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t(tlrJ n1~:W'e)-1 ~'J rJ sn b1J~1 

(1l1'M1tK.:mq'M)	 Optical Sensor for the Determination of Vacuum in Packaging 

Working Based on Reflection of Light which can be Monitored via 
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4. F'I'J13JbtJU3J1 1J.~~ifru'Vl11.un1~~H't1.. 
U:Wr'J LUW:..j ~ (;l.tlru"YlL~'tl ~ 'lJJl1 Vi LL'Cl:::n ,",'J1~~ 1 LUU l?! 'tl~ 'lJ Jl1 Vi 1~ tJ L'U Vi 1:::~ 1'Vt ~U L~ n1 uitJ 

L/Ol1ru L~u1(;l L~'tl'l/Ol1 nhh~uluu~i'J,funm'~'tl:::mU~~1 LUU~1'Vt~U~Umr i'l 10 "llv.~ L~LLri'tl1f~ilu ~ 
.. q 
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~~~U L'tl1"ll~h;nu L'Cl;nU ~'J;nu L~LVl1'tlilu L~V.'Cl'tl:::'Cl1ilu Vl11'tlilu Vl1u1l'lL~U LL'Cl:::'J1~U 'tJ1u~i'J~'lLUU 

, ...... 
e.J~ l'l.tlru"YlVl1'l n1nm~l'lJ'Yin f1 rurh~1'Vt~u In"llU1 n1J''jJ'tl'l~'4'ttcl" l~tJ L'UVi1:;nUL~ n LLl?!U'eltJ,",~'l'tJ1U~~n 
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'JnU'Cl'el~uu~'JtJ';jfin1J'l?!1'l1 L-rlUn1J'e.J~~tn LLU'l~U LLU'l~1'J1Vi~ L~'Cl1nU L/Ol'Cl1~U ~U'jJ1'J 'Vt1'tl~1:i' 
d ~.Id ... ~ - o~ ... .d ..... -'1'_.,j.F- '1'.I.,jd ... , "'..I
'elU1'Cl'l ruLVi'el'Cl ~ l'lUYJU ~Un1J'e.J'Cll'l Vl1 ~'VtU~VI~1lJ'l e;jUJ' U I ,",~uJ'~1 ru~uJ'l'lUVlU'eltJn':l1~1l'lJ'J1U ~'l L'1JU 

... I ... 
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U1U~VllJnu'Cl'el~uU LL'Cl:;J'1tJ'l1U'lJ1'JVlLnmnUL~nunLJ'tJUVI ~~J'U'elUl'lJ'1tJ/Ol1nU1U~u'Cl'el~LuU/Ol1U'JU 
'lJ 

~1 n LL'Cl :::LLii~ 1/Ol:::n n1J'l'lJ''J/Ol~'tlU/Ol1 nrn '"'~J LLl?! n1J'l'lJ''J/Ol~ 'elu,funhJ-vr'J ~'l LViJ'1 :::~1w~H';j L,",n:::,J 

m~1ru1uJ'~u~n'el~lUU/Ol'1uU L-rlUW'lJ'tl'lL/Ol'Cl~1'Cl,J (kjeldahl method) 'Vt1'elw~'tl~~~~ (dye binding 

method) ,fu~'el'l 'tl1 pftJ L,",1'el'l~'el~nJ'1m LLVi'l LL'Cl :::iUl'l'elU~-n'J~'elU~'l~1 Ltlu~'el'lvi11 U~'tl'lU~~ n1J' 

Lyh,fu ~'l ~u11Jl '"' hJ~1~1J'lJ';j L,",J'1:::'Vt1~ L'tl'l LLl?! ~'el'l L;'el (;l1~~J':::UL~UU'U'Cl1 n~ ~e.J~ (;lJ':::uL~l ~l~tJ~hJcu q lU q. ... 

'tl1/OlVlJ'1UL~ L'CltJ'i1'el'll'1uJ':::n'tlU'lJ'el'lU~Yil'lUL'el'lu1ln,",oWU(;lN nuuu'U'Cl1 n'Vt1'elbJ 

U'el n/Ol1 n ~1Ure)U(;lJ'1tJ~ Ln ~nu~u1ln,", Lb~'J n1J'~hnfin1J'(;lJ''J/Ol~'eluJ1U~U'Cl'el~/Ol1 n ~'l ~u1ln,", 
'lJ 'lJ 

iJ'lvi11 ~ Ln ~ ,",'J1~ L~'el'leii11um':::u'Jun1n'tl1 ~ ~nu ~ e.J~ (;l LViJ'1:::J'1tJ'l1U/Ol1nlJ''l ~tJU'i1U~ Qrnlseuilu 
~ ~ I I 

'l!'ULUUJ'1 tJ'l1U/Ol1 n ,",'J1~~~ n vi11~ ~'el'l'tl1 pftJ n1n~1L,J (;lJ''J/Ol/Ol1 nVl1'l n1J'~ n ,",~'lWW'l~'l Luu1'el m ~1~ 
'lJ 

L'el'lL~ n/Ol:;~1 ~1J'Cl buu'Vtin~1u1Un1J'b'tl1~~~ nJ':;vi1~ ~ L~~UYi 

1UU/Ol'1uu U11ULVI '"'1u1'Cl~"ffl'J.JU1LU~1 n n'l1U';j~tJ~1U'JU~1 nL~m nu n1J'ih'el'4Jl1 ,",u11U'lJ'el'l 

VI'el'l~1"ff W-JU1 LL'Cl :;u~UU~'luJ':::~VlfiJl1Vi LL'Cl::: L~~ f1 ru~~U1iyh~M'Cl'lLU /OlU~1~1J'm11'el'4Jl1 ,",u11U'lJ'el'l 

VI'el'l~11eii LUU'elU m'nHu~L;'l LL~'l (optical sensor) ~1'Vt~'J n1J'(;lJ''J/Oli~ L"Jl'Cl;~:::L;'l, 1?lJ''J/OllJ',",re)'ClL"ll L~'elf. 
q 'lJ 

l'IJ''J/Oli~l?l:::rr'J . (;lJ''J/Oli~b~'Cl1nU, "1'Cl"1 L~ ~'l/Ol1nn1J'~u,",~11 U'l1U';j~tJ L'Vt'Ch,fuvil1~M~tJL~U,",'J1~ 
'lJ 

LUULUL~~/Ol:;"ffW-JU1'elUJl1 ,",u11U"ll'el'lVl'el'l L~'ell~~1~1J'Cl'tJ1~11 eiibuu'elunnL1fu~b;'l bb~'lb ~'ell ~(;lJ''J/Oli~ 
q q 'lJ 

m~1 ru1uJ'~ul~tJi'l in (;l e.J'Cl ~')tJ en LU-cl1 ~'l LUU%n1J'~~1tJ~~ ~~1'Vt~U n1J''tJ1Lul~ ~u1ln,",H'l1U 
q 'lJ 

U'el n/Ol1 niem UJ':;~'1 '"',Un1J'U nu'el'l ~u1ln '"' LL~'J m'J'~W';j L,",J'1 :;,Jm~1 ru1uJ'~u~L~~[?J.JU1~"'UiJ'l 
q 'lJ 

~1~1J'lJ'tJ1~1 H LtlUn1J'~~LLtJ n Lrl''el'l ~U (screening) ~1'Vt~U n1J''rjL,",J'1:::,Jm~1ru1uJ'~U'elti1'l mJu~11U 

~'tl'lU~u1in1J'L~~n~'JtJ bti'el'l/Ol1nm'J'~%~~[?J.Ju1~"'ud'~1~1J'f;)u'elnm~1ru11JJ'~uL~'elti1'l,",f1,) 1 'elti1'l 

J''J~ L;') n1J''tJ1~1 H ~~LLtJ n tJ1'J'elti1'l~hJ~1 LUU~'el'l';j L,",J'1:::,J'elti1'l'Cl:::biitJ ~'el'eln Lun/Ol:::vh1~'Cl ~ tJ1,)'elti1'l~ 
I " I " " 

~'tl'l'rj L,",J'1:::,J'Cl'l ~'l LUUn1J''Cl ~~'l L'J'Cl1 LL'Cl:::rh1eiir.i1tJYi ~'el'lHvi11 ~ n1J'';jL,",J'1:::,J'l!'unUJ':::~VlfiJl1Vi~1 n~u 
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1.	 ~~1\l bblN:;~~'W1'Wt)[;ln n~'Q1J n ~ruf'Jl~ 1V1 hI17l~'J'"l~'tl'J~1l1'J:;~ t1J t1J1 n1 Pl1l1rJ1'W1J ~~'1.tl ruoy]~vi1\l1 'W 

t~rJVI~nrn ~~:;Vi'tl'Wn~1JVI~~"lI'tl\l bb~\l ~\l~ "lI'W1 ~ b~ n~1 ~~1 ~C1l~lN\ll 'W1Jn'1.tlru"t11~t~rJhJ ~'tl\l ~ m ~ 

b1J~rJ'Wbb1JlN\l n~:;1J'J'Wn1),I:-J~l7I b~'tllill'Wn1~17I~'J'"l~'tl1J~llTYi~ill ill1 n1Pl"ll'tl\l1J~~'"l.tlruoy] t~rJ n1~~'tl\l
q Q,>	 QI , 

~'JrJ[;l1b1J~1 t"'rJ'W ~'tl\l~'Q1Jmrub~d-Jb~~1"'1 

2.	 ~~'W1'Wt)[;l m~~'tl1J n~ruf1J~~~1d-J1~m~1111JHl 'Wn1~[;l~'J'"l~'tl1J n1~bn1Jfmn I:-JlN I:-J ~ [;l.tlruoy]1l1rJl~. " 

fmt1 "lI1rJ Vl1'tl"ll'W~\l1l1rJl~~:;1J1J~ qjqj1 m Pl ~'J~11J~\l n1~t91~'J'"l~'tl1Jn1nn1Jfm~t1 bd-J~",~'Wfi'Vl1'tl 

I:-J~ t9Il:-J IN'VI1\l n1~bm~t[;l~ 1~~1~1 ~C1 bn1JfnM11~ bil'W~:;rJ:;b'JlN1'W1'Wl1rJ1~~:;1J1J ~ t1J t1J1 m Pl 

3 .	 ~~'W1'Wt)t91m~~'Wt)l7I n~~~'tl,J n ~ruf'J~b:n\l bb~\l~~ n1~H b'VI rl t 'WtlNm~:;c;i1J'W1 t 'Wb~ 17I~"lI'tl\l'VI'tl\l ~1V11'tl. " 
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~'5''U ~ ~"ll'il'U'J fi ~1 b'lJ'lJ n1'5''J''UJ .. 
1. 'l'i'OOJ\nm':i'~':)fin1:i'~'lLfl:i'I::;~ tetrachloroauric acid (HAuCI4) LYitl1ojlblhJ~I:i'~iJi'W ~'Wtl'l / "Jl"Jll ~ 

OJ 

~1V1~U n1:i't:J~ (;ltl'¥11 fl:i'::;(?)U'W1b'Wb~ (;l~tl'lVltl'l ~1 

2. 'l'i'OOJ'Wl'W1'l?lnn~ Green Chemistry ~1V1~Un1:i'~'lbf'l:i'I::;~tl'4Jllf'1:i'::;(?)U'W1b'Wb~l?l:i' ~'Wtl'l/"Jl"Jll~ 
OJ 

"11 tl'l VI tl'l ~1~ b'lJ'Wn1:i'toil e.J~ e.J~ I?lVll'l n1 :i'bn'ltl?l:i'bll'W(;](:;~'~':li~Tt"~Un1:i'~'l bf'l:i'I::;~
 

tl'W11 f'I'Wl b'W
• 

3. 'l'i'00J'W1 m':i'~':)fin1:i'~'l bfl:i'I::;~tl'W11 flbn~~'Wl b'Wm~1 ru~1 n LL~::;ii f'I':ll~ b~Cim~'l ~'Wtl'l / "y"Jll ~ 
OJ• 

b~tltoil1'W~~I'l bll'Wtlunml~u~b~'l bb~'l. OJ 

4. ~m't1luil'l "11 'WI(;1 bb~::;fj bf'l:i'1::;~~~'illi b~'l bb~'l"Jltl'ltl'¥11l"l'W1 b'W"Jltl'lVltl'l ~TVl ~'Wtl'l / "Jl"Jll~.. 
~'l bl"l:i'1 ::;V11~ 

~'Wtl'l/"Jl"Jll~5. 'l'i'OOJ'W1 iJi'WbbUU".q ~ l1I:i'':lfOl~tlUtfl'W~ ~tltJ '1 n.lJllYi bb~::;tfl'Wl-JU~tl~b~tJtoil~~U1i b~'l bb~'l .. 
"1Itl'ltl'W11l"l:i'::; (?)U'W1b'Wb~ CfI:i'"1Itl'lVltl'l ~1• 

6. b~ tJ'W:i'1 tJ'l1'Wf'I':l1 ~ rl1':lVl'lJl bb~::;b~'Wtl e.J ~'lI'W 1'W~u :i'::;"Jl~V11'lfj"Jllms ~'Wtl'l / "Jl"Jll ~. .. 

.r:::::10 4CV 

'6Hl1'lJ'VI'VI1 n1'5''J~t1 

V1't.htJulJu1in1:i'fjr.ltJ~unnl1~ul (Sensor Research Unit)
 

Jlll"lfj"Jllbrlii rlru::;fjVlmPll~l?lf fOlYh~'lnnl1~'tnfjVlmitJ UVI~1''W m''lbVlYi"1 10330
 

;Q" ev v '&.I 

7. ~'6'l n1'5''J'UJ I "lJ'ilf\'lJ'n'U 

7.1 'U'VlU1 

bl"l:i''l n1:i'fjr.ltJ'W1'1?lm':i'~n1:i'e.J~ I?ltl'4Jl1l"l:i'::;(?)U'W1b'Wb~ 1?l:i'''Jltl'lVltl'l ~1 ~':ltJ'Wl b'WbVl flb'Wb~£J~~'lU'Wbb~::; 

bll'Wij I?l:i'~tl~'l bb':l ~~tl~: ~'lu~Vlin 'WIb'WbVll"l b'Wb~£JJlltJ1iJi "Vlinu~"Jl qjl bM'ltjflfOlYitlbYitJ'l" UfOl::;1~ii rnr 

'lJtl~-W1 "VIirnl ~"Jl ,~rl bPlnt~flfOlYitl bYitJ'l" ~ltoil bll'Wbb'W':lVll'lUlJu1i1'Wn1:i''l'i'l?J.J 'WI'WIb'WbVll"l b'Wb~£J~~'lU'W 

bb~::;bll'Wij (?l:i'fiu~'l bb':l ~~tl~ b~tln1:i'e.J~ CfItl'WJlll"l:i'::;(?)U'W1 b'Wb~ l?l:i'"1ltl'lVltl'l ~1 b~tlVl~bbVl'Wnl:i'-W1 b~lfOll n• 
~1'lU:i'::;bVl Pl:i'':l~1u~'l n1:i'b~~ Pi'ntJJllYib~'fl1~Jll f'I'flI?l~IV1n:i'~~"1I'fl'l1V1mb 'li'l'll'W1~1'W:i'::;(?)U'Wl'Wl"Jll ~ b~tJ.
 

IV • 

brlN nl:i'fjr.ltJ\hll'Wbf'l:i''l nl:i'fjr.ltJ ~tl bv'tl'l"1ltl'll"l ru::;'t!nfjr.ltJ ~1'W1'~ ~'Wl b'WbL~::;'W1 b'Wb V1l"l b'Wb~£J. 
(Nanomateria Is and Nanotechnology) b~tJ l"l ru::;'t!nfj{tJ1~'l'i' OOJ 'WI tl'l fll"l':lI~l~'fl btitl'lfOll ntl'l fll"l':l1 ~lb~~ 

IV 

~1'Wn1:i't:J~ 1?l1'~ l?l'W1 b'W~':ltJn:i'::;U':l'Wn1:i'V11'l bl"liiu'WYi'W~I'W"Jl'fl'l Borohydride Chemistry n1:i''l'i'00J'W1 'WIb'W 

bVll"lb'Wb~£J~'lU'W~ ij I?l:i'riu~'l bb':l ~~'fl~ ~tl btitl'lUfOl::;ii'6'l':l'W1'WnI:i''l'i'OOJ'W1 bb~::;b~~ Pi'ntJJllYi n1:i'bb'li'l'll'W"Jltl'l 
IV 

Jlll"ltll1l~IV1nn~"lJtl'l1V1tJ flfOl m':i'~n1:i'fj{tJ"1Itl'l bf'l:i''l n1:i'tJiiflfOl nn~Vlin ~tl• 
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LLUU 1Jl-1i?l 

, 

oWMrlU~'1 bb'J (9)~'el~ 

4. btJ'lJWl~~l?JJ'lJ1'lJ1'l?l n:i'~~~hJti'l tJ1 n ~1~1~C1ChtJ'Vl'el (9)~ m-il1~L(9)tJhJ ~'el'l ~'1'Vl'lJ~'1 H b~i'el'l~'el bb~:; 
q 'U 'U q 'U 

IV , 

5 . ij Wl~u1~1~'el'l f1m1~'fvi'l ri'el'lJ-~:;~~1'1-~~'1 Wl~~r.ftJ L(9)tlbtJ'lJn1nh:;tJ n lJl1-il'el'l ~~'J1~'fViij'fltibb~'J 
\J . q \J 'U 

'el'l ~~'J1~'fl 'lJ~:;C?1U'lJ1'lJ1"ll1 ~~n b~tJ bb~il?i'el~1fi1 n-w:; (U'Vl ~'J1~'Vl1'1~"ll1 m m~:;~'Vlfiul?l~) Wl~~'lJ~~1 
'" 

I ," 11 

~'el~~~'VlfiulJlnyhnJ1~11-ilth:;LtJ"ll't1 ~'J~hm'l Wln~tJ bb~i'el'l ~~'J1~'fVi~l?JJ'lJ1~'lJ'"l1 nL~~'1 Wl~tll~ biJ'lJ 
'" '" 

lh:;LtJ"ll't1r;1'el~'lJ 1'VltJ1~~'1~~ (9) 
'" q 

6. n1 :i'~'f1 'I bb~:;~l?JJ'lJ 11J ~ ~ 1 n ~t'lJl mJ~ ij ~'J1 ~l ~'J1 ~ b~11'"l bb~:;ij Pi'n tJll1~ ~ '11'lJn 1~~l?JJ'lJ1 

~'Vlm Pi1~ lJlfbb~:;b'Vl ~ L'lJL~ti b~'el bbnU'1J~1~ b1J'lJU'1!~1"lJ'el'llh:;b'Vl Pil'lJ'el'lJ1~l?l 

b~'fl L~N Wl~~1 bU'lJ~ ~'J'I bb~ :;tJ~:;~u ~'J1~~1 b~'"l bb~'J ~ru:;~~r.ftJ ~1 (9)~1iOl :;~1 ~1 :i'C1~l?JJ'lJ1'lJ1 L'lJ 

b'Vl~ L'lJL~~6'1tj'lJ~ dJ'lJ~l?l~nu~'1 bb'J (9)~'el~~~l?JJ'lJ1 L(9)tJ~ru:;il'n~r.ftJ"ll1'J 1'VltJ ~1~1~C1 ~~ l?l'el'lJ,mm:;C?1U'lJ1L'lJ• 

"lJ'fl'l'Vl'fl'l ~1~1~f'JWl~tJ~:;tJ n (;jj,-illu tJ~:;b 'Vl Pi L(9)tJ b'U~1:;Wl ~tJ~:;tJ n l?l1-illurn~~l?JJ'lJ1'eltJ nnufu'f 'Vl (9) unum ~ 
q q q 'lI 

\11 b~1'el'lJJl1 ~~:;C?1U'lJ1 L'lJb~ lJl~'"l1 n l?i1'1tJ~:;b 'Vl Pi Wl~~~l?l b~'el~'1'el'el n useu"ll'li'lJrlU l?l~1 (9) r;11'1tJ~:;b 'Vl Pi ~'J~1tJ~'1• 
Wl~~l?JJ'lJ1'lJ1'l?ln:i'~~ bb~:;~~ l?lJlru"Y11~~1 r;1'el bti'fl'l'"l1 n1rnilJl~~U~~1 ~'1!~'1~ 1~1~C1~~ l?l1~b'el'l1 'lJtJ~:;b 'Vlfll ~'1 

'"l:;,J11tJ~ Wl~~l?JJ'lJ1 Pi'ntJ111~"lJ'el'l111 ~'ell?l~1~ n:i'~~"ll'el'l1 'VltJ bb~:;Wl~tJ~:;tJ n (;jj,-il'lJ1L'lJb'Vl ~ Lu L~~"lJ'fl'ltJ~:;"ll1"ll'lJ 
'" • q 

1'lJiJ~l(9)iJ~~~'1'eltil 'lJ~:;C?1U'lJ1 L'lJb~ l?l ~ (1-100 'lJ1t'lJb~ l?l~) 1'~ (9)'lJ1 L'lJbU'lJ~1 ~;'1 ~'lJ~~ n ~'J~~'11'lJWl~~l?JJ'lJ1 
'" q
 

, , IV
 

~~ l?lJlru.,rbb~:;b 'Vl ~ Lu L~ ~ ~'el b1j'el'lYlH'lJ1 L'lJ b'Vl ~ L'lJL~~ bU'lJ~'lJ j1'lJ b'Vl ~ L'lJL~ ~ us :;n:i'~~~fi n 1~~ ~ l?l~1'el 

~'1 b~~1:;,r'el'fll1 ~'lJ1 L'lJ~'1 bU'lJb'Vl ~ Lu L~~ ~'lJ,f1"lJ'el'l n1~~l?JJ'lJ1'lJ1L'lJb'Vl ~ L'lJL~~ n:i'~~i)fi Wl~~'1 b~~1:;,rbb~:;~ ~ l?l 

'fl'lJ111 ~'lJ1 L'lJ~ijtJ~:;~'Vlfi111~ (~'J1~eDU-il'el'lJ"1J'el'l n:i'~~i)fin1~~~ l?l b1'fl'lJ1"ll~1-il 1'l?lC1 ~u~H bil'lJ~1~;'1 ~'lJl 'lJ 

'" ':;j cl '" d' , ' ' " " '" a ~ ,J a ~ ~ "'I
Wl~~ ~ l?l "ll'fl'l bi'itJ'Vl in cP1"ll'lJbb~:; ~~ n ~:;'VlU l?l'el ~'1 bb'J (9)~'el~ bb~ :;l?l'lJ'Vl'lJ Wl~~~ l?l) '"l :;bU'lJ~'1U'l"ll m1~ bU'lJlil b(9) b'lJ• 

Wl~~l?JJ'lJ1~~ l?lJlru"'lJ1L'lJr;1'fl bti'el'I1'lJ'el'lJ1 ~ l?l 

l'~ (9)•'lJ1 L'lJ ~ ~ ~ [;l ~'lJ L(9) tJ n ~~~~fi ~ b1J'lJiJ l?l ~nu ~'l bb'J cP1 ~'el ~ bb~ :;1~ ij n 1 ~ H ~ 1 ~b~ ij ~ bU'lJoW Mr;1'el 

~'1 bb'J cP1~'fl~l'lJn1~~~l?l'"l:;';h 1~1~~~l?lJlru"Y1~ bU'lJ green nanoparticles ~'l'"l:;1~nu'1!~1~1~¥Un1~~l?JJ'lJ1 

bU'lJ~ ~ l?lJlru-nr;1'el bti'el'l L(9)tJ b'U~ 1:;~ ~ l?lJlru,,~ ~'el'l H nU~'lJMtJbb~:;ij n1 ~~~ ~~ i1'1 WltJ"ll'el'l~'lJMtJ 1'lJbb~"lJ'el'l 
q • 

'I" dI 'I '" ~ " 
111~~[;l~1~n~~~ n1~b"ll green nanotechnology ~~'el green nanopart icles b'lJn:i':;U'J'lJWl~~~l?l'Ci'lJ~1'"l:; 

-rl'JtJ~ (9)111~:;~1'lJ~'l bb'J(9)~'el~~m'"lij ~~ n ~:;'VlU r;1'el~'l ~~ 'lJ'el n'"l1n,f'lJtJ'l bU'lJWl ~~(9)111 ~::;Wl~rhr.f (9)~1~oWM~1'el 
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mJ1J [;J-1l?l 

~'W~ LVI~TliOllnm':;U~'I.lnl~~~ 1?1 n1~11jj L'Vl ~ bu b~£1~ Lil'l.l~ l?1~rlU~'l LL~ rn~Tl~1'l.ln1~~~I?1~'l.l~I~I~lnl'llI~1 H 

Lil'l.liOl rn"1l1rJvi1-Tlb"J.JMn,n~~ l?1.nru"Yl1~~n ~~rJ 
q 

~'l.l1 hJ~liOl:;11jj n ~:;u~'l.ln1~1rn1 fi1?11~ n1~l'l L~n:;iTl'4111 ~~:;~U'l.l1 b'l.lL~I?1~"1ITl'l b~VI:;iOll nlTlTlTl'l.l"1lTl'lb~VI:; 

101:; L~ rJ~~Tl'l rlU n1~HHiL~ n 1?1 ~Tl'l.lrlul TlTlTl'l.l"1lTl'l b~ VI:;101 un ~lmil'l.l zerovalent metal t)£h'lhfi I?11~Tl'l.l1l1~ 
q 

~:;~U'l.l1 b'l.lL~ 1?1~"1ITl'lb~VI:;i'l.liJ"1I'l.llrn L~ n~1 n iJyf'l.l~~~~'l LL~:;hiL~Clm .yhHH:JLLiJ~ biJ~~iOl:;~I~'J~ l'i'Jrl'l.l.. 
n~lrJ Lil'l.lTl'4f11~"1I'l.llrn 1VI'1J('l.l nl~~iOl:;U'l ~u1,"Tl'4f11~~:;~U'l.l1 b'l.lL~I?1~vl'l mh~tJ'l dJ'l.lTl'4111 ~~:;~U'l.l1 b'l.l 

L~ I?1~Tl~1~i'l.liOl:;~Tl'l iJ nl~"'11,"Tl '4111 ~vr'l n'ih~iJ L~ [) m 111~ brnrJ n1~H~I~~'l.l1 L~I"Ji~ rJ L~Tl1JTl'l rl'l.ln1~ 
.... .... .... ~ 1" ~I ..,11'.1'

~'J~ l?1'Jn'l.l"1lTl'lTl'4fl1 ~~:;rnU'l.l1 b'l.lL~I?1~ VlLLJ'l.lTl'4fl1 rl'Vl VI'lJ"1I'l.l 

~ ru:::oJn~{rJ"1ITl'lVl'll'JrJ'lJ~~ n1~~{m~'lJ mruful 'lJ~:;~u~~1~~1 L~iOl1'l.ln1~';WJ'l.l1 L'Vl ~ b'l.lb~ £1 ms 

~ ~ 1?1 Tl'4111 ~~:;~U'l.l1 b'l.lL~ 1?1~"1ITl'l'VlTl'l ~1 (gold nanoparticles) brnrJH borohydride chemistry brnrJ 

~Tl~~TlrJ ~~I"11Tl'lTlUlll~~:;~U'l.l1 b'l.lL~ 1?1~~ ~~ 1?11~ Lil'l.l~Tl~~TlrJ ~~~ ~~1~ L~~~'l.l~'l iJml~ L~Clm~'l "'11~ 
~ .. .. 

o ~.11" ~ "1 .... " , ~I ~ "",..,I", 1"1
~1~IHl'l.ll bLJ "1l'lI'l.l brn 'l.l~:;rnu'eJI?1~IV1m'~~ LL~'J1 borohydride chemistry iOl:;LLJ'l.l~fi'Vll'l L~~'Vl'l.lrJ~ "1l urns 

l'l L~ n :;,rTl'4111 rl~:; ~U'l.l1 b'l.lL~ l?l~"1ITl'l b~ VI:; 1~ ~ ~ I?1Jlru"]~iJ '1 rulll~ ~ LL~ :;iJ'lJ ~:;~ 'Vl fill 1 ~ ~'l sodium 

borohydride (NaBH4) ~1-ii Lil'l.lI?1~1ti~"ll1'l Lil'l.lI?1~1ti'Ji~ t'l.lLLN LL~:;iiTl~1 Lil'l.l~I~~ Lil'l.l-el'l.ll?1nrJ 

~ ru:;oJn~{rJ~'l ~ LL 'l.l~ ~ rn~iOl:;'; WJ'l.l1 ~:;'JU n 1 ~l'l L~n :;iTl 'l.lll1 ~~:;~U'l.l1 b'l.lL~ 1?1~"1ITl'l b~ VI:;brnrJH
q 

~:;UU n1~l'l L~n:;i~H~I~~ Lil'l.l~ l?1~rlU~'l LL~ rn~Tl~ Lil'l.lI?1'J1ti~i L~Tl~ rnif b!JVll~I'l.l~'l LL~ rn~Tl~ LL~:;~ rn~l~ 
, % ... ~ % ..."".....1' .J'~I % ..." 
nTl~~IlI~ :;1011 n m':;U~'l.ln1 ~'Ci'l L~n:;VI brnm:;UU n1~'Ci'l L~n :;VI'VliOl:;~ WJ'l.lI"11'l.l'l.lLLJ'l.l~:;UUm ~'Ci'l L~n:;VI rn~rJ 

'l.lr,b'l.lL'Vl~b'l.lb~£16'lrJ'l.l (sustainable nanotechnology) Vl1Tl 'l.lr,b'l.lL'Vl~b'l.lb~£1~Lil'l.l~I?1~rlu~'lLL'Jrn~Tl~ (green 

nanotechnology) ~ LiJ'l.lH~I~~ Lil'l.l~mrlu~'lLL~ rn~Tl~~~I~I~l:l~~1?11~ LTl'l1'l.l'lJ~:;L'Vl flIl'VlrJ Lil'l.lI?1~1ti~i brnrJ 

, " 
~ rnnlfu ~Tl'l.l1"11n1nnrn,J~mm L"Ji'l.l 'lJfu '"11 ml~ LU'l.lm'rn-~I'l (pH) 'eJruVlJJ~ LL~:;~~I~ L~~~'l.l"lJTl'l ~1~l'i'l 

"" I I I "" I 

1?1'l.l LYiTl1,"1~ L~Tl'l.l1 "11 n1~l'l b~n:;iVi~'lJ~:;~'Vlfilll~~'l i'l.ll?lTl'l.ln1~~~ l?lhiiu1j[Tl'l.l~I~I~l:l11jj L~1Tl'l ~TlLL~:;..
 
'eJ'lJmru~Vll1~1 'l.l'lJ~:;L'Vlfll ~'l.l'Vl'l.ln1~~~I?1~ln~I~:::UU borohydride chemistry LL~:;~~nrJlll~~'l1'l.lL~'l 

~lru"1ltJ 

n1"i-l~ ~f1 "i1~~'ellJJl1f1~ ~1JlJ1tu ~3J lPl"i"ll 'el~b'a'VI~ij Fl1 ~';l!J~fi'Vl1~ ~f1 ij
q 

n1 ~l'l L~n:;,rTl'4111rl~:;~U'l.l1b'l.lL~ 1?1~"1ITl'l b~VI:::brnrJ~fi n1~'Vll'l LrliJ brnm'r~ 1'lJbb~~ LUlJ'lJ~ nrrJlWW 

b'lJ~rJ'l.l1TlTlTl'l.l"1lTl'lb~VI::: (metal Ion) 1,"Lil'l.lb~VI::: (metal) bc;mHn~:;u~'l.ln1~1~bi (reducing agent) L~Tl 

b'lJ~rJ'l.l positive charge metal ion 1,"Lil'l.l zerovalent metal brnrJn1~1~ni'l.l~hrJ~'Wb~~ ~'JrJm':;U,)'l.ln1~ 

'Vll'l1~yh n1~m':;~'l.lbc;m1-iiLL~'l bb~:;%~'l.l11JJ~liOl:;1-iin~:;u'J'l.lnl~1Vl1 fi1?11~ n1~l'l brln:;,rTl'4111 m:;~U'l.l1 
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uuu 1J1-1Cil 

~	 ~ , 
zerovalent metal 'tlEh:Jhfi l?l1~'tl~1l1fI~:;rPlU'lJlL'lJb~ l?l~"iI'tl'l Lt'lVl:::~'lJihI'W 1 (?1 b~ run n iJ~'lJVlCj'"J~'l bb'Cl:;hi 

b~~m ":h1~iJ bb,J'"JL,J~~~:::~I~'"J~ 191'"Jn'lJn'CllEJ dJ'lJ'tl'41l1 fI"iI'lJl (?11V1t1!{'lJ n1~~~:::u'll"1u1 ~'tl~1l1M:::~U'lJl L'lJ 

~l?l~~'lmh'"JtJ'l bU'lJ'tl~1l1 M:::rPlU'lJl L'lJb~ l?l~'tl~1~J'lJ~:::~'tl'liJn1~~11~'tl~1fI~'ln~I'"JiJ b~~EJ~1l1~ L(?1EJn1~ 

H~I~~'lJl (stabilizer) b~1"ll'"JEJ b~'tli}~'ln'lJn1~~'"J~ 191'"Jn'lJ"iI'tl'l'tl'¥l1 fI~:::~U'lJl L'lJb~ l?l~1~ bU'lJ'tl'4Jl1 fI~1V1t1!f'lJ 

Metal Nanopanicals 

'i'll~	 1 nslnn1nn (?1'tl'lJ1l1 fI~:::rPlU'lJl L'lJ"iI'tl'lL'ClVl:::L(?1EJi'"JhJ~'"JEJ%n1~Y11'l bfli'4 
~ . 

°0 00 
RedUc~0000 +0°°0 ne" 

00° 

Metal Ions ReducIng agent 

bti'tl'l~1 n n1~l'l bfl~1 :::~'tl~1l1 fll'lJ~:::~U'lJlL'lJb~ l?l~"1l'tl'l Lt'lVl:::iJ ~1V1t'lIEJ% ~'tl'l H n~:::u'"J'lJn1~ ~lnfliJ 

~'"J~~'leJ~ l?l.nruoyJ~1~ ~ bU'lJ!l'lJl?l~IEJ [;J'tl~~M~bb'Cl:::~'l bb'"J (?1~'tl~ ~'"J~i'li'lJb,J~'tl'l~~'l'lI'lJ ~'lI:J'Cll ~ bn (?1 fI'"Jl~ 

~mm~1 'lJn1nH'u bll~EJ'lJm:::U'"J'lJn1~Y11'lbfliJ~ biJ'lJYiMnU~'lbb'"J (?1~'tl~1 'lJn1~l'l bfl~I:::~'tl~1l1 fI~:::~U'lJl L'lJ 

b~ l?l~"1l'tl'l L'ClVl:::iJ ~11 ~ bU'lJm:::U'"J'lJn1 ~l'l bfl~1 :::~~ bU'lJiJ mnu~'l bb'"J (?1~'tl~ (Green synthesis) L(?1EJiJ bb'lJ'"J 

Y11'ln1~b~'tlnH~I~i'l ~'lJVl1'tlnl~'tl'tln bbuum:::U'"J'lJn1~l'l bfl~I:;~~~'tl (?1 fI~'tl'lnU~'tlnlV1'lJ(?1"i1'tl'l Green 
~..,""

chemistry principles (?1'l'lJ 

1.	 n1ro'tl'ln'lJn1nn (?1"1l'tl'l b~EJl 'lJm:::u'"J'lJn1~l'l bfln:;~ (prevent waste) 

2.	 n1~'tl'tlmLUUn1~l'l Lfln :::~~ln~:;rPl'JL~bt'l n'Cl b~'tl1 ~ bn ~n1~1il~I~~'l ~'lJ~iJll~:::~Y1fiIl1~~'l~ (?1 (atom
•	 'l1 • 

economy) 

3.	 n1~'tl'tlmbuun~:::u'"J'lJn1~l'lbfl~I:::~b~'tl1~1~~I~~hhU'lJYiM (les s hazardous chemical synthesis) 

4.	 n1~'tl'tlmbUULflN~~I'l"il'tl'l1'~(?1~:::rPlU'lJl L'lJb~l?l~b~'tll~1~ flru~~U&i~1~bU'lJYiM (designing safer 

chemicals) 

5.	 n1n~'tlnHl91'"J~I'Cl:::'CllEJVl1'tl191'"Jn'Cll'l~WbU'lJYiM (safer solvent/reaction media) 

% !"I""" "" <V .J"".I"'''' .6.	 n1~'tl'tlmbuum:::U'"J'lJn1~'Ci'l bfl~I:;V1 bVl~ rns b"Jl~'Cl'l'lI'lJYI~u~:::~Y1fiIl1~~'l~(?1(design for energy 

efficiency) 

..diI	 iI ~ iI ..d iI J 1"7.	 rn n'Cl'tln 1"Jl~1 ~l?l'll?l'lJYI~ 1~I~rlMl'l"il'lJ~IY1 (?1bbYl'lJ ~ (renewable feedstocks) 

8.	 n1~'tl'tlnuuum:::u'"J'lJn1 ~l'l bfl~1 :::~b~'tlt'l~n1~ri'tl1~ bn~~I~'tl'lJ~'lJfi~ bU'lJYiM (reduce derivatives) 
q 
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uuu l?1-1L'1 

9. mn~'eln1iil?1'JLf-:JLlDmmL~'elL~~mnLl~tJ'W~1~~~'W1~dJkl~1~e.J~~JlnJsyf~~'el-:Jm~ (catalysis) 

1O. m~'Cl tn~1~~ LiJ'W'tl'W~~1tJ ~'el~-:J LL'J tn~'el~~iJ mnle tnLl~'eltJ'el'eln~11Ol1nr)~tn~::;t?1U'W1b'WL~ ~m'Cl::;IOl1 n m~ 
q 

Ll~::;tJn(;l1.iir)~"1~::;;Ukl1b'WL~(;l~ (design for degradation/design for end of life) 

11.	 rn ~~ tn (;l1~mnLl~tJ'WLL1J'Cl-:J"1I'el-:J n ~::;1J'J'Wm~i-:J Lf'l~1::;'l.fL ~'el-W1~'el~'ClLLl1ii1'Wm~LlfuLLl~tJ'W~Jl1'J::;1'W 

'" <V.,; ""'~ "'" ....J '" m~Yltn'Cl'el-:JL'Yi'el h'\.-l btne.J'Cl(;lJlnJ"YlYl~'el-:Jm~ (real-t ime monitoring and process control) 

12.	 m n~'el n1iir)~ c;)~iJ"1Ikl1 tn~::;t?1Ukl1 b'WL~ ~~f'J~ nUr)~ c;)~iJ"1Ikl1 tn:i'::;t?1u1J.!bf'ln~ (;ln~'el'Cl tn mnls tnLl~'eltJ 
q	 q 

btntJJl1'Yi:i''J~LL~'J:i'::;UU green chemistry ~'el :i'::;uum:i'e.J~(;lYl1-:JLf'liJ~iJm:i'ti14'tn'\.-I1'el m:i''Cltnm:i'H 

'\.-I1'el 'Cltnm:i'ri'el1~Lntn~1nf'liJ~LiJ'Wiht~'el~-:JLL'Jtn~'el~ :i''J~t1-:Jm:i''Cltnm:i'1iiYli-:J-:J1'W'\.-I1'el1iim.h-:J~~~1~~tn~-:J
q q 

1'W-:J1'W~4'tJdL~'el'eln LLU1Jm:i'Yl tn'Cl'el-:J1~~'el tnf'l~'el-:J nu LLkl'J~ tn1kl~1-:J ~'W:i''J~i-:J 'YimtJ1~'\.-I1r)(;l '1 ~u~ e.J~ (;l'\.-l1'el 

i-:JLf'lJ'1::;'l.fL'el-:JL~Jl1tJ1'WLl:i'::;LYl PI ~fim:i' 1'Wm:i'i-:J LFln ::;'l.f'el'4Jl1 f'l:i'::;r;i'U'W1b'WL~ (;l:i'''1I'el-:J b'Cl'\.-l::;iJ'\.-I'Cl1n'\.-l'Cl1tJ~fi 

~fi n 1:i'~ LiJ kl~ iltJ ~ LL'Cl ::;~1 tJ~ 'el m:i'''1ItJ1 tJ"1I kl1 tn m:i'e.J~ tJlLLl~ L~-:J "In ru"llU ~'el m:i'1~'J i~':l tJ~1 :i'Lf'liJ bc;)tJ
'lJ 

f'lnJ::;~~4'tJIOl::;'Yimm~1ii~1:i'~ LiJ'Wi'J ~~~'el~-:J LL'J tn~'el~ LLYl'W~1:i'i-:J ~'W~1 ii~'J LLli-:J'\.-I~ tn ~-:J'el-:J ~Ll :i'::;n'elU'\.-I i n~ 
'lJ 

1ii1'Wm:i'i-:J Lf'l:i'1::;'\.-I1~LLri 

1.	 b'Cl'\.-l::;i-:J~'W (metal source) 

2.	 l?1'J1~'Ji (reducing agent) LL'Cl::; mn~~Ll:i'::;~YlfiJl1Yl"1l'el-:Jl?1'J1~':li (enhancement of reducing 

efficiency of reducing agent 

3 .	 ~1rrl'Jm~~tJ:i' (stabilizer) 

y ~ Q 0 

n1~·6'l.:lbfl~~'VIbn~~"lI~.:l'VI~.:Ifl1 

11	 it I !I 

-:J1'WI)4'tJtJf'l nJ::;~n~4'tJ LtJ11tJ~ L'el'el'el'W"1I'el-:JYl'el-:J ~1~'WL'el-:J LYl'el1ii LiJ'W~1:i'l'l-:J ~'W1 'Wm:i'i-:JLM1::;'l.f'el'4Jl1 f'l 

:i'::;r;i'U'W1b'WL~ (;l~'el-:JYl'el-:J ~1 btntJ m:i''Cl::;'Cl1tJ''1I'el-:Jb'Cl'\.-l::;Yl'el-:J~1U1~Yli (-99.99%) 1kl'll1:i''Cl::;'Cl1tJn:i'tn ~ L'\.-I~1::; 
q 

~-:Je.J'Cl1 ~iJ~'WYl'W1'Wm:i'i-:J Lf'l:i'1::;'l.f'elklJl1 f'l:i'::;t?1U'W1b'W~(;l:i'''1I'el-:J b'Cl'\.-l::;iJrl1 L'\.-I~1d ~1n~1 m:i'lljlLn~'el"1l'el-:J b'Cl'\.-l::;~
q	 q 

>­

m :i'i-:J Lf'l:i'1::;,rLn~'el"1l'el-:J b'Cl'\.-l::;Yl'el-:J1'W-:J1'W~4'tJtJL~.yh m:i'i-:J LM1::;'\.-I1.~'elrJ1 'W:i'Ll"lJ'el-:J n:i'tnLtJ1 (;l:i'::;f'l'Cl'elbJ''el'el 
'll 'll 

1n (HAuCI4) btntJ.yhm:i''Cl::;'Cl1tJb'Cl'\.-l::;Yl'el-:J'Cl-:JLLl1'W~1:i''Cl::;'Cl1tJn:i'tnntnYl'el-:J (Aqua regia) Ll:i'::;n'elu~'JtJn:i'tnL'W 

(;lln 1?1'el n:i'tnLe:lbtn:i'f'l'Cl'elln L~ ~~kl1 klitn ~'J klbtntJm~1 tJl:i' 1:3 '\.-I i-:JIOl1 n~b'Cl'\.-l::;'Cl ::;'Cl1tJIOl kl '\.-I ~ tn LL~'JIOl ::;L~ 

~1:i''Cl::;'Cl1tJLn~'el''1l'el-:JYl'el-:J'\.-I1'el HAuCI4 1?1'el~1-W1~1:i''Cl::;'Cl1tJ~L~~1Llfum~1(;l:i'1~L~tJ11~~'el-:Jm:i'btntJLlDmm 

mnntn HAuCI4 LL~tn-:J;-:J~~m:i' 

Au (s) + 3 N0 ' (aq) + 6 H+ (aq) ---+ Au3+ (aq) + 3 N02 (g) + 3 Hp (I) (1) 
3 

Au3+ (aq) + 4 CI' (aq) ---+ AuCI
4
' (aq)	 (2) 
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• • 

LlUU l?l-1 (;1 

",.qc:arr. ~ ~ '"' ~ 

j;J'J~ 1'l'J"lf~1n eJ~ I'lI1nl'VI'VI1~n1~Lni+(;I~ 

~ru:::~n~~[JH;~nm~~11l.nruoyJDJ'J'~"llI~~n~ru~~Uii~LU'Wr;i'(:;Hi'J"ll1~LL~:::n~'JI~LU'W1tJ1~~iOl:::'t~n• 
~11-ii1un J':::u'J'Wm J'i_:J L~n:::~1vmn r;i''J'tlth_:J_:Jl'W~~[J~ ~1[J_:J 1'W~1~';h rn J'~nm~1rl'tl'WVI'tJlti'L'll'W 

tJ ~,Pl , 2006 p, Raveendran LL~:::~ru:::1~i_:JL~n:::~'tl'4fll~L~'WJ':::(?)U'Wlt'WL~11lJ'ml~L~~~'W 
i.I 11 11 I 

tJJ':::~lru 10,000 ppm t~[JH AgN031'W't~mU'W~IJ'r;i'_:J~'Wn-Wl11l1~ D-glucose ;11V1'tJ1V1LtJ'Wr;i''J''Hi'JiLL~:::H 

LLU_:J LU'W~IJ'"l!'Jm~ ~m't~[J1 ~~'Jl~~'tl'W~'J[JmJ';11tJ~mm 1'W LU'WL'J~1 60 ~'W1V1 J''J'J~i_:J-wl%mn~[J'Jn'W 
.1>1. 1 ° %.- ..,.-", ""'"I .., 'i' ".;/ "",..,d'
'W u'Vl1mJ'~_:J L~J'I:::~'tl'4fll ~V1'tl_:J LL~:::'tl~~'tl[J ~"lJ'tl_:JVI'tl_:J nu L_:J'W b'WJ':::~U'W1 b'WL~l1lJ'~'J[J "ll_:J_:Jl'W'JiOl[J'W~I~IJ'b1 

% .- ""'.., 'i' .J% ~ " ~I .J"'" .J 'i' ' 'Ci_:J L~J'I:::~'tl'4fll~L_:J'WJ':::~U'W1 b'WL~ 11lJ' V1'Ci_:J L~J'I:::~ b~ LU'W!l'4fll ~V1J'_:Jn~~V1~"lJ'WI~L'U~[J 6-10 'WI b'WL~l1lJ' LLl1l 

~1_:Jl'W~~[Jti'tT_:Jn~'tl~ 1 n ~ ~'tlmJ'1-ii'tl.ru~fln.,.,~_:J 1'WL11l11~t~n'J~;111~i_:J L~J'I:::~1~1'Wm~1 ru~'tJ!l[JtJJ':::~1 ru 

2 n~~l1lJ' 

tJ ~ .Pl , 2006 N. Vigneshwaran LL~:::~ru::: 1~i_:JL~n:::'If'tl'4fll~L~'WJ':::(?)U'Wlt'WL~l?lJ'iOllnmJ'~~I[Jr;i''J 

"lJ'tl_:JLLU_:J1'W~fll'J:::!lru~flnLL~:::~'Jl~(?)'W~_:J~!l~121 1)_:J Pll L"ll~ L;[J~ LL~::: 15 psi ;111~~I[Jterl"lJ'tl_:J LLu_:JLLl1ln'tl'tln.., ., 

~~ILLWW_:J a-(~ 4) n~I[J1tJLU'W<tfl11l1~ D-glucose ~n~~UiiLU'Wr;i''J1~hiLL~:::1'WLLU_:J~'J'W~L~~'tlniOl::: 

n~lmU'W~IJ'"l!'JtIL~~[JJ't~[Jn<tflLU'Wr;i''J;11~:::~I[JLL~:::1-ii1-ii AgN03 ~1J'i_:J~'W _:JltJ~~[Jti'~I~IJ'(ll_:JL~J'I:::~ 

'tl'Wll~~'WJ':::(?)U'W1 t'WL~ l1lJ'~i_:J L~J'I:::~1~ LtJ'W!l'Wll~V1J'_:Jn~~~n"lJ'Wl~ L'U~[J 10-34 'WI t'WL~l?lJ' !lth_:Jhn 11l1~ 

_:JltJ~~[Jti'tT_:Jn~'tl~1 nlPlfi'tl mJ'1-ii'tlru~fln LL~:::rl'Jl~(?)'W~~_:J 1'WmJ'Ln ~tJf1mm 
q ~ ~ dJ 

tJ rl.Pl. 2009 M. Singh 1~rl'Jl~LL~:::rlru::: 1~i_:JL~n:::~1)'4fllrlL~'WJ':::(?)U'Wlt'WL~l?lJ'1'W~fll'J:::LU~

L~~~'W"lJ'tl_:J'tl'4fllrlL~'WtJJ':::~lru50,000 - 100,000 ppm t~[JH AgN03 ~1J'i_:J~'W n<tflLtJ'Wr;i''J;11~:::~I[J n 

<tfll?ll~ D-glucose ;11~'tJl~LUtJr;i''J1~'JiLL~:::HLLU_:JLU'W~IJ''ll'Jm~~[JJ' LtJ~[JtJ~_:J;11tJ~mmt~[JHNaOH 

<tfll?ll~ D-glucose 1~n~~~;11~'tJl~Lu'Wr;i''J1~hi_:Jl'W~~[Jti'~I~IJ'b1i_:JLrlJ'I:::~'tl'4fllrl~'WJ':::(?)UtJl t 'WL~ 11lJ'~ 

i_:JLrlJ'I:::~1~LU'W'tl'4fllrlVlJ'-:Jn~~~n"lJ'Wl!i1L'U~[J 11 - 25 'WI t'WL~l?lJ' 'tlth_:Jhnl?lI~_:Jl'W~~[Jti'tT_:Jn~'tl~ln~~'tl 

mJ'i_:JL~J'I:::V11~m~lru~'tJ!l[Jfi!l~i_:J~::: 10 - 20 n~~l?lJ' t~[Jiin~1nmnn~tJ~mm(?)_:J~~mJ' 

Ag ' + Starch-vAg.Starchj' ( I ) 

CH~OH (CHOH )4CHO + ~ [Ag(sta rc h ) ~ ; + ~ OW ---->CH ~OH (CHOH )4COOH 
( ~) 

+ ~Ag( s ta rc hJl + H ~O 

~Ag ' + 20H - ---->Ag~ O + H ~O (3 ) 

(4 ) 

tJ ~ .Pl . 2009 H. Bar LL~:::rlru::: 1~i_:JLml:::~1)'4fll~L~tJJ':::(?)U'Wlt'WL~l?lJ'1~rl'Jl~L~~~tJ"lJ!l-:J!l'4fllrl 
" " ,

~'WtJJ':::~nru 270 ppm t~[JH AgN03 LU'W~IJ'lJ1_:J~'W n-W1LU'W1J1'J;11~:::~I[J t~[JHm_:JiOlln~'W~\J~1 :n_:Jn~lJ' 
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U.UU 1il-1 V\ 

, ," 
curcacycline A LL~:: curcacycline B ~'Hu'W~'wn~~ cyclic peptide ..;]1~ibvhu'W~(;j~'~')it')~"r1'lLU'W~1:i' 

"l!')t1 L~ilm\n'W,){t1;f~1~1 :i'b1l'l LrtJ'1 ::~'el~fl1 rt L~'W:i'::r;)'lJ'W1 b'WL~ (;l:i'~l'l Lrt:i'1::~1~ LU'W'el'4fl1 rt'Vl:i''1 n ~~~iJ 

'lJ'W1~L~~£1 10-20 'W1b'WL~ 1JI:i' 'elrh'lhn (;l1~'11'W,){t1;fir'liJ~'el~1n~~mr'll'lLrt:i'1:;~1~1'Wrt,)1~ L~~;'W~1LL~:: 
?I 1. 11" J "... ... " -..>l ~ • f.! ..,; ,,~ " " • 0 0 ~ ...Lu'W u lI'lmn'Vl'Oj:::(;l'el'le.J~(;l'el'Wl1rtL'I'W~')mfi'W ~'Wu:i'~1ru~1m'W'el'l"'l1n(;l'el'l ~"Jl(;l'W~'lJ~1"'l1'W,)'W~1n ~'Wn1:i'e.J~(;l 

. "
q " 

~'11'W'lJru~ir'lhJiJm:i'D~n'elth'lLL~t~~1t1 
"
 

':'1 1"% <r ...., 'i' 1"
 "" u rt.P1. 2009 AT. Le LL~:::rtru::: ~'Ci'lLrtJ'1:::~'el'4fl1rtL'I'W:i':::~'lJ'W1 ~'WL~m ~rt,)1~L"1I~'lJ'W'lJ'el'l'el~1rt 

" ,
~'WD:i':::~J1ru 1.000 ppm b~t1H Ag02 LU'W~1:i'~'1~'Wb~t1~:::~1t11'W~1:i'~:::~1mL'el~b~Lilti LYlm111~'el~1'WlD 

[Ag (NH3)2] + LL~:::1~ glucose Lu'W~')1~')iiJ oleic acid Ltl'W~1:i'"l!')m~~t1:i'b~t11~LL~'1~f)LL~:::HL,)~18 

i') b~'11'Wn1:i'..;]1D~ii1t11 b~t1'11'W'){t1;fHLL~'1~f)1 'WmnD~£I'W1~ glucose iJ~~Yf'l ni'Wfl~..;]1~iJ1~Ltl'W~') 

1~,)"lJ1~bll'lt.lH~~nmn~mn'lJTollens reaction cP1'1LL~~'1~'el 

, " 
iJ;'i)L~U'i)~~'el~'el'l1~L'J~1'W1'W1'Wmnn~D~n1t11LL~:::hJ~1~1:i'b11~ Ag02b~t1(;l:i''1..;]rI1~LYl~i'W1JI'el'W1'Wm:i' 

l'lLrtn:::i 

~'1"'l1n'l1'W'){t1~1'1~'W'V11'1Vl~~,){t1~'W1"'lL~'fJn~1:i'1'W ntl~ rt1fi:'lJ1m~:i'(;l 1~LLri ~'el~LL"lJ rtrt1fl.:i'r;11(;l 
" q 

LL"lJ rt rt1fl.:i'~ ~'el'W'elLL"lJ rt rt1 fl.:i'r;1 iJ~~llii Ltl'W~')1~')i'el'el'W b~m'U~1:::'eltl1'1 ~'1 LLtJ'I"JlU~ l'11'11~'1~1~1:i'b1~1:{'el 
" ,

1~~1t1 ii'el~~1'W,)'W~1n1'WD:i':::L'VlP\1'Vltl LL~::iinrt1Qn ~'1L~'elmJ1~1H'I1'W LL~:::~1%n1:i't,)~"r1'1D~ii1t11Vl 

rt')1~i1J~'el'W~'1t11 niJ'eltl~~ ~ LL~:::1~1~m~1 ru'el'4fl1 rt:i':::r;)'lJ'W1b'W~ m~1'W,)'W~1 n 

n1'aLTi~t.I~i'VIfiJl1"'"lI'2l~ ~'J~~b-n 

Lti'el'l"'l1 n~1:i'n tl~ mH'lJ1e:r L~:i'(;liJ rt,)1~~1~1:i'b11 'Wm:i'1~')i~ ~1~'1 ~'el'l..;]1 m :i'Dt''lJDNbrtN ~~1'1 
q q 

L~'el1~iiD:i':::~'Vl~fl1~~~~'W ')~m :i'~~1t1~~ ~ ~'el m:i'tl'eltl1~iJ'lJ'W1 ~ L~ n~'1 LL~:::Ln ~~~Yf'l ni'W1~~~ Ltl'W~') 
q 'U 

Polysacchari de Interm e d ia tes w ith al d ehyde or.>: Cl-h ydro xy keton e g ro up 

00 OOOI~,>OU 1 
"""" 0000
""0,, 0° 0 0.> 
6" 0 0.> o o R-eOOH 

Metal Nanopanicles + R-eOOH 
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uuu (;1-1 ~ 

HC-OH 
II 
C-OH 
IOpen Ring RO-CH 
II HC-OH 
I 

HC-OH 
I 
CH20HR= glucose 

ru~ 3 n1ntJm(N"lI'fl\ln~tr1~~iJ~'lrJt"Jlt~~b"Jlr1mh~ 
.. 'lJ 

HC-OH 
II I 

HC=O (i) keto-enol
 
C-OH HC-OH
 tautomerism
I I 

RO-CH RO-CH (ii) enediol 
I (i) I deprotonation

HC-OH HC-OH 
I I (iv) ~-alkoxycarbonyl 

HC-OH HC-OH elimination
I I (v) keto-enolCH20H CH20H 

tautomerism 
(vi) benzilic acid 

rearrangement

1~ (ii) 

HC-O HC=o HC=O COOH 
II I I I 
C-OH 
I 

RO-CH 
I 

(iv)-
C-OH 
II 
CH 
I 

(v)--
c=o 
I 
CH2
I 

(vi)-
CH(OH) 
I 
CH2
I 

HC-OH HC-OH HC-OH HC-OH 
I I I I 

HC-OH HC-OH HC-OH HC-OH 
I I I I 
CH20H CH20H CH20H CH20H 

, ~ 

1kl~~'\.d'l\l n1~~~'lrJ 111'J"lI!l\lt ~~ b"Jl r1 r1'lfl~~~l':l rJ c;i'l"l~\l ~ ~ rnti'n.!ovl~ m,yl1rJ n ~'lrJ1iJ btJkln~m~kl'Yl1J'lJkl• 

~'lJ~'l~'l ~3Tfi~klrnf (intermediate) ~ bnm{kl1kl~~'Vf~'l\ln1niJ~uulilbiJklm(;)~kl'Vl1J ~\l biJkl~'l~~kl'Vl1J~'l 
.... ""1 .. .... ..1 1 ...I ""~ ..l ~I "" "" .....I "" 

~'Jn 'fl~(;) elm (aldehyde) bb~~ 'fl~Tl'l e1(;)~'fln"Jlr1~rnkl (alpha-hydroxy ketone) "Jl\lblJkl~'l~'flkl'Vl~rJ'Vl:lJm'l~ 

~'l:lJ'lnl~lOl~biJkll1l'J1~'Jef ~'l:lJ'lnl1~~ b~n m'flklHi bb~ ~~ •m,yl1m~ i\lIOl'l n bn(;) rnr1~~ b~ n rn~'flkln'lJ1'fl'fl'flkl"ll'fl"l 

t~'Vf~Lb~'JnlOl~1~'fl'fTl'lr1~~~'lJkl'ltklb:lJrn~"lI'fl"lt~'Vf~ ~'Jkl 'Ei~~1e1~ bL~~ 'Ei~~'l1e1(;)~'fln~~trnkl nlOl~biJ~rJkln~'lrJ 

1iJLiJklmm~kl'Vl1J11l'fl1,J 

o 
II 

R/ C'H 

aldehyde 

!t1~ 5 'Vf~Yf\ln-ikl~~'l~'l~mtJkll1l'J1~'JeD1.~ ~'fl 'Ei~~1e1~ (aldehyde) bb~~ 'Ei~~'l1e1(;)~'fln~~t[?lkl ( alpha­

hydroxy ketone) 
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uuu 1n-1 Vl 

. ... 
'lf1"1"if1 tIL1ftl!l'i 

~1J'-rl'HJL~~m- (Stabilizer) i'jU'VlU1'Vl~1 f'l'k)L-WmJ'i'UfiJ'1:;i'fl'l.Fl1 fiJ':;t1i'Ul.!1b'l.m.J(;lJ' bd'fl~fOl1 n 

, .... Ii' .q.J a ".... Ii' "d' .J "'" a.q .,: d' 
'fl'l¥l1f'1 ~'l.lJ':;(?IU'W1 b'l.lb~ (;lJ' 'l.l'flnfOl1 n~"JJ'l.l1(?1'Vl b'tln~1n1'fl~ ~'l.lJ':;(?IU'l.l1 b'l.lb~(;lnb'tl':l ~'l.l'VleJ':ln~ b~~"JJ'l.l1.JVl1 P11'tl 

~~eJ~ L~i'jmr~~1'l.li'l.l~':l~ ~~ ~':l EJ t1i'~J'l.lb(?lEJfiJ'~1.J"JJ1 ~ bb~':l m~~'fl'l.lJ11 W"l:;'fl~'flrh~ b~ Um-L'l.lJ':;uUVl1'fl. 
1'" 0 ~I q 

~ 

ev d'.Q ~ t 
~

~ '" IV c:11 OJ' CII I Q 

~1J''tl:;'tl1EJ (?IfOl1 blJ'l.lfOl:;(;l'fl~~ ~ 'tl~~1'l.l~'l.leJ':l 'Vl bVl~1:;~1.J nUJ':;uU'l.l'l.l1V1J''fl n 'tl1':l fi'flfOl:;(;l'fl~1.J~'tl~~1'l.l(;l1~ (?I 

~~(;l c;\~J'l.l~~v'h L~'fl~J11l"1 bn(?I mJ'J'':l~ r;i':l n'l.lL~i'j"JJ'l.l1 (?I~L Vlqjf'l.l ~~ eJ'tlVl1L~i'l.l~~':l'tl~Vl1L~~i~~1'l.lYi"'l.l~':l 

'tl(?l'tl~ bLvI'fl'l¥l1finfOl:;i'j"JJ'l.l1 (?I~LVlqj~'l.lfOl'l.lbJ~1~1J'()~m~n~J11~ LL"JJ':l'l.l'tl'flEJ1~1~ LL'tl:;(;ln(;l:;n'fl'l.l'fl'fln~1 i~J'l.l 

~1J'L~~~1J'-rl':lEJ L~~m-'tl~ hJ nfOl:;hJiJ'fl~n'l.lU1L':lrui'l.l~':l"JJ'fl~'fl'l.lJ11l"1 nfOl :;Vl1L~'fl'Wl1 fi bJJ'fl~Ln~ n'l.lhj~11.J1),fJ. . ~ 

L~1~1J'':l~ r;i':l1~ Vl1lJI':l'fl'4Jl1 fi L'fl~ fi~ ~J11~L'l.lmntl'l.l'fl~J11 fiJ':;t1i'U'l.l1b'l.lL1.J (;lJ' LL'tl :;~~ fi~ fi':l1~ Ltl'l.lf'l'fl'tl'tl'flEJl?l 

'fl~L'l.l~1J''tl:;'tl1EJ1~ ~~ mJ'i~ LM1:;iL~'flL~1~~tIhJ1ruLL'tl:;l"1':l1~ L~~~~~ LL~':l~1J'-rl':lEJ L~Um-~ LVI~1:;~~ni'j 

V1'lJ1~~1 f'l'kJ~~L'l.lmJ'i~ LfiJ'1:;i bti'fl~fOl1 nL'l.lnnlHi fi':l11.J L~~;'l.l~~fOl:; Ln (?I m J'tJI n l?l:;n'fl'l.l1~~1EJ n':i1 n1~ 

Growing) cf3cB 
GroWin\ og ~No stabil izer 

ntpo o 
Stabilizatio~ 

Metal nanoparticles
 
Polysa ccharide
 

Vli~fOl1 n~1tl'fl'fl'l.l"JJ'fl~ b'tlVl:::1~~u~ L~ n (;lJ'tl'l.lfOl'l.lLn (?I Ltl'l.l'fl'l¥l1 fi b'tlVl:;J':::~J'l.l1 b'l.lL~ (;lnL~':l 'fl'l¥l1 fi b'tlVl::: 

J':;~U'l.l1 b'l.lL~ (;l)'fOl:;fOl:;bn (?I mJ')'':l~ r;]':l n'l.lL 'l.li'l.l~'l.l (nucleation) LL'tl:;J'':l ~vltl hJfOl'l.li'j"JJ'l.l1 (?ILVI '1J~'l.l (growing) 

i~dnJ':::u':l'l.lmJ't1i'~n ~1':l~ Ln(?I~'l.ln LtJ'l.leJ'tl Lti'fl~fOl1 n mJ'~'fl~1l"1fOl:::'tl (?I J':;t1i'u~ i~~ 1'l.li'l.l~':l'tl~ (;l11.J~ n~1':l1~ 

;1~ tJi'l.lLL~':l Vl1ml ~'flEJL~ Ln (?I n1)'J'':l~ rl'l.lli'flEJ1'fl'4J11 fi nfOl:;i1"JJ'l.l1 (?ILVIqjf'l.lfOl'l.lhJ ~1~1J'()fOl:;n'tl1EJLtl'l.l 

I " "I 

fi'fl'tl'tltlEJ l1i"LL'tl:;(;ln tJI:;n'fl'l.lL'l.lVi~(?I t1i'~'l!'l.lmn~~~1J'-rl':lEJ L~ UEJ),'tl~hJnfOl:;hJVI~{?)i'l.ll?l'fl'l.lmJ'b(;l'fl~1~ vI'flL\1'fl~ 

"JJ'fl~'fl'l¥l1 fi Vl1L~~1~1m fi~~1.JU~"JJ'fl~'lI'l.l1 (?I LL'tl:;fi':l1~1 Ltl'l.lfi'fl'tl'tl'flEJ l1i""JJ'fl~'fl~1 fi1~1~ 

fOl1 n mJ'~ m~t1"JJ'fl~Vi1.J ~1'EJ~U~1V1'tl1EJ1~1'l.l~rorEJ~ ~1'l.l~1i1 n1 J'H ~1 J'91~':ln~ 1J'~ (?I LLN ~~ ~':l 

(surfactant) Vl1'fl b~ ~ b~'flfi:-rlm':l"JJD(?Il'i1~1~~11.J1J'()'tl :;'tl1EJL'l.lr;i':lVl1'tl:;'tl1EJ~L-nL'l.lmJ'l~ Ll"1J'1:;Vl1~~ b~'flVl1 

VI{J1~ LtI'l.l~1J'-rl':l EJ L~ UEJ J' Lbl'i Lti'fl~fOl1 n~1nVI~1dfOl:::tJi'fl~i'j rnrHL'l.lr;]':lVl1 'tl:;'tl1EJ~'l.l'Vl1~LL'tl:;U1~ r;]':l~~i'j fi':l1~ 

LtJ'l.lYi1!'fl~ J'':l~i~U1~''JJU(?li'jJ'1 fi1 LL ~~ LL'tl:::tJi'fl~i'j mJ'i~-W1 L~ 1~1 t1i'~J'l.l'Vl1~Vi 1.J MrorEJ~~ ~'l.lLfOl-W1~1J'~1~fOl1n 
~ ~ 

eJ~ [;lJiru"Y1fi),J'~"JJ1 ~ b(?liJ L'U~ 1 :;n~~ b~~ b"ll fi fi1fhl1i" ~~ ~~roriJ1~Vl1m)'~m~1L1ftl~ ~'l.lLL~':l~U~1n1J'H bbi:J~. ~ 
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LLUU lJI-1 VI 

t 'WlJJ 1'lJ' ~ LU'Wrl'tl'«'«tltll'l1~1~'W'l'W hin n'lmJ~tI'WLLU'«'l~~u1i LL'«:::1'l n1'l:::n'eJ'W Lti'tl'l9'l nl?1'J LLU'l Ltl'lmrlJ''l~~'l'l 

~nimtnrLU'Wt"Jl~'l LL,«:::n~~Yf'lni'W~~'l~'lJ'(lVi'l1 ~ Ln l'ln'l nn'l:::~l'lJ':::~~'l'll?1'J'tl'WJl'lrlt,«~:::J'::: ~1J'W'l t 'WL~ 1'lJ'..	 . 
bb~:::bbu'll~tlrJ'l'l ~ ;'l,!'W1'W'l'l'W~9'tlif9'l b~'tl nH bbU'l bU'W~'ln'Jm~(lm 

Poly saccharide 

Glucose unit 

)	 .rO
 

\ . ;'::-' )
 

• \:;;..;/'-" 'x:...:I~@. - . ­
·F" - -7· ·r·, F"\- F·)<i:..J • <i:..J "":..:I . ":..:I" '\:..:/ . 

~--7	 Hydrogen bonding 
between chain 

) 

us :::9'l nn'lJ'~ mt'l1'Wnnn"lJ'tl'll?1'J1~'J-nn9:::'YiUn'l J'H bbU'l~'l bU'W~'lm~~t'Yi~ b"ll rl rl'l fls~Lb'«::: bnl'l 

uDmm n'lJ'~'«'ltllJl'J1'Wbu~1~ bU'Wl?1'J1~befl~ b"ll'Wfl'W 9'l n~h'J1~~'l bLU'l'!'W~'l~'lJ'(lVi'l~ib~l~i'l~'tl'lwtb~ 

~'tl bbU'l~'J'W~~'lbnl'luDmm nu LU~ Ln l?l LU'Wl?1'J1~'Jof LL'«::: ~ n~'J'W~ L~~'tln9 :::Vi'lwtb~ LU~'l J'"ll'JtI L~ (lm~'l'!'W 

1 'W'l 'l 'W~ 9'tIi'l ~ ~ l'l~ i'l9'l nifn9:::n n'l J'L~'tl n1ijj LLlJ'l ~'l Vi 'l~iJ'l ~ i'l dJ'Wl?1'J1~'J-nLL'«:::~'l J'"ll 'JtI L~ (l tI J'1'W L'J '«'l 

~ ... d' ~ 
'lJ1'lJ:l.J U'6l:::: n1~1 LR'n::::'lJI'lJ1'lJ:I-J 

oi/ .c!iI .c:J tr J g" ~ .cl g" J I e: ~ g" cv 0 oi/ e: 

'W'l'W~ rl'tl~'lJ''Vltf1'l'J L'«tI'l~n l'l'JtI'W~~'«'l'tl'tl nL'Yi'tl1"ll L'«tI'l~ n'tl'tl'W tl'ltl~~'Mt.J'W'Wl9 nn'lm'l'W'l'W~"lJ'tl'ltf1'l'J 

~'W~'l H1JJ':::ttl"lltrti'l LL~tUJ''lnJn'l'«uJ':::ttl"lltr"lJ'tl'l,f'l'W~,f'Wn~'l runu ti'l LL~ n'lJ'u'l~'l1 ijj~~ tl'ltll'lJ''l LL'«:::1ijjVi'l 

Lu'Wm~'lJ' 9'W~'ln'lJ'~n l?l tUJ'~'WU'l'l"llUl'l L~'tl~'l H1'W'l'l'W~9'tI'Vl'l'l~'VlmPl'l~l'lf 

. ~ ~ , 
~'tJMUU'WU'lU'l'W~9'lntfl'lrJ~'«'ltl"llUl'l~'lHuJ':::ttl"lltr L"ll'W trl, nJ':::utl, LL'Yi:::, LLn:::, es. "1'«"1 LLl'lLU'tl'l 

~~ 

~'Jm~I'l~'«~'l'WJ'~"ll'l~LL~:::m~'lnJ,f'l'W~~1~ ,f'l'W~trl9'l(ln~~I'lLu'Wm~'lru~'ln~~l'l U99U'W uUL'U'Yi'l:::1'W 
q	 qj q q 

uJ':::L'VlPll'Vltlmrl'W~~'l 483,899 1Jl'J 9'lmnMI'lJ'nJ' 17,837 rlf'J~'tl'W (~'lJ''J9tJ rl.Pl. 2009 tl'ltlPl'WU~'lJ'~'tJL'VlPl.. 
nJ'~UPltfl'lrJ) ~~I'l,f'l'W~l~~'lnn~'l 2000 l?1'W/rJ'W• 

1'W~'l'Wtn"ll'W'l rns ,f'l'W~ trl~'tl~'l LU'Wt:J~ I'l.rlnJ,.]~nn rl'l (In LL~1~~'lffi'l~'lJ'~~'l rlruLu'Wm~'l nJ~'l n.. ~ 

tUJ'~'tJ1 'W,f'l'W~n nJ'l?ltl:::m'W~~'l LU'WrlJ'ui'l 10 "llUl?ll~ LLrimf~ll'W ~~ ~~'W 1'tlt"ll~ 'J:D'W 1'«:D'tJ ~'J:D'W L~ 1'Vl 

t'tlll'W LyjU'«'tl:::mll'W 'Vl1ttlll'W 'Vl1UtI'lLyj'W LL'«:::'J'l~'W Lb,«:::,f'l'W~6'ln LLrl'« L~tI~'tlrJLu'Wm~'l ru~'ln ,f'l'W~ trl9'l.. 
LU'Wt:J~I'l.rlnJoy]~nrl'J'l~~'l rl'lJ tl'ltl L'U'Yi'l:::nuL~n1'WrJtI L91'lJ L~Utl'l 
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mJU ~-1!n 

~1~~'tln"n!f'W(?J'n'tl·.m,[:;'Vl,[':l..:lfllfil'[rufl"tJ ((?J1J'1::nIfllm:;'Vl,[':l..:lfllfil'[rulJ'l'n 'tl,j1J~ 265 1'WJllrte.J'W':ln s.)
• 'lJ	 .~ 

'W~Lrtfll~I'[mL1.i..:lLLtlm.h:;IJl'Vl1~ 5 tJ'1:;IJl'Vllii'..:lii' 

"r " "I 
1)	 -Wl'W~ii11JYieJl'Wn,[,[~%~IL~'tl \!f~It1~..:l -Wl'W~YieJl'Wm'[~%'VnflLiOl'tlfh~ ~L~'tl11~~ \!f1'tltIL'tl'nYi 'tlrh~ 

'lJ 

1(?J'tlrh..:l\!f~..:l LL~:;iJJeJl'Wm:;Lj':l'Wn1'1LLtin'tl'tln\!f1'tlL~~L~lhJ~..:li~n~'W1(?J~n L~'WLLLJlnl'[uf1Jm~lru~'W• 
L'WtI L(?JtI mruu n\!f1'tl L~~~'WL 'WtI LlP1t1tfl'W~~1J~ eJl'Wm'1~%~1 L~'tl,f'W6..:l ~1~I'1mL1.i..:l U1LU'W~I~U'1::IJl'Vl 

~	 ~, 
LLti n~'WL'WtI'tl'tl n1Jl..:l~':l'W LL~:;-Wl'W~~1J'llU(?J"tJl (?J~'WL'WtI~..:l LLti n~'WL 'WtI'tl'tl n Ln'tl1Jl1'l\!f~ (?J 

.o:::S	 0'" .Q..J , ~IJ.J 0'" iJ ~ , a .c:::.I 

2)	 'W~e.J..:l \!f~It1n..:l 'Wl'W~(?J1J'Vle.Jl'Wm,[~':lfi"J.J1L"ll'tl'Vl,[:;L\!ftl'Wl'tl'tln(?J':ltlm'1~':lfi~l..:l 1 iOl'WLU'We.J..:l LL~:;'tl1iOl~ 

n1n~~i ~ q~'W 1 ~ LU'W'tl..:l f'1u'[:;n'tl1J"tJ'tl..:l'W~~n ~':ltl n1~ 

3) 'W~~'W \!f~It1~..:l Jl'W~ ii11J~,[:;L\!ftIL'tlIJI1JI..:l ~':l'W'tl'tl mL~:;'tlliOl L~~Jl1911~\!f1'tlt)19l n~'W1(?J~ LU'W• 
r, I "" i/ a1"

'tl..:lrtu1:;n'tl1J"tJ'tl..:l'W~'tln(?J':ltln lP1 

4)	 'W~i-i'WlU \!f~It1~..:l CJ~~nruOY]~1~iOllnnl1-W1L'tl1'tl..:lrfu1:;n'tl1J'n'tl..:ltfl'W~~1J~1 e.J~~n'W1iH'jin't'tru:; 

L-rl'WL~m n1J'W~ Lrt LL~ :;'tl1iOl L~~tfl'W~~1J\!f1'tlt)~ n~'W 1(?J~ LU'W'tl..:l rfu1:;n'tl1J"tJ'tl..:l'W~~ n ~':ltl n1~• 

L~'tl1~1':l1Jf(?J LL~ :;(;]1..:l n1Jt)(;] qU1:;~..:l rf'n'tl..:l..:ll'W';j~t1 1'W..:ll'W';j~t1ii'~I~1 "Jl 'W~ " iOl:;\!f~It1~..:ltfl'W~ Lrt~1J 

~eJl'Wnl1'll.h L~'tl'llU(?J L~~~'WL'WtI LlP1t11JJi1n1nLLJl..:l1~ n~'W ~ L'Vh,f'W 

'e!.:I ~ 'l..I ~ n'el'U"iI 'e!.:nfI'U3JLfl 
~	 ~ ~ 

-Wl'W~oJ'Wu'[:;n'tl1J ~':ltl~I~L~~ji)'tl ~1'[~:;mtl1 'W-wl1~ L"1l~;"1J'tl..:l Lrl~'W LL~:;rt'tl~~'tltlC?l'JJ'tl..:l1 'JJ~'W rns 

LLtlnrt'tl~~'tltlC?l"tJ'tl..:l1'JJ~'W'tl'tlniOllm~~~'Wfll~I'[m:h1~~It1~':ltlnln"1l'W'Vl1Yh4~rt':lI~Lf..:l 5000 - 10,000 9 ~..:l 

LU'W.ff'W(;]'tl'W~ 1'"'qj1urn ,[CJ ~ ~"tJ'tl..:l CJ~ (;]nru-niOll n'W~\!f~ lt1'1lU(?J L-rl'W'W~yd'tl..:l~'WL 'WtI LL~ :;';juTI..:l rt1~ t(?JtI~':l'W~ 

uu n'tl'tln~lii'iOl:; bftl n~1 f)1~\!f1'tl f)1~'W~ ~'liOl :;u'[:;n'tl1J ~':l t1Jl LL~:;1"tJ~'WLU 'W'tl..:l rfU'1:;n'tl1J\!f in L(?Jtli1tu1m'W 

1J'W~I~':ltl L~n'iJ.'tltl ~1\!ff'l.JnI'1LLtln1~ L'll~;"tJ'tl..:l Lrt~'W'tl'tlniOll n Lyj~~'W,f'Wtlln n~1 n1'1LLti n1"tJ~'W~ln LYl'11:;1~ 

L"ll~;"tJ'tl..:l Lf01~'W,[':l~ l?i':l n'Wtll nn~ILL~:;~:;~1t11'WJ11~~n~11"tJ~'W ~..:l ~'tl'lH n1n"ll'W'Vl1Yhr.l~ 16,000 9 i'W1u 

~..:ly'h1Wlli~n~:;n'tl'WLrt~'W~':ltln11Uf1JpH 1u~ 4.6 LU'W%~UtI~n'W~lnn~1 
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LL'lJ'lJ j;]-1 (?) 

Cream 

Skim milk 
(plasma phase) 

", , 
~~"JI'tl,ml~if'lJLLrJ nL~~1"JI~'lJ'tl'tl n91 mJl'lJ~ Lt1'tl~91nl"J1~'lJii ~'Jl~'\i!'lJl mJ'lJ1J'tlrJ n~1'lJ19~~'tlrJ'tltl.. 

(JU1l10 ttpJ/classes.ansci.iIIinois.edulansc438IMiJkcompsynth/rnilkcomp..Jlrotein.html) 

.J CI ~ ~ q .elI.J :''1~ :' .:I I

L~~'VILU'lJ~'W~:;~lrJ1'lJ'lJl'lJ'lJ9:;~hhlP1'lJ'VI~:;mrJ'lJ1 ~ln, 'lJl1P11~ LL~ ~ 11P1~ LL~:;Ln~'tl"JI'tl~ 1~'\i!:;1P11~ 

1 ~:;~lrJ'tl~ lC9lrJhh~'lJ~~:;~lrJJ11cl1L'\i!~lif~ n9:;iivr'lJfi:;llni~1~ ~LU'lJ~l'lJ'J'lJ~l n ;111~"JIln!9l'J LU'lJn'tl'lJn~~ 

LL~:;~:;~lrJ'tltl1'lJJ11cl1 ~~ ltJ~~'lJL '\i!~ltf'\i!~lrJ"llUC9lii'\i!1Jl~ n1~';i1~1'lJ 1'lJh~ n1rJ"JI'tl~ LL~l~ L"l!'lJ a-lactalbumin 
'lI 

" , 
ii ~'J'lJi'J~1'lJnl~l~ LMl :;oJLL~ n 11P1 ~ ~'J u immunoglobulin 'W'lJiiU'VI1Jl 'VI 1'lJ~:;UUllij ~~ rl'lJ 1 'lJ"JI ru:;Vl.. . 

, , " 
lactoferrin LL~:; transferrin ii'\i!1J1Vl1'lJm:;u'J'lJn1~~:;~~fillP1L'\i!~n1'lJh~n1rJ 'tltll~hn1P11~ L~'tl'tltl1'lJ'lJl'lJ~. .. 
hh~'lJL '\i!~lifnl~lcl1iivr~ ni'lJn1~;11~1'lJLU'lJYi Lf'll~~n LLl?1ii'\i!1Jl~ LU'lJ~l~m'\i!l~1~~ n1~ r;i'tl'lil Lvh,f'lJ un L~'lJ.. 
L~rJ~ LLl?1 L'tl'lJl"ll~1Jl~"llUln~U~ ~~;11~ l'lJr;i'tlltJ L~'tl'tltl1'lJJ1'lJ~ ltJ~~'lJ1'lJ'lJ~Vl ~:;~ lrJ 'tltl1 'lJJl,f'lJ9:; b1-rJ n.. .. 
blnrJ~:l ..dl whey protein ~~Fi(9ILU'lJtJ~:;~lru 17% "JI'tl~m~lrultJ~~'lJ1'lJ'lJ~vf~'\i!~ln 

, s- " 

~1'\i!~1J L~~Vl LU'lJl~ L"ll ~~"JI'tl~ L~~'lJ'W'lJ 9:;m~N~'fl~lllrJ1 'lJ~l~i'lJ ~'tl ~~ n"JI'tl~ LL~ ~ L~rJ~ 

~'tl~L~lP1'\i!~lrJ 1 ~~n9:;'tl~1'lJl~L"ll~~tl'tlrJ~ii a -s1-casein, a-s2-casein LL~:; f3-casein 'tl~ 91n,f'lJl~L"ll~~ 

tl'tlrJ'\i!~lrJ 1 flW'l:;~'J~C;\'Jn'lJLu'lJl~L"ll~~"JI'tl~L~~'lJllnrJii K-casein ~'tl~~'tl1J~nVl'\i!~~ K-casein ,f'lJ9:;tr'lJ 

, " " 
tJ~lrJVl~:;~lrJ'lJl'tl'tlncl11'lJ'lJ'tln"JI'tl~1~ L"ll~~Yil1~1~ L"ll~~~l~l sn n~:;91rJ!9l'J1'lJ'lJ11cl1 L~~'lJ'VI n"llUlnl~lcl1ii• 
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LLiJiJ (;l-1~ 

Casem Micelle 

o submicelle 
• calcium phosphate 

'lr"'­ k-casein peptide chain 

'1ucV19 LL~(;)'l~'J'WtI~::;n'elU''el'lhJL''ll~~''el'lLr1~'W b(;)tI'Ol::;~ K-casein ~'el~~'el~'fltJJllt1'W(eJnLL~::;~l~L"ll~~ 
u ~ 

tJ'fltlVl~It1 1 'ei'W'el~Jllt11'W b(;)t11'Wl~ L"ll~~tJ'fltl n"'l::;~ t:J~ mJ'fl'l LLr1~ L8]t1~~'el~ L~ l?lVl~It1 t:J~ n'fl~Jllt11'W 

~. . .,.. "".J' "" .1
I.JJL"ll~~''el'lLr1''ll'W'W'''l::;~''Wl(;)u~::;~lru 130 - 160 nm 

(ltl"'lln http://www.milkfacts.info/Milkcomposition/protein.htm) 

"'llnJl'W;J'flJ;d~ USDA Nutrient Database (USDA tJ'el~I"'lln United State Department of 

I	 " "" 

Agriculture ~'l fl'fln~::;'VI~'J'l LnM(;l~''fl'lU:i'::;L Y1Pl~V1fJ'flL~1n1) 'fl'lf1t1~::;n'fluVlin''fl'lv.l'W~ br1fl'el V.l, V.ll?ll~ 

LL~nbl?l~. l"iJ~'WLL~::;h]~~'W r;)'l~LL~~'l1~1'Wl?lI~I'l~ 1 ~'lm~lrun~(;)'fl::;m'W")jU~~1'l1 ~LU'W'el'lf11J~::;n'fl1J"iJ'fl'l 

bu~~'W1'W'W~l~bb~ (;)'l1~1'Wl?lI~I'l~ 2 'W'fln"'ll nti'tT'l~~ l?llii'Wbb~::;bLifill?l'fltJ1 'W,fl'W~ bu'Wm~1 rub~ nU'elti r;)'l~ 
q ~ 

bb~~'l1~1'Wl?lI~I'l~ 3 bb~::; 4 

, " 
,"h b'U~t1 Lyh,r'W LYi~I::;'W~ br1 bb~~::;~'Wfin"'l::;iJm~1 ru'el'lf1u~::;n'elU bbr;1~::;")jU(;) r;11'l fl'Wlu b~ nU'elti 

," 
q	

" 
bb~::;'fl1V11~Yl1.jj1'Wn1n~tI'ln ~'l t:J~ 1i'lm~1 ru'fl'l f1u~::;n'elu1'WV.l'W~ ~'JtI b-rl'Wfl'W 

'eI..:I ~ U'1:: n'eI 'lJ ~'J~ (ni'~) 
OV 

'WI 88.32 

~1l?lI~LL~nbl?l~ 5.26 

1~~'W 3.25 

bU~~'W 3.22 

lPl1rl..:lcV12	 bb~(;)'lm~lru~l?llii'W")jU~~I'1 1 1'W,fl'W~ 100 g U'li~11'W'W~iJm~lru~l?llii'Wu'fltl~lm~'fl 

bYltiU flum~1 ru'el'lf1u~::;n'eluVlin b-rl'WbU~~'WVl1'ell "iJJJ'W bbr;1il?lrJb-rl'Wr1'WVlffibr1 n ~'el'ln1~~ l?llii'W 

bu'Wm~1 ruhJ~ln'el~bb~'J ;J'eli'l bfIl?l'fltJl'lVl~'l n~'fl Lb~'W~ br1"'l::;ml?llii'W~~11"1C1JVI~It1'U~ bbl?l 
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LLUU (JI-1(Pl 

'W~Lrl1JJm[;jli1'W C 'el~L~tI*~'el~~~ln Thai Recommend Daily Intakes (Thai RDI) L~tI 

r1n..l:;'el'4m'~~n1~Yl~I~n..lln1nL'iMMf1ruriTVn\ltn"n'Wln1~'lJ'W'tl~ln"lJ'el\l'elTVI1~ 2538 

'£l.:JfitJnn'eltJ JJ'J~ (mg) 
lli q alcv 

~JJ1CU'VIU.'U:::'U191'el'J'U*(mg) 

';jmij'W A 0.028 0.8 

';j[;jli1'W 81 (Thiamin) 0.044 1.5 

';jmi1'W 82 (Riboflavin) 0.183 1.7 

';j[;jli1'W 83 (Niac in) 0.107 20 

';j[;jlij'W 85 (Pantothenic Ac id) 0.362 6 

';jmi1'W 86 (Pyridoxine) 0.036 2 

~[;jli1'W 812 (Cobalamin) 0.00044 0.002 

';j[;jlij'W E 0.06 10 

L-WL~[;j 0.005 0.2 

';j[;jli1'W K 0.0002 0.08 

"	 " (;I1'n.:J-Y1 3	 LL~ ~\lm~1 n..lLLffill?lt'W~I'W~ 100 g ~:;L~'Wtjl t'W~I'W~iJLLrI~ L:ntJ~ LiJ'Wm~1 nnn n L~mn'el'lJ 

i\l~~ ~'"l :;m.n'Wnh'el\l LLrI~ L:ntl~-W'el~ L~ (;l Viit~t'W,fl'W~iJm~1 n..l~'el~~'elt'~~\l (;l1~1tJ ~'JtI 
'U 'U	 'U 

'£l.:J fitJnn'£ltJ JJ'J~ (mg) 

Copper 0.011 

Iron 0.03 

Magnesium 10 

Manganese 0.003 

Phosphorus 91 

Potassium 143 

Selenium 0.0037 

Sodium 40 

Zinc 0.40 

Calcium 113 

~1'Wn\lI'Wri ru:;n~~~ n1~'ell~lnL~:;tI1 (su .) "JI'el\llh:;L'Vl fll1 'Vltl n1~';j LrI~1 :;'\fLL~:;rh~'W~~1 (;l~Jl'W"lJ'el\l 

,fl'W~1~L"ll'Wn'W~\l~It1~:;L~tI ~ t'W(;lI~I\l~ 4 
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U1JU 1?1-1l?l 

lPl11'NcV1 4 ll'Cl (;)~'il~rf1J~:;n'Elul'tJ,f,1'W~ m~WIl?l~,jl'tJ"D'El~~'nrn~I'tJfH;U:;n~~~ n1~'Ell\nm'Cl:;m"ll'il~ 

1J~:;l'Vl Pl1'Vltl IOl:;l~'tJ~I~Il?l~,jl'tJJ'tJrh~'tJ(;)m~1 CU'il~ rf1J~:;n'ElUlll?i'Cl:;"DU(;) 1~'El~.h~ n~l~ 1 

.,j .1 1 "",:' 'i' "' .. "''''' 0" ' . 1
l'tJ'il~IOl1nlJ~:;l'VlPl 'Vltl~'tJl'tJ~IOlI n ~f1~'ClltiY/'tJfj ll'Cl:;t1~~n1~'tJll"llI'tJ~ tNIOlI n j;]1~lJ~:; l'VlPl~1, 

'e!·:lfhln n'flu WJ'a (g) 
o~ 

'tJl 87.0 - 89.5 

,fll?lI'Cl~'Clntl?l'Cl 3.6 ­ 5 .5 

1"l1~'tJ 2.5 ­ 6.0 

t1J~~'tJ 2.9 - 5.5 

lOll n~'El~'Cl'il~ rf1J~:;n'ilu;~~1~ mh'J~1 IOl:;l~'tJ~1 ~1 hlf,) (;)t1~,flll~'J 'El~ rf1J~:;n'Elu~'J'tJ1~ '1l"ll'il~ 

'tJ~~'J'tJlll?i lll'tJ'Cll~'il1~I~i~i'tJ 'ilrh~1fnm~ 1'tJ,fl'tJ~tJ~ n'il~ rf1J~:;n'ilu~'tJ 1 ~hl1-rl'Cll~'il1~I~1J'tJ'il~ ~'JtI 

l-rl'tJ tI 
~ 
~t1, uu f1Vl ~t1Ul~"JlU(;)ll'Cl:;l"Jl~'ifil~ n1t1"l1'El~ mJtf11J'tJ'ilU 

~ 
~'Jtll-rl'tJn'tJ 'El~ rf,J~:;n'ilu lmhUt(;)t1-i'J11Jhi 

Lll'tJ'el'tJ{Jl~1u LL(;)IOl::~'El~ mUf1~hl1~ Ln'tJ~Il?l~~I'tJ~ rh~'tJ(;) 1~ L~'il f1'Jl~1J 'Cl'il ~Jit1"l1'El~ ~u1tn f1 ~~ m::'Vl ~'J~. ~ ~ 

'Cllfil J'CU'Cl"ll n1~ ~~~'Elrh~'tJ(;)~I~fu'il~ rf1JJ':;n'ilU L~~:hU1~ LL~b, 

11tlJ,"1 L~!J'Jn'lJJ1u~ LftLu'iJnL'VI At'VI!! 

1'tJi! 2535 f~Ul'Cl1~L~~ L~'tJ~ltJ~nL~n1'Vltl~I'tJ'J'tJ~ln t(;)tIL'UY/l::l'tJ"ll'tJU'Vl ~h11~fu'CllJ''ill~IJ''ilUl~ 
q .cScv:: 

~ 

q J q cJ".J Goo' '" 

Y/'il LY/t1~ IOl~IOl (;) l?l~ "tf1N n1J''tJ~tJ'~ LJ't1'tJ" "lI'tJ t(;)t1~IOl (;)1JJ':;'Cl~ f1'VllOl::t1m:;~U'Cl"DlllY/"lI'il~1JJ'::;"Jll n m'Cl::;n1J'Ml~, , 

J'1t11~1 ~ uri Lm~l?lmJ'l 'tJ1JJ'::;L'VlPl ~'JtlnI~~ (;)i'il LL'Cl::;LLIOl nr.ilt1,fl'tJ~l~L~mrn ~t1'tJi'tJ'El'4Ul'Cl t1~1JJ'::;(l~ ~nMI
 

~~'Vj n1 i'tJ ~~Y/U~1 nnlJ''VjlOl1l?l Ln (;)~'tJLll'tJ'ilUl~~1 n ~~LL(;)iJ LLJ'ml'il~ tf1N n1J'IOl'tJt1~t11Ol'1';'tJ~~l1J lLUU"lI'il~
 

n1J''VjlOl1{Jl'Cll~IJ'(l'Clr1J1~'ilUl~f1il'J1 ~~U
 

1) rn nnu f11\f'J f,)'J ~~It1t1~n1J'~ ~'El~r.il tI L~'tJn'tJ L1J 'i'lll~ LLrl ~n~I'tJl1Oli~ msus ::;1JJ'::;~I'tJ~l'tJl'WLLI?i'Cl::;
 
~ 

.ff'tJUI'il'tJ ~~r.nnnlJ'~IJ''JIOlY/U~ln ~'tJlYltl~ f1i~ l~m~~(;)MJ'~ll~tf1N n1J'~'Cl~11Jt1~ lnMl?lJ'mlOl1~1 ~'J'tJ~ 

2) n1J'i'J LL~::;~'Elf11JJ':;3-J'Cl ~~It1t1~ n1J''l!(;)n'tJ1~'i'l'J~WW1"l1'il~ ~ L~li'J~1JJ':;~'Cl~'V(fil'tJnlJ'~(;)~IWWlt1 LL~ ::;n1J' 
~ ~ ~ 

o J 1 '" ... d .J' "I "'" "" , • 1 "I J ~I "" :; • 1 0

n1~'tJ(;) L~'il'tJ "lIIOlI nY/'tJn~I'tJ"lI'El~J',j'Vll'il'il ~ vnu ~ L"lI1 J''J~lJJ':;~'Clntl ~(;)~It1~'tJ~ LlJ'tJY/ LPlM n1nl'JlJJ'::;~ sm 

1~f,jUl'Cl ~'il~r.ilt1 ~'tJf11'tJ~tJ'~ ~t1'tJ~hml f11~LLY/~ n~l1Jn ~ ~'J'tJnlJ'~'il f11JJ'::;~'ClYill~~'Vli~(;)i'ilLL'Cl:;~(;) 

~IWWlt1~'J'tJl ~ n ian uri ~tJ~ l?l~~~nnu'l!n m J'L5j'El~
.~ ~ ~ 

3) n1~~~tJ~U1i'El'tJ~tJ~IOl1nl?il~1JJ':;l'VlPl3-Jl'Cl::;'Cllt1,fl lti'El~IOlln'tJ~tJ~IOl1nl?il~1JJ'::;l'VlPliJ~If11 6 - 7 Ul'VlI?i'El 
~ 

nt~nf~ 1'tJ"lICU:;~,fl'tJ3-Jl'tJ1JJ':;l'VlPliJJ'If11'ilri~ 7 - 11 Ul'VlI?i'ilnt'Clnf3-J Yill~n1J'i'il'tJ~tJ~IOl1nl?il~1JJ':;L'VlPl 
~ 
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LLUU a-t (;l 

L~'ellfl~'tl'\J1~ mlLn'l:!'(;Imnih.\rel'\J~,) n 

4) m~~ ~ t.J~ (;I~ lfl~'\J'Vl'\Jm)'t.J ~ (;I'tlth-:lhiQn ~'tl-:l ~':ltJm)'~ lflmJ'rl'JU '1~ LL~::(;I)''JiOl~'tlU v'h1~ LnlflUqJ~')'\J~ 

'W1~'1ru.n')'Y'/ L-rl'l.ln'whJLtiU'l.l~1~1'l.l~o.m1Jn~')ntj') 8 °C ~~-:lm),'Y'/,)~LiOl'elfh~11 v'hl~LnlflU'1J~,)'l.lUIJlfl 
' .. "" 0., ......."1' .,-!I J qq 

rnsl~ (;I)''JiOl~'elULrl),'el-:l~'elLL~::m::U'J'l.lmJ'YI'lL~ m lfluqJ~') m)'u'l.lLu'el'l.l"lJ'elWll'elLLUrl'VI L)'tl 

5) m)'tl~'tl~tl'l.l'l.l~ ~'eln1n~~~,)),~'l.l1 ~iinmQntj')tJ~~L~')1tll'l.lJ,)'l.l~L~'el~1fl~'l.l'Vl'l.l tlflmf'J1tlti~'elmJ' 
"" ,

t.J~~U,)L~') 1tll'l.l'l.l~ iOl,) mr'\J'el,)iOliOl::t.J~~~')ro,)-:I"JlU~ L;')1tlL~'elv'h 1~ L~5j'el'l.lfiutj,)'l.l~hi Qn L~'eliOl,)-:I L-rl'l.lm)' 

... 1.'1 "" d ., ... l' .J "" ... J "" .... d • ~ 'i'. I q "" "" 
L(;I~LLu-:l~),'elm'J L'Y'/'el L~'l.l,)'l.l~'VIClm"'l'eliOl,)-:I ~"Jl'l.l"lJ'l.l mn(;l~ L~~,)~'l.lL 'Y'/'tl~~'elnu)'~') rubU)'(;I'l.l ~)''tlm)'L(;I~.. .. 

1'l.l~~~'tl-:l"1l'el-:l ~u1tJm m)'tl~'tl~tl'l.lJ,)'l.l~C1'eltj,)Lil'l.lury~')~rel'l.l(;lntl~-:I ntj,)uqJ~,)~'\J1 ~') n L~'el-:l"'l'l n 
• I • I 0"::: 0 .,... a .... q 1 '1....... .J 1....... .... q'i' .J
 

m)'u~'el~u'l.l'l.l,)'l.l~'l.l'\J~,)~,)),Cl'VIrl L~L~n'l.lm)'tl'l.l ~ lfl)'u~'))'m~'l)'m~'VIrl'J),iOl:: lfl)'U LL~::tl-:l~ L'elm~'VIiOl:: 

1~~u~,)),~'l.l1 ~'el,)iOl LU'l.lrel'l.l(;l),,)tl LOi'tli'l-:l mtl1~ 

n')~(;I~1~~~~~~1~L~~~~L~J1~~ 

m )'(;I)''JiOl ~'elul1h.J ') ru ttl ),~'l.l1'l.l,f,)'l.l~,f'l.l~,)~'lHllJD'3fin ')n~ m nWlUm )'(;I),'JiOl~'elUm~') ru ttl)'~'\J 

1'l.l'el,)~,)),"JlUlfl~'l.l11~ L'Y'/n::tlfltlvf'J1tlLL~'J m~tl~'el~tl'l.lJ1'l.l~~v'hl~~t.J~(;I1~rhh~')n~'l.lL-rl'l.lmn~'eliOl,)-:I 
" ,"

'l.l~"r'l.liOl::v'h1~m~') ru ttl),~'l.ll 'l.l'l.l~\J'tltl~-:I ~-:I~'l~,) nii m)'tl~'el~tl'l.lU,)'l.l~niOl::v'h1~'VI)'')u1~'Vi'l.lYi 'tlth-:lhti 

(;I'l~'3fim)'~ii'elu,f'l.l 6-:1hiii'3fin '))'11f1 L~~'l ::~~ L~tl-:l'Y'/'el~iOl ::v'h1~ ~u1bJl rl~ ')~,)),Cl (;I),'JiOl~'elUtij~') ru ttl)'~'\J.. .. 
" 

l'l.lu,)'l.l~'elU,)-:I~')tl 11~~'Jtll'i'JL'el-:l 

Kjeldalh method 

'3fi"lJ'el-:l LiOl ~ lfl') ~ i,f'\JLU'l.l'3fi~')m~') ru t,J)'~'l.l ~ii rl'J ')~ L~ tl-:l (;1)'-:1 U~:: rl'J') ~ LL~'l.l~ ') ~-:I LL~ ::1~ ~U.. 
m)'~n'l:!',)~,) LU'\J'elU')-:1 ~ ~-:I dJ'l.l'3fi~Q nHl'l.l~'el-:ltl~illim),~~U'VIlfl~'tl'J'el,)~,))'vf'Jt~ n LL~::1~~un '))'tl'el~ ~utj') 

Lil'l.l'3fi~1~~') (;I)'~')'l.l~'l n~~ lfl','jfi~~-:ll 'l.lUiOliOlU'l.l m)''3Lrl)'')::im~') rutlfltl%"Jl'el'l LiOl~ lfl')~ii'\Jl~~~n m)'l'\J
d.8 • • 

" " 
m)'v'h1~1'l.lt(;l)'LiOl'\Jl'l.l~'))':S'\J'VI1tJ'Vi'l~~~'el~1'l.lltlLL'el~ t~ Liltl~-n~ LyJ (;1[4 31 "'l,)n"r'l.l~'l~')m~') ruLL'el~ t~ Liltl~ 

1'tl'el'el'l.l~'Jtlm)'1 'VI L'VI)'(;I Ld'el1~m~') ru1'l.lt~niOl'l.lLL~'J~-:I rl'l'l.l'Jrun~u Lil'l.lm~') ru ttl)'~'l.l 
" l'i'lLLLOiLiOl~lfl')~~l~f11f1~'\J','jfim)''3Lrl)'')::iu~')ruttl),~'l.ll'l.ltJ 1883[441%"Jl'el'lLiOl~c;)')~,"n1~~um)''W[ij.J'l.l'l 

~,)'ilU,)'l LOi'il Lti'il'l[43l 1'l.ltriOliOlU'l.lm~'3 Lrln ::,"m~'l ruttl),~'l.l"lJ'el'l LiOl ~ lfl'l ~ '"~') ~') ),Clv'h1~tc;)tl U'eltll'i'J'elU,)'l'l.l~• 
m~'lru 5 n~~1'l.lmwr~Yh1m~~~'l.l 30 mL tlfltlii CuS04·5H20 0.09 g, Ti02 0.09 g, mC;)~L~tl1n 0.01 g 

LL~:: ~S04 2.79 g LU'\Jl'i'Jd'ltl~mm LL~::l~rl'J,)~~'el'l.liOl'l.lL~'ellflLU'l.lL'J~')tl),::~'lru~~-:li'Jt~-:I tl~mm~ 
"" J ?I .... J

Ln lfl"1l'l.lLu'\Jlfl-:l'\J 
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uuu l'I-1cP1 

Protein + H2SO. ~(NH.)2S04 + CO2 + S02 + Hp 

'"l'lmfkltJfum~'Wl)'Hhukl50.00 mL ~')mf'lniklln'tlm~1J')kln'l)'rJ'elrJikl~(?I ll~blltl'l~'l 25.00 mL• 

(NH.)2S0. +NaOH~NHJ+ NaSO. 

ll~h~'1~'lbtJnikll~'elllrJmmll'el~~lUrJ'el'eln~'l'"l'ln~'l),~~~'lrJ~l~~'el L"JrJL-Dn)'(?Iu'el1l"l 4% (w/w) l1Jkl 

l?i')4'u ll'el~ L~ lUrJ ~(?IYi'lrJ~ 'n'(hn'l),bVllqMr;] l~'el~'lm~'l rull'el~L~ lUrJ ~,)rJ m(?lbeJL(?I),l"l~'el1l"l ll~~~'lm~'l ru 

ll'el~ L~ lUrJ~b~lJ'lI'1'lkl,) ru~'lmlJ'l ru'el~r;]'ellJb klL~m'"lkl1 kl~'l)'l?i,)'elrJ'l'l L"JrJm~'l rubklLr;]n'"lkl~~'llJ'lHl~'llJ 'l 

l'1'lkl,) ruluklmlJ'l ruLtJ),~klb~ ~,)rJ rnrL-D Kjeldahl factor ~'1 ~'el-err;]),'ll:,hwL(?IrJlJ,) ~"ll'el'l LtJ ),~kl~'ellJ,) ~ 

bklLr;]n'"lkl ~'11klm~'l),"lltl(?l~'l'l 1 n'"l~ij Kjeldahl factor ~'l'lnklbtJ L(?IrJ,f'lkllJLl"l'"l~ij Kjeldahl factor lVl'lnU 

6 .38 ~\lmlJ'lruLtJ),~kl~b~'"l'ln%"lJ'el'll'"l~(?I'l~mf'"l~~rJn~'lCP (Crude Protein) 

, ~ f.! ?I.d.J~".,..d ...J':'I.f.! ?I.d .f.!g

'el rJ'l'l b~n r;]'llJ 'J ~~ 'l rubu j'r;]klVl ~'l b(?l'"l'l m fi"lJ 'el'll '"l ~ (?I'l svuruum j'~ 'lu ),lJ'l rub1J j'r;]kl'"l'l n1J ),lJ'l ru 

buLr;] j'l'"lkl ~'1,fkl~'l nij ~'lj'~klVl1~~kl 1 ~'1ijb uLr;]n'"lkllUkl'el'l f'ltJ)'~n'tlutJkl'el~1kl,f'lkllJ n'"l~l1'l1~ l'1'lkl,) ru 

mlJ'l ruLtJ~~klb~lJ'lmnkl'"l1'1~'1~ In (?II) n~ ~ n'lH1JtJ~'ellJtJklllJ~'lijkl1 kl,f'lkllJ In'elU l"l. fll. 2008 1klVl'l'lll"lij 

I)Ll"lj''l~oJ~rJn1klLr;]j'L'"lkl'"l'ln'el'lf'ltJ1~n'elU~kl~'l NPN (Non-Nitrogen Protein) ~'elYi'l1~1''1'elrJ'l'l~~'1 n~'el NPN 

,fklhJ~'llUkl~'el'lln (?I'"l'ln n'l1tJ~'el~tJkl ll~'el'l f'ltJ1~n'elUU'l'l"lltl"J~ij'el~1 kl,f'lkllJ lUkltJn ~ l"llklfJ ~rJ ri1 ~ NPN 

l"llkll~rJ')nkl ~'l~fUm~'lruLtJ1~kl~LlYl'"l1'11klkllJ~'1ln(?l'"l'lnn'l1~'l CP lJ'l~U~,)rJ NPN ,fkl'"l~~rJn~'l TP 

(True Protein) 

I)fi "ll'el '1l '"l ~ (?I 'l ~ tf,fuij l"l,) 'llJ l ~ rJ'Ill ~ ~ l"l ') 'llJ II~ u~ '1l1'l1~ ij l"l,) 'llJ l ~ lJ 'l ~ ~ lJ 1 un 'l )'~ 'llJ 'l1 ~ 1 kl 
" 

~'el\ltllJu~ n'l)'~fUVl (?I~'tlU'el'l~'l), ll~~ijiklr;]'elklenU~'elklll~~~'lnl"lij~ l~m~'el'llUkl~'lkl,)kllJ'l nlnkln~'l'"l~ 

~'llJ'll1'llUkl"1l (?IVl (?I~'elu~'l~fu~u1tn l"l. " 

I·j· . . . : :- ~ ' ,c ­~ 
• •. . \ 1,,/ ­. I'~ ' ~ 

:-,..'. LO _. • { ~ 
rs: ~. .'::o.'lo;;:;;;;: ~ 

..'i'l..l~ 10 a) mffi'elrJ~,)rJn1(?1i~yh1l"l b) mmiklll~(?I'In'l1I)ll"ln~im~'lruLtJ1~kl~,)rJ%"ll'el'll'"l~(?I'l~i

II'ellJLlJlUrJ c) m11r;] ll9l),Vl~'lmlJ'lruu'ellJL~ lUrJ)'tJLcP1rJ fllklm4'ml't1~'; w.Jkl'l'el'l~'l1lIWr),'l"ll~lJ'l n'el'l 
" " 

m~'l1lr;]t) n1lJtJflllr;]t) (ztJ'"l'ln http://www.dld.go.th/ncna_nak/indexlprotein .html) 

Dye binding method 

~~n n'l1"JJ'el\l n'l 11)ll"l1'l~imlJ'l ruLtJ1~kl~,)rJl)fi~'ellJ~(?I~ n ~'el l~'el LtJ1~kl'el~1u pH ~ ~'ln~'l 

Isoelectric point (pH ~l1'l1 ~LtJ1~kl"lJtl(?l,fkl1 'el~1 kl~Jl'l')~~tJ1~'11,)~ lUkl~kl~) ~~'eldnkl (-NH z) UklL"l!~'l\l 
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U.UU 111-1 (Pl 

'Jl'el~ n~Vl'el:;ijL'WU1'l"ll'ill'l1 'W(hh~'W L"ll'W 13~.yj~'W, mf~-w'W LLrl:;1rl8D'W Iiil:;QnhhL(?ln'W(?l Ltl'Wl'I~LL'el~ L~ L-Wm-J 

(-NH;) ~'ll'l~LL'el~L~L-WrJ~U~I~I~mnl'l!i'W(?l~nhJ1nul'I~-nrl L~L'W(?lU'W~~'el~ azo-sulfonlc acid L"ll'W CI Ac id 

Black 1 (amido black) , CI Acid Orange 12 LLrl:; CI Acid Orange 10 (Orange G) LnrnLtl'W~ln~'l''el'W 

I Q ev '9 11 1i.I CJ .J1 I o~ ,J,
~:;wn.:l Li.J~(?l'Wnu~rJ'el~ rn Ltl'W~I~'Vl ~rl:;rll£1'Wl"ll'lIiil:;(?l n(?l:;n'el'WLL£1 n'el'el n~lliilln~l~rl:;rll£1 

1'W Review paper "1I'el'l B. Ribadeau-Dumas[4 311~'elfiUl£1%n1~';jLrljl:;'\.hfi~lru'hh~'W~,)£1% 

~'el~~~~1~~1 'l~nLJi'')m.h'lm~l(?lj 0.5 - 1.0 mL ~1l:-J~~nU~ljrl:;rll£1'Jl'fl'l~~'el~~~m~lruLL'll'W'el'WLLrl:;lJ~u 
'lJ 

,
 
" '1 -1" 1 ""'''''''' """''' ""
pH 1l'I'flf,j 'W1I')'1 2.2 - 2.4 rn')£1 phosphate-citrate buffer 'Wnnu'Vl b"ll~£1!l~ amido black l'Ij'fl phosphate­

acetate-propionate buffer 1'Wnnn~1;~~tl~ Acid Orange 12 Iiillmr'WL'lJrhHh;ln'Wtltil'l'J!l£1 5 ';j'Wl~ 

L~!l1~lJljffi'mLnrn'fltil'l~~\!n1J 

~~!l~1iil :;L~Ir.lU LJi',) nutlJj~'WLnrn Ltl'W~ln:n~'!l'W~hj rl :;rllmfl Lrn£1~')'W~1~rl:;rllmflU~I~lj(1LL£1 n 

" " 0 1- I "" ... ~I If" _ F.! ~ " .J "" 1" " 1".J<I ,0snn1rnrn,)£1n1~'W1 um!l'll'l~!lL"ll'W'Vl~Yl,)1iiln1~l'Ilu~~lru'(l£1tl~'VlLl'Irl!l!l£1'VllrnVl,)£1nl~ "JlLrl~tl'l UV-Vis 
'lJ 

spectrometer 1'rnrhn1j~Vln~'WLL~~~ 550 - 610 nm ~ll'1~U amido black LLrl:; 480 nm ~ll'1~U Acid 

Orange 12 

L~!l1~m~ 1ru~ ~!l~ ~ Ll'I~!ltlti LL~,)Iiil:;~I~ 1~(1l'11m~ 1ruLlJ~~'W1'W~I~LJi',)tlti 1~ 1~Lrnm~nm~ 1ru~ 
'lJ 

~!l~~ Ll'I~!l!lti1lJ L~£1u1'W calibration curve ~~~I'l'i:Vl£1~~!l~"ll'ilVlL~m n'W LLrl:;H bovine serum albumin 
'lJ 

l.t I I II I 

%~!l~ ~rn~HliJ~tl~~1; L,)rll'J!l£1n~I%'ll!l'l Lliilrl rnlrli~1 n Li'ltl'lliill niJi'W(?ltl'W~'J!l£1 n~1 LLrl :;lJljffi'm 

Ln Vl!ltil~~,) Vl L'f') 'W!l nliill nUcalibration curve ~~~I'l('WLVi£1'l!i'WL~£1,)~I~I~(1'!Jl1lJ1;nu LJi'')!l til~ Ltl'W 

m~lru~ln1~ v'h1~%U~I~I~(1';j Lrl~l:;iLJi',)!ltil'l1~~lnn~1 10,000 LJi',)!ltil'll?1!l-B'')t~'l LLrl:;~,)£1 n1~~iJ 
..., ... 
-n'W(?l!l'W'J!lm:h1~iJ Lrl'1!l'l~!l~1 L'fIiil~lJ~ll'1~U';j Lrl~1 :;'\.hfi~ 1ru'i:lJ~~'W~,)£1%%~!l~ ~ rn~~1 LJi''l LLl?itJ F1 .Pl. 

'lJ 

[43] '1 a i.I ...Of ev ..d 4:S .Q J a IV ci '11 do ci i.I I CJ I .oJ i.I
1960 !lm~ uuussuu LM'fl~~!l"Jl'Wl'l'Wn£1'I~nmF1'el'W"llI'1LL'YN~n(?ll~ "Jl'lIiil:;~F1,)I~F1~F11n(?l!lL~'fl(?l!l'l• • 
'Vl Vl~!lULJi',)!ltil'1 Ltl'Wm~1 ru~1 n1 

LLiJ~I';j'fl~tl ~ ~ Vl~Iiil:;hJiJiJqjl'l11
... 

urn ~';j Lrl ~1:;i LJi'')!l til'1'W~ ~ iJ I\J PI\J 
, 

LLJWjfi
, 

Un~'I iJF1,) 1~ L~ £1'1 LLrl:; 

rl,)l~ LL~'W'J!l£1 n~I%"JJ!l~ LIiilrlVllrli ~'I'l!'WL~tl~!l'lm ~1;%~!l~ ~ Vl ~ nULJi'')!l til'1~1~ LF1£1 'Vl Vl ~!lU ~1 ri !l'Wn rl,)~ 

1iil:;1;m~1 ruLlJ~~'W~1~liilln%'lJ'fl'l Lliilrl rnlrliLtlW'h~I'1~'I ~')d4 31 

%~!l~ ~ Vl~ n Ltl'W~ nl'l~'I1'W';j'flWI (?l~jl'W~1~~u m ~£1!l~ ~UIiilI n~!l'llJljilli n1~';jr.l£1ml'll~ LLrl:;31nQn 

.dJI Z'I ~ 4 .dJI ~ q ci 1"'~ e: I 1 CJ oQ ~i.I ~J
Lrl'fl nLu'W') fi'Vll'1 Lrl'fl n l'I~!l,)fi L'Vl £1U LF1 £1 'I 'W!lnliill nmr "ll'J fi"JJ!l'l LIiilrl Vll rll'l !lm'l sn (?l1 ~ n1~'J Lrl~l:;l'I rn') mfi'W 

I I I '" 

~!l'lmP1'£1Ll"'i'~'!l'l~!l~iJjlm LL'Yi'l L"ll'W~ uln'i:'Vl~n L(?l!lfLLrl:;LF1'1!l'l L"ll'W'Vl1'vh4 ~~1~~1~1 ~(1'!Jl%-W~I~~I'1 Ltl'W 
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LLUU lf1-1~ 

IR spectroscopy 

m:i'H IR spectroscopy hml:i'~ lfi1:i'I:;,Jtrhn ruhh~'W1'W,fl'W~J'WiOl:;mPlfJ"jltJ-:J n'l:i'~~n~'W~ 

~fJn~1 "amide II" ~-:J'el~1'W"ll,)-:Jth:;~lru 1550 ern" 1'W IR spectrum ~-:J lU'W"ll,)-:Jm:i'~~n~'W"lJ'el-:J~'Wfi:;l'el'h.Jcof 

1'Whh~'W~llYlfJUlu'Wm~lru~I'W calibration curve ~-:JFh~1~~'el'liJl~lil~ulln~,)fJ~,)llil:i'VI~lfJ 1 rl1 

lti'el'l~ln'el-:J~il:i':;n'elu~'W1 'W,fl'W~J'W~I~1 :i'n:i'um'Wm:i'~ lfi1n:;Vl1~[431 'el~h'l hn (J\1~ ~,)fJ lfi1i'el'l~'el~~fJ1mJ 

yh1~n1ro~lJllni'Wri'el'W;I'l'tl(J\ t 'W~yh1~ lJ1:n-:Jl'WbJ l~fJ l,)~11 'Wn1:i'~ lfi1:i'I:;,J~1 nun 
'" 

m:i'~lMl:;,J~I~I:i'm111~t~fJ-W1 ~,)'eltll-:J~I'fl'W~ 40 °C ll~:;~11~lU'Wln'ell~fJ,)~,)fJ Ultrasonic• 
Homogenizer iOllnJ'W~-:J-w"'llilrj'~~hfJ IR spectrometer ~~In1:i'~'elUlYlfJUll~,) lll?it~mr')lil ll~,) 1 'WUiOliOlU'W• 
i4'el-:Jil~~m:i'~~u~ lfi1:i'I:;,J'ellV11 :i'~lb'W1 VI '1J~ niOl:;1:n IR spectrometer ~1~~um :i''el'el n llUU~1 ~1V1~U 

~lfi1~I:;,J,fl'W~lt(;\m'U'Yn:; l"ll'W Milko-Scan "lJ'el-:Ju1~ Foss Electric Vl1'el Dairy Lab "lJ'el-:JU1M'Vl Multispec 

~lnn~l~iOl:;H IR spectrometer v1'')1il t~fJm:i'H IR spectrometer niOl:;iJVI~lfJlilllUUll~:;l'Vlfi1Ufi1~ 
.,J I.- oJ ~I.J .,J.... I.- ~.!' ~ 1.-'1 .,J,J'
lnfJ')"1I'el'l "ll'llu'Wlj'el-:J'Vl"lllJ"ll'el'W ll~:;iOl:; IJ-J"ll'el n~l,) ~') ~'W'Vl'W 

%~lfi1:i'I:;,J1n-~lrut1J:i'~'W~,)fJ IR spectroscopy J'WiJ;'el~VI~lfJ'fltll-:J l"ll'W~I~I:i'n~lfi1:i'I:;,Jm~lru 

1"11~'Wll~:;ll~fi1t[;]~1ilYi~'el~n'Wl~, iJ fi1,)I~ liJJ'W1n~ If.1fJ-:JnU%"1l'el-:J liOl~~I~,J ll~:;H l,)~I'Vl ~~'elU-W'elfJ 'eltll-:Jhn 

~.c. ~Q"'O a 11 11 _ c:I cv I ""J "'* ~..., IV i.I

(J\1~,)fim:i',) lfi1:i'I:;VI'WiOlllU'W[;]'el'lh'Vl nM:;1'Wmn[;]:i'fJ~(J\')'elm-:Jll~:;m:i'1"Jllf'l:i''el-:J~'el unns-m 'WtN[;]'el-:J'ell PlfJ 

.d .d.d.c:lll I 11 

lfi1:i''el-:J~'el'Vl~:i'1 fi11 fi1'el'W"llI-:J llYi'l 

2.2.3.4 Lowry method 

%"1I'el-:J~I')iJ'W'Jn~@.J'Wl('Wl~'el'J 1951 t~fJ Oliver Lowry[47] t~fJ'ellPlfJil~mm~'el-:J.r'W[;]'el'W t~fJ1'W 

i'W[;]'el'Wll:fn fi1'elil lil'el~(11) l'el'el'el'W~:; l;1{U nu~'Wfi:; lilul'Vl r;)U'W~lfJ tU:i'~'Wll~:; n n'el'el n~1~i~') fJ~'W fi:; nhll'Vl r;)
'" 

In ~ lU'W~ln~'l:n'el'W:i':;VI~I-:JtU:i'~'Wnu fi1'elU lU'el~(I)1'el'el'el'W iOllnJ'Wn:r~'el:;m'W~moJi;l-:J lU'WVI~'el:;tj~1 ~ niOl:;
'" 

1~')i phosphomolybdotungstate 1~n~lmu'W heteropolymolybdenum blue ~-:JiJ~iJll~'Wl;~ t~fJiJfi1'elU 

lil'el~(I)1'el'el'el'Wlu'W~,)lt'lu~mm 

m:i'~ lfi1n:;,Jm~1 rutu :i'm'W~')fJ%"1J'el'lm')iJ'W~I~1 :i'n~rll~t~fJ l[;]1fJ~ ~1:i'~:;~ lfJ ~-:J;f 

1) 2% (w/v) Na2C0 3 1'W 0.1 M NaOH 

o .­

dI 

2) 1% sodium tartrate VI:i''el potassium tartrate 

3) 0.5% CuS04 '5H20 

4) ~~~~I:i' lD)) 48 mL nu lD) 1 mL ll~:; Q1) 1 mL 

5) Folin-Ciocalteu reagent 1 N (yhn1:i'1[;]l[;]:i''Vll~'elVllfi1,)I~l;~;'W ll~,)~'ll~'eliOll'l1i41J) 1 N) 

t~fJ~I:i'~:;~lfJ 1), 2) ll~:; 3) J'W~I~I:i'mnul~1~~'elfJ1 t~fJl~l~'el~~.nlYi 1'W'lIru:;~~I:i'~:;~lfJ 4) 

..., ,'" '" 
'I1'WiOl:;iJ'ellfJ rns1:n'lI'W'eltll~ lYifJ-:JU:i':;~1 ruVlij-:Jrj''W ~-:J fi1,):i'l[;]1fJ~ 1V1~'Vl n fi1~-:J ~1V1~U~I:i'~:;~lfJ 5) 'I1'Wfi1,):i'Vll. '" . 
fi1,)I~ l;~;'W~ lltl'W'el'Wri'el'W-Wl~11:n'Vl.n fi1f-:J 
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LLUU 1fl-1 ~ 

" , , 
b'j]rhHh~ln'W'e)rh~~'Jl"Ib;'Jbb~~Vl~1~~n 30 'Wl~ ~~tJld-Jltjl"l,"hm~l"Il1ln~'Wbb~-1~ 600 nm ;~~Id-Jl~()tJld-JI'Vn 

'lJ 

lIhnruUiiOlln calibration curve ~~'fl~'"lln BSA 

~"Jl'e)~~ l'JiJ'Wn f'1'Jld-J mJ'Wih bb~~ f'1'J1 d-J b~tJ-1 ~N 1"i'e)'W~I~~~ bb~'"l~hJ LYitJU Lvii~1d-J%~U) n ~ 1'J 1~ 
'lJ 

ri'e)'Wl-n~1 Lbl'l%"1J'e)~~I'J~'Wbtl'W~~ ~'e)'W~1~41rJn~Id-J1 n ~":h m:i'';j bMl~'\!t12J ~'e)~1:n'V1m~t~d-J1 mrn 'e)rh~hn 
'lJ 

1'l1d-J~iintY~ ~'e)~m Pl'tJ bFl1'e)~~ ulnb'V1 ~iJ bl'l'e)fl'Wm~tjl"I fill m~l"I (?)n~'Wbb~-1'e)rJ 
'lJ 'lJ 

Biuret test 

m~'V1l"1~'e)'J1U~b'fI'lJ'WbU'W%'V1l"1~'e)UbtJ~~'W~41tJ~~{?)%'\!t~~'\!t~nm:i'''Jl'e)~m~'V1l''1~'e)u1u~b;I'lJ'W~'e) 
, . " 

m~~ f'1'e)tJ btJ'e)f(ll)1'e)'e)'e)'W~Id-Jlnl bnlPl bU'W~I:i'b;~:n'e)'Wnu~'Wfi::btJtJ1 'V1I?1U'W~ltJ btJ:i'~'W ;~ 1~~2J'J~ L~d-J1~ %V, 

tY~ bU'W:i'1 n~1'W'j]'e)~%';j bf'1n~imd-Jl rubtJ:i'~'W"Jl'e)~~I'Ji~n ~'JtJ 

~'V1l"1~'e)u1um;l'ln~'e) b~~tJd-J~I:i''V1l''1~'e)'J1um~I'l~'JtJm:i'e.J~d-J 3 mL "Jl'e)~ 10% (w/v) NaOH bb~:: 5 
'lJ 'lJ 

.J"" • 1 '" d' 1"1"CImL "Jl1l~~I:i'~:;~ltJ'V1d-J 0.3% CuS04 bb~:; 1.2% Sodium tartrate 'e)tJ ~1:i''V1l''1~'e)U Um:i'~'W~Id-Jl:i'mnU 'J (?)
'lJ 'lJ 

'Wl'W 2-3 b~'e)'W 

.d 1~ 1 CI" 0 "'" !'1"" 1 CI ~ bd-J'e) V1~I:i''V1l''1~'e)U Um:i'~bb~'J~Id-Jl:i'(l'V11m:i''Jbf'1:i'I::'\!t ~l"Il"I'JtJm:i'e.J~d-J~I:i''V1{?)~'e)U um:i'~nU~I:i' 
'lJ 'lJ 

r;}'J'e)rJl~ 51'\!tln~I:i'r;}'J'e)rh~nbtJ:i'~'W'e)rJ'"l~1~~2J'J~bn{?)~'W ;~~Id-Jl~(ltJl1tJtjl"lf'ilm:i'l"Il"In~'Wbb~~~ 540 nm 
'lJ 'lJ 

bb~::b YitJubU'Wf'1'Jld-J b~d-J~'W"Jl'e)~ btJ:i'~'W1~ 

trru'\!tl"Jl'e)~m:i''V1 (?)~'e)u1um;(;J ~'e)~I~~I'W'J'Wd-J1 n~ld-Jl:i'mun'J'Wm:i''V1l''1MlU1~ b-rl'W"lIbf'1:i'~ vii1~ 
~ 'lJ 'lJ 

~1 d-Jl:i'(ltJ~'e)d-JtJ'WJ1'Wd-J b~'e)'\!t~'e)n nl:i''V1l''1~'e)u1utJ b;~1~41tJ 'W'e) n'"ll nii';jfim~iitY~~1bU'W~'e)~1:n~nln b'V1:i' 

, 
'lJ 

" " 
iJ b~'e)~~ijn F11 bbYl~~~'"l::';j bf'1n~ib~~md-Jl ru1~ iJ'U~'!!'W'"l::":h1~ bYim';j bf'1n::ib1~ f'1ruJlTYi bvil'!!'W• 

... .. 
7.3 e.l~ nl'a'Vl(;\~'eHm~~'JLFlTl~\UJ',ml'a'Vl ~~'eHI 

bFl:i'~~'fl~:i'~~U'W~lb'Wbd-J~:i'''Jl'e)~'V1'e)~ ~1~Id-Jl:i'(ll~ bf'1:i'1 ~ '\!t1~ ~'JtJ nnd-J%~ bU'WiJ ~:i'~'ll~~ u 'J l"I~'e)~1 ~1'W 
, 

n:i':;u'J'Wm:i'~t1'Ji~'JtJ ~lnf'1n bl"ltJ1~ ml"l bl?l (;J:i':;F1~'e) h'e)'e)1'n;-1 bU'W~I:i'tJ:i'::n'e)u L1~~'e)'W"Jl'e)-11 'e)'e)'e)'W"Jl'e)~ b~'\!t:: 

'V1'e)~ ~1 bU'W~I:i'~~m'Wbb~::1:n~I:i'~::~lmbtJ~ bU'Wl?1'J~t1'Ji m:i'F1'Ju rld-J F1'Jld-J bu'Wn:i'l"I - l'l1~"1J'e)~ ~1 ~~ ::~ltJ'"l::":h• 
1~ bn(?)~I:i'tJ:i'::n'e)u b1~;'e)'W"Jl'e)~ 1'll'e)'e)'Wb~'\!t::'V1'e)~ ~1~ ~1~ n'W;~ n Pl'n m~ni'W~I~ n'W~~ e.J~ 1~1'e)'e)'e)'Wb~'\!t ::'V1'e)~ 

n n~t1'J..n~41tJtJ 1 n bb~ n (;)1~ n'W1tJ ~'J tJ 'W'e) n'"ll niirl'Jld-J ~ ld-J 1 ~(l1 urn nU'Wr;}'J~t1'Ji"Jl'e)~bbtJ~'"l:;b~d-J~'Wb~'e) n n 
'lJ 'lJ 
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• • 

LlUU (J)-1(;j 

Acidic treatment: Hel (M) Alkaline treatment: NaOH (M) 

0.1 0.01 0.001 0.0001 0.000010.000001 wa ler 0.0000010.00001 0.0001 0.001 0.01 0.1 

4 

-- HCl 1M 
-- HCl 0.1 M 
- - HCI 0.01 M 
-- HCI 0.001 M 
-- Hel 0.0001 M 
-- HCI 0.00001 M 

HCI 0.000001 M 
-- water 
-- NaOH 0.000001 M 
-- NaOH 0.00001 M 
-- NaOH 0.0001 M 
-- NaOH 0.001 M 
- - NaOH 0.01 M 
-- NaOH 0.1 M 
-- NaOH1M

01:..-----=:;:=::::::::::= ==::::;:::=::::;========1 
300 400 500 600 700 600 

Wavelength (nm) 

:t1~ 11 r1'el~~'eltl ~"lJ'el'l'el'iJll r1J':;rr1U'W1 b'Wb~I?l~'el'l'Vl'el'l~I~i'l br1J'I:;Vl1~t1HbYl~bb"Jlr1r11 h@l1'W~IlI'd:;(?h'l 

biJ'W~'d1~i'dof r1'dl~ biJ~iJ'W 100 ~'d'W1'W~1'W~,)'W 

'i' " <V'i' % !11"" -=>.<>1 d'<>I::d. l , "I0 

bm'l~J'I'lJ':;~U'W1b'Wb~ 1?lJ'"lJ'el'l'Vl'el'l r11~1~lnl'Ci'l br1J'I:;VI L~ ~,)t1 n n~,)fimJ''W~'Vl'l'Vl~uJ'I'l b1J'W'VlN 
" 

a , cJ I .:J I .d ev 1.;:j.J .'-'
n~~bb~:;biJ'WbbtJ'WU1'lVl~lmVl~t1~l-n'W bbtJ'W~I~bVl~t1~ bbtJ'W~I~bVl~t1~t1'elt!l1?l @I lbtJ'W~ bVl~t1~ r11'lVl~ lltJ'WVll 

" 
d , .d ~I" 'i' <V 'i' 0 d ~I ., " 

bVl~t1~ bbtJ'WVln bVI~t1~ bu'WI?l'W b~t1'el'4111 r1J':;~U'W1 b'Wb~ 1?lJ'"lJ'el'l'Vl'el'l r11'Vl bu'W'VlN n ~~~I~IJ't1 r1'dU fl~"lJ'W1 @I bVI 

'elE11'W-n,)'l20 - 300 'Wlb'Wb~I?lJ'L~ bb~djn1J'm:;'"lIt1~,)"lJ'el'l"lJ'Wl~~bbr1Urr1'lll~~'l1'WJ'1J~ 3.14 b~t11'Wn1J' 
" " 

i'l br1n:;\f'el'4111 r1J':;rr1U'W1b'Wb~ 1?lJ'~ biJ'W'VlN n~~tf~'el'lU'l ~u1 ~1JlJmtll1(?) ni'Wbn @I~'W'elE11'lJ''d~b~'d b~'elL~ 

L'el'el'el'W"lJ'el'l b~VI:;'Vl'el'l ~1 Qn1~')ibb~:;J',)~ ~') biJ'W'el'4111 Abb~,) bI?lVl1'elJ:J"lI'WI ~ LVI qJ~'W'elE11'l bYl11 n'WL'W'Vl nYi PlY! n 

"d ~ " .dcI <V ~I
'Vll'l 'Vllt1'Yl~t!l'"l:; b~'el'Wlllr1'Yl~~ n'M'ru:;bu'W'VlJ''ln~~ 

24 



LLUU ~-1 VI 

~20 

~ 
c 

t3 
o 

~ 
u.. 

• • •
• .. ,) . 

.. ;... 
• .t.2QQ:!!!!!. 

_om 
,) 

500nm 

' .
•
" •• 

B 

c 

of----L="---''----'----'----'-'-----,\ 

50 

Or-~~~~~-'___i 

10 

o 

2 

4 

25 

D 

6 

10 

20 

100 200 300 

A 

Diameter (nm) 

~,j oV112 Jll 'V'l '"l1 nn~ 'tl~ '1 ~ 'Vl J'J'PI'll":a b~ n l?l J''tlu u1J 1J ~ 'tl~ eJ 1u "1J 'tl~ 'tl'"*Jlll"1 J':; (P)1Jkll bu b~ l?l J'"11 'tl~ 'Vl 'tl~ ~ 1 ~ 
, ., 

~~bl"1J'1:;".,1~JllU1~b~'tlklh~I~1 bI?lU~I~IJ'(1l"1':l1J'1~"1I'tl~'tl,"*Jlll"1HH1"11kllI?l1~I?i~bb~ 20 - 300 

? q ~ ~
 
kll bklb~l?l J' u.~:;~mJ'nJ':;'"lIt1l?l':l"1l'tl~'tl'\.¥lIl"1'Vl uau
 

nl'\1-l.:l\'Fl'M::~~I'\1~::~I!J HAuCI4 100,000 ppm 
., 

mJ'~~bl"1J'1:;i HAuCI4 ~1~IJ'm·'h1~bc;ml'wikll?l'tlklbbJ'ml?l1u~bb'tll"1':l1'h~u (nJ'l?lnl?l'Vl'tl~) '"llnml?l 

1e1bl?lJ'l"1~'tl1l"1b~~~kl45mL ~~~n1JmI?l1kll?l1m~~~kl15 mL W,r~'"llmfkli~b~"":;'Vl'tl~~110.00 9 ~1~~':ltl 

Jlniklbb~:;b'Vl~~~n1Jbb'tlml1b~mfl~lru 30 mL bb~':l-WlhJ~kl~ 80 °C '"l:;b~kl~l"1Jklll?l"1l'tl~bijl?l'Vl'tl~~lb~n~~ 

b~nil'tltl1~l"1':lI~~'tlkl~'tlhJ'"lklm~Il?lJ'~IJ'~:;~lm".,~'tl 20 mL 1~b~~bb'tlml1b~m~~~~hJ~n 10 mL bb~b1~ 

l"1':lI~~'tlkl~'tlhJ~n'"lklb".,~'tlm~Il?lJ' 20 mL nHh~~bb'tll"1':l11b~u~~hJ~nl"1i~ Yh.[I'"lklb~"":;'Vl'tl~~I~:;~It1'"lkl 

""~I?l b~'tlb~"":;'Vl'tl~~I~:;~IU'"lkl""~l?lbb~':l9~1~ml~~'tlkl~'tlhJ~n 1 i':lb~~b~'tl1~ N03' bb~:; N204 ~b""~'tl'tl~ 
., ., 

1kl~IJ'~:;~It1'fl'fln H".,~Vl -Wl~IJ'~:;~It1~1 vl~Yi~1~1 ~ bijkl'"lkl~~'tlru""Jlij~'tl~ bb~:;1Jf1Jm~ll?lniJkl 100.00. " 

mL ~':ltlJlnikl'"l:;1~~IJ'~:;~IU HAuCI4 100,000 ppm b~'tl-Wl11JH1kl1J~mtl1~'tl111J 
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L1.'lJ'lJ 1?1-111l 

~-i-~-
lvflOlTYlJfauvl 80 oc 
~uVl all ~ :;~l [JVl~Hil 

lvfmllJfauGi a 'lilaf) 

1 ii'l'1:WJ 
tll{1J1J~:w 1 Gl 'j" 

(;fl[Jibf)~u 

~ ., ;r ~I..... ... ... "PI"'" 'i'ms ~"lS'U1'U~LlJ'UIWJ"ij;!1"lS ~~ in j;!'!'l'U1l1fl'U1 ~ 'U"lI'2l.:l'VI'!l.:l• 
1'WLL'W'JYli~ti'L~ifOl:;H'W~ LlJ'Wl9i'J1~1'Jef HAuCI4 1~ Ln~ LlJ'W'il'4l1i rl'Wi t'W'lJ'il~Yl'il~ t~t1 rli ~Vltj~~i rl'Ji~ 

L~~~'W'lJ'il~'W~~L9li'ln'WfOl:;1~'il'4111 rl'Wi t 'W'lJ'il~Yl'il~~n'lJ'Wi ~L9li'ln'W ~~-Wi hl~~~ usn L9li~ n'WLL~:;.yh 1~ L~iVll 
1I 1I I I q..:J ~ .J' 1" I .d '" .d 1 .Q,~ J 0 i.I.Q, ~J0.4

mi~L'lJ~'lJ'W'lJ'il~'W~'iltli~rl~i'J1 fOlin~YlLn~'lJ'W i?l ti?ltl~~Yl(;l'il~Ylirl'ilVliL~'il'W 'lJ'lJ'il~1J!Jmtl1YlYli1VlLnl?l~Yl 

LLtlmLtl:;1~l1itl1 'WL'J~i ~i n~i 15 'WiVi (;li~tj(;)bl1J~:;~~l"l'lJ'il~~i'W';J{t1 fOlimf'W~~.yhnJ~~~fOl,rL'iln~mtcl'lJ'il~. ~ 

'il'4l11rl'Wit 'W'lJ'il~Vl'il~~1~ L~'il'il~tJlt11J~in!JnJ~cl~ Lnl?l~'W 

~ 

n1'J~1 pH 'VIL~~1~'lI~"lI'!'l.:l HAuCI4 

.,i 1"'i' Q/ " " .,i0nJJ'Vli pH VlLVl~i:;~~"1I'il'l HAuCI4 ~i~lJ'blVli i?l b(;lm[;l~t1~ HAuCI4 rl'Jl~L'lJ~'lJ'W 2000 ppm Vl pH 

1,3,5,7,9,11, 13 'ilrh~~:; 5.0 mL fOlimf'W~~LVl~~~ntJ'W~~L~'ilfOli~ 10 Lvhm~iru 10.0 mL i~i~1~~ 

'ilruVll1ij~'tl~1J~:;~iru 6 -ft''J t~~LL~h~~ Ln[;l~~1~~'JtI en L1J~i LL~:;tji?l~hnJ~i?l i?ln~'WLL~~~'JtI UV-Vis ~ L1Jnt Vl~. ~ ~ 

ij L[91'ilfL~'il~'WU'WnJ~Lni?l'il'Wl1i rl'Wit 'W'lJ'il~Vl'il~• 

~~~~nJ~1JftJ pH "1I'il~ HAuCI4 ~tJ~i~ pH 3 ,f'Wn~~h~1J~in!J('Wii?lLfOl'WVl~~fOlini~i~1~ 6 -ft''Jt~~ 

~~l1J~ 4.1 ~iVlftJ~ pH 'lJ'il~ HAuCI4 LvhntJ 5 ,f'W~i~~:;~itln~LLi?l~('WL~niJ'iltl1'W'lJru:;~ pH ~'W 1 ,f'W 

hn~~'lJ'il'l'il'4l1i rl'Wl t'W'lJ'il~Vl'il'l (~LVl~'tl~~ Lni?l('W,f'WLtJ'W~1Jn ~"1I'il'l HAuCI4 ~n pH ~ln~1 10 LL~:;nJ~ 
::Q,Q;j,J' q,doC:lll.q 

(;In(;):;n'il'W'W'Wmni?l'lJ'WfOlint1J~[91'WLrl"1!'W"1!~~rli isoelectric point = 4.2) 
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1J.1J1J (;]-1 C1I 

pH . 
i l

-f­. - ~ "ii." '\ 
1 . 3 .. 5 7 9 11 13 

!U;114 ll~lPl'l~"1I'el'l~I~~:::~lrJ~ln(?JiOllnn1:i'~1115nhrw:::t-Itjl'1'W3.Jll~::: 4 l~'ell1fu pH "ll'el'l HAuCI4HAuCI


d "
 
111'V1 1,3,5,7,9.11 .13 ~kl~1 6 ..n'J t~N 

iOllnn1~1'(?J~ll1n~f3.Jn1~~(?Jn~'W(~hrJ UV-Vis ~ll1nt'V1~ih~'elf ~Utjl~ pH "ll'el'l HAuCI4 l'YlinU 3 iJ 

~ f1Il'elnimj'cl""lI'el'l'el'+fl1f11'Wlt'W"lI'el'l'V1'el'll1~lnD~ 540 nm ~'1"ll'JrJtj'W6'WtjliJ'el'+fllf11'Wl t'W"lJ'el'l'V1'el'lln(?J~'W 

2. 

1. 

Extinction 

1. 

o. 

O. 
100 200 300 400 500 600 70 800 900 

Wavelength 

!U;115 ll~"''1~ll1n~f3.Jn1~~lPln~'W''lI'el'l~I~~~~lrJ~ln(?JiOllnn1~~ll1Dmm~:::~tjl'1Jl'W3.Jll~::: l~'elHAuCI4 

l1fu pH "lI'el'l HAuCI4 111~ pH3 

ll~(?J'Itjl pH "ll'el'l HAuCI4 ~ l~3.Jl~~3.Jl'Wn1~~1115mm Hhn(?JlrJ'W'el'4fl1f11'Wlt'W"lI'el'l'V1'el'l'el~i'Wl 'W-n'J'I 

pH l1~:::3.Jlru 3 ~'1":hn1~'V1(?J~'el'l.fll ~'el~1 pH ~ l~3.Jl~~3.J'elrJl'1~:;l~rJ(?J~'JrJ n1~":hm~'V1 (?J~'el'll-n'Wl~3.J lll'l 

ll1~rJ'W pH "ll'el'l HAuCI4 111~ 3, 3.5 ll~:; 4 ~13.J~I;U ~Utjl ~ pH 3.5 l1Dmmln(?Jl~~'J(?Jl'f'J~~(?J Fi'el~3.J 

In(?J~,.j'J'I~l'J~1 90 'Wl~ ;'1ll1~ 4.3 t(?JrJ~ pH 3 ll~::: 4 i'WiOl:::l:nl'J~11'Wn1~":hl1DmmiOl'W~3.Jln(?J~,.j'J'I 

l'YlinU 98 ll~::: 105 'Wl~~I3.J~h;U i'lti' pH 3.5 ~mh'J~'1i'WlrJ'Wl~rJ'I~ll'i~hl1~:::3.Jlrul'Yhi'W l~~I:::H 

n~::: (?J1Mt1;Jl'J'elll"Jl ~~'W~ lf1ll~'elft 'W n1~'V1 (?J~'elU 
" 
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U,UU (11-1 (11 

3.53	 4 

:u~ 16	 bb~~~~"lJ!l~~1~~~~1t1~bn~iOl1nn1~Yi1tllJnhJ1~:;'Vf~1~'W:l.m~~ HAuCI4 b~!ltl~U pH "lJ!l~ HAuCI4 

Ltl~ 3, 3.5, 4 ~~,)~1 1.5 of')hJ~ 

," , 
n1~Yl pH "lJ!l~ HAuCI4 ,r'W~ CJ~ f'l'tl!l(;1~1 b;,)"lJ!l~tl~ffi't11~1~1~t:l!lfiU1t1L~LC;1tImsuYl'WYi~ ~~n'Wvl"lJ!l~ 

HAuCI4 ~ pH f'l1~ 1 L~t1~ pH bYhnu'Vf1'tl~1n~1 3.3 HAuCI4 bn!lui~'Vf~~iOl:;'tl~1'Wltl AuCI 4- bb~:;bri!l pH 

:l.nni'W ltlbbUU'VfinniOl~btl~t1'WbU'W AuCI 3(OH)", AuCI 3(OH)", AuCI3(OH)", Au(OH)4' ~ pH bYl1nU 6.2, 7.1, 

8.1 bb~~ 12.9 (;11~~1c;iU ~~1'W~1'W~4't1"lJ'tl~ Ji bb~:;l"1ru:;[20l nL~n~1,)L~~11bbiil"1';;~~1'Wn1~t:ln1~')iiOl'W 
'lJ 

n~1t1 dJ'W!l'4fl11"1'W1L'W"lJ!l~Yl!l~i'WiOl:;~ rh ~1~~ b~!l'Vf~ 1"1~!lh~""'W AuCI4' ~ n btl~t1'WbU'W'Vf~Lf] ~~'tl nL'li vl 

1'W"lJ ru:;~~1'W~4't1"lJ!l~ Zhang bb~~l"1ru:;[48l il1~!lfiU1t1~1rl1 ~ntll~yh1c;in-n'W"lJ!l~ AuCI 4' i'W~rl1 0.760 V 

q ev~'1i.1	 q, J d .Q, 4'4 .q .J 
(bYltlUnU"lJ,) b~Yh~1l?1~~1'W1"11L~b~~) bb~:;iOl:;~m(;11~~b~!l pH ~1"11~1n"lJ'Wb'W!l~iOl1n~n1n,J~t1'WltliOl1nYl!l~ 

1"1~!lhvlbU'WYl!l~Lf]~~!ln1"Jlvl bb~IM~1 HAuCI4 i'WQn1~bofl~~1t1n~1~ pH ~11 ,r'Wb!l~ 

Reactivity
III 

~~!ll~bnl?1'Vf~~b~t1')nUn1ntl~t1'Wltl"lJ!l~ HAuCI4 ~ pH f'l1~ 1 ~!ln1ntl~t1'WltlhJ1~btl~iOl1nn1~ 
I	 I '" '" 

bbYl'WYlmJ 1"1~!l hr;f~,)t1'Vf:lJLe:l ~~!ln L"Jl ~1~t1 (;1~~ bbf'l btl~iOl1 n m nbYl'WYl'Vf:lJ 1"1~!l hlPl~bmJ.1 'Vfi~iOl1n,r'W~'l btl~ rns 
'lJ 'lJ	 'lJ 

~'l Ltl~l?1~!l'W!l!l niOl1 n,i'1HibU'W'Vf:lJLe:l ~~!ln L"Jlflf c;i'l~~n1~f'l!lLtlti148l 
'lJ 

AuCI)OH)4_x· +HP~AuClx_I(H 20XOH)4 _ x - «cr
 

AuClx_I(H20XOH)4_x ~AuClx_I(OH)4 _ ( nl ) + H +
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uuu 1'1-1r;) 

~ ~ .c:J.cI c. !P1" I ..J.J ~ ~ I '" 4 QJ'0ILmm HAuCI4 'W'W'tlrJ 'Wl1J'VlQn~W)"Jl ~(?l'llfJ'Vl%'i(?l'Vl pH 3 .3 V1:i'!l(;]In'Jl'VllLVlb:l.J'tl1J~u pH "JJ'tl'l HAuCI4 

11J~ 3 ~~(N"JJ'tl'l!l'¥lIF1'Wlt'W"JJ'tl'l'Vl'tl'l~bn(?l~ln1J~mm1~ni'W~'1bn(?l~'W1~b'f';ln'il~ pH ~'W 1 ~~'1n~1 

'tlrh'lhn(;]l~ n1~'e)fiUlfJ~~n1~'Vl(?l~'fl'l~'1V'lU'il~ pH bVl1nU 1 i'Wbn(?l1J~mm1~·jhn~l~ pH bVl1nU 3 

bb~:;n1~~1J~mmbn(?l1~b'f';l~%'i(?l~ pH "JJ'tl'l HAuCI4 bVl1nU 3.5 i'W~'tl'l'fl1f11'fJ~I'tlfiUlfJ~'e)'1bb'tlF1m~"lI'tl'l 

'W~L'Wn1~bU'W',j';l1~hi1';l~~bfJ ~'1fOl:;'ilfiUlfJ1~L'W~'il 3.3.2 

cl ... d'l' 
pH 'VI L'"t11:;'lftl"ll'£l·:m1~'nFl'i1:;'VI1J11JtI 

ppm 'Vl pH 3.5 m~lru 5 mL ~1'W';l'W 6 1(?l fOlln'W'Wbl?l~fJ~'Wl'W~'VlbfOl'tlfOll'1 5 b'VllL'W NaOH F1';l1~b"jJ~"jJ'W 4, 

, ~ 

.yi1n1~V11 pH V1bV1~I:;~~L'Wn1~.yi11J~m-m"JJ'tl'l-Wl'W~~';lfJn1nl?l1fJ~ HAuCI4 F1';lIJ..lb~~~'W 500 

cJ 0 ~ .cI ~..J~ I '" '" 

QJ'olJ I lIi1CV~.s. .J 
3.5,3,2.5,2,1.5 M m~lru 5 mL b'Vl~~~ HAuCI4 nU'Wl'W~bb~:;b"jJmLV1b"jJln'W fOlln'W'WfOl'l~'1bnl?1n1n1J~fJ'W 

~~';lmfllb1J~1 

~~n1~~m~IV'lU~I~F1';lI~b~~~'W"JJ'il'l NaOH bVl1nU 1.5 - 3 M i'Wrer(;]~lb'f';l"jJ'tl'lnlnn(?l1J~mm 

(~'1bn(;]1~fOlln~~';l'l~bn(?l~'W) fOl:;b~~~'Wbn'tlb~~F1';lI~b~~~'W"jJ'tl'l NaOH b~~~'W bb~~F1';lI~l~~~'W~lnn~1 3 

M i'W1~iJml~bb(;]n~I'1 bb~(?l'l1ih~'W~I~ pH ~iJ NaOH F1';lI~b~~~'WbVl1nU 3 M lU'W pH ~iJF1';lI~ 

m~I:;~~~%'i(?lL'Wn1~.yi1L~1J~mm 
[NaOH] 

p . . . . , 

\
 

~tJ~ 18 bb~(?l'l~"jJ'tl'l~I~~ :;~lfJ~1~fOllnm~.yi11J~mm~:;V1~I'1 HAuCI4 ~ pH 3 bb~:;'W~~l9'tlfOll'1L'W NaOH 

.col ~ 
4,3.5, 3, 2.5, 2 bb~:; 1.5 M 'Vlb';l~1 5 'Wl'Vl 

n1N:;'ilfiulfJn'l~lbV1l?l~n1n~~ pH i'WvllL~1J~ffi'mbn(?ll'f';l~'W~'tl'lci~fOllnn1~V11~lnF1iJL'W,fl'W~ 

~.yi1WW1~bU'W',j';l1~hiri'tl'W fOllnl?11n'l 2.1 ~'1bb~(?l'l'tl'l ~1J~:;n'flU"jJ'il'l,fl'W~ fOl:;b~'W'il~I~~kilfOl:;vllV1tJl~ 
iI iI I '" I 

bU'Wl,j';l1~';lof1.~ihYifJ'I bb~t1J~~'Wbb~:;-Wll?ll~bb~ F1 t(;]~ bVl1l!'W bU'tl'lfOlln1"jJ6T'Wl!'W1~iJV1~Yr'l ni'WLVl 1 V1~I~I~{;l 

bu'Wl?i';l1~';lof1.~ L'W"jJru:;WJ[;l1ij'W~I'1 1 bbiJfOl:;~I~I~mu'Wl?i';l1~';lof1.~ bb[;]niJm~lrutJ'tlmn'W11J 

bb~F1 t(;]~i'WbU'W redu cing sugar bb~:;fI1'nwllV'lL'Wn1~1~';li"jJ'tl'lus F1 t(;]~i'W~lfOlln1J~lmiJ (?l~ 

~1~1~{;lbU(?l';l'ln~lfJbU'WV1~rer~~1~(?l1~ 1J~mfJl~bU'W~l{n~~~I~lnl(;]~';lfOl~'tlUF1';lI~~I~I~{;ll'Wnlnuu 
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LL'lJ'lJ ~-1 ~ 

r;]';l1~h"Jl"JJ'f.)\lVl~'fl'tl~1t1 r;1n~'f.) tollen's test ~\l'Vllfl~'f.)U~I~I~r;]';l'f.)til\l9::1~';loft'el'el'el'W"JJ'el'l ~'W1ihnlflliJ'Wn~::9 n 
'" 

l~'WUiVl1'el hi 91 nnJ~ 4.6 9::l~'W~11'W1JJiffi'mtfVl~'fl'tl~1e:J r;19::nn'el'elnonllfli9'Wn'tllfJ liJ'WVl~ mfu'eln,~ n 
'\J d.J qj \1 cu 

~';lfJ 'ln lfl~'el n1"l! lfll'el'el'el'W ll~h;S l~ ~19l~'el'W~1~~'1 h~~';l"l!l 'el'el'el'W"JJ'el'll~'W~ nY1Vl~'1 ~';l1 ~ l~ ~~'W"JJ'el'l1e:J lfl~'el n1"l! r;1 

t'el'el'el'W~'1 ~'1 e-J'tl L'l'el'fll9l~ll'f';l"JJ'il'l1J~ffi'm tlflfJ~'1 ~';lI:lJ l~~~'W"JJ'el'lle:J lfl~'eln 1"l!t9i1'el'el'el'W~'1 1J~ffi'm n9 ::In lfll~l'f';l 

a-D-Qlucose 

B-D-Qalactose Lactose 

H 

reducinq end 

+1 H +3 OH 
/ /

R-C + OH- R-~ + OH- + 2e­
~ o o 

l~'elliJ'Wm~~'WtT'W~rlll'tl r1 tl9l~ ~1~lnl'v'hVl'Wl~ dJ'Wr;]';l1~';l"l!1~1 'W~:;UUC;)'1 n~I';l ~'1"'1 nl~'Vllfl'tl'el\l 

~';lm::UUl~fJ')n'W~r1';lI~l~~~'W"JJ'el\l NaOH l'Yhnu 3 M ll'tl::1'ihl'tlr1tl9l~r1'Jl~l~~~'Wl~mnU~n'elti1 'WJ1'W~ 
'" 

ll'Vl'WJ1'W:lJ YiU~lln lfl~~';l'l~'W~'WY11 'W~I~'tl::'tllfJ (~\llh n~1 mnn lfl~ In'elH'W~ liJ'Wr;]';l1~';li) m~'Vllfl'tl'el\ltf 

"ll';lfJ~'WtT'W~1 ll'tl r1 tl9l~~I~I~n"'IVllJl~ liJ'Wr;]';l1~';left 'W ~::uu c;)\l n~I';ll~ ll'tl:;ll'tl ~ tl9l~ liJ'Wr;]';l1~';l"JlVlin1'W 

. » 

\\ 

" 
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UUU 1Jl-1I?\ 

LJjn1~'V1 (1)~'el'lti'LL~ (1)'11~ L~'W~1 LL~ f)Ll'l~i'WLU'WL'l'J~~n~yhWW1~ LU'WL'l'J1~'Ji LLI?i L~1 ficl''I~I~I~'' 
~ ".,...,..,r" "" r. ~ 'i'. I "'" ~" , " a ' ''' d • ~ ,L"ll'Jn'W L'Wn1~'J Lf)~I~~u~~1 ru Lu~(;l'W L(1)'eltl L'Vi~I::'"lln fil'W"JI'el~~ USDA '"l::L~'W'Jl'el(;l~IO'l'J'Wu~~Ir;u~::~'Jl'1 

~ ~ ~ 

" ,
LL~f) L(;l~ m~::LtJ~~'W't!'WiJ lOll ri'el'W~I'1 f)'IYl n1~~lm~Ir;uLL~ f)L(;l~ Ul~'IYil1~~I~lnnnm~1 r;uLtJ~~'Wl~~'JtI 

'W'el n'"ll nti'LL~ f)L(;l~cl''IiJ~1 f)1 LL 'Vi 'I n ~IJl'W~ Yil1~hJ~1 LU'W~'el'l rl'l'J ~ ~'el'l n1~ L~~ LL~ f)L(;l~ L~'el~'J'I t:J~ mr 

'"llnn1~'V1(1)~'fl'l~lrilpH ~L~~I~~~1'Wn1nn(1)tJ~mtll''Jl'fl'l HAuC/4 U.~::Jl'W~ Yil1~Lnl~ 

~'el'Wl"1J~Yil1~Ln(1)tJ~mtl1~L;'J~~(1)f.1'el ~'el'l1~ HAuCI 4 iJ pH ~lri'el'Wn1~t:J~~L~'el1~'el~1'WltJ AuCI 4- ~'IiJ 
_"",.J ~ " .... "'" .!"I ..l ~" 'i' ""~ !'1" ,

LL'elf)'V1'JIMl'l'V1~(1) LL~:: L~~I~~::~It1~~'It:J~~~~1l1'J::Lu'WLtJ~ L'Vi'el L~LL~f) L(;l~~I~I~mln'el'eln8JI L(;\8J1 L(1)'fltl1'1 
~ ~. 

"dod'1.J .d -4 .J ,d" 0 '" cv

~'J(1)L~'J "ll'lL'I'fl'WL"1I'V1L~~I::~~'V1~(1)f)'el pH "1I'fl'l HAuC/ 4 'V1 3 - 3 .5 (~ln~'Iml'W'"l::'V111~~I~~::~It1~~'It:J~~ 

~I '1_! q 0"'..J .c:lI II 11 
Lu'WLtJ~ IJ.JL'Vitl'l'Vi'el) LL~::'Wl'W~'V1~ NaOH f)'Jl~L"1J~L"1J'W 3 M 

n'~LiL1'el'U1"lI"lJ'el.:ltl Dmtn~l~'U n,'j~ L~T1::\hrn~nu.l( tl~&i'Ui. 'U'U~ 
o..l ~ • I "" ""'" .J~ " ~ ,,~ "" r. ~ 'i'. I "'" " "'" 'W1L'I'el'W L"1J"JI'fl'lU{jmtl1'V1 L(1)~1 L"ll L'Wn1~'JLf)~I::~u~~Ir;uLu~I?l'W(1)'Jtln1n(;l~t1~ HAuCI4 f)'Jl~ 

L~~~'W 500 ppm ~ pH 3.5 m~lr;u 5 mL ~1'W'J'W 8 1(;\ '"llni'WLI?l1t1~Jl'W~~L~'el'"lI'1 10, 20, 30, 40, 50, 

60,70,80 LVlI1'W NaOH 3 M i'lLn(;lf)'Jl~LL(;lnl?il'1"11'fl'l~~'JtlI?lILtJ~ILL~:: UV-Vis ~LtJnL'V1~nLI?l'elf~L'J~110 
"'" 'Wl'V1 

" , 
m ~Yi ltJ~ii1t11 L(1) tIH'!Jl'W~YliJ-B'1?l~1 ~ 'J'Wni n ~'fl'"lI'1 LL(;l n I?il'1 rl'W'fl'el n1tJ'VitJ ~1 ~1 ~ 1~" H 

tJ~mtl1 r;l'l n~I'J 1umrue n-B'(;l~I~'J'Wn1n~'el'"lI'1"1J'fl'lJl'W~l~ L(1)t1~1 n-B'1?l~1~'J'Wnln~'el'"lI'1 ~1 wh 1:70 
I iI' I ... I 

(f)'Jl~ L~~~'W"1I'el'l LtJ~~'W~1 n~1 0 .04 6 % ) 't!'W~I~~::~It1'"l~1~~yh 1'W"1I r;u::Yl-B'1?l~1 ~'J'Wn1n~'el'"lI'1"Jl'el'l'!Jl'W~Yl 

~'In~1 1 :3 0 (f)'Jl~ L~~~'W"1I'el'l LtJ~~'W~'In~1 0.11 %) '"l::1~~~'J'I L~~ LL~::-B'I?l~I~'J'Wn1n~'el'"lI'1~::~~I'1 1:40 ­
~ ~ 

" " 'i'. I "'" ~ "':I ' ':I' '" ':I~I ~".!"I ':I.r "" '" .J1:60 (f)'Jl~L"1I~"1I'W"1I'el'l Lu~(;l'W 0.081-0.054%) '"l::L~~t:J~~~::~'Jl'1 '&'i~'J'I ntJ~Yil L(1) Lu'W'&'i'WI L'I'WL'V11(1)'I'V1U.~(;\'I 

l~l'W~tJ 4.8 
~ 

Dilution ratio 

1m 
i 
! 

II 
ltloV1 21 LL~(1)'I~"1I'f)'I~I~~::~It1~Ln(1)'"llnn1~t:J~~~~~~I'1 HAuCI 4 ml~L~~~'W 500 ppm pH 3 m~ll?l~ 5 

mL rltJJ1'W~~L~'el'"lI'1~'JtI-B'I?l~I~'J'W 1 :10 - 1:80 1'W NaOH 3 M m~lr;u 5 mL ~L'J~1 10 'W1Yl 

31 



• • 

LLUU !Jl -1ln 

I '" I '" 

n1nn~~YiC?i')~ntJtrtJ~,)~,)~Cl';jLi"1:n:;\.I1~"l')mH,jn(?Jf~UV-Vis Cl,j 3.10) "l :;L~tJ~,)Lntl,J')tJ~'Jm~~ 

d' I ... 'I .J.d .l' 0 'I" .,. '9 ?:'.I
"l')~~')n"lltJ Fnnl~~~n~tJbtJlJ(Nrl':l')~m':lrl~tJ~')n (700-800 nm) 9:;~~"lItJ m b\.l~,)J'~:;~,)£.J~l'ltl'emn,)LL~:; 

~ ~ 

~ 1-' a , ~.::to J t ~ .J .d .J ~ q ~ I CJ

LL~ ~~ b\.l L\.ItJ':l,)~'¥1') rltJ') 'i:tJ"lI~~'Vl~~'Vl in ~"lItJtJtJ~"lItJ') ~ b\.Iry"lltJ "ll~ n1J''Vl~1f1I')rltJtJ~"1ltJ') C?1 b\.l ry run.Q 

~'"l,) n n1J' 

~tJ~ 'Jm~'fl"l')~~')n ~~t:-J~b~rl':l,)~L~~~tJl?i':l1~':lof~~~~ ,jDmm~~Ln~:n')~~ L~~,jDmmLn~ 1~-n,)fh1,)b~ 
" I

LnC?1'fl1f1l,)rlL~n 1 (seed) 1~iJ~£.J LLC?iLnC?1nrJ''i:j;1~tJ''Jl~~'fl'4Jl,)rl (growth) LL'VltJtrtJL'tl~ 

s 
C 
til 

-e 
o 
(Jl 

..0 
<t: 
"0 

.§ 
ro 
E 
o z 

400 500 600 700 800 

Wavelength (nm) 

:tJ~ 22 ~ L,jnj;1f~n1J'~C?1n~tJ"lI'fl~~,)J'~:;~,)£.J~Ln~"l')n n1J't:-J~~J':;\.I~,)~ HAuCI4 m,)~L~~~tJ 500 ppm pH 

cv~ .d4 2,1 cv .d 
3 tB-~')j;1J' 5 mL n'lJtJ')tJ~'VlL9'fl9,)~~':l£.J'flj;1J',)~':ltJ 1:30 - 1:70 btJ NaOH 3 M m~')ru 5 mL 'Vl 

.,. 
L':lm 10 'W,)'Vl 

'" '" n1'i~l"l~11~L"D~"D'lJ"D'fN HAuCI 4 

L~'el~"l')n HAuCI4 i'W-l~ LrlJ''):;i~,)''l')n 'i:~\.I:;'Vl'fl-:J~~ih') rl,)LL'V'l-:J (;)~itJnlJ'~w.J'W,)J':;'lJ'lJ 'i:~£.J~ ~m')~ 

L~~~tJ"lI'fl~ HAuCI4 ~b-n~~n9:;vl,) b~FhHroi')£JbtJnlJ'~ LrlJ'') :;i~ C?1~~ ~':l£.J 'flrJ')~hn (?J')~ n1J'~ ~m,)~1 L~~-n'W~~ 

n'fl,)"l9:;vl')b~ L~'W~"lI~~'fltJJl,) rl'W,)'i:'W"lItl~'Vl'fl-:J1~hji~ m')~ L~~~'W~L\.I~,):;~~~~,",~-:J dJtJi"1':l,)~ L~~~'W~~,) 

~~ ~~~~vl,) b~ L~'W~"Jl'el-:J'fl'4Jl,) rl'W,)'i:tJ"Jl'fl~'Vl'fl~ 1~i~ L9tJ'i:~£.J ~~ rl~1J-:J'lJ'flnm~')ru'i:,jJ'~tJb'W'W~1~ LL~:; ~'fl-:J H 

L':l~') btJnlJ'';j Li"1~'):;i~') n~') 15 'W')Yim~ij;1Cl,jJ':;~-:J y)"1l'fl~~')'W';jr.l£.J ~':l£.J. 
" " .J 0 ~ " 'i' 'I " .d ~ .,. ... '" !"l"

nr~\.I,)m')~ L"lI~"lItJ'YlLVI ~,):;~~"lItl~ HAuCI ~') ~,)J'Cl'Vl,) b~ bC?1£.J b"ll L~'fl'W b"ll L~m nun1J''J LrlJ',):;\.I btJ"lI'fl4 

3.3.3 'i:C?1£.Jb:n,f,)'W~~L~~"l,)~ 10, 20, 30, 40, 50, 60 , 70, 80 Lvl,)b'W NaOH 3 M LLC?i~~m,)~L~~;tJ"lI~~ 
,,~ 4 ,q

HAuCI 4 bVi L\.I~~L'Vm~ 400 LL~:; 200 ppm 

" " .J" Sol I.J " " ~ " "'~ "l')nnrJ''Vl~~~-:J~~rl':l,)~L''lI~''lItJ''lI'fl~ HAuCI 'Vl b"ll 'V'l'lJ':l,)'Vl rl':l,)~L"lI~"Jl'W 200 ppm 'W'W9:; b\.ll'l"ll~~4 
., I I I I I 

~,)J'~:;~,)£.J LiJ'W~ L'Vl')l1~\.I~ ~ vl,)b~'W~,)~,)~Cl'lJ'fl n rl':l,)~ L~~~tJ"lI'fl~tJ~1~ 'i:~£.J rl':l,)~ L~~~'WYi ~')Y1~ 
q 
~Yi~-:J b~~Yi 
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LL'lJ'lJ U1-1 ~ 

- 1 _ ._~.: . - ... -- - :,..-"=- •• , 
I~ .:.- - ', -!,­r- = ~ . 

I 

!,J;\ 23 LL~(;)\l~"1J~\l~I~~:::~It1~Ln(;)"'llmJ~mm"1J~\l HAuCI4 ~~':lI~L~~~'W 200 ppm "'l:::L~'W~1 ~"1J~\l 
~ ~ 

~1~~:::~It1Ltl'W~ L'Vll";\l~~ (;) vi!1,"hj~I~IHI1-ilt1\lu~ n!1'j;'J~I~':l'Wmn~~"'lI\l"1J~\l-Wl'W~1~ 

!,J;\ 24 LL~cn\l~"1J'fl\l~I~~:::~It1~Ln(;)"'llmJ~mm"1J~\l HAuCI4 ~~':lI~L~~.jj'W 400 ppm ~\l1,"t:.J~1nflL~t1\l 
, 

Go' q i.I i.I 

nU'Vlml~L"1J~"1J'W 500 ppm 

"I '" or ..., ..., ..., t
n 1 'l ~"Jl '\J1,\,u,IIJ'l'Jfl'J'Ufl ~ n 1 'l in1:: 91 'J n'\J"lJ 'el-3'el '\J1l1fl '\J1 '\J"lJ 'el-3 'VI 'el-3 

~ ~ 

~1~fu LL'W'J 'Vll\l n 1 ~ 1ljj-Wl'W~ Ltl'W~'J ~'JU '1~ mnm:::~'J n'W"1J'fl\l'fl'4111 ~'Wl L'W"1J'fl\l'Vl'fl\l'l!'W "'l:::~1 Pi'£.I 

,J~lnn mnumnm :::~':l n'W"1J~\l'fl'4111~'WlL'W"lI~\l'Vl'fl\l~iJ LL1J\l Ltl'W~ 1~~'J £.I L~'ilmL~'fl'fl~1 'W~111':l:::n~(;) LL~ :::1-il 
~ ~ d' ..I ~ 

hJt~'W1 'W-Wl'W~ Ltl'W~':l6u 6\l1.J~1 nnmnu'W L(;)t1 ~1 (;)~i\l ~1 ml~ L~~~'W"1J~\l L1.J~~'W'Vl hlL'vh n'W"'l :::6u6\l m ~ 

Lm:::~'Jn'W1~hJ Lvi1n'WLL~ :::~11,"Ln (;)~~ LLj;'Jn 1911\l n'W1~ 

cl "I 0 "I '" .... ...,
n1'l,"1 pH 'VI~'VI~1::'ll~ ~'\Jn1'l'VI1 ~,"~nlPln1'l~n1::91'J 

ms pH ~m~I:::~~"'l:::vhL(;)t1mnj;'J1t1~~'W111~'W1L'W"1J~\l'Vl~\l"1J'Wl(;) 20 nm ~iJLL1J\lLtl'W~I~~':ltl• , ,~ 

L~'ilmViiJml~L~~~'W 200 pm m~lru 1 mL t:.J~~nu-wl'W~ViL~~"'lI\l 200 Lvilm~lru 1 mL 1~ 8 "Jl(;)• 
~ ~ 

"'lln,r'W~\lL'Vlt:.J~~num~1e:1L~~~~'fl1~~':lI~L.jj~iJ'W 3.5, 3, 2.5, 2, 1.5, 1,0.5,0 M m~I{;l~ 8 mL "'lln'l!'W~\l 

% ~.J • 1..1 ~. 1" • 1 ' "" '. 1 <V .dl " • I? "" ,
'Ci\lLnj;'J~'VlLu~t1'W bu~':ltlj;'J1Lu~1 LL~:::':lLFln:::~~Lunj;'J~~m~(;)(;)n~'W~':ltl UV-Vis arun b'Vl~~Lj;'J~~ 

" 
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LLUU ~-1(;l 

% " • I 1 • ';;/ "'" 'i' "d • ,d .!'I ';;/ • .1'.d " " 1Ol1 n n1~~'1 tn [?l ""JtJ [?l1 LUlN1'Yl1J'J1~"1l'el'l jiq1 ~lN :;lN1U~ LL'W'J L'W~'VlIOl:;LulNU'WLu'W~~'J'I ~1 n"ll'WL~'el m1~ L"lI~"lI'W 

"lI'fl'ln:r",1e1t",:r~lN'fl1~L~~i'W r;i''1:rU~ 4.12 t",u UV-Vis jiqL1Jn[?lf~1J'I1J'fln~1~hn1:r",,,,n~'Wjiq'ljiq"'~LL'W'Jt{J~~ 
'U CIJ 1.1 'lj 

d ~.I'" d.J.1' d " " .1'
IOl:;L~lN'el'W1Ol1n 520 nm LuU'l~'J1~m'J~lN'W'Vl~1m'WL~'fl~'J1~L"1l~"1l'W"1l'el'ln:r",jiq'l"ll'W 

'lJ 

-

'", , 

LLjiq"''1~''lI'fl'ljiq1:rlN:;lN1UYl Ln"'1Ol1 n m nn1:::lJl'J n'W'll'el'l'el'4Jl1 ~'W1 t 'W'll'el'l'Vl'el'lt"'U~v.1'W~Yli[?ln~'J'Wn1:r 

L~'el1Ol1'1 1:200 LU'WlJl'J~'J1J~~ 1'Wjiq1:rlN:;lN1U~;:j~'J1~L;~;'W"lI'el'ln:r~1e1t~:r~lN'fl1~LYhnu­0 3.5 M• 
IOl:;L~'W~1~~ Ln",i'WhJ~ ~'J1~ LL[?l n 1?11'1 n'W~1 mrn LLI?1~ LL'W'Jb{J~~IOl:;~~~h'l~1 ni'WLri'el~'J1~ L~~~'W 

.1' 
"lI'el'ln:r"'~1n"ll'W 

--0 

- - 0.5 

-­ 1 

--1.5 

2 

--2.5 

3 

3.5 

o. 

c 
o 
~ 
c 
~ 
ill 

O. 
400 500 600 700 800 

Wavelength (nm) 

'jt1~ 26 v LLjiq "''1jiq LU n [?lf~"lI'el'ljiq1:rlN:;lN1U~ Ln'" n1nn1:;lJl'Jn'W"lI'el'l'el'WJl1 ~'W1 b'W"lI'el'l'Vl'el'lb"'U;:jv."1'W~~'fi' [?l:r1~'J'W , 
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LlUU l?l-1l'l 

n1 ~~'el'4fll~'W1t 'W'1I'el'l 'Vl'el'l Ln (;)n1nn 1:; 1?1,) n'W,f'W'elfl1Jl tll~fOll nn1 ~~ LLU'I,f'W~:;~ltJ1'W,fl1~iJ'eltJ'el~ 

LL~,) LL(;] ~'el'elrJ1 'WLU~,f'W LU~fOl :;v'hLihuJ~'1 ni'WU1'1I?1,)U'W~ltJ"fl'el~h~'elf"JJ'el'l LLU'I nU~:;fOl v'hLihLU'I~ :;~ltJl~ 
'U 'U • 

ih'l LL(;] L~'el'el~1 'W ~ Cll,):;~ dJ'Wn~(;) LLU'IfOl :;~'1 ~ :;~1 tJ,fl1~iJ'tl tJ~'1 L~'tl ~ :;~1 tJ,fl hjl~ LLU'I~'1~ '1! L~ tJ 

~,)I~~I~I~bI1'Wn1~U'el'l n'Wn1~4'UI?1')n'W"JJ'el'l'el'4fl1 ~'Wl t 'W"JJ'el'l'Vl'el'l 

~1V1~Un1~~ Ln (;) n1~Ln1:;I?1')n'WLL~')~n n1nU~tJ'WLLU~'1,f'W Jutaek LL~:;~ru:; l~'elflultJl~~1 L~'tl 

'el'4fll ~'Wl t 'W"JJ'el'l'Vl'el'l~I4'UI?1')n'W fOl:;Ln (;) dipole coupling ~:;V1~I'1'el'4fll~ 1~~ uln LJl~~n1~~(;)n~'WLL~:;~~ 
" .., 'i'.,l... 'I ' .dI.d, a l .. ?:,.' .,l... d d'.., ::: .d 

~~ltJnU"JJ'tl'l'el~fll ~'Wl ~'W'Vl~"JJ'W1 (;) ~\H1J LL~:;~(;)n~'W~~'WLL~ LVI~n Y'n'jl'Vl~ ~,)I~m') ~~'W~1 n"lJ'W (;)'1'W'WL~'el'
_ ..,.., d's .... d' 
Ln(;)n1NULJl,)~1n"JJ'W~"JJ'el'l~1~~:::~1tJfOl'l'el'eln~,)'1~In"iJ'W 

d' , -J .,l .., • 1-"""" ... -J.,l... ~ 'i' - " " 
fOl1ne.J~n1~'Vl(;)~'el'l'WLL~(;)'1')I1J')'1 pH 'Vl LVI~I:;nUlJ{)mm ~'el1J')'1'Vl~ m(;) tn ~(;)~~~'el~~~,)I~ L"JJ~"JJ'W 1.5­

d ?I -J.,l • l.,l • I ... a" ~ '-J , ... .,l~ " 'i' " • I ..,
2.5 M L'W'tl'lfOl1nLlJ'Wvn')'1'Vl n1nlJ~tJ'WLLlJ~'1 pH L"fltJ'I L~ n'W'eltJfOl::: b~&'i'l e.J~l?l'el~'Vl b(;) ~(;)mnn l?l'el'l n1~lJ~:::V1tJ (;) 

rhHr.iltJ'ellfOlL~'tlnVDm(;)1e'lt(;)~~~'tl1~~,)1~IL;~;'W 1.5 M V11'elVlln~'el'ln1~1~~1~~:;~lmtJ'Wm~'elrJl'1 

mj'W'el'Wn~I~I~m~'eln1~~~,)I~L;~;'W 2.5 M 1~ 

n1'l1I1Li'fl'u'1."lJm~~J11LfI'l1::~'l.rhl1r;uLtJ'l~hll'U,f1'U~ 

Ll?l1tJ~'el'4fl1 ~'Wl t 'W"JJ'el'l'Vl'el'l"JJ'W1 (;) 20 nm ~n LLU'I LtJ'W~I~-rl')m~ Clm~n ~,)1~ L;~;'W 200 pm 
~ I ~ I 

m~lru 1 mL l~ 5 "ll(;) e.J~~nU'Wl'W~Vlh1L~'elfOll'1. L~'elfOl1'1 10, 100, 1000 L'VhLL~:;\nn~'Wm~Il?l~ 1 mL • 
fOlln,f'We.J~~~I~~:::~lmf'l~I"ll(;)L;lnUm(;)1e'lt~~~~'el1~~,)1~L;~;'W 2.5 M m~I(;W 8 mL ~'1LnLJl~~• 

Lu~tJ'Wlu~')tJLJl1 LU~1 LL~:; UV-Vis ~ uln t'Vl~i1Ll?l'tlf 

L~'el L1Ji~,f1'W~~'ei' l?ln~,)'Wn1n~'elfOll'1 (;]1'1 1 e.J ~ ~ nU'tl'4fll ~'W1t 'W"ll'el'l'Vl'el'l ri'el'W~fOl :;L1Ji~ n~(;)~'11u 
, ... .,l. I d':::. I "" .1' 'i'.,l .., -J .dI s- l'?1

"flU')1 ~'VllJ~1 n{)"JJ'W'W'WLLlJ~l?l1~ ~,)1~ L"JJ~"JJ'W"JJ'tl'l'Wl'W~ b(;)tJ'Vl'elI?l~I&'i,)'Wn1 ~LfOl'elfOll'1~ (;)'VlltJ"JJ'el'l'Wl'W~ LlJ'W 

1:1a ,f'WfOl:;1~~LL(;)'l LL~:;1~~il~'el~"ll~"fl, Ul'WLU'W, ,fl L~'WLL~:;L'Vll ~'ei'I?l~I~,)'Wn1n~'elfOll'11:100, 1:1000, 
'U 

1:10000 LL~:;hjn,fl'W~L~tJ l?l1~~I~U 
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••••• 
uuu 1?1-1 iP1 

Final Milk dilution ratio 

_ r4 
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ro -e 
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I--~~ 

- ­ 1:100 

400 500 600 700 800 
Wavelength (nm) 

_14 .1 ., .J... .,., 'i' 'i' ""~ .J 
~1..I'VI 28 bb~(;j-:J UV-Vis ~bunt91~~~'tl-:J~I~~:;~It1i'lbn(;jnlnnl:;mn'W"lJ'tl-:J'fl\f111f'1'W'1b'W~'fl-:Ji'l'fl-:J ~(;jtl~'Wl'W~i'l 

'til?l~I~'J'WnI~b~'tl"lI-:J~ ~Yilm'Vhni.J 1:100, 1:1000, 1:10000 bb~:;bJihfl'W~ b1J'Wl;r'Jf'I'J1Jf'I~.. .. 

"lIn UV-Vis ~btlnt91~~ 9:;b~'W~1 f'I'Jl~b~~~'W~~(;j~-:J~'fl-:J'W~~11~~In1~~~n~'W~-:J~(;j~1t11tl~ml~ 
."J J4 4:::S _ .......... .J J~4:' ~ l/ IV ev


tI1'Jf'I~'W~ln~'W "ll-:J bb~ (;j-:J Cl-:J mnn (;j n1~"li.J l?l'J n'Wi'l~1 n~'W 'W'Wf'I'fl'Wl'W~~f'I'Jl~~I~I~Cll'WnI~iJ'tl-:J n'WnI~"li.J 

~'Jn'W"ll'tl-:J'fl'lUl1 f'I'Wl b'W"ll'tl-:Ji'l'fl-:J b~'fl~~er~ni.Jm(;j Hi.. 

f'I'Jl~~I~I~Cll 'WnI~iJ'fl-:J n'Wni ~{tl ~'J n'W,f'W~I~I~Cl'flfii.Jlt11~'fl£.h-:J~It11 ~'JtI~JllYi n1~~:;~It1 
." , 

b-W'tl-:J"llnl'W~I~~:;~It1'l!'Wii~Jll·r'HtI'Wn~(;j~1 n (n~(;jl~b(;j~f'I~'fl1f'1f'1'Jl~ b~~~'W 2 .5 M) bbiJ-:J~-:J~:;~1t11'Wn~(;l 

1~bJ~9-:J hJ~I~I~CliJ'fl-:J n'WnI~{i.Ji'J n'W"ll'fl-:Jtl\f111 f'I'Wlb'W"ll'fl-:Ji'l'fl-:Jl~ 1'W"ll ru::~l 'W~JllYi m~ b'll'W,f'Wbtl~~'W,f'W 

~1~I~Cl~:;~lmfrll~bYl~I:;ii pH ~ln~1 isoelectric point btl~~'W9-:JJ-:Jf'I-:Jiiml~~I~I'lCll'WnI~iJ'fl-:Jn'WnI~ 

{i.J~'J n'W~'tl-:J'fl\f111 f'I'W1b'W ~'fl-:Ji'l'tl-:J 1~1'W ~Jll'J:; r?l-:J mh'J 
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uuu (;l-1Vl 

aggregation 

starch-stabilized 

AuNPs 

protein-stabilized AuNPs 

:t1~ 29 bb~~'l bbCJ'WfllYi n1~U'Utf'ln1~bn1::;~'J rl'\J"lJ'el'l'el'4Jl1 Fl'\Jl t '\J"lJ'el'l'Vl'el'lt~t1 t1J~~'\J1, '\J,fl'\J~ 

.J .J .di .J\1 I ev i,I" Q ~~ ev J'~ J..:!lGo' I 0 I 

b'\J'el'l1Ol1 nrnm Fl'Jl~'eHil~I~'J'\Jn1nlOl'ellOll'l"lJ'el..:l'\J:\.J'Vl ~ in~~'Vl bbl:il n I:ill'ln'\J'\J 'Jfi n1~'\JIOl'l ~1 ~IHIL~ b'Vll num1,

Ul~I';j bFl~I::;i~I'ti[i]~I~'J'\Jn1n~'ellOll..:l (~'lti'lim~1 rut1J~~'\J) 1~ t~t1%nl~'ifIOl::;iJ~h1,-iir.ilt1~'J~vf'li'\J 0.68 

7.4 ~'ltl• 
Fl ru::;'Wn';j{t11J~::;~'U Fl'Jl~~1 b~1Ol 1,'\Jn1~~l?JJ'\Jl'\JrJl:ilm~~ n1~i'l bFln::;i'el~Jllm::;;'U'\Jl t '\Jb~ [i]~"lJ'el..:l 

'Vl'el'l ~ 1 bb'Cl ::;H'el~Jll Fl~::;;'U'\Jl t'\J"lJ'el'l'Vl'el'l ~1~ ~'l bFln::;~1J;1,J [i]~'JIOl~'el'U,fl'\J:\.JrJ'J1J'Cl'el:\.J~1'el,fl'\J~ ~'eltl 

~ru.nlYi '\JrJI:il m~~~~l?JJ'\Jl~'\JiJ PTntlJllYi1,'\Jn 1~~l?JJ'\JllJi'el bti'el'l b~'elVil"Jl ~'Vl ~~'el'U,fl'\J~ b~'el b;n'lYil ru"Jlm~ 

bU'el'l1Ol1 niJ ~hHr.ilt11,'\Jn1~';jbFl~I::;i~I~ln -W'eltln~1 1 'Ul'Vll'1'elFlf'l bb'Cl::;n1~';j bFln::;iVil1~'elr11'l~'J ~ b~'J hJ 

~'el'ln1 ~'el,JnnUb~:\.J b~~ ~1,-ii~I:\.Jl~(lViI n1~';j bFl~I::;ib'el'll~ 
• qJ 
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UUU (;I-HI 

8. m'ilPl1 Lih.l~1'U14'!J~1~;ib~'U'el11l. 'UbFt'i-3n1'i1~!JL m!J'l.JLVi!J'Un'U-31'U1~!Jm~lPl1 LU'Un1'1 

[;I1rl'lltI'hJUlVl £.JU lltJ'Un1~~1lij'U'l1'U[;I~tl~ lltJ'W'l1'U,;)4'wiU'l1'U';)r.r£.J~1~ ~1lil'Wn1~hJll~h 

t1~\JtI~~1Cll 2552 ... 
n~n~~~ .. .. .. ..

LPlTl'ULlPiTl'U LPlTl'U LPlTl'U 

1-3 7-9 4-6 10-12 

-/1. vi~'Wlm~~%n1~~"lLf'ln::,x tetrachloroauric acid (HAuCI4) Lyjtll-nL1J'Wf'lI~ .. 
rPi"l ~'W~I~fun1nJ~ (;I tl 0/11 M::~U'W1L'WL~ (fI~tl"lV1tl"lr'h 0 

-/2. vi~'Wl'W1'(;Im~~ Green Chemistry ~1~fun1~~"lLf'lr1::,x!l'tJllM::I1lU'W1 L'W -/ 
L~(;I~tl"lV1tl"l~I~Lt'J'Wn1~1-neJ~eJ~(fIV11"lmnm!(fI~LtJw;i':i~~,)"Jl~I~fun1~ 0 0 
~"l Lf'I~I::,x!l0/11 f'l'W1L'W 

-/3. vitlJJ'Wlm~~%n1~~"l Lf'l11::,xtllVI1f1Lnft"cn'WlL'W1.fl~lcu~ln u~::;1 fl')1~ Lf'lC1m 

0~"l L~fll-nl'Wf'l~I"lLtJ'W~umnrfu1LiJ"lUf'l"l 

-/ -/4. ~m:n~1.Hl"l "lI'W1 (?) U~::f) Lf'lr1~f'l~U1i LiJ"l Uf'l"l"lltl"ltl'ifl1 f1'W1L'W"lI!l"lV1'fN ~1~ 

~"lLf'I~I::~1~ ItI 0 
-/ -/5. vi~'Wl ~'W UUU'll (?) (fI n'"l~'flUU1'W2-J ~ tl Uf'IM11Yi LL~ ::J'I'W2-JU'i'l'fl2-JL(?)U1.10 ~2-Ju1i.	 . 

LiJ"l LL~"l"ll!l"l!l0/11m::~u'W l L'WL~(;Intl"lV1tl"l~1 00 
6. L~U'Wr1U"lI'WfI')l2-Jnl')~t'Jl LL~::Lf'l'WtleJ~"lI'W1'WYiU~::'ll2-JVll"lf)'llIn1~ -/ 

0 
./ lltJ'Un1~~1lil'U'l1'U 

o tJ~ n1~~1l il'U'l1'U 

... 
9.	 "1I'elL~'U'elbU'U~ 

t~~'l n1~';)r.r£.Jtfl U'Ut~N n1~~r.r£.J I?1tlltitl'l~~£.J~m'J ltitl'l1Oj1 n lU'Ut~N n1~';)r.r£.J~ tJ~ [;Ir)~ ~'W1 t 'U~'U,f1~• 
I '"	 I I 

n1nh~~ n ~VlVl~1 nVl~1£.J ~'l n1~tJ~ [;IL'Ufl1~~ [;I~1V1mnJ lYitln1~~'ltltl n ~ [;I~1V1n~nJ lrl1tl'l~utfl rl 

u1tnrl ll~~tl [;I~1V1mnJ"Jl~"ll'U ~ru~'l!n';)r.r£.JIOj~";OO-J'W1'Ur)[;Inn~'U1t 'UL~tl-W11uL.1riL'Wn1~LOl~'JIOj~tlu,f1'U~ 
q q 

10. n1'ibeJ!Ju-ni Uil~ n1'i"L-Hu~'i:!J1fU~1neJil~1'U1~!J 

..;OO-J'W1"ll ~Yl ~~tlU,f1'U~~ ~1.1ri~1:1.J1nl'vh rnm ~~tlU ltl'l1~ ll~~~'l'Ur)[;I nn~"Jl~Yl ~~tlU C;)'l n~1'J l~tl
...,	 q 

U~~n'J ~~'lrl'lr)~ tJ~'l1'Uth~~htj~ ~ ~'U~tl1u 

11.	 U'U1'Vl1~n1'i1~!J"L 'U'fI'U1Ft lij~1'U1~~'U1 'i:'U"ll'fl~'Vl'\h!J'l.1illliln1'i1~!J'P.l'l.1n'ir;Ui''Ui 

IOjI n ~'J1:W~ 1l~lOj~ tJ1'U:W1"jJtl'l ~ru~'l!n';)r.r£.J ~1'Wr)~ ~'W1 t 'U t~£.J l"UYi1 ~n1~"; 1?J,J'W1'Ur)[;I nn:Wn1~tJ~ [;I
q 

tl'¥11~~~C;)U'U1t'U~LOl~tl'l~'Ul~tln1~U~~~n~l~'lYi1ru"llUll~~n1~U~~~n[;l1'U~~c;)U~[;I~1V1m~:w .yhL~ 

rlru~'l!n';)r.r£.J~ II'U'J~ ~~1Oj ~";OO-J'U1'Ur)LOl n n:w I?1tl Ltitl'l ~1'ULYl rlt'Ut~ ~r)~ ~'U1 t'U t~£.J L'UYi 1~n1~";OO-J'U1 
q 

l 
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LLUU 11l-1ii1 

n~~~%nl~e.l~(Wr~lPlt.l1L'W'Jl'tl~L~VI:;iJF11 (Precious Metals) 4 'llUlPl1~LLri L~'W 'Vl'tl~~1 LLYi~l9l~'\!'~ LL~:;• 

~~~1 L~tm ~'JtJ mni~fi~ dJ'WiJ lJl~nlJ~~ LL'J cPl~'tl~ LlPlu1-ii ~'J1~'Ji"'l1 nfin~'lll ~ ~Vll1~1 'Wtl~:;L'Vl Pl L~'tl 

~cPl n1~tll L;h~ln~iJ~iJ~l ~1 LLYi~ LL~:;LU'Wlht LlPltJ n1~';){tJii"'l:;'tltiJlltJ1M~1'W';){tJ ~l'W'Wl L'WL'Vl ~ L'WL~U 
'" 

~~m'W~ LU'WiJ 19l~nu~~ LL'JlPl~'tl~ (Sustainable Green Nanotechnology) n1~~[ij.,J'Wlii"'l:;.yh 1~ ~'W"r'l'Wn1~ 

e.l~ 19lt)~ ~'Wl L'W'Jl'tl~~ ru:;'\!'n';){tJ ~1~~ 1tl~ n 'V111~iJ ml~1~ LmtJu LL~:;iJ ~ntJJllYi~~~ln1'Wn1~~[ij.,J'Wl 
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