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ABSTRACT
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 7+'(,; 3/'(1

70-')'(+, *,+(2/ K$L� � 70-')'(+, *,+(2 '/ +(; *,+(2 )5(2+'(/ /39/2+()0/ 2�+2 )+( 90 3/0-

85& 2�0&+*032') *3&*5/0/ 5& :�')� +&0 *&0)3&/5&/ 85& 2�0 /;(2�0/'/ 58 3/083, -&31/� �0.0&+,

*,+(2/ �+.0 900( 3/0- '( 2&+-'2'5(+, 70-')'(0 85& 7+(; ;0+&/ 25 )579+2 -'/0+/0/ )57'(1

8&57 9+)20&'+ +(- 83(1' /*0)'0/� �/ +( 06+7*,0
 2�0 *,+(2 Persicaria lapathifolia '/

+(2'/0*2') +(- +/2&'(10(2� �5 2�+2 '2 �+/ 900( 3/0- 9; 2�0 ,5)+, �0+,0&M/ K"
 @L� �570 *,+(2/

,'E0 Persicaria lapathifolia -5 /007 25 :5&E +,2�531� :'2�532 /388')'0(2 /)'0(2'8') -+2+ 25

)5(8'&7 2�0'& 088')+); +(- �+.0 900( 3/0- 2&+-'2'5(+,,; 85& 2�0 2&0+270(2 58 -'/0+/0 )57'(1

8&57 + 7')&55&1+('/7 +/ 58 9+)20&'+ +(- 83(1' KBL�

�+(5*+&2'),0/ +&0 *+&2'),0/ :'2� 2�0'& /'<0 &+(1'(1 8&57 $�$## (7� ��0; +&0 /;(2�0/'<0- 9;

2:5 +**&5+)�0/ +/ 25*�-5:( +(- 952257�3* KCL� ��0&0 +&0 .+&'53/ 702�5-/ 85& /;(2�0/'/

58 (+(5*+&2'),0/ ���/� ,'E0 *�;/')+,
 )�07')+, +(- 9'5�/;(2�0/'/ 702�5-/� ��0 *�;/')+,

+(- )�07')+, 702�5-/ 58 (+(5*+&2'),0/ /;(2�0/'/ +&0 06*0(/'.0 +(- (52 0)5�8&'0(-,;� ��0

9'5�/;(2�0/'/ 702�5-/ 85& (+(5*+&2'),0/ /;(2�0/'/ +&0 )+,,0- 1&00( 20)�(5,51; KFL�

�'5�/;(2�0/'<0- 702+, (+(5*+&2'),0/ 9+/0- 5( 1&00( )�07'/2&; *0&/*0)2'.0/ '7*5/0 ,'7'20-

�+<+&-/ 25 2�0 0(.'&5(70(2 +(- +&0 &0,+2'.0,; 9'5�)57*+2'9,0� �'5�/;(2�0/'/ 702�5- '/ +(

+,20&(+2'.0 25 )�07')+, +(- *�;/')+, 702�5-/ 85& 2�0 *&5-3)2'5( 58 (+(5*+&2'),0/ '( +(

0)5�8&'0(-,; 7+((0&� ��'/ 702�5- 85& /;(2�0/'/ 58 (+(5*+&2'),0/ '(),3-0/ *,+(2�70-'+20-

9'5�/;(2�0/'/ +(- 7')&59'+, /;(2�0/'/ 3/'(1 9+)20&'+
 83(1'
 +,1+0
 +(- ;0+/2/� ��0 9+)20&'+

+(- 83(1' 70-'+20- /;(2�0/'/ 58 (+(5*+&2'),0/ &0=3'&0/ )57*+&+2'.0,; ,5(10& '()39+2'5(

2'70 '( 2�0 1&5:2� 70-'+ 85& &0-3)'(1 + 702+, '5( 2�+( + *,+(2�70-'+20- /;(2�0/'/ 58

(+(5*+&2'),0/� ��0 /;(2�0/'/ 58 (+(5*+&2'),0/ 3/'(1 *,+(2 062&+)2 �+/ 75&0 +-.+(2+10/ '(

)57*+&'/5( :'2� 9+)20&'+ +(- 83(1' /'()0 '2 '/ 0+/; +(- &0=3'&0 /7+,, 2'70 85& /;(2�0/'/ KDL�

�'5/;(2�0/'/ 58 (+(5*+&2'),0/ 3/'(1 2�0 062&+)2/ 58 *,+(2/ ,'E0 Persicaria laphatifolia '/

)+,,0- 1&00( (+(520)�(5,51;� ��'/ 9'5�/;(2�02') 702�5- 3/0/ *,+(2/ 062&+)2 +/ /2+9','<0&/
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+(- )+**'(1 +10(2/� ��0 /0)5(-+&; 702+95,'20/ 5& *�;25)�07')+,/ *&0/0(2 '( /00- )&3-0

062&+)2/ ,'E0 8,+.5(5'-/
 2+(('(/
 +,E+,5'-/
 +(- 52�0&/ 3/0- +/ /2+9','<'(1 +(- )+**'(1

+10(2/ 85& (+(5*+&2'),0/ /;(2�0/'/ KGL� ��0&0 +&0 .+&'53/ ,'20&+23&0 +.+',+9,0 '( :�')� 7+(;

*,+(2 062&+)2/ :0&0 32','<0- 85& (+(5*+&2'),0/ /;(2�0/'/ K%L� ��0&0 :0&0 (5 ,'20&+23&0 &0*5&2/

5( :�')� Persicaria laphatifolia /00- :+/ 32','<0- 85& 2�0 9'5�/;(2�0/'/� �/'(1 /00-

062&+)2/ 58 Persicaria laphatifolia +/ &0-3)'(1 +(- /2+9','<'(1 +10(2 2�0 &0/0+&)�0& :+/

/;(2�0/'<0- �',.0& (+(5*+&2'),0/ +(- 2�0( 0.+,3+20- 2�0 +(2'7')&59'+, +)2'.'2; 85& 2�0

/;(2�0/'<0- �',.0& (+(5*+&2'),0/ +(- )&3-0 /00- 062&+)2/ +,5(0� �30 25 3('=30 )�07')+,


*�;/')+, *&5*0&2'0/ +(- 2�0 �'1� /3&8+)0 +&0+ 25 .5,370 &+2'5 58 (+(5*+&2'),0/
 2�0; �+.0 +(

'7*5&2+(2 &5,0 /3)� +/ 06)0,,0(2 +(2'7')&59'+, +10(2 )57*+&0- 2�0 )&3-0 062&+)2 58

-'880&0(2 70-')'(+, *,+(2/ K$#L� ��0 *')23&0 58 Persicaria lapathifolia /00- &0.0+,0- 90,5:

��'13&0 $��

Figure 1: ��0 /00- 58 Persicaria lapathifolia.

��0 /;(2�0/'<0- (+(5*+&2'),0/ :0&0 )�+&+)20&'<0- 9; 3/'(1 ����'/'9,0 /*0)2&5/)5*;


���	� /*0)2&5/)5*;
 ��� +(+,;/'/
 +(- ��� '7+10/�
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1.1 Statement of the problem

�&31 &0/'/2+()0 '/ + 070&1'(1 *&59,07 '( 2�0 2&0+270(2 58 '(80)2'53/ -'/0+/0/� ��0

:'-0/*&0+- 3/0 58 9&5+-�/*0)2&37 +(2'9'52')/ �+/ *&5-3)0- &0/'/2+()0 85& 7+(; �37+(

9+)20&'+, *+2�510(/� �-.+()0/ '( (+(520)�(5,51; �+.0 5*0(0- (0: +&0+ '(

(+(5�70-')'(0
 +,,5:'(1 2�0 /;(2�0/'/ 58 (+(5*+&2'),0/ /3**5&20- 5( 70-')'(+, *,+(2/ 25

'()&0+/0 2�0 2�0&+*032') .+,30/ 58 �',.0& (+(5*+&2'),0/
 -30 25 /;(0&1'/2') 0880)2 0(�+()0/

2�0 70-')'(+, .+,30/ 58 (+(5*+&2'),0/� ��'/ &0/0+&)� :5&E '/ + (5.0, +/ 2�0&0 :0&0 (5

&0*5&2/ '( 2�0 /;(2�0/'/ 58 (+(5*+&2'),0/ 3/'(1 70-')'(+, *,+(2 062&+)2/ 58 Persicaria

lapathifolia /00-/� �.0&+,, 2�0 &0/0+&)�0& '(20(-/ 25 +(/:0& 2�0 85,,5:'(1 =30/2'5(/�

$� �+( Persicaria lapathifolia /00- 062&+)2 +)2 +/ /2+9','<'(1 +(- )+**'(1 +10(2 '( 2�0

/;(2�0/'/ 58 /',.0& (+(5*+&2'),0/N

"� �+( 2�0 /;(2�0/'<0- 702+, (+(5*+&2'),0/ *5//0// 0(�+()0- +(2'7')&59'+, +)2'.'2;

2�+( 2�0 )&3-0 /00- 062&+)2/N

1.2 Objectives of the study

1.2.1 General objective of the study

 �5 /;(2�0/'<0 �',.0& (+(5*+&2'),0/ /3**5&20- 5( Persicaria lapathifolia /00- 062&+)2


)�+&+)20&'<0 +(- 0.+,3+20 +(2'9+)20&'+, +)2'.'2;�

1.2.2 Specific objectives of the study

 �5 *&0*+&0 Persicaria lapathifolia /00- 062&+)2�

 �5 /;(2�0/'<0 �',.0& (+(5*+&2'),0/ 3/'(1 2�0 )&3-0 /00- 062&+)2/ 58 Persicaria

lapathifolia.

 �5 )�+&+)20&'<0 �',.0& (+(5*+&2'),0/ 3/'(1 ����'/'9,0 /*0)2&5/)5*;
 ���	�

/*0)2&5/)5*;
 �5:-0& ��� +(- ��� '7+10/�

 �5 0.+,3+20 +(2'7')&59'+, +)2'.'2; 58 2�0 /;(2�0/'<0- �',.0& (+(5*+&2'),0/ +(-

*,+(2 062&+)2 +,5(0�
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1.3 Significance of the study

��'/ &0/0+&)� :5&E :',, �+.0 2�0 85,,5:'(1 /'1('8')+()0� ��0 8'&/2 5(0 '/ '2 7+; 90 3/0- +/

2�0 &080&0()0 9; 7+(; /2+E0�5,-0&/ 85& 83&2�0& +(+,;/'/ +(- 2�0 592+'(0- �+(5)57*5/'20

7+; 90 /)+,0- 3* +(- 20/20- '( .'.5 85& 2�0 *&+)2')+, +**,')+2'5( 20/2/�
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2. REVIEW OF RELATED LITERATURE

2.1 Overview of Nanoparticles and Nanotechnology

�+(5*+&2'),0/ +&0 *+&2'),0/ 902:00( $ +(- $## (+(5702&0/ �(7� '( /'<0� �+(520)�(5,51;

'/ )&0+2'(1 + 1&5:'(1 /0(/0 58 06)'2070(2 '( ,'80 /)'0()0/ 0/*0)'+,,; 9'5�70-')+, -0.')0/

+(- 9'520)�(5,51;� �+(5*+&2'),0/ )+( 90 7+-0 58 7+20&'+,/ 58 -'.0&/0 )�07')+, (+23&0


2�0 75/2 )5775( 90'(1 702+,/
 702+, 56'-0/
 /',')+20/
 (5(�56'-0 )0&+7')/
 *5,;70&/


5&1+(')/
 +(- 9'5�75,0)3,0/ +(- 2�0; +&0 -0/'1(0- :'2� /3&8+)0 75-'8')+2'5(/ 25 7002 2�0

(00-/ 58 /*0)'8') +**,')+2'5(/ 2�0; +&0 15'(1 25 90 3/0- 85& K$$L�

�+(5*+&2'),0/ �+.0 -'880&0(2 *&5*0&2'0/� �30 25 2�'/
 2�0; +&0 E(5:( 25 �+.0 + 1&0+2

/)'0(2'8') '(20&0/2 90)+3/0 58 2�0'& /'<0/� � 93,E 7+20&'+, �+/ )5(/2+(2 *�;/')+, *&5*0&2'0/

&01+&-,0// 58 '2/ /'<0
 932 +2 2�0 (+(5�/)+,0 /'<0�-0*0(-0(2 *&5*0&2'0/ +&0 5820( 59/0&.0-�

�+(5*+&2'),0/ +&0 3('=30 90)+3/0 58 2�0'& ,+&10 /3&8+)0 +&0+ +(- 2�'/ -57'(+20/ 2�0

)5(2&'932'5(/ 7+-0 9; 2�0 /7+,, 93,E 58 2�0 7+20&'+, K$"L�

�+(5*+&2'),0/ :'2� (+(5�/)+,0 '( /'<0 *5//0// '(20&�8+)'+, ,+;0& :'2� + /3&&53(-'(1� ��0

'(20&8+)'+, ,+;0& '/ +( '(201&+, *+&2 58 (+(5/)+,0 7+220&
 83(-+70(2+,,; +880)2'(1 +,, 58 '2/

*&5*0&2'0/� ��0 '(20&8+)'+, ,+;0& 2;*')+,,; )5(/'/2/ 58 '5(/
 '(5&1+(') +(- 5&1+(')

75,0)3,0/� �&1+(') 75,0)3,0/ )5+2'(1 '(5&1+(') (+(5*+&2'),0/ +&0 E(5:( +/ /2+9','<0&/


)+**'(1 +(- /3&8+)0 ,'1+(-/ K$"
 $@L�

2.2 Synthesis of Nanoparticles

��0 /;(2�0/'/ 702�5- 58 �+(5*+&2'),0/ )+( 90 9&5+-,; ),+//'8'0- +/ + 952257�3* +**&5+)�

5& 2�0 25*�-5:( +**&5+)�� ��0 952257�3* +**&5+)� '/ 5(0 :�0&0 /7+,,0& )57*5(0(2/ 58

+257') 5& 75,0)3,+& -'70(/'5(/ /0,8�+//079,0 25102�0&� 	( 2�0 952257 25 25* +**&5+)�


2�0 )�07')+, &0-3)2'5( '/ 2�0 75/2 )5775( /)�070 85& /;(2�0/0/ 58 �',.0& (+(5*+&2'),0/�

�'880&0(2 5&1+(') +(- '(5&1+(') &0-3)'(1 +10(2/
 /3)� +/ �5-'37 �5&5�;-&'-0 ��+��B�


�5-'37 )'2&+20
 �/)5&9+20
 0,070(2+, �;-&510(
 +(- �5,,0(M/ &0+10(2 )+( 90 3/0- K$BL�

��0 25*�-5:( +**&5+)� '/ :�0&0 + *&5)0// /2+&2/ 8&57 + ,+&10 *'0)0 +(- /39/0=30(2,;

3/0/ 8'(0& +(- 8'(0& 255,/ 85& )&0+2'(1 )5&&0/*5(-'(1,; /7+,,0& /2&3)23&0/� 	( 2�'/ 25* 25

952257 +**&5+)�
 /3'2+9,0 93,E 7+20&'+, 9&0+E/ -5:( '(25 8'(0 *+&2'),0/ 9; /'<0 &0-3)2'5(
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:'2� .+&'53/ ,'2�51&+*�') 20)�('=30/ 1&'(-'(1
 7',,'(1
 /*3220&'(1 +(- 2�0&7+,�,+/0&

+9,+2'5( K$BL�

�+(5*+&2'),0/ +&0 *&0*+&0- 9; -'880&0(2 702�5-/ ,'E0 )�07')+,
 *�;/')+, +(- 9'5,51')+,

702�5-/� �5/2 58 2�0 702�5-/ &0*5&20- '( 2�0 ,'20&+23&0 5( )�07')+, +(- *�;/')+,

702�5-/ +&0 062&070,; 06*0(/'.0 +(- +,/5 '(.5,.0 2�0 3/0 58 256')
 �+<+&-53/ )�07')+,/

/3)� +/ /2+9','<0&/ :�')� 7+; *5/0 *520(2'+, 0(.'&5(70(2+, +(- 9'5,51')+, &'/E/� ��0 3/0

58 *,+(2 062&+)2/ 25 /;(2�0/'<0 (+(5*+&2'),0/ '/ &0)0'.'(1 +220(2'5( '( &0)0(2 2'70/ 90)+3/0

58 '2/ /'7*,')'2;
 &0+-',; /)+,+9,0 +(- ,0// 06*0(/'.0 K$CL�

�'20&+23&0 �+/ &0*5&20- 2�0 /;(2�0/'/ 58 (+(5*+&2'),0/ 3/'(1 1&00( 702�5-/ +/ + /'7*,0


0)5(57')+, +(- 0)5�8&'0(-,; 702�5- '( 2�0 /;(2�0/'/ &5320 K$C
 $FL� �'5�/;(2�0/'/ 58

(+(5*+&2'),0/ )+( 90 -5(0 9; 3/'(1 9+)20&'+
 83(1' +(- *,+(2 062&+)2/ K$D
 $GL� �;(2�0/'/

58 (+(5*+&2'),0/ 3/'(1 83(1' +(- 9+)20&'+ &0=3'&0 + )57*+&+2'.0,; ,5(10& '()39+2'5( 2'70

'( 2�0 1&5:2� 70-'+ 85& &0-3)'(1 + 702+, '5(� 	( )57*+&'/5( :'2� 2�0 *,+(2�70-'+20-

/;(2�0/'/ 58 (+(5*+&2'),0/
 9+)20&'+ +(- 83(1' 9+/0- (+(5*+&2'),0/
 +&0 ,0// +-.+(2+1053/

KDL� �'5�75,0)3,0/ 853(- '( 2�0 *,+(2 '(),3-'(1 /0)5(-+&; 702+95,'20/ +)2 +/ &0-3)'(1 +(-

)+**'(1 +10(2/ '( 2�0 1&00( /;(2�0/'/ 58 (+(5*+&2'),0/� ��'/ 702�5- +**0+&/ 25 90

+,20&(+2'.0 25 2�0 )5(.0(2'5(+, )�07')+, +(- *�;/')+, 702�5- 58 (+(5*+&2'),0/ /;(2�0/'/

+(- '2 '/ 0+/; 25 -0.0,5* + 9'5,51')+, *&5)0// 85& ,+&10 /)+,0 *&5-3)2'5(� 	( &0)0(2 2'70/


*,+(2 062&+)2/ 58 -'880&0(2 *,+(2/ �+.0 + -3+, +-.+(2+10 9; +)2'(1 +/ &0-3)'(1 +(- )+**'(1

+10(2/ 85& 2�0 /;(2�0/'/ 58 (+(5*+&2'),0/ :'2�532 2�0 &0=3'&070(2 85& +(52�0& /2+9','<0& +/

58 )�07')+, 702�5-/� 	( 2�'/ 702�5- 2�0&0 '/ (5 (00- 25 3/0 �'1� *&0//3&0
 0(0&1;


207*0&+23&0
 256') )�07')+,/ +(- ,5(10& 2'70 58 '()39+2'5( -30 25 2�'/ 2�0; �+.0 75&0

+-.+(2+10/ 2�+( )�07')+,
 *�;/')+, +(- 0.0( 9'5�/;(2�0/'/ +**&5+)�0/ 9+/0- 5( 9+)20&'+

+(- 83(1' KD
 $%L�

	( 2�0 /;(2�0/'/ 58 (+(5*+&2'),0/
 -'880&0(2 *+&+7020&/ �+.0 25 90 2+E0( '(25 +))53(2 +(-

2�0 /;(2�0/'/ -0*0(-/ 3*5( .+&'53/ .+&'+9,0/
 '(),3-'(1
 +753(2 58 *,+(2 062&+)2
 *�
 2'70


+(- 207*0&+23&0 K"#L� ��0 +753(2 58 *,+(2 7+20&'+, :+/ 853(- 25 *,+; + )&'2')+, &5,0 '(

)5(2&5,,'(1 2�0 /'<0 +(- /'<0 -'/*+&'2; 58 (+(5*+&2'),0/� �;(2�0/'/ 58 �5,- +(- �',.0&

(+(5/2&3)23&0/ 9; 3/'(1 1&00( 20+ Camellia sinensis 062&+)2 :+/ -5(0 K"$L� 	( 2�'/

(+(5*+&2'),0/ /;(2�0/'/
 '2 :+/ '(.0/2'1+20- 1&00( 20+ Camellia sinensis :�0( 2�0 +753(2
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58 Camellia sinensis 062&+)2 '/ '()&0+/0-O 2�0 &0/3,20- (+(5*+&2'),0/ +&0 /,'1�2,; 9'110& +(-

75&0 /*�0&')+,� 	( +(52�0& /23-;
 /;(2�0/'/ 58 (+(5*+&2'),0/ 3/'(1 *,+(2 062&+)2/ 58 C.

zeylanicum 9+&E /�5:0- 2�+2 +/ 75&0 *,+(2 062&+)2 '/ +--0- /7+,,0& 702+,,') (+(5*+&2'),0/

+(- (+&&5: /'<0 -'/2&'932'5( 5))3& K""L� �01+&-'(1
 2�0 '(8,30()0 58 *� 5( 2�0

9'5�/;(2�0/'/ '2 :+/ /3110/20- 2�+2 -'880&0(2 .+,30/ 58 *� +880)2 (+(5*+&2'),0 /'<0 +(-

/�+*0� ��0 �',.0& +(- �5,- (+(5*+&2'),0/ /;(2�0/'<0- 8&57 8&3'2 062&+)2 58 Tanacetum

vulgare
 ,+&10& *+&2'),0 /'<0 )53,- 90 592+'(0- 9; -0)&0+/'(1 2�0 *� K"@L� ��0 ����'/'9,0

/*0)2&5/)5*; 3/0- 25 /23-; 2�0 0880)2 58 *� 5( 2�0 /;(2�0/'<0- (+(5*+&2'),0/ 9+/0- 5( 2�0

59/0&.0- ��� 9+(-/ K"BL� �07*0&+23&0 0880)2/ /�5:0- +( '()&0+/0 '( 207*0&+23&0 ,0.0,/

,0+-/ 25 (+(5*+&2'),0 1&5:2� +2 + 8+/20& &+20 +(- &0-3)'(1 2�0'& +.0&+10 *+&2'),0/ /'<0� ��'/

'/ -30 25 +/ 2�0 &0+)2'5( 207*0&+23&0 '()&0+/0/
 2�0 &0+)2'5( &+20 '()&0+/0/� �5& '(/2+()0


/;(2�0/'/ &+20 �',.0& (+(5*+&2'),0/ 90)+70 8+/20& :�0( 2�0 207*0&+23&0 '()&0+/0/ K"CL�

�+(5*+&2'),0/ /;(2�0/'/ '( +=3053/ *�+/0 ,0+-/ 25 *+&2'),0�*+&2'),0 +11&01+2'5( /'()0 2�0;

+&0 3(/2+9,0 9; (+23&0 2�0; 20(- 25 -0)&0+/0 252+, /3&8+)0 0(0&1;� ��'/ '/ )+3/0- 9;

+22&+)2'.0 �+( -0& ?++,/ 85&)0/ 902:00( )&;/2+,/
 /�53,- 90 &0*&0//0- 25 ,'7'2 2�0 8'(+,

*+&2'),0 /'<0 +2 2�0 (+(5702&') /)+,0 K"FL� ��0 *,+(2 062&+)2 /0&.0/ +/ + &0-3)'(1 +(-

-'/*0&/'(1 +10(2 25 /0*+&+20 702+, '5(/ 8&57 0+)� 52�0& +(- '2 *&5.'-0/ 90220& /'<0 )5(2&5,

58 (+(5*+&2'),0/� �820& /;(2�0/'/
 2�0; +,/5 &07+'( 5( 2�0 (+(5*+&2'),0/ +/ 2�0 )+**'(1

+10(2 +(- '7*&5.0 2�0 9'5,51')+, +)2'.'2;� ��0/0 9'5�75,0)3,0/ +)2 +/ &0-3)'(1 +10(2/ 85&

702+, '5( &0-3)2'5( +(- +,/5 &07+'( 5( 2�0 (+(5*+&2'),0/ +/ 2�0 )+**'(1 +10(2/ :�')�

�0,* 25 7'('7'<0 2�0 +11&01+2'5( 58 (+(5*+&2'),0/ 2�0&09; )5(2&5,,'(1 2�0 75&*�5,51;

+(- +,/5 �0,*'(1 25 *&520)2�/2+9','<0 2�0 (+(5*+&2'),0/
 2�3/ '7*&5.'(1 2�0 9'5,51')+,

*520(2'+, K"DL�

2.3 Application and limitations of nanoparticles

�+(5*+&2'),0/ �+.0 7+(; +**,')+2'5(/� ��0 -'.0&/0 +**,')+2'5(/ 58 702+, (+(5*+&2'),0/

�+.0 900( 06*,5&0- '( 9'570-')+,
 +1&')3,23&+,
 0(.'&5(70(2+,
 +(- *�;/'5)�07')+, +&0+/�

�0)0(2,;
 -30 25 2�0'& 3('=30 *�;/')+,
 )�07')+, *&5*0&2'0/
 +(- ,5:�)5/2 *&0*+&+2'5(


(+(5*+&2'),0/ �+.0 15220( 1&0+2 '(20&0/2 K"GL�

�02+,,') (+(5*+&2'),0/ +&0 90'(1 06*,5&0- +(- 0620(/'.0,; '(.0/2'1+20- +/ *520(2'+,

+(2'7')&59'+, +)2'.'2'0/� �',.0& �+/ +,:+;/ 900( 3/0- +1+'(/2 .+&'53/ -'/0+/0/ 3/0- +/ +(
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+(2'/0*2') +(- +(2'7')&59'+, +1+'(/2 �&+7�*5/'2'.0 +(- �&+7�(01+2'.0 9+)20&'+ ,5:

);25256')'2; K"%L� �',.0& (+(5*+&2'),0/ :0&0 )5(/'-0&0-
 '( &0)0(2 ;0+&/
 *+&2')3,+&,;

+22&+)2'.0 85& 2�0 *&5-3)2'5( 58 + (0: ),+// 58 +(2'7')&59'+, +(- 5*0('(1 3* + )57*,020,;

(0: :+; 25 )579+2 + :'-0 &+(10 58 9+)20&'+, *+2�510(/ K@#�@"L� �'1� +(2'7')&59'+,

+)2'.'2; 58 (+(5*+&2'),0/ -0*0(-/ 5( 2�0 *+&2'),0 /'<0 2�+2 +,,5:/ 1&0+20& /3&8+)0 )5(2+)2

+(- -'&0)2 '(20&+)2'5( :'2� 2�0 7079&+(0/ 58 *+2�510(') 7')&55&1+('/7/�

��0 +(2'7')&59'+, +)2'.'2; 58 2�0 (+(5*+&2'),0/ '/ E(5:( 25 90 + 83()2'5( 58 2�0 /3&8+)0

+&0+ '( )5(2+)2 :'2� 2�0 7')&55&1+('/7/� �0.0&+, /23-'0/ *&5*5/0 2�+2 (+(5*+&2'),0/ +22+)�

25 2�0 /3&8+)0 58 2�0 )0,, 7079&+(0 -'/23&9'(1 2�0 *0&70+9','2; +(- &0/*'&+2'5( 83()2'5(

58 2�0 )0,, K@@
 @BL� ��0 -+7+10 25 2�0 )0,, 7+; 90 )+3/0- 9; 2�0 '(20&+)2'5( 58

(+(5*+&2'),0/ :'2� �3,83& 5& ��5/*�5&3/�)5(2+'('(1 9'575,0)3,0/ '( 2�0 )0,, /3)� +/ ����

��0&085&0
 �3,83&�)5(2+'('(1 *&520'(/ '( 2�0 7079&+(0 5& '(/'-0 )0,,/ +(-

��5/*�5&3/�)5(2+'('(1 0,070(2/ ,'E0 ��� +&0 ,'E0,; 25 90 *&080&0(2'+, /'20/ 85& 9'(-'(1

85& ,'E0 �',.0& (+(5*+&2'),0/ K@C
 @FL� 	( 2�'/ &0/0+&)� :5&E
 2�0 �',.0& (+(5*+&2'),0/ :0&0

/;(2�0/'<0- 3/'(1 9'5�/;(2�0/'/ 702�5-/� ��'/ 702�5- &0*&0/0(2/ + ),0+(
 (5(�256') +/

:0,, +/ 0)5�8&'0(-,; *&5)0-3&0 85& /;(2�0/'<'(1 �',.0& (+(5*+&2'),0/ 3/'(1 2�0 /00-

062&+)2/ 58 Persicaria lapathifolia.

	( /*'20 58 2�0/0 +-.+(2+10/
 (+(5*+&2'),0/ -5 �+.0 ,'7'2+2'5(/� �5& 06+7*,0
 2�0'& /7+,,

/'<0 +(- ,+&10 /3&8+)0 +&0+ )+( ,0+- 25 *+&2'),0�*+&2'),0 +11&01+2'5(
 7+E'(1 *�;/')+,

�+(-,'(1 58 (+(5*+&2'),0/ -'88')3,2 '( ,'=3'- +(- -&; 85&7/� �,/5
 /7+,, *+&2'),0/ /'<0 +(-

,+&10 /3&8+)0 +&0+ &0+-',; &0/3,2 '( ,'7'20- -&31 ,5+-'(1 +(- 93&/2 &0,0+/0� ��0/0 *&+)2')+,

*&59,07/ �+.0 25 90 5.0&)570 9085&0 (+(5*+&2'),0/ )+( 90 7+-0 )5770&)'+,,; +.+',+9,0

K"FL� �5 *&0.0(2 2�'/ /2+20 58 +11&01+2'5( '( /;(2�0/'<0- (+(5*+&2'),0/
 9; /3/*0(-'(1 2�0

(+(5*+&2'),0/ '( 2�0 &'1�2 /5,32'5( :'2� 2�0 &'1�2 +753(2 58 (+(5*+&2'),0/
 +,/5 '2 &0=3'&0/

/2+(-+&-'<+2'5(� �5:0.0&
 '2 )+( 90 *&0.0(20- 9; +--'(1 +( 073,/'8;'(1 +10(2 ,'E0

-020&10(2 5& /3&8+)2+(2� �,/5
 83()2'5(+,'<+2'5( 5& )5+2'(1 2�0 /3&8+)0 58 2�0 (+(5*+&2'),0/

:'2� /570 75,0)3,0 �0,*/ &0-3)0 2�0 /2+20 58 +11&01+2'5(�
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2.4 Plant extracts and their uses

�,+(2/ +&0 &')� '( + :'-0 .+&'02; 58 /0)5(-+&; 702+95,'20/
 /3)� +/ 2+(('(/
 20&*0(5'-/


+,E+,5'-/
 8,+.5(5'-/ =3'(5(0/
 +(- 52�0&/� ��5/0 /0)5(-+&; 702+95,'20/ /0&.0 '( *,+(2

-080(/0 70)�+('/7/ +1+'(/2 *&0-+2'5( 9; 7')&55&1+('/7/� �/ '2 '/ /�5:( '( �8'13&0 "�

/0)5(-+&; 702+95,'20/ :�')� �+.0 900( 853(- '( /570 *,+(2 062&+)2 �+.0 +(2'7')&59'+,

+)2'.'2'0/� �,+(2 /00-/ 58 Persicaria lapathifolia +&0 &')� '( 8,+.5(5'-/ +(- 52�0& /0)5(-+&

; 702+95,'2'0/� ��0&0 +&0 7+(; ),+//0/ 58 8,+.5(5'- ,'E0 +(2�5);('(
 *&5+(2�5);+('-'(/
 8,

+.5(5,/
 8,+.5(0/
 1,;)58,+.5(0/
 9'8,+.5(;,/
 8,+.+(5(0/
 +(- '/58,+.5(0/ K@DL� �'880&0(2

),+//0/ 58 /0)5(-+&; 702+95,'20/ +)2 +/ /2+9','<'(1 +(- )+**'(1 +10(2 85& (+(5*+&2'),0/

/;(2�0/'/� �( 06+7*,0 58 2�0 /2&3)23&0 85& /'7*,0 *�0(5,/ �*�0(5,') +)'-/�
 '(),3-0/

)+880') +)'-/
 )+20)�5,
 +(- 0310(5,� ��0 /2&3)23&0/ ),+//0/ 58 8,+.5(5'-/ �8,+.5(0/�
 /3)�

+/ 8,+.5(0
 )+20)�'(
 +(- )�;/'( :0&0 &0.0+,0- 90,5:� �5&05.0&
 /2&3)23&0/ 85& ),+//0/

+,E+,5'-/
 20&*0(5'-/
 +(- =3'(5(0/ 06+7*,0- +/ �+&7+(0
 70(2�5,
 =3'(5(0 &0/*0)2'.0,;

+,/5 /�5:( +/ 2�0 85,,5:'(1�

Figure 2: �6+7*,0/ 58 )�07')+, )57*53(-/ :�')� '/ 853(- '( *,+(2/ +/ /0)5(-+&;

702+95,'20/�
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�,+(2/ +&0 7+A5& &0(0:+9,0 &0/53&)0/ :�5/0 062&+)2/ 3/0- 85& .+&'53/ 9'5,51')+,

+**,')+2'5(/ /3)� +/ +(2')+()0& +)2'.'2;
 +(2'-'+902')
 +(2'7')&59'+, +)2'.'2;
 *&520)2'5( 58

2�0 ,'.0&
 +(2'56'-+(2 +(-
 2�0 )+&-'5�*&520)2'.0 0880)2 K@GL� �&57 *520(2'+, 3/0/ 58 *,+(2

062&+)2/
 2�0 +(2'7')&59'+, +)2'.'2; +1+'(/2 *+2�510(') 7')&55&1+('/7 '/ E(5:(� �30 25

2�'/
 +(2'9'52')/ 2�+2 /�5: ,5: 088')+); '( 2&0+2'(1 �37+( +(- +('7+, -'/0+/0/ 2�&531�

+(2'9'52') &0/'/2+()0 73/2 90 &0*,+)0- :'2� (0: -&31/ 25 )579+2 2�0 93&-0( 58 2�0/0

*+2�510(/ K@%L� �0()0
 70-')'(+, *,+(2/ +&0 06*0)20- 25 90 2�0 90/2 /53&)0 58 592+'('(1 +

.+&'02; 58 -&31/ +/ KB#L� �,/5 70-')'(+, *,+(2/ +)2 +/ &0-3)'(1 +10(2/ 85& 702+, '5(

&0-3)2'5( +(- +,/5 &07+'( 5( 2�0 (+(5*+&2'),0/ +/ 2�0 )+**'(1 +10(2/ :�')� �0,* 25

7'('7'<0 2�0 +11&01+2'5( 58 (+(5*+&2'),0/ K"DL�

Persicaria lapathifolia �8+7',; �5,;15(+)0+0� '/ +75(1 2�0 70-')'(+, *,+(2 2�+2 �+.0

900( )5775(,; 3/0- 9; 2&+-'2'5(+, �0+,0&/ '( /570 *+&2/ 58 �2�'5*'+� �0/*'20 2�0 :'-0

3/+10/ 58 2�'/ *,+(2 '( 2�0 2&+-'2'5(+, )'&),0/ 85& 2�0 2&0+270(2 58 .+&'53/ -'/0+/0/
 2�0

*�;25)�07')+, '(85&7+2'5( 58 2�0 /00-/ 58 2�'/ *,+(2 +(- '2/ 7')&59'+, +)2'.'2; �+/ (52

900( +--&0//0-� ��0&0 +&0 &0*5&2 85& 2�0 '/5,+2'5( 58 2�&00 8,+.5(5'- )57*53(-/ +,5(1

:'2� 2�0'& +(2'9+)20&'+, +(- +(2'83(1+, +)2'.'2'0/ 8&57 2�0 /00-/ 58 Persicaria lapathifolia

KB$L� ��0 :�5,0 *,+(2 *+&2 58 Persicaria lapathifolia '/ +(2'/0*2') +(- +/2&'(10(2 K"L�

�5&05.0&
 2�0 '(83/'5( 58 2�'/ *,+(2 *+&2 �+/ 900( 3/0- '( 2�0 2&0+270(2 58 /257+)�

)57*,+'(2/
 �� +(- 80.0&/ K@
 B"L�

	( �2�'5*'+
 -'880&0(2 )5773('2'0/ �+.0 0620(/'.0,; 900( 3/'(1 70-')'(+, *,+(2/ /3)� +/

Persicaria lapathifolia KB@�BCL� �3)� *,+(2/
 �5:0.0&
 (00- 25 90 '(.0/2'1+20- 85& + 90220&

3(-0&/2+(-'(1 58 2�0'& *&5*0&2'0/
 /+802;
 +(- 088')'0(); KBFL�
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� )5(/'-0&+9,0 0885&2 �+/ 900( 7+-0 9; &0/0+&)�0&/ 25 8'(- 088')'0(2 062&+)2'5( 702�5-/ 25

102 �'1� 088')'0(); 8&57 .+&'53/ *,+(2/ +/ /3)� 06+7*,0- '( �8'13&0 @� 90,5: K$L�

Figure 3: �;(2�0/'/ 58 (+(5*+&2'),0/ 3/'(1 .+&'53/ *+&2/ 58 *,+(2/ ��� �207
 ��� �00-/
 ��

�+&E
 ��� �00,
 ��� �0+.0/
 ��� �,5:0&/ +(- ��� �&3'2/�

�,+(2 062&+)2/ +&0 5820( 0(.'&5(70(2+,,; +(- 0)5(57')+,,; 8&'0(-,; 7+20&'+,/ +(- �+.0

900( 06*,5&0- '( 2�0 /;(2�0/'/ 58 (+(5*+&2'),0/ K$B�$GL� �,, *+&2/ 58 + *,+(2 90+&'(1

+(2'56'-+(2/ 5& /31+&/
 '(),3-'(1 ,0+.0/
 8&3'2/
 &552/
 /00-/
 +(- /207/
 )+( 90 3/0- +/

/�5:( '( �8'13&0 @� +95.0� �5&05.0& 3/0- '( 2�0 /;(2�0/'/ *&5)0//
 &0*,+)'(1 *520(2'+,,;

�+<+&-53/ )�07')+,/� �0.0&+, *,+(2 062&+)2 70-'+20- /;(2�0/'/ 58 /',.0& (+(5*+&2'),0/

�+.0 900( &0*5&20- '( 2�0 ,'20&+23&0 KBDL� �5& '(/2+()0 3/0 58 &0- �**,0 Malus Domestica

KBGL
 Brucea antidysenterica ,0+.0/ KB%L
 Geranium ,0+8 KC#L
 and Soybean /00- 062&+)2

KC$L :+/ &0*5&20-�
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3. MATERIALS AND METHODS

3.1 Chemicals and reagents

�+95&+25&; &0+10(2 �',.0& �'2&+20 ��1��@� +/ )�07')+, *&0)3&/5& ��'�0-'+ �+95&+25&'0/


��2� �2-��
 062&+ *3&0 �%G�CP�
 �? Q $F%�FG 1�75,O �52+//'37 9&57'-0 ���&
 %%�CP


��� )�07')+,/ �2- �55,0
 �(1,+(-�O �02�+(5, ���@��
 %%�GP
 ���� 1&+-0�O

��,5&585&7 ����,@
 %%�GP
 ���� 1&+-0�O $#P �5-'37 �;-&56'-0 ��+���
 �0&)3&;

)�,5&'-0 ��1�,�
 �52+//'37 	5-'-0 ��	�
 �0&&') ��,5&'-0 ��0�,@�
 #�$ � �;-&5)�,5&') +)'-

���,�
 #�$ � �5-'37 �;-&56'-0 ��+���
 ���� ��'702�;, /3,856'-0�
 *52+//'37

9&57'-0 ���&
 %%�CP
 ��� )�07')+,/ �2- �55,0
 �(1,+(-�
 +(- �30,,0& �'(25( +1+&

:0&0 3/0- 85& 2�0 *&0/0(2 /23-;�

3.2 Apparatus

�+1(02') /2'&&0&
 �',20& *+*0&
 �5&2+& J �0/2,0
 �0/2 2390/
 �0+E0&/
 �&,0(70;0& 8,+/E/


�5,3702&') 8,+/E/
 �'*0220/
 �02&'*,+20/
 �02&'-'/�
 �5&)0*/
 �,37'(37 85',/
 !3+&2<
 /:+9

+(- )0(2&'8310 2390/ :0&0 3/0- 85& 2�0 *&0/0(2 /23-;�

3.3 Instruments

����'/'9,0 /*0)2&57020& � ��?��
 �	���� ��	���	�	� �2-
 �(1,+(-�O ���	�

/*0)2&57020& ���	���
� $D@#
  �����O ��� ������� �G �������� ���


?0/2 �0&7+(;�O �&+(/7'//'5( 0,0)2&5( 7')&5/)5*; ��	����	 F## �����
 ��'(+�O *�

7020& �*� 7020&�#$F
 �(1,+(-�O �52+&; 0.+*5&+25& ��������� B###� ���	�	���


��	�����
 �0&7+(;�O �(+,;2')+, 9+,+()0 �����������@#"
 ��	���O �0(2&'8310

�����#"
 ����� 	������	�� ����
 �(1,+(-�O �52 *,+20 ����������$F"�O

�20&','<0&O �325),+.0O 	()39+25&O �.0( ���$C#�
 �(1,+(-�
 �08&'10&+25& � ������� ��


$F#"
  +*+(�O :0&0 3/0- 85& 2�0 *&0/0(2 /23-;�

3.4 Experimental Methods and Procedures

3.4.1 Plant collection and processing

��0 /00- 58 Persicaria lapathifolia :+/ )5,,0)20- 8&57 �A'* )5(-57'('37 +&0+
  '77+

2:5(
 �&57'+ &01'5(+, /2+20
 �2�'5*'+ '(  +(3+&;
 "#$G� ��0 *,+(2 7+20&'+, :+/ -0*5/'20-
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'(  '77+ 3('.0&/'2; 	(5&1+(') ,+95&+25&;� ��0( 2�0 )5,,0)20- *,+(2 7+20&'+, :+/ )�5**0-

'(25 /7+,,0& *'0)0/ +(- /�+-0 -&'0- +2 &557 207*0&+23&0 85& "$ -+;/�

3.4.2 Preparation of plant Seed extracts

��0 +'&�-&'0- /00- :+/ 1&53(- 25 + /7+,, /'<0 25 8+)','2+20 0+/; /5,.0(2 *0(02&+2'5(

3/'(1 �5&2+& +(- �0/2,0� ��0( �+)0&+2'5( 5& /5+E'(1 :+/ 3/0- +/ 062&+)2'5( 702�5-/

KC"L� �; 3/'(1 �+)0&+2'5( �$�$# :�.� /+7*,0 25 /5,.0(2 &+2'5 2�0 "# 1 58 *5:-0&0-

/00-/ 58 Persicaria lapathifolia :+/ +--0- 25 "## 7� 58 �02�+(5, ��,5&585&7 �C#�C#�

/5,32'5( /0*+&+20,; '(25 $### 7� �&,0(70;0& 8,+/E/ +(- +,,5:0- 25 /2+(- +2 &557

207*0&+23&0 85& + *0&'5- @ -+;/ :'2� 8&0=30(2 +1'2+2'5( KC@L� ��0( 2�0 /5,32'5( :+/

8',20&0- 588 3/'(1 ?�+27+( �5�$ 8',20& *+*0& +(- 2�0 592+'(0- 8',2&+20 :+/ )5()0(2&+20-

3/'(1 &52+&; 0.+*5&+25&� ��0 &0/3,2'(1 /5,'- :+/ :0'1�0- +(- /25&0- +2 B#��

3.5 Preliminary phytochemical screening

�&0,'7'(+&; *�;25)�07')+, /)&00('(1 :0&0 -5(0 25 )�0)E 2�0 *&0/0()0 58 '7*5&2+(2

*�;25)�07')+, 1&53*/ 2�+2 +&0 3/0- 85& &0-3)2'5( +(- /2+9','<+2'5( 58 2�0 �',.0&

(+(5*+&2'),0/� #�$ 1 )&3-0 062&+)2/ :0&0 -'//5,.0- '( C# 7� 58 '2/ �02�+(5, ��,5&585&7

�C#�C#� /5,.0(2/� ��0 592+'(0- )5()0(2&+20- /5,32'5( :+/ 3/0- 85& *�;25)�07')+,

/)&00('(1 +))5&-'(1 25 �+&95&(0 +(- �5E+20 KCB
 CCL�

3.5.1 Test for Phenols

� /7+,, +753(2 58 062&+)2 :+/ 2+E0( +(- + 80: -&5*/ 58 702�+(5, +(- 80: -&5*/ 58 �0&&')

)�,5&'-0 :0&0 +--0-� ��0 /5,32'5( :+/ /�+E0( :0,, 2',, 2�0 +**0+&+()0 58 1&00('/��;0,,5:

)5,5& +**0+&0- /3110/2'(1 2�0 *&0/0()0 58 *�0(5, KCB
 CCL�

3.5.2 Test for Flavonoids

� /7+,, +753(2 58 062&+)2 :+/ 2+E0( +(- 7'60- :'2� $# P �5-'37 �;-&56'-0 :�')�

&0/3,2/ '( 1&00('/��9&5:( )5,5& :�')� '(-')+20/ 2�0 *&0/0()0 58 8,+.5(5'-/ KCB
 CCL�
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3.5.3 Test for Alkaloids

� /7+,, +753(2 58 062&+)2 :+/ 2+E0( +(- 7'60- :'2� �+;0&R/ &0+10(2 :�')� '/ 2�0

7'623&0 58 �0&)3&') )�,5&'-0 +(- �52+//'37 '5-'-0� ��0 85&7+2'5( 58 + &0--'/��9&5:(

*&0)'*'2+20 '(-')+20/ 2�0 *&0/0()0 58 +,E+,5'-/ KCB
 CCL�

3.6 Bio-synthesis of Silver nanoparticles

@# 7� 58 )5()0(2&+20- /5,32'5( :+/ *&0*+&0- 9; -'//5,.'(1 $ 1 /00- 062&+)2 '( 25 '( @#

7� 58 �02�+(5, ��,5&585&7 �C#�C#�� ��0 B 7� 58 2�0 /00- 062&+)2 :+/ 2+E0( 8&57 2�0

*&0*+&0- )5()0(2&+20- /5,32'5( +(- +--0- 25 $## 7� 58 #�#$ � 58 �1��@ '( /5,32'5(�

��0 &0+)2'5( 7'623&0 :+/ /2'&&0- 3/'(1 7+1(02') /2'&&0& 85& @# 7'( J +,,5:0- 25 /2+(- '(

2�0 -+&E 85& "B �� ��0( 2�0 &0+)2'5( /5,32'5( :+/ )0(2&'8310- +2 $#
### &*7 85& "#

7'(320/� ��0 /3*0&(+2+(2 ,'=3'- :+/ -0)+(20- 588 +(- 2�0 &0/'-30 :+/ &0*0+20-,; :+/�0-

25 &075.0 '7*3&'2'0/ +2 2�0 /3&8+)0 58 2�0 �',.0& (+(5*+&2'),0/ KCFL� ��0 592+'(0- -00*

9&5:( *&0)'*'2+20 :+/ +'&�-&'0-� ��0 /;(2�0/'<0- /',.0& (+(5*+&2'),0/ :0&0 2�0( E0*2 85&

)�+&+)20&'<+2'5( 9; ����'/
 ���	�
 ���
 ��� '7+10/
 +(- +(2'9+)20&'+, /23-'0/�

3.7 Methods of Characterization for the synthesized Silver nanoparticles

3.7.1 UV-Visible (UV-Vis) spectroscopic studies

��'/ 20)�('=30 '/ 3/0- 25 =3+(2'8; 2�0 ,'1�2 2�+2 '/ +9/5&90- 5& /)+220&0- 9; + /+7*,0 '( 2�0

:+.0,0(12� &+(10 58 "##�G##S(7� �5&05.0&
 2�0 /'<0 +(- /�+*0 58 (+(5*+&2'),0/ '(

+=3053/ /3/*0(/'5(/ )5(2&5,,0- +(- 06+7'(0- 3/'(1 2�'/ 20)�('=30 KCD
 CGL� �&57 2�0

��� 9+(-/
 '(85&7+2'5( +9532 *+&2'),0 /'<0 )+( 90 592+'(0-� ��0 /�'82 25 ,5(10&

:+.0,0(12� /3110/2/ '()&0+/'(1 '( 2�0 *+&2'),0 /'<0
 :�0&0 +/ 2�0 /�'82 25 /�5&20&

:+.0,0(12� /3110/2/ 2�0 -0)&0+/'(1 '( 2�0 *+&2'),0 /'<0 58 (+(5*+&2'),0/ KC%L� �))5&-'(1

25 �'0R/ 2�05&;
 5(,; + /'(1,0 ��� 9+(- '/ 06*0)20- '( 2�0 +9/5&*2'5( /*0)2&+ 58 /*�0&')+,

(+(5*+&2'),0/, 932 '8 2:5 5& 75&0 ��� 9+(-/ +**0+& 2�0; +&0 )5(/'-0&0- +/ +('/52&5*')

*+&2'),0/ KF#�FCL� ��0 )5,5& +**0+&'(1 '/ -30 25 06)'2+2'5( 58 �3&8+)0 *,+/75(/ '( 702+,,')

(+(5*+&2'),0/ K"BL�
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3.7.2 Fourier transform infrared (FT-IR) spectroscopic studies

�53&'0& 2&+(/85&7 '(8&+&0- /*0)2&5/)5*; :+/ -5(0 25 E(5: 2�0 9'5 75,0)3,0/ 853(- +2 2�0 /3&+8)0

58 2�0 /;(2�0/'<0- �',.0& (+(5*+&2'),0/� ��0 -&'0- *&0)'*'2+20 58 �',.0& (+(5*+&2'),0/ :0&0

1&53(-0- :'2� ��& +(- )+/2 '(25 + *0,,02 +(- 7+-0 &0+-; 85& +(+,;/'/ 5( ���	�

/*0)2&5*�5257020& '( 2�0 -'883/0 &08,0)2+()0 75-0 5*0&+2'(1 +2 + &0/5,32'5( 58 B )7�$ KFFL�

3.7.3 X-ray diffraction (XRD) studies
��0 ��� *+220&( 58 2�0 /;(2�0/'<0- (+(57+20&'+, :+/ 2�0( &0)5&-0- 3/'(1 +( ��&+;

-'88&+)257020& KFBL� � 2�'( 8',7 58 2�0 /+7*,0 58 �',.0& :+/ 7+-0 9; -'**'(1 + 1,+// *,+20

85& ��� /23-'0/� ��0 -'88&+)2'5( *+220&( :+/ &0)5&-0- :'2� �3 +(- �1 2+&1020- T

&+-'+2'5( +2 + :+.0,0(12� 58 $�CB#C U� ��0 /)+(('(1 :+/ -5(0 5.0& "H .+,30 &+(10 58 ##

25 %## +2 #�#" 7'(�$ +(- +2 $ /0)5(- 2'70 )5(/2+(2� ��0 '(/2&370(2 :+/ 5*0&+20- +2 +

)3&&0(2 58 @# 7� +(- .5,2+10 58 B# E�� ��0 )&;/2+,,'(0 -57+'( /'<0 :+/ )+,)3,+20- 3/'(1

2�0 �)�0&0& 85&73,+�

� Q #�%BV� W �5/H

?�0&0 � Q �.0&+10 )&;/2+,,'20 /'<0
 V Q ��&+; :+.0,0(12�
Q �3,, :'-2� +2 �+,8 7+6'7+

��?��� 58 ��� /*0)2&+, *0+E �'( &+-'+(/� +(- H Q �&+11M/ +(1,0�

3.7.4 Transmission Electron Microscopy (TEM) studies

�&+(/7'//'5( �,0)2&5( �')&5/)5*0 3/0- 25 E(5: 2�0 75&*�5,51; +(- *+&2'),0 /'<0

-'/2&'932'5( 58 /',.0& (+(5*+&2'),0/� ��0 1&'- 85& ��� +(+,;/'/ :+/ *&0*+&0- 9; *,+)'(1 +

-&5* 58 2�0 (+(5*+&2'),0 /3/*0(/'5( 5( + )+&95(�)5+20- )5**0& 1&'- +(- +,,5:'(1 2�0

:+20& 25 0.+*5&+20 '(/'-0 + .+)337 -&;0&� ��0 1&'- )5(2+'('(1 /',.0& (+(5*+&2'),0/ :+/

/)+((0- 9; + �&+(/7'//'5( �,0)2&5( �')&5/)5*0 K@BL�

3.8 Antibacterial Activity Studies

��0 +(2'9+)20&'+, +//+;/ 58 2�0 �',.0& (+(5*+&2'),0/ :0&0 -5(0 85& 2:5�1&+7 *5/'2'.0

Staphylococcus aureus, Bacillus +(- 1&+7�(01+2'.0 Escherichia coli, Salmonella typhi

3/'(1 *+*0& -'/) -'883/'5( 702�5-� �30,,0& �'(25( +1+& 70-'+ :+/ 3/0- 25 )3,2'.+20 2�0

9+)20&'+, /2&+'(/�
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3.8.1 Preparation of inoculums
�0/2 9+)20&'+, /2&+'(/ :0&0 2&+(/80&&0- 8&57 2�0 /25)E )3,23&0/ +/ /2&0+E0- 5( �30,,0&

�'(25( +1+& *,+20/ +(- '()39+20- 85& "B � +2 @D #�� ��0( :0,, /0*+&+20- 9+)20&'+, )5,5('0/

:0&0 3/0- +/ '(5)3,37/� ��0 70-'37 :+/ 2�0( *53&0- 25 /20&',0 �02&'*,+20/
 +,,5:0- 25

/5,'-'8; +(- 3/0- 85& 2�0 9'5�20/2 KFDL� �+)20&'+ :0&0 2&+(/80&&0- 3/'(1 + 9+)20&'5,51')+,

,55* 25 +325),+.0- (32&'0(2 +1+& 2�+2 :+/ )55,0- 25 +9532 BC#� '( + :+20& 9+2� 7'60- 9;

10(2,; /:'&,'(1 2�0 8,+/E/� � 8&0/� )3,23&0 58 '(5)3,37/ 58 0+)� )3,23&0 :+/ /2&0+E0- 5(

(32&'0(2 +1+& 70-'+ 3/'(1 /20&',0 /:+9 +(- +,,5:0- 25 1&5: 85& "B �� ��0 �20&',0

?�+27+( 8',20& *+*0& -'/)/ �F 77� :0&0 /5+E0- '( 2�0 *&0*+&0- /5,32'5( 2�0( *,+)0- 5(

25 0+)� �02&'-'/�� ��0( *,+20/ :0&0 2�0( '()39+20- +2 @D 85& "B ��

3.8.2 Preparation of test solutions

�'.0 20/2 /5,32'5(/ :0&0 *&0*+&0- 85& 2�0 9+)20&'+, 20/2 +(- ,+90,0- +/ $
 "
 @
 B +(- C 85&

20/2 /5,32'5(� �75(1 8'.0 /+7*,0/ 2�&00 /+7*,0/ :0&0 8&57 �',.0& (+(5*+&2'),0/ +2 2�0

)5()0(2&+2'5( 58 $ 71�7�
 @ 71�7� +(- C 71�7� +(- 5(0 /+7*,0 :+/ 8&57 *,+(2 062&+)2

+2 )5()0(2&+2'5( ,0.0,/ 58 $# 71�7� '( ���� ��'702�;, /3,856'-0�� ��0 #�#$� 58

�1��@ 20/2 /5,32'5( :+/ +,/5 *&0*+&0-� 
5(0/ 58 '(�'9'2'5( :0&0 70+/3&0- +820& "B � 58

'()39+2'5(� ��0 7+1('23-0 58 +(2'9+)20&'+, 0880)2 +1+'(/2
 1&+7�*5/'2'.0 9+)20&'+

Staphylococcus aureus, Bacillus subtilis +(- 1&+7�(01+2'.0 Escherichia coli, Salmonella

typhi :+/ -020&7'(0- 9+/0- 5( 2�0 '(�'9'2'5( <5(0 70+/3&0- '( 2�0 -'/E -'883/'5( 702�5-�

��0 ),0+& <5(0/ 85&70- +&53(- 0+)� -'/E :0&0 70+/3&0- '( 7',,'7020&�

3.9 Methods of Data Analysis
�&'1'( .0&/'5( /'6 /582:+&0 :+/ 3/0- 25 +(+,;<0 2�0 -+2+ )5,,0)20- 8&57 ����'/'9,0


���
 +(- ���	� /*0)2&5/)5*;� 	7+10  /582:+&0 :+/ 3/0- 25 )+,)3,+20 2�0 /'<0 58

(+(5*+&2'),0/ 8&57 ��� '7+10/�
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4. RESULT AND DISCUSSION

4.1 PHYSICOCHEMICAL PROPERTIES

4.1.1 Color change observed during phytochemical investigations

��0 *&0,'7'(+&; *�;25)�07')+, '(.0/2'1+2'5(/ /�5:0- 2�0 85,,5:'(1 )5,5&/�

Figure 4: �5,5& )�+(10 59/0&.0- -3&'(1 *�;25)�07')+, '(.0/2'1+2'5(/� �� ��0(5,/ ��

�,+.5(5'-/ �� �,E+,5'-/�

Table 1� �'/2/ 58 *�;25)�07')+, 1&53*/ +(- '(-')+2'5(/ XYM /�5:/ *&0/0()0�

�+90,/ ��;25)�07')+,/ �0/2 �9/0&.+2'5(/ 	(80&0()0/

� ��0(5,/ 80: -&5*/ 58 702�+(5,

+(- 80&&') )�,5&'-0

�&00('/� ;0,,5: Y

� �,+.5(5'-/ $# P /5-'37 �;-&56'-0 �&00('/� 9&5:( Y

� �,E+,5'-/ 70&)3&') )�,5&'-0 +(-

*52+//'37 '5-'-0

�0--'/� 9&5:( Y
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4.2 UV-Visible (UV-Vis) spectroscopic studies

�0-3)2'5( 58 �',.0& '5(/ 25 �',.0& (+(5*+&2'),0/ :+/ .'/3+,,; '-0(2'8'0- 9; + )5,5& )�+(10

58 ;0,,5: 25 -00* 9&5:( '( 2�0 +=3053/ &0+)2'5( 70-'37 +820& +--'2'5( 58 *,+(2 062&+)2�

��0 )5,5& )�+(10 /3110/20- 85&7+2'5( 58 �',.0& (+(5*+&2'),0/ -30 25 2�0 &0-3)2'5( 58

�',.0& '5(/ KFGL� �/ '(-')+20- '( ��'13&0 C� 90,5: 2�0 85&7+2'5( 58 /',.0& (+(5*+&2'),0/

:+/ -30 25 /*,'22'(1 '( 2�0 1&53(- /2+20 58 �',.0& 8&57 "� 0,0)2&5(') )5(8'13&+2'5( '(25
"�1" +(- "�"1� ��0&0 '/ 5(,; 5(0 *5//'9,0 0,0)2&5(') 2&+(/'2'5( 8&57 2�0 ,5:0& "�1" 25 "�"1

'( 2�0 )+/0/ 58 -%� �5 5(0 /2&5(1 +9/5&*2'5( 9+(- :+/ 59/0&.0- +2 B$@ (7 '( 2�0

����'/'9,0 &01'5(� ��'/ +9/5&*2'5( 9+(- :0&0 2�0 )�+&+)20&'/2')/ +9/5&*2'5( 9+(- 85& 2�0

85&7+2'5( 58 �',.0& (+(5*+&2'),0/ KF%L�

Figure 5: �,+(2 062&+)2/ /5,32'5( +(- �',.0& �'2&+20 /5,32'5( �� �00- 062&+)2 �� �',.0&

(+(5*+&2'),0/ /5,32'5( �+.'(1 *,+(2 062&+)2 +820& $# 7'(320/ �� +820& @# 7'(320/ �� +820&

%# 7'(320/ �� +820& $BB# 7'(320/ �$ -+;��

��0 +9/5&*2'5( 7+6'737 +**0+&0- +2 B$@ (7 9; 06�'9'2'(1 &0- /�'82 +/ -'/)3//0- '( ,+20&

/0)2'5( 58 8+)25&/ +880)2'(1 (+(5*+&2'),0/ 85&7+2'5(� �0(0&+,,;
 (+(5*+&2'),0 85&7+2'5(

'()&0+/0/ 9+(- 1+*
 +/ + &0/3,2 0(0&1; -'880&0()0 902:00( 2�0 )5(-3)2'5( 9+(- +(-

.+,+()0 9+(- '()&0+/0/� ��0 9+(- 1+* 85& �',.0& (+(5*+&2'),0/ +&0 )+,)3,+20- 25 90 @�#$

0�� ��0 592+'(0- &0/3,2 +&0 .0&; �'1�0& 2�+( &0*5&20- .+,30/ 58 "�F 0� '( ,+&10& /'<0-

/',.0& (+(5*+&2'),0/ KD#L� �/ 2�0 *+&2'),0 -0)&0+/0
 2�0 0(0&1; &0=3'&0- 25 06)'20 2�0
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/3&8+)0 *,+/75( 0,0)2&5(/ '()&0+/0/ KD$L� �+/0- 5( 2�0 /*0)2&37 -+2+ 2�0 9+(- 1+* 58

�',.0& (+(5*+&2'),0/ :0&0 -020&7'(0- 3/'(1 0=3+2'5( 90,5:�

Z
g

c

hcE




?�0&0 �+(- 1+* 0(0&1; 58 2�0 (+(5*+&2'),0


V Q ?+.0,0(12� +9/5&90- 9; 2�0 /+7*,0


h Q �,+()EM/ �5(/2+(2
 @BF�F"C $# [ / 

) Q 2�0 /*00- 58 ,'1�2
 �,/5
 $0�Q $�FZ$#�$%  53,0/ ��5(.0&/'5( 8+)25&�

E*g= (6.626*10-34 J.s)( 2.779*10 8 m/s) / 413*10-9 m

E*gQ B�G#%Z$#�$%  Q @�#$ 0�

Figure 6: ��0 )�+&+)20&'/2') �',.0& /'(1,0 ��� 9+(- /�5:'(1 +&53(- B$@ (7�

����'/'9,0 /*0)2&5/)5*; 20)�('=30 '/ )5775(,; 3/0- 25 )�+&+)20&'<0 2�0 /3&8+)0

*,+/75( &0/5(+()0 *&5*0&2'0/ 58 /;(2�0/'<0- (+(5*+&2'),0/� �'20&+23&0 �+/ &0.0+,0- 2�+2

�',.0& (+(5*+&2'),0/ +9/5&9 2�0 /*0)2&37 '( 2�0 ����'/'9,0 &01'5( 58 +&53(- B## (7 -30
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25 2�0 06)'2+2'5( 58 2�0 ,5)+,'<0- /3&8+)0 *,+/75( &0/5(+()0 KD"
 D@L� �',.0& (+(5*+&2'),0/

7+; /�5: /3&8+)0 *,+/75( 9+(- 58 +&53(- �'1�0& :+.0,0(12� &+(10 3* 25 C## (7 KDBL�

�0.0&+, &0/0+&)� :5&E/ �+.0 900( :&'220( 2�0 &0,+2'5( 902:00( ����'/'9,0 /*0)2&37 +(-

(+(5*+&2'),0 *&5*0&2'0/ KDCIDDL� �/ +( 06+7*,0
 �',.0& (+(5*+&2'),0/ 58 2�0 3('85&7

/*�0&')+, /'<0 06*0)20- 25 /�5: + /'(1,0 *0+E '( 2�0 ����'/'9,0 /*0)2&37 +&53(- (0+& 25

B## (7� ��0 �',.0& (+(5*+&2'),0/ /;(2�0/'<0- 8&57 *,+(2 062&+)2/ 58 Cyperus rotundus

/3110/2/ 2�+2 /7+,,0& /'<0/ 58 (+(5*+&2'),0/ *&5-3)0- +(- �+.0 /�5:( + /'(1,0 *0+E +2 BBF

(7 KDFL� ��0 *&0/0()0 58 + 9&5+- +(- :0+E 9+(- +2 BG# (7 85& �',.0& (+(5*+&2'),0/ :+/

-30 25 /3&8+)0 *,+/75( &0/5(+()0 9+(- 58 ,+&10�/'<0- �',.0& (+(5*+&2'),0/ KDC
 DDL� �',.0&

(+(5*+&2'),0/ /;(2�0/'<0- 8&57 Eleusin indica *,+(2 062&+)2 /�5:0- �'1�0& +2 7+6'737

+9/5&9+()0 +2 + :+.0,0(12� 58 BC" (7 &+(10 KDDL� �',.0& (+(5*+&2'),0/ 58 '&&013,+& /�+*0/

�+.0 2:5 5& 75&0 *0+E/ -0*0(-'(1 5( 2�0'& /;7702&;� �5& '(/2+()0
 �',.0& (+(5*+&2'),0/

/;(2�0/'<0- 3/'(1 Melastoma malabathricum *,+(2 062&+)2 �+.0 75&0 2�+( 5(0 *0+E '(

2�0 :+.0,0(12� &+(10 58 CC# 25 DG# (7
 '7*,;'(1 '&&013,+&'2; '( 2�0'& (+(5*+&2'),0 /�+*0/

KDCL� ��0 /;(2�0/'<0- /',.0& (+(5*+&2'),0/ 8&57 /00- 062&+)2/ 58 Persicaria lapathiofolia �+.0

/�5:( /2&5(1 *,+/75( &0/5(+()0 9+(- +2 B$@ (7 +(- '2 :+/ )57*+&+9,0 +/ /*�0&')+, +(-

/7+,,�/'<0- �',.0& (+(5*+&2'),0/ KDFL�

4.3 Fourier transform infrared (FT-IR) spectroscopic studies

�53&'0& 2&+(/85&7 '(8&+&0- /*0)2&5/)5*; +(+,;/'/ :+/ -5(0 25 '-0(2'8; 9'575,0)3,0/ 2�+2

+&0 &0/*5(/'9,0 85& �1Y '5(/ &0-3)2'5( +(- )+**'(1 58 9'5,51')+,,; &0-3)0- �',.0&

(+(5*+&2'),0/� �'13&0 $# ��� /�5:/ 2�0 ���	� /*0)2&37 Persicaria laphathiofolia /00-

062&+)2 /�5:'(1 *0+E/ +2 @@DC
 "%C$
 $DF@
 $FC#
 $$@G
 $#$F +(- F@C )7�$� � 7+A5&'2;

2�0 58 59/0&.0- *0+E/ +,/5 06'/2 '( 2�0 ���	� /*0)2&37 58 �',.0& (+(5*+&2'),0/ :'2� 80:

7+&1'(+, /�'82/ 25 ,5:0& :+.0(3790& -30 25 &0-3)2'5( 58 0,0)2&5( -0(/'2; 58

*�;25)�07')+,/ +/ + &0/3,2 58 /�+&'(1 58 0,0)2&5( -0(/'2; 25 �',.0& (+(5*+&2),0/ +(-

)+**'(1 2�0 /3&8+)0/ 58 (+(5*+&2'),0/� �5& 06+7*,0
 +,, *0+E/ 7+&1'(+,,; /�'820- 25 @@FB


"%@@
 "GDB
 $D@@
 $F"$
 $$$%
 +(- F"# )7�$ +/ '(-')+20- '( �8'13&0 $#� 90,5:� � 9&5+-

*0+E +2 @@DC )7�$ '(-')+20- /�5:/ 2�0 �I� 95(- /2&02)�'(1 58 +,)5�5,/ +(- *�0(5,')

)57*53(-/ KDGL� ��0 +9/5&*2'5( *0+E/ +2 "%C$ )7�$ )53,- 90 -30 25 /2&02)�'(1 58 I�� '(

+( +,E+(0� ��0 *0+E +2 $DF@ +(- $FC# )7�$ )5&&0/*5(-/ 25 �I� /2&02)�'(1 '( 2�0 )+&956;,
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+22+)�0- 25 2�0 +7'-0 ,'(E+10 '( +7'-0 �I��I�Q�� /5 '(-')+2'(1 �I� 90(2 *&'7+&;

+7'(0/� ��0 +9/5&*2'5( 9+(- +2 $BB@ )7�$ '(-')+20- 2�0 *&0/0()0 58 �I� /2&02)�'(1 '(

+7'-0� ��0 2:5 9+(-/ *&0/0(2 +2 $#$F +(- F@C )7�$ )53,- 90 '(-')+2'.0 58 2�0 I�I

/2&02)�'(1 .'9&+2'5(/ 58 +&57+2') +(- +,'*�+2') +7'(0/ &0/*0)2'.0,; KD%L�

Figures 7 (A)� ���	� /*0)2&+ 85& �1��/ B) ���	� /*0)2&+ 85& /00- 062&+)2 58 Persicaria

laphathiofolia

�/ +95.0 �'13&0 $# ��� /�5:/ 2�0 ���	� /*0)2&37 58 �',.0& (+(5*+&2'),0/ -'/*,+;0-

9+(-/ +2 @@FB )7�$ ��� 58 +,)5�5,� +(- $F"$ )7�$ �I��I�Q�� +(- /3110/20- 8,+.5(5'-

5& *�0(5,/ +(- �,E+,5'-/ '(/'-0 Persicaria laphathiofolia 7'1�2 90 +)2'.0,; '(.5,.0- /5

&0/*5(/'9,0 85& 2�0 &0-3)2'5( 58 �1Y 25 �1# KG#L� ��0 '(.5,.070(2 58 8,+.5(5'- '( 2�0

&0-3)2'5( 58 702+, '5(/ 3/'(1 *,+(2 062&+)2/ '/ +,/5 0.'-0()0- 9; +(52�0& /23-; KG$L�

4.4 X-ray diffraction (XRD) studies

��0 )&;/2+,,'(0 (+23&0 58 2�0 �',.0& (+(5*+&2'),0/ /;(2�0/'<0- 8&57 Persicaria

lapathiofolia /00- �+.0 900( /23-'0- 9; ��� +(+,;/'/� ��0 ��� -'88&+)251&+7 ),0+&,;



22

/�5:/ 2�0 7+'( *0+E/ +2 �"H� &+(10 8&57 $#\ 25 G#\ ��'13&0 $$�� ��0 ��� /*0)2&37 58

2�0 �',.0& (+(5*+&2'),0/ /�5:0- 853& -'88&+)2'5( *0+E/ +2 @G�#@]
 BB�"#]
 FB�B#] +(-

DD�@D] )5&&0/*5(-'(1 25 2�0 ��E,� .+,30/ 58 �$$$�
 �"##�
 �""#� +(- �@$$� *,+(0/

&0/*0)2'.0,;� �5
 '2 :+/ )5(8'&70- 2�+2 2�0 �',.0& (+(5*+&2'),0/ +&0 )&;/2+,,'(0 '( (+23&0

+(- �+- 8+)0 )0(20&0- )39') ����� )&;/2+, /2&3)23&0/� ��0&0 :0&0 3(+//'1(0- *0+E/

+**0+&0- +2 $G�"C]
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4.5 Transmission Electron Microscopy (TEM) studies
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4.6 Effects of different parameters on the synthesized Silver nanoparticles

4.6.1 Effect of time on the synthesis of nanoparticles
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4.6.2 Effect of plant extract concentration
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4.6.3 Effect of pH
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4.7 Antimicrobial activity of silver nanoparticles
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5. CONCLUSION AND RECOMMENDATIONS

5.1 CONCLUSION
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6. APPENDIX

6.1 Appendix Figures

Appendix Figure 1: ��–�'/ +9/5&*2'5( /*0)2&+ 58 2�0 +/�/;(2�0/'<0- �',.0&

(+(5*+&2'),0/ +2 -'880&0(2 *,+(2 062&+)2 )5()0(2&+2'5( +� " 7, 58 *,+(2 062&+)2 9� B 7, 58

/00- 062&+)2 )� F 7, 58 /00- 062&+)2

Appendix Figure 2: �880)2 58 -'880&0(2 *� ,0.0,/ 5( 2�0 /;(2�0/'/ 58 �',.0& (+(5*+&2'),0/

/�5:/ 2�+2 7+6'737 /;(2�0/'/ 5))3&&0- +2 �'1� *��
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