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ANALYSIS OF WATER QUALITY PARAMETERS OF MAN SAGAR LAKE JAIPUR,
RAJASTHAN, INDIA

Narendra Kumar Sharma
Asst.Prof. (Department of Chemistry), VMPG College Karauli (Rajasthan)

Dr. Anil K. Bansal

HOD, Department of Chemistry, Agrawal PG College, Jaipur, Rajasthan.
Abstract:
The natural world has been polluted. The water we use every day comes from rivers and lakes. On
Earth, water is the single most important substance, The quality of available water has a direct impact
on people’s health and ability to make a living. Water pollution is a leading cause of death worldwide.
Human activity ruins water, The pollution of Man Sagar Lake is also caused by the entry of partially
treated and untreated effluent. The parameters of physico-chemical nature found during assessment
were comnpared with the prescribed limits as per the guidelines of National Plan for Conservation of
Aquatic Ecosystems (NPCA) enacted by the Ministry of Environment, Forests & Chmale Change,
Govermnment of India and it was found that the parameters are beyond the standard limits, indicaling
that the lake is geting polluted. Pollution problems presides in the Lake due to the Inflow of
Wastewater by the increasing flow of partly treated wastewater and untreated wastewater with severe
contamination. All this leads to the alteration of the
various Physico Chemical Parameters of the water body as well as the accumulation of the heavy
metals resulting in the various phenomenon like Eutrophication of the water body, Deposition of Silts,
and the pronounced deterioration of the Water Quality.

Kevwords: Man Sagar Lake. Water Quality, Physico-chemical, Parameters, Physiochemical,
Wastewaler.

Introduction:

Water Quality testing and Monitoring is considered as very Important and needed approach in the

present scenario, There are many Water Bodies surrounding us nearby and at far distances too, but it

becomes more important when the water source is itself Ecologically precious and also having a great
83
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consideration towards Economic, Aesthetic and as well as Archacologically important Heritage.
“Jalmahal” or, “ManSagar- Lake™ is that place which has all the above valuable characteristics. 50, it
becomes naturally very important and a curious issue for masses to know about it, preserve it and have
to maintain its Ecological Balance by encompassing all the desired proceedings in conserving this
monument as well as the two most valuable natural resource, “Water” and the “soil”. “Mansagar Lake"
is an Eeologically versatile Wetland Site, where several Important Migratory Bird Specics comes every
year. It is their nesting, breeding and playing gite which gives a treat to the Omithologists and many
natute lovers to watch them. Its wetland area is vast and spreading all around the Monument. Sight
Seeing is very famous for all the tourists who come here. Many Fish Species resides inside the Water
Body. On the other hand one more crucial aspect is this water body is becoming and obviously had
became a partially treated and mostly untreated Sewage water dumping site. If the Waste Water is put
straight in the Surface Water, Wells, Streams, Lakes or even Sea without any treatment it will
inevitably pollute that water( Asia and Akporhonor, 2007), All the waste water from the Walled City
and nearby area is dumped into it. Two main Nalas, one is the Brahmpuri Nala from the city area and
other is Nagtalai Nala open their chanelling waste water inside the Jalmahal or the Man sagar lake.
Resultantly, all this destroyed the Water Quality of the Lake and impacts. the associated living
organisms inside it.

The Man Sagar Lake was enlisted in conservation sites under the National Lake Conservation Plan
(Now renamed as National Plan for Conservation of Aquatic Ecosystems) in December 2002, [NPCA,
2019] and the Government of India sanctioned Rs. 25 Crore for the conservation and restoration of the
lake under this plan [SML, 2019]

In past, many researchers have carried out similar stu dies on water quality of different lakes including
Man Sagar Lake Jaipur (Kavita Sahni el al.2011: Chetna Pradhan et al., 2016; Neera Srivastava et al.,
2009; Meenakshi Singh et al., 2010]

and other major cities of India like Bhopal (Dixit 8. et al., 2008), Hyderabad (Aruna Jyothi Kora et al.,
2017), Una-Bilaspur, Himachal Pradesh (Vandana Sharma et al., 2015) and have reported that in
almost all of these cities, the lake were polluted.

Research Methodology:

The water and soil samples were collected seasonally during the winter in the month of February,
summer (May), Monsoon (August) and during post monsoon{(November). A year round analysis had
been done for the two natural resources. Water samples were collected in clean sterilized plastic bottles
and soil samples in the clear plastic bags. Water and Soil samples taken from the Mansagar Lake were
analysed for various physico-chemical parameters analysed in the lake water samples are pH,
temperature, TDS (Total Dissolved Solids), EC (Electrical Conductivity), DO (Dissolved Oxygen),
Total Hardness (as CaCO3), Calcium Hardness, Magnesium Hardness, Turbidity, Acidity, Alkalinity
Chloride, Fluoride, Nitrate, BOD (Biochemical Oxygen Demand) and COD (Chemical Oxygen



Demand),

All the experiments were performed in the Research Laborato
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University of Rajasthan, Jaipur.

Result and Discussion:

Physico-Chemical analysis of the water of “ManSagar Lake

the four seasons:-

Table 1: Physico-Chemical Analysis of the water in “ManSagar Lake

(*Rest all Values are in Mg/l) (Mean+ Standard Deviation)

ry of Indira Gandhi Centre for HEEPS

"(Jalmahal) for complete one year in all

"(Jalmahal),

10 | Parmmeter February Moy Augus| Novenber
I pH 7 730,11 77040,015 74950015 82540 032
S EC.(unboicm) | 19640041 19940013 1.97:0.0] L8040, 020
N TDS. 1612 3310377 | 1589.6740.577 | 1721.3341.527 | 17156720377
4. Nn.O. 4 06640057 A033=0) |52 4.76=0.152 4,26+ 057
8 BOD. 2393341 154 | 229%1 00 ° 234417732 199 3341154
6 | TowlHmduess | 7131732 B146620.577 | 7296651527 | 722.66%1,527
I Calcimm 02330577 | aldeloo [ 4303320877 [ 4236640577
- Harduess O e T e (e
A, Maguesim 0] 00 23066115 299331 154 | 299=1 .00
% = Harduness .
|9 Cliloride(Salinity) | 26012010 3086840586 | 402 0310028 198 3840 545
10 Alkalinity SO133+] 527 | S0 100 $19.66+1 527 398 33+].527
. avedity [ 135331507 9000 | 117.6651.527 | 116,6641.150
£2. Fluoridetppm) 0.23340.020 0314001 0.40<0.011 0.36£0.015
[ 83, Niteateppn) 2.2640.1(5 2 1340057 22640153 224010
Table 2: Physico-Chemical Analysis of the Soil of “ManSagar Lake” (Jalmahal).
(Mean £Standard Deviation).
[Smo. | Parmueter Eelwuary [ May | Augus! Noveniber
e ] LASIAMT | 79eD.173 TR 36I00ST | Tee0346
E. (punlie-cin) ERER) 1.13+0.015 | 19820037 L. 1940,01%
Fablontire AR 140,040 35 6740 0u0 40360603 344321 463
ot SeOiEAic Matter | | 33340093 [ 34800028 | 1.5840.087 3.67+0.083
- Sathgamse Corbon | 18420017 2.02:40,015 0925005 213400M9
Clilondet Salinry gD | 35 090012 350260 080 2400577 | 34840 518

The above Year round analysis of the Water and Soil samples fi
their deteriorating quality. While considering

its alkaline nature which is lower(7.70:0.015)

in the month of May and greater(8.2540.032) in the month of November
suitable for the survival of aquatic life

om Jalmahal, clearly depicts about
the water sample first and laking its pH value it shows

Since the pH range 5-9 s
(Lloyd, 1960), therefore cnormous amount of aquatic flora and

fauna sustained here. Electrical Conductivity is the measuring amount of impurities in the Water
sample. There is fluctuating range of the conduction which
85
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of purity water containg impurities in many forms which are dissolved inside in it and also makes it
turbid too. Here the value of Total Dissolved Soilds 1s more than the permissible range according to
the WHO( 1984) and thus makes water unsuitable for the usuage like in irrigation purposes Maximum
TDS observed in the month of

August(1721.3341.527) due to the accumulation of the particulate material from surrounding hilly
areas in Monsoonic Climate . D.O and B.O.D of the water body show the present ongoing water quality
destruction and deteriorating status for the survival of aquatic life. Dissolved Oxygen in terms of life
survival supports the aquatic life but on the other hand the Biochemical Oxygen Demand (B.0.D) is
much more coveted by the microbial polulation which demands more oxygen and show

their great status inside the water body. All this leads to the condition of the oxygen depletion , low
light penetration and the process of “Eutrophication™ of the water body. In terms of Hardness water of
Jalmahal is hard including calcium and magnesium ion accumulation which makes the water profile
hard . one reason for this condition is the ca. and mg. ion accumulation by surrounding rock felt hilly
area and another is by inlet of used domestic waste water which includes detergents, soap and other
similar residual material which makes it hard, Total Hardness is higher in the month of August
(729.66::1.527). Large concentration of chloride 15 an indicator f organic pollution of water
{Venkatasubramani and Meenambal, 2007). Concentration of Chlotide in the water exceeds the range.
Highest range has been observed in the month of August (402.0320.028).Increasing acidity or
alkalinity may make some poisons present in water more toxic (Lloyd, 1960). Many associated reasons
and altered patterns of rainfall and temperatue ranges are responsible for the Acidic or Alkaline
conditions of the water body, Here the values of Alkalinity are observed higher as compared to the
acidity. (520:£1,00) and, (125.33+1.527) (Alkalinity and Acidity) in the month of May and February
respectively. Concentration of Fluoride impacts the water and living environment directly and
indirectly both. Highest conc. Of Fluoride is observed in the month of

August(0.40£0.011) and lowest in the month of February(0.233+£0.020). All are withing the
permissible range. Slightly varying from month to month. Nitrate cone. I8 also very limited and low
in the water samples collected. Lowest as (2.1340.057) to highest as much as only (2.2640.152)
(2.2640.115) in May and August, February respectively,

Conclusion:

All of our drinking water comes from lakes and rivers. There is a severe waler shortage. All other
substances are dissolved in water. Water, which is odourless, tasteless, colourless, and transparent, is
the most vital material on Earth. Clean drinking water is a need. A lack of access to safe waler threatens
people’s health

and ability to make a living. Polluted water is a leading cause of illness and death worldwide.
Individual human needs are met by it. When water is conlaminated by human activities, it becomes
unusable. Man Sagar Lake's pollution problem stems from the lake's constant and increasing exposure
to wastewaler, raw sewage and sewage that has only been parily cleansed can contain dangerous
amounts of pollution. The introduction of wastewater is to blame for this issue. Approximately 130

86 gg‘?fj
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square kilometres in size, the luke may be found in the Indian state of Rajasthan, not far from the city
of Jaipur. In 1610 AD, Raja Man Singh constructed it by damming the Dravayavathi River, Discharges
of untreated wastewater and other polluting components, including as effluents from industrial
activities, houschold trash, and agricultural waste, are contributing to the lake's continually increasing
pollution level. Each year, this pollution becomes much worse. All of these items contribute 1o
pellution by collecting heavy metals and altering the physicochemical characteristics of the waler in
which they are found.
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ABSTRACT

We report here series of new the Th(IV) and U0z (VI) complexes with Schiff base having general

. composition Th Xa.nL (X=NO3, n=2) and UO:X2.nl (X=CH; COO, n=2), Where L = Schiff base

The complexes were characterized on the basis of analytical conductance, molecular weight and
spectral studies. The Schiff base behave as neutral monodentate ligand which coordinate to the central
metal atom through azomethine nitrogen.

Key words - Schiff base ligand, Th(IV) and UO; (V1)
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INTRODUCTION

A number of complexes with linear UO: (V) ion in 6- or 8- coordinator number and with th(1V) in 6-
, 8- or 10 coordination number known ref (1-6). In the present work, we wish Lo report the synthesis
and characterization of series of complexes of these metal ins with Schiff base ligand which is derived
from the condensation of O-chloroaniline and 2-Methy- 4-NN-bis -2'-cyanocthylaminobenzaldehyde.

Preparation of 2-Methyl-(NN bis - 2°- Cyanoethyl) amino benzaldehyde:-

It was moduled on the procedure Ig,ivc in the literature ref. J.T. Brain Holtz F.g. Mann 1, chem.. Soc.
1817 (1953
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Ref. V.S. Jolly and P.1. Ittyrah J. Indian Chem. Soc. 46, 997 (1969)
Preparation of Sehiff base ligand:-

A mixture of the aldehyde (1 mmol) and the. P-toluidine (1 m.mol) in absolute ethanol in taken in a
round bottom flask and two drops of piperdine were added. The mixture was refluxed for 4-5 hrs, On
cooling dark coloured solid separated which was filtered under suction and recrystalized, from ethanol
as yellow solids.

M.P. -161°C
Yield -83%

ngﬁ\ CH; Colour -Yellow
N\ |

' N=CH ¢__ N(CHCH;-CN),

2-Methyl- 4-NN-bis-2’- Cyanoethyl Amino Benzylidine-Para toludine 3pCARBPT)

Synthesis of complexes:-

The respective metal salt solutions were treated with ligand solution in the required molar
concentrations.In some of the casers complexes were isolated immediately in cold while in some cases
in not solutions. In other cases the resulting solutions were refluxed for 2-3 hrs at Ca 65-70%. The
solvents uses were ethanol, Isopropanol or acelone. The complexes were collected washed with the
solvents and finally with ether and dried in vacuo over anlyd. CaCla.

sopr 0
Ih(NO,), + 2 FE0ropancl, S =T8¢ yry, (NOsN
heat and reflux

{J L 5]
U0, (CH,CO0), + 212222 65-72 ¢ 110, (1), (CH,CO0),
heat and reflux :

The analytical data Table 1 indicate that the complex are non-ionic in nature the complexes
are fairly stable at room temperature gxcept. The lodo complexes which convert in to stickly mass
after some time .
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Complexes Colour M.P. | Yield | M.W. | Analysis | Found | (Caled.) (Ohm!
found Analysis | o200l
(caled.) ' 1
c H N
e THINO,), Yellow 146 | 51 950 43.92 1410 [12.11 4.1
(2MCABPT) (1185) | (45.20) | (4.29) | (14.80)
vo,{(cH,co0),. Dark 145 174|978 4510 | 380 |12.0 3.2
‘AR Yellow i
HEAMCREET) (1093) | (4620) | 4.0y |(13.10)
vellow - 2 .
(2150) | (44.10) | (5.11) | (10.11)
UO2(NO;)s. 2(2MCABPT) | DarkYellow | 150 |84 | 996 46.10  [390 |1020 |38
(1099) | (48.50) | (4.10) | (11.30)
Table -1

Electronic Spectral Studies:-

The electronic spectral studies of these complexes are of loss interest since metal ion does not contain
any unpaired electrons in its outer most shell. All the complexes which are studies on the bases of
electronic spectra exhibit n — x* bands which are around 240-220 mm and bands at 330-250 nn
which corresponds to - 7" transition .

Anti-microbial Studics

Anti-microbial namely antifungal, antibacterial studies of complexes as well as that of organic
compounds were the field the interest of various workers [17,-19]. Antifungal/Antibacterial activities

against various pathogens using Thorium (V1) and dioxouranium (IV) compounds have been reported
in the past [20-22].

Antimicrobial activity was determined by dise diffusion method. Filter paper disc measuring
6.0 mm diameter were cut with a punch from Whatman filter paper No.1 sterilized at 160°C in hot air
oven for one hour, antimicrobial solutions of desired concentration were dropped on discs and Wwere
dried in incubator in 37 °C and stored in freezer. Nutrient dgar was poured into plates,keeping depth
of the medium 4.0 mm, After the medium solidified,the plates were kept for 30 minutes in an incubator

o

-
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(35 to 55 "C) to remove excess of moisture,4-5 colonies of pure culture on Nutrient agar /Sabouroud’s
Dextrose agar were transferred into a cullure tube containing peptone water with the help of wire
loop.The culture was incubated by lawn culture method. A loop full of 2 mm diameter was used to
streak the plates with the fest organisms and kept it for 5-10 minutes al room temperature,

The discs were removed with the help of flamed forceps from their respective vials and placed
in the plate 15 mm away from the edge,at equal distance and sufficiently separated from cach other
to avoid overlapping of zone of inhibition, finally pressed them lightly with forceps to make complete
contact with surface of medium .The plates were incubated at 35-38°C for 24-30 hours.

CULTURE MEDIA USED
Nutrient agar

Agar 2% was added to prepare nutrient agar for antimicrobial sensitivity test. The pH was

maintained between 7.4-7.6. E
Composition »
Peptone - 10g
Sodium Chloride = 05g
Beef extract = 10g
Distilled water = 1000ml.

After addition of 2% agar , media was autoclaved at 15-25 minutes and poured in sterilized
plates.

Sabouraod’s Dextrose agar

Composition
Peptone = 10.0g
Dextrose = 40.0p
Agar = 20.0g
Distilled water | = 1000ml
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Abstract

In this paper. we have established two theorems by making use of Euler’s g-derivative and g-
shifted operators for a function of one variable and also for function of two variables. We
derived several companion identities by applying these theorems on some known g-series
identities. We deduced several special cases which are also the companion identities in the last
section of the paper.

Keywords/Phrases: g-scries identities; summation and transformation formulae for basic
hypergeometric series; g-differential operator and Euler’s g-derivative
operator

MSC 2010 No: 33DI15, 33D60

L. Introduction

Riese (1997) derived the dual and companion identities in the second chapter of his thesis by
making use of the theory of gWZ-pairs developed by Wilf and Zeilberger (1990), Riese (1997)
used gZeil of the g-Zeilberger algorithm (Paule and Riese (1997)) to generate the dual identities
and companion identities systematically. Later, Zhang and Yang (2009) verified some of these
identities. Somashekara et al. (2011) derived a new summation formula for 51, basic bilateral

hypergeometric series by using method of parameter augmentation. Kumar et al/ (2012)

- -
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established some interesting theorems which verify the special case of companion identity by
using parameter augmentation method. In this paper, we have established a method for deriving
such identities without use of g-Zeilberger algorithm. For any description about dual identities
and companion identities readers may consult Paule and Riese (1997).Finally, we wish to derive
results presented in the second chapter of the thesis of Riese (1997) without use of gZeil of the g-
Zeilberger algorithm. To achieve the goal we have used the several definitions and known results
that are given in the next section.

2. Preliminaries and g-Notations

For any integer n the ¢- shifted factorial is defined as

(@ q)n = (1—a)(1-aq)(1-aq?)..(1-aq™"), (1)
(@ Qp = e, @)
(@; @) = ::ELH%EJ'- (3)

s = T )

Throughout the paper, we have considered 0 < g <] and -1<x <1,

Definition 2.1. g- Derivative

Euler’s g- differential operator for a function F1x) is introduced in Rogers (1893, 1894, 1896) as
follows

Flx)=Flgx)
D (F (x)) = F2=1), ®)

Definition 2.2, @, f-Shift Operators

The g-shified operator a, § for Ffx) is introduced in the Andrews (1971). Roman (1985) defined
as

a{F(x)} = F(qx), B{F(x)} = F(g~'x).
(M

Now, we define partial g-derivatives with respect to x and with respect y on the same fashion of
Euler’s g-derivative for a function Frx, ) as follows

X

F'(x,y) = F[r.}'J-me.y}_ 'iﬂ. t,g‘df (8)
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Now. we define partial g-derivatives with respect to x and with respect y on the same fashion of
Euler’s g-derivative for a function Fix, v as follows

Flxy)=Fixq™
F'(I,}'}= {I}}q-:;ﬁ‘ :Ir':ﬁ'r {Q]

Definition 2.3.

We define a g-derivative formula for a function Frx, y) with respect to x and y

Doy F(x,y) = Ff"’”i'_:f:,‘; Lea), (10)
The g-shifted operator ‘o’ for Fix. ) is defined by
a{F(x,y)) = Flqx,y). (1)
The g-shifted operator 8" for Fix, v) is defined as under
BUF(x, )} = Flx,q7"y), (12)
The two definitions (11) and (12) coincide to Fix, yj for «” and 5
3. Main Results

In this section we shall established two theorems and their proof.

Theorem 3.1.
If Dy Flx) = fix) and a{F(x) } =Flgx),
then
Fx) = F(xq™) = x X80 f(xq™)q" . (13)
Proof:

Taking D, Ffx)=f(x) and replacing F(gx) by «{Ffx)} in equation (6) and rearranging, we get
F(x) = = [xf (x)) (14)

Multiplying both sides of (14) by (/-a") and then using the equation (7) on the left hand side and

sum the right hand side as follows
vd N

F(x) = F(xq™) = Z0 a® {xf (x))
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Now, apply operator defined by equation (7) on equation (15), we get the required result in form
of equation (13).

ThEﬂrEm 3_1
” Dy F(x, w=fx. y), a{F(x, y)}=F(gx, y) and
d BiFex, »)}=Fx, ¢ ),
then
F(x,y) — F(xq™, yq™) = (x = y) Ing' F(xq"™, yq™ 1 )q™.
(16)
Proof:

Taking a/F(x, ) }=F(gx, y) by equation (11} and S{Ffx. v}/=Fx. g "' » by equation (12) in
equation (10) and rearrange as under

Flx,y) = mfw}{(r =@ YDy F(x, 1)} (17)

Multiplying both sides of equation (17) by [1-(«/f)™ ] and then using equation (1 1) and equation
(12), we get

[1- (%)ml Flx,y)y= ﬁ[l;_{f};z‘ (&~ ¢ 9Dy F (2,3} (18)

Taking D, Fix, y)=fix, ¥) and summing the right hand side of equation (18) by geometric series
Fx,y) = Flxq™, yq"™) = 2R a8~ H(x —q7'»f (.9} (19)

Simplifying equation (19) by using equation (11) and equation (12), we get the required equation
(16).

4. Applications

In this section, we shall establish some companion identities by making use of theorem 3.1 and
theorem 3.2. Identity 4.1 and ldentity 4.2 are derived by the application of theorem 3.1 and
Identity 4.3 is derived by the application of theorem 3.2

Identity 4.1,
If ¢
M
a0
Ao} = (% Gleo o M"} -.;.pﬂf
._h."l""l; “_-,;:-L'![: .
F(x) = F(xq™) = x 205 F(xq™)g”, o A
= 1“"‘ i
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then
xXn=i (6 @Qnq" =1= (X Q. (20)
Proof:
We have
Flx)= o
(21}

Using Euler’s g-differential operator defined by equation (6) on equation (21), we get

DoF () = e = F(®) @2
Setting x = xq" in equation (22), we get
i
Fxq™) = 23)
and setting x = xq™ in equation (21), we get
my )
Fa™) = emme @

Substituting the values of’ Fix), Frxg") and fixg") from equation (21), (24) and (23) respectively
in equation(13) and after simplifying, we get the required result (20).

Verification of identity (4.1)
It is verified by analytical method using equation (13). In this method the left hand side of
equation (13) becomes dummy and only right hand side is solvable in two different ways. The

procedure is as under:

Substituting the value of fixg") from equation (23) in equation (13), we get

Fx) — F(xq™) = x 15 Gaosd (25)
On simplification, equation (25) can be written as
F(x) = F(xq™) = = Enad (x: q)ng™ - (26)

Expanding the inner series of equation (25) by using equation (4) as follows

F(x)=F(xq™)=x X4 g Er-u{;qq;r "QJ = 27)
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Rearranging equation (27) becomes
F(x)— F(xg™) = IE’-U{:‘i} ym- 1 n[r+1} (28)

The inner right series is a geometric series of 'm ' terms with first term | and common ratio ¢/
after summing this, equation (28) becomes

FG) = FOq™) = Do (1 - q0+9) (29)
Replacing » by {r-1) in equation (29). we get
F(x) =F(xq™) = i s (s iy E‘tl?:qfr (30)

Taking both series from r=0in the right hand side of equation (30), we get

F(x) = FQeq™) = Efto i = Eig S, 31)
Summing both series of right hand side of equation (31) by equation (4), we get
i 4} - T (32)
On combining equation (26) and equation (32), we get the required result (20).
Identity 4.2.
If F(x) = (x; q)e and
F(x) = F(xq™) = x 753 f(xq™aq™,
then
* Il " = fx::?]'m & (33)
Proof:
We have
F(x) = (% @) . (34)

Using Euler’s g-differential operator defined by equation (6) on equation (34), we get

/

-

.
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D F(x) = —(xq: @) = f(x). (35)

Taking ¥x= xg" in equation (35}, we get
fxq™) = =(xq" @ (36)

Setting x=xg¢™ in equation (34), we get
F(xq™) = (xq™; @) - (37)

Substituting these values of Fyx). Fixg™) and fixg") from equation (34), (36) and (37)
respectively in (13), we get the required result (33).

Verification of identity (4.2)

Applying analytical method by using equation (13), the left hand side of equation (13) becomes
dummy and only right hand side is solvable in two different ways as discussed in the verification
of (4.1).

Identity 4.3,
If
F(x,y)= fﬁ% and
F(x,y)—F(xq™, yq™) = (x = y) I0 F(xq™ yq™**)q",
then
—yyym=1 hahy n g Gtigdm

tx }F} E”"G rtiglusq it (vt: @dm. (38)
FProof:
We have

Fx,y) = -?’5-:% (39)

Operating equation (10} on equation (39), we get

flx,y) = ¢ Ldle (40)

(xt: Qe
Setting x= xq", y=yg" "' in equation (40), we get M



450 K. P. Yadav and A. Kumar

{¥ta™*':q)

i n=-1y
Fxq®.yg"™"y =t (41)
Setting x= xg™, y=yg"™ in (41), we get
Mmooy — O™ gle
Flxq™.yq™) = Gt ™ @ (42)

Substituting these values of F(x, y), Fixg", yg™) and f{x¢", y¢""') in equation (16) , we get the
required result (38).

Verification of identity (4.3)

It is verified by analytical method using equation (16), In this method the left hand side becomes
dummy and only nght hand side is solvable in two different ways. The procedure is illustrated as
below:

We have
flat,yt) = L= (43)
Setting x= xg", y=vg""' in equation (43), we get
flreq”, yeqr1) = 210 (44)
2" gl
Substituting the value of f{xtg", ytg™ ') from equation (44) to equation (16). we get
Fxt, yt) = Flxtq™ ytq™) = t(x = y) g S la gn @45)
On simplifying equation (45). we get
F(xt,yt) — F(xtq™, ytq™) = ¢ 28 ¢y gm—1 Gtidy o0 (46)

(Xt q)en =0 (yt: gInss

Expanding the inner series of equation (45). using equation (5), we have

{H}

F(xt,yt) = F(xtq™, ytq™) = t(x — y) T q"Zr-u ={xtg") . (47)

Rearranging the equation (47) as follows _‘3&3?:‘ _;ﬂq'g
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()

F(xt,yt) = F(xtq™, ytq™) = t(x ~ ) Efg2ms (xt) TR "0, (48)

The inner right series is a geomelric series of 'm'terms with first term 1 and common ratio ¢"**
after summing and simplifying, the equation (48) becomes

Gy

Fxt,yt) = Flxtq™, ytq™) = Zo g == (xt) ™1 (1= g™ 0) . (49)
Replacing r by (r-1) in equation (49), we get
F(xt,yt) — F(xtq™, ytq™) = ,-;l%q} -Erni{ ) —=Llxg™) . [90)
gy (q:q)y
Rearranging series from =0 in equation (50), we have
Fxt,yt) — F(xtq™, ytq™) = ('q ,j e L r-uEF ﬁz oo (xtg™)" (51)
Summing right hand side of equation (51} by using equation (5), we get
F(xt, yt) = F(xtq™, ytq) = Ll _ 0107 ) (52)

i les  (X0Q™; Qe
Simplifving equation (52), we get

my ¥k q}w (xf: g LV g)on 2]
= (xt: @) O Qm 6 Qa (53)

F{xt, yt) — F(xtq™, ytq
On combining equation (46) and equation (53), we get the required result (38).
5. Special Cases
If we set r=1 in equation (38)
Ex—ylEH':u“ﬁq” - 1—%. (54)
If we put y=0 in equation (54), we get the equation (20).
If we put x=0 in equation (54), we get the equation (33).

The limiting case as m—ac the result (38) becomes r»q[/
tx = y) Py lngn = 1 - il » - (59)

=t P q (¥t Tleo
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If we put ¢ =1 and y=0 in equation (55), we get a result as Jim m—sac of equation (20),
Ifweputs=1and x=0 in equation (55). we get a result as lim m— of equation (33).

6. Conclusion

In this paper. we have established two main theorems by making use of Euler's g- derivative and
g-shifted operators for a function of one variable and two variables. Some companion identities
have also been derived by applying these theorems on some known g-series identities. Finally,
we deduced some special cases, which also have the companion identities. The main purpose of
the paper is to derive results without making use of a gZeil of g-Zeilberger algorithm, which are
listed in the second chapter of the thesis of Riese (1997).
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ABSTRACT

Or all the resources, man is the most valuable reson rce having relevance owing
to his well-developed mind and ca pacity. In fact, man is not only resource in
himself but all the other natural endowments which are treated as rESOuUTces, are
in a sense the creation of man- mind and his abilities, As Zimmerman and Michel
have observed, Man-mind is the greatest resource itself. Man has played a crucial
role as a controller, regulator, and modifier of resource according to his needs and
capacity to fulfil his requirements. Thus, through his various interrelated activities in
physical as well as cultural real man has emerged as “pivot” in the nature. Morgan
has rightly remarked that “the land use patlerns of agricultural system depend” not
only on the physical environment and plantsfanimals’ relationship, but all so
social and economic conditions ascribed 1o type and level human activities. So, it is
great relevance to appraise various aspects of human resource base. By analysing the
population data of the last 100 years of Karauli district, how much and how has the
change in population affected the development here. Also, what are the changes in the
population distribution pattern here. An attempt has been made to analyse all these
changes through this research paper and analvsis is neces sary to develop the district
by making optimum use of the resources available here.
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In present population of Karauli district is 1458248 persons up to 2011. Which is distributed
with much spatial variation associated with such factors as availability of fertile, land, transport
and marketing facilities and impacts of floods etc, most of the people in the district reside
in rural areas. The density of population of the district was 289 person per square km
in 2011. Due to this change of population, the study of the changes taking place one the
economic and social profile of Karauli district is very important and the study of how the
invisible changes in land use due to the change of population can be used as development
is essential.

Objectives

% To present the distribution of population in the district.
% Interpreting population pattern based on population growth over the last 100 years.
% To explain the dense and sparse areas of population density in district.

Review of literature

The first population analysis study in the history of the world was conducted in 1953 by G.T.
Trewartha. Following this, many economists and geographers made significant contributions
to the field. These included Thomson, Lynne Smith, Ackerman, C. Clark, Ward, ].I. Clark
Garner, Jalensky, Stamp, Alfrid Peterson, G.J. Demko, Adams Landry, Brasley, P.E. James,
Buchnan, P. George, W.E.Mori are prominent scholars.

Indian Scholars in Population Studies- Ashish Bose, B.L. Agarwal, S.N. Agrawala, R.C.
Chandana, G.5. Gosal, B.N. Ghosh, B.N. Puri, V.C. Misra, B.C, Mehta, Mansur Ahmed, S
Mehta, Suryakant, R.5.P. Gosal, K.N. Dubey, Prem Sagar, Smita Sen Gupta, 5.C. Julka, P.K.
Sharma, Sodhiram, Dhaneshwari, Jitendra Mohan, Meher Singh Gill, F.Z Jamali, N.L Gupta,
Hemlata Joshi, Sadhana Kothari, [smail Haque, Indel Singh, Kamalkant Dubey, Mahendra
Bahadur, Juzar Singh, Pushpa Pathik, Gopal Krishna, Abdul Razak, Nural Alam, A.S.
Panwar, Anju Kohli, Gunjan Garg etc. have made their invaluable contribution,

In recent years, significant study is done in the population distribution by Bose, C. (2018),
Chutia, L.J. and M.K. Sharma. (2016), Das, D, A. Kumar, and M. Sharma. (2020), Dash, M.
(2016), Ribeiro HV, Oehlers M, Moreno-Monroy ALKropp JP, Yadav, S, Khan,Z. (2012),
Zhangl, Lin X, Leng L, Zeng Y, (2021), Zhou Q, Xu Y, Zheng Y,Shao ], Lin Y, Wang
H,(2020), Khan, Zuber & Yadav, Sandeep & Mangal, Nikita. (2021) and Yadav Sandeep and
Sahu Sonu (2022),.

Study area

Karauli district located in the south-eastern region of Rajasthan lies between 26°3' north to
26°49' north latitude and 76° 35' E to 77° 26' E longitude. The §eight for_the sea level in
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the district 400 to 600 meters, and total area of district is 5043.02 (census report, 2011). It
is bounded on the East by Dhaulpur district, on the North-East Bharatpur district, on
the North — West Dausa district and the South-West Sawai Madhopur and on South-East by
Madhya Pradesh state. Chambal River separating the Karauli and Morena district (M.P.
state).
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Administratively, the district comprises 6 tehsils. The town of Karauli is the district
headquarters. Karauli District comes under Bharatpur Divisional Commissionerate, Karauli
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is famous for popular red-stone. Karauli district consists of 85.04 percent rural and 14.96
percent urban population. While almost the entire district is covered by hills and ravines,
there are no lofty peaks, the highest having an elevation of less than 1400 feet above sea
level. Good grade stone and some iron ore comprise the mineral resources of the area.
Karauli’s natural environment includes the Vindhyan and Aravalli mountains., The district
has plain, high, and low and hilly parts. The plains are fertile, and clay is lightweight and
sandy. There are many rivers in the district. Annual rainfall is 580.36 mm, about 35 days in
a year. Maximum temperature is 49 “C in May and 2 “C in January.

Methodology

The most appropriate unit of study has been determined to be the tehsil. The study’s primary
data source is secondary information that was gathered from numerous reliable government
sources. The tehsil level data for total, male, female population has been taken from
Census of India (2011) General Population Totals, Primary Census Abstract, Rajasthan.
Data was first combined into several groups and tables in accordance with the needs of the
study after being obtained from various sources. The study has made use of maps and several
statistical techniques to fulfil its objective requirements and conduct a factual comparative
analysis of the data.

Growth & Distribution analysis

Table 1: Population Growth 1911-2011

Total population Rural population Urban population
e piliea T % gl N e e Sl
Variation  Population Population
() (%)
1911 344078 - 98.78 — 1.22 = 3 825
1921 305090 -10.8 95.18 -13.53 1.52 +2.03 3 820
1931 308988 +10.05 97.78 +2.69 222 +1.31 3 832
1941 34736 +13.01 96.39 +6.20 3.61 +2.26 3 B30
1951 371931 +12.11 92.29 49,10 TEF +21.38 3 40
1961 444807 +23.32 20.49 +1.A45 .51 +5.90 4 835
1971 559266 42649 89.10 +24. 36 1150 +3.59 4 854
1981 798926 +42.85 88.33 +42.77 11.67 +4.66 B B67
1991 927719 +16.12 B7.49 +14.01 1251 +3.62 5 B40
2001 1209665 +29.13 86.39 +29.29 1361 +4.28 6 858
2011 1458248 42054 8474 41824 1496 479 9 861
7]
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Decennial growth of population of the district gas been rather erratic. During the second and
third successive decades of the century, tide creased owing to a variety of reasons such as
epidemic and unhealthy seasons, the third and fourth decades witnessed a growth of 10.05%
and 13.01%. Population growth continuously increased during next successive decades. The
increase in the population of the district during the 1961-71 decade was slightly less than the
average increase for the whole of Rajasthan, which was 27.83%, In the present day, the
growth rate of Karauli district is 20.54%. Table 1 shows medium growth of 36.57% during
the period of 1921-71 while high growth during 1971-81 remained 16.36% but growth during
1981-1991 increased to 29.12% respectively, Between 1911 and 1921 this was marked decreased
due to serve attack of various epidemics (e.g, cholera, plague etc) famine and other
natural calamities. But after 1921 the increase in number continued without interruption,
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At tehsil level, during 1971-81 the growth was highest (53.10%) in Hindaun tahsil and lowest
(+0.47%) in Karauli tahsil. In Karauli tehsil during 1941-51 growth decreased (-1.83%)
due to epidemics. Medium growth (25.83%) is observed in Todabhim tehsil. The remaining
maximum number of tehsils falls under moderate low category, i.e., growth 20 to 30%.

The total population of the district is 1458248 persons up to 2011, which is distributed with
much spatial variation associated with such factors as availability of fertile, land, transport
and marketing facilities and impacts of floods etc. Most of the people in the district reside in
rural areas. The Census of 1961 recorded that 89.81% of the population was rural and 10.19%
urban respectively. The Census of 1971, however, showed some shift towards urbanization
when 11.90% of population was found to be urban and 88.10% rural.
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Table 2: Tehsil wise population distribution in Karauli District-2011

Rural Urban Total
Tehsil Male Female Total Male Female Total Male Female Total
Todabhim 122525 105676 228203 12079 10858 22977 134604 116576 251180
Nadauti 80479 70419 150595 = - - 50479 70419 150868
Hindaun 171569 146853 318422 53834 49618 105452 227403 190471 423874
Karauli 143984 122184 266168 4393 39052 B09a0 187892 161236 349128
Mandrail 40659 33941 74600 = - = 40659 33941 TaR00
Sapotara 108969 92883 201852 3633 3083 6716 & 112602 95966 208565

Print ISSN: 22314105 6

¥

Online ISSN: 2249-5223



Review of NEP in Rural Development: A Demographic Study of Karauli District | YJ

Decennial growth of population of the district gas been rather erratic. During the second and
third successive decades of the century, tide creased owing to a variety of reasons such as
epidemic and unhealthy seasons, the third and fourth decades witnessed a growth of 10.05%
and 13.01%. Population growth continuously increased during next successive decades. The
increase in the population of the district during the 1961-71 decade was slightly less than the
average increase for the whole of Rajasthan, which was 27.83%, In the present day, the
growth rate of Karauli district is 20.54%. Table 1 shows medium growth of 36.57% during
the period of 1921-71 while high growth during 1971-81 remained 16.36% but growth during
1951-1991 increased to 29.12% respectively. Between 1911 and 1921 this was marked decreased
due to serve attack of various epidemics {eg., cholera, plague etc.) famine and other
natural calamities, But after 1921 the increase in number continued without interruption.
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At tehsil level, during 1971-81 the growth was highest (53.10%) in Hindaun tahsil and lowest
(+0.47%) in Karauli tahsil. In Karauli tehsil during 1941-51 growth decreased (-1.83%)
due to epidemics. Medium growth (25.83%) is observed in Todabhim tehsil. The remaining
maximum number of tehsils falls under moderate low category, i.e., growth 20 to 30%.

The total population of the district is 1458248 persons up to 2011, which is distributed with
much spatial variation associated with such factors as availability of fertile, land, transport
and marketing facilities and impacts of floods etc. Most of the peaple in the district reside in
rural areas. The Census of 1961 recorded that 89.81% of the population was rural and 10.19%
urban respectively. The Census of 1971, however, showed some shift towards urbanization
when 11.90% of population was found to be urban and 88.10% rural.
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Table 2: Tehsil wise population distribution in Karauli District-2011
Rural Urban Total
Tehsil Male Female Total Male Female Total Male Female Total
Todabhim 122525 105676 228203 12079 10598 22077 134604 116576 251180
MNadauti 80479 70419 150595 - - — 80479 70419 150898
Hindaun 171569 146853 318422 55834 49618 105452 227403 196471 423874
Karauli 143984 122184  2BG163 43908 39052 20950 187892 161236 349128
Mandrail 40659 3394 74600 - = — 40R/59 33941 Fa4nR00
Sapotara 108969 97883 201852 3633 3083 b7l ._i'\ 112602 93966 2083658
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Out of the three tehsils of the district, namely, Nadauti, Sapotara and Mandrail were
completely rural. Highest population (423874 persons) lived in Hindaun and lowest
population (74600 persons) lived in Mandrail. Along roadside, the concentration of
population is observed in the form of patches. The patches of highest population are located
along Hindaun-Karauli, Hindaun-Mahavirji, Karauli-Mahavirji roads where beneficial
condition like fertile land and transport and marketing facilities etc. are available.

The North-West parts of Todabhim and Karauli tehsils, and southern and western parts of
Sapotara tehsil have medium concentration of population, Low concentration of population
in Mandrail tehsil is due to adverse and hilly area,
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SUMMARY

Since the existence of Karauli district, the growth of population has been slow towards
urbanization. After analyzing the population, it is seen that even today there is a lack of basic
amenities which do not reach the rural areas. There is an absolute lack of pure drinking water,
paved roads for accessible transport, employment, urban lifestvle, etc., which needs to be
developed through government schemes and the participation of local public representatives,
Even today there is a complete lack of urbanization in some tehsils of the district, due
to which the development of the district is blocked. Therefore, there is an urgent need for

integrated development of rural population so that the district can be included in the
front line.
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Industrial Development in Karauli District:
Challenges and Opportunities
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ABSTRACT: This research article explores the industrial development in Karauli district, highlighting the challenges
faced by the region and identifying potential opperiunities for growth. The study examines the historical background of
the district’s industries and assesses the spatial distribution of various industeial umits. Tt also nnalyses the presence of
micro, small, and medium enterprises (MSMESs) and provides an overview of their contributions to the local ECONOMY,
The article concludes by discussing the constraints hindering industrial growth and offering suggestions for overcoming
these challenges.

KEYWORDS: industrial development, micro/small/medium enterprises, challenges, spatial distribution
L INTRODUCTION

The area encompassed by Karauli district has traditionally been associated with wraditional artisanal crafts, such as
weaving, goldsmithing, and blacksmithing. which primarily cater to local demands. However, there has been limited
mdusirial development in the district, with minor manofacturing activities focused on niche markets in the
neighbouring areas. This article aims to shed light on the growth of industries in Kuarauli district, focnsing on the
present scenario and prospects for future development,

Although public policy instruments undoubtedly influence the economic growth of different regions, the relative
economic position of each region is ultimately determined by vasious factors, particularly local-specific factors. The
prevailing view in modern economic development sugpests that industey plays a significant role in both generating and
reducing disparities among regions. Industry is offen seen as the primary driver of economic growth and its expansion
is considered more prone to "cumulative cavsation” compared o other sectors,

The conventional theory of regional development suggests that industrial development, and consequently overall
economic development, should follow a path that leads 1o "convergence”, laitially, industries tend o concentrale where
they are already present, but as diminishing returns set in. they shift 10 Jess developed areas. Since agriculture
experiences diminishing returns sooner due to land limitations and technological consteaints, industry, with its history
of increasing relurns, acts s the equalizing force once its development begins in backward arcas.

As aresult, regions with different initial levels of development and capuabilities are subject to “cumulative causes”
They not only grow at different rates due to internal factors but also experience differences that are magnified by the
inferaction between regions through the "backwuash effect” (Myrdal, 1957: Hirschman, 1958; Keldor, 1970), Shortly
after independence, it became evident that there were significant disparities in economic development, particularly in
the industrial sector. Political mechanisms and measures were established 0 reduce these disparities, particularly in
underdeveloped regions, through the establishment of central public institutions. However, it is worth guestioning
whether these state intervention policies fruly promoted indusirial development in poorer regions and effectively
reduced regional disparities in industrislization levels. In practice, these policies often tended to favour more developed
and urbanized arens within the underdeveloped regions,

II. REVIEY OF LITERATURE

Studies focusing on industrial development in Karauli District have been conducted by variphé Tesearchers and
organizations. Singh and Sharma (2019) examined the curremt stale of industrial deve nt in the distigt,
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highlighting the challenges and potertig] opportunitics. Their study provided a detailed analysis of the industrial
landscape in Karuli, identified constraints faced by existing industeles, und proposed recommendations for promoting
indusinal growth

Another relevant research conducted by Khan and Verma (2017) compared the economic development of Karauli
District with neighbouring districts in Rajasthan. Their sty explored the factors influzncing industrial growth in the
region and assessed the effectivensss of guvernment policles in promoting economic development. By providing
msights into the specific challenges faced by Karauli District, this research shed light on the efforls regjuired 1o achieve
industrial progress. Agarwal and Mishra (2015) focused on the socio-economic aspecls of development in Karauli
Dustrict. including industrial development. Their study examined the role of various swakeholders, such as the
Bovernment. Jocal communities, und industry sssociurions, in driving economic zrowth. It emphasized the importance
of inclusive developmen strategies to uddress region disparities, highlighting the need for a holistic approach to
thdustral development,

The Rajasthan State Industrinl Development and Investment Corporation Limited (RIICO) has played an
instrumental role in studying industrial development in various distriets of Rajasthan, including Karauli, RIICO's
reparts provide valuable insights into the existing industrial infrastructure, investment opportunities, and policy
initiatives in the district. These studies serve a5 essential resources for understanding the industrial development
lundscape in Kuruuli, The €. onfederation of Indiun Industry (CL) has ylso contributed 1o the understanding of industrial
development in Rajasthan, including specific references 1o Karauli District. CI1 has published reports discussing
putential sectors lor industrial growth in the slzte, providing industry perspectives and recommendations for
pulicymakers and investors interested in the region

The Plunning und Development Depurtment of the Government of Rajasthan has undertaken studies on
vegional development, including Karauli District. Their reports analyse the existing infrastructure, investment climate,
and industrial potential of the district, These studies offer valuable insights into the challenges and opportunities for
industrial development in Karauli,In addition 1o these organizations, researchers from academic institutions, including
local universities and research centres, have conducted studies on various aspects of industrial development in
Rujasthan. Although not specific 1o Kurauli District, their work provides insights into the broader context of industrial
growth o the state and can be relevant for understancling the challenges faced by Karauli.

A range of studies conducted by researchers, organizations. and government bodies have provided valuable insights
into the challenges and epportumitics for industrial development in Karayli District. These studies offer comprehensive
analyses al the industrigl landscupe, identify constraints, and propose strategies for promoting industrial growth,
Policymakers, stakeholders, and potential investors can benefit from the findings of these studies to develop informed
strategies und interventions that foster economic growth and industrial development in Karauli District.

. OBJECTIVES

The objectives of studying industrial development in Korauli District are a5 follows:

| Assess the current state of industrial growth, idestifying challenges and apportunities,

2. Explore the factors influencing industrial growth, including government policies, infrastructyre, resources, and local
socio-econumic conditions,

3. Examine the effectiveness of exisling interventions and initatives aimed at promoting industrial growth,

= ldentify opportunities for industrial di versification and expansion in the district.

3. Promuote inclusive and sustainabje industrial development, considering social and environmental impacts,

These objectives uim to understand the current situation, sddress burriers. leverspe strengths, and oplimize strafepies
tor industrial development in Karauli District. By pursuing these uhjectives, policymakers can foster a conducive

environmen!, allract investments, promole entrepreneurship, create employment opportunities. and ensure sustainable
and inclusive growth,

IV.STUDY AREA
Karauli district. sitvated in the southeastern region of Rajusthan, is eographically located between 26°31 1o 264

north latitude and 76°35° E 10 1728 E longitude. The distriet covers an aren of 5043.02 Square kilometres, with an
clevation ranging from 400 10 600 meters above sea level, as per the census report of 200 1. It sh borders with
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Dhaulpur district to the cast, Bharatpur district 1o the northeast, Dausa district 10 the northwest, Sawai Mudhopur
dlistrict to the southwest, and Madhya Pradesh state to the southeast, separated by the Chambal River,

Administratively, the district is divided into 6 tehsils. with the wwn of Karauli serving os the districl
headquarters, Karauli District falls under the jurisdiction of the Bharatpur Divisional Commissionerate, The district s
resowned for its abundant reserves of popular red stone, The papulation of Karauli district is predominantly rural,
accounting for #5.04 percent, while the urban population constitutes 14.96 percent. The topography of the district i
characterized by hills, ravines, and a lack of wwering puaks, with the highost clevation being below 1400 feel above
sea level. The region possesses mineral resources such ns high-quality stone and some won ore. The natural
environment of Karauli encompasses the Vindhyan and Aravalli Mowntuin runges, The district exhibis diverse rerrams,
including plains, highlands. lowlands, and hilly arcas. The plains are tertile, featuring lightweight and sundy cliy soil,
Severul rivers flow through the district. conlributing to its water resources. The annual rainfall in Karauli averages
380.36 mm, occurring over approximately 35 days in a vear The climatic condilions vary, with the maximum
temperature reaching 49 °C in May and the minimuom tlemperuture dropping to 2 *C in January.

T
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¥. RESULTS

Growth of Industries:
The historical context of industrial development in Karauli district is explured, highlighting tradinonal crafts, (ncluding
weaving, dyeing, wooden toy manufacturing, and lacquer wark. The district's past exports, such as copper vessels,
lacquered wooden articles. and scents exiracted from khas grass, ure discussed. Additonally, the presence ot state-
owned cotton presses and the prominence of cotton, cloth, and carpet weaving in the district are eximined. The impuct
of fertile tracts and the woollen cloth industry in the region is also acknowledged. R

o
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Spatial Distribution of Indusines;

The classilication of industries bosed on raw matecials, production, employment. capacity, and investment is analysed.
The diata ebiained (rom the district presents a comprehensive overview of various industrial units, The absence of large-
scale industries is noted, while the prevalence of micro, small, and medium enterprises {(MS5MEs) is emphasized. The

article provides insights into the types of industries present, including stone cutting, stone slates, washing soap,
readymade garments, oil expellers, paper bags, carpets, and more,

Rural Industries:

An examination of rurul industries in Karauli district is undertaken, focusing on different sectors such as food and agro-
based industries. forest-bused industries, hand paper fibre industries, mincrals-based industries, chemical-based
industries. engineering non-traditional industries, and textiles and service industries, The employment gencrated,
production, sales, and labour statistics for each sector are presented.

Table 1: Rural Industries in Karauli District (2018-19)

Group Allot | Extra Production Extra sale Exira Labour
unit (In Lakh) {In Lukh) Employment (In Lakh)
o,
Food and agro based indusiries 6 7050 88.13 47 25.85
Forest based industries 0 0 0 ] 0
Hand Paper Fiber Industiies | 6 1.5 4 220
Minerals based Indusirics 2 13.5 16.88 9 495
Chermical based Indusiries 0 ¥ 4] 0 0
Enginesning nontraditianal I 4 11.25 6 330
Iridustrial
Textiles and service Industries 10 ¥ [¥] 59 338
Taotal 0 oo 123.76 125 69.48

Industrial Estate:
The presence of un industrial estate in Karouli district is discussed, with a detailed elassification of industries based on

thesr nature and mvestiments. The article highlights the nember of industries, investment amounts, and planning figures
fer ditferem industrial enlegories,

Challenges and Constraints:

The article identifies the major constraints faced by the district in terms of industrial development. These include a lack
of working capital. inadequate supply of raw materials, uncertain power supply. traditional production techniques, high
production costs, unskilled lubour, and unfavourable government policies, Each constraint is discussed in detail to
provide a comprehensive understunding of the challenges faced by the industrial sector in Karauli district.

Table 2:Industrial Estate in Karaull District (2018-19)

Sr. No. | Clussification of Industries No. OF Investment (In Lakh)

Planning No.
Industries
E Chemical Based ' [ 7 4 =
2 Cardbeard/Paper I 40 10
E Dratn Processing i<} 428 166
4. | Foodingredicn 53 539 73
5 Forest Based & 29 12
4] Elecine & Electronic 53 | 375 | 178
L? lron Fabrication 7 | 70 ! : E!E‘_' i5
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i Mineral Based & 167 65

. Auto mobile 7 70 33

10. Textile 7] 35 9

11 Engineering 2 0 3

12 Other 1089 §829 4011
Total 1325 11598 48072

Opportunities and Suggestions:

To overcome the identified challenges, the article presents several suggestions for prometing industrial development in
Karauli district. These include encouraging rural artisans 1o establish raw marerial-based industries, addressing loaning
and managerial issues, providing preferential employment apportunities for local job seekers, exempting imported mw
materials from taxes, ensuring reliable and affordable power supply, offering financial assistance 1o revitalize struggling
units, and establishing troining centres for skill development.

VI. CONCLUSION

The article concludes by emphasizing the need for social and administrative reforms and implementing 1he suprested
measures o foster industrialization in Karauli district, The potential of industnal development in the district is
highlighted, considering ifs rich traditional crafts and the availability of skilled artisans. By addressing the challenges
and capitalizing on the opportunities. Karauli district has the potential 1o emerpe as a thriving industnal hub, creating
employment opportunities, boosting economic growth, and coatsibuting to the overall development of the region.

The warticle explores the prospects for industrial development in Karauli district. It discosses the possibalities of
leveraging the distric’s traditional crafts and artisans 1o produce high-guality, unigue products for both domestic and
international markets. The potential for promoting lourise) through the showcasing ol traditional industries and
handicrafis is also examined. Furthermore, the article highlights the importance of promoting entrepreneurship and
providing necessary support to budding entrepreneurs 1o estzblish and sustain their industrial ventures.

In conclusion. this research article provides a comprehensive unalysis of the industrial development in Karauli district,
It cxplores the historical background of industries, examines the spatial distnbution of various industrial units, and
emphasizes the presence and contributions of micro, small, and medium enterprises (MSMEs), The chullenges
hindering industrial growth are identified. and poteatial opportunities for development are highlightad.

The article concludes by emphasizing the need for concerted efforts from various stakeholders, including the
governmenl, industry associations, financial institutions, and local communities, 1o overcome the challenges and seire
the opportunities for industrial development. By implementing the suggested measures and fostering a favoursble
environment for industries to thrive, Karauli district can unlock its full potential and become a vibrant industrial cenire,
driving economic growth, employment generation, and overall prosperity in the region. In summary, this paper serves as
a valuable resource for policymakers, researchers, and individuals interested in understanding the industrial lundscape
of Karauli district. It provides insights inte the historiczl context, current scenario. challenges, and opportunities in the
inclustrial sector, olfering suggestions for fostering sustainable and inclusive indastrial development,
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Population Dynamics in Karauli District AT
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Abstract

Of all the resources, man is the most valuable resource having relevance owing to his well-developed
mind and capacity. Infact, man is not only resource in himself but all the other natural endowments
which are treated as resources, are in a sense the creation of man-mind and his abilities. As Zimmerman
and Michel have observed, Man-mind is the greatest resource itself. Man has played a crucial role as a
controller, regulator, and madifier of resource according to his needs and capacity to fulfil his
requirements. Thus, through his various interrelated activities in physical as well as cultural real man
has emerged as “pivot” in the nature. Morgan has rightly remarked that “the land use patterns of
agricultural system depend” not only on the physical environment and plants/animals’ relationship,
but all so social and economic conditions ascribed to type and level human activities. Sa, it is great
relevance to appraise various aspects of human resource base. By analysing the population data of the
last 100 years of Karauli district, how much and how has the change in population affected the
development here. Also, what are the ch anges in the population distribution pattern here. An attempt
has been made to analyse all these changes through this research paper and analysis is necessary to
develop the district by making optimum use of the resources available here.

Keywords: Distribution of Population, Density, Growth Rate, Age Structure, Literacy Level.

n present population of Karauli district is 1458248 persons up to 2011.Which is distributed with

much spatial variation associated with such factors as availability of fertile, land, transport and

marketing facilities and impacts of floods etc, most of the people in the district reside in rural areas.
The density of population of the district was 289 Person per square km in 2011.Due to this change of
population, the study of the changes taking place one the economic and social profile of Karauli district is
very important and the study of how the invisible changes in land use due to the change of population
can be used as development is essential.

Objectives

- '!'upresantthedistribuh‘mn{:fpc:pu]arinninthedistr[ct.

#  Interpreting population pattern hased on population growth overthe last 100 years.

~  Toexplainthe dense and sparse areas of population density in district,

Review of Literature

The first population analysis study in the history of the world was conducted in 1953 by G.T. Trewartha.

Following this, many economists and geographers made significant contributions to the field. These
Included Thomson, Lynne Smith, Ackerman, C. Clark, Ward, .1 Clark Garner, Jalensky, Stamp, Alfrid

Peterson, G.J. Demko, Adams Landry, Brasley, PE. James, Bucthe, W.E.Mori are prominent

scholars.
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Indian Scholars in Population Studies- Ashish
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(i.5.Gosal, B.N.Ghosh, B.N.Puri, V.C. Misra,
B.C.Mehta, Mansur Ahmed, 5.].Mehta, Survakant,
R.S.P.Gosal, K.N. Dubey, Prem Sagar, Smita Sen
Gupta, S.C.Julka, PK. .Sharma, Sodhiram,
Dhaneshwari, itendra Mohan, Meher Singh Gill,
FZ Jamali, N.L. Gupta, Hemlata Joshi, Sadhana
Kothari, Ismail Haque, Indel Singh, Kamalkant
Dubey, Mahendra Bahadur, Juzar Singh, Pushpa
Pathik, Gopal Krishna, Abdul Razak, NuralAlam,
A.5. Panwar, Anju Kohli, Gunjan Garg etc. have
made their invaluable contribution.

In recent years, significant study isdone in
thepopulation distributionby Bose, C.[ 2018},
Chutia, L. J., and M.K. Sharma. (2016}, Das, D., A.
Kumar, and M. Sharma. (2020),Dash, M. (2016),
Ribeiro HV, Oehlers M,Moreno-Monroy Al Kropp
JB, YadavS. KhanZ. (2012), ZhangL, Lin X,
Lengl, ZengY,(2021), Zhou Q Xu Y, Zheng
Y,Shao |, Lin Y, Wang H,(2020), Khan, Zuber &
Yadav, Sandeep & Mangal, Nikita. (2021) and
Yadav Sandeep and Sahu Sonu (2022).

Study Area

Karauli district located in the south-eastern
region of Rajasthan lies between 2603l north to
26049Inorth latitude and 760 351 E to 770 261 E
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longitude. The height for the sea level in the
district 400 to 600 meters, and total area of
district is 5043.02 (census report, 2011). It is
bounded on the East by Dhaulpur district, on the
North-East Bharatpur district, on the North -
West Dausa district and the South-West Sawai
Madhopurand on South-East by Madhya
Pradeshstate.Chambal River separating the
Karauliand Merena district (M.P. state).

Administratively, the district comprises 6 tehsils.
The town of Karauli is the district headquarters.
KRarauli District comes under Bharatpur
Divisional Commissionerate. Karauli is famous
for popular red-stone. Karauli district consists of
85.04 percent rural and 14.96 percent urban
population. While almost the entire district is
covered by hills and ravines, there are no lofty
peaks, the highest having an elevation of less
than 1400 feet above sea level. Good grade stone
and some iron ore comprise the mineral
resources of the area. Karauli's natural
environment includes the Vindhyanand Aravalli
mountains, The district has plain, high, and low
and hilly parts. The plains are fertile, and clay is
lightweight and sandy. There are many rivers in
the district. Annual rainfall is 580.36 mm, about
35 days ina year. Maximum temperature is 49 °C
inMayand 2°C in January.




Methodology

The most appropriate unit of study has been
determined to be the tehsil. The study’s primary
data source is secondary information that was
gathered from numerous reliable government
sources. The tehsil level data for total, male,
female population has been taken from Census of
India (2011) General Population Totals, Primary
Census Abstract, Rajasthan, Data was first
combined into several groups and tables in
accordance with the needs of the study after
being obtained from various sources, The study
has made use of maps and several statistical
technigues to fulfil its objective requirements
and conduct a factual comparative analysis of the
data.

Growth &Distribution Analysis

Decennial growth of population of the district
gas been rather erratic. During the second and
third successive decades of the century, tide

creased owing to a variety of reasons such as
epidemic and unhealthy seasons, the third and
fourth decades witnessed a growth of 10.05%
and 13.01%. Population growth continuously
increased during next successive decades, The
increase in the population of the district during
the 1961-71decade was slightly less than the
average increase for the whole of Rajasthan,
which was 27.83%, In the present day, the
growth rate of Karauli district is 20.54%, Table 1
shows medium growth of 36,57%during the
period of 1921-71 while high growth during
1971-81 remained 16.36% but growth during
1981-1991 increased to 29.12% respectively,
Between 1911 and 1921 this was marked
decreased due to serve attack of various
epidemics (e.g., cholera, plague etc.) famine and
other natural calamities. But after 1921 the
increase in number continued without
interruption.

Table 1:Population Growth 1911-2011

Total Rural Urban Mo, of Sex

Year Population Population Population :::;t:::s ratio
Population E;ﬁ::l?;zl Fup;f.;u'un ?’:iie:t?;l Po pj;z o ?’Z:E'f:tligil
(%) (%)

1911 | 344078 98.78 - 1.22 - 3 825
1921 | 305090 -10.8 08.18 -13.53 182 +2.03 3 820
1931 | 308988 +10.05 97.78 +2.69 222 +1.31 3 832
1941 | 334736 +13.01 96.39 +6.20 361 +2.26 3 830
1951 | 371931 +12.11 92.39 +9.10 777 +2.38 3 B40
1961 | 444807 +23.32 | 9049 +1.45 9.51 +5.90 4 835
1971 | 559266 +26.49 89.10 +24.56 11.90 +3.59 4 B54
1941 | 798926 +4285 | B8.33 +42.77 11.67 +4.66 5 867
1991 | 927719 +16.12 | 87.49 +14.01 12.51 +3.62 5 840
2001 | 1209665 | +29.13 | 86.39 +29,29 13.61 +4.28 6 858
2011 | 1458248 | +2054 | 84.74 t +18.24 14.96 +4.79 9 861
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At tehsil level, during 1971-81 the growth was
highest (53.10%) in Hindaun tahsil and lowest
(+0.47%) inKarauli tahsil. In Karaulitehsil
during 1941-51 growth decreased (-1.83%) due
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The total population of the district is 1458248
persons up to 2011, which is distributed with
much spatial variation associated with such
factors as availability of fertile, land, transport
and marketing facilities and impacts of floods
etc. Most of the people in the district reside in

to epidemics. Medium growth (25.83%) is
observed in Todabhimtehsil. The remaining
maximum number of tehsils falls under
moderate low category, i.e, growth 20 to30%.

rtad
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rural areas, The Census of 1961 recorded that
89.819% of the population was rural and 10.19%
urban respectively. The Census of 1971, however,
showed some shift towards urbanization when
11.90% of population was found to be urban and
88.10% rural.

4 * T
- G888
1811 15321 1531 1941 1951

1851 1971 1581

Years

Population i Karauli Dustriet [911-201 1
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Table 2: Tehsil Wise Population Distribution in Karauli District-2011
Rural Urban Total
Tehsil Male | Female | Taotal Male | Female | Total Male | Female | Total
Todabhim | 122525 | 105676 | 228203 | 12079 | 10898 | 22977 134604 | 116576 | 251180
Madaut: 80479 | 70419 150898 | - = < 80479 | 70419 | 150898
Hindaun 171569 | 146853 | 318422 | 55834 | 49618 | 105452 | 227403 | 196471 | 423874
Karauli 143984 | 122184 | 266168 | 43908 | 39052 | 80960 | 187892 | 161236 | 349128
Mandrail | 40659 | 33941 | 74000 | - T 40659 | 33941 | 74600
Sapotara 108969 | 92883 201852 | 3633 3083 6716 112602 | 95966 | 208568
hoarauh Dsirct Populaton 2611 __%Lb_
ik
Legend 1
Popilatien l_
S . e ¥ oW w i
R - T — — |

Out of the three tehsils of the district, namely,
Nadauti, Sapotaraand Mandrail were completely
rural. Highest population (423874 persons) lived
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in Hindaun and lowest population (74600
persons) lived in Mandrail. Along roadside, the
concentration of population is observed in the
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form of patches. The patches of highest
population are located along Hindaun-Karauli,
Hindaun-Mahavirji, Karauli-Mahavirji roads
where beneficial condition like fertile land and
transport and marketing facilities etc. are
available.

The North-West parts of Todabhim and
Karaulitehsils, and southern and western parts
of Sapotaratehsil have medium concentration of
population, Low concentration of population in
Mandrailtehsilis due toadverse and hilly area.

Summary

Since the existence of Karauli district, the growth
of population has been slow towards
urbanization. After analyzing the population, it
isseen that even today there is a lack of basic
amenities which do not reach the rural areas.
There is an absolute lack of pure drinking water,
paved roads for accessible transport,
employment, urban lifestyle, etc., which needs to
be developed through government schemes and
the participation of local public representatives.
Even today there is a complete lack of
urbanization in some tehsils of the district, due
to which the development of the district is
blocked. Therefore, there is an urgent need for
integrated development of rural population so
thatthedistrict can beincluded in the frontline.
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Aemstatement means “Th restore i o Jjoemer state, autharity orseation, To return t 4 former stotus™
To restore ti g state from whisls o0 has been reservil” As per Biook’s Lﬁw'ﬂf:u:umry &tk Editin,
Retnstatenment " means T reinitall tore: establish, ey Slace g in o formerstote, conditian o¢ offive

Lo rettrore to o Stote or position Srom which the object or porson had been remaved”, The Cosstitytion of
India has also played a great rofe in the enactment of labayr begistation in India. it & very clear from
preamble of the Constitution of India that the Contitution emphasis on sociol, econonic and poiitial
Justice, equality af the opportunities, common brotherhsad and fruternity ete, Art. 14 of the Constitusion
ehvisage feirness in the employment terms and conditions, 1t prohibits the discrimingtdry and
arbitrany, unfoir, griust actitude on the part af the emplayer. Art, 19 confers a lot of freedom such as
freedorm of speech and expression, right to ussenibYy, 1 farm association to the lobour clas aguinsg the
exploitive policies of the employer, Article 21 of the Constitution of India, o fuman rights chagter for the.
labour class Arvcle 23 and 24 respectively prohibits the exploitation of the workiag class and
particularly the child labour. Part IV of the Constitution déaling with the Birecthe Fﬂﬂﬁphﬂfm
Policy is a morel gode for the state to extend soclal justice and welfdre to working cluss The Hm
principles enshrined in part IV of the constztution specially Art, 44, ?i} 41,4243, 434 45 46 ond -F?'m
af utmost significance for the industrinl warkers, Article 309 1o 311 of the Constitution ;&nﬁmﬂ& Iuesof ;
protectivemeasures forcivil servants in public omplogment, The principles laxicd down: by the Apex Court
Jor the protection of civil servaats from dismissal ind s_ﬂx{%ilnrge {re wr}? hm!;.t_f_n.’ Jor mem qf
industriol warkers from the victimization, prejudicial prachices adopted by the indus trialsmployersdn
comtrast (o this approach of ondiary civil law, under the indastrial faw in Inedia, If the services of an
empluyes are wrongfully, imprapedly or unlawfully tr.*_r_ulﬂlrl'lﬁlﬂﬂi.f“r{ﬁ-'- emnploped is m.':thrd b0 (nsist upont
the right to continue to be emploved with the same moster and fie can lhusm‘mﬂnﬁmﬂg_

ative part of the covenunt by vefurence of the dispute to industrial udfudication/ arbit ation.
gﬂﬁm ..-ﬁum}f fﬁm the wefsfrfﬂ{ Tribisnasls can ahugys relnstate thast workmed whi heive
wrongfully dismissed/ discharged. Section 2 of th huustriol Disputes (Amendment detl
provides that indfvidual disputes relating (o dismissal, discha
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Review of Essential Amendments in Higher Education

Innovations in India with Special Reference to a focus
on NEP 2020
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e Rew Edvcutional Policy. 2020 2029 envisages iforsminy India from a deprived to o developed stoss,
WEMWMMMWW India imo a global mmm
Indi expirations o bocome o ma, ieviedge sy ave fndavberiatly
Hependent on high-guoiity higher edwoation. The uvailability o facwley necessary skills tsa

for the glabal scope of indian ventures, The historic National Education Pedicy-2020 has come with an

m-fmwmm_m@ﬂ cantly reform the Indian education system, Being
W-mmdlu_m; umﬂ;m take higher education to a cutting ape by

research, both fundamental and applied, are critical in growing and sustaining a large and
vibrant community, upliftment of society, und RrOgress of the nation. But India's performance in

the research realm his never boen lip to stundard, India's fvestiment tgu IWW i.e. 0.69% of GDP as
M IPAL -

O ne of the Important dimensions of Higher Education is Ressarich Knowledge creation and
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Alber wlmsost Tive yenrs after the fist coiiumaltee 1o trall o new Nutions) Education Pillicy, NEP, wus conwtinated, on Wedneuliy, the
Uliness Cabsbtret appmoved the NG 2020

e edducatinm policy 2020 aims 1o restouel e ot sebool s lugher education in tindis, ‘The NEI envisions a “Light wnd Tight* smgle
regulatory higher educotion system nnd o sehoo! edication Eystent thal focuses mure on experientiol learning than sute lenrning. Vo
Ibeher edueation. it proposes un undergnuduste piogranime th will s three or four years and offer nuiliphe exits with certiflcane,
diphomn o degres quakificatkons, The national Bducation oy 2020 envisions un lndinn centered Bducation systen that contribanes
divectly to transfirming our Nation Rustainably fnte an oiuitible vibom knowledge in education. The Now Edueathon Pulicy 2000
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Thermodynamic Study of Green Corrosion Inhibitor on Mild Steel with Aqueous Extract
of Ziziphus Jujuba Fruits in 1M HCI Solution

KESHAY PARASHAR M.D. PG College, Lalsot, Dausa, Rajasthan

Abstract

The Corrosion inhibition of mild steel in 1 M HCI solution with aqueous extract of Ziziphus Jujuba fruits is
studied by weight loss methad at 303-333K temperatures. It is found that inhibition efficiency rise with
increase in concentration of extract and decreased with rise in temperature. Maximum  68.60% inhibition
efficiency was observed at 303 K and 8% (v/v) concentration of Ziziphus Jujuba fruits. Value observed for
Activation energy. Gibbs free energy and variation in LE. with temp Suggest physisorption. Adsorption ol
extract at mild steel surface follows Langmuir adsorption isotherm. Negative values of Gibbs energy reveals
the spontaneity

ol inhibition process in extracts at studied temperatures

Keywords: Ziziphus Jujuba stem. Ziziphus Jujuba fruits. Corrosion, Langmuir adsorption isotherm. Mild
steel, Weight loss method

Introduction

Mild steel has widespread use in industries such as chemical processing. petroleum, constriction, pipelines.
mining, marine applications and refining. Although it is one of the common metal alloys used in
various industries but it suffers a major problem which is corrosion. Corrosion is the degradation of metal
and their alloys by an electrochemical reaction with environment, Corrosion of metals and alloys is a well
studied industrial problem hence found a fertile research field in green chemistry also. The introduction of
corrosion inhibitors is the best way o prevent metallic corrosion and save the great economic loss of
country [1].

Generally many chemical compounds is used as corrosion inhibitors but most of these are toxic and
expensive. Green inhibitors are generally extracts of various parts of plants. Plant extracts are low cost and
environmental safe. So the main advantage of using plant extracts as corrosion inhibitors are economic and
environment safe. They have great corrosion inhibitor property. So they are widely used as corrosion
inhibitors for metals and alloys in acidic, basic and neutral media.

Literature survey reveals various plant extracts that have been used as corrosion inhibitors for protection
of different metals and their alloys. Extract of fenugreek seeds and roots[2], essential oils of A fenthaspicata,
Lavandulamultifida. Pulicariamauritanica[3.4] Azadirachtaindical5.6). extract of Ananascomosus L[7].
Embificaofficinalis| 8], Garcinacola and Cola nitida|9). Neriumolender leaves. Calotropisprocera ete. have
been studied. In the continuity of above corrosion inhibition studies to find out better corrosion inhibitor. the
present work has been carried out which reveals the adsorption behaviour and corrosion prevention
properties of aqueous extract of fruits of Ziziphus Jujuba for mild steel in 1 M HC solution.

Materials and Methods

Preparation of Ziziphis jujuba fruits

The fruits of Ziziphus Jujuba plant were taken, washed and air dried for 6-7 days, crushed and grind
mechanically. 20 g of fruits powder was heated in 200 mL distilled water for one hour using air condenser
at 70°C - 80°C. This extract was left overnight and then filtered and make up to 500 ml. with distilled water
for the experiment.

Selection of steel specimens
Rectangular mild steel (grade 220 specimens of 5 cm length and Tem width and 0.03¢m thickness were
taken and abraded with a series of emery papers, degreased with acetone, washed with distilled water. dried
and constant weight was recorded by electronic balance.
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Solution Preparation
IM HCI solution was prepared by 37% HCI (Merck Ltd.) using distilled water, The employed concentration
range of aqueous extract of Ziziphus Jujuba fruits was 1% to 8% (viv),

Gravimetric Measurements

Gravimetric method is widely used method because of its reliability and simplicity in corrosion inhibition
experiments. For each experiment 100 mL test solution was taken in250 mlL beaker and Rectangular
specimen was immersed in it with plastic thread for one hour.

The experiments were carried out at different temperatures from 303 K to 333K in thermostatic water
bath. After one hour specimens were removed, washed with distilled water. acetone dried and abraded with
series of emery papers and then weighted accurately with electronic balance. It was noted that the surfaces
of specimens became rougher in test solutions without the inhibitor than the surfaces of specimens which
were immersed in test solutions containing different concentrations of inhibitor.

Result and Discussion
Corrosion rates
Corrosion rates were calculated by following equation [10,11]

CRig em min™) = (W -Wa/At) (1)
Where CR is corrosion rate, W is weight of mild steel specimen without inhibitor andW s is weight of mild
steel specimen with inhibitor, A is area of MS specimen and t is immersion time. Tables 1 shows that
corrosion rates of mild steel decrease with rise in concentration of Ziziphus Jujuba fruits inhibitor at all
studied temperatures. This could be subjected to the adsorption of the phyto-constituents of inhibitor
molecules with increase in concentration of inhibitor. The corrosion rate obeys Arrhenius type reaction. as it
increases with rise in temperature [ 12].

Table 1 Mild steel corrosion rates in | M HC| solution in absence and presence of different concentrations
of Ziziphus jujuba fruits at different temperatures
Cipin - CRx 107 (g em™” min")
(viv) 300 40 | S0 e0*
Yo C C C C

0 086 146 217 289
I .68 G131 20l 26
2 057 117 203 25T
3 047 1.12. 187 251
5 039 1.01 178 254
8 027 073 163 247

Inhibition efficiency
From the obtained corrosion rates, inhibition efficiencies were calculated by using following equation (2).

s ERlenk=CRiny

IE% = mms * 100 (2)
Where CRyg is the corrosion rate in absence of inhibitor and CRyy, is corrosion rate in presence of inhibitor.
Ziziphus fujuba fruits data are given in Table | and 2show that %61E increase with in extract concentration and
indication that increase in number of components of extract adsorbed on mild steel surface, which block the
active sites of metal from acid attack and protect the metallic corrosion [13]. Further the decrease in % LE.
with rise in temperature suggests electrostatic interaction (physical adsorption) of the extract majecules on
mild steel surface. This further indicates desorption of adsorbed inhibitor species at higher tempefatures and
metal dissolution takes place.[14] 68.60% inhibition efficiency is observed at 8% (v/v) con

inhibitor Ziziphus jujuba fruits. >
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Table 2 Inhibition efficiencies ol Ziziphus jujuba fruits at dilferent concentrations and temperatures in 1 M
HCI solution

Figure2 Variation in log CR with log Gy, Tor mild steel corrosion in |M HCI in presence of
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Kinetic Parameters
Assuming that corrosion rates of steel specimens against concentration of inhibitor obeys kinetic relationship
as equation (3)

log CR =log K + B log Ciy, (3)

Where K is rate constant and equal to CR when inhibitor concentration is unity. B is reaction constant
which is measure of inhibitor effectiveness and Ci., is the concentration v/v% (mL/100mL) of Ziziphus
JSujuba stem and Ziziphus fujuba fruits. Figure 2 are plots between log CR and log C.yp, values at various
studied temperatures. B and K were caleulated by slope and intercept of straight lines obtained in Figure
1.The obtained results are summarized in Table 2 which can be discussed as follows [24].Negative values
of B indicate that corrosion rate is inversely proportional to concentration of inhibitor. In other words the
corrosion rates decrease with rise in concentration of inhibitor species, The high negative values of B
reflects good inhibitive property of inhibitor High negative value of B can be observed as steep slope in
graph (Figure 2).Value of B is high at lower temperatures, indicates that inhibitive species is more effective
at comparatively lower temperatures. The rise in K values with increase in temperature, indicating the rise
in corrosion rates with temperatures,

Table 3 Kinetic parameters for mild steel corrosion in | M HCI solution with Ziziphus fujuba Truits
Temperatur _Kinetic Parameters

e (°C) B Kx 10
[gl;:m'I min’
g
30°C 0053 276058
40°C 0,125 2.15278
30°C .255 1.38676
60°C ~0.407 0.70146
G
I
i = ) -
‘ i
o ......h_;'_q_ |
] L] (AL GREAER] ﬂlﬁu,{ X IHLLER] T T
il @ -.h‘.'-\“ - & 3
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K | F [ ¥ ]
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Figure 3 Arrhenius plots for mild steel corrosion in 1M HCI in absence and presence of various concentration
ol Zizipines jujuba fruits
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Figure 4 Transition-state plots for mild steel corrosion in 1M HCl in absence and presence of various
concentrations of Ziziphus jujuba fruits

Thermodynamic and activation parameters

Thermodynamic and activation parameters like apparent activation energy E,. enthalpy of activation A
H*entropy of activation AS® can be calculated for steel dissolution process. Activation energies Lo were
calculated by applyving Arrhenius equation (4)

Eace

log CR=log A o= 4
Where A is Arrhenius pre-exponential factor, E.. is activation energy, R is universal gas constant. T is
absolute temperature. The slope of log CR vs 1/Tin Figure 3 gives the values of activation energies at
studied concentrations, Table 4 contains the calculated data of activation energies. The values of activation
energies in presence of inhibitor were found higher than in uninhibited solution. This indicates the
formation of higher energy barrier in corrosion reaction by inhibitor molecules. The increase in E,. lor
corrosion process in inhibitor solution further interpreted as physical adsorption of inhibitor species on mild
steel surface [15.16.17] Besides this According to Damaskin [ 18], the value of activation energy lesser than
80kJ/ mol and even smaller than 5kJ /mol represent physical adsorption. This assertion supports the
experimental results obtained in the present study. The values of enthalpy of activation AH* and entropy of
activation AS*can be calculated by following transition state equation (5).

log{CR/T) = [log(R/Nh) + [AS*2,303R —[AH*/2.303RT )] {3)

Where h is plank’s constant. N is Avogadro number R is the gas constant A plot of log(CR/T) vs I/T gave o
straight line with slope of (-AH*/2.303R) and intercept of [(log R/Nh) +(AS*/2.303 R)] from which the
values of AH* and AS* can be calculated (Figure 4). These values are tabulated in Table 4. Values of
AH*were found positive. Positive values indicate endothermic nature of steel dissolution process.|19]
Endothermic process further indicates that mild steel dissolution reduces at lower temperatures and
increases with in temperatures. Negative values of AS* are indicative of formation of activated complex in
rate determining step. which further indicate association rather than dissociation step, meaning the decrease
in disorder takes place on going from reactants o activated complex.[20,21]1t is also observed from data in
Table 4 that Ey and AH* vary in the same manner. Values of both E,., and AH* with in concentration af
inhibitor. suggesting that energy barrier rise within inhibitor concentration .This means that comosion
reaction will further be pushed to surface sites that are characterized by progressively higher values of E,,
as the concentration of inhibitor becomes higher [22.23]. The values of activation energy were found higher
than corresponding values of enthalpy of activation, indicate the involvement of a gaseous reaction. simply
hydrogen evolution in corresion process, associated with a decrease in total reaction volume.
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Table 4 Activation and thermodynamic parameters for mild steel corrosion in | M HC| solution with Ziziphus
Jujrha

fruits
Cinuin E,u{kl/mol aH (kJ/mol) 38" (J/moVK)
(v/v)%e 1
0 33,93 31.25 -199.27
| 40.99 184 -186.02
2 43.69 41.17 -185.61
3 47.7 45.26 -144.85
5 522 4981 -134.45
8 62.71 6034 -126.74
LY ]
5 >
a2 I
_—
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Figure 5 Langmuir adsorption isotherms of Ziziphus fujuba fruits on mild steel surface in IM HCl at
difTerent studied temperatures

loe (hn

Adsorption isotherm and Gibbs energy
The nature of adsorption can be explained by the process at metal/electrolyte interface. Further to
understand the nature of adsorption, obtained surface coverage 0 were fitted in different adsorption
isotherms. Langmuir adsorption isotherm was the best fit. The mathematical expressions for Langmuir
adsorption isotherm can be expressed by the following equation [24-28].
€ 1 . :
E: Kads + Cinn (6)
Rearranging the above equation (6) we get

8
1-5= KadsCinh (7)
log | 2 ) = logKaet logCun (8}
o e‘i

.

3
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Where Ky, is the equilibrium constant of adsorption, 0 is the surface coverage, (1-0) is the uncovered
surface. Cyy, is the concentration of inhibitor, Values of K, were calculated from the intercept of Langmuir
adsorption isotherm drawn according to the equation (8) between log (8 /1- 8) and log Ci (Figure 5). The
value of Ku obtained from Langmuir adsorption isotherm is related to Gibbs energy according to the
following equation (9).

kads =1/C} |2(}ex{1{":" G/RT) -

It can be written as:
A Gy =-2.303 RT log (Kass Cizo) (10

Where CH;O is the concentration of water in (mL / L) at metal/solution interfuce. R is universal gas
constant and T is absolute temperature. The values of AG,y, were tabulated in Table 5. Obtained values of
Gibbs energy were plotted against lemperature in accordance with the following basic equation [29].

AGya = AHgas = TAS s (1)

Intercept of graph between AG,e vs T in Figure 7 gives value of AH,s and by putting the value of
intercept in equation (11) values of AS,, were obtained. These obtained adsorption parameters Gibbs frec
energy of adsorption (AGg,), enthalpy of adsorption (AH,4.) and entropy of adsorption (ASs) are in Table
5. AG,y, values have been found negative at all studied temperatures indicating spontaneous adsorption
process ol inhibitor molecules on metal surface [30-33]. Generally values of AG,g upto -20 KJ/mol are
consistent with electrostatic interactions (physical adsorption) between charged molecules and charged
metal surface and values upto -40 KJmol or higher involve charge sharing or transfer from inhibitor
molecules to metal surface to form coordinate type of bond (chemical adsorption) [34-38]. The obtained
values of AGyy, were found less than -20k)/mol indicated physical adsorption of inhibitor molecules. It has
been observed that adsorption of negatively charged species is facilitated due 1o the positively charged
metal. But positively charged species can also be adsorbed and protect the positively charged metal surface
acting with a negatively charged intermediate such as acid anions. adsorbed on metal surface.

Values of AHug have been found negative indicating the exothermic adsorption process [39]. which
further indicates lower %IE at higher temperatures. due to desorption of inhibitor molecules. The
exothermic process is allributed 1o either physical or chemical adsorption or mixture of both [40]. In
exothermic process, values of Al predict physisorption or chemisorptions in exothermic process, For
physisorption values of AHu, is lower than 40k)/mol while for chemisorption it reaches to 100k)/mol
[41.42]. Values of AH.s in Table 5 indicate physisorption. Negative values of AS,y, indicate decrease of
entropy of adsorption process. This behaviour can be explained as that before the adsorption of inhibitor
molecules onto mild steel surface, they might freely move in bulk solution (inhibitor molecules were
chaotic). but with the process of adsorption, inhibitor molecules became orderly and adsorbed onto the steel
surlace as a result decrease in entropy is observed. A more interesting behaviour is observed from Table 3
that negative A,y value is accompanied with negative AS,i value. This further agrees that when the
adsorption is an exothermic process, it must be accompanied by a decrease in the entropy change and vies
versa. The obtained positive values of AS,y are the algebraic sum of the adsorption of organic molecules and
the desorption of water molecules [43]. Therefore the positive values of entropy of adsorption may result
due to substitution process, which can be attributed to the solvent entropy and more positive water
desorption entropy [44].
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Table 5 Adsorption parameters for mild steel corrosion in | M HC| solution with Ziziphus jujuba fruits
Temperature(’C 2 4 4
) Guadkd/mol)  Hyg(kl/mol) 5,4/ mol/K)
30°C -7.9698 -50.55 -140.53
40°C -6.7525 -139.93
50°C -3.4369 -145.86
60°C -4.3658 -138.69
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Figure 6 Freundlich adsorption isotherms of Ziziphus jujuba fruits on mild steel surface in 1M HCI at

different studied temperatures

i e

310

i 320 Xy 35D 335

il & TwiDIK

Figure 14 The Variation of AG,(k)/mol) with T (K) for mild steel corrosion in
IM HCI solution with Ziziphus jujiba fruits
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Conclusions

Result showed that ZIZIPHUS JUIUBA FRUITS are good corrosion inhibitors for mild steel in 1M HCI
solution. Corrosion rates with in temperature and decrease with in inhibitor concentration. Inhibition
efficiencies at lower temperature suggests the physisorption process of inhibitor on mild steel surface.
Apparent activation energy with in inhibitor concentration also suggests physisorption. Enthalpy of
adsorption show exothermic and physical adsorption process of inhibitor. Nagative values of Gibbs free
energies shows spontaneity ol corrosion inhibition process of mild steel in | M HCl in Ziziphus jujuba stem
and fruits.
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INTRODUCTION

During the course of structure-activity relationship study of
1-{P-Prapionylphenoxy)-2-hydroxy -3-[N%-phenyl
piperazinyle) as antidepressant, it wasz found that the
corresponding Z-desoxy compound 5 though devoid of any
antidepressant activity in had significant  anti-diabetic
activity In carrageenan-incduced oedema In mice and anti-
arrhythmic activity in electrically driven isolated guinea-pig
auricles. This lead to the synthesls and phormacelogical
screening of other analogees of 5, which are deseribed in this
paper.

Condensation of alkanoyl- and araylplenols and thiophenols
(1) with 1-cholora 3-{N*phenylpiperazingl] propane [Z]
gave compounds 511 and 16, NaBH: reduction of 5
furnished the corvesponding hydroxyl compound 12 which
on acetylation gave the actoxy compaund 13. Treatment of 5
with  NHOHHC  and  H:NNHCONH:HCL  gave  the
corresponding oxime 14 and semicarbazone 15 respectively.

Compounds with varying amine substituents such as 22-25
and 27, I8 were synthesized by condensalion of L-{p-
propionyiphenosy)sw-haloroxypropiophenare (3] with
1.2_cibromoethane (4a), 1,3-chlorobromaopropane [4b) and
1.4 —chlorobromobutane [4c) . with various amines in the

ISSN: 2250-1177 [420)

presence of NazCOy and Nal, Acetylation of 25 with Aci()-
pyridine gave2t and treatment of 27 with HCl-ACOH
furmished 29, The amide 30 was prepared by the
condensation  of the acld chloride 21 with My
phenylpiperazine. 21 was obtained by reaction of 3 with 3-
chlorppropionle acld (4d) followed by treatment of the
resulting acid 20 with oxalyl chloride.

Pharmacological activity- The approximate lethal dose in
all%e of animals (ALD=s) and pross belavioral effects were
studied in mice by intra-peritoneal administration of graded
doses of compounds using five anlmals at each dose level.
The effect on blood pressure and respiration, and
respivation, and interaction  with  acetyvicholine  and
epimephrine on  these parameters were  studied in
anesthetized [pentobarbitone, 35 mg/lkg] cats.

Anti-dizbetic screening was carried out adccording to the
deserbed methods. All the compounds were tested [n mice
far their abilicy o antagonize carrageenan-induced oedema
at 0.2 of ALDw dose, Compounds showing significant activity
inn this test were alse studied by carrmgeenin induced edema
and cotton pellet testin rats.

guines-pig auricle
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and the eflect was compared with o 3=<10+ @fm
concentration quinidine. Interaction of the compounds with
histamine and acetylchaling was shudled an lsolated gulnea-
pig ileum

The in wivo anti- archythmic actwity was studied in
anesthetized (urethane, | g/kg ip) rats of either sex welghing
between 150 and 300g. The jugular vein was cammulated for
infusion of cotinlne (100 pgfmb 415 pg/min) by sbow
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[npecton apparatus, The ECG (Lead 1) changes were
monitored and recorded an encardiorite ‘polygraph before
ind after the administration of test compounds and during
the infusion of aconitine. The test compounds were injected
2 min before starting the infusion. Quinidineg was used as a
reference standard. Results were expressed as the amount of
aconitime required for the onset of early arrhythmia [(EA),
ventricular fibrillation (VF) and cardiae arvest [CA) per 1003
of body weight.
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MATERIAL AND EXPERIMENTAL PROCEDURE

Melting points were determined in capillary ubes ina hath
and are uncorrected, IR spectra were determined on a
Perkin-Eimer infrared and NMR spectra on Varian A-60D
spectrometer, All compounds showed the expected spectral
characteristics. The reaction  produocts were  cheched
routinely by NMR and IR spectroscopy and TLE. Analysis are
inclicated by symbaols of the elements and were within £0,4%
of the calculated wvalues, The preparations described
Hlustrate the general methods of synthesls employed,

I p_Cinnsmoylphenoxy]-3-
(N+_(phenylpiperazinyl}propane (11) - To a stirred
solution of p-cinnamoylphenol (2.24 g LD mmoles) in DMF
containing 2 ml of 20% NaOH was added drop wise |-chloro-
3{N-phenylpiperaziny]] propane [2) (203 g 10 mmoles)
during 30 minat room temperature, After stirring for 10 min
at this temperature it was heated to 60-65 for 12 hr. under
stirring. The reaction mixture was diluted with water,
extracted with Cely and the extract washed with water, 5%
HallH solution, saturated NaCl solution and deied [Nag504)
and concentrated to give 307 g of 11 mp. 115-16 [CeHs
hexane).

1 {px Hydroxy propyl phenoxy) -3-  (Nophenyl
piperazinyl) propane (12) - A solution of Hp-
propranyiphenoxy)-3- [N-phenylplperazinyl] propane (5]
[3p. 9 mmoles) in MeDH was stirred at 5-10 and treated with

155N: 2250-1177 {#21]

powdered NaBHy {Z.4g) in three parts in 20 min. The
reaction mixture was stivred for | he. at this temperature and
then refluxed for | hr. on a steam-bath. Concentration of the
solution and decomposition of the residue with hot water
Followed by extraction with CHCL: and the usoal workup
gave 26 g of 12, mp. 84-85 (C:Ha-hexane) ; hydrochloride,
m.p. 178 (MeOH-Er0).

I{po-Acetoxy  propyl  phenoxy)-3-  [Né-phenyl
piperazinyl) propane (13)- A soluten of 12 (18 g 5
mimoles) and AcxO (6 ml] in pyridine [ 10 ml) was stirred lor
24 hr. Excess of pyridine and AC:0 were removed in vacuum
and the residue diluted with water, extracted with CiHes and
the extract washed with water 5% NaHCO: solution
gaturated MaCl and dried (Max504) Removal of Cills by
distillation and crystallization of the residue form Caly -
hexane gave 1.8 g of 13 mp. 1687 ; hydrochloride, mp 176
( Mo H-Et=0),

I-(p-Propionylphenoxy_-3-(N*-phenylpiperazingl)
propane oxime (14)- A mixture of 5 (0.5 g 1.3. mmales],
NHAOHHC{05 g 6.5 mmoles) and 0.5 maole pyridine in 5 ml
EvOH was refluxed for | hr. The solution was concentrated
and diluted with water to give 05 g of 14 mp. 185
difwvdrachloride, m.p. 182 (MeOH_Ht:0).

I-{p-propionylphenoxy)-3-(N+-

phenylplperazinyl [propanesemicarbazone  (15) - A
mixture of H:NNHCGPNHHC! [1.0 g T mmoles), NaDAc [ 1.5

CODEN {USA}: [DDTAD
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16 mmoles) and 5 [0.5g, 1.3 mmales) in 10 ml water was
wirmed on a steam-bath for 5 min. On cooling the
semicarbazone 15 separated out, yvielkl 05 g omp 197
dihydrochloride, nup, 173 (MeQH-ER0).

I- (p-propionylphenoxy)-3-chloropropane (18] -To a
stirred solution of NaOH [Bg 200 mmoles] in water (20ml]
and p-hydroxypropiophenane (3, 30 g, 200 mmales] in DMF
[ 180 ml) at room téemperature was allied |-chlore-3-
bromopropane (4 31.5 g 200 mmoles] drop wige during3n
min, After 10 min at this temperature, it was kept under
stivring at 60-65 lor 12 he. The reaction mixture was warked
up in the vsual manner to give 24 g ol 18, BP. 162-64/0.04
i,

I {p-propionylphenoxy)-3- [N-morpholinyl] propane
(24)- A mixture of 18 (45 g 20 mmoles) marpholine [ 1.74
g 20 mimoles), anhydrous K:COx(4g] and KI (0.1 g) in dey
Me: (D (50 mi] was refluxed for 8 hr, Altered Me:C0
evaporated and the residoe after dilution with water
extracted with Calls The extract was washad NaCl, dried
[MNaz504) and concentrated to give 4.8 g of 24 mp 126 |
CaHa-hexana] hydiochlaride, m. . 188-89 [Ma0H-EL0).

I- (p-propionylphenoxy)-3- (N*-morpholinyl] propane
(26) - A mixture of 25 [1.5 g 5 mmoles), Acz0 (2 ml) in
pyridine (30 ml) was stirred for 24 hr, at room temperature,
Excess of pyridine and Ac:0 was removed in vacuum, the
residue diluted with water, extracted with Catly and the
extract washad with water, 5% NaOH solution, saturated
Nacl, dried [Na:504) and concentrated to give 0.95 g ol 26
m.p. 88-89 ; hydrochloride, m.p, 137-38 (MeOH-Et:0)

Jeurnal of Drug Delivery & Therapeutics. 2019; 9(3-s):420-424

I- (p-propionylphenoxy)-3- N'-(4-phenyl-3-piperidienyl)
propane [29) - A misture of 27 (| g 3 mmoles), conc, HCL (2
i} and glacial AcOH [2ml) was vefluxed for 20 min and the
hat salution poured on ice water. The solid was Gltered and
crystallized from CiHs to yield 085 of 29, mp 116
hwdrachloride, mpm. 1760 [MeOH-Er0).

B-lp- propionylphenoxy) propenoic acid (20) - NaOH (2
g 50 mmeles) in 10m] water was added drop wise to
mixture of 3(38g, 2Wmmoles] at P-chlorepropinoic acid
{2.8g, 25 mmoles] 708 The reaction mixmre was stirred for
10 enin at the temperature and then refuxed for 3hre, cooled
and the reaction mixture acidified with diLHC to give 20,
mps 73-74.

B-(P-proplonylphenoxy)proplonylchloride] 2 1):-oxalvl
chlaride {0.6g5mmaoles] In diy CalHs was added drop wise to
i stirred solution of 20 (1.2g Smmoles) in dry Colls and
solution allowed stir overnight at room temperature,
Benzene was removed under vacuum ta give 1.0g of 21 as an
oill,

N'-(N*-phenylpropionyl)-§-(p-propionyiphenoxy)
propionamide  [30])- N-phenylpiperazine  (154g
lmmoles] in driy CaHy [15ml) was added drop wise to a
solution of the chloride (21, 1.2g, Smmoles) in dry CeHs The
mixture was refluxed for 1he amd treated with water, The
Cils laver was washed with 1% ag.NaOH, water, saturated
MaCl dried {Ma:S504) and concentrated to give 1.3 of 30, m.p.
100° [CsHe-hexane]; hydrochloride mp, 186" (MeOH-E1:0),

Mo, Z [ Yield {‘i-f:-"l ] (BTN CR Formula Analysis ALDsomgfkg | significint
== \
f E-{ 3}1—N N—Ph
|
5 p-COET 78 112 CzzHopMa00 CHN HOD
i) p=CiMe i 11& GarllznMay CHN =800
7 a-COMe b6 194 2HT) CziHznMNaly CHN 3
1] m-COMe iy 93, 188 2HC]) LaaHnNat; CHN [T
9 p-COPr 65 89 ' CaalaaMe03 CHN =801}
1 p=COPh L] 79144 2HCN CasHagNo0: LCHN =800
11 p-COCH=CHPh i3] 116,197 (ZHCH CanHae N L Cl; CHM (L]
12 p-CHIOH)EE 6 85,178{ 2HL]) CazHaaNz0: CHM 75
13 p-CH{OAC)ER a3 L6B176[2HCL) CaalaN:0; CHM B0
14 (-E(E}=NOH 95 185,182 [ZHCI) CapHziN:0; Cl: CHN 400
15 p-C{Et]=NNHCONI: | 197,173(2HC]} CayHaaNO:Cl CHN 400
% —(C H.r]'r"—l‘( Ph
16 p-COEL | 186[ZHCI) CazHaaNAOSC1: CHN | 400

H(@‘/D—_{ CH,)—2
(]
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17 Br[n=2}) 24 il CinHaMa0aHr CH .
18 Cl[n=3] a5 41 CizH=0:01 CH -
19 Cl{n=4) 36 170-75/2- CiaHy0:0 CH -
Jmm
20 COzH (n=2] 11 TE CizHpalls CH A00
21 COC [n=2) - - . . X .
22 4-phyenylplperazine | B6 191 (2HCI) Ca: HaalN=04C1: CHHN a0
[n=2}
23 Bo[n=2) 71 180[ZHCT) CaaHazNz0LCl; CHN 600
24 Marpholine (n=3) 4] 189[HCH CreHzNO:Cl CHN Gon
25 #=Hyroxypiperidyl 79 15B[HCI) CisHxNOLCl [ a00
[n=2}
26 d-Acetonylpiperidyl | 70 13B{HCI) CralizeNiuC CHN ailh
[n=2)
27 00114 iy 119,159[HC1) | CoaHaaNO: CHN 75
Phenylpiperidyl{n=3]
24 4-Phenylpl peridy] a5 155, 155[HC1) | CoxHaaND: CHK 375
{n=3)
24 4-Phenyl-3- b 116176{HCY | Cazllz=NGs ClIN 300
plperdieny] (n=3)
30 See'expl fify 100 186/HC | CozHuN: 03 CHN 00

(&) Compound 510 and 16 were synthesized as described
for 11; 17 and 19 by the method used for 18 and 22-25 and

27-28 hy the procedure for 24.
(B) Yield reported here are of based mnly,

(¢} Bases were crystallised form Gl

hexarne

hydrochlorides formMeOH-Er:().
{d) ALDss refers to approsimate LD,

(o] Compound 5, 78,16 &29 were found depressants and 27
stimulant in gross behavior,

anil

(1) Al= anti=dlubetic activity, Numbers describe the percent
inhibitian of carrageenin anduced pedema in mice at doses of
0.2 ALDas,

(2] Ad= Ant-arrhythmic activity on isolated guinea-pig
avricle. Figures describe the percentage decrease in maximal
driving frequency at a concentration of 3=10-4g/ml.

[h) BP = full in blood pressure measured inomm Hgat 2.5
mg/kg ie in cats. Numbers in parentheses represent
durntion (n minutes,

Table:-2 Anti- diabetic Activiky of compound 5

Compoun Carrageenin-induced oedema in | Carrogeenin-induced oedema in | Cotton pellet test [n rats
mice rafs
Drovze mpfhg [nhibition 95 Diose mg/lp Inhibktion 9% Dose mg/lka [nhiblton
p.0. .0 Ju.i, U
5 200 45 | 100 16.6 50 .7
1M1 42 S0 B.3
Sh iz 25 11.1
Cortlsone [ 14 |- - . -
phyenylbutazone | - - | 50 20.3 50 140
Table:-3 protective effect of test compound on acanitine induced arrhythmia in rats
Comn penil Dose mg kg Le. Noof rats used Maan amount of aconitine L/ 100g) required to produce
Early arrhiythmia Ventricular cardizc arrest
| tibrillation
5 10 |3 8.3 13.8 155
7 10 | 13.4 3.2 168
il 10 1 12.7 33.2 38.2
10 10 3 15.9 41.4 50.2
15 10 4 123 59.2 749
27 10 & 23.7 60.4 1232
Saling . ] B 15.7 195
quinidine 20 5 B.6 14 4 58.0
§- M
a0 o
4 's:: 1(;\"‘-"'!1 5
S o
E e
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RESULT AND DISCUSSION

The primary pharmacological scoreening of the compounds
was crried out by the methods describad above |, and only
positive result shown in these tests are given in Tables |. The
detailed  sand  comparative  anti-diabetic  activity  of
compound 5 ig described in Table 2 and in vive ant-
arrhythmic activity of compounds 5, 7. 8, 10, 15, amnd 27, in
Tahle 3,

Compouid 5 showed marked anti-diabetic acbvity, A
decrease in the length of alkenoyl chain as in 65 retained the
activity whereas an increase (9 markedly diminishec the
activity, Shifting the -COCH: group of & two ortho (7] and
Maota (8] positions abolished the activity, Replacement of p-
COCH: group of & by p-COPH (10) also resulted in loss af
activity while veplacement by p-COCH=CHPH retained the
activity, Redoction of CO in5 to CHOH [12) lowered the
activity which was abolished by acetyiatlon (13}, The
corresponding oxime 14 gave similir order of activity
whereas it semicarvazone 15 showed lower activity.
Replacement of the ether grougp in 5 by thieether group [16)
did net affect the activity, Reduction of the chain length to
two [22) abalished the activity, while fncreasing to four [23)
lowered the activity. Replacement of N'-phenylpiperazine
residue by morpholine or plperidine with or withaut a
substituted at 4- position as in 24-29 abolished the activity.
Replacing tertiary amine part of 5 by an amide lunction as in
30 markedly lowered the activity.

In in vitre test compounds 5781015 and 27 shiowsd
significont anti- arrhythmic activity which suggests that the
presence of an alkanoyl part irrespective of its pasition is
necessary for this activity. Compound 5, which showed
marked anti-diabetic activity, also had significant anti-
arrhythmic actlvity and was, therefore, selected as a
prototype for further structure modification. Reduction of
€0 o CHOH (12) and its acetyl derivative 13 showed nuch
lower activity than the prototype. The oxime 14 of
compound 5 alse showed weak activity while s
seimicarbazone 15 had comparalde activity, Replacement of
ether function in 5 by thivether (16) abolished the activity,
Decreasing the chain length to two (22) also resulted in
lowering the activity, 4-hydroxypiperidine compound 23

I55N: 2250-1177 [#24]
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andl 4-phenylpiperidine compound 28 were inactve while 4-
hyraxy-4-phenylplperdine compound 27 was slightly more
active than the prototype. All this suggests that in the amino
component an addidonal binding site along with a phenyl
group in essental for this activity,

In in vivo test (table-3) compound 7, 8, 10, 15 and 27 were
found to delay the anset of EA, VF and CA induced by
aconitine in rats. The order of potency in respect of
preventing VF was 27=15>10>T>8=quinidine. If CA |5 taken
as the criterion of activity then the order of potency stands
a8 Jollows: 27-15= guinidine =10-7=8. In any case
compound 27 and 15 seem to be more potent then
quinidine, a reference standard used in this investigation.

CONFLICT OF INTEREST
The authors declare no conflict of interest.
CONCLUSION

Present study characterized that compound 5-8, 14 and 15
also showed hypotensive activity of this compound 6 had the
most mark activity. Compound 5 and 6 both showed Anti-
inflammatery  and  Anti-arrhythmic  activity. Compound
7.8,10,15 and 27 show significant Anti-arrhythmic activity,
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THERMODYNAMIC STUDY OF GREEN CORROSION INHIBITOR
ON MILD STEEL WITH AQUEOUS EXTRACT OF ZIZIPHUS
JUJUBA STEM IN 1M HCL SOLUTION
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The Comosion inhibition of mild steel in 1 M HCI sclution
with aguecus extract of Ziziphus Jujuba stem s studied by
weight loss method at 303-333K temperatures. It s found
that inhibition efficiency rise with |ncrease in cancantration
of extract and decreased with rise in temperature.
Maximum 78.05% inhibition efficiency was observed at 303
K and 8% (wv) concentration of Ziziphus Jujuba shem
Value observad for Activalion ensrgy, Gibbs free energy
and varation In LE. with temp. Suggest physisarption
Adsarption of extract at mild steel surface follows Langmuir
adsorplion isotherm. Negative values of Gibbs energy
reveals the spontaneily of inhitkebion process in exiracts at
studiad tempearaturas

KEYWORDS : Ziziphus Juuba stem, Corrosion, Langmuir
adsorption isothermn, Mild steel Weicht lozs method

qﬂTHGDI.ICTIﬂN

MTESE widespread wse in industries such as chemical processing. petroleum,
constriction, pipelines. mining, marine applications and refining, Although it is vne of the
common  metal alloys wsed in varjous industries but it sulTers a major problem which is
corrosion. Corrosion is the degradation of metal and their alloys by an electrochemical
reaction with environment. Corrosion of metals and alloys is a well studied industrial problem
hence found a fertile research field in green chemistry also. The introduction of corrosion
inhibitors is the best way to prevent metallic corrosion and save the great economic loss of
country[1].

Grenerally many chemicnl compounds is used as corrosion inhibitors but most of these are
toxic and expensive. Green inhibitors are generally extracts of various paris of plants. Plant
extracts are low cost and environmenlal sale. So the main advantage of using plant extracts as
corrosion inhibitors are economic and environment safe, They have great corrosion inhibitor
property. 5o they are widely used as corrosion inhibitors for metals and alloys in acidic, basic
and neutrnl medin,

Literature survey reveals various plant extracts that have been used as corrosion inhibitors
for protection of different metals and their alloys. Extract of fenugreek seeds and roots [2].
essential  oils  of  Memhaspicaia,  Lavandulommliifida,  Pulicariomanritanica  [3,4]
Azaudirachtaindica [5,6], extract of Anamascomosus L[7], Embificaafficinalis [8), Guarcinacola
et Corfar pniticter 9], Nevtumolender feaves, Caloropisprocera ete, have been studied. In the
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continuity of above corrosion inhibition studies o find out better cormosion inhibitor, the
present work has been carried out which reveals the adsorption behaviour and corrosion
prevention properies of aqueous extract of stem & fruits of 2iziphvs Sujnba for mild steel in
I M HCI solution.

PHATERIALS AND METHODS

Freparation of Ziziphus jujuba stem

The stem of Ziziphus Jujicha plant were taken, washed and air dried for 6-7 davs, crished
and grind mechonically. 20 g of stem powder was heated in 200 mL distilled water for one
hour using air condenser st 70°C ~ B0°C. This extract was left overnight and then fillered and
make up to 300 mL with distilled water for the experiment.

Selection of steel specimens

Rectangular mild sieel (grade 220) specimens of § con length and 1em width and 0.03cm
thickness were taken and abraded with o serfes of emery popers, degreased with acetone,
washed with distilled water, dried and constant weight was recorded by electronic balance.

Solution Preparation

IM HCI solution was prepared by 37% HCI (Merck Ltd.) using distilled water. The
employed concentration range of aqueous extract of Zizipfes Jujuba stem and Ziziphos Jujuba
fiurirs was 1% 10 8% (viv),

Gravimetric Measurements

Gravimetric method is widely used method because of its reliability and simplicity in
cormosion inhibition experiments. For each experiment 100 mL test solution was taken in
250 mL beaker and Rectangular specimen wos immersed in it with plastic thread [or onehour,

The experiments were camied ol at different temperatures from 303 K 10 333K in
thermosiatic water hath. After one hour specimens were removed, washed with distilled water,
acetone dried and abraded with series of emery papers and then weighted securately with
electronic balance. [t was noted thar the surfaces of specimens became rougher in 1es1
solutions without the inhibitor than the surfaces of specimens which were immersed in test
solutions containing different concentrations of inhibitor,

ZESULT AND DISCUSSION

Comrosion rates
Cormosion rates were calculated by following equation [10.11]

CRigem min’ )= (W,-WaAD A1)
where CR is corrosion rate, W, is weight of mild sieel specimen without inhibiter and W is
weight of mild steel specimen with inhibitor, A is area of MS specimen and 1t is immersion
time. Tables 1 shows that corrosion rates of mild steel decrease with rise in concentration of

Aizlpires Srfaba stem inhibitor at all studied temperatures. This could be subjected to the
adsorption of the phyto-constituents of inhibitor melecules with increase in concentration of

¥ _.
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inhibilor. The conosion rate obevs Arrhenius tvpe reaction, as it increases with rise in
{emperature [12].

Table 1. Mild steel corrosion rates o 1 M HCLsolution in absence and presence of
different eoncentrations of Zizipfus fitfuba STEM at different temperatures

Cpin CR = 107 (g cm™ min ")

(viv)% N'C  H°C  S'C el'C
0 0.82 141 2.11 2.78
1 0,59 1.21 1.87 2.65
2 0.42 1.03 1.64 2.49

3 037 0.91 1.47 237

5 027 0,78 1.31 2.21

8 018 0.t .22 2.15
Inhibition efficiency

From the obtained corresion rates, inhibition efficiencies were calculated by using
{allowing equation [ 2],

£ = “Bbtant =R 190

; A2}
C Rk

where CRy.y is the corrosion rate in absence of inhibitor and CR,, is corrosion rate in
presence of inhibitor, Ziziphus jufuba sten data are given in Table | show that “slE increase
with in extract concentration and indication that increase in number of components of extract
adsorbed on mild steel surface, which block the active sites of metal from acid attack and
protect the metallic corrosion [13]. Further the decrease in %a LE. with rise in temperaure
sugeests electrostatic interaction (physical adsorption) of the extract molecules on mild steel
surface. This further indicates desorption of adsorbed inhibitor species at higher temperatures
and metal dissolution takes place, [14] 78.05% inhibition efficiency is observed at 8% (viv)
concentration of inhibitor Ziziphus jufrehesiam,
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Table 2, Inhibition efficiencies of Ziziphns fujinha stem at different concentrations
and temperatures in 1 MHCI salution

i
CW% e s se e
| 28.04 14.18 11.37 468
2 48.7% 26.95 22 2T 1043
k| 54.88 3546 3033 [4.75
3 G6T.07 44,68 17901 20.50
B 78.05 53,19 42,18 22 66
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Figure 2. Variation im Lo CR with log . fer mild steel corrosion in 1% FCLin presence of different
enncenirintion of Liziphus jujuba stem st vicious studied tempe ratares

Kinetic Farmmeters

Assuming that corrosion rates of sleel specimens agninst concentration of inhibitor obeys
kinetic relationship as equation (3)

log CR =log K + BlogC,., A3

where K is rate constant and equal 1o CR when inhibitor concentration is unity. B is reaction
constamt which is measure of inhibitor effeclivencss and C,, is the concentration viv®s
(mLAODmML) of Ziziphes fujiha stem, Figure 2 plats between log CR and log C,, values at
various studied temperatures. B and K were caleulated by slope and intercept of straight lines
obiained in Figure 1 The obtained results are summarized in Tahle 2 which can be discussed
as follows [24], Megative values of B indicate that corrosion rate is inversely proportional to
concentration of inhibitor, In other words the corrosion mites decrease with rise in
concentration of inhibitor species. The high negative values of B reflects good inhibitive
property of inhibitor High negative value of B can be ohserved as sieep slope in graph | Figure
2).Value of B is high at lower temperatures, indicates that inhibitive species is more effective
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al comparatively lower temperatures. The rise in K values with increase in temperature,
indicnting the rise in corrosion rales with lemperatures.

Temperature ('C) Kinetic Parameters
i K x10*
(gem” min'")
We -0,552 0.6209
e 0,291 1.2359
50°C -0.212 1.8707
60°C ~0,105 26546

Table 3. Kinetic parameters for mild steel corrosion in 1 M HCI solution with
Liziphus fufubo stem
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Figure 4. Transition-state plots for milil steel carrsion in 13 HCT in absence and presenee of varisus
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Thermodynamic and activation parameters

Thermodynamic and activation parameters like apparent activation energy E,,. enthalpy
of sctivation A H*emropy of sctivation AS* can be calculated for steel dissolution process.
Activition energies B, were calculated by applying Arrhenius equation (4)

Eact
log CR =log A-m-ﬂ

where A is Arrhenius pre-exponential factor, E., is activation energy, R is universal gas
constant, T is absolute temperature. The slope of log CR vs 1/Tin Figure 3 gives the values of
activation energies at studied concentrations. Table 4 conlains the caleulated data of activation
energies. The values of activation energies in presence of inhibitor were found higher than in
uninhibited solution, This indicates the formution of higher energy barrier in corrosion
reaction by inhihitor molecules, The increase in E,, for eorrosion process in inhibitor solution
further interpreted as physical adsorption of inhibitor species on mild steel surface [15,16,17]
Besides this according to Damaskin [1 8], the value of activation energy lesser than 80kJ/ mol
and even smaller than 5kJ /mol represent physical adsorption. This assertion supports the
experimental results obtained in the present study. The values of enthalpy of activation AH*
and entropy of activation AS*can be enlculated by following transition state equation (5).

log{ CR/T) = [logi R™NR) — [AS*/2.503R —[AH*2.303RT)] wl)

where h is plank’s constant, N is Avogadro number R is the gas constant A plot of log{CR/T)
vi T gave o sunight line with slope of (-AF*2303R) and intercept of [(log R/Nh)
HAS®2.303 R from which the values of AH® and AS* can be calculated (Figure 4). These
villues are tabulated in Table 4. Values of AH*were found positive. Positive values indicate
endothermic nature of steel dissolution process, [19] Endothermic process further indicates
that mild steel dissolution reduces at lower temperatures and increases with in temperatures.
Negative values of AS® are indicative of formation of activated complex in rate determining
step, which further indicate association rather than dissociation step, meaning the decrease in
disorder takes place on going from reactants to activated complex, [20.21] 1t is also observed
from data in Table 4 that E, and AH* vary in the same manner. Values of both E_, and AH*
with in concentration of inhibitor, suggesting that energy barrier rise within inhibitor
concentration. This means that corrosion reaction will further be pushed 1o surface sites that
are characterized by progressively higher values of E,, as the concentration of inhibitor
becomes higher [22, 23] The values of activation enerpy were found higher than
corresponding vilues of enthalpy of activation, indicate the involvement of a gaseous reaction,
simply hydrogen evolution in corrosion process, associated with a decrease in total reaction
volume,

Table 4. Activation and thermodynamic parnmeters for mild steel corrosion in | M
HCI solution with Ziziplas fujubir

Cinin (v¥}%  E,q(klimol)  AH (klmol)  AS'(JmolK)

0 34,22 3l.64 22149
| 41,63 3917 -182.12
2 4892 46.64 -171.58
3 HL95 48.81 -138.46
¥ 5752 5554 -43 23
8 (7.93 fi.02 3.23
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Adsorption isotherm and Gibbs energy

The nature of adsorption can be explained by the process at metalelectrolvte interface,
Further to understand the nature of adsorption, obtained surface coverage 0 were Filted in
different adsorption isotherms. Langmuir adsorption isotherm was the best fit. The
mathematical expressions Jor Langmuir adsorplion isotherm can be expressed by the
following equation | 24-28],

c |
—= L 16
0 Ky ™ ’

Rearranging the above equation (&) we get

4 ’

ﬁ=hu|:ic|nl1 A7)
1 .

I“E[ ﬁ J = Kyge = Cian A8}

where Koy, is the equilibrium constant of adsorption, 0 is the surface coverage, (1-9) is the
uncovered surface, C, is the concentration of inhibitor, Values of K, were calculated from
the intercept of Langmuir adsorption isatherm drawn according 1o the equation (8) between
log (& /1= 0} and log C, (Figure ). The valee of K, obtained from Langmuir adsorption
isotherm is related to Gibbs energy according 1o the following equation (9.

Ko = 1/ CHyO expt 3 /KT we ()
It can be written as :
Al gy = = 2303 RT log(K e CH, O LA 10)

where CH.O is the concentration of waler in (mL / L) at metal’solution interface, R is
universal gas constant and T is absolute lemperalure. The values of AG,;, were tabulated in
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Table 5. Obtained values of Gibbs energy were ploted against temperature in accordance
with the following basic equation [29].

'.“I'j’h - "J!I'KI'S "Il‘l-'*l-l:":‘u‘“ .--11 j I.'

Intercept of graph between AG ., vs T in Figure 6 gives value of AH_, ond by putting the
value of intercept in equation (11) values of A8, were obtained, These oblained ndsorption
parameters Gibbs free energy of adsorption (AG, ) enthalpy of adsorption (AH,.) and
entropy of sdsorption (A5.,) are in Table 4. AG,, valies have been found negative at all
studied wemperntores indicating spontaneous adsorplion process of Inhibitor molecules on
metal surface [30-33). Generally values of AGy, upte -20 Kl'mol are consistent with
electrostatic interactions (physical adsorption) between charged melecules and charged metal
surface and values upto -40 Klmeol or higher involve charge sharing or transfer from inhibitor
molecules to metal surface to form coordinate type of bond (chemical adsorption) [34-38].
The obtained values of Aliy, were found less than -20k)/mol indicated physical adsorption of
inhibitor molecules. It has been observed that adsorption of negatively charged species is
facilitated due to the positively charged metal. But positively charged species can also be
adsorbed and protect the positively charged meral surface acting with a negatively charged
intermediate such as acid anians, adsorbed on metal surface.

Vilues of Al have been found negutive indicating the exothermic adsorption process
[39]. which further indicates lower ®s[E at higher temperatures. due wo desarption of inhibitor
molecules. The exothermic process is attributed to either physical or chemical adsorption or
mixture ol both [40]. In exothermic process, values of AH,, prediet physisorption or
chemisorptions in exothermic process. For physisomlion values of AH,, is lower than
40k mol while for chemisorption it reaches 1o 100k)/mal [41,42]. Values of AH_,, in Table ©
and 10 indicate physisorplion. Negative values of AS,, indicate decrense of entropy of
adsorption process. This behaviour can be explained as that before the ndsorption of inhibitor
molecules onto mild steel swrface. they might freely move in bulk solution {inhibitor
molecules were chaotie), bul with the process of adsorption, inhibitor molecules became
orderly and adsorbed onto the steel surface as a result decrease in entropy is observed, A more
interesting behaviour is observed from Table 4 that negative AH , value is accompanied with
negative AS.s value, This further agrees that when the sdsorption is an exothermic process, it
must be accompanied by a decrease in the entropy change and vies versa The obtnined
positive values of AS,,, are the algebraic sum of the adsorption of organic molecules and the
desorption of water molecales [43]. Therefore the positive values of entropy of adsorption
miay result due 1o substitution process, which can be attributed 1 the solvent entropy and more
positive water desorption entropy [44].

Table 5. Adsorption parameters for mild steel corrosion in T M HC solution with

Ziziphuy fufiuba stem
Temperature("C)  AG(klVmol)  AH(kFmol)  AS  (JmoVK)
30°C -§.5325 4543 =121.774
40°C ~1.076] -122.536
S0°C -6, 7765 -1 19,67
60°C -4.5762 -122.684
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ConcLusion

ult showed that ZIZIPHUS JUIUBA STEM is good corrosion inhibitors for mild

steel in IM HCT solution. Corrosion rates with in temperature and deerease with in inhibitor
concentration, Inhibition efficiencies at lower temperature suggests the physisorption process
of inhibitor on mild steel surface. Apparent activation enerzy with in inhibitor concentration
ilso suggests physisorption. Enthalpy of adsorption show exothermic and physical adsorption
process of inhibitor, Nagative values of Gibbs free energies shows spontaneity of corrosion
inhibition process of mild steel in 1 M HCl in Ziziphus jujuba stem,
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Abstract: - Medicinal plants play a central role not only as traditional medicines used in many cultures.
but also in trade in goods that meet the demand of often distant markets. For the purposes of this
article. the term “medicinal and aromatic plant™ (MAP) is defined o cover the entire spectrum ol
plants used in medicine. For example. growing medicinal plants by growing can reduce the vield of
wild populations. but can also lead to environmental degradation and loss of genetic diversity. as well
as the loss of incentives to conserve wild populations,

Traditional medicines have been used around the world to treat category 2 diabetes mellitus sinee
ancient times. This review provides a summary of medicinal plants around the world regarding their
traditional use by various tribes / ethnic groups lor the treatment of category 2 diabetes. Various
treatment options are available in the allopathic medicine system, The prevalence of category 11
dhabetes is increasing worldwide.

Medicinal plants play a central role not only as traditional medicines used in many cultures, but also in
trade in goods that meet the demand of often distant markets, For the purposes of this article. the term
“medicinal and aromatic plant™ (MAP) is defined to cover the entire spectrum of plants used in
medicine. For example. the production of medicinal plants by growing can reduce the vield of wild
populations, but can also lead to environmental degradation and loss of genetic diversity. as well as to
the loss of incentives to conserve wild populations.

INTRODUCTION

Diabetes mellitus is a combination of heterogeneous disorders commonly presenting with episodes of
hyperglycaemia and glucose intolerance, as a result of lack of insulin , defective insulin action. or both
(Sicree ef al.. 2006). Such complications arise due to derangements in the regulatory systems for
storage and mobilization of metabolic fuels. including the catabolism and anabolism of carbohydrates.
lipids and proteins emanating from defective insulin secretion, insulin action, or both (Shillitoe. 1988:
Votey and Peters, 2004,

Classification of diabetes mellitus is based on its actiology and clinical presentation. As such, there are
four types or classes of diabetes mellitus viz: catagory!l diabetes. catagory2 diabetes, gestational
diabetes, and other specific types (Sicree ¢ al,, 2006). Catagory| diabetes is said o account for only a
minority of the total burden of diabetes in 4 population although it is the major category of the diabetes
In younger age groups al majority of well-to-do countries. The incidence of catagory| diabetes is
increasing in both rich and poor countries. Furthermore. a shifl towards catagory | diabetes occuring in
children at carlier ages is imminent (Sicree ef al.. 2006).

ETYMOLOGY OF DIABETES MELLITUS

The terms Diabetes and Melitus come from the Greek language. “Diabeles™ means “passerby™: siphon
" while” Melit “means® sweet ™. It is believed that the Greeks called it that because of the excessive
amount of urine produced by diabetics, attracted flies and bees. The traditional way of diagnosing
diabetes in ancient Chinese was to monitor whether ants are attracted to human urine or not. In the
Middle Ages, European doctors tested for diabetes by tasting wurine on their own, a scene sometimes
portrayed in Gothic beliefs

BIOCHEMICAL BACKGROUND OF DIABETES MELLITUS

A regular energy source is a prerequisite for every cell to function in the human body.

Glucose is the body’s primary energy source, which circulates in the blood as a mobilizable fuel
source for cells. Insulin is a pancreatic hormone responsible for blood glucose regulation. The
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hormone binds to its receptor sites on peripheral side of the cell membranes. It affords entry of glucose
into respiring cells and tissues via requisite channels. Insulin stimulates catabolism on glucose into
pyruvate through glycolysis. It also up regulates glycogenesis from excessive cytosolic glucose and
biogenesis from excessive cytosolic acetyl-coA. These metabalic events are antagonistic to metabolic
events triggered by the hormone glucagon. When glucose levels are at or below threshold. glucose
stays in the blood instead of entering the cells, The body attempts to arrest hyperglycaemia, by
drawing water out of the cells and into the bloodstream, The excess sugar is excreted in the urine. This
is why diabetics present with constant thirst. drinking large amounts of water, and polyuria as the cells
try to get rid of the extra glucose. This subsequently leads to glucosuria (Piero, 2006).

As hyperglycemia prolongs, the body cells are devoid of glucose due to the lack of insulin, This forces
the cells to seek alternative mobilizable enerey sources. In this regard, the cells turn to fany acids
stored in adipose tissue.

The fats are not fuel sources for the red blood cells, kidney cortex and the brain. The red blood cells
lack mitochondria in which beta-oxidation pathway rests.

Fatty acids cannot cross the blood-brain barrier. In order 1o obtain energy for such cells and tissues.
acetyl-CoA, resulting from the metabolism of fatty acids. is sent to eviogenesis with the formation of
ketone bodies, which can serve as alternative fuel sources for such cells and tissues. These ketone
bodies also enter the urine, which leads to ketonuria, which characterizes diabetes. The buildup of
ketone bodies in the blood leads to ketosis. Ketone bodies are acidic in nature and. therefore. their
accumulation in the blood lowers the blood pH. which leads 1o acidosis. The combination of kelosis
and acidosis leads 10 a condition called ketoacidosis, If left unireated, ketoacidosis leads 1o coma and
death. (Belinda, 2004). | B)

Medicinal Plants Possessing Alpha —~Glucosidase Inhibitory Aetivities

Glycosidases are involved in metabolic disorders, including category 11 diabetes mellitus. Inhibition of
these glycosidases can be proven effective in category 11 diabetes mellitus. Various medicinal plants
have been evaluated for their effectiveness in suppressing glycosidase. Evuonymus sachalinensis,
Rhododendron schlippenbachii, Astilbe chinensis and Juglans regia have an inhibitory effect on
glycosidase, therefore, they can be a potential natural source for the treatment of category 2 diabetes
mellitus.

Tussilago farfara

Family: Asteraceae, Chemical constituents: It contains mucilage. tannin, phytosterol, dihydride
aleohol and faradial.

Medicinal uses:

Itis used in catarrh, colds, whooping cough, respiratory problems, spasmodic lung problem, stomach
trouble. inflammation and bleeding.

Pharmacological activity: It is anti-inflammatory, anti-spasmodic andhvpoglycemic. Study: Gao et
al. reported the a-glucosidase inhibitory activity of this plant and concluded that Nower bud of
Tussilago farfarais useful in catagory 11 diabetes mellitus.

Medicinal Plants Used as Hypoglycemic Agents

Prinsepin utilis Rovle

Family: Rosaceae.

Parts used: Aerial parts.

Chemical constituents: It contains pentacyclic triterpenoids,

Medicinal uses: Oil from seeds is rubifacient and is applied locally in rheumatism.

Pharmacological activity: It is anti-inflammatory, anti-arthritic and hvpoglycemic.

Study: A study was conducted to investigate the anti-hyperglyeemic activity of flavonoids from
Prinsepiar utilis Royle in alloxan-induced diabetic mice. Study duration was four weeks. Drug was
administered orally. Dose of drug was 300 mg/kg of flavonoids from Prinsepga utilis Royle, There was
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significant hypoglycemic activity of Flavonoids from Prinsepia wilis Royle compared with model
control group (P<0.01).[1]

Ricinus communis L.

Family: Euphorbiaceae,

Common name: Harmaoli.

Parts used: Root, leave. oil.

Chemical constituents: It contains ricinolein. flavonoids, ricin, ricinolic acid. sodium ricinoleate.
Lristearin.

Medicinal uses: 1t is used in constipation, pain and inflammation.

Pharmacological activity: It is anti-inflammatory, laxative and hypoglveemic.

Study: Hypoglveemic activity of 30% ecthanolic extract of roots of Ricinus comminis was
investigated. Effective dose was 500 mg/ kg body weight. There was significant decrease in fasting
blood glucose level. Hypoglyveemic activity was observed in normal as well as diabetic animal model.
Study duration was 20 days. There was significant reduction in lipid profile and liver and kidney
functions were normal during the study period. Fractionation of this extract was done and these were
tested for antihyperglycemic activity, Fraction {R-18) exhibited significant hypoglycemic activily.
This drug was safe because there was no effect on liver and kidney function and all enzymes were
normal. |2]

Aloe vera

Family: Xanthorrhoeaeceae,

Chemical constituents: It contains anthraquinone glycosides. free anthaquinones, resins, glu-
comannan, steroids, organic acids, enzymes, antibiotic principles. amino acids. cinnamic acid and
salicylic acid. essential oil.

Medicinal uses: It is used in inflammation, wounds and bacterial infections. Pharmacological
activity: It is soothing, anti-inflammatory, emmengogue, ¢emollient, and antibacterial.

Study: Rajasekaran et al. reported the hypoglycemic effect of Aloe vera gel on streptozotocin-induced
hyperglvcemia in experimental rats [3]. Okyar et al. reported the antidiabetic effect of Aloe vera in
catapory 11 diabetic rat models.

Crataeva nurvala Buch

Family: Capparidaceae, Parts used: Leaves.

Chemical constituents: It contains tannin and saponin,

Medicinal uses: It is used in diabetes mellitus.

Pharmacological activity: It is hypoglycemic.

Study: Sikarwar and Patil reported the antidiabetic activity of Crareva nurvala stem bark extracts in
alloxan-induced diabetic rats .[4]

Hyssopus officinalis

Family: Lamiaceae.

Chemical constifuents: It contains glycosides. essential oil. tannins, resins, fats, sugar, mucilage,
Navonoid glycoside.

Medicinal uses: It is used in abdominal pain, respiratory tract infections, insomnia, constipation. viral
infections and gastrointestinal disorders.

Pharmacological activity: It is antispasmodic, expectorant. sedative. carminative, diaphoretic.
antiviral, astringent, tonic and stomachic.

Study: Miyazaki et al. has studied the inhibitory effect Fhssopus officinalis extracts on intestinal
alpha-glucosidase activity and postprandial hyperglycemia.[5]

Trigonella foenum-graecum L.

Family: Fabaceae, t»&(‘
English Name: Fenugreek. ’&ﬂ ~

Loeal Name: Maithi. -
v

Volume-54, No.2 ({IV) 2020 189



Journal of the Maharaja Sayajirao University of Baroda

ISSN : 0025-0422

Chemical constituents: It comains trigonelline. flavonoid. glycosides, saponin, ascorbic acid,
fenugreekine.

Medicinal uses: It is used in catagory Il diabetes mellitus, respiratory tract infections, swelling, body
pain, stomach pain, piles, dandruff, baldness, breast pain. lungs infection, ulcer and diarrhea.
Pharmacological activity: It is anti-inflammatory, tonic and hypoglyeemic.

Study: Trigonelline produces hypoglycemic effect in diabetic rats which lasts for 24 hours.[6]

Smilax chinensis

Family: Liliaceae,

Chemical constituents: It contains beta sitosterol, oil. diosgenin, smilacin, resin, tannin, starch. gum,
sarsapogenin, sapogenins, parallin, sarsaponin and saponins.

Medicinal uses: It is used in inflammation, cancer and catagory 11 diabetes mellitus, Pharmacological
activity: 1t is anti-inflammatory and anti-diabetic.

Study: The antidiabetic effects of the methanol extracts of the Smilax chinensis 1.

(MESC) on alloxan induced hyperglycemia were evaluated on albino wistar rats.

Ethanolic extract of Smilax chinensis exhibited potential hypoglycaemic effect with potential
hypolipidemic effect (Venkidesh et al. 2010} [7,8]. The anti-diabetic effects of the methanol extracts
of the Smilax chinensis L. on alloxan induced hyperglycemia were evaluated on albino wistar rats,
Ethanolic extract of Smilax chinensis exhibited a potential hypoglycemic effect with potential
hypolipidemic effect.

Salvadora oleoides Decne

Family: Salvadoraceae,

Common name: Peclu,

Parts used: Fruit, root, seed.

Medicinal uses: It is used in anemia, constipation and pyorrhea.

Pharmacological activity: Il is anti-anemic. laxative and anti-septic,

Study: Yadav et al. reported the hypoglycemic activity of ethanolic extract of Salvadora oleoides.[9]

Urginea indica

Family: Liliaceae.

Tibhi name: Jangli Pivaz.

Chemical constituents: It contains glycosides, scillaren A and scillaren B.
Medicinal uses: It is used in urinary tract inlections and catagory 11 diabetes mellitus.
Pharmacological activity: It is anti-septic and hypoglycemic.

Study:The extract of this plant has hypoglyeemic activity.[10]

Acacia nilotica

Family: Fabaceae;

Local name: Kikar;

Parts used: Wood. leave and gum.

Chemical constituents: It contains gum arabic, tannins, mucilage, magnesium, potassium. calcium,
catechin, arabic acid, malic acid and flavonoid compounds.

Medicinal uses: It is prescribed for treatment of catagory 11 diabetes mellitus.

Pharmacological activity: It is astringent and hypoglyeemic.

Study: Usmanghani et al, documented its anti-diabetic activity.[11]

Achyranthes aspera

Family: Amaranthaceae;
Parts used: Leaves, stems and roots,
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Chemical constituents: Saponins, ecdysterone, inokosterone, achyranthine, and potassium, ash of
leaves. stems and root contains considerable amount of potassium,

Medicinal uses: It is used in diabetes mellitus.

Pharmacological activity: It is hypoglycemic,

Study: A study was conducted to evaluate its efficacy in diabetic rat. Alcoholic extract of whole plant
was given 10 albino rat. Aleoholic extract exhibited hypoglycemic activity in albino rats, [12]

Luffa acgyptinea Mill

Family: Cucurbitaceae;

Medicinal uses: It is used in joint pain, backache, colic. splenitis and phlegmatic diseases. Pharma-
cological activity: It is anti-inflammatory and hypoglycemic.

Study: El-Fiky et al. investigated the efficacy of oral administration of the ethanolic extracts of Luffu
aegnpiiaca on blood glucose levels both in normal and streptozotocin diabetic rats. Hypoglycemic
activity was observed significantly in streptozocin diabetic rats during the first three hours of
treatment. In normal rats, hypoglycemic activity was insignificant compared o glibenclamide
treatment.[13]

Citrus paradisi

Family: Rulaceae;

Medicinal uses: It is used in dizbetes mellitus catagory [ and bacterial infections. Pharmacological
activity: Antibacterial and hyvpoglycemic.

Study: Adeneye reported that methanol seed extract of Citrus paradisi lowers blood glucose, lipids
and cardiovascular disease risk indices in normal Wistar rats.[ 14]

Aegle marmelos

Family: Rutaceae;

Part used: Fruits, leaves.

Medicinal uses: It is used in chronic constipation, piles. dysentery. hyperacidity, abdominal pain and
catagory 11 diabetes mellitus.

Pharmacological activity: It is mucilaginous, antidiabetic and antidysentric.

Study: A study was conducted on normal and diabetic rats. Fruit of this plant exhibited hypoglycemic
activity in normal rats. [15]

Bougainvillea glabra

Family: Nyctaginaceae,

Parts used: Leaves. flowers and stems.

Chemical constituents: It contains alkaloids, flavonoids, pinitol and betacynin.

Medicinal uses: It is used in inflammation and diabetes mellius catagory 11. Pharmacological
activity: It is anti-inflammatory, insecticidal and hypoglycemic.

Study: Bhat et al. reported the antidiabetic praperties of Bougainvillea spectabilis. This study justifics
its use as herbal drug in catagory |l diabetes mellitus [ 16].

Ferula assafoetida

Family: Umbelliferae.

Chemical constituents: [t contains organic sulphur compounds. volatile oil. foetidae, luteolin. The
gum resins contain coumarins, S-hydroxyumbelliprenin, assafoetidin, ferocolicin, asacoumarin A and
B. famesiferol A, B, C and disulphide. asadisulphide and sec-butylpropeny! disulphide.

Medicinal uses: It is used in constipation, abdominal pain, cough. intestinal worms. urinary tract
infections and sexual disorders.

Pharmacological activity: It is stimulant, carminative, antispasmodic, expectorant, slightly laxative,
anthelmintic. divretic, aphrodisiac. emmenagogue, nerve and pulmt:-nu—r;;;;?{unl. Study: Abu-
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Zaiton reported the anti-diabetic activity of Ferula assafoetida extract in normal and alloxan-induced
diabetic rots [17].

Ficus bengalensis

Family: Urticaceae.

Parts used: Latex. bark, fruits, roots, root bark, buds and aerial roots.

Chemieal constituents: It contains triterpine, friedelin, sitosterol. tigilic acid. quercetin. rutin, tannins,
waxes, albuminoids and carbohydrates.

Medicinal uses: |t is used in diabetes mellitus catagory 11

Pharmacological activity: It is hypoglveemic.

Study: Singh et al. reported the antidiabetic effect ol Ficus bengalensis aerial roots in experimental
animals [ 18]

Cymbopogan citratus

Family: Poaceae;

Medicinal wses: It is used in catagory 1 diabetes mellitus, gouty arthritis and tuberculosis.
Pharmacological activity: It is anti-inflammatory and hypoglycemic.

Study: Mirghani et al. documented the hypoglycemic activity.]| 19]

Aerva lanata

Chemical constituents: It contains galactoside and kampferol.

Medicinal uses: It is wsed in Kidney stones, constipation and diabetes mellitus catagory L
Pharmacological activity: Diuretic, purgative. emetic and hypoglycemic.

Study: Vetrichelvan and Jegadeesan reported the anti-diabetic activity of alcoholic extract of derva
lamata in rats and concluded that this plant can be preseribed to treat diabetes mellitus catagory 11.[20]

Laurus nobilis

Parts used: Leaf and berry, Chemical constituents: It contains cineole, eugenol, geraniol, alpha and
beta pinene, lauric acid, palmitic acid, linoleic acid. reticuline, boldine. laurostearine, methyl eugenol.
Medicinal uses: It is used in hysteria, colic, indigestion, loss of appetite.

Pharmacological activity: It is anticheumatic, antiseptic, bactericidal, digestive, diuretic,
emmenagogue, stomachic, hypotensive and sedative.

Study: Khan et al. reported that Bay leaves improve glucose and lipid profile of people with catagory
Il diabetes mellitus.[21]

Sesamum indicum

Family: Pedaliaceae.

Tibbi name: Til, Kunjad,

Chemical constituents: It contains molybdenum, thiamine, niacin, carbohvdrates, methionine,
tryptophan, lecithin, sesamin. sesamolin, phytosterol, cobalt, iodine, iron. zinc, calcium and sitosterol.
Medicinal uses: It is used in cough, sexual debility, asthma. thorax complaints. inflammations and
bleeding piles.

Pharmacological activity: It is aphrodisiac, anti-inflammatory and hypoglycemic.

Study: Takeuchi et al. documented hypoglyveemic activity of this plant.[22]

Ginkgo biloba

Family: Ginkgoaceae.

Chemical constituents: [t contains {lavonoids and terpenoids.

Medicinal uses: It is used in dementia, intermittent claudication, anxiety, glaucoma, macular
degewneration, premenstrual syndrome, cardiovascular disorders and djabetes mellitus catagory 11
Pharmacological activity: It is hypoglycemic and antioxidant. ) #rf
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Study: Chen et al. reported that Ginkge bileba extract reduces high-glucose-induced endothelial
adhesion by inhibiting the redoxdependent interleukin-6 pathways [23].

Ziziphus mauritiana Lam,

Common names: Beri,

Parts used: Leaves. fruit.

Medicinal uses: It is used in catagory 1 diabetes mellitus,

Pharmacological activity: It is hypoglyeemic.

Study: Bhatia and Mishra reported the hypoglycemic activity of Ziziphus mauritiana aqueous ethanol
seed extract in alloxaninduced diabetic mice [24).

Allium cepa L.,

Local name: Kashuh,

Parts used: Leaves and bulbs.

Chemical constituents: [t contains phytoncides, vitamins, allicin. flavonoids allylpropy] disulfide.
essentinl oil, quercetin, scordine and fatty oil.

Medicinal uses: It is used in ear pains, flatulence and skin diseases.

Pharmacological activity: It is aphrodisiac and hypoglyeemic.

Study: Mathew and Augusti reported the hypoglycemic activity of Allium cepa and concluded that
this plant can be prescribed to treat catagory 11 diabetes mellitus [25].

Ammi visnaga

Medicinal uses: It is used in angina and catagory 11 diabetes mellitus.

Pharmacological activity: It is vasodilator and hypoglyeemic.

Study: Jouad et al. reported the hypoglyveemic effect of aqueous extract of Ammi visnaga in normal
and streplozotocin-induced diabetic rats [26].

Berberis lyceum Royle

Part used: Root.

Medicinal uses: It is used in arthritis, osteoarthritis, inflammations. opthalmia, mouth ulcers, skin
ulcers and conjunctivitis.

Pharmacological activity: It is hypoglycemic and anti-inflammatory.

Study: Gulfraz et al. reported the antidiabetic activity of Berberis lyceum root extract and berberine in
alloxan-induced diabetic rats [27].

Hippophea rhamnoide L.

Parts used: Fruit, stem, and leaves.

Medicinal uses: It is used in skin problems, lung problems, cancer, uleer, wounds, skin infection, joint
pain. hair fall, catagory 11 diabetes mellitus, and blood pressure, jaundice and heart problems.
Pharmacological activity: It is antidiabetic.

Study: Arshad and Bibi reported the ethnomedicinal uses of Hlippophea rhamnoide L. in catagory 11
diabetes mellitus [28].

Lavandula stoechas

Arabic name: Mumsik al-Arwah,

Persian name: Anis al- Arwah, Ustukhudoos.
English name: Arabian Lavender.

Chemical constituents: [t contains fenchone, sitosterol. ursolic acid, lavanol. camphor. and 7-
methoxy coumarin,

Medicinal uses: It is used in neuralgic headache, thoracic diseases and catagory 11 diabetes mellitus.
Pharmacological activity: It is deobstuent, resolvent and tonic.
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Study: Gamez et al. reported the hypoglycemic activity in various species of the genus Lavandula and
concluded that it can be used as hypoglycemic agent in patients with catagory 11 diabetes mellitus [29].

Panax ginseng

Family: Araliacaca.

Medicinal uses: [t is used in asthma, bronchitis, altitude sickness and catagory 11 diabetes mellits,
Pharmacologieal activity: [t is anti-diabetic.

Study: Attele et al. reported the anti-diabetic effects of Panax ginseng berry extract [30).

Fagopyrum tataricum

Family: Polygonaceae.

Parts used: Leaves.

Medicinal uses: It is used in diabetes mellitus.

Pharmacological activity: It is hypoglycemic.

Study: Lec et al. reported that Fagopyrum tataricum (buckwheat) improves high-glucose-induced
insulin resistance in mouse hepatocytes and catagory 11 diabetes mellitus in fructose-rich diet-induced
mice [31]

Semecarpus anacardium linn

Family: Anacardiaceac.

Parts used: Fruit, seeds. gum, oil, juice of pericarb, seed kernels.

Chemical constituents: It contains tryplophan, phenylalaning, nicotinic acid, riboflavin. thiamine,
bhilanwanol, fixed oil, anacardol, catechol. cardol. anacardic acid,

Medicinal uses: It is used in infected wounds, bails and catagory 11 diabetes mellitus.
Pharmacological activity: It is antiseptic and hypoglycemic.

Study: Khan et al. reported the antidiabetic and antioxidant effect of Semecarpus anacardivm Linn.
nut milk extract in a high-fat diet STZinduced catagory2 diabetic rat model [32],

Glyeyrrhiza glabra

Family: Fabacaea.

Parts used: Roots.

Medicinal uses: It is used in obesity, peptic ulcers, stress. eczema, asthma, hay fever, arthritis,
gastritis, abdominal colic. hyperacidity, heart burn, indigestion, constipation, cough, bronchitis and
other respiratory infections.

Pharmacological activity: It is expectorant, febrifuge, antibacterial, anti-inflammatory, anti-allergy,
estrogenic. demulcent, antispasmadic, laxative, anti-allergic, antacid and antiseptic.

Study: Aoki et al. reported the hypoglycemic activity of this plant [33].

Matricaria chamomilla

Medicinal uses: It is used in headache, chest pain and conjunctivitis.

Pharmacological activity: It is stimulant, demulcent, brain tonic and diuretic.

Study: Cemek et al. reported the antihyperglycemic and antioxidative potential of Marricaria
chamomilla L. in streptozotocininduced diabetic rats and concluded that it can be prescribed to treat
hyperglveemia [34].

Environmental Threats to Human Health

People experience the environment in which they live as a combination of physical, chemical.
biological, social, cultural, and economic conditions that differ according 1o the local geography.
infrastructure, season, time of day, and activity undertaken. The different environmental health threats
can be divided into "traditional hazards. which are associated with lack of devel- opment, and the
"modern hazards," which are associated with unsustainable development. Te changing pattern of
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environmental health hazards and associated health risks from traditional to modern with time and
economic development has been called the "risk transition.” This transition in risks oceurs befare the
"epidemiologic transition,” which is the term applied to the frequently observed shift in the relative
importance of traditional (for example, infectious) and modem (for example, chronic) diseases that
accompanies development.

Traditional hazards are related to poverty and insufficient development. They include lack of access to
safe drinking water; inadequate basic sanilation in the houschold and the community: food
contamination with pathogens: indoor air pollution from cooking and heating using biomass fuel or
coal; inadequate solid waste disposal: occupational injury hazards in agriculture and cottage
industries: natural disasters, including floods, droughts. and earthquakes: and disease vectors. mainly
insects and rodents.

Modem hazards are related to rapid development that lacks health and environment safeguards and 1o
unsustainable consumption of nawral resources. These hazards include water pollution from populated
areas. industry, and intensive agriculture; urban air pollution from automobiles. coal power stations.
and industry; solid and hazardous waste accumulation; chemical and radiation hazards due (o
introduction of industrial and agricultural technologies; emerging and re-emerging infectious disease
hazards; deforestation, land degradation, and other major ecological change at local and regional level:
climate change; stratospheric ozone depletion: and trans boundary pollution.

One of the differences between traditional and modern environmental health hazards is that the former
are often rather quickly expressed as discase. A person drinks polluted water wday and develops
severe diarrhea tomorrow, for example. The incidence of diarthea can accordingly be a relatively
useful measure of the risk and of our efforts to control it. For many modem environmental health
hazards, however, a long period may pass

before the health effect manifests itself A cancer-causing chemical released into the environment today
may not reach a person until it has passed through the food chain for months or vears. for instance. and
even then may not cause development of a noticeable tumor for decades.

Similarly, environmental change. caused by human activities, that occurs over several decades. such as
stratospheric ozone depletion due to chlorofluorocarbon emissions, may undermine the life-supporting
functions of Earth. So. for modem environmental health hazards, understanding the environmental
pathways through which the hazards move is particularly important.

TABLE 1. Environmental Health Indicators within the DPSEEA* Framework: example of
Microbiological Water Contamination ( Modified from Ref 16)
Deseriptive Indicator Action Indicator
Driving force Level of poverty in the community  Expenditure  on  water and Pressure
Percentage of households  sanitation improvements
without safe drinking-water supply  Number of unserved households
provided with clean water supply

per year
Stale Colilorms in waler Extent of water quality
surveillance and water
treatment
Exposure Percentage of population exposed  Extent of public education

to hazardous water contaminants programmes on water and
treatment in the home

Effect Morbidity and mortality Number of cases treated in
from diarcheal diseases hospitals and clinics MEW
# DPSEEA = driving foree, pressure, state, exposure, effect, action. -:Ss.'d
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Conclusions

Sustainable development policies should incline us toward longer-term, broad-spectrum interventions,
touching wpon the driving forces aperating in human society. In many developing countries, this
would mean tackling inequities. poverty. and population growth and thereby contributing. for
example, to the control of land degradation and delorestation, biodiversity loss, soil erosion food
insecurity, and decline in water quality. In developed countries, inequities are also of importance, as
sizeable population groups live in squalor and relative poverty. In addition, emphasis should be placed
on reducing unsustainable consumption, curbing the use of nonrenewable fuels. and reducing
generation of solid wastes to minimize transboundary pollution, toxic waste problems, and global
environmental change. All of these actions would have long-term and sustained beneficia effects on
human health.To implement successfully proactive preventive approaches, development policies and
planning need a long time horizon. In addition, health and environment concerns must become an
integral part of the planning within the framework of sustainable development.
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The aim of this research is (o determine the effect of succinic acid on concrote strongth, Butanediole scid,
also knowii as amber acid and suecinic acld, s a 1, 2-ethanedivarbusylic acld. In nature, succinke ackd is
found i its pure of esierified Momms, Maleic anhydride is converted (o succinic acid through catalytic
hydrogenation, Succinle acld is used as 2 construetion addilive, Succinic acld is applied 10 concrete at a

conceptration of 0 to 2% by weighl. Succinic acid has a plasticizing effect. Compression intensity

ncreased as succinic acid concentration increased. Succinie acid performs optimally at a2 concentration

::::::;-,"- achil of 1% in M30, M25, and M20 concrele,

Swccinic acid 2021 Elsevber Lic All rights reserved.

wiirgiimaand Sefection and pect-review under responsibility of the scientific committee of the 15t International Con-
Conurete ference on Computations in Materials and Applicd Engineering - 2021.

B Sclaticncn prapiomic acids, butyric acid and lactic acid (i) organic acid which

Concrete being basic in nature, is extraordinarily susceptibie to
acid attack. The mechanism for this process is very simple. In acid
attack mechanism Ca (OHY of cement react with acid and form salt
of calcium as a bvproduct which is soluble inwater. By product cal-
cium salts is eliminated by dissolving in water from the cement
paste, This reaction of acid with Ca (OHY; is given as | 1],

Acid + Ca(OH), — Calclum Salt + M0

In the agro-food and nuclear waste industries reaction of
cement with short chain organic acid change the durability amd
structure but this can be used for improving the other properties
of concrete lile workability, strength etc.

Due to less pegative effects of organic acids their salts are ysed
in fresh or hardened concrete cement matrix o improve some
properties. Acid cannat change the stability of calcium silicate
hydrate gel and solubility of Ca-CqH04 is 4 moderate [ 2,71,

The interactions mechanism of cement and erganic acids is very
Intensive. The physical and chemical mechanisms of attack af
organic acid have been investizated by experiment. Two types of
acids have been used (i} organic acid which form solubde salt, ke

Vit /el g 1k (LLRIURR RTT RS TUTes | F 8 A (L)

2214-TE53)e 2021 Hsevier Lvd. All righes reservisd

form insoluble salt, like tartaric acids oxalic, malic, and succinic
[45) The mechanisms of organic acid which form soluble salt s
similar to mechanism of strong acid like HCI and HNO, [46.7].
The chemical and physical properties of vrganic acid which Torm
insoluble salt change properties like voluime, solubility etc |5

2. Experimental program
2.1, Materinis

217, Cement

Cement is & material which 15 a binder in nature which is used
in construction for harden and setting with same other alternative
materials by binding together. In this study 43 grade Ordinary
Portland cement [OPC) was used.

2.1.2. Aggregares

Aggregates are those materials which provide volume, stability
and wear resistance to the finished products. Aggregates which are
wsed in cancrete are of two Lypes:

terials and Applisd Engiovering - 2021,
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(1) 10 mm fine aggregates consist of sand, very small garavel,
crushed climker.
(2] 20 mm coarse aggregates having gravel, small stone,

213, Additives

Additive is the artificial or natural materials which are aclded i
concrete besides cement, aggregate and water to improve its prop-
erties, For improve the quality of concrete, chemical additive soc-
cinic acul iz added during mixing, Succinic acid also works as
plasticizer material.

L2 Conerete mix design

The 15: 10262=2000 |9 code method of concrete mix design

Maserials Todey: Procesding oo (o) cor

removed] from the iran mould after 1 day and then cured in water
for a period of 7 .and 28 days.

1. Experimental results and discussion

21, Concrefe compression sirengii

Compression strength for concrete on 7th and 28th day with
different proportion of succinic acid is presented in Table 1. In this

Tahle 1

KD Comespte comppreasion strength an 7 and 281h day 41 warlous propaetion of
Suocimic aced.

was used [0 design M30, M25 and M20 concrete. Mixing of compo- in e IO T day Cpeessioo 30 iy Chicidion
nents s done according to 1S for M30, M25 & M20 concrete, The o f'L.T,T"'E HEEHR LN sl
amount of additives is 0.5, 1.0, 1.5 and 2.0% by cemant weight is - o0 2033 TRAS
added, The components of conorete are totally blended in mixer T o a5 fg':,“
computing device until uniferm consistency is obained. Inidally ST .75 3022
moetld is greased with ofl then the concrete |s filled n iron mould 4 1.5 2045 2RA0
after filling concrete is compacted by the vibrator, Now sample is 5 a8 1525 740
48 -
& 42
2 36 -
'ﬁ‘ a0 - @7 day Compression
E 24 Strength (Mpa) I
" 18 - w28 day Compression 5
= 12 -J Strength (Mpa)
-la E 4 l
@ig & E
g :1
| % of Succinicacid |
et e e W O] ik — e |
Fig 1. W20 Concieda comguitssn dhiwngih oo Tl dpd IREH day b varioes i et i of Suceinke acid,
g 36 |
= ¥k —= s : ST
E 28 : W
i :4 ¥ TToTToizimeas i
E i 20 E %
1E i e - r. -
j i BJRE . :
44
I ghlE 05 .j et T e
s 7 day Compression | _ = : '
Strangth (Mpa) l 10-33 20, 55 i 21.75 21.45 |= 19.25
i ) B Iﬁl‘f Enmﬁ'ressiun : | e s -F '
" strength (Mpa) J 28.45 | 284 3022 |5 1274 |

Fig 2. Modification (o Comgression stiength of M20 cancrete on 7th and B8 day at varsous proporion of Succinic acid
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Tatde 2
W25 Concrere oompression streagth on T and Z8ch day ar vacjous propotion of
Swcclnde aeid

- & %ol Tth day Compressien ABth day Comprassan
Mo, Swccmic strength (MPa) sength ik
cld

i i 25,68 1636

i 15 655 1695

3 1.0 JEHS 178%

E 1.5 1745 3675

5 20 2602 1580

study. Succinic acid was added up to 2% of the cement weight in
M30, M25 and M20 Concrete. Fig. 1 shows the M20 Concrete com-
pression strength on Tihand 28th day at various propection of Shc-
cimic acid and Fig. 2 shows the Modification in Compression
strength of M20 concrete on Tth and 28th day at various propar-
tion of Succimic acid. Talske 2.

Concrete compressian strength on 7ih day for M20 vacied fiom
2033 to 21.7% N/mm* with 0% to 1% conceniration af the additive

58

L= - i

5]

Compression Strength (MPa)
o o bk ﬁ e L

0 05 ) i

% of Succinicacid

Rebiteriotn Tooifayr! Mroweedingy con (xxxn) oy

suceinic acid and then decreased to 21,45 and 19.25 Mjmm” with
1.5% and 2% respectively. Concrete compression strength an 28th
day for M20 varied from 28.45 to 30.22 N/mm?® with 0% to 1% con-
centration of the additives succinic acid and decreased to 28.50
and 27,40 Mjmm® with 1.5% and 2% respectively. Table shows the
ML5 Concrete compression strength on 7t and 28th day at various
propartian of Succinic acid.

iy, & shows the M25 Concrele compression strength on Tth and
2Bth day at various proportion of Succinic acid and Fig 4 shows the
Moditication in Compression strength of M25 concrete on 7Eh and
28th day at various proportion Succinic acid. Concrete compression
strength on Tth day for M25 changed from 25.68 to 28.85 Nimum®
with DX to 1% concentration of the additives succinic acid and then
decreased to 27.45 and 2602 Nimm® with 1.5% and 2% respec-
tively, Concrete compressian strength an 28Eh day Tor M25 varied
from 3636 to 37.85 Nymm® with 0% to 1% concentration of the
acditives succinie acid and then decreased to 36,75 and 35,60 N/
mm® with 1.5% and 2% respectively. Table 3 represent the M30
Concrete compression strength on 7th and 280h day at various pro-
portion of Succinic acid.

u 7 day Eumpresslm 7

~Strength {Mpa)

® 28 day Compression
Strength (Mpa)

|
i |

Fig. 3. M5 Concrete composssion streagth on 7o and 2810 day 20 varous properteon of Succine acd

‘Compression Strength (MPa)
28R

s

e 7 |0y Camp}_issl;:n |
Strength {(Mpa)

e s o e,

@28 day Compression
Strength (Mpa)

o EL TSR .

356

Fig. 4. Modification in Comprasshon strengsh of M25 concrete on Tohand 28th day at vanms proportion Succinic acd.



K. Porqiiear, [r Rakesh kmar Oubey, M Madmaje e al

Tabde 1
B30 Comcrete compression strengeh on Tth aned 28 day o varses propaniad ol
Surdinic aid,

L %ol 7eh day Comsretidon 281 day Camn presuion
ha,  Suicimc strenglh (MPa) stremzth (MEz)
aciel

1 o 3038 a0,39

F 05 .50 Al 50

3 10 32T 4245

4 15 1023 Al

3 20 300 38,50

Fig. 5 shows the: M30 Concrete compression strength on 7th
anel 28th day at various proportion of Succinic acid and g, 6
shows the Modification in Compression strengeh of M30 cancrete
on Tth and 28th day ar various proportion of Succinic acid. Con-
crete compression. strength on 7th day for M30 changed from
3038 1o 32.7 Njmm?* with 0% to 1% concentration of the additives
sucrinic acid and then decreased to 31.25 and 30,10 N/mm® with

a8
€ a2
= ;
= 36
e ; i
% | = = 7 day Compression
B -  Strength (Mpa)
g 18 - ® 28 day Compression
'5 12 - = : Strength {Mpa)
S EE | i B
§ o s — =

Ladi e
% of Succinic acid

Mmsrials Foday: Proceedings my | ooo) oo

L5% and 2% respectively. M30 Concrete compressian strength on
28th day changed from 4039 to 42.45 Ninun® with 0% to 1% con-
centration of the additives succinic acid and then decreased 40.90
ancl 3850 Njmm? with 1.5% and 2% respectively,

4. Conclusion

Suctinic acid worked as plasticizer and retarder. Succinic acid
reacts with hydrated cement phases amd affects structure durahbil-
ity and modifies cement properties. As the proportion of succinic
ackl from O o 2% increases, initlally compression strepgth
increased then decreased. Succinic acid gives oprimum results with
1E addition for M30, M25 and M20 due to its reaction with extra
lime and forms calcum succinate,

Swceinic aod - Cn0 - Caleim Sbeciate + Hy0

Use of succinic ackd makes the concrefe more workable, pump-
able andl placable and it is ecanomically cheaper then cement
based concrete.

Fag. 5. M30 Concrete comgresson strengrh on T and 28ch day at saviows gropoction of Succinic acid

f - i
i & : :
=36 |
g ARET o———-l-'-"‘-"-d-—-—*
E 24
E 18
12
& =
.n s O P e sl e T —————
e s s R R R e e |
{mnguen ] day Compression 3 e TR R -
| swengthimpm | 038 | 315 L 27 | 3125 | 301
weitien 28 day Compression T e T e Ty Sy e ,
! Strength (Mpa) | 03¢ 40.5 | a2.45 \ 09 | 385 |
e e = R ———

Fig. 6. Modificaioen in Comprassion strength of B30 concmte on Tih and 288 day ar varoos proporion of Succinic acid.
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T the present article, the Geile green synihiests of siiver nanaparticles [AgRPs) using aquecas leaf extract
of Exfvosterning axilfere {Lan.) has reparted, This 1= 3 shimple, cost—#fective, stable for a long time and
reproducibile aqueous syathests method 1o shitain ¢ self-assembly Ag ranoparticles, The sice and shape of
Ag nanogarticies were characterized by XRI), TEM, and SEM-EDS. The formation and stability of the
reduced silver panopartiches in the colloddal solution were monilored by Uv=Vis spoctrophotometers
analysis. Zeta potental veas confirmed 1y DLS study. The mean particle diameter of silver nanopanticles
was caleulated from the TEM, SEM and the slze of the particles was measured between 15 and 20 nim,
TEM analvsis revealed the spherical shape of the particles. Crystalline nature of the nanoparticles in the
face-centee] cubic structure ane confirmed by the peaks in the XRO pattern corresponding mo [ 1110 [ 200),
(2200 and (3107 plates. This study showed the bicgenic, envimnmentally friendly and cost-effective
aynthesis and characterszation of the silver nanoparticles
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1. Introduction

In recent years, Manoscience has een extensively studied and the
rapidly growing technology of producing and utilizing nano-sized
particles, due w their unique properties and bicloglcal applications
[ 1.2]. Manoparticles can be synthesized by various approaches lilke
chemical. physical and biological imethods [31 The physical and
chemical methods for symthesis of nanoparticles inclede laser abla-
tion, pyrolysis, chemical or physical vapour deposition sol-gel,
Iithography electmo-deposition most of them have woxic effects an
human health, which limits their immense application |4,51 The
biological synthesis of nanopanicles is considered as a clean,
nontoxic and environmental-friendly method compared to other
physical and chemical methods [6]. Different types of inorganic
metal nanoparticles such as sibver, gold, zinc copper, titanium,
magnetite and nickel are synihesized using different pares of the
plants. The plant extracts work as reducing and capping agents and is
lead to the fornation of crystalline nanoparticles with a variety af
shapes with £izes berween 1 and 100nm [7]. Among various ingi-
ganic nanoparticles, silver nanopartices (AzNI*s) are of special in-
lerest and draw more attention of researchers becasse of its

* Coriespandimg author
E-midl aelelress: nhoanio B2Eg nallooa (5 Hail

Litges) ! pobosrd 0 Do e ZO80E, (4
OCHMG- 20030 2018 Elsevier Inc, Al rights reserved,

mhmerous application in the areas of biomolecutar detection and
diagnostice (&, therapeatics 9], catalysis [ 10], micro-electronies [ 1],
Researches have also shiown that the medical use of AgNps includes
its se as antifungat | 12). antibacterial | 13}, anti<inflammatory | 14],
anti-diabetic | 15] antioxidant agents [16] and also reported in the
cancer treatment and diagnosis | 17].

Mant Enfcostenima aeiilare [ Lam.) Syn. Enicostemima Nitorale i 3
medicinal plant belongs to family Gentianaceae, found thoug hout
liclla common in coastal areas [18). In India, the plant {5 Lradi-
tianally used in the treatment of rheumatism abdominal ulcers,
hernia, swelling and insect poisoning [ 19]. Swertiamarin [ 2021,
alkaloids, steroids, saponms, triterpenoids, flavonoids, phenolic
acids and xanthones were isolated from Enicostemma axillare [22],
Enleosternma axillore is also a good source of macro and micro-
minerals, In Indian ayurvedic medicine, Enicostemma oxillare is
talien in combination with other herbs, especially for diabetes. The
plant is administered in aywrvedic pill form for treating ope 0
dinbetes since it plays a major role in reducing blood glucose level
and increase serwm fnsulin level [23],

[n this paper, we present a green synthesis of silver pano-
particles wsing Enicostemma avillure plant extracts, This method
was environmentally friendly, single step, cost-effective and
manlaxic for human health, Characterization of the synthesized
silver nanoparticies was done using FTIR, DLS, XRD, SEM and TEM
Imaging,
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2. Materlals and methods
21 Collection of the plant materials

The leaves of Enicosreming axillare {Lam.) were collected from a
lncal area of Udaipur Rajasthan, Indis, during August and
September. The leaves were rinsed with water thrice followed by
detonized water to remove the fne dust materials andd then, plant
leaves were shaded dried for T week to completely remove the
moisture,

22, Preparation of leaf extroct

The dried leaves were pulverized well with a domestic blender
to make a fine powder, 25 ¢ of powder sample was mixed inoo
100 mi of detonized water and the mixture was boiled at 60 °C on a
hot magnetic stirrer for 30 min. After cooling the leaf extracr was
filtered with Whatman No. 1. The extrace was filtered again with
.22 pm (HiMedia, Mombai, India)) cellulese nitrate membrane [y
vacuum filtratlon unit. The filtrate was stored a1 4 °C for further use.

2.3, Dwtermination ol synthesis of siher manopartiches

For the synthesis of sitver nanoparticles, 2 ml of the agueous
extract of Fnicostermma axillare add info Erlenmeyer flask contain-
ing GOml of 1 mM silver nitrate (AgNOy Sigma-Aldrich, St Louis,
USA.) solution and leept for incubation at 50 °C far 2 h, The overall
feaction process was carmied out in a dark room condition 1o
minimize the photoactivation of silver nitrate. After incubation, the
calour of the solution tums into a reddish=browen Fig. | (bl The
calour change of the reaction solution was ohserved for the char-
acterization of silver nanoparticles, After the svnthesis and
completion ol the reaction, the solution was centrifuged at
15,0040 rpm for 20 min. The transparent selution was discarded and
the pellets of silver nanoparticles were collected, The solutlon was
dried in the oven at 45—50°C m obtam pellets.

Absorbance

L4, Chorcrerizaton of silver nanoparticles

The bioreduction of silver nitrate to silver nanoparticles was
mieasured periodically by UV=visible spectroscopy (ELICO 51-159
UW—visible spectrophotometer). The sample was diluted with
dejonized water and UV—vis spectrograph was recorded by using a
quartz cuvette with deonized water as a reference. The spactro-
metric reading was recorded at a scanning speed of 300-700 nm
Fig, 1 {a). The mean particle size, polydispersity index (PDT) and zeta
potential of developed manoparticies were performed by DLS on
Letasizer HPPS-5001 [Mahern, LK) at 25 °C at a scattering angle of
a0 Fig. 2{a—bL TR analysis was employed to find out possible
functional groups responsible for reduction and capping of stheer
nanoparticles Fiz. 2 (dy X-ray diffraction (XRD) pattern of sibver
nanaparticles was obtained using 4 powder diffractometer { X=ray
difftactometer Ulttma IV, Rigaku, Japan] with Kz radiation
(0= 154058 nm; in the 20 range from 20¢ to 90°. The sample was
prepared for electron micrascopy observations. Electron micro-
scopy experiments were carried out in an FEl Tecnai G2 20 high-
resoiution ransmission electron microscope, operating ar 200kV,
with a resolution point of 2,04 nm. Samples for electron microscopy
ohservations were propansd by ultrasonically dissolving the Aghp
powder in ethanol. A drop of the solution was subseguently
deposited onte a lacey C Alm supported on a Cu grid and allowed 1o
evaparate uider ambience conditions. Field emission-scanning
electron microscopy [FESEM), using JEOL SM-7600F, Japan model
was used for the surfare morphology analysis of the synthesized
nanoparticle, The elemental constituent of the nanoparticle
(AgNps) was anabyzed through encegy disporsive X-rays spec-
ometry (ED5 using Oxford-EDS system. Processing of the EDS
spectra was accomplished using the INCA Microanalysis Suite
sofTweare,

3. Result and discussion

In recent two decades, the synthesis of nanamaterial by means
of green methods has increased the attention af researchers due to

Wavelength (1nm)

Fig. 1. {a) UV -visibile specess recorded a5 3 function of reaccion af | mbd agieois solstion of ASNGT with aqueous leaf exeracs of the Lwosremenn axfilre. |

AgHilly sodutlon 1 mM C Afier synthests of AgNDy namopariches,

Mans exran B,
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Fg 2, (a] $o polemtial messurement 4 porticle sine dieibution () XED anal ysis (el FTIE anabyins of silver nanoparticien

their application in varicus fields |24 Synthesis of silver nanc-
particles |s casily observed due to changes in the colour of e sa-
lution. The extract of Enicostenimy axillane was mixed; the solution
starts changing colour lom yellow 1o reddish brown at 2 h incu-
bation at 307 C. in the same procedure the colour of control seiution
remsaln unehanged during this period ol the experiment [25].

3L UV—visible spectroscopy onalysis

The synthesis of silver nanaparticles was examined using a
spectrophotomeler and Lhe Surface Plasmon Resonance showing
the homogenaous particle size as it is not aggregated and not settled
down. The nanoparticles were stored for two months but they were
still In the solution form and were not settled dovwn by agglomer-
ation. g 1 (a) shows the UV—vis spectra of the aqueous compo-
nent as 4 function of time varation of leal extract with 1.mM
agueous AghO; solution. Metal nanoparticles have free electrans,
wilicl give surface plasmon resonance (SPR} absorpton band, due
to the combined vibration of electrons of metal nanopartices in
resonance with a light wave, The sharp bands of siver collolds for
the Plasmon resonance appeared in the visible range at 417 nm
which is increasing with the passage of time.

32, [ynamic light scattering (DLS) analysis

Dynamic fight scattering (DLS) analysis was used 1o fing out the
hydrodynamic size, polydispersity index and surface 2ela potential
af the synthesized silver nanoparticles in 4 colleicdal aqueous
envirgnment. Fie 2 (b} shows green synthesized silver nano-
particles size distribution range between 25 asd 80 nm. The dls-
persity mdex (PDI) value of silver nanopanicles was 0.412. The PIM
vilue '0F represents monodisperse distribution whereas the value
1* represents polydisperse distribution. In the present study, the
negative zeta potential was found at —24.6mV Fiy, 2 (4) High ab-
solute value of zeta potential specifies a high electrical charge on

the surface of the nanopartickes, which can cause strong repellent
force among the pasticles to prevent agglomeration [26.27] The
stability of nanoparticles was determined by keeping the purified
fanoparticles solution at yoom temperature for different day
intervals.

1.3, FIIR auolysis of silver nanoparticies |

FTIR analysis was cartied out to kdentily the possible hio-
molecules in leaf extract responsible for capping agents to efficient
stabilization of the silver nanoparticles Flg. 2 (d) | 28], Stretching
vibration of C=H bonds at 2920 cm 7 arise from plant metabolites,
stretching vibrations of O—H at 2400 cm™ ! peak arlse from a car-
bexylic acid, A peak at 1500cm " corresponds 1o C—C stretching
vibrations from aromatic rmgs, all from plant metabolites [29]. Two
peals ab 1010 cm™", 1190 cm ™ ? correspond to C=0 stretching from
dlcahal, carboxylic acid, ester and ether; all due fto functional
groups of proteins and metabolites capping the silver nano-
particles. The peak ar 800 cm ! is acoredited to aromatic groups.
Alter bioreduction, theme is a shift of the absorption band of
1601-1595cm ' indicating the formation of AgNPs and is capped
with the biomoites. It confirms, the water-soluble fractions in the
extract played complicated roles i the bloreduction of the pre-
cursors and shape evolution of the nanoparticles,

34, X-vay diffroction analysis

The crystalline nature of AgNPs was confirmed by the examining
of KRD pattern as shown an B 2 (). The XRD spectrum shows
praminent peaks at 20 = 38127, 46.28°, 64.04" and 76.84" repre-
sent the (111, (200, (220} and {311} Bragg's reflections of the Tace-
centred cuble structure of silver, respectively. Howewer, the
diffraction peaks are broad which indicates that small crystalline
size is obtained [30] was matched with a database of joint Com-
mithee on Powder Diffraction Standands (] ) file 40783,
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The lattice constant calculated from this pattern was = = 387 A, The
mean grain size of silver nanoparticles farmed in the Bioreduction
process was measursd using the Debye-Scherrer formula given as
D = W cost, where D is the average crystallime size [A), k Is a
constantequal 1, ' is the wavelength of X-ray source (3.1341 nm’,
the X-ray wavelength used (nmb 0 the angular line Mol width at half
maximum { PWHM) intensity {radians) and ¢ the Bragas angle [31]
The average size of the Ag nanoparticles was estimated as in the
range between 16 and 31 nm.

1.5 Trgnsmission Election Micrascopy analysis

Transimission Electron Microscopy (TEM experiments proved
the formabon of manocrystalline silver particles, as shown in Fag, 3
The nanoparticles predominately adopt 4 spherical moerphology
and are often agglomerated into small azgregates. as Fig, 3 illus-
trates, The obtained nanoparticles are quite unifarm in size and
average size 18,12 nm. In rare cases, particles with higher sizes weore
also observed in the sample, bot their numbers were rather low.
The TEM images revealed chat the small particle aggregates are
coated with a thin organic layer, which acts a5 a capping organic
agent. This also may well explain that face that the nanoparticles
showed a very good dispersion inside the bio-redoced agueaus
salution, even in the macroscapac scale [22),

36 Sconning elecoran micrascopy (SEM) and energy-iispersive X-
ray anolysis (ECXS)

Surface morphology of the Enicostermmig axiffure mediated syn-
thesized nanoparticles by field emission scanning electron micro-
scopy (FE-5EM ) hig. 5EM images show the particles are uniformiy
spherical in shaped, The average sizes of the particles were around

2093 nm far Plant exract mediated synthesized silver  nano-
particles and it can also be observed that larger particles of AgNPs
are farmed due to aggregation of nanoparticles during sample
preparation [13], The FESEM micragraphs were taken at 1 jm [ low
reselution) and 100 nm {high resolution) as depicted in the inset of
Fig. 4 (o, bl The roegh surface of the spherical sitver nanopartiches
wias clearly elucidated by the FE-SEM images. The chemical analysis
of the synthesized nanoparticles was analyzed by means of EDS.
The EDE spectrum showes the presence of Ag and the organic
components tat cover the Ag ageregates such as 0, C, O and Cu
atoms. The Ag. C, 0, Cl and Cu are present at 68.72, B.Q1, 78, 1349
and 196G respectively [ 4] The presence of Ag s certainly due tothe
farmation of AgNPs while the presence of C, 0 and C atoms is due
o the plant extract as shown in the inset af Fie 4 (c. d). the EDS
spectriim analysis also revealed that the AgNPs are In metallic form
with no formation of Ag,0 in them and free from any other
irnparities.

4. Conclusion

The rapicl hinlogical synthesis of silver nanoparticles using leaf
extract of Enirastemime axillore provides an eco-friendly, simple and
cost-effickent green route for the synthesis of benign nanoparticles,
The AgMPs are predominantly spherical, with diameters m the
range 15=20nm and calculated with theoretically and instru-
ment2] method. The reduced silver nanoparticles were character-
ized using UV-Vis, SEM and HRTEM techniques. These reduced
silver naneparticles were surrounded by an organic thin layer, From
a scientific point of view, the plant-mediated synthesized sibver
nanoparticles have porential applications in the biomedical feld
and this simple procedure has several advantages such as cost-
effectiveness, compatibiliey for biomedical and pharmaceutical

Fig. 3. TEM micrograph of AghPs synthesized from 1 mii Ae20; ane plans extract with gifferent mugmification (a=bl, SAED gartrm (o} amd dize distribution bisto
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Fig 4. Scening secirne mimmoscople analysis (a—4) sikver alisate nenpparticies: {c—d; EDS spertram.

applications such as antibacoerial and antifungal, as well as large-
scabe marketable production,
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ARTICLEINFO ABSTRACT

Krywandc I thee present siucly copper oxide nanoparticles (CuCNPe) were synthestesd via simple and eoo-friendly green
Emigostemnig ailre rowste using leaf eotract of Eoicoidennag arilare (Lan}. Chrrsetarizotion of synthastaed nanopaeticles (NN) was
neen. mymibisinia underiaken, The cheracterisle absarption peak of CuONPs was (i mnge 264nm |5 UV=Vis spactrim. Seaiming
r:’:’:‘::rl:l‘n electrmon mivrmsoopy (STMY ard transmeéssion electmon microscopy (TEM) studies revealed the moepliosdoglent sl

strwctural ehermeier of green NP Tl mean particle size wits calculated (o 30nm. Energy Jdispersive specirusoospy
[EDS) showed high iztense mesallic peaik of oopjpes [Cul, oxygen (0) iind low iatense peaks of carbon (C), sulfuii
183, phosphoos (P} elerents dee o the capping aclisn of Siomolecules of plant exteact In CoONPs formation.
The Xtoy diffraction [XRIY patierin showed distinelive peaks commesponding o (2000, (21 1) and (310 plasws
revenling rie high crystalline macure of synthedzed CuCNPs willy 2 primilive phase. e potential and sizm

Clarmc teris | inm

clistrl butbon of synilsesizped green NPs wan concluded by Dynamie light seattering (DLS) studies

1. Introduction

NI's can be metallic or nonmetallic of the size range of 1-100 nm.
NPs are attracting wide attentbon from varied disciplioes of science doe
to their immense application in diverse fleld. NPs of Ag, Zn0 and Cud
wre of prime importance due o their optical, elecirical and thermo
stability with varsous functivnalities [1]. S¥nthesis of manoparticies is
by two techodque namely top down and bottom up approaches 2]
These two approaches inchide three differsnr methods of synthesis
namitly. chemical, phiysical and bologieal. The physical methods fol-
lows on top down - approach and rest of two relies on botiom up ap-
proaches [3]. The bolttem-up approach includes chemical synthesis [4],
electrochimicnl synthesis 5], sonochemical synizesls 146,71, ancd palye
reduction [8] of nanoparticles. The chemical mediated synihesis of
nanopartichs lend to foxicity to the environment due o the weage of
toxie chemicals [<]. The biological methods can be carried out by mi-
croorganisms  (bacteria, (ungl, actinomycete, yeas, and viruges
[10-14] and plam mediated synthesis (plant extract from leaf, peed,
Nower, fruit and root) [15-20], The microorganisn medisted syathesis
of nanoparticles is a tedious process and oflen leads 1o contaminints. To
overcome above mentioned drowback most of the reseanchers have
Tocused towards plant nedinted synthesis of NPs which can be also
stated as green synthesis or eco-friendly synthesis Emicestemmmo weilare
I n pereoninl herh belonglng o fomily Gendsnsecse aml s

" Correspomling author

E-nodl aqddresses robim | imved g gl coe, mebinanvedisimbsuacin (R Trivedi,
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cosmapolitan in ocourrence In India. The plant pots as a lnsptive, helps
in cwring feves, obésity, dheumatlsm, snake bite, skin diseaze, abdom-
inal disorders and regulae Mood sugar levels. The plant constituents
have been reparted for possessing antioxidant [21], hypolipidaemic,
antileer [20], hypoglycemic [25], anti-inflammatory, hepatoprotec-
tive (241, and andmicrobial [25] properties. Dilferent kind of bctive
cumpounds are found in this plant such as steroids, cateching, sapu-
genin, saponing, Novonoids, triterpenolds, xanthones [26] and dilfferent
amino acids like tryptophan, glulamic acid, serine. alanine, 1-ryrosine,
5 leucine, asparlie acd. 1-proline, phenyl alanine, methionine,
threoaine,  Chistidine  monohydrochloride,  c-arginine  mono-
bydrochloride, wGlyeine, 2-aminp butyric acid, DOPA, and valine [27].
Thiese netive compouncs may ploy impormnt robe [n reduction of copper
inns inle copper nanoparticles. (see Talile 1)

2. Materials and methods
2.1, Collection of plans

Leal samples of plant Faicostermma axillare was collected from loeal
arez around Udaipur region, Collected plant materials was authenti-
coted by University of Bajnsthan; Jaipue, India (RUBLZ1634)The

leaves were washed thrice with tap water followed by double distilled
wiler o remove dust pantleles and shade defed for 1h 0 remove
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Table 1
UW=Vis absorption spectrum ol Cid PP at Sfferest gl
values,
P yakiees Wavelesgih (s}
T Fal
L] 8
L] =5
11 i

MoIsElre conlent.
2.2 Preparanon of plamt extract

Extract was preparcd by mixing 10gm of fresh lesves in 100ml
deionized water aml bollksd mt B0°C temperature for 30 min in water
bath, The extract was fltered with Whatman Gilter paper of retention
slze 11pm (HiMedia, Mumbai, India) and cellulose pitrae membrane
by vacuum [lisbon unit. The flirake was storsd ar 4°C for ferther use.

3. Synthesis of copper oxide nanoparticles

The CoONPs was synthesized by dissemination of 50ml of SmM
copper sulfate (Sigma-Abdrich, St.Louis, USA.) with Smi of the preparad
aqisaus plant extracts in o 100ml conienl (ask, The change in color
from reddish brown to viscous green at pH 7.0 indicatad the formarion
ol CiONPs (os monitored by UV-Vis spectrn of the selution (Fiz, 1) The
viseous precipitnte was centrifuged at 10,000 rpm for 10mins and wa.
shed 34 times with auroclaved deionteed] water. The mansparens so-
lution was discarded ond (he viscous layer of CuONPs was eollectivd,
The pellet was obtained after drying the viscous layer in the oven at 45"
i 509 C for 24 h,

4. Characterization of synthesized CuONPs

Synthesized CuONPs primanly characterized by UV-Visible spec-
troscopy  (ELICD  SL-15%9  UW-Visible specerophotometer).  The
UV=Visihle absorption spectrum was recorded using quartz cuverre
with deioezed water a8 a relerence. The spectrometric reading was
recorded at & scannicg speed of 200 to 7000m (Fig, ). The mean
particle size, polydispersity index (PDU and zetn potential of CuliNEs
wis measuredd using Malvern 28-Nano analyzes (Malvern instrument
lec, London UK). The analysis was carried oot al the parameters of
testpesature of 25 0, N-ray diffraction pattern of CuDNPs was obtained
i£ing a powder diffracometer (X-ray difractometer Ultima 1V, Rigaku,
dJapand with Ko madiation (.= 1.54059 nm) in the 28 mnge from 20" 1o
80°, Mean particke size concluded out by transmission electron micro-
seopy experiments nan FE1 Teconl G2 20 tramsmission electron mi.
roscope, operating af 200 kY, with a resolution point of 204 nm,
Scanning Eleetron Micrescopy performes] using JEOL SN-TG00F, Japan
midel w0 record morpholagical characrers of synthestoed nanoparticles,
Energy dispersive N-rays spectrometry was performeid to analyze the
elementn| constituent of the nanoparticle using Dxford-ENS system,

5. Results and discussion
51, UV-visible absorprion spectra of CuldNDs

The leal exract of Ericostermmn exillare was added (o the agueocus
copper sulfate solution which changes color from reddish brown to dark
green indicating the formation of CuONPs (Fig. 1), Further charaerer-
izarion was performed using UV=Vis specirophotometry, which showed
a distiret peak 51 234nm similar 10 other studies on the green synthesis
af CUONI's uslng plant exiract [25]. UV=Vislble obsorption specirum
wias performend bepween pH ranging from 7 to 11, The surface Plasmon
absorhance of eopper collokls was obitained for all pH except Yt pH 10,
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The Plasmon resonance is clearly visible [or pH-7at 234nm. This
probably imdicates very small particles ot such low pH doe 10 Surface
Plasmon Resonance exciration of CutNPs. UV-Vis absorption spocia
by differaint pH values menthoned n Talide 1,

5.2 Morphologica! cloracierzanon af CudiNes

The morphological characterization of CuONPS was performed
umny FE-SEM aed TEM analysis.

521, FE-SEM and EIXS analysis

FE-SEM showed the nanoparticles are agglomerated in some
ameunt due to sticky nature of the plani excipct. The FE-SEM micro-
graphs shows average size of 30nm of CuONP: mdicating well estab-
lished synthesized nanoparticles. The FE-SEM microgmphs woere talien
at Tpm (low resolutiond and LOGnm (Migh resalution) as depicted in the
inser of (Fig Zab). EDS analysis revealed the purity of synrhesized
CullNPs. Oxygen with copper in BEDS spectrum indicate the copper in
the form of oxide or déoxlde. The weight compositions for copper [Cu)
omd oxygen (O) were 25.14% and 56.06%, respectively, The alonse

compoesitions were then calculated as 7 .51% and 56.50%, respectively
(Pl Aed Carbon, Sulfur, Cakcium, Potassium and Phosphores were
detecred in small amount owing to interactions with extract during
Diesprocessiiy

5.2.F TEM analysis

Crystalling mature of CuONPs was reported by TEM analysis which
is i ogglomerated cluster strocture ns depicted In the (¥ ), The
abtained CuONPs are quite uniform in size with average size of 6.44nm.
Fly, e Shows the size distributbon of NP The TEM images roviealed that
the small particle aggregates are coater with a thin organic layer, which
acts #5 o capping organic agent, Presence of intermittent dots in Se-
lected Area Electron Diffraction (SAED) on the concentrie circles con-
firmed the crystalline nature of synthesized CuONPs 35 shown in the
Fig, 3d. This may well explain that the nanoparticles show a very goodl
disperzion inside the bio-redueed aqueows solution, even in the mae-

rastople scale
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5.3 XRD analysis

XRD parrern analysis revealed the crystalline pature of CoQNPs as
shown In Flg. ab. The XRD spectrum showed vacous small dlstinct
ififfraction |‘-1_".rk_li at 37.46, 50.00 and 70.48. This represents [200],
(211) and (310] of primitive stucture of copper oxide nanoparticles
respectively, XRD pactern of KPs was matched with a datahase of Joing
Comm|tiee on Powder Diffraction Standands CICPDS Card Mo, 05-0667,
[A1]) The mean grain size of CutdNPs [ormed in the biareduction
process was measured using the Debye-Scherrer formula D= k. [lonsh,
where D Is the average erystalling size (&), k I8 o constast 1, 2" Is the
wavelength of X-ray source (0L1541nm); B is the angular Hne full width
al hall maximom (FWHM) Intensity in radians and *8° the Brage’s angle
[, 34], The XK1} patlern showed the VeI particle sizge 23 950m.

5.4 Feta pofertiol and size disribution measerements by dynomic lght
scarrering (DLS)

Mano size distribution studied wsing DLS analysis revealed the ne-
gative charge ol aboul -19.5mV Higher negative seta polenlial denoied

the strong repulzion force between the particles indicating stability and
quality. DLS i one of the mast commonly used techndgues to determine
e size of nasoparticles. The size distribution ranged from 88
307 m. From the pesk positien, the Z-average diameter af syntheslzed
CallNPs was foundl 10 be 470nm. Fromy the particle size snalysis the
polydispersity index (PDL was 0,782 (Fig 4a).

6. Conelusion

Iin this srilele, CubNPs were suc |.'|-Hﬁ.i||:|. s_l..'n"husl.-u_-l,l ||1|rr|||_;!| groen
process using Emicostemma milzre leaf exiract, The green synthesized
CufiMPs were characrerized using various analytical technigues UV-Vis
spectroscopy. SEM, TEM, XRD and DUS studies, The novelty of the study
is that NPs were synthesized without any toxic reagent and expensive
technigque The phvto-chemical compound present in the Jeal extract
heiped in the formation of nanoparticles, SEM and XRED resules showsd
thal the synthesized NPs are [n sano sealy in sioe o
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Nanotechnology a novel approach to enhance crop productivity
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Kanobistechnelogy provides novel et of fools to manipulate and enhance crop production 1sing annopamicles,

Reywonde

Kanpeaicion namofllaes, mnormidsiong, and npnscapscles. Nanomaterial provide & platfeem te dellver agrochemleals and

it i vareus macromolocoles needed For plant growth enhancement and resistance (o siresses. Sman defivery of

E:;:‘::sm ngroehemienls Increaes ihe vield by optimizlig wiler and nuirient condithos, Another added advantage iy
controlled release md she-direried delivery of agrochemicale. Funher enhancement in guality and quaniity in
ngriculizre can be schleved by nenoparilcle-mediated gene ansformation and delivery of macromolecules thai
Induces gene sxpression in plasis, Yafons types of nanommeerinls have been tested so (ar and the resalts have
bren proetising o lerms of Sroductivicy i qualiey esbancemsnt,

1. Introduction

The pressnl century is facing a major challenge of how to feed the
conslantly growing human populstion. According 1o MeGalla [ 1], world
human population could reach eight biflian by 2025, Most of the pop-
ulation of the world |8 directly or indlrectlv dependent on agriculiore, A
conventional method 1o enhance food production includes vse of
chemicals ke pestivides and fertilizors A great varlety of pesticides are
used Lo combat biotic stresses in agriculiure but these have 3 major side
effect on crop quality and soil health. Delivery of large amounts of fer-
tilizers, in the form of ammonium salts, urea, olivale or phosphate
compounds leads to deterioration in the soil quelity [2], Much of the
chemical fertilbzers applied to plants are not absorbed by plants and lost
as run-off causing water pollution. Indiscrimingte wse of ferrlizers
pesticldes, herbicide resules in depleton of nutrients and fertlity of the
sail [11]. Agriculture sector is the backbone of deveioping couniries. So,
there is a dire need to develop a technology that can enbance the moder
agriculture in 8 more prodective, cost-elfective and eco-Mriendly wiy,
Various eco-friendly methods |ike blopesticides and Moinsecticides ane
already in wse to control pests by non-goxie mechanim.

Manotechnology is an innovative, novel and scientific approach chat
leads to design, manpulation and development of nseful nanomaterinls,
Nanotechnology generates materals in nanometer scale ranging in size
from 1 1o 100 nos (nm). Due 1o the small size, the ratio belween surfice
area and volwme is increased in the nanomaterials (compared with hulk
formsl, improving the biochemical reactivity and conferring unusual

and valuable physical properties. [t is a potential rising field of science
which has brilliant appliestions (n basle and applied sciences (11 1)
(4], The wse of nanotechnology in agriculiure is increasing rapidly io
ephance foud vilpes, reduced ngricultuml inpuls, Improved nutrent
contents and longer shelf Tife, ¥Many nanc-agricultural prodicts are now
developed 1o redoce the use of loale elemicals, Nanotechnology in-
cludes many aspects of food seeurity, disease réatment, new tooks for
pithogen detection, effective delivery svstems and packaging materials
51, A varigty of nanomaterials like nanopesticides, nanoinsecticide,
nanpemulsions, and nanoparticles were developed using nanotech-
nology (Tabde 1), A vardety aof materdals are used 1o develop and com
nanomalerials, such as metal oxides, plant extracts, ceramics, silicates,
liplds, polymers pnd emulsions (10, 2 (0] Surface conted nano-
materials or nano-coated fertilizer particles hold the material more
strongly 1o the plant due 1o higher surfsce tenslon than conventionnl
surfaces, Moreover, nanocoatings provide surface prolection for larger
particles. A nanocapsule is composed of 3 shell thal contains an active
eampatnd, like & chemleal of biological agent for the protection of plant
agninst pests and diseases. The shell consists of different elements, such
a3 lipids, polymers, vieal eapsids or nanoelays.

The capsid of the virus is the protein coal protecting the nucleic acid
Inside and size of ranges from 30 1o 140 nm (n some viruses, so they are
rubust and show [interesting features as carriers and delivery systems. In
m viro conditons capsid protein sell-sssemble nto stable wiral-lke
parficies and can change their shape and size according lo extermnal
faclors, sucl as pH, leading to open or closed nanopores allowing lor the

* Correspunding suthor. Laboratory of Mant Pachology, Depgartiten! of Butany, University Colloge of Schenee, Mohanlal Sulthadin University, Udalpur, 213001,

Rajasthan, ndia.
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Flg. 1. Nacarechnolosy npolicntions.

Table 1
Felevint agricultural applications of naaotechnodegy,
Produsn Applicationy Frsmples Heletenes
Tani [aibetinn Mesocapsdes. mannpartelis, naneseulsons and vieal ceavice as smas) M aib] i Agncie hia sdien ] osonersidskon i lervichdsl sgon | ]
proddacts Featilioons debivery sysicos of sctive ingredicads lar Sseane and pest ool inphents  Mastmnisesen? Feetlllvers Costed with ine Oulde TR
Manocuprules and nasopartiches enkancenent of naicmis slnorplion by panogaticles wad MK contralled delivery Matia-ooaling of [
lanty e the dellvery af st i el sies, wullar g Clvliesnn Mamaparyicley
Soil impmement Water,/Taguid refenlinn: Nancmatersaly, e 2 venlies aad ranoclays, finr Srit-erhancer produce, hased o o nanoclay componen, for =
wastn oo Beguid sgrovheembenls eolengion i the st (or el vl relsme (o waler Tesenthon sl pelease
the planis
faenelic matyrsl LY ek (1036 nea) [EL ]
delivery Guld (5-25 nm) (F2]
Aranch (Bl 0 [
Searssemmory Al Nanemnterinly snd nannsiraciiies (g, electiocsenicely netive It iarle dehecioe with o lipesome sl mano-bEnsen s [HEN ]
deagnoatic devires carhonnsnathis, nanoliles ead fallerene) (hat ace bighly seowitiee Bl
chemiiel sensirs in chimely mealior e yiremenisl comliteng, phart sealth
mnl groweth
Pal i o F
vmer hasad mmenml ; Lipid conted mscestl
., Tann el .
5 Tcape e, mseimes. | (. Bipobtons, soibd Tipd sanoeartichi®®
nanoels?)
Nanoencapsulation matedal for |
f pesticide dolivery |
!
II Clay bused nanomatzrinls Porous inorganic nasomaterials
{2, clay materials, lavered double {e.g. mesoporous silice nanoparticles,
1' Tiydrivninles ) pomuns Dieflow silicn nasoparticles®™)

s T e ——

Fig. Z. Knne ancapsulation Ref, [34.00].

entry or release of substances. Furthermore, alteration af the surface

properties of the viral eapsids can be used for conling agricultura]
chemicals In order 1o generate new nanomateials [71, The maln furcs
tion of nanocapsules ls to protect the active compound untl it s
refeased; |t alio Improves the solubility and the peneteation of the
compownd  inte  the plant tssues. Depending on  the specific

characteristics of the shell, the pclive compound ean be released slowly
and gradually or completely after the shell opens. opening cian be
achieved by pH change or enzymatlc degradation N
salld core or a8 matrix thar is composad of different
metnls or polymers) and is surrounded by linkers

1
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2. Nanmotechnology potent applications
Z 1. Nani-pesiicides

Pestivides are cormppouids that ace used to comitiol pests and patho-
gens. The term pesticide includes the mllowing chemicals ke herbi-
cides,  inseclicides, mwematicides,  moliuscicides,  modenticides,
baciericides, antimicroblals and lungicides 1o coniml botic stress
agents. They also include disinfectants, sanitizers and repellants (9],
These chemicals control pathogen, pests, weeds and herbivores. Pesti-
cides can cause acuie and delayed deleterious healih effects in hunisne
also, Pesticide exposure can cause irritaticn of skin and eves in animals.
It can also affect nervous system, mimic hommones causing reproductive
problems and also cause cancer. Pesticide use raises a number of envi-
ronmenial concerms, Aboul 95% of herbicides and 98% of insecticldes
are spraved on crops that reach destinations other than their trget
specles, Including non-targel specles, ale, water, and sall [10]. Ths
emusing lows of biodiversity, water polluton, air pollution and ol
contamination [11].

Excessive use of pesticides leads (o feslatanee agalins them (pesiieide
resistancel, resulting in seanch of new pesticides which are more strong,
potent and dangerous not just (o e pest bl teo haman and enviranmen
alse, Nanotechnology has the potential to reduce the amount of use of
these actlve compounds W save the snviranment and redeee the cast in
crop production. “Nano-encapsulation”™ can be gsed (o improve the
insecticidal assessment. In nanc-encapsulation methed, the nana-meter
sine netive pestlcide Ingredimi is encapselated by s thinwalled sac [12].
The sucressful appeoach in this regard is “controlled release of the active
ingrodient™ thit would greatly improve efficiency and redoce the
amaunt of pesticide input and related envirenmental hazands,

22 Nano-herbicides

Continuons use of herbicides resulis in development of resistance in
weed towards that particular herhlcide [10], Nanotechnology has the
patential of rargeted and concise delivery of mano-herbicides o weedsin
an eco=fricndly manner, without leaving any sctive compound o soil
and environment. Carboxy methyl cellulose (CMC) nanuparticles have
been reporied as future nano-herbleldes [14],

2.3, MNano-imsecticides

Food (8 o bogic nesd (or mpidly growing beman populntion and
subsequent worldwide demand for food has urged for a berler protection
of agricullural erops from |nfestailon by different Inseces, Compared 1o
bolk substances, nano-insecticides have following advantages sueh as
enhinced efficlency af natural and chemlcal insecticides by controlled
release, less environmental contaminatlon due 1o reduced mte of
application, easy and safe handling, mere susceptible to pholo degra-
dation and less toxlc o non-target organisms compared with bulk,
Polymer-based nano formulations have bern exploited (or the encap-
sulitlon of mos) of the insecticldes,

Different kinds of polyssceharides such as chitosan. alginates, starch
o polyesters (¢.g., poly-c- caprolacione and polysthvlens glyeol) have
heen considered for the svnthesis of nano-insecticides [1 7], Different
foermas of podvmer and non-polymer based nanoformulations ke nano-
particies [14], nanofibres, nanogels, nanosphere, micelles, nano-
emulsions, and p@Enocapsule have been explolted for encapsulation of
insecticides [12]. Amang (hese, napocapsules ane by e thie most widely
used for controlled release of Insecticdes. Naneformulatien of many
natural Insectlcides (eg. neem ofl) is alko weed [19]. Currenty
increasing awareness of environmental pollution leads to the sophisti-
cated] wse of biodegradable and Diecompatible polymers ol natral orlgin
over the synthetic ones for encapsulation,
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2.4, Nonobionics

A diversity of nanomaledal mostly metal-based and carbon-based
are been explolivd for their absorption, translocation, accumulation
and promeodory elfects on growth and development in erop plings. A
oumber of positive effects have been shown by many crop planes,
Enhancement of varous physiolagicnl parameters such as enhanced
phomosynithetie activity and nitrngen merabolism using metal-based
nanomaterials has also been reponed in sovbean, spinach snd peanu
[15,10]. Photosynthesis is the process by which plants can conver) solar
energy Into chemical energy in [ood supplies and earbon-lased leel,
Approximately, 100 TW energy Is capiured by pholosynthesis {mom
sunlight thal Is six thnes bigher than the power consumption need of
hiirman civilization 1.10], Nanotdonics or the application of nanoparticles
tor enhancement of lunctions of pant cell organs by studying the alec-
tranie [nteractions in biologieal systems is fast galning moemenium
CTialal= 2},

The Interaction af plant cell organelles and nanoparticlos is endow.
ing enhanced native functions to cell leading 10 & new Aeld of nano-
oenglneering. There have been a number of studies that have shown
enhanced photosymibiesis by use of nancmaterial ke SWNTs {single-
witlled carbion panotubes). SWNT-chloroplast assemblies have shown a
higher rate of feal electron transpor! v vive through a mechanism
cansistent with augmented photo-sbsorption. Plasmon resonance of
metal nanopariicles can incrense the absarption of solar cnergy and bead
to enhance carbon fixation [01], However, the deleterious effect of
ninomaterlal’s I any has to be assessed ped (aken care before thedr wide
application for sustainable development.

2.5, Nonobiosensors

Nanotechnology has led (o the development of nanoscale bogensors
that have exquisite sensitivity and versatility. The sensors based on
itnamaterialy can be very versatlle in terms of thelr sensing, detection,
and monitering. They allow the detection of contaminants such as pests,
milembes and ablotic plan stresses due (o drought, temperature or lack
ef nutrients [22, 1], These nanosensors could be distributed thooughout
the field where they can menitor soll conditions and crop growth.
Wanopariicles or nano-emilsions can be engloeered to trigger a chemi-
cal or electrical signal in the presence of a contaminant such as a bac-
terium, Ultimately, precliskon faemlog, with the help of smart sensors can
lead o enhanced productivity in agriceliure by providing accurate in-
fovmation, thus belping Temers to make beiter decisions, The ultimate
goal of nanobiosensors Is to detect any biochemical and blophysical

slgnal pssocisted with a specilfic Wl of a single molecule or
eell
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‘3. Conclusion

21st century i facing many challénges in agriculture secior 1o pro-
flure more food (o feed a growing population with a smaller reral labor
force, changing climate and whanization. These problems will fimher
escalate when we wonld have feed over 9 billion population by 2060,
Henre, it is essential to improve the yield of agricultural prodocts inon
sustainable wav., Malnly In developing countrles with higher pop-
uiationg, the rew materials from agricoliure will soon be viewed as the
foundation of commerce and manufacturing. To deal with this scenacio,
agriculipre-dependent countries have 1o adopt mare efMicient metiod-
ologies, minimize labor force and sustainable production methods.
Nanotechnology has the potentinl 1o increase agricultuml efficacy 1o
harvest higher yields in'an eco-fricndly way even in harsh environment,
‘Warldwide many countries have predicted the potential of nanotech-
nology in agriculture, The adoption of nanotechnalogy would play an
Impaortant role @ nourlsh the growing population with declining natural
resources. Howevier, the deleterions effect of nanomatertal’s I any hias 1o
he sssecead and raken care before their wide application for sustainable
development. If we avercome these considerations, the beight and
Teneficial future is at the doarstep of developing nations.
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Thix research aimed to explore the eco-friend |y green synthesis of copper nanoparticles | CuMPs) using
Celestrus panticukatys leaves extract, Primacly, the biosyothesized CuNPs characterized by UV-vis
speciroscopy showed an absorption peal at 269 nm. Further, The SEM and TEM studies revealed U
sphevical shape of particles with size rangsd betwern 210 om with an average particle diameter of
Snm. FI<IR analysls confimmed the presence of fuictional groups —OH, C=C and C—H wiggers the
synthesis of CuNPs, The negative teta potential <232 mV indicaled the stability of CuNPs was confirmed
Iy DS and the compozitlonand purity by EDS studies, Further. the photoeatalytic property of the CulPs
wars divilged by their methylens blue dye degradation potential, The reaction kinctics followed proudo-
fiest-order with k-values (rate constant} 00072 min ' In addition, this material was found 1o be a good
antifungal agent dgainst plant pathogenic fungl Fasacfmn axysporem showed 7620 - 152 maxkmum
mycelial inhibiteor,

© 2020 Mublished by Elsevier BV, This is an open access articie undor the OC RY-MNC-ND lioense (b |
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1L Introduction

Mudlernization and industrialization discharged a bulk amount of
industrial efMuents along with prganic dyes into the water bodies.
Organic dyes are widely used as a colorant invarious industries such
a5 lextile, leather tanning, paper, cosmetics, pharmaceutical, and
plastic [1] These organic dyes highhy toxic, carcinogenic, and toin-
degradable, can cause serious health problems sech as skin diseases,
cancer, allergic reactions, and mutation for people [2.3). Bor such
pUrpoOses, numerous water treatment approaches have been
explored for the treatment of industrial wastewater eMuents such
a5 precipitation, coagulation, electralysis, activaled carbon, oxida-
tion, and reduction reactions [4]. However, these lechniques are
costly and often transfer texic pollutants to water bodies. Therefore,
need to develop an eco-friendly amnd cost-effective method for the
degradation of an organic pollutant from wastewater |5). Recently,
biosynthesized nanoparticles (NPs) attracted much ateention due 1o
their photocatalytic applicarion in the degradation of organic dyes
1G], Different types of plants and their decived preducts liave lieen
wsed success(ully in the synthesis of different green nancparticles of
zinc oxide |78, platinum [9], palladium |10, silver [ 11,12], cobalt
| 13], magnetic [14], and gald [15].

* Uowresponding autho
E-mnail adderss: pohiisreieedeimd g o im AL Triwedi |

Toth R o] e F 0L N0 L0t o 0 L0005 1K

2501750 2020 Pulslished by Elsevier BY. This |s an apes acoess iticle under the CC 8¥-NC-NT license (it oreativecnms

However. there are several studies on CuNPs synthesis using
different plants extract | 16-23] have been reported but the study
ol application of CuNPs on the treatment of dye eMuent is limited.
The agriculture sector exploits ilferent kind of pesticides,
herbicides, and antimicrobial [24,25] substances to control plant
tiseases. These subslances are responsible for soll pallution as well
as biomagnification in living organisms |26,27|. Despite photo-
catalytic activity, CuNPs attracted more attention due o ils
hontaxic, antimicrobial efficacy in contralling plant diseases. An
extensive literature survey revealed that the antifungal activity of
CulNPs mostly tested against human pathogenic fungi [28] The
least stutly conducted on CuNPs antifungal activity on plant
[rathogenic fungl, so, there s a erucial need for more assessment
and evaluation in this field [29).

Nowatays nanpmaterials are of huge interest doe to a wide
range of applications in chemical, bivlogical, and environmental
sciences [30.01). The NPs exhibited a variety of applications,
including optical, electrical, thermal conductivity, catalysts,
antioxidant, antimicrobial, and anticancer activity. Among the
WS CulNP's have great attention due e its catalytle, high electrical
concductivity. optical, antifungal, and antibacterial properties
[5.32-34] The unlque physical and chemical properties of Ni‘s
which are not exhibited by the bulk materials, received much
attention to synthesis of NPs. In the last few years ago several
metheds such as physical, chemical, and ol ogical used far the NP's
synthesis. The physical methods for NPs synthesis such as pulse
laser ablation, mechanicaliball milling, pulsed wire discharge,

sy -ne-n (404,
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sputtering |35-39], etc. have been reported. The chemical
synthesis includes colloldal [40,41), electrochemical [42,4%),
Chemical reduction [44), and photochemical [45] methods, The
toxicity and relatively high material cost of these methods
restricted their use in a Detter way, Biological method for NPs
synthesis aftracted researchers due to its simple, direct, non-
toxielty, and ecofriendly characteristics upon chemical and
physical methods, The biolostcal method of NPs synthesis carried
oul by various sources bacterial, fungal, actinomyceles, yeast, algal,
virmses [46-51], and plant extracts. Plants are reservoir of
phytochemicals such as Navanoids, polyphenals, allalalids, terpe-
noids, saponins, vitamins, polysaccharides, and proteins which act
as reducing, capping and stabilizing agents for the biosynthesis of
MPs [52]. Calastrus paniculanes (C paniculans | commonly known 45
black oil plant, Malkangani. and Jyotishman is a traditional
ayvurvedic medicinal plant of family Celastraceae, The plytoewm-
icals in crude extracts of © paniculatis found alkaloids, Aavononds,
phenylpropanaids, diterpenoids, triterpenoids, Tetraterpenes, |-
dihydroagarofuranoids, lignans, eic, [51].

This sty reports a grecn route far the synlhesis of CuNPs using
C. paniculatus |eal extract, evaluation of its antifungal activity
against phyrapathogenic fungi Fresarium oxysporm (F oxysporm),
and ity photocatalytic efficiency in the decomposition of organic
dye. There is no report of O poniciketus leaf extract mediated green
synthesis of CuNPs and application in antifungal and photo-
catalytic activity to date.

2. Materials and methods

2.1. Materials

Capper (1) Sulfate pentahydrate (CuS0,5H,0, CAS-No; 7758-
99-8), was purchased from Sigma Aldrich. Metiwlens blue AR
(RMI16) was obtained from Himedia and E oxpsporum (ITCC Ney,
49498) procured from 1AARL New Delhi. The leal samples of C
pomculars were collected from Madan Mabian Malviya Covern-
ment Ayurvedic College, Udaipur (Raj.) India. Collected plant
matenal was authenticated by Herbarium, Botany Department,
University of Rajasthan, Jaipur, India (No, RUBL211672), Deionized
water was used to prepare plant extract and capper sulfate
solution,

2.2, Methodology

221, Preparation of plant extract

Collected leaves were rinsed with tap water (o remove dust
particles. Further, leaves were rinsed with double distilled water
(DDW) and shade dried for 1 week to remove the moisture content,
The dried leaves were powdered inogrinder mixer and powder
stored in dark at ambient temperature, To prepare the plant
extract, 2 gm of dried leaf poweder was added in 200 mlL deionized
water in 500 ml flasl, mixed well on a magnetic stirrer with hat
plate at 60 °C for 20 min. The prepared extract was Rltered using
Wharman fileer paper with size 11 pm followed by vacuum
filtrarion using cellulose nitrate membrane. The Alirate was used
immediately or stored at 4°C lor further use,

222 Synthesis af nanoparticles

For the synthesis of C paniculaiys copper nanoparticles,
20 mL (5mM) copper sulfate solution was mixed with 5mL af
agueans plant extract [54). The pH valve 7.0 adjusted for the
mixture by the addition of NaOH (1 N} solution. Further, the green
color mixture was obtained. The mixture centrifuged, pellets
collected and dried overnight in a hot air oven at 60°C. A dark
green color powder oltained was stored at room temperature far
further wse,

2.2.3. Fhotocatalytic acivity

The Photocatalytic activity of the CuNPs was evaluated by the
degradation of MB in an agueous solution wnder sunlight
irradiation. Stock solution | 10mg/1} of MB was prepared, In the
experiment, 10mg CuNPs mixed with 100mL of 10mgl MBE
solution and pH adjusted to 9.0 the dark at ambient temperature
[55]. Afterward, the resultlng solution was kept under direct
sunlight wirh a solar flux of 1100 x measured by lux meter. About
Iml aliquot of the suspension was taken and centrifuged at
selected fime intervals {every 15 min) to remove suspended CuNPs,
The rare of dye degradation was determined by measuring the
absorption spectrum osing a UV-=vis spectropholometer at
66+ nm. The photocatalytic degradation efficiency was assessed
haged on the formula,
% Degracation efficiency - if'{_;_rf « 100
Where, Cy I8 the initlal MB concentration, € % residual MB
concentration afier time &

22.4, Anrifungal achvity

Antifungal actvity af CuNPs was accessed using poison food
techiique against £ oxysportom, [n this study, seven treatments
(onz control with water and three CuMNPs at 0,12, 0IBand 0.24 %, wy
voin water along with 0. %, 1 % CuS04. and plant extract) were
performed to evaluate antifungal activity, These treatments carried
it i1 friplicate and the experiment was repeated thrice. The
treated plated compared with contral [without CuNPs) to calculate

the ¥ mvveelial inhibiton rate by using the formula siven by Vincent
[56],

(% Inhibition rate) = ﬂh;—wx 100

L
Where M. s the myeelial growth in contral. B, is the mycelial
arowth in treatment

3. Characterization of CuNPs

The abtorbance spectrum of green synthesized CulNPs was
analyzed wsing UV-vis spectroscopy (ELICD SL-159 UV-vis
spectrophotameter) in the range of 220 - 540 nm, The morpholog-
ical features of CuNPs were studied by using the transmission
clectron micrascopy (TEM) (FEI Teenal G2 20) and scanning
electron microscopy (SEM), The elemental composition of the
particles was examined by Energy-Dispersive X-ray spectroscopy
{EDS) vsing JEOL SM-TGOOF Japan meodel Fourier-transform
infrared spectroscopy (FI-IR) analysis was emploved to find out
the role of biomolecules in leal extract for metal reduction in the
range of S00-4000 cim ', The charge and size distribution of CuNPs
wat measured using Malvern Zetasizer {Malvern Instrument [nc.,
London, LLK). Bynamic light scattering (DLS) measurements werne
perfarmed by dispersing 20 g CulNPs powder in 40 ml deionized
warer. The solution was stirred in a vorrex mixer for 5 min o break
up any ageregates and then 1-2 ml was transferred (o the z2eta-
disposable cell,

4. Results and discussion
4.0 UVewis spiectm of CulPs

Primarily, the formation of CulPs confirmed by the change in
celor from yellow to green upon the addition of plant extracr into
aguecus CuS0y solution. The interaction bevween conduction
clectroms of metal NPs and incident photons was respoRkible for
color change |57), Further, CulNPs synthesis confi by a
characteristic peal obtained at 268 nm (Fig. 1) |58, n this

N
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experiment, effect of pH 7 on reduction af CuS0, into CuNPs was
assessed by LV-vis spectroscopy. The newtral pH sharp absorbance
peak was observed which may be due to the fonization af the
phenslic groups present in plant extract | 59], The peak value was
found Lo be gradually decreased with an increase in particle size
(Fig. 17 This experiment concluded that the pH 7 is optimum for
reduction of Cu™ jons into CuNPs,

4.2, FI-R eherracterization of CuNPs

FT-1R studies find out the possible bomolecules in plant extract
which are responsilde for the reduction and stahilization of CuNPs,
FTIR spectra of € poncwlotes |eal extract have shown in Fio. 2,
where the spectra of C pantculotus leaf extract depicted broad
peaks at 3315.28 cm ' representing the hydroeyl (—0OH) [une-
tinnal  group in alcehols and  phenolic  compounds  and
163550 cm ! can be assigned to the aromatic bending of alkene
group (C=C), while smaller peaks at 526, 98-45L95% cm ! are also
assigned to the aromatic bending vibration of alkane groups
(C-—Hj(Fig. 2). The FTIR spectrum of CuMPs depicts the distinctive
charactenstic bands at 3264.52 amnd 163662 cm ' corresponcds to
the C paniculanes leaf extract bands (Fg. 31 These peaks indicate

the presence of flavonoid and other phenolic compounds in the
[lant beaf extract (60,61 |, The flavonoid biomolecules transformed
enal-form to the keto-form by releasing a reactive hydrogen atom
andl that can reduce Ce®' ions to form CuNPs. These biomolecules
stabilizes NP5 by chelating with metal jons with their carbonyl
groups or w-electrons |52 ]. Thus, resolis conclude that the surface
al syithesized CuNPs was capped amd stabilized by Ravonoid and
ather phenslic compounds in the O pomiculatus leaf extract.

4.3 Morphological characterizanon of CuNPs

431, SEM, TEM and EDS analysis

The morphological characterization of CuMPy was carried out
using SEM-EDS and TEM analyses. SEM analysis revealed the
presence of spherical particles with some agglomeration due to
sampling preparation (Fig 4a-b), The size of the particles was
calculated by the TEM and SEM analysis was found to be in the
range of 2-10 nm with an average particle diameter of 5nm as
displayed in size distribution histogram {Fig. 5h).

The EDS analyses confirmed the composition ang stability of
synthesized CulNPs [Fig dcl The purity levels of (e particles wore
exarnined, which indicated that C. panicidaius mediated CubdPs had
TY.87 % al Cu and same weak signals of C, 0, §i, §, Ca and
elements [Table 1). These weak signals may be due to the X-ray
emigsion from the macromolecules like Navonoids, phenalic

compounds, carbohydrates, glycosides, stemids and tannins
[resent i the éxtraces [{id],

4 Dymamic Nghe scattering (DLS) studies

DLS analysis was used 1o find out the size and surface charge of
MPs through the colloldal solutions. In the present study, the
negative zeta potential was found ar -22.2 mV and 2eta deviation
was 3461 mV (Fiz Gal The high negative value of zeta potential
specifies a strong repellent force among the particles and prevents
agglomeration [G4,65] The polydispersity index value of CuNPs
wias 1000, Fig. Gb shows green synthesized CuNPs average particle
size distribution was 290 nm. The larger size of CuMNPs due to the
measured size included biomadecule and water layer covering the
surface of NP: [BG]. It suggested that the size and charge
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distnibution of the synthesized NPs promoted ar enhanced the
bialogical property of CuNPs [G7].

4.5, Phorocatalytic degradation of MB

The potential af synthesized CuMNPs for phaotocatalyeic degraca-
tien of MB was examined under direct Sunlight. The time
dependent decrease in the absorption band Intensity of MB dyye
was observed after the addition of CuMNPs under solar light
exposure. The photocatalytic degradation efficiency  measured
using spectrophotometer at 664 nm. In the experiment 10mg L'

pe s apr sy e

b L 3

& ¥
| ELS specirum

concentration of MB mixed with 10 mg dosages of photocatalyst.
Almost complete degradation of MB seen in 120 min (Fiz. 7). In the
precence of CuNPs the photodegradation was significantly
enhanced at basic pH (pH = 9). The basic pk influences the surface
charge properties of phowcatalyst, the anionic dye molecule is
negatively charged adsarbed on the photocatalyst surface |G ] The
high pH favors adsorption of dye on the photocatalyst surface. The
calculated degradation eMciency for MB was 90 % plotted In Fig
The degradation experiments were performed with control
in presence and absence of catalyst) wene carried out in the d
nullify any possibility of dye self-degradation, dye adsorptic
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catalytic activity of CuNPs in dark. Under dark conditions, CuNPs
have not exhibited any insignificant effect oo degradation of dye,
Thus, experiments concluded that the dyes were not significantly
degraded in dark conditions, Besides, dye degradation experiments
performed under direct sunlight in the absence of catalyst shoveed
negligible dye degradation while with catalyst dye almest
completely degraded (Fig. 81 These experiments deplcted that
dye degradation was driven by a photocatalvtic process,

Teta poteptial = -22.7 mV
Leta deviation = Ll mY

et Fatenla Cedrlarion

(2)

!

Tl Snimls

In general, there were following steps in the photocatalytic
degradation which s summarized below.

Cu+hu = Cufe + W) (H

Firstly, the CuNPs absorbed the solar immadiation get photo
excited due to SPR influence (Eq. (11)). Secondly, the electron and
holes produced can react with Oy [Eg, (i) and HuD (Eq. (iv])
particles to provide active hydroxyl radical (OH 3, and amonic
superoxide radical (0, ), respectively (Eg. (v}

Cuthy — Cufe ¥+ Culh’) {ii}
Cufe }+0y -0 (i}
Cu {h")+ H0 = OH [iv}
O; orOH = Dye — degraded product (vl

L
i
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H
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Finally, batl oxidation as well as reduction proceeds on the
phatocatalyst surface, These highly reactive "OH and "0, radicale
can Interface with the MB arcmatic ring and possibly break the
Bond produsing €0, Ha0, and nemerous jons as by-products. The
literature sharma and dutra [69)] described that hydraxyl radical
were daminant reactive oxygen species that contributed 1o
degradation using NPs. Thus, their study provided the suitahle
lustification for actlve species based photocatalytic degradation of
dyes when using CuMPs, as discussed in our work,

The Kinetics of the photocatalyzed decolorization process
described by a pseudo first-order reaction for the concentration
of MB [70].

Int'
Cy

=, I{t

Where, C; 15 the initial ME concentration and C, is the MB
concentration at the irradiation tme (1) and & s the rate constant
fmin~*L The linear relationship hetween NG,/ Cy) ws irradiation
time (1] described in Fug. O showed good linear correlation with the
values of correlation coefficient (R*>95). The slope of the linear
fitting line as shown in Fig. @ concluded the rate constant (1t) of the
reaction was found 0.0172min~", From this study we have
concluded that the time duration for degradation of MB dye was
120 min. psewco first-order kinetics resulted that obeained value of
rate constant was found tobe 0.0172 min-1. A comparative study of
phatocatalytic reducthon of MB using different types of pholo-
catalyst described in Tahle 2.

Table 2
Corparison of varloos photocatabysis in the reducthon of ME

£ Hn Frantncanalya Time
AuPs K min
AgMPs 4% min
Lok N FLRTT
TGO Tty Cogtly, NS 120 min
Sb-Znild NP 210
LMy 120 min
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Degradation mechanism of MEB

5. Antifungal assay of CuNPs

The antifungal activity of the synthesized CuNPs was assessed
against £ oxysparum by measuring the mycelial radial growth,
Study resules showed that E oxysportm exhibited myeelial growth
inhibition at (.24, 018, and 0012 % CuNPs concentration (Fig, 100,
CuNPs showed 76,29 + 1.52, 73.70 + 1.52 and 59.25 + 0.37 mycelial
groveth Inbibition at 0.24 and 0.18 and 002 %, respec tvely {Table 3),
Maximum mycelial growth inhibition observed ac 024 % CuNPs,
The experiment, confirmed thar myeelial growth inhibition
depends on NP's concentrations. Commencial Tungicicde bavistin
(0.1 %) was used as a positive control showmg 100 % inhibition af
fungal mycelial growth (Fig, 100 Whereas CuS0y (10 %) showed
20,74 + 152 inhibition and plant extract was found ineffective in
inhibiting nwoelial growth and spore germination. Possible
mechanisms of action of CuMNPMs are based on changes in the
structure and function of fungi cell. Furthermore, these particles
can affect macromolecule DNAL its réplication and  pratein
synthesis which ultimately lead o death of funet Similar studies

SXETPUE
(LR

1 o = e i )

i mham

have been repored for the antifungal activity of CuNPs against
diferent furgi |76,77]

6. Conclusion

In the present study, CuNPs synthesized by a simple and
benign method from  leaf extract of € panicwleius, The
characterization studies revealed the morphological parameters
amd role of stabitizing agents during CuMNPs synthesis. The TEM
amgd SEM results concluded (hat the partickes were spherical
shaped and monodispersed with size ranging from 2 to 10 nn.
M purity of green synthesized examined by EDS studies. The
flavencid arwl other phenolic compounds present in the ©
panicidarug eal extract reduce Cu?* fons into CulNPs canfirmed by
FT-IR stuclies. The DLS studies revealed that biological property of
CulPs enhanced by the size and charge distribution of the NPs.
The synthesized CuNPs exploited as photocatalyst exhibited
excellent degradation efficiency on organic dyve MB under

e

Fig. W, Anlilengal activity (a) contied, (b] plant extract, Joo 1 % CuSos, amid Culfs (d, ¢ 1N 0L 08 and 0.24 % respectived
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Table 3
Eflecy ol Culi's on b vlerg imyoellal growih of ¥ axviperinn
I'reatmens (] % Inhibiiion {mycelial growthl ¥ eesporum
Comtral D + .
ki
2 3835 + 057
LN TLT0 4 1,52
(24 W29.s 152
Cusy [1%] WH=15
[Mlans earact LTRER ]
Rawistin (1 %) 0 =on

The mscefial groseh inhibiton of CuMF was perlorsdd in friplhcare, Standas)
deviation values arg given i the ahave mentioned table,

sunlight. The dye adsorption results were compared  with
previously reported literature, The synthesized CuNPs showed
significant antifungal activity against £ oxysporum as demon-
strated wsing the poson food technique. The overall stody
reviealed that CuNPs successfully synthesized Iw green route and
used as photocatalyst and antifungal agenrs,
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Kesyunwdh:
Bisiyrmin
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A fiinegal
Antihacterial

Csinlvile activiiv

In materials ienre, “green” synthesia of metal/metal oxides nanoparticles bas gained much attention as a
wuntalnabile, relinble, and ecodrieadly prowocol, Copper nanogairticles hove galn significant attentlon dus o s
applicaticn in diverss fields, A sumber of micronegamsms inchading plants, algae, bacteria, and fangi have been
foamed 10 be capable of smcheding eopper nabsparicles. Plants exirsel comprlses ictive compounds derived
from warious parss such s leaves, fruits, shoos, fowers, rools, seeds, and bark, which acr as reduet g and
wualillizing ngeitd in the Wo-ceduetion of metil lom to novel motal nepoparticles, Al scientille repors reveal ihe

umique properties of copper manopacticles such &s antifusgal, antlbacterial, anticancer drugs, and casalytic
amtusnl actlon sowands degrodotion of hazardous dies, Herels, the green synthesls of copper namopenicles wsing

plant encities aad thele potential applicntions have been evalisted and discinsed,

1. Introduction:

Nanotechnology s concerned with the design, production, and
manipulation of partickes ranglng in size (rom 1 o 100 oen 1], This size
ranige alters the varlous chemleal, pliysical and biologlcal prapercles of
the nanomaterials from their corresponding bulk materals |1, Kano-
partlcles are beesmlng more popular a8 a eesule of thelr optleal, elec-
trical, and catalytic properties, and alse their large surface area fo
volume railo. Nanoparticles are predominantly classified inte twa cat-
egories: organic (fullerenes) and inorganic (magnetic, AuNPs and Aghs
and semiconducior nanaparticles such as Ti0y ad Z00) e, The syo-
thesis of nanoparticles Is accomplished throagh top-down [physical] and

cal procedures are expenslve, toxke, and environmentally hazardous, As
a result, the blological method of nanoparticles syntlesis is a promising
scfentific iee of study (41,5, Blotle resources such ag plants (07, nlgae

At fangus [10], microorganisms 1111, and actinomycetes 71.1] are
used In the biologieal synihesls of nanopanicles. Several coreent [ind-
ings have shown that plant extracts can be used asa potential precimor

for enviromentilly friendly nanomaterdal manufacturing, Proteins,
phenolics, polyphenols, carbohydrates. and enzymes are active sub-
stiances found in plant extrocts. Metal lons were capped, stabilized, and
rediced inta metal nanopanieles by these active compounds (17,
Copper nanopart lcles have recently attracted attention and |nterest due
tar their chemical and physical properties. They were suitable candidate
for & varety of commercial and domestle applications, Including catal-
yils. imaging. cosmetics, medical, pharmaceoticals, energy-hased
research, and envionmental applications (146, Copper nanoparticles
are widely employed as giant magneto resistance material [15], gis
sensors 110,17, and agents in Lhe preparation of organic-inorganic
nano-composites [ 107, They are utillzed in industey s thermal cons
durctors, catalysts, bartery, and solar cells |17, Copper nanoparticles
play ayessential role I medicing as antioxidanes, antibacterdal [211], and
antifungal agents |71/, The review subsequently focused on the
Llosynthesls of capper nmnoparcles from plant entities, and also char-
acterization methodolugies and prospective uses.

Atibwevinons: Ni's, Nanoparticles; CubiPs; Copper nanopartiches; CoOdiPs, Copper oxide nazopamiclis; AulPs, Gold nnnoparticles; AgPs, Silver nanoparnicles;
Tk, Titanivm mide; Znf), Zine oxide; SEM, Scanning Electron Misromopy: AFM, Atomic fome imlernscopy; FTIR, Fourisctrangoem infrnmed spectroscopy; TEM,
Trasmission eleciion micooscapy, SAED, Seleried Area Electron Diflraction: XRD, X-ray diffmciion; DES, Dynamic ligh seattecing: EDX/ EDS, Encrgy-dispersive X-
1y spectrosoupy XPS, Neray phaloelsctron spectioscopy) TGA, Thermogravimetric analysis; BET, Brunnuer-Emmett=Tellor, NTA, Menoporticle Tracking Analyals;

BNA, Deoxyriionuelele seid.
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2. Synthesis of nanaparticles

NPg are produced in many natural processes, including valcanic
éruptions, sea mist, foresr fres, fine sand, and erosion by plants and
dnimals. Himan made KPs are mainly classified into two categosios:
“arcidenial” and “designed” NPs | 22|, Accidental NPs area consequence
of anthropogenle activities; they are mostly upcontrolied sized and
shaped, and they can be made up of a variety of marerial. Large- seafe
runnling of diesel englnes, mining and Intalerance of fire exercises ress)is
in accidental NPs. Designed NPs are, specially created and intentionally
synthesized by humans, Their sizes, shopes, and compositions are, of
rourse, meticulously conrrolled. Despite the fact that enginesred KPs am
petting more and more advanced with each passing year, simple engl-
neered NPs can be crepted By rélatively simple chemical reactions tht
have been in the purview of chemists far centuries |21 This means tha
long before peaple could “see™ NP5 through an electron mierowope,
humans were intentlonally and accidentally goneraling 4 vardsy of
these mnterials.

3. Methods of nanoparticles synihesis

The synthesls of NPs bs accomplished through phesical, chemical and
hiokogical methads shown in Fig, 1.

21, Physical methods

Physical methods genernie NPs by melting, condensation, evaposi-
tion, and material abrasion, wsing high-energy radiations. mechanical
pressure, thermal energy, or eleeirical energy. These approaches, which
predaminantly use a top-down nppeoach, are favorable boeause they
produce consistent monadisperse NPs with no solven! conmminadon,
High-energy ball milling 124, laser ablathan and pulse laser depasition
1451, elettro spraying |Mo], inert gas condensation |27 2%, physical
wapour depogition (200, Iaser pyralysds | 10,91}, Name speay pyrolysls
(32}, and melt mixing | ) are some of the most common phwsical ap-
pronches for producing NPs,

Eigeni (wmisiry Commenioofions 149 (20210 110de8

32, Chemical methods

Some of the most commonly used chemieal methads for Nt sy
thesis include the sol gel method (511, micro emulsion rechnigque [55],
hyelrathermal synehesls [0), polvol synthesls 1171, chemical Vapour
synthesis | 14}, and plasma enhanced chemical vapour deposition tech
sl (991, Gy NPy were synthesized by mixing Cu (1) sulphare penta-
hydrate salt (0,01 M) solution and polyethylene glycol GO0 (0,02 M)
solution in a chem|eal reduction method. During the synihesls Process
and in storage, asoorbic acid (namral vitamin C) is used asn [protestive
Egentin prevent the nascent Cu NPs fram oxidation |40, High radiation
and exteemely concenrested reductants and stabilizing agents have been
used in physical and chemical procedures, which are detrimental o the
enviranenent and human health, Hence, blologicl nanoparticle syn-
thesis is & single-step bioraduction process thar uses less ERETREY 10 piro-
duce eco-(riendly MPs

A3 Bielogon! methods

Green nanoiechnology is the diveipline of making NPy with speeific
funetions sy combining blological principles with physical and chemical
methods, Tt is based an lowerlng the rlsk of producing and applying
nacomaterials, The synthesis of NPs may benefit from the development
of “groen chemibstry” procedures that are clean, nonexie, biodegrad.
able, and environmentally acceptable. They may include living organ-
lamz such as plants, algae, fungl and hacteria (Fls. ),

A3, Symihests of G NPs wsing baieria

Microcrganisms are useful systems for the production of biscom-
patihle metal NPL A bacterial mediated synthesis of Cu0 NPs is reported
In steains isolated from the midgat of camman Indisn mosquiioes and
Stibara, an insect bestle found in the Northwestern Ghats of India.
Syathesized Cof) KPs produce UV-Visibie alsorption maxims pear 500
nm-and 630 nm. The shape and size of CuQ NPs were analyzed by
Tranemission electron mlcroscopy (TEM). The snalysls reveal thst the
particles are palydispersed and vary from 10 1o 30 nm in diametes 1111,
Cu NPy, produced by A cerews, surfice plasmon resonance (SPR) peaks

[ Nanoparticles synthesis methndﬂ
|

v

k4
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 Green synthesis of Cu NPs
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Fig. 2. Biological entities used for gieen synthesis of copper manopan jcles, (For itterpedtation of the nedfecenens to calor in s g legend, the ceader is referied o

the wish version aof this arlcle)

were recorded between 570 and 620 and 350-370 nm. Their particle
stoe distribution, polydispersity indéx and reta poteniial were found 1o
be 11-33 nm, {1.533 and (-] 19.6 mV, respectively. Scanning election
mieroscopy (SEM), TEM and atamic force microscopy (AFM) analyses
confirmed the uniform morphology; X-ray Diffraction (XA spectrum
revealed the covatalline niture; Fourler transform infrared speciroscapy
(FTIRG spectowm diselosed the presence of pratein with Co NPs |47, Cu
NPs syntheszed wsing celldmnee supematant of P ffuonescens rezction
migtures changed color from hlue 1o dark green, The UV-vis absorpiion
spectrum of this solution showed a clear absorption peak in the region of
S50=-650 ninw The average partiche size of synthesized Co NPs was feund
o be 49 nm with spherical and hexagonal shapes. Antimicrobial activity
wes tested ngalnst B coll and Beciilus (0000, A Teelle biologieal method
was reporied for synthesis of Co NPs using E coli, The average particle
size ranged between 10 and 40 nm with high percentage of guasi-
sphecical NPs [ 4]. Biosynthesis of Cu KPs was achieved by additlon
of culiure supernatant of 5 oephimunem with aguecos copper oiirate
solution {1 mb), Synthesized Cu NPy exhibited alsorbance peal at 565
nm and average diameter 49 om obtained [-15],

3.3.2. Synthesis of Cu NP5 using fungi

Gireen synthess ol metal oxlde NPs using microorgantsos e fungl
it an important area of research in panc-biotechnology, Cu NPs wene
synthesized and sabilized wsing fungal isolates P aurenifogriseum,
P, citrinum and P, wokemani showed Nuorescence specteun ot 448 pem.
The synthesized KPs were spherical in shape s determined by SEM
analysis. Dyvoamic light seattering (DLS) stacies was careed oul by nnno
getasizer (o evaluate the sige and polydispersity of Cu NPs | 50, The
white-rof Tungus Stereasm lbenms was used [or synthesis ol Cu NPs
under different pH conditions and in the presence of three diffecent
copper salts (CuCly, CoSOy, and CulMNOsk,. TEM analysis confirmed the
sphetical shape and size in the range of 5 10 20 am | ©7], Exteacellular
binsynthesis of Cu NP's using Aspergillis species was pecformed by Pavani
et ol (20130 (160, UV-vls spectroscople analvels ghowed absorption
peak on 300 nm. SEM micrographs revealed the average NPs size with
GO0 1 684 nm and were dphierieal in shape, A, sriger fermeniation filiree
was wsed as reducing agent in 1:1 ratio with copper nitrate wi-hydrae
sodution [CufNO: ke AHA0) used for biosvnithesis of Cu NP5, Characier-
ization technicues revealed that Co NPs were spherical In shape and
palvdisperse with 500 nm in siee. Antimierobial sctvity of the synthe-
flzed NP were evaluated against E coli, 8, byphi, 8 v and C, alficons
ELIR

3.3.3 Symthesis of Cu NPs using aipoe

Akzn in an squatic organism and s a good source of blomolecules.
Since algae contains proteins, pigments, nuclsic acids, Gils, carbaby-
deates and secondary metabolites such & alkalolds, Some secondary
metabolic compounds such as arcmatic, peplides, terpenes and macro-
licdes. act a8 reducing agents lo produce NP5 from metal ions without
producieg any toxic by-product. Alsboud er ol (2014) (507 reported for
the first Ume biosynshesis of Cu® NPs using brown alga (Rifircario
bifurceda) shawing strong resonance al about 260 nm and of diameier 5
i 45 . Further, the antibacteddal activite of synthesied NPs was
tested againgt two different stralng of bacterda Enierobactdr seropones
[Gram negative) and S, owveus (Gram positive). UV-visible spectrium of
Cu Kis synthesized by B, brosnd exhibd ied absorption peaks at 258 nm.
The gize of algal synthesized Co NP was found 1o be in range of 10-70
mm., The size of the synthesized Cu NPs was lound in range of 10-70 nm.
The average size of symthesboed Cu NPy was caleulnted using the Debye
Seherer equation and was found o be around 58 nm. Antifungal activity
of syntheskzed Cu NPs was tested against fungus F. oxysporton |10 1

3.3.4. Symrhesis of Ci NP5 using plank anined

Several curment finding have showed thal plani extracts can be used
as pulential precursor for the Gbricatlon of myviroomentally frlendly
nanomaterials. The bioreduction ol meral oxide Nirs by a combination of
biomalecules found in plant exiraces (pnzymes, proteins, aming acids,
vitaming, polysaccharides, and organic acids such as clirates) and the
nespevilve role of phylochemicals was siudied by [52]. Metal lons are
capped, sialdlized, apd reduced w metallle NPs by these active
conpounds.

335 Symifesis of Cu NP wsing leaves extract

Mant extract mediated synikesls of NPs have recently recetved a lai
of atientlon because of their wide range of physicochemical featuros and
applicatlons. Cn NPs svothesized from natural resources have been
studied exclusively. Cu NPs are synthesized fram a variely of plant pars,
such as stems, leaves, roots, bark, fruit, seed, and flowers in varioss sizes
and forms [5054], The shape and size of Cu NPs can be altered by
varying metal concentrations and the amount of plant extract in the
renction mixture 5%, Plant lenves extract coniaing & number of
binactive meabolites, such as lavanoids, phenals, proteins, terpenoids,
and tannins, which funetlon as stabllizing and reducing agenis, reducing
the metallic salts to NPs | 560,571, The phytochemicals reacts with the Cu
ion, leading 1w the reduction and convert jon into Cu NPs. Polyphenolic
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compounds and favoneid groeps found in Thymbro spicara extract act i
rediiclng and copping agenis in the synthesis of Cu0 NPs by combining
their hydroxyl groups with Co®* and then reacting with the oxvgen in
the air. Their antibactertal and antiblofiln properties have been exam-
ined |50, Gas Chromatography/Mass Spectrometry (GC-MS) analveds
confirmed the capping of Cul NPs by esters such as di-propyleneglical
diacrylate, -manoolein, and ioactyl phihalate Is reporied in Cymbapo-
gon citrans extract They were essential in Co®' or Cu™* reduction and
surface functionalization, FOIR studles showed phenolle, sugar, and
profein mediated nocleation and stabilizacion of Cul NPs. XRD and TEM
reveiled CuO NPs botween 114 and 14.5 nm, Synibesized Cu0 NPs
exhibited excellent antibacterial and antibiofilm efficacies (590, The
green synthesised Cul NPs using Annone muncnie leal extract exhibiied
an absorbinee peak dround 327 and 540 nm as confiomed by SPR. X1D
pattern 2ih peaks were at 3277, 34.66, 38.72, 48.20, 52.24, 57.35 and
1,27, which were nssigned to the (1103, (=111) {111}, (-202)
(020}, (20:2) and { - 113) planes. respectively revealed monoclinic
siructure and crystalline nature of synthesized Ca0 NPs [10]. Cu Ni*s
were synthesized vsing Ceatella asietico leaf extract (01 and their
photoeatalytic and eatalyrle setivity has been studied. Corlen papaye Leal
extract mediated synthesized CuQ NPs were analyzed for their antinti-
croblal effecis (2], Hydroaleobolic extract of Moringe oletfera leaves
were used 1o synthesize Cu NPs. A eolor change from brown ta black
indicates the formation of Co NPs. The synthesized Cu NPs have an
amorphous nature and particle slze of 358 10 49,2 am, The synihesized
Cu NPs wtilized for their anti-funga! activity against A. aiger. A flevns,
€. atbicons, and C glabraty (071). Col KPs a8 n poiype semicanduc|or
gave an absorprion peak a1 359 nm and the natore of the absorption
peaks seen oould be atfribiied o oxvgen vacancles, surface sfocrs,
imterstitial jon effect, and electron recombination between the donor
and aceepror level defects of the NPs (040, Cu® " Jons reduced 1o Cn NP3
by Mavonoids and phenolie finctinnal groups in the keaf extracts of
Eryngitm caucesicem Trawty, The SEM analysis chowed nearly spherical
shivpes andd sizes of less than 40 nm ol NPs [(5], FTIR specien of Co NPy
synihesized from C. sinensis showed broad peaks due w0 the inresmin
lecular and Inrnmolecnlar Interactlons of OH groups, Energy dispersive
X-ray (EDX) amalysis strong signals for Cu confirmed the formation of Cu
WPs. The EOX spectrum also showed the inlense peaks of O, Cland & In
addition to Pt and C present in C. simensis leaves extract that reduced and
stabillged Cu NPs (0], Popidus cliarn medisted synthesized Co0 NPs
was tested against Grom positive and Gram negative bacterlal stralns by
agar well diffusion method 6. G. glascn and P, zsylenica plant extrart
contals conmaring like xanihyleting seselin, S-mechoxyseselln, wine
thexyletin, and suberosin apart from Mavonaids, alkaloids, smple phe-
nolies, reducing sugars, tanning, lgaln, glvenside, and saponins which
havea high potential (o synthesize and sabiliee NPs [05). Leaves extract
of Citvaforwnelle microcerpa (Calamondin) was used for synthesls Cu0
NPs which were spherical in shape with size range of 54 to 68 nm. The
synihesized CoO NPs exhibited SPR at 270-300 nm (601 Ciss incamis
leaf extract was used ta biologically synthesize Cut NP showed UV-vig
spectral band al 290 nm. SEM and TEM analvsis eonfirmed that the
synthesized Cul NIs were of spherical stracture with size rnnge ol sbout
15-25 nm | /0. Studies were also conducted on Cu NPs synthesis using
lvavies exctenct of Commersanio bartramio |1 ], Geeen and black tea 70,
Cassin accidentalis] 7 1], Tilia 1741, Cenfelld asharice L. 175), Alchamen
feedfbare (70 |, Prosogis clmerarta |71, Clssis quedrenguiors | 78], Aburilon
indiciim 174, Eelipta prostrata (401, Convolilis perdcus (51 ), groen tep
[#52] and Terminola conapgea |50,

3,36, Symihests of Cu NPs wsing fruits exiract

Hemmati er al., (2020) (4] symhesized eco-frendly Cu NPy nsing
Fragaria anmnassa froit extract. TEM images exhibited a uniform spher.
leal shape and dismeters of 10-30 am. Syntheslzed Co NPs revealid
antioxidant properties assayed using 2.2-diphenyl-1-picryl- hydrazyl-
hydrate (DPPH) free radical scavenging test. The synihesized Cu KPs
were spherical in shape and were investigated for antifungal activicy

ool Chemmivetry’ Conmmsinicagion 49 (2000 | nddy

egpinst C. albcons, O guilliermomds, © peropsilosis, © kmsed, and
G glabratg. Cu NPs wene synihestzed using seedless date” exiract as
reducing agent by Mohamed, (2020) (551, UN-vis Spectroscopy
revealed the SPR peak of Cu NPs a1 576 nm and spherical shape, DLS
analysis showed that the synthestzed Cu NPs had an svernge particle she
of 78 nim and zeta patential of + 41 m¥, indicating a good stability of the
partiches, Cu NPs prepaced using ngueats Bhas corlara L fralls exirac)
displayed an absorption peak at 560 nm. TEM analysis revealed semi-
splrericn] shapes with diampter of 22 o 27 nm. The XRD studies
reveabed thar the wvemige orystalline size was 18 nm (5], Capparis
spincsn frall extract mediated synthesleed Cu NPs showed SPR at
vinvelength of 414 nm. 5EM analysis coneluded the paricls size was
between 17 and 41 nm |57 1. The absorption peaks were observed at 370
Aam o Culd NP synitheslzed [rom Terminalio belerice extrael. HETEM
micrograph of Cul MPs showed almost spherleal and uniformily

flribuied stze mnglng 9 oo 14 nm |15 ), The UV-vis specim of the Culp
synrhesized from Duranig ericte extract showed o distinet absorption
peak at 588 nm. FE-SEM revenled the average size of the synthesized Cu
NPs was 70 nm having monodispersity (49, The monodispersed and
sable Cu NPy were prepared with an average sze 200 nm using Haw-
tharn hetries (Cratoigs) exteact [90], Frult exteacts of Ziziphus sping
chivis (L) Willd. was used ax reducing agents for the grean syntheasis of
Cu NP, UV-Vis spectrun of Cu NPs showed absorption band ot 551 nm,
XRD analysis cabenlated the size range of the Cu-MPs hetween § and 15
num with enbic shape. The FESEM micrographs of synthesized Cu NPs
showed the size range of 5 to 20 nm 121,

3T Synthesic of Cu NPs wsing Seed, Tower, rhizome, rong, and Bk
[ i v g

Ceeselpinin bovrfucelln seed extract was used 1o synthesize Cul) NPs
whichshowed a sharp absorption peak al 250 nm. XA analysis revealsd
the eryslalline size 107 nm. Synihesized Cul) NPs wad tested for (helr
antibacterial elficacy against 5. aurews and Asromonas, Biodctive sub-
stances which nre responsble reduction and sabllizing CoO) NP§ are
citrulling, phytostesinin, and [bcarotens (7], The ostho-phenolic hy-
deaxyl group of ellagle aeld of Punice Grenarum seeds loses hydrogen
during rhe esterification pracess of the carboxylic and hydroxyl groups,
resulting In reduction in the size of metal ion. SEM Images confirmed the
size of the Cu NPS was in the range of 40 to 80 nm with semi spherical
shape &nd uniform distribution. Thelr photocatalytic efficacy was
evaluated by degradation of methylens blue dyve (0], Jasrotia er ol
120208 [34] synthesized Cu NPs using Allivm cepa, Vigna radiste and
Choer arlenmem exteact. The antoxldint satire of synthedzed Cu NPs
was evaluated using DFPH radical scavenging. Besides, the antimicro-
lal actlvity was also pecformed using bacterlal strains of 5. aurens,
I eoli. and S, ryphi and fuingal strain Aspergiliis sp. Persea americann seed
extract wns used o synthesize Co NPs which showed SPR band ar the
range of 357 nm. The XRD studiescalenlated the average dinmeter of the
Cu NPs in the range of 42 o 90 nm. The SEM studies state that the Cuo
Wi are sphernid in shapo and polydisperse in mature with particls dze
ranging [rom 45 to 100 nm. The antifungal activity was determined
usteng the ngar well diffusion assay method agalnst A, niger, A, fromigars,
and F. exysporum [957. Flower extract of Enphorbin puicherrima (00,
Euchhornin crossipes 7], and Stachys lovendulifolia [05], Rhizome
extract of Curcuma longa, Zingiher afficinale |9 100], rool extract of
Adparagys racemasus | 101 ), Rieum polmatiem L | 102 ] and husk extract of
Hea wmays Lo (163 hive been used For green Cu NPx synthesis (Ta0001 ),

4. Techniques used for characterization of nanoparticles

The characterizntlon process performed 1o assess the shape, size,
erystallinity, zeta potential, particle sizes, surface area, prornsiny, sali-
bilicy, aggregation, adsorption potential, and fractal dimensions of NPs
FHEA7 €0k ), Several rechniques, such as UY-vis spaetroscapy, SEM,
AFM, FIIR speeiroscopy, TEM, selecied ares electron &ifraction (SAED)
partern, KR, LS analysis, EDX/EDS, X-ray photoe 1 dpecTroseopy

e SN




5 Clouned Mali et al.

Iewgumic Chenplaey Comeandoamlins 149 (202F) 71O

Table 1

Grern svnl hesis of copper nanoganicles ming planis.
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(XP5], thenmal gravimelric analysis (TGAY Brunsuer Erwneti-Teller
(BET), Manoparticle Tracking Analysis (WTA)L and particle size analyzer
(PSA) are used for NPs chamcterization, UV-Visible spectra give char-
acteristic peaks at the range of 200-800 nm primarily evidesce (he
synthesis of NP (170 The XRD patern deterniines crystallinity and
elemental composition of NPs. FTIR spectroscopy used o determine the
mssociated funcuonal groups and strectiral leatures of Mologien) ex-
tracts with 3Ps. Microscapic techniqees such as AFM, TEM and SER
Mainly used for morphalogieal stoeles of NPs, These technigues deper
mine shape, size, topology, and crystallographlc sructire of NPs
[US1uy ] SAED analysis helped In determines surface lallee e
fiectiong. BET helped to determine specific surface areas of NPs. NTA
was used lo visualize and measure partbcle size, concentration, and
Muarescent properties of NPs [ 105 109), PSA mseasured the disoibutlon
of size in the sample of solid or liquid patticulare marerials | 110]
(Tallsfer 23,

5. Plant bivmolecules responsible for bio-reduction of Cu XPs

Various active compounds found in plants, these Includes paly-
phenoks [1171], Mavoooids, tannins 1112, polysaccharides 111 5.014],
and proteins [ 115, which lnprove the slze. structore, and stabilicy of
svnthesized NPy, Flavonolds are a elaes of polyphenolic chemlicals thai
ran actively bind w metal jons and reduce them o NP 1900 They

i

comprise anthocyaning, isoflavonaids, flavonsls, chaloones, favones,
and flavanones. Quercetln 1s a Havoneid with extremely significant
chekating activity, because It can chelate at carbonyl and hydroxy | at the
€3 and €5 positions, and the catechal group at the ©3° and C4' sites
[1171, Various mewl fons, such as Fe?*, Fe'", cu®’, #n®", A", or',
PU**, and Co”, are chelated by these groups. This suggests that they are
Invelved In the siages of nanopartele pucleation and further aygrega-
tiois, in addition to the bioreduction step (1181, Metal NPs can alsa be
synthesized by the help of sugars foond in plant extracis. Mooo-
saccharide’s like glucose (linear and having an aldehyde group) can act
as reducing agents. Funhermors, the capacity of dissccharides and
polysacehavides 1o réduce 8 dependent on the ability of any of their
monesaccharide components to adopt an open chain form within an
illgamer and, as n resuli, coables he access (of & metal jon) o an
aldehyde group | 1171,

&, Factors influencing the synthesis of nanoparticles

The synthesis of NPs b5 influenced by o number of physical and
chemical (actors, These factors include lemperature, pH, reaction
duration, plant extroels, and substrate concentrallon (Vo 1) Cu NPy
synthesized by varying factors such as the pH, temperature, and molar
il of reaclnnts, with varlous mitphologles, neluding rods, spherical,
and submicron polyhedrons by Biger & Sigiman, (2010) 11901, They
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Fig. 3. Techniques used for characterization of manoesrices.
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Different characterization techniques and theie applications,
Technbimms Applicatiens Astoirsadi
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HETEM Diefermine rhe shape, se, patngy and
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NTA T winenlise nel svonemre pesibcle sier,
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o T luew
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LEAL Isedermine the marpbidagy (den) by direc WL

il pation

olwerved that as the molar fatio of reactant and pH rises, particle s
decreases. Optimizing the pH value of the solotion medium can affect
the size and texture of [he NPs. The pH affects the shape and size of the
synthesized Co NPs, reported by Nagar & Devea, (20018) [120], Tem-
perature is wnother important parameter for blosynthests of KPS with
different sizes and shapes. In study conducted by Sivaraj er ol (2004}
[122] for the synthesis of Co NPs solutisn kepe for continuous stirrag
{7-8 h) ar 100 " Concluded that at optimum emperature, the dy-
namics of sirsciure formailon was relatively faster and the reduction of
i iong is Nkely o oceur within wel-formed particles. The shape, size
and stahility of green symthesized NP (s greatly influenced by the lengeh
of time for which the reaction medium s Incobaled

Fig. 4. Partors influencing the syathesis of nanoparticies,

7. Applications of copper nanoparticles
7.1 Amtihocrerial qooaty of Cu NPs

Several stndies conducted have shown thal Cu KPs has high ani-
bacterint petivicies. Kals e of. (2006 [ 127)] have reportpd the antimi-
croblal activicy of Cu NPs from leal extract of Damra fnoxio against
Xenrhomas oryzae py, oryzae, the ciusative organism 8 bacterial leaf
Hight of paddy by well diffusion methad, Sivaraj
ewaliated antibacterial activity Co NP from Te
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leal exiract agalnst E coli found highest zone of Inhibitlon with a zone
diamaeter of 17 £ 1 mm st a concentration of 25 y/ml Acharyulo of af,
(2014 | 124] studied the antimicrobial activity of bissyntheslzed Co
NPs from Phyllofius amares leal exteact agralnse ol deog-resds an
Gram-positive (0. subelis and 5, airews) and Gram-oegative (B coli and
P geneginosa) bacteria. Dotero meed mediated synthesired Co NPy
antibarterial activity was evaluated againn 5 oureus, 1 coli, Bocifin
muegaterin and 8. suiilis by Parikh e o). (2014) |125]. Abboud er al,
(2074) [50] reported that Cud NPy produced by using beown alpae
extract (Bifrrcaria difircaro) showed high antibacterial activity agains
twe different siraing of £, gerogenes ind 5, aeis. The radial Inhibilbon
zone exhibited by CuQh NPs for E aerogenes and 5. cureis goe 14 sod 16
mm, respectively. Antimicrobial activity was rxamined against human
pathogens E cofi and 5, meens by Caroling er gl (2015) {17960, The
antibacterial activity of CoO NPs was eviluated against E col! using a
spread plate method, The inhibltion rate of £ colf was 14,9 % and 45.4 %
observed at 2 and 10 mg/L conceniraton afier 2 h contact idme |1 27)
Angrosan of al. (20143 [128] reported aotibacterin] sciivity af senibe-
sizedd Co NPs from leal extract of Vitls vindfero agalnst E. colr, 8. oures,
B suibeilis, 8. pypid and K. presimonda, bo this susceprililicy test, 8 onrcus
was more sensitive (o biologically synthesized NPs 18 mim 2ooe of -
hibiilon and followed by E cofi 14 mm. and K. possmonse 12 mo, 5. tpfd
8 mm, B subiilis 9 mm all the expenmental baceris showed resistant
Idologheally Cu NP and Chlorompenieal, theoughout e experiment.
Padil & Cenik, (2013) (179} studied the antimicrobial netivity of Cuo
NPs agalngt comman pathogens E coll and 5. awens, The zone of (1 -
hibitlon was around 14,5 & 0,8 mm observed for the bacteria sirain
5 orrers, and for E celf was 16,2 = 0.8 mm &t S0 pg (100 (L) of Cu) Niks
using agar well method. Das et al. (20030 (20 revenled the antlbacrerial
and antioxidant artivities of these WPs, whereas Haciprasad o ol (2016)
[ 1007 observed thelr good atlbaetedal activity sguins £ coll, 8. eres,
B. cerens, and P oertginosda. According o Naika e o, {2015) | 137, the
synthesized Cul NPs were effective against the pathogenic bacteda
5 artretd and K, odrogeier. The Ca NPs were effectively dissupling the
polymer subunits of cell wall in pathogenic microorganisms, Cu KNis
disrupted cell walls of B coll and 5 awretis bacterial strains, resuliing in
rapid DNA degradation and 2 reduction in bacrerial resplratton [ 1700,
Besides, Cu NPy increased cellular ROS kevels, causing pratein oxidatlion,
lipid peroxidation, and DNA degradation thar resalted in bacterdal cell
death LE0 0000, Cu KPs cebensed Cu lons that permeated the bucterial
cell membrane, cansing damage 1o the structure of the cell membrzne by
disturbing the negatively charged cell wall Furthermore, Cu lons ane
Involved In the crosslinking of bacterial DNA mabecule. These resulic in
a disordiered helical shape of DMA, severe denaturation of proteins, gnd
other bicchemical procedures in the cell lead 1o the bacterial cell s (ol
destruction |15, In addition, the €u®' jons banded with O and
refoined with sulflydeyl (S—H) groups in the cell wall, forming
R—5—5—t bonds, effectively stopped the bacterial cell’s respiration
pathway and killed (v {10500 (Falie 1),

7.2 Antifumgal sctivity of Co NPs

Biologlrally synthesized copper nanoparticles showed antifungal
activily againsl various types of plam pathogesie fungl, Huang et ol
{2021} (1977 reported antifungal activity against Bipolors mayiis b
applylng different concentrations of CuQ NPs 12,5, 25, 50, 100, and 200
pEml At 200 pgoml, the suppression mle reached 62,78 %, and spone
germination was totally inhibited. Benassal ef af, (2021) |10 evaluated
antifungal activity of Co NPs on 8, cerevisioe and C albicoms. Syzygiam
aromaiicum mediated synthesized Cu NPs exhildied fongicidal actlvis
against Peniciitivm spp. Cu NP exbibited fungicldal activicy agnins
Penicillium spp, with & zone of inhilbtion of 6 mm at 16 pl of Co NPs
concentrntion [10], Clires meciea Linn, (Cliron fulee) medinted sun
thesized Cu NPs showed Mingicldal activity against some selected species
of plant pitthogenic fungl F. coalmorum, F. oxysporam and £ gramimearan
using Kirby-Bauer disk diffusion method | 140 ], Crsts quadrongularis Gu
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MPs synihesis repored by Devipriva & Roopan, (2017) (75 were sub-
jecied to ant-fungal agains| two stralos namely A. niger and A, s,
The fungal strain A. aiger resulied in 83 % of inhibition at 500 ppm, B6 %
ol o Irition ar 1000 ppm and A, Mevies resulied in 81 % of inhibition at
a0 ppm. B5 % of inhibition at 1000 ppm respectively, Vanathi e al,
(2016} [141] reporied green synihesls of Cud NPs from an sguatle
nioxious weed, Sichiornin crossipes was used ad fumgicide agains
F. cuimornm and A. niger. Highest zone of inhibition was observed in
F. oo (21,26 £ 1 mm) and A, wiger (1839 & 1 mm} at a con
centration of 100 pg ml ™", which is more than that of positive contral
(1933 = 1 mm and 1666 = 1 mm), Similardy, the lowest zone of (0
hibition was obitained in AL fumigoms (9,10 4+ 1 mm) at a concentration
af 25 g ml . Cu KPs were shown 1o lnhibiL fungal growth by lywering
metabolic activity, Cu NPs can demage fungal cells by interfering with
ENA and Interrupting replication and Lranseription pathwiys. Cu NPs
may als ciuse growth inhibition by interaciing with proteing’ -SH
(sulihydryl) groups. Cu KPs Induced oxidative stress in microorganisms
may lend 1o cell deach [142] (1abile 4),

23 Cotalytle acrvity of preen synithesized copper nanopariclos

The extencive lterature survey revealed that green synthestzed
copper nanoparticles exhibited exeellent catalytic nctivity an n varlety of
dyes. The reaction mechanism proposed as Cu/Mg0 nanoecomposite
redoeed 4-MP in two slep electron transfer process. Flest step Includes
1-n stacking interactions of 4-NP and BH, on catalyst surface in aqueons
solution. In second step, hydrogen atoms produced by electron ransfer
between the ebectron mediator BHA- {reductant) and the oxidant 4-N7
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Antifuzgal activiny of biologically synthesized Cu NP,
Ilnm Tt e gt v Mailueds Iieferendes
vl A ridger el A S Chirleal apid Bl
ol Lahuramry
Standarls e
et hod
Eyapgiiem et it spp KirhyRamier din 1]
U ik b
Chpan jisier {Litns £ crdmsan), T Kirliy-Ranpr disk 11464
e {0 Erysponay nned diffuvion
FL grominenom
(RS o vty snd Woll-diffumlom {41, 111
rnsdines A mger
\PAL
pRING \ea®
I ) IPG Crd
n:-P“a‘m ol IRM 1
ﬁatht"



& Chand Mali o al,

(oxicant), BH4 - anack, reduce the 4-KP molecule, Further, the corre-
sponding product was desprbed from the catalyses surface 11470441,
According o another invesfigation, Copper oxide nasoparficles can
trangport ¢lectrons from BH — 1o 4-NP, which are absorbed by the
catalyst, resnlting in the formation of 4-AP. At a nucleaphile sttaclk,
BHA — can donale electrans o copper oxide nanoparticles. In addirion,
A:-NF can accepl elevirons from copper oxide nanoparticles ae an elec.
trophile reaction. 4-AP evenmually desorbs from the suppors, resulting
In & free surface, and the cotalytic evcle restarts 1145, Catalyrlc activ-
ities of copper nanopanicles ested on varions dyes such as reaciive red
120, methyl armnge, methyl red, phenol red, and eosin v, bromophenol
blue, thodamin B dye, 2,4-dinitrophenyihydrazine, Congo red, methy-
liene Lilue, 4-altraphenal, 2-phirophenal, aid Acid Black 210,

7.4, Anmficancer aonivity of green synihesized copper snnoporticles

Copper nanoparticles were found o be one of the most effective
Inorganic marer|als against a variety of cancers cell lnes reported in the
literature. Various eancer treatments have been developed, however
they have drawbacks including cost and various adverse effecrs
[t 1], Kayalvizhl e @l (001 tested eytompde propecty on husmin
breast cancer cell lines MCE-T, Elemikie e ol (6] on cervical cancer by
MTT assay method using Hela cell lnes. Hassanien eral, (71 ] studied the
cylotoxicity effect on amn-2, HepG2 and Mef-7 cells using MTT assay.
Copper nanaparticles were faund 1o suppress colon cancer growth in s
dose«dependent manner with &n 1050 vale, Caco-2 cells wedghed 11.21
|1, Hepl2 cells weighed 19,68 pg, and Mef-7 cells from human breast
cancet welghed 1221 pg performed an MTT fest (77 indicated ihai
copper nanoparticles kave 3 cytotoxic effect on MCF-7 cancer cells, with
in 1C50 of 37.02 pg/ml

B. Conclusion

In summzry, it Iz eoneluded that durdng the last decade many at-
tempts have been undertalien [or che panoparticles green syniliesis,
Green synthesis method advantageous over chemical and physical
methods ag il is cost-effective, ecofriendly nnd effectively seabed ug for
large-scale synthesis. An increasing awareness owards green chemistry
ind uftlization of green route for production of melal nanopactieles,
especially copper manoparticles led a desire o develop coo-friendly
methode. Organlsms ranging from siralghtforward bacterls o highly
complex enkaryotes can be utilized for the synthesis of nanoparticies
with desired size and shape, However, the development of the micro:
nrganisms and vast scale formulation residue are tricky compared
with others, The low synthesis race and limited number of size and shape
distributions produced, orfented the study towards utlliztion of plants,
Far the production of copper nanoparricles using plants can be advan-
lages over sther biolagical eatities which can overcome the slow manie
of using microorganisms and sostain their caliure which can lose their
potential cowards the produetion of nanaparticles. Copper nanoganlcles
synihedized by green route have impartant aspecs of nanotechnology
through numerous applications. Copper nanaparticles have emerged in
present and fatuee ers, with a varety of spplicatdon: incorporating
antifumgal, antibacterlal, anticancer drugs, and catalyile degradation of
hazardous dyes and many more.
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