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Abstract! In this investigation, we report a rapid and eco-

friendly method for the fabrication of palladium nanoparticles 

(PdNPs) using Andean Mora fruit extract, as a bioreductant and 

ultrasonication. The fabricated PdNPs were characterized using 

visual, UV-vis-NIR spectroscopy, transmission electron 

microscopy (TEM), Dynamic Light Scattering (DLS) and X-ray 

diffraction (XRD). TEM, DLS and XRD analysis confirmed 

PdNPs are spherical, 50-70 nm and crystalline face-centered 

cubic structure. Furthermore, the as-fabricated PdNPs 

demonstrated weak antioxidant activity (>8%, 0.05 mM) against 

1,1-diphenyl-2-picrylhydrazyl and strong photocatalytic 

degradation towards the methylene blue (>77%, 10 mg/L), 

efficiently. Ultrasonication enhanced biofabrication of 

nanomaterials finds the edge over chemical methods due to its 

economical and environmental compatibility. 
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A. Synthesis of PdNPs
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B. Radical scavenging activity
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C. Decomposition of MB study
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D. Characterization of PdNPs
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A. Visual and UV-vis-NIR study
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5;1<230J4:2140JB* 2* R<02>* :0J14J5053* 2R30<=140J* M23* 0R38<a8>**
?`YYWXYY*J6A*4J>4:214JV*:06=;818*<8>5:140J*0N*/>
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B. TEM-SAED and DLS study
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;<$=3>=*$%*$LLAJMBNAN$2&$C@%(A$B3D$'23$%0$%*$%2$'(1))&)20$G%0F
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C. XRD study
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D. Antioxidant Activity
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E. Photocatalytic activity

!F)$ /F;0;5'0'690%5$ '50%4%09$ ;<$ 0F)$ =3>=*$ <;1$ 0F)
3)(1'3'0%;2$ ;<$#_$ CTI$&(`:+$ H$&:D$ ?23)1$ 4%*%86)$ 6%(F0$ G'*$
<;?23$*'0%*<'50;19$C@%(A$LDA$V2%0%'669+$ 0F)$3)(1'3'0%;2$;<$#_$ %*$
*6;G$'23$/F;0;3)(1'3'0%;2$5'/'5%09$%251)'*)*$G%0F$'2$%251)'*)$
%2$ 0F)$ '&;?20$ ;<$ =3$ 2'2;5'0'69*0$ CIAHETAH$ &:DA$ $ V2%0%'6$
3)(1'3'0%;2$;<$#_$<;1$N$F1*$G'*$<;?23$0;$8)$TSAJU[+$NTAIT[$
'23$HHANT[$G%0F$0F)$'33%0%;2$;<$IAH+$TAI$'23$TAH$&:$;<$=3>=*$
%2$4%*%86)$6%(F0A$$
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!"#$%#&'(%()*+,$(-)*.*)/$+0$12$*3$*,-'#(3#%$4*)"$)*5#$(,%$
3()6'()#%$4*)"$789:;<=$7>9>?<$(,%$7797<$0+'$;@$"9$A)$-B#('B/$
*,%*-()#3$)"()$"*&"#'$36'0(-#$('#($+0$,(,+-()(B/3)$#,"(,-#%$)"#$
%#&'(%()*+,$ +0$ 129$ A,$ )"#$ .(B#,-#$ C(,%$ DE2F=$ )"#$ "+B#3$
*,)#'(-)$ 4*)"$ 4()#'$ 5+B#-6B#3=$ '#36B)*,&$ *,$ )"#$ 0+'5()*+,$ +0$
"/%'+G/!" '(%*-(!" D#HIF" (,%$ J'+)+,9$ K#$ "/J+)"#3*L#%$ )"()=$
M%NM3$(-)$(3$(,$#B#-)'+,$)'(,30#'$5#%*()+'$C#)4##,$)"#$J'+)+,$
(,%$12$C/$(-)*,&$(3$($'#%+G$-()(B/3)$.*($#B#-)'+,$'#B(/$#00#-)$
OP7Q9$!"#3#$J'+)+,3$('#$'#3J+,3*CB#$0+'$)"#$%#&'(%()*+,$+0$12$
5+B#-6B#39$

AE9 RHNRSTUAHN

K#$"(.#$%#5+,3)'()#%$(,$6B)'(3+,*-()*+,$(JJ'+(-"$0+'$ )"#$

0(C'*-()*+,$+0$M%NM3$63*,&$V,%#(,$1+'($0'6*)$(3$(,$#00#-)*.#$

C*+'#%6-)(,)9$ VJJB/*,&$ )"*3$ 5#)"+%=$ 3J"#'*-(B$ 3"(J#%=$ ?@W7@$

,5$ 3*L#$ (,%$ -'/3)(BB*,#$ M%NM3$ 4#'#$ J'#J('#%$ 4*)"+6)$ 63*,&$

(,/$ )+G*-$ +'$ "(L('%+63$ -"#5*-(B39$ !"#$ (3WJ'#J('#%$ M%NM3$

#G"*C*)#%$4#(X$(,)*+G*%(,)$(-)*.*)/$DY:<=$@9@?$51F$(&(*,3)$P=$

PW%*J"#,/BW;WJ*-'/B"/%'(L/B$ (,%$ 3)'+,&$ J"+)+-()(B/)*-

%#&'(%()*+,$ )+4('%3$ )"#$ 5#)"/B#,#$ CB6#$ DY77<=$ P@$ 5&ZSF9

!"#'#0+'#=$ )"#$5#,)*+,#%$J'+)+-+B$ *3$#-+,+5*-(B=$ #-+0'*#,%B/

(,%$ -(,$ #(3*B/$ C#$ #GJB+*)#%$ 0+'$ )"#$ B('&#W3-(B#$ 0(C'*-()*+,$ +0

M%NM39

VR[NHKS\]^1\N!$

!"*3$3-*#,)*0*-$4+'X$"(3$C##,$06,%#%$C/$)"#$M'+5#)#+$M'+_#-)$

+0$)"#$N()*+,(B$U#-'#)('*()$+0$I*&"#'$\%6-()*+,=$U-*#,-#=$

!#-",+B+&/$(,%$A,,+.()*+,$DU\N\UR`!F=$\-6(%+'9$

a\b\a\NR\U$

OPQ U9$ 16C##,=$ !9$ c"(,&=$ 29$ `++=$ 19V9$ ]#3"633#3=$ (,%$ N9E9$ 1/6,&=$
dM(BB(%*6$" ,(,+J(')*-B#%" %#-+'()#%" 3*,&B#W4(BB#%$ -('C+,$ ,(,+)6C#$
"/%'+&#,"3#,3+'=e"f9$M"/39$R"#59$R=$.+B9$PPP=$JJ9$g8;PWg8;7=$;@@79$

O;Q U9K9"[*$&"19"[*$&"K9`9"S##="(,%"!9"I/#+,="d$ =e"f9"V59$R"#59$U+-9=$
.+B9$P;>=$JJ9$7g>;h7g>88=$;@@;9$

O8Q f9$`6=$a9$`9$b9$ S*6=$29$M++,=$U9$N(L('#,X+=$!9$[+B+3X*=$!9$E('&+=$V9
I*B),#'="(,%"\9"2(#'="dM+B/5#'%"4*)""M(BB(%*6$"N(,+J(')*-B#%"(%"V-)*.#
1#5C'(,#"1()#'*(B3=e"'"(JJB"M+B"U-*=".+B9"i;="JJ9"7>iW7?g=$;@@>9$

O>Q `9"U6,=" " (,%"`9"j*(=" dU"(J#WR+,)'+BB#%$ U/,)"#3*3$ +0$^+B%$ (,%$U*B.#'
N(,+J(')*-B#3=e""U-*#,-#=".+B9";i:="JJ9";P7gW;P7i=$;@@;9$

O?Q ]9K9"2(",#5(,,=""R9"[+'5(,,="(,%"19a9"I+005(,,="dM'#J('()*+,"(,%"
-"('(-)#'*L()*+,$ +0$ k6(,)65$ 3*L#$ L*,-$ +G*%#l$ ($ %#)(*B#%$ 3J#-)'+3-+J*-$
3)6%/=e"')"M"/%)"R"#59=".+B9"iP="JJ9"87:iW87i:=$Pi:79$

OgQ H9M9" c"+,&=" (,%" \9" 1()*_#.*-=dM'#J('()*+," +0" 6,*0+'$" L*,-" +G*%#"
-+BB+*%3$C/$-+,)'+BB#%$%+6CB#W_#)"J'#-*J*)()*+,=e"f9"1()#'9"R"#59=".+B9"8="
JJ9$>>8W>>7=$Piig9$

O7Q 29$ [65('=$ [9$ U5*)(=$ S9$ R65C(B=$ V9$ ]#C6)=$ $ (,%$ a9N9$ M()"(X=$
dU+,+-"#5*-(B" 3/,)"#3*%" +0$ 3*B.#'$ ,(,+J(')*-B#3$ 63*,&$ 3)('-"l$ V$
-+5J('*3+,=e$2*+*,+'&$R"#5$VJJB9$D;@P>F$V')*-B#$A]$7:>;g:9

O:Q K9')" S*=" \9K9" U"*=" `9m9" c"#,&=" (,%" c9K9" `*,=" dI/%'+)"#'5(B
J'#J('()*+,"+0",(,+5#)#'"c,H"J+4%#'3=e" " ')"1()#'9"U-*9"S#))9=".+B9";@="
JJ9$P8:PWP8:8=$;@@@9$

OiQ ]9$ 1(,%(B=$ 19\9$ 2+B(,%#'=$ ]9$ 16X"+J(%"/(/=$ ^9$ U('X('=$ (,%$
16X"#'_##=" d!"#" 63#" +0" 5*-'++'&(,*353" 0+'" )"#" 0+'5()*+," +0" 5#)(B"
,(,+J(')*-B#%"(,%")"#*'"(JJB*-()*+,=e"VJJB"1*-'+C*+B"2*+)#-",+B".+B9"gi="
JJ9$>:?h>i;=$;@@g9$

OP@Q V9"2(,X('="29" f+3"*="V9"a9"[65('=" U9"c*,_('%#=" d2(,(,($ J##B$ #G)'(-)
5#%*()#%" ,+.#B" '+6)#" 0+'" )"#" 3/,)"#3*%" +0" J(BB(%*6$" ,(,+J(')*-B#3=e
1()#'*(B3$S#))#'3=$.+B9$g>=$JJ9$Pi?PhPi?8=$;@P@9$

OPPQ 19$ ["(,=$ 19$ ["(,=$ 19$ [6,*/*B=$ U9$ b9$ V%*B=$ V9$ VBWK(')"(,=$ I9$ c9$
VBX"()"B(,="K9"!'#5#B="19N9"!("*'=" (,%"19a9I9" U*%%*k6*=" d2*+&#,*-$
3/,)"#3*3$ +0$ J(BB(%*65$ ,(,+J(')*-B#3$ 63*,&$Pulicaria glutinosa$ #G)'(-)$
(,%")"#*'"-()(B/)*-"(-)*.*)/")+4('%%"*"#"U6L6X*"-+6JB*,&"'#(-)*+,=e"](B)+,"
!'(,39=$.+B9$>8=$JJ9$i@;ghi@8P=$;@P>9$

OP;Q [919$[65('=$29[$1(,%(B=$[9U9$[65('=$M9U9$a#%%/=$(,%$29$U'##%"('=$
d2*+C(3#%"&'##,"5#)"+%")+"3/,)"#3*3#"J(BB(%*65"(,%"*'+,",(,+J(')*-B#3
63*,&$ Terminalia chebula$ (k6#+6%" #G)'(-)=e" UJ#-)'+-"*5$ V-)($ V$1+B$
2*+5+B$UJ#-)'+3-=$.+B9$P@;=$JJ9$P;:hP88=$;@P89$

OP8Q ]9U9"U"#,/(="](*L/"M"*B*J="(,%"f+3#J""1()"#4="da(J*%"&'##,$3/,)"#3*3$
+0$ J(BB(%*65$ ,(,+J(')*-B#3$ 63*,&$ )"#$ %'*#%$ B#(0$ +0$ Anacardium

occidentale=e"UJ#-)'+-"*5$V-)($V$1+B$2*+5+B$ UJ#-)'+3-=$.+B9$ iP=$ JJ9$
8?h$8:=$;@P;9$

OP>Q j9$`(,&=$m9$S*=$I9$K(,&=$f9$I6(,&=$S9$S*,=$K9$K(,&=$]9$U6,=$`9$U6=$
f929$HJ*/+=$$S9$I+,&=$`9$K(,&=$N9"I#="(,%"S9"f*(="d^'##,"3/,)"#3*%"+0"
J(BB(%*65$,(,+J(')*-B#3$63*,&$C'+)"$+0$Cinnamomum camphora$B#(0=e"f"
N(,+J(')$a#3=$.+B9$P;=$JJ9$P?:ihP?i:=$;@P@9$

OP?Q a9$ [9$ M#)B(=$ U9$ E*.#X(,(,%"(,=$ 19$ 1*3'(=$ V9[9$ 1+"(,)/=$ (,%$ N9$
U()/(,('(/(,(=" " dU+/C#(," DGlycine maxF$ S#(0$ \G)'(-)$ 2(3#%$ ^'##,
U/,)"#3*%"+0"M(BB(%*6$"N(,+J(')*-B#3=e"f$2*+5()#'$N(,+C*+)#-",+B=$.+B9
8=$JJ9$P>WPi=$;@P;9

OPgQ 29$ [65('=$ [9$ U5*)(=$ S9$ R65C(B=$ V9$ ]#C6)=$ (,%$ `9$ V,&6B+=
d2*+0(C'*-()*+," +0" R+JJ#'" HG*%#" N(,+J(')*-B#%" 63*,&" V,%#(,"
2B(-XC#''/$DRubus glaucus$2#,)"9F"0'6*)"(,%"B#(0=e"f9$U(6%*$R"#59$U+-9=$
(')*-B#$*,$J'#339$"))JlZZ%G9%+*9+'&ZP@9P@PgZ_9_3-39;@P?9@P9@@i

OP7Q 29$ [65('=$ [9$ U5*)(=$ S9$ R65C(B=$ V9$ ]#C6)=$ U(-"($ *,-"*$ DPlukenetia 

volubilis$ S9F$ +*B$ 0+'$ +,#$ J+)$ 3/,)"#3*3$ +0$ 3*B.#'$ ,(,+-()(B/3)l$ V,
#-+0'*#,%B/$(JJ'+(-"=$A,%$R'+J3$M'+%=$;@P>=$?:=$$;8:h;>89$

OP:Q 29"[6$+,&"[9"U5*)(="S9"R65C(B="(,%"V9"]#C6)="d2*+&#,*-"3/,)"#3*%"+0"
*'+,$+G*%#$,(,+J(')*-B#3$0+'$;W('/BC#,L*5*%(L+B#%"0(C'*-()*+,=e""f9$U(6%*$
R"#59$U+-9=$.+B9$P:=$JJ9$8g>W8gi=$;@P>9$

OPiQ 29$[65('=$[9$ U5*)(=$ S9$R65C(B=$ (,%$V9"]#C6)=" d^'##,"VJJ'+(-"" 0+'"
b(C'*-()*+," (,%"VJJB*-()*+,%" +0" c*,-"HG*%#"N(,+J(')*-B#3=e" 2*+*,+'&$
R"#5$VJJB9=$;@P>=$V')*-B#$A]$?;8:gi=$79
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