary from 2-3 pm to 600-700 nm. The structure of the sponge like region was not
clearly resolved in the SEM image. Hence TEM study was performed as discussed in the next section. The
reason of appearance of such region may be due to the incompleteness of the reaction due to either of the

insufficient time or reaction temperature. The growth mechanism of such a structure may be a topic of further

research.

Fig. 2: SEM micrograph of the prepared sample with different magnification.
spherical in shapes having diameter from 5 to 25 nm. The observed particle size does not match with that
obtained from SEM image. These lead us to conclusion that the TEM results indicate the spongy region of the
SEM picture. Although the exact growth mechanism is not clear but it can be speculated that probably these
small spheres with the completion of the reaction grows up to form the bigger spherical particles. The AFM
histogram (discussed later) data also supports the presence of small particles. The SAED pattern shown inset of

fig.3b shows that the samples are completely amorphous supporting the XRD result.

- SO0 KN
B - MO )
s G T a N -1 2%y

Fig.3: TEM micrograph of the prepared sample with different magnification (3a-3b) and inset 3b the SAED
patterns of carbon sphere
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For AFM study the sample was dispersed in ethanol and a thin film has been prepared on glass substrate by dip

coating technique. When the alcohol gets evaporated the film became ready for AFM study. The corresponding

3D picture with histogram is shown in Fig. 4. It can be seen in fig. 4a that the surface is a rough one with rms

roughness 50 nm.
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Fig. 4: (a) 3D AFM image of dispersed carbon film (b) corresponding histogram.

Field Emission Study

1ve

ion
ind
nd

Cold emission experiment has been done at room temperature. The emission ccurrent with applied electric field

has been related to each other by well-known Fowler Nordheim equation (Fowler RH, Nordheim L. 1928 )

given below:

I=Aat;’¢™ (BE) exp{~bv, 4" | BE} M
Here the meaning of different constants may be found in the previous report [7].
The values of F-N constants are respectively
a=1.541434x10° AeV V? and b= 6.830890*10° eV™¥* Vm™".
Equation (1) when simplifies takes the form
1= ACB°E’/p)exp[-Bo™*(BE™) 0

Where A, B, C are the constants.
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The experimental voltage current plots of our sample taken for various cathodes to anode distances are

summarized in Fig.5. The turn on field (Eto) defined as the field required obtaining an emission current of 0.6

pA, decreases from 12 to 5 V/um as cathodes to anode distances was increased from 120 to 300 pm. The

variation of Ero with inter-electrode distance has been summarized in Table 1. F-N plots, which is a plot of In

(I/E*) with 1/E have been shown in Fig.6 and can be seen that it has three different linear region for high,

medium and low field domain. Separate calculation of enhancement factors f and effective work function

(Banerjee D, Jha A, Chattopadhyay KK. 2009 has been done for each region. The result is summarized in

Table-2.

It is evident that 3 varied from one region to other. This is indeed a different result as compared to the other

results reported previously [8]. This can arise from the tip geometry of our field emission set up. The above

mentioned findings clearly prove that if we can synthesis the structure by a controlled manner it would be a

material of potential for using in cold emission display.
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Fig. 5: cold cathode characteristics of carbon nano/micro structures with different inter electrode distances.
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Fig. 6: F-N plot of voltage current response of Fig.5

Table 1: Change of E1o with inter-electrode distance

Electrode Distance (pm) Turn on Field (V/um)
120 12
200 6.9
300 5
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Table 2: Values of effective work functions and enhancement factors of carbon spheres for different inter-

electrode distance

Distance (mm) Enhancement Effective work
Factor (B) function
High Field region 120 644 0.066
200 410 0.09
300 237 0.13
Medium Field region 120 2386 0.028
200 821 0.057
300 1174 0.045
Low Field region 120 701 0.063
200 3636 0.021
300 1488 0.038

Conclusion
Amorphous carbon micro/nano spheres were synthesized by an easy solvothermal process. The as prepared

sample has been studied with XRD, SEM, TEM and AFM.

The microscopic study revealed the fact that there are spheres with different diameter from micro to nano range.
XRD as well as SAED pattern obtained from TEM proves the amorphousness of the sample. The sample thus
developed shows promises towards being used as cold emitter with turn on field 4.99 V/mm for an inter-

electrode distance as high as 300 um
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Supercritical Fluids

Abstract

When fluids are operated above critical point,
Supercritical fluids(SCFs) are obtained which are the
short-lived states of matter. It may be applied as
substitute media in chromatography, energy
production, drug development and food processing .
It is now well acknowledged in materials processing
. The mainly used SCFs are the supercritical CO,
(SCC) and supercritical HyO (SCW). SCC guides a
series of exceptional way of manufacture of
carbonaceous nanomaterials. Demonstration of the

science of supercritical fluids, and its probable

application in industries in progress and amendment of

carbonaceous nanomaterials has been undertaken in the

Production of Carbonaceous

current programme.

Keywords: Carbonaceous nanomaterials, Critical
point, Density, Fluid Phase Equilibrium,
nanocomposites
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SCF are inexpensive, non toxic, non flammable media with pressure tunable density, viscosity, diffusivity

and surface tension. Solvent properties of SCFs were first reported over by Hannay and Hogarth around

1879.Density, viscosity and diffusivity are the common physical characteristics of SCFs that they share with

liquids. High penetrating power of SCFs is due to their 100 to 1000 times greater densities over liquids, 10 to

100 times reduced viscosities over gases and high rate of diffusion @ 107 to 10 cm*s times over liquids.

Such unique combinations of physical behavior SCFs are effused across solids leading to swelling or

solubilzation (Skerget M., et al. 2011). Judicious variations in temperature and pressure equalizes the

densities of liquid and gas phases, restricting phase transitions in SCFs regardless to applied pressure

(Vansant J., et al. 2019; Noyori. R. et al. 1999; Abdullah I., et al 2019). Among SCF, the most investigated
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are the SCC and SCW (Kenz Z., et al 2014; Qian Z., et al 2019; Styring P., et al, 2014). The preference to
these SCF is due to the prominent abundance of their precursors, viz; carbon dioxide and water in nature.
These naturally existing precursors are easily transformed into their respective supercritical states either under
ambient temperature or ambient pressure (Vansant J., et al. 2019; Noyori. R. et al. 1999; Abdullah 1., et al
2019; Caputo,G, et al 2013; Aymonier C., et al. 2013; Johnston KP., et al 2004; Zhao J. et al.2019;
Bhamidipati M. et al, 2013; Grignard B, et al. 2019; Tomasko D, et al 2003; Manjare SD, et al. 2019;

Goutam SP, et al 2019; Elmaaty TA, et al 2017; Fifield LS, et al 2004).

Fig.2. demonstrates the low pressure phase diagrams of carbon dioxide (left) and water (right). The diagrams
are consist of well defined areas that represent the physical parameters under which carbon dioxide or water

represents their solid states (A,D), liquid (B) and gaseous (C,E,F) states.
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Fig.1. Critical Point and Density Variation in SCF
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Solid lines represent the phases transitions between two phase. The heavy dashed lines represent effect of
temperature and pressure on phase states of the matter. The point representing co - existence of all the three
phases is defined triple point of phase diagram. For carbon dioxide the triple point falls, around -56.6 °C and
5.1atm whereas for water it falls around of 0 .0099 ° C at pressure of about 1/166 times the pressure of Earth's
environment at sea level. At A, carbon dioxide condenses directly into dry ice. Increase in pressure from 'E at

constant temperatures renders solid-gas transitions in carbon dioxide to reached into dry ice. Whereas, increase
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in pressure imparts solid-liquid transition that leads to solidification of carbon dioxide at point H. However, at

G, increase in pressure does not impart additional changes in the phase state of carbon dioxide (Fig.2a).
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Fig.2. Fluid Phase Equilibrium of SCC (a) and SCW (b)

From point A, at constant pressure, increase in temperature imparts solid liquid transitions at melting point of
ice. Further increase in temperature imparts liquid gas transitions in water at B, that induce evaporation at C.
At D, increase in temperature imparts solid-gas transitions to water system where in ice evaporate directly
into the gas phase through sublimation. The temperature of gases from additional heating warms the

resulting gases ('E' and 'F'). At G, increase in pressure allows solid-liquid transition where ice melts (Fig.2b).
Industrial Importance of SCF

SCF finds their prominent industrial status as environmentally benign media for processing of wide range of
materials with diverse properties and applications (Kenz Z, et al 2014, Qian Z, et al 2019). Since, SCF are
operated above their critical points, they are referred as dense gases (Styring P, et al, 2014). Academic and
industrial significance of SCFs was well established since 1980’s. Presently, more than two dozen SCF are
well investigated for various industrial applications. SCFs finds their place as an alternative solvent in
industrial and laboratory operations involving extraction of bioactive molecules from living resources, carrier
medium for chromatography, food processing and solvent for disposal of organic waste (Noyori. R. et al.

1999; Abdullah I. et al. 2019; Caputo G. et al. 2013).
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The ease of abundance, non flammable, non toxic nature of CO2 makes this more viable for production of

SCF for variety of industrial processes (Skerget M., et al. 2011, Kenz Z., et al 2014; Qian Z., et al 2019;
Caputo,G, et al 2013). Because of gas similar to diffusion and liquid resembling density of SCC facilitates
the swelling or partial dissolution of inorganic (Aymonier C., et al. 2013), carbonaceous (Johnston KP., et al
2004) and soft materials like polymers (Zhao J. et al.2019; Bhamidipati M. et al, 2013; Grignard B, et al.
2019; Tomasko D, et al 2003). Such potential of SCC has opened the avenues of transforming inorganic
(Aymonier C., et al. 2013) and carbonaceous materials from macro size into their highly dispersed nano
sized analogues (Johnston KP., et al 2004). Polymerizations in SCC imparts improved control over
molecular mass of polymers (Zhao J. et al.2019).

Exposure of SCC to soft materials like polymers imparts reduction in their Tg, making them processable into
foam, scaffolds (Bhamidipati M. et al, 2013), composites, blends (Grignard B, et al. 2019; Tomasko D, et al
2003) and functional nanostructures ((Johnston KP., et al 2004; Grignard B, et al. 2019; Tomasko D, et al
2003), purification and separation of materials, high quality leather (Goutam SP, et al 2019) and fabrics in
attractive shades with improved color and light fastness under ambient temperatures (Elmaaty TA, et al
2017). SCC has been exclusively used as medium for noncovalent functionalization of CNT (Fifield LS, et al
2004), nanofluids (Wang XB, et al. 2005), patterning on one-dimensionals carbon nanomaterials (Xiao LZ,
et al 2010), synthesis (Ye S, et al 2009), growth (Li Z, et al. 2007),purification of CNT (Wang JS, et al. 2007;
Bertoncini M, et al. 2011), coating polymers over CNT (Wang J, et al. 2005), polymer functionalized CNT
and related polymer nanocomposites (Yue B, et al. 2007; Hao J, et al. 2011; Liu Z, et al. 2009; Nguyen VH,
et al. 2004), polymer nanocomposites involving graphene (Li L, et al. 2013; Li M, et al. 2015), graphene
derived NHs (Wei J, et al. 2019), C60 functionalized with polyvinyl pyridine (Bhullar N, et al. 2007; Zaidi
MGH, et al. 2011) vinyl monomers (Agarwal V, et al. 2009; Agrawal V et al. 2010).

Fig.3 demonstrates the dispersion of MWCNT into epoxy resin under pressure of SCC ranging 1200-1800
psi.

Owing to gas similar to diffusion and liquid resembling density, SCC introduce into the van der Waals
stacking zones of nanotube that on depressurization exfoliate them into fully dispersed structures. Curing of
such nanotube epoxy formulations results highly durable polymer nanocomposites with improved dispersion

of nanotube into epoxy matrix (Table 1)
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Table 1:NMechanical properties of supercritically synthesized

nanocomposites

Cured

epoxy Polymer Nanocomposites
[NMWONT] (phe)* 0,00 0.10 0.20 0.30
Mechanical
Properties
Tensile strength 30.36 36.44 47.73 49.36
(MPa)*
Young's modulus 38489 389,18 37532 369.95
(MPa)
Impact strength 17.16 2148 2998 RIRD)
(KJV/m*)P
Compressive 131.80 126,90 117.30 110.70
strength(MPa)*

ASTM D 638 (a), 256 (b) & 695 (c)

Conclusions:

Supercritical fluids, particularly SCC offers wide scope of applications in modification and scalable
production of a variety of carbonaceous nanomaterials. Production methods involving SCC are highly

scalable, clean and environmentally benign. Process involving SCC leads in the absence or at a low
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concentration of toxic and flammable solvents with ease of separation of products through venting off
carbon dioxide without expense of power or energy..Liberated carbon dioxide may further be recycled and

used , that make the overall process to be industrially continuous in nature.
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Introduction

Mixtures of Acetylene tetrachloride (CHCl, CHCl,)+ Benzene(CgHg),+Toluene(CsHsCHj3),+Acetone(
CH;COCHj;) ,and + Pyridine(CsHsN) are of meticulous attention from the perspective of electron transfer
interaction which results to the creation of new complexes between the different species taken in the liquid
state. The specific interaction of CHCl, CHCIl, with the above compounds can be visualized as resulting from
the presence of two H atoms and four number of Cl atoms of Acetylene tetrachloride, which can make this
species perform as c-acceptor in the direction of these compounds. In contrast, C¢He,CsHsCHj3, can participate
in the creation of H-bond with, and perform as n-donors on the way to CHCI,CHCI,, whereas
CH;COCH; and C¢HsN , together will operate as n-donors . Although Many workers (Nath J.et.al.1983,1984,
Pathak G. et.al.1995, Tripathi AD 2010) have measured excess volumes, vE , speeds of sound, u, dielectric
constants, excess enthalpy and refractive indices, for acetone or cyclopentanone, furan or methylfuran with

tetrachloroethane and dibromomethane, wide-ranging studies regarding interactions between the
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components of different mixtures of chloroalkanes and donor components  of additional complexity are not
accessible in the literature. Consequently, in this work, we have measured excess Volumes,VE, of CHCl,
CHCl,+CgHg,+CcHsCH;3,+ CH;COCH; ,and + CsHsN  at the temperature 303.15K, and the achieved data are

collected and interpreted in this paper.

EXPERIMENTAL SECTION

Materials

C¢Hg,and CcHsCHj;, both were of AR quality, were subjected for purification in the same way as given by by
elsewhere (Nath et.al. 1983). Acetone (AR grade) was kept over anh. CaCl, for 8 hrs and then fractionally
distilled from P,Os. CHCl, CHCIl, (Reidel) was shudderd with K,COj; solution and was further dried over
anhydrous K,CO;, and then finally distilled . Pyridine is purified in the manner as given in our earlier
communication (Tripathi AD 2010). An Anton- Paar vibrating — tube densimeter (Model DMA 60/ 602) was
taken for the measurement of densities. A thermometer with a precision of 0.01 K was used. For the densimeter
calibration, N, and distilled H,O were used. The estimated precision in density measurement is higher than

3x107 g.cm’3.

The purity of chemicals was checked by determining their densities and the results obtained were compared
with the literature values(Riddick JA. 1970).For dosimeter calibration, nitrogen and distilled H,O were used.

The estimated precision in density measurement is higher than 3x10™ g.cm™.

Method

Excess volumes, VE, were obtained (in the order of reproducibility of +0.002 crn3,mol'l), with the help of a
two-branched, glass made dilatometer that was a similar which is was utilized in our prior publication (Nath
J.et.al.1983). Weighed quantities of the two liquids were locked up individually over Hg in the inadequacy of
air gaps in both the extremities of the dilatometer, which (situated on a wooden stand) was submerged in water
of a thermostat (reproducibility £0.01 K). Both the liquids were mixed by shaking the cell from side to side
through a specific angle, and the Hg level in the capillary was noted by means of a a cathetometer ( accuracy
of 0.001 cm). The functioning of the dilatometer was tested by measuring V,," for the system of C¢Hg+ CeH 2
at 303.15 K as described elsewhere (Nath J et.al.1983). The measured value of excess molar volume for this

system agrees well with the literature data.

70 TMU Journal of Basic & Applied Chemistry | Volume 1 | Jan-December 2021



Souvik Sur

Results and discussion
The data obtained for V* of the binary mixtures of CHCIl, CHCI, at the Temperature 303.15 K are reported in
Table 1 and plotted against mole fraction x1 in Figure 1. V* data for all binary mixtures have been fitted by

using following equation
VE /(J.mol ™= x1x2 ymoAi(xl — x2)° (1

where x1 refers to the mole fraction of CHCl, CHCI,. The values of all constants A; alongwith standard

deviations, o, are collected in Table 2.

Following equation have been used to calculate standard deviations, ¢

VE—VE 2
[Z( cal) ]1/2 (2)

(m-n)

where VE is the experimental value of excess molar volume and VE..i. refers to calculated value by means
of eq.l, m represents number of experimental data and n , the number of constants . In fig.1 , a plot of

experimental values of V™ vs mole fraction is given.

It is observed that if V® values are negative, interaction factor leads whereas the positive VE values are

indicative of steric factor in the binary mixtures.

When values of VE are negative, it is due to increased interactions between the dissimilar molecules or it
would arise from specific interactions between the molecules of the two components. These -ve values of VF
shows that between unlike molecules, there is high probability of the H-bonded type interaction which occurs
at the time of mixing. The packing effect may be the reason behind this. When the values of V* are +ve , the

decrease in specific interactions may take place.

The sign of VE  shows the force of association acting between the molecules of the different parts. Negative
values of VE is due to a closer move toward dissimilar molecules , cause to decrease in absolute volume and
compressibility. Various types of powers acting between the contrasting components are dispersion ,
hydrogen bonding, dipole—dipole, charge transfer and dipole induced dipole type interactions. Attraction
between the molecules is expected due to dispersion forces , and the relative magnitudes of the A—A, B-B, A—
B type contacts between the molecules of components A and B of a mixture are essential for determination of

excess properties. In the case, if shape and size of components of a mixture do not differ very much, the
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dispersion forces causes +ve contributions to V". However, other remaing interactions must lead to -ve
contributions to V¥ . All systems are operated by dispersion forces , and if there is more than one type of
interaction occur in a system, the sign of V¥ depends upon the total effect of the contributions made by all

types of interactions.

From the Table 1, it is clear that V* is negative all over the entire range of mole fraction for binary liquid
mixtures of CHCLCHCl, + Benzene(C¢Hg),+Toluene(CcHsCH;3),+Acetone( CH;COCH;) ,and +

Pyridine(CsHsN) . At x1 = 0.5, the values of VE for the different systems of CHCL,CHCI, has the order:
Benzene(CgHg), > Toluene(C6HsCH;3) > Acetone( CH;COCH;) > Pyridine(CsHsN)

The -ve values of V® for mixtures of CHCL,CHCl, Benzene(C¢Hy),+Toluene(C6HsCH3),+Acetone(
CH;COCH3) ,and + Pyridine(CsHsN) can be expected due to a closer approach of the dissimilar molecules
in solution, thus representing the presence of specific interaction between m electrons of benzene or toluene
and H (of CHCI1,CHCl,), or between O atom of acetone or N atom of pyridine , it is similar to that a complex
is created by means of hydrogen bonding between CH3;COCH; and CH;Br, in the liquid state as given
elsewhere (Tripathi AD 2010). CHCI,CHCI, in this case will perform as c-acceptor . The specific interactions
of CHCI,CHCI, with all these compounds may also be due to a charge transfer interaction of Cl atoms of
CHCI,CHCI, with lone pair electrons on oxygen atom of acetone or N atom of pyridine. It is observed that the
strength of these intermolecular forces is more for the those systems which have more Cl atoms connected to
C—H pair atoms. It is thus revealed that the factor due to interaction is presiding over for the mixtures with -
ve sign of V® values while the factor due to steric hindrance succeeds for mixtures with +ve sign. For
interaction between the alkanes having chloro group and cycloketones , different forms of interaction occur :
formation of charge-transfer complexes, due to the interactions of Cl atoms from chloro-compounds with the
non-bonding pair electrons of the oxygen atom in ketones, hydrogen bonding, due to the interaction of H
atoms from chloroalkanes with the non-bonding -pair electrons of the O atom present on ketones. Also there
is likelihood of dipole-dipole interactions between dissimilar molecules, which has been explained as being
due to the charge-transfer interaction between Cl atoms of CHCI,CHCI, and the nonbonding -pair electrons

present on acetone or pyridine molecule.
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Table 1. Experimental Values of the Excess Molar Volumes,V", for Acetylene tetrachloride
(CHCI, CHCly)+ Benzene(Cg¢Hg), +Toluene(CsHsCHj3) ,+Acetone( CH;COCH;) ,and + Pyridine(CgHsN), at
303.15 K.

x1CHCLLCHCL, + (1 - x1)CeHe

x1 VE(Cm®.mol ™)
0.0987 -0.004
0.1434 -0.008
0.2098 -0.018
0.2567 -0.025
0.3099 -0.032
0.3675 -0.043
0.4123 -0.045
0.4644 -0.046
0.5411 -0.049
0.6088 -0.041
0.7233 -0.031
0.8177 -0.017
0.9064 -0.008
0.9544 -0.003

x1CHCI,CHCl, + (1 - x1)C¢HsCHs;

x1 VE (Cm’.mol™)
0.0678 -0.038
0.1075 -0.059
0.1789 -0.096
0.2045 -0.118
0.2611 -0.134
0.3245 -0.150
0.3597 -0.157
0.4156 -0.163
0.4698 -0.163
0.5145 -0.159
0.6789 -0.113
0.7231 -0.095
0.8677 -0.034
0.9034 -0.025
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0.9586 -0.006

0.0678 -0.038

x1CHCI,CHCl, + (1 - x1)CH3COCH;

x1 VE(Cm®.mol™)
0.1124 -0.303
0.1785 -0.430
0.1902 -0.458
0.2608 -0.544
0.3266 -0.621
0.3678 -0.630
0.4311 -0.653
0.5288 -0.654
0.6444 -0.601
0.7089 -0.545
0.7654 -0.480
0.8043 -0.425
0.8567 -0.337
0.9099 -0.230
0.9533 -0.127

x1CHCI,CHCl, + (1 - x1)CsHsN

x1 vE (Cm3.mol'1)
0.0784 -0.023
0.1133 -0.026
0.1765 -0.040
0.2234 -0.049
0.2965 -0.061
0.3244 -0.065
0.3897 -0.073
0.4522 -0.078
0.5213 -0.085
0.6155 -0.077
0.7098 -0.069
0.7567 -0.062
0.8009 -0.053
0.8666 -0.039
0.9316 -0.022
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Fig.1 Excess molar volumes of binary liquid mixtures of X; of Acetylene tetrachloride(CHCI2.CHCI2(1) with

Benzene (CcHg(2) (+ ) ,+ toluene ( ¥ )(2) ,+acetone( A ), (2) and + pyridine (._) (2) at303.15 K. The
smoothed curves are based on the parameters A0,Al, A2and A3 given in Table 2.

Table 2. Least Squares Coefficients of Eq 1 for the Excess Molar Volumes , and the standard deviations,o,of
Acetylene tetrachloride (CHCI2.CHCI2)(1) +Benzene(C¢Hg)(2)or +

Toluene (2),or + Acetone (2),or
+Pyridine(2) at303.15 K

System A0 Al A2 A3 o/ (J
mol'l)
CHCIl, CHCl,(1)+ C¢Hg (2) -0.1907 -0.0148 0.2069 0.0008 0.002
CHCIl, CHCl,(1) + C¢Hs CH; (2) -0.6417  0.2416 0.2954 0.0007 0.003
CHCI, CHCl,(1) + CH; COCH; (2) -2.641 0.1962 -0.4711 -0.0008 0.004
CHCIl, CHCl,(1) + C¢HsN (2) -0.3217 -0.04854 0.03298 0.0007 0.002
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Introduction

Water is a substance held capable of prolonging life indefinitely and is one of the most essential resources. It is
chief for living organisms, but as the human population has increased, this valued resource is gradually more in
danger, raising the demand for more high-quality water for household purposes and commercial operations. It
makes up approximately seventy percent of the mass of the body of nearly all living things. About ninety seven
percent of the earth's water is saline and nearly 3% is available as clean water from which about twenty percent
makes ground water. Groundwater is highly efficient, priced because of certain characteristics that surface
water does not have. Water quality relies on the weathering of the parent rocks and chemicals in the
anthropogenic activities of the physical and chemical constituents. The studies of quality of Groundwater are

more appropriate by reason of human-created operations such as household manufacturing and agricultural
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actions. Groundwater pollution occurs mostly in city areas because of household and manufacturing releases.
Such practises as the discarding of manure water, diseased tanks and toxic waste. These studies are not
necessary when alternate supplies are available. The world's substitute supplies, however are not adequate for
the entire population in many areas, especially in city areas.The areas are not available , mainly in Moradabad
region . 90 percent of the water supplied to the city and to India, according to the Central Pollution Control
Board,Cities are infected, with just 1.6 percent of them being treated. Water quality control, therefore is
important to human well-being (Gupta SC. 1991). Often, Total Dissolved Solids is examined in to create an
ecosystem of water quality conducive to the growth of the organism. (CO2) Pollution Free Carbon Dioxide
occurs naturally in water in different quantities. In drinking water, the majority of the groundwater contains <
fifty mg/l of CO2. If we consider H20, a large amount of CO2 causes acidic H2O conditions. The following

happens when CO2 dissolves in water;

Carbonic acid (H,COs)is formed by water (H,O ) plus carbon dioxide (CO,). Hydrogen (H+) and bicarbonate
alkalinity result from the dissociation of carbonic acid . When the concentration of CO2 increases in water, pH
value will decrease and, conversely, when the HCO;™ alkalinity substance raises, it will increase. CO, usually
includes mineral acids such as H2SO4 or HCI acid in water with a pH of 3.5 or below. Carbon dioxide may
occur in H,O having pH values ranging from 03.6 to 08.4, but it will not exist in waters with pH values of
equal to or more than eight point five. The value of pH is not an indicating the quantity of CO2 in the H,O , but
to a certain extent the association between CO2 and alkalinity of Bicarbonate . Different parameters have been
correlated with the help of statistical regression . Such type of investigation determines the closeness of the
relationship between the chosen different type of self-determining and dependent variables. It is seen to be
closer to +1 or -1 when the correlation coefficient is the likelihood of a linear connection between different
inconsistents x and y. The purpose of this method analysis is to evaluate the significance of the variable’s
connection and thus provide a predictive or forecasting context. (Madhuri U et.al 2004, Mulla JG et al.2007,

Draper NR,1966).

The correlation coefficient is a valuable method for supporting research on water pollution problems. Till now,
effort has not been made yet to consistently expect the groundwater parameters of the concerned region with
the help of the correlation coefficient of various types parameters which are used for studying the quality of

water.
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Over the last few decades, Moradabad has seen quick industrialization and population expansion. The primary
business is brassware, steelware, paper mills, sugar mills, crushers, dye manufacturing and a number of
associated additional industries. In multiplying the amount of water pollution, most of these factories and
various kinds of man working play their part. To provide people with clean water in an efficient way, it is
important to undertake a broad study of the parameters of water drank by people. This will aid in improving the

water quality.
MATERIAL AND METHODS

In order to measure pH and conductance measurement, a pH meter and a conductivity meter were taken.
Titrimetric calculations were made of total hardness, available Cl, CrO4'2, CO3'2, Calcium ion, Magnesium ion,

dissolved CO,, alkalinity, Chloride ion, Copper ion, and Zinc ions.
COLLECTING SAMPLE

A total of 10 groundwater samples were collected using standard sampling methods and procedures from Indian
Mark II (IM2) hand pumps (Snedeco GW et.al.1967, Kumar J et.al.2005,APHA 1995, Merck E. 1974). After

running the water straight from the hand pumps, water samples were collected for around 40 minutes.
ANALYSIS BY MEANS OF TITRATION

With +99 percent purity registered, the salts taken in these experiments were AR grade and without moisture.
Ethylene Diammine Tetra Acetic Acid (Aldrich), Potassium iodide from Darmstadt, Na,S,0; (AR), Sodium
hydroxide from Fluka, Silver nitrate from SAS Chemicals, Hydrochloric acid and sulfuric acid from Qualikem,
all salts were dried by means of a vacuum oven at one twenty degree centigrade for many days before use. By
using double-distilled water, stock solutions were prepared for the measurement. The concentrations were
obtained using density measurement with the help of a densimeter (vibrating tube ) from Anton Paar Co.,Ltd..
Complete hardness was measured and titrated with 0.01M EDTA solution by using (20 CC of water + 5 cc of
buffer solution (ammonium chloride +ammonia)+ few drops of the indicator(Eriochrome black-T). The solution
switches from deep red wine to blue at the end stage. In order to determine Cl, ,water sample with CH;COOH
and potassium iodide solution is taken , which is titrated against 0.01 M Na,S,0; solution until the color is
yellow. Now the blue colour is obtained after adding starch solution, the entire substance is titrated again with
the regular 0.01 M Na,S,0; until the disappearance of blue colour . Water sample + 3-4ml H2SO4+ 0.5gm

NaHCO3+2gm potassium iodide is taken for chromate estimation in drinking water, which is titrated against
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0.01 M Na2S203 solution. At the end point the color is yellow. Now after applying the starch solution, blue
color is seen, the entire mixture is titrated against Na,S,0; again, blue color diminishes at end point. Water
sample is collected in a beaker for CO5™> estimation, few drops of MO indicator added and Titration is done
against 0.01M Hydrochloric acid, the colour varies from yellow to red at last. Gravimetric processes for
calculating TDS is used which includes the liquid solvent being evaporated and the mass of remains remaining
being weighed. In general, this approach is the safest, even though it takes time. In case the salts of inorganic
compounds form the greater part of total Dissolved solids, gravimetrical analysis are suitable. Water sample is
combined with few drops of suitable indicator and titrated against NaOH (0.02N) for the measurement of
dissolved carbon dioxide. In order to measure Ca, in the presence of few drops of EBT indicator , water sample
along with Buffer solution (ammonium chloride +ammonia ) and titrated against O.01M ethylene diammine
teraacetic acid .To determine the full alkalinity of fresh water, titration is done with 0.02N sulfuric acid
standard solution with few drops of MO indicator. For chloride ion determination, water sample with few
drops of fluorescein indicator is taken in a conical flask and titrated against with 0.001M Silver nitrate solution
. At the end stage, the AgCl coagulates noticeably, and the precipitate immediately takes on a pinkish colour.
To detect Cu, water sample is taken, added 3-6ml of ammonia to obtain pH equal to six to thirteen, then added
few drops of Murexide Now titrated with 0.001 M ethylene diammine teraacetic acid solutions. At the end

point colour changes to blueish violet.

For estimation of Zinc, water mixed with 2 ml buffer (pH=10) and few drops of EBT indicator .Titrated with

0.001 M ethylene diammine teraacetic acid solution. Colour changes to blue at the end stage.

During correlation, a one +Ve (increasing) linear relationship (correlation) indicates the degree of linear
dependence between the variables, —1 in the case of a perfect decrease (-Ve) and between —1 and 1. The nearest

the coefficient is to either -1 or 1, the greater the variables' association is.
Strength calculation

After molarity was obtained by titration method, the strength calculation of element or compound was done

with the help of following relation:

Strength = M x molecular weight of element or compound

Where M=Molarity
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Results and discussion

For different ions, elements or compounds, the results obtained are given in Table 1 and 2.For groundwater
samples, the different physicochemical property values were judged against with the Bureau of Indian Standard

and World Health Organization parameters in Table 3.

As per the procedure mentioned above, correlation analysis for the groundwater samples was performed. For

TH-Cl, (r=0.5368), The values of the correlation coefficient are positive, suggesting mild correlation.

The r value is positive for alkalinity-chloride ion(r=0.5555), suggesting a mild correlation, indicating that low y
variable scores tend to go for high x variable scores. For Ca-Mg ions, the r=0.1693 value is logically connected
with +ve, but the variable relationship is weak. We obtain The positive and too low value of r for EC-
Magnisium ions (r= 0.0045), while the variable relation is theoretically small + ve correlation. In case of

Alkalinity-Chromate the value of r is equal to 0.213, the vector relationship is also small.

Conclusion

We have concluded from the above results that the quality of drinking water declines due to increased
industrialization, and therefore adequate water analysis and prior care are needed.This research revealed that the
area's water is heavily contaminated and quality control is urgently needed. It is important to research the quality
of water consumed by individuals in order to provide people with clean water in an efficient way. this will aid in
improving the water quality. The stored water had physic-chemical constituents within Ghana standards/ WHO
guidelines values and therefore not suitable for potable use. Easy water treatment techniques at home, such as
chlorination, filters, solar disinfection, etc. Researches on water quality parameters are consistently required in

the world because much disease occurs due to impure water.
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TABLE 1: Properties* OF water samples taken from various

places
Sample water | pH Electrical Total Total Chlorine Chromate
taken from conductivity | dissolved hardness ion, CrO,>

solids

Amroha 6.92 0.69 467.8 127 4.6 0.001
Rampur 6.99 0.73 381.67 126 4.4 0.002
Mandi Chowk 7.68 0.69 466.01 120 4.7 0.002
IFTM 6.92 0.69 345.94 124 9.0 0.0011
Budh Bazar 6.99 0.54 297.86 116 8.8 0.0014
Katghar 7.68 0.39 178.85 112 6.4 0.0016
Kanth 7.98 0.41 428.63 122 9.0 0.0017
T™U 8.11 0.39 43.15 116 8.8 0.0011
Pili Kothi 8.09 0.41 189.03 112 6.4 0.0014
Civil Line 8.09 0.25 302.89 122 5.8 0.0016

*UNITS are in mg/l excluding CONDUCTIVITY microsiemen per centimeter and pH.

TABLE 2: Properties* OF water samples

taken from various

places

SAMPLING |CO, |Ca™ Mg™ ALKALINITY | CI Cu* Zn**
STATION

Amroha 8.12 | 7286 17.2 267 11.87 2.4 2.7
Rampur 9.84 |69.24 14.2 287 22.62 2.5 1.9
Mandi Chowk | 122 | 66.42 23.4 256 16.91 3.1 1.4
IFTM 8.12 | 64.79 21.3 287 17.81 1.7 2.7
Budh Bazar 8.856 | 24.45 15.7 297 16.53 1.8 1.9
Katghar 11.1 | 4263 13.4 343 45.62 22 1.4
Kanth 722 | 54.85 10.8 323 44.97 0.8 2.7
TMU 9.54 | 3151 155 267 34.13 0.7 1.9
Pili Kothi 112 | 49.47 16.9 287 14.12 0.6 1.4
Civil Line 104 |53.17 19.4 299 17.30 0.9 2.2

*units in mg/1
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Table 3: Comparing of results of GROUNDWATER QUALITY
PARAMETERS WITH intake WATER QUALITY necessities With

literature values (BIS 1991, WHO 1984)

PARAMETERS Samples limit BIS STANDARD WHO
LIMIT(mg/l)
Acceptable Maximum
Minimum
Maximum
TOTAL HARDNESS 117 299 599 101
122
TDS 165 499 1999 499
489
CHLORINE 0.3 0.21
2.1
CHROMATE AS 0.002 0.101 1.0 0.045
HEXAVALENT ION 0.0018
CALCIUM 18.78 75.01 199 74
75.87
MAGNESIUM 11.2 31 100 150
26
CARBON DIOXIDE 3.12 -- -- --
11
ALKALINITY 266 199 R
299
CHLORIDE 12 249 999 249
58
COPPER 0.5
04.6
ZINC 1.6 5.001 14.999 1.999
3.45
PH 7.33 6.49-8.37 9.31 6.49-9.31
8.19
CONDUCTIVITY* 0.31 299 -] e
0.78

*UNITS for CONDUCTIVITY pS.CM™'
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Introduction

The determination of Hydrogen ion concentration is a important tool to identify the acidic and basic character of
water samples. The pH scale varies from 0 to 14. Below pH-7 is acidic and above pH-7 is considered basic.
The pH -7 is considered neutral. The water samples collected from various sources may have variable pH
(StummW.1995) .The hydrogen ion concentration is also effected by discharge The different samples showed
different pH values. The change in pH means water is changing chemically. The pH of rivers and underground

water shows the quality of water. If water is acidic it means carbonates, sulfite and sulfates are present. If water
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is basic it shows that more alkali metals are present which changes the pH by making basic hydroxides in the
underground water. The solubility of the metals and non metals depends upon the pH of the solution .The pH of
solution plays an important role in controlling the eco system of water. The higher concentration is harmful to
aquatic life and also to human health. If the pH is basic it means the earth crust is rich in alkali metals. The
acidic medium is also bad and causes corrosion in the pipe lines. The solubility of metals and non metals also
depend upon the pH of the water .The solubility of heavy metals also enhances the solubility of other metals.

Due to the presence of heavy metals the toxicity of water increases.

The pH scale is a measure of hydrogen ion concentration. The diagram given below shows pH in various colors.
The zero pH is dark reddish and this type of pH is used in battery water. The sulfuric acid has pH -1 and shows
orange color. The pH of lemon juice is 2. The orange juice shows pH-3 and cold drinks shows pH -4. The
yellow color indicates the pH of banana. The healthy pH starts from 6.5 to 6.8. The pure water has pH 7.0. The
alkalinity start from 7.1 but sea water has alkalinity about 8.0. The Baking soda has pH 9.0. The milk of
magnesia (magnesium hydroxide) has pH around 10 and used as antacid i.e used to neutralize the excess acid in

the body (WHO1973, National Research Council 1977).

As mentioned in the pH scale the alkalinity is produced in water system due to the presence of alkaline salt. The
soil act as buffering effect on the pH change of the water system. The alkalinity is of two types. The
phenolphthalein alkalinity and total alkalinity which is measured by methyl orange. The alkalinity may be due to
OH ions, or due to carbonates ions or bicarbonates ions. The alkalinity due to OH and carbonates is called
phenolphthalein alkalinity. The total alkalinity due to OH, carbonates and bicarbonates causes total alkalinity.
The alkalinity causes hazardous effect on fauna and flora of the water system. The animals are also affected by
the high alkalinity. It causes disturbance in digestive system. It also changes pH of the blood. The high alkaline
value has negative impact on health. .The acid rain also changes the alkalinity of the soil. The slightly acidic soil
is good for plants. Few plants prefer slightly alkaline soil .The carbon dioxide also balances the alkalinity of

soil and water reservoirs. Normal acidity and alkalinity has no adverse effect on human health.
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Environmental Effects J pH Value | Examples

ACIINC Battery acid
Sutturic acid
Lemon juice. Vinegar

Orange juice, Soda

4 ACS rain (4.2-4.4)

I K 4
All fish die (4 2) Acidic lake (4.5)

Frog eggs, tadpoles, crayfish s Bananas (50-5.3)
nd mayflies die (5 5) Clean rain (5 6}

NEUTRAL Ranbow trout began 6 Healttyy Lake (6 5)
to die i6.0) Milk (6 5-6.8)

Pure water

Sea water, Eggs
Baking soda

Milk of Magnesa
Ammonia

SOy walter

Bleach

Liqued dran cliganey

BASIC

Fig 1: pH scale of various chemical substances. The pH of ammonia is 11.00 and soapy water shows high

alkalinity. The bleach and liquid drain cleaner has highest alkalinity

High acidity and alkalinity causes’ adverse effect on aquatic life, insects, and human health.The high alkalinity
is produced due to the large amount of detergents in bodies (Neri LC.1978). The soap and detergents produce
colloidal particles in water system which are precipitated by coagulating agents. The softening of water is done

by external and internal methods. Alkalinity also causes caustic embrittlement in boilers (Sawyer CN et.al.1978)

The hardness of water is caused due to the presence of calcium and magnesium sulfates, chlorides and
bicarbonates. The temporary hardness is caused due to the presence of bicarbonates of calcium and magnesium.
The permanent hardness is caused due to the presence of sulfates and chlorides of calcium and magnesium. The
temporary hardness is removed by simple boiling the water or by treating temporary hard water with lime. The
lime is added into the water. The carbonates of calcium and magnesium are precipitated along with the
magnesium hydroxides. The permanent hardness is removed by soda-lime process or by Zeolite. The hard water

on large scale is treated with ion exchange resins. The cation exchange resin remove the all cations like calcium,

87 TMU Journal of Basic & Applied Chemistry | Volume 1 | Jan-December 2021



Asim Ahmad

magnesium, aluminium, and ferrous ions (McNally NJ. 1998). The hardness is of four types. The slight hard
water (60mg/l) is almost soft water. The 60mg/l to 100mg/I the water become moderately hard water. 101mg/1

to 180mg/1 the water become hard water. 180 onward the water becomes very hard. It is given in Table no.1 &2.

Table 1- Description of sampling location

1. MDA Colony 6km North to the Sand digging &
Moradabad occusional
Bathing
2. Jigar Colony 3km South 10 the Washing,
Site-1 Laundering,
Bathing, Cattle
Bathing
8. Kal ) Tample 3km for from sites-2 Bathing,
Cremation,
Activites
4. Upstream Nawabpura S510m away to the Cremation
Nuliah Sites-3 Activites

Table 2- Pre-monson Physico-Chemical
Parameters calculation at different sampling

locations.
— SS-1  §S-2 SS3 __—__-
emprature 359 351 359 36.1 351 349 36.1 0.54
ph value 8.7 89 8.42 7.52 742 834 7.42 89 0.64
Conductivity 095 059 056 0.67 299 200 0.51 31 0.87

Turbidity (mg/) 361 298 28 293 455 282 26 360 057
TotalSolid (mg/) 152 295 515 1999 2845 12168 143 2841 1033

0 8

TDS (mg/h) 103 235 433 569 1749 83515 103 2398 770
25

TotalHardness 149 140 170 160 405 22890 126 403 116
(mg/m) 76

Calcium(mg/l) 2213 2214 2925 4286 185 7352 21.13 185 599
10 10 3

Magnisium (mg/l) 130.2 122.8 147.4 1401 295 17962 982 290. 785
2 2 5

Acldny(mgﬂ) 132.5 133 1255 137.5 545 23823 121.1 534 165.
6 79

MATERIALS AND METHODS

Determination of pH value by pH digital meter
The pH meter is placed on a plane surface. The pH electrode is washed with distilled water and kept in water.

The digital pH meter is calibrated with help of two buffer solutions 4.00 and 9.00.Now the pH values of
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different water samples are noted by dipping electrodes in the water samples. The calibration is repeated every
after 10 samples. The pH meter is handled with safety and there should not be any fluctuation in electric current.

Determination of Alkalinity by titrimetric method

In this case the reagents N/50 standard sulfuric acid, phenolphthalein, methyl orange indicator, ethyl alcohol,and

distilled water is used. The determination of alkalinity is based on the principle that there may be OH ions or

Carbonates ions or bicarbonates ions. The presence of OH ions and carbonates ions is determined by

Phenolphthalein indicator and the total alkalinity is determined by methyl orange alkalinity.The alkalinity is

expressed in equivalent of calcium carbonates. The concentration of CO, also changes the alkalinity of water.
CO,+ H,0 => H,CO;

H,COs= HCO; + H*

HCO;-=CO0;> + H'

In acidic medium the alkalinity becomes negative. In slightly basic medium the alkalinity exist as bicarbonates.
At about pH 11.5 the alkalinity exists as carbonates. 25 ml of water sample is taken in a beaker and few drops
of phenolphthalein as indicator is added in it. If OH ions are present the pink color appear and then it is titrated
against the N/50 HCI or H,SO, solution. The acid is filled in burette and added drop by drop in the conical flask.
The disappearance of pink color shows end point. The concordant reading is noted and alkalinity is calculated.
The normality of water is calculated by using the formula:

N,V,=N,V,
The strength of phenolphthalein Alkalinity(S) is calculated and expressed in equivalent of calcium carbonate by
using S=NE, where N denotes for normality and E for equivalent weight. In order to determine the total
alkalinity, water sample is taken in a conical flask. The Methyl Orange indicator is added in it. The color
becomes yellow.Now it is titrated against the standard HCI solution. The appearance of pink color shows end
point. The titration is repeated and concordant reading is obtained. N;V;=N,V, and S=NE is applied to calculate
total alkalinity.
Estimation of hardness by EDTA method
The hardness determination is based on the formation of complex with calcium and magnesium in presence of
buffer solution.The Eriochrome Black T+ calcium and magnesium form wine color. The EDTA solution is
added in the conical flask drop by drop.The color change from wine to blue.This is called end point. The

concordant reading is obtained by repeating the process.
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Determination of Total hardness

The 25 ml of water sample is taken in conical flask and 10 ml of buffer solution is added to maintain 9.00-10
pH. The EDTA solution is added drop by drop till color change from wine to blue. The concordant reading is
obtained and permanent hardness is calculated. N1V1=N2V2 and S=NE are applied for the calculation of total
hardness of water sample. The temporary hardness is also calculated. The water samples are boiled. In this way
temporary hardness is removed. The bicarbonates are converted in to Carbonates, the carbonates are filtered and
permanent hardness is calculated after titration again.

Temporary hardness= Total hardness - Permanent hardness

RESULTS AND DISCUSSION

Sampling method

When we go for collecting the water sample. Firstly we locate the number of water sources in a particular area.
We keep plastic bottles.The bottles are filled with water sample. In this way we collect all water samples. As per
standard, the samples can’t be analyzed immediately. They are stored at zero degrees centigrade to stop any
change in the composition of water. Values of different parameters have been collected in Table3, whereas

standard values of different parameters are given in Table 4.
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Table 3: Table showing Hardness, pH and alkalinity of water samples collected from different places

S. Sample | Sample Source Hardness| pH | Alkalinity
No. (ppm)

1. A Hand pump- Bank colony, Gajraula. 200 9.20 80

2. B Hand pumpTeacher’s colony, Gajraula. 226 8.70 100

3. C Rain water-Kavi Nagar, Gajraula. 260 5.30 40

4. D Ditch-Basti, Gajraula. 670 8.20 150

5. E Drain water-Mda colony, Gajraula . 956 12.50 133

6. F Ditch-Mehal colony, 867 10.60 140
Hasanpur.

7. G Hand pump-Lal Bagh Mohalla, 320 6.90 50
Hasanpur.

8. H Drain waterRajput colony, Hasanpur. 450 11.3 90

9. I Hand pump- Kayasthan Mohalla, 160 8.4 78
Hasanpur.

10. J Rain water-Block Wala Mohalla, 110 6.50 54
Hasanpur.

11. K Hand PumpNaveen Nagar, 340 8.9 137
Moradabad.

12. L DitchMadhubani, Moradabad. 760 8.0 143

13. M Ditch- Ashiyanal, Moradabad. 560 13.8 130

14. N Hand Pump-Jama Masjid, 210 8.6 67
Moradabad.

15. O River-Ramganga Vihar. 650 4.7 90
Moradabad.
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Table 4 : Water standard of various parameters(in ppm):

BIS Standards(BIS 2012)
WHO
Parameter
Desirable Max. Standards
. . (McGowan W; 2000)
permissible

Colour 5 30 -
Odour Taste Unobjectionable No problem -
TA TDS Agreeable Agreed 6.4-9.0
CI 6.5-8.5 6.4-8.4 315
Ny 300 645 -
NOs- 200 656 550
F,Ca™ 300 1501 255
Mg* 250 1007 204
Kt 250 405 55

. 46 0.6
Na ?i) 1.7 101
NH," 7'5 204 151
Phenol 102 205
B 30 - 200
Fe B - 1.6

Conclusion

The present studies have been carried out to compare the pH, alkalinity and hardness of12 water samples from
the surrounding of Moradabad and Gajrola. The water samples collected were studied for pH, alkalinity and
hardness. The water samples showed a wide range of variation in pH, alkalinity and hardness of water. Out of
12 samples 5 samples are having pH below 7.00 and they varied from 6.2 — 6.8. This type of water is good for
plants like rose plants but for drinking it is harmful as it enhances the acidity in the digestive system. 3 samples
showed pH above 7.0 that 7.9, 8.3, and 8.5. The other three samples are having pH 7.4, 7.4, and 7.5. Such water
is not bad for drinking.

Alkalinity also showed variation in the values. Five samples are having high level of alkalinity and such water is
very bad for drinking as it disturb the physiology of the human body as well as bad for animals, fishes and other
animals (Soyinka CN, 1980). The values are reported in the table -1. The water samples also showed variable
values of hardness. The 4 samples were showing very high hardness. The 2 samples can be used for drinking,
rest of the 6 samples are hard water as values are ranging from 120 -190 mg/1. The studies are very useful for the
people, as they are informed about the quality of water. The calcium and magnesium concentration were found

high. The traces of aluminum and ferrous salts were also determined by ion exchange method.
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