
~ 
1Jflfl12 

n1"i~ LA"i'l~~<Pl'J t~len 'Wtl-fvhl-faJ1CW,,f~A~~ LA"i3J1 '[ nn"i'l~ 

(Analysis by High Performance Liquid Chromatography) 

Ll!L ~afwaf3.11u'll~~i" 1~13.111 'Yln11~ (HPLC) LtluL 'Yl~ii.~~1ainLLunt~.-J~u"I::mm 
..1. I " • ..1 f'l ,¥ "' .... 'I ., .... '11 " 

'11 u.-J fn1a::a1 U'Yl u1::n m..1"1 u fn"I~ a1 £J"lf'U."'Y1a::a1 m u uL um'il mnu ~ ~ LL£Jn t1 t1 mnnnu ~" 

LLa::ff11l11mhn11"11';111il'Yl1.-J~tu.1n~LLa::lft3J1tu.'1l£J.-Jff11L~a1ii't~"uLiim.n1uff11 
~ 

1l1mi1'U.LL9ia::"lfU'il HPLC ff13J11tliL~11::~1~,Y.-JL ~.-Jfl tUJ"I1~LLa::lft111 tu. 
• 1 

\'lafl L 'Ufl11LLU fl il\1 A't.l,-::n il'Utl il\1 ft1"Hl1\'111L~UJ HPLC 

m"ILLun~111"u1iL'Yl~it~~~ua~nun11L~Elnli~aa3J\l" (column) ~~rnulutJ11';) 
~ 1 

~1U1'L]111~ntJ~ (stationary phase), nTlL~un1i1L]111~L~~tl'U.~ (mobile phase) ;fut~ijnu 
' 

"llit'il"ll tl.-J a'1"lfi ~ tl.-Jn11LL£Jn n17La tin~ tl.-J L~ t~n 1 \XL~ m::a-3.1 LLa::illW'U.lltltJ~ tu.~2JtJ"i'1l tl.-J 
1 

column , mobile phase LLa::fn"l~';l::LLun HPLC ';!:: 1i~t~a1lu~i1Liu~1flutina1.-JLL~tJ~.-Jil 
~ 

u~\~t~1flt.~.tina1.-J~.-JLL9i 2-ao 3ja~L3J'il"l ~.-Ja-1,.~tmtJ,-,.';)1t.~.~Da3Ju';l::il"llt.~.1'i1Ll~n~.-JLL9i so x 
~ ~ ~ 

10-e m) ~.-J,ft.l.~t~.-J1ifl111liua-.-J 1000-6000 psi n11L~~tlU~"lltl.-JLW~L~~tl'U.~';l::L,r'lue)'i111 
~ 

0.1-10 iia~~'il"l/ u1ii HPLC 1'*3Lfl71::~ff11a::a1U~Lliff13J11tliLfi11::~~1U Gas liquid 

chromatography (GLC) L 'rlu fn"l~t1nrha1 £.1~1 £.1~1 u~1111i'uu fn"l~Lah::L ~ u 
~ 

"lit~~177::1.-Jlu.n171i HPLC ~tl solvent ~tl.-JLliil~i~::nt~U11tl.-Jff1111il '] ~.-J';l::th'l\X 

pump fl1.-J1'U.~'Il'mLa::1Jtu.::n1a.-Jfl1.-J1Utl1';lU tlU ~a-u LU tl'il~ t~a3JU rh 1 "'~ tla llULi£.1~1£.1 ~.-J 
~ 

11m~t~u"li1.-Ja'.-J Tiuuli~t~.-Jn'l"tl.-Jmobile phase LLa::~11il guard column 9it~'1.1nu column 
~ 

L~tl"lD.,1i'tJ~.-JL~tlUt.l.';l1n mobile phase Tiuuil._, column 

I 

~113JLLflflfi1'11'Ziil'l1 Liquid Chromatography LLa::: High Performance Liquid 

Chromatography 

1. Liquid Chromatography (LC) m,-'t"Iia-1,-'il'ilanU';l::ii"llt.~.1'iiL'VInln11lu HPLC ~..:~ 
~ ~ 

lil::U,-,-';!LU~tli2.l'!!"l..U1'il 1-5 L'Il'U.~Lll'il,-, 
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2. tu LC 1ifl111J~u1wl::uu11'mmi1 HPLC fiEJLwli1..1 0.1-1 u,-·n.nmfl LL~ 

HPLC ~::L~2J~ 1 tJ11£11n1fl hlLAU 30 tJ11£11n1fl 

3. el"11L71"1lEI\IL~ft'Lfl~El'U.~"liEI\I LC ~::i1111nfiEJ 0.1ij~~~"1/ U1fi ~1ml'mmi1d' 
~\ILU HPLC ~::L~2J~ 1 ij~~~"1/ U1fi .. ' ' 

4. LC column lll~EJ\1Lii111 n11Lfl~EIUfi"liEJ\I.i"1vh~::~1~El1fltJLL1\IL\t2Jti1\l LL~ 

HPLC 9ieJ~bf~2JLdeJ\1~1n\4'u~LUf!Eli1111\!ewn11 

.... 'l .... ~,.. tl'"' ..t ..... 
111ftfl fl11 L,_.fl111ft1'1;)1(;tfh1 L(;tti~U\Ln1Yt LLft:: 13J1nL!I,_.il tl flU . ~ 

- L'fl1~~ EJ\In11~::LU.Jni1LUUL'fl11.h::Lfi'Yl L~ ft'11~U 'Y11EJ, L'fl1EIUU 'Y11EJ, n1", 

l"li2Tu, nEJi111u, 1"1iju Ltlu~u 

- f!nu~·11~ L'l. vn::.i"1"11 EJ\1 ft'11LL~~::"JJit~~::ilfl1111LL~n~1\lnu 'l uL~EJ\1 Lfl'l\1 ft'i1\l "11'1.1.1~ • 
111L~n~ n11L1EJ\ILLft'..1 n11""n~ULLft'\l n11LL~n.J1 , , 

[11 ~ 1 Uf~Eli2JU ~::tJ11~~1 tJ L'fl1~'Yi1~U1~ LiJw) 1lfl1fl El ci nu~ (stationary phase) . ~ , 
~\11.11::nm.J~1~EIUT11fl (innert support) ~flmfl~EltJ~1ll~1~L'f'11~iimuw11~'lun11~~-Du , , , , 

.,J.,. .. .. .. "'il.l'l .ol ' 
vnn liquid phase ft'11~::~1~'Yl~EJ..1n111Lf!11::~~::flnu"L"ll1 Lu u1::uu L2JEIL'fl1~::~1£J~1U , 
L i1 lll'l ufl ai111l' H111.l1::n EJ1JLL~~::i1~::fln"~riu (adsorption) LL~::t1n'Yi1 'l ~~~"Elan lll ,, , . 
~1nn11~"riu (desorption) 1JUEJUT11fl~tJ11~m.l'luflEJi111l' t"£J11lfl1f!Lfl~EJU~ ~~~ , , , , ~ 

"1ll2J1fl El ft'11U1::n EllJ LL~ ~::.J1~::Lfl~ EJU ~'ti"12Jfl Eli11u1~~1 £Jfl112JL 71~~1\lnU tl"11L 71 

"ll EJ\In11Lfl~ E1 U ~~:::ff UEI cinu Gf2JVi17flfi1Yi (affinity) "lJ El\1 ft'11n1J EIUTI1 fl~ 1.J77~ El ci\ Ufl Eli 2JU , . . , 
.J .1 .,J.., • "' .ol .,J 'il.l 'il""' "" " n11'Ylft'17u1::n EllJ'Yl" El\ln111Lfl11::~~:: Lfl~ EIU 'YlEI EJn Lu~1n stationary phase L"L 71~7EI"lf1 

.I .... .... ... .. . . .::J.., .. ., .... 
"1JUmmum1Lm::~unu 'Y11\1Lfl2J"1JEI\Ift'17 (chemical attract1on Force) 'Yl"EI..1n111Lfl11::~ nu , 

..1 ''l .... .. .... ..t ' .... .J ''l .... .. -
EIUT11fl'Y11J11~ El ~ Ufl EJ~2JU LL~::£.1\I"ll'U.EI tJntJ EIUTI1fl'Y11J77~ El £.1 Ufl EI~2JULL~::"li'U""ll El\1 mobile . , , , . , , 
phase ~\1~::~ El\1 L~ an 'lit ~L ~m::w11 L ~ EJ 'l ~L1i"n17LL£Jn~~'l wn rn::~ri1i..1 Ln"m1LL£Jn"ll EJ\1 

tfi7m.hfu tfi7LL~a::tfi7nihhuwd.\ILm::EJtlnuLi~Ju1nn1flEJtlnufi (stationary phase) , , ~ , 
1J1\IthunLfl~ EJU ltlnu t"£J11Jfl1f!Lfl~EJu~ (mobile phase) L'fl1.r1 'l"~ft'11111mi1nu l~1i 
nU1lJ1l1fl L Tl~ El'U. fi ';I:: L fl ~ El'U. fi ~1'U.Tl Eli 2JU1~L ~hn";J::~ n LLtJn El El n 111 ri EIU ~1 Uft'17.r1 L~fi 
tfi2J17fl L "li1nu hil~~nU1!]1l1Tl Lfl ~ El'U. fi';J::LTI~ El\1. ~~1Ufl El ilnfl~i1n";J::EJ Eln111 L UL 1~1 
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~1~ "rl~ 1'n'l~mmaam.nn';l:tlnil'l1';limru1m~-w detector LLa:LLtlmil~1~,-ll1LiiLLn'l11 J 'II ., 

.... I t.l t.l .. .... ..., I.... .. I 

ail'l1«1~"11 a~~1111 L "1111"11Wlla~«1'l'Yl Ln1:n1J1!]111~ a~ nun (stationary phase) ila 

~11llL"lill"li~"1ltl~1'n'l~L~~au~'ttlntJ mobile phase ii~1~~~Luvn:~1"11tl~«11LL~a:1'n'l~~ 
L1t1n11 distribution coefficienk (K) 

'l~ Kx = distribution coefficienk "11el~1'n'l x 

[X ]s = 

[X ]m = 
~11llL"lill"li~"1ltl~1'n'l x 'l~ stationary phase 

~11llL"li'll"li\~"1Jtl~1'n'l x 'lu mobile phase 
0 

Kx - [ X ]s I [ X ]m = 0 .. 

mTI~'Yl 

~1 Kx 'lla~1'n'lLL~a:«1'lii~1LLiln~1~nu ~~"111 'l~LnilnaLn"il a~m'lLLtln;f~ 't~ti'1~1 K i1~1 
ll1nLL«ii~11 1'n1tl1:n atJ"lfatJ~';l:n,-:';11 tl~1 a ti'l uL v-J«~ a cin11~111nni1 L Y'J«L~~ a~~ 

'II 'II 

~~,f~«11tl'l:natJ~~n~11';l:L~~au~Ltlii1llTia~ll~1~i1tl1~1 .:1111 I ""' I 

K ll~1UatiU«i1~11 

1'n'ltl,-:natJil';J:n'l:';l1 t1~1l uL v-J «L~~ au ~L~~ni1L v-J«~ a tinu~LLa::';l::LTI~ a~ ~~1u~ a~ll\! 
'II 

L~ati1~11iiL11 
0 .r .... 0 • .r .... . 
~1 Kx ';1:"11un1J~1 affimty ';l::'llun1J«11 stat1onary phase 

Reservoirs 

111\'iyt 12.1 ~1\l.tl'l::fitl1J~1>1 ')"llrl\ILfl~tl-1 High Pressure Liquid Chromatography 
..1 
'Yl111 : Marvin C. McMaster. HPLC ; A Practical User's Guide 
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.. .... ... ... il .... ..... .. ... ... ..r I ... 

Lailn1!JI11~n'"' (Stationary phase) t1U11~illf 14AiliUIWl.f'I11J1'1a1U!f141ft!f"tl"illfnU 

1 I .... I 1 """ ..r 
na n'!lil'l1fl11LLUnlft1'11n14 LUNililn "'"'"'" 

1. Adsorption Chromatography 

2. Liquid - Liquid (partition) chromatography 

3. lon Exchange Chromatography 

4. Size Exclusion Chromatography 

Pr.:p St:rrll Pr·.-p Analyt 1cal 

.___! --t-j----11 
Prer>arative 

Size SepllrlltJOn ---< 

J_, 
r-----Pilrtition 

\Vater Or·ganrc 
~Soluble Soi,ble 

[ E.mt\llil Polymer 

lli~y~ 

Jon 
Exc:hanrJe 

eol,,w 
1 

.,.,L 
~ 

'Wt-al-- Strong 

... .. ... I" A I 

111Wt112.2 nT1LflElnfltlflllWlfU~~1-\I ') 

Organic Aqueous 
. Soluble Soluble 

~ P1.1rtition 
~ I 
~ 

lnt~r~J.>!!~ E'~ 
~ 

~m : Marvin C. McMaster. HPLC ; A Practical User's Guide 

1. Adsorption chromatography 1'1~il Liquid Solid Chromatography (LSC) 

1 ~ran t~,-n1"1VJ"n'il~d't ifl m~in! -;J::U1"1"';1~1 tJ ~1~ ~.nuL ilwn EJ-\1 LL ~"~ihvnu. 
1 'II 'II 1 

ii~u~~--nnn L~mvhJfl'1111~11l17tlL'U.nT-r~~sn-ui-:mth~"llEh'l solid phase L"liu ~~ silica 
'II 

gel, alumina, activated charcoal 1~£Jii active sitedju silinol group Lfi~EllJEH.llJU~'1"liEI~ 
'II 

silica gel ~~rh1.i~1117mn~tJ~n~£J1nu~T'i~LiJu~·nh::L11'Ylii.ff'1 (polar functional 

group) 

200 FDT 2301 (FT 331) 



fiJ ~ 4 CW .a .. ~ I ~ A 

Gh1'"l" LSC v"LMaJ1::nun1,-LUJnill1'n'1aJ'!I1 (polar) L"lfl" LLtlitfliltlilit, n,-Gl "lfl"Gl 

tl1" ') uum:nna1,-itla.ii:itf1(non-polar) LUl" aromatic hydrocarbon 1~ 

Liquid - Liquid (Partition) Chromatography 

1 1 ~I.J'"" ., • T11'2J1 <il1'n1'Tn\1.3J 2 "11'\.l.<ilTIEl Normal phase (NP) LU~:: Reverse phase (RP) 

Normal phase (NP) -;J::ii stationary phase dj'l.l.tn1'~ii,T1 a-1'\.I.LV.qj-;J::1J1'1'~~1£J 
silica gel ~~llnl'lintt partition/ adsorption chromatography ~~-;J::rhl~tn1'th::nEJU 
(Analyte) LL~mobile phase -;J::la.iii,T1 (Non polar) tn1'"11il<il polar ;JnU<ill1 (retain} LL~::L'\.1. 
"lln.L::Liimn'l.l.n-;J::la.iu<iltnWnn non - polar tJGIEJ£JL~"'~<illtl ~1£Jel<il1'1~LL<iln~1~n'\.l."l1El~ • 
• ... ::: 'I .. .J' .. ::: ' . 
m~~"ll1 (polarity} L'\.1. Normal phase chromatograph "11'\.l.<il'\.I.Elll'1J1£Jt{'\.l. ~ 11 polar hke 

polar 

Reverse phase (RP) 

-;J::iitrn~m::<il1~"1113Jntt Normal phase chromatography ~El stationary phase 

v::LiJwrnn non polar LL~ mobile phase -;J::LU'\.I."l1El~L"'~1~ii.ff1 (polar} n-;J::nnwu,1~ 
'II 

L"'tt£J1 (retain) EltiL'\.1. stationary phase TIEltr3J'Il'~l'li~milwnil<il C-18 "llil<il non-polar L'\.1. 
'II 

TIEltr3J'I!u,-,--;J~1£J octadecylsilyl coated silica , 

..; I 

G11,.1"YI 12.1 A11aJLLG1flG11"'!1il" Normal LLst:: Reversed Phase 

Normal Reverse 

Packing polarity High Low 

Solvent Low High 

Elution order Non-polar first, then Polar first, then 

polar non-polar 

Effect of increasing solvent polarity Decreases retention Increases retention 

time Time 
' 

fhn : Harris, D.C. 1996 
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TYPES OF REVESE PHASE PACKINGS 

C18 

C8 

PHENYL 

CN 

C4 

POLARiTY SOLVENT VISCOSITY BOILING MISCIBILTY SOLVENT 

INDEX CP220° 
0 

POINT.O C(1atm) NUMBER(M) GROUP 

-0.4 ISO-OCTANE 0.50 99.2 29 0 

0.0 N-HEXANE 0.313 68.7 29 0 

0.0 CYCLOHEXANE 0.98 80.7 28 0 

2.3 TOLUENE 0.59 101.6 23 7 

3.4 METHYLENE CHLORIDE 0.44 39.8 20 5 

4.2 TETRAHYDROFURAN 0.55 66.0 17 3 

4.3 ETHYL ACETATE 0.47 77.1 19 6 

4.3 I-PROPANOL 2.30 97.2 15 2 

5.2 ETHANOL 1.20 78.3 14 2 

6.2 ACETONITRILE 0.37 81.6 11 '17 6 

6.2 ACETIC ACID 1.26 117.9 14 4 

6.6 METHANOL 0.60 64.7 12 2 

9.0 WATER 1.00 100.0 9 

HPLC - Detector ua:: Recorder 

LrlEJLn1~~::iLfi11::~LLr.JnEJEJmn;nnfiEJ~:IJULL~'r;J::~1\U"li'11t11'1.1. Detector ~'t"lli~ 
fl11:UL "li'll"li''l.l."llEJ\It;~'ll~ m'l-;J::L~ EJn 1 i~ L 'YlflL~ e:rf"lfit~ t~Ju.if'I.I.EJ tinufl rn~llu'1i-"llEJ\It;~1~ 

'II q 

~ a\lm1-;J::i~ t~ FJn'VI ~nm11~ FJ ~1t1~"d 

202 

q 

1. uv- Visible detector 'tinlJLn1~Lnll11tl~~n~'l.m~'ll~1u"li1'1 Ultraviolet LLN:: I 
'II 

'VIi'EJ"li1'1 Visible light L"li'1.1.~11Vnn Aromatic compounds, COOH (acids), CONH2 

(amides), CONH- (peptide) 
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2. Fluorescence detector 1 inu Ln1"1J1~th::L1l'Yl~~L~El~ LL~..:n.,~m 1"1~2J11"t1'Yhwn 

,f,.u7EJ~LL~~'1.$L"liu Polycyclic hydrocarbon, Aflatoxins, amino acids LL~::1~1iju~1~ ')~ 
L1El~U~~L$ 

3. Refractive index detector Ln'l~Lll~~LL~~mmt'n LL~::'tllL~El~LL~~$1£.1 L"liu 
'U 

Carbohydrates, fatty acids, lipids, polymers EJ1';)1~TI1111Lilliu1~£.Jn11"Lm£.JuLii£.Jui"llit 

iml-' (Refractive index) "llEl~"liEl~L l-'~1~~1UTIEli11'\.t'EJEJnm1~£.JLi uEJn';J1nd'rT~il detector 

LLlJlJ~U') L"Jiu Electrochemical detector (Li~1"1';Jl-'1~1"vnn Aromatic amines, Phenolic 

compounds), Conductivity detector L"Jf~1"1';JVI1LnWnn inorganic ions L"JiU Cf, sot, 
Na+ Vl~m11Ln'l~LL£.Jn'tuTIEl~11'\.t'd1uLn,-nmru~i'~~El1';)1~'1.~~mTI~El~1~i'~~ 1~£.JL"lf 
Radioactive detector Lilu$u 

Recorder LUU"1u~uwnn~~~L$';11n detector 1~m.h1nlJLUU peak area, peak 
' ... ... 

height "l1El~Ln1"LL~~::~1~1£.1 

~.. ~ 
£h1Au"itflilU'!IiHLA"ith1 HPLC 

1. 111"l!U::~1J'l'l';J mobile phase 
~ 

2. Degaser 
.. :t d . ~I A • 3. 1"::1JlJu11 'lJ~LLlJ~LuU 2 "liU~TIEl 

2.1 mechanical pump 

2.2 pneumatic pump 

4. Eltlm·m~\-n~,-1';)1~TI1111iu 
~ 

5. Eltln,-clu~Ln'l~1El~1~Li1"1"::uu HPLC (injection) 
, 'U 

6. EJtln'lm~1i'Yi1 gradient elution , 
... .. 

7. TIEl~liU 

' 
8. Lft7B~'i111"1Gl detector 
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204 

Recorder 

Mobile phase 

Reservoir 

Pump 

Guard column 

l 
Analytical column 

l 
Detector 

111'Wif 12.3 th1~th::nm.J"l1El.:!Lfl~El.:l HPLC 

Data 
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1/ 10,000 PSI PUMP 

Pressure lm~ 

n.~~ Swag-Lo K Column fitting~ 
-- __ ] 
~; 

<3j Column Casing 

Column lied Support (2JJ) 

n1Tt~ 12.4 nTitl'l'l~L~~EJr.inu~ (stationary phase) tu HPLC 
~ 'II 

~3.11 : Marvin C. McMaster. HPLC; A Practiceal User's Guide 

!llil.A~lllii OPtRAIIN(i 

t1aKe .~. breok .)x 

n1Tt~ 12.5 m'l1~mn1~EJEJn~1m~~LTI~EJu~ 
~m : Marvin C. McMaster. HPLC ; A practical User's Guide 
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1. n11f"::u·n~1!)n1f1Lflfio"ft mobile phase reservoir 

Lil~fl1"1l~::~'tithi'u'tLttn'li1l11~::fntJ~'tiLii~L~~Lfl~e~~ t ... .. ..1 
~n1'l1Lfl'l1::'VI fl1"Jl~::YI 

U'l'l~ L ~~Lfl~ a~ ~Lt1~ 't 'VI Dhl::~'11~1~fl1111~l.h::mm 1 ~lil'l fl1"1l~::~'tiu'l'l~L ~ ~Lflg e~ ~ii 
~ .. ' ~ 

~El~£l·:ln1'lr11~1ilLLn~ean~L~~~~m~l11tlijffitJ1rllJL~~Lfl~£1~~1J1~"Jl~lilL~ 'VI~ElLL~LL~L~~ 
fl~~~ e ~'t ~fl e i11ll' ~en~1 nii'£1~ Li1~m,.~c;~1am ~~~::l11 't ~Lnlil~ e~ a1n1~ 't ~Lfl~El~lil'l1~'VI1 

'II 

(detector) '1Jm::l11n1'lYIIil~e~ 
... ..... ... ..... .... ... . 

n11Lftilfl1!)n1tl"" ( Stationary phase) LLft::1!)n1fiLtlftD"n (Mobile phase/ 

Solvent ) ~~i1n1a:~1tJ~LiLLtJni1E1~1~ Lil~l!)l11f1Lfl~El~~ l11'VIll'1~U1tn'l9i'1El~1~L"li1 
Lt1nn1flEl~ntJ~ (stationary phase) 't~~i{~Elf1Eli11ULL~:f1Eli11\t'~~tl11LmlEl C18 reverse 
'II :.J 'II 

phase "Jl~lil silica end caped (type B) ~:~111'ltHLtJn~'lLiiltJ,t1'ltl'l~e~LLi1 Lt1~1!) 
fl1fl'ii~fl1'lLi .J1nu acetonitrile (L rta~~1n acetonitrile ~fi1n1'llillilna~LL~~tJ1LL~:iifl1111 

'II 'II 

'VIitlil~1l11L~~111'ltllliln1'llilliln~\I.LL~~~fl1111tl11fl~\1.~1n~ 220 nm ) 'VI~El.J'1n1JU~L~ef 
'II 

~V4Le"llfi e~"li1~Lil\l.n'llilL vi El~liln1'lLLiilni~'11 e~ silanol group '11 El~l!)fl1fl'ii~ 

2. Degaser l11'V11l'1~n1~~~a~mm~'l\l. mobile phase LvieiJe~n\I.L3.i't~~a~mn1~L"li1Lt 
'II 

flElilltt' LL~: detector ~~~:"li'lil"ll11~n11L~~YI1~'11El~~'li1e~1~ n1't~Liic;~~~LRtJ~en11 
1Lfl'l1:~ n11'l~~e~mn1~ (LLn~aan~L~~) LviaiJa~n~'l3.i'l~LLn~ean~L~~rhtlijffim 
nu1!Jfl1flL~a\I.~LL~:1!Jn1fle~nu~ m,-'l~~e~mn1~~111'ltln1'l~ 2 1n 1nLL'ln~mt1 
mobile phase 'lt!L"li1Lfl~El~ degas rie~U1111LLt'l~l11"11~:u'l'l~ mobile phase ~n1n'l\l. 

~ 

Lfl~£1~ HPLC i~L'V13.i~:iiLfl~e~ degas ~El£J~l11tJL~Lfl~El~LL~:l11~1~ac;~L~lii 
~ 'II 

"' 3. "i::UUtlil\lUaJ Pumping System 

'hufl~El-11 HPLC ~::iifl1111~1~YI1~m'lL'V1~'11El~L~~Lfl~e~~~L'V1~~1~fi£Jillu~~~ 
El\l.fl1fl~ ii"ll U 1 Iii L~nlJ'l'l~ e cifl1111 ~1\1. YI1Un11L 'VI ~~:111n Lrl ElL "Ji£J\I.fl1fl~ii'11\l. 11il L ~ n LL~: 

' ' 'II ~ 

fl Eli liU ~ i:J'1JU 11il L~n~~,]1 L ilu ~-;,::"' El~ L ifl1111 iu~~ L vi ei~L ~ ~Lfl ~ e~ ~'t 'VIL 'VI~ LtiL ~ 1::1J1J 
'II 

BliLLU~L"'Lil~ 2 "ll~lil~£1 
3.1 mechanical pump LUU,j11~fl11J~11Ellil'l1n1'lL'VIft"l.IEI~L~~Lfl~EI~~'l'VI1i~1~~~ 

~ 

3.2 pneumatic pump LU~,j11~~11J~11L""~1111i~"l.IEI~n1'lL'VIft"l.IEI~L~~L~~EI~~ , 
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Mechanical Pumps \'l~il Constant flow pumps LLti..:meJmil\lo 2 '11\l~ 
... 

3.1.1 ira.~uuunn:uanau (Syringe pumps \'l;il constant displacement .. 
pump) if11"1fii.~d'ii~m~m:Lil\lon'l::uan«u (cylinder) ~'111J'l'l1li·nh~:~nEJl1LLa1 iin1u«u 

~ ~ ~ 

(plunger) ~'111l::Lfl~£lU~LilULLU1J«n'l ~1Un~£l'I1LnEJf (gear box) 1~EJii stepping motor Lilu 
~ 

tl1fi11Jfl11el~'l1n11l Vlfl"ll £1\IL ~«Lfl~ £lU~1~ EJ';I::ltlfh L ~Tl1U«U Lfl~ £1\lo ~L ~1~'\.1. V11£li1fl\l 
~ ~ 

... 
3.1.2 UaJLLuuinanau (reciprocating pumps) .. .. 

Tl1U«1J"JJ £l\lif11';1:Lfl~ £lOU ~L "Ji1 £l £ln~fl£l~L 1fl1n1'lYi1..:J1\Io Ld elfin «mfl~el'U~L "Ji1 ltJ';I:: ltJiu 
~ ~ ~ 

L ~L;'Lfl ~ El'U ~1 lXL oll1 ~fl El ~ 11~ LLfl::L~ ElLfl ~ El'U ~ El Eln11::~'11 LEl1 L ~ L;'L fl ~ El \I,~ El an';l1n111"1J'U::~1~ 
~ 

LW«Lfl~£l'U~ Loll1fln«u ~1u check valve m'lfi11Jfl11el~11m1lVIa"ll£l'I1L ~«Lfi~El\lo~n'l::n1li 
~ ~ ~ 

1~ EJtli'lJ e) ~71 L ~1"11 El'11n1'lin an «U ~1ou11 ElL~ eJfLLa::f! El11'W1 L~ af 
~ ~ 

... ... _:; ... 'I"'"" 
\'lft0011Lftil01JIJL'rtil L'2101J HPLC 

"JJ"U1~L~n LL~::aci1'111l'ElEJtl£l..:J1ifl1111iul~ 500 psi 
.. ..I ' 

2. «1111'lt1iJ11L ~«Lfl~autiL\Iotn111~'l111n ') 

3. ~11 LLfl::~1'UU1:n £l1Jfl1'ln1~1 EJ LVI an l i'«it11 LL~::YlWil a n1'l~nniEl 'U"ll a \I «11L fl ii 
4. «1111'lt1LlXLW«Lfl~au~lVIal~n..:J 3 iia~~~'l/U1fi LL~:fl\1~ 

-• .-.kill ... ... 
4. £!IJO"'inU1 L'21Gl"'i1;)1G'Jft111Jtot" (Pressure Monitoring Devices) 

Eltln'lm ~1 i~'l1';11~fi1111~U11:: a U'l:VI i1'11'Yl1'11 L oll1"ll a..:Jf! a ~11unu-B11 atl n'lrn d';l::lJ an 
~ ~ ~ 

fl1111i\lo"JJ £1\1 L ~ «Lfl ~ El\lo ~fi elUL "Ji1f! £1~11~ fl1111~U ii'';I:LU\Ioi'l1~:ffu ani1 iin11£l~i\lo V11£l la.i 
~ 

Vl1£lm1n1\11'U"ll £l\lif3J a11L Vlfl1VI'i£l la.i n11Yl'l11Jfl1111iU"ll £l\1Lfl~£l'I1';1::"Ji1 EJth 1 ~ n11tli'u~1 
LLtl'l (parameter) ~1..:1 ')LU\Io ltlliati1..:JL V\111::«11 £Jtln,-n!~1i~11';11~fi1111~'U. liLLri 

~ 

pressure transducer Vl1£l strain gauge, Bourdon tube Vl1£l Diaphram gauge 

5. £!Un"'im6.tota1"'ii1mh..:~L,j1\i1:::uu injection {Sample Introduction Devices) 

n11~1\loL;'17i1 £l r.h..:J L "Ji1 ltJ rJ\Ifl £l~1l'l!iifl113J~1~qjfi fl\lo"Ji1..:1111n~ £ln11LL£Jn «11 ~\lit 
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Lr~1i1 El ci1..1~ ~1u.L "li1 lu~fl El i3JUfl11":: El cil u.in~m::~ L ilu.LLtltJ~ LLflu 3J1n~ L'f~ 
~ ~ 

I ..1 fll 'II. I'll " .... ..I I ..I .. 'I --.. ... I I " " 'II. I 
L 'Y11'Yl"::LuU. Lu L~ 11f'Y1..11U'YIL'f~fl 0 L"1111f;;\91 L'f17911El tl1..1 ~11.1. septum ~1 U syringe LL~::L 'tl1 Lu 

~ 

lu. microsampling valve fl17~El..17::aJ~7::1.:~L rtEJ..1"1nfl113J~U.111 ul U.L'f.:~n.:~ 5000-6000 psi 
~ 

~.:lmicrosampling valve L'f13J17tl'YIU.fl113J~U.L'f..1l~ L'f17i1EJci1..1L'f13J17tlL"lil~~"LL~m3J1nt. 
~ 

o.5 l3J Lfl7~91, 

6. ot.ln,-nCitlift1'M1urh Gradient Elution • 
n17LL£Jn 1~ul-N gradient elution ~3J1Un·3n17LLunrnuliL~ElU.l'tlm917i1U. ... 

(standardized condition) LVlEl~El..1tlth::nEltJ~~~1n~~1U't!El..1L'f17LL~::fl113Jtl1n~1ULU.n17 
~ 

~ .d L ~ 'II. I ..1 "" " .,..,. ..I 'I "."f • 'I " 
LLUnL'f17U. U. ') 'lf.:l ~ U'Yl1 Lun11LLUnL'f17~L'f3J'Yl'lflJ'lfElU.11f'YIL'f::~1nL U.n17LLnuqj~1flEln17 L "1J 

gradient elution ~..1L~iiEJu.nun17ll1 temperature programming lu. GC l11l~~un11 
~ .. ..1 .I .... I f( 

LU~ UU.El.:lflth::n EllJ'tl El.:IL WL'fLfl~ ElU. 'Yl (ionic strength) L'f~L'f1U.'t1El..1 El.:lflth::n EltJ'tlEl.:IL v.J L'f 

Lfl~Elu.~. pH 'tlEl..1LWL'fLfl~ElU.~"1n1u"::L~U.117U (a) LUU.LLtJlJ isocratic elution , (b) Lilu. 
~ ~ 

LL1J1J isocratic elution ~..1-;J::L ~u.l~11"li1..1LL7nn11.~m7LL£Jn~LL~:: 1.in~1i-un11LL~:: L~fl113J 
b~~ifu. LL~LL~L'f11tJ1..1~1~LL£JntllEJEln~1£Jinm7LL1J1J isocratic elution LL~L~Elloi isocratic 

elution nLr~3J17tlLL£JnEJElnl~ Hl111::L~3J~U.n11Yh gradient elution L~iiEl'UrllJL'fl111::L~3J~U. 
l ~ ... .. ... .. I ol,.j f'l 1 
'\.l.'tlU.91ElU.n11fl~L~tlnflEl~3JU. LL91Lu~£JU. gradient time Lu'U 5-100% solvent A U.L1~1 30 

... ..l..l .. .. 'l .I"'._ I ~ ""~ " 1" U.1'Y1 LL~::fl.:I'Yl'Yl 1 00%A Eln 5 U.1'Yl LL~:: U.n17u!JU9ln17LL9l~::fl7..1L3J El HU.~91"::91 fi..17El ~ 
.... r.l• ~..,. 

flfi~3JU.fl..1'YIL ~3J ElU.L'f1l11::L 73J91U.f1El 5%A 

tl ll'd'J~.... • • 'J ·l~iJ 
£l n1'nLYIL~ntJ grad1ent elut1on 1.1-fl HPLC LLtJ\1 ~L 1-fl • 

6.1 LL1J1J low pressure gradient 

LiJU.LLlJlJ ~L i ~ H3Ji1ll1 ~::~1 £!~ fl113J ~U.1J11£J1n1 ~ILL~::~ f1"1mt U."::tln,j 3J ~ fJ tu~1 £J fl113J 
~ 

6.2 LL1J1J high pressure gradient 

LUU.LL1J1J~i1'Yh~::~1£J~H'lu. gradient elution -;J::tlniJ3J~1U. high pressure pump L1i'1~ 
~ ~ 

0 • I 11.1 I .... C' 

low volume m1xmg chamber nElU.L"lJ1HflEl~3JU. 
~ 

n11LU~ UU.LLU~.:I ~11.1.1.J1::n fltJ'tl fl.:! L v.J HLfl~ ElU. ~1::vr:i1..1~Yh gradient elution Lr!3J17tlll1 t~ 
L~l£Jn11~..1 LU1LLn73JLUU.LL1JlJLHU.911..1 
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7. ~oaan( \1io stationary phase ii~n~nL::Lil\l."llEh'ILLii"VI7Emn~ 'Yi1V1lt'1~l~Lii~ 
n1::'U1\I.m·muntn1~a"\l.h 1~un7::'U1\I.n17LLt.Jmn~if\1.1::VIi1" mobile phase nu 
stationary phase ~"ihhnfiLiii'W1tnaJJ • 
7.1 Adsorotion (Normal phase) 

7.2 Partiition (Normal phase) 

:Si I CN /NH2 

: Si 

7.3 lon Exchange : Strong CX /AX 

7.4 Bonded Phase (Reverse phase) : C18 /C8 I C6/C2 I Phenyl 1 I CN /NH2 

1~ utt1 '1.tlm1LU~ t.J\I.LLtl~"il tu.VI11ij"llil"~ il~ln!-;J::Yh 1 i retention time Ltl~ t.J\I.LLtl ~" . ~ 

~"';l::iit:.~~~il ionic sample 1nnni1 neutral sample 1~unTntl~m.uLti~.Jiltu.VI11ij . ~ 

1 il"fi1L'lf~Ltnt.Ja- -;J::'Yi1L~ retention time "llil.J ionic sample Ltl~t.J\I.LU 1-2% ~.J,f\1. 
L~il~1111a'~1La'llil"llil.J retention time ~11~11J~lliltu.VI11ijL~~._,~ . . ~ 

nTnaon mode of separation Lrlili'~tu.a'li'U'"i"llil.Jtn1~~il.Jn11LLt.Jn~1t.J HPLC -;J::~il.Jii 
~ . 

n11L~iln mode ~il 

1. Adsorotion (Normal phase) 

2. Partiition (Normal phase) 

3. lon Exchange 

4. Bonded Phase (Reverse phase) 

..a ... 
8. Lfl"iil" Gl"i1\l1G'I (Detector) 

L~~il.J~11';ll~Ln11TH1LLU.JL~LU\I. 2 "11\t~~il .. 
8.1 Bulk property Vl'lil general detectors 

8.2 Solute property Vl'1il selective detectors 

8.1 Bulk property detectors LU\I.n111~n11Ltl~ m.uLti~.J'Y11.Jn1t.J111Vi"llil.J mobile 

phase LL~::~1tm~::~1t.1 L-rlu refractive index detectors LL~:: conductivity detectors 
~ 

8.2 Solute property detectors LU\I.n11l~n11Ltl~t.J\I.LLti~.J"llil.J~1tln~::~1m ~t.J.J 
~ 

£Jci1.JL~t.J1 L"li'U UV -VIS, fluorescence 'VI'1il electrochemical detectors LUU~U 
.:C AI!:) ,_ 4CC ff 

~1 -1nL'JJit G'IL't1f1Lflil"i (UV- VIS Detectors) 
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.., 0 • A .¥ .... .. ... .... I 

VI t'lnnTI'YI1..11'1.1."ll El..l L Tl'lEl..l 9111~VI1"1fUfi'I.I.El1t"' E.Jn11flfln t'l ULL~..l En"ll El..l ~1fl1 El EJ1..1 
'II 'II 

LTl~El..l"llUflif~::ijTl1111' 1~..lntJ~1th::nmJD'I.I. 'Y11EJLUU~1ULVI ruiJ~~!T'I.I. EJ1 - iaLflt'l ~L 'YITl 
'II ~ ~ 'II 

L91Elf~ii.EJ11Lmu HPLC LLti..lEJElnL~LiJu 

.. .. - .¥tl " Fixed-wavelength UV detector fiL'YITlLf!El'l"llUf!U 1::nEJtJfi1EJ flow - through 

' 0 .. .,j'l " :'1 ..1 • " tl ..1 ... ~ ... cell LLt'I::LLVIt'l..ln1L'I.I.fiLL~\I (light source) 'YI "lfLu'I.I.LLtJtJVIt'!Elfi'YI'YI1fi1EJ 1El'YI'Y1Tl1111fl'l.l.fl1 'll..l 

~::'l~LL~..l~Ltla..lEJEJn111 Tl1111El11Tl~U 254 nm LfiEJ"rh'l~LiJ'1.1.~1LL~..l~1EJLt'IWU~fh~1EJ 
Tl1 EJ'YI'If LLa1 L ~LL~..l.n~1UL'lft'l~"ll El..l~'lt'l::il1 EJ111911~1'1.1.LLt'I::~1Yl1 mh'll 'I.I.Eln~1n ... 
mercury lamp LLa1 m~ 'liLLVIa..lrhLii.f!LL~..lm.i1..l~'I.I.'~LLri Zn lamp (206nm) LLt'l:: Cd lamp 

(214nm) tlwfu 0 2 lamp (Deuterium lamp) ~::Ltla..lLL~..lLWrl1'1lEJ1 (200-400nm) LLt'l::tJ1..1 
'II 

"li1..1"llEJ'IliiLflt'1 ~L 'YITlL91Elf~'li'V-JaL91 DfmEJ..l LL~" VI1EJ 'li1111 u LTl'lL11 L91Elf LLEJmL~'Il'l VI,~Tl1111 
EJ11Tl~U~~El..ln1'l ~::LiLLVIa..lri1LUfiLL~..lLU'I.I. 0 2 lamp 

Variable UV • VIS detector tl'l::nEJtJ~1EJ 02 LLa:: W lamp (tungsten lamp) 

Vlt'!Elfl,f..l~EJ..lU~1111fl 'ti1fiLL~\I'~ wrl1\l 190-8.00 nm LLa::ijL11L 'I.I.LTl1L11L91ElfL vlEJ 'litlwl'u 

L~emTl1111EJ11"llEJ'IlTl~u~~11i1ati1\lflfln~'"LL~"'~~~~fl'l.mun1'liLTl'l1::~~'l~ihfimm 
'II ~ 

'll'a EJ 'J '~fl EJ~iTrha::a1 EJVI1a ~1tl1::n au~tlua ti'1i9lf!n~uLL~" u1 
'II 'II 'II 

LA~il\l~YhYhlL'nuiiua;u~·mTIJii.iLIJiili" (Differential Refractometer&) 

H'l 'l.l.n1'l9111~~atJTl1111LL9ln"1""lla..lfl1'l"llii.~ m Vl"ll a..lLL~..l (refractive index, Rl) a r.l1\l 

"m ~EJ..l'l::VI'"h"L W~LTl~ au ~nuL W~LTl~ EJtl. ~~ij~11tl1::nau"ll EJ'Ili1r~na::a1 uati"ll m::~1t1. 
'II 'II 

... .. ..I .. .. ... ..r.... ·~ 
EJ an~1nTl a a 11\I.L tl.t1..1~1nfl L 'YITl L91 a'l"lftl.fltl.~fl a EJ L ti.LLtJtJ 

'II 
bulk property general 

detector ~.,,f \1.~:: '1. iiqJqJ1tu.rltJYlTtha::a1 EJ,~,r-:JVI11fl 
im Vl"1"~1m W~LTl~Eltl.~ 

• .1 tf.. tf .. .. ... .¥ .. na iltH 16'fL'lf'WlfiJI L'YIA LGI il'i (Fluorescent detector) f!L 'YITl L91 m"lltl.fl'l.l.~::11~111"r'l ... 
Tl1111' 1~..1 LLt'I::Lu vn:: (selective) L ~EJ\1';11niiTl1111~ 1111rt1 'l.l.nT119lwa EJ m ·n~'L'lltl.c;l~t~ 

'II 'II . 
.., A4 ""' ""' ,;i lOA 

EJEJn111-;J1n~nnna::t'l1 m.J1-:J"lftl.f!L11 Elflnn7::91'\.l. (exited) fl1 EJ LL~-:1 EJ1~1n LL VI a\ln1 L '\.l.f!LL~-:J-;J:: 
'II 'II ~ 'II 

~1ti.LTl1a.,n7EJ..l LL~-:JVI1EJL11L t1. LTl1L11L91 af L vl a '1. ~LL~"~ijTl1111 FJ11Tl~tl.~111~ia..ln11~1ti.L"li1 
ttlET\1 flow cell ~'1.~~1i1 EJr.i1\IEIEln~m;nnTlEJ~1l,r ~1i1EJr.l1..1~:: 'l.~wa am'l~L'llti..IfEJEJnm 

'II 
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.fftuun•n11~hfil11t\4'i'lu!h\lt~s HPLC 

n17LLtJn~179i''HJU1-1 1" tJHPLC ~fl-1~1U.ff'l.l.li1EJ1.1.~1-1 '}~fl n17Laf!m.fimtu.<il1f!U1-1 

column, detector, solvent (mobile phase), flow rate 
..( A 4 t, ~ 

1. L2Jm~f!n column LL~::L"7tJ2J~1n solvent ~1nuu run 'Yl flow rate 1 ml/ min 

L~f!Lav-lf!\lf!1n1f!Elf!n Yh~u~h absorbance~_,~ 
2. L"~tJ2J~171111i17}11'U. ~~1111 L,Y11iu~1-1 'l u"L i1 'ttl~~::<il1LL~::uu Yimh 

3. retention time n1~72J1"7}11U£1-1L3.if!Eln~1n~f!amt1~Ltl~tJ'I.l.~112JL,)2JiW1lf!-1 
mobile phase 

4. n1~72J1"7;}1'\.l.U-1L3.lf!f!n~1n columntntJL'I.l. 30 U1ii L~Ltl~tJ'I.l.~fla1J\t' ~~ .. 
polarity ~1-1nu 

5. n1 ~71111i17}11'1.l.EJelnL 11 'ttl LL~:: L3.lLLtJn~1nnu 't ~Ltl~ tJ'\.l.LLv-l~ L" Elffi1-1 '}<il-1-d'~ f) 
5.1 Flow rate 

5.2 Solvent composition 

5.3 "lfU""llfl-1 mobile phase 

5.4 Ltl~tJu~Ela2JuLuwnu"~,_, 'l 

n11fl1filnLfl1'W~Lfil11t~ (Quanlitative Analysis) • 
~"tl7::~"~~~,~ru"llf!-1m7·rh 1~72J11"7n71~nL~fl~::iL~71::~~,7<il1flti1-1i1Lilu . ~ 

~7f!:: L 7~~"1fU"LL~::Ltl'l.l.~7fl::L 7U1-1 1" tJ~1 'ttl't um71L~71::~~:: 't 'li1nLrntJ1J L ii tJmh 

retention time "ll f!-1 ~7<il1u U1-1TllJ~72J1"7}11'1.l. 1" tJL~2J~'I.l.~1 tJn171 L~71::~ ~791'1 f! U1-1 

L;tJfif!U~'I.l.L~n17LLtJn~~ LL~1~-1Li'~72J11i17;)1'\.l.lL~71::~~~tn1::L~tJ1Tl'l.l.LvJf!LmtJlJLfitJlJ .. 

n1·nhtJi:u1m~LA"i1t~ (Quantitative Analysis) 

'linT~fhU1tu.vfu~-wn.,~f!~112J~-1"llu-1-wn 
'1.1 

1. fil'l1:U\1\111il\1Tfn {Peak height) 
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... ....~.., ... ... .., •• 1.':1 ... .. ~ ... ... ... .. ... • ~ 
fl113J~\11.1EhWm (h) 'Yl ~~-;:nmnyqptl.H-rn'l11lrl\I~L'YlflL~rl7~~3Jfl113JW3JYf\.UI'n1Ju73J1tu. 

1lrl..:IW17~~1~L"li1lul~L'lf~~~"W11117mblul"Ji'l~n17~h~1tu.~11fi3.11tu.1lrl..1W17~1rlti1..:~l~ 

... .... ... .. 
2. n111(i'I\'UU1!1ih,Y4n (Peak area measurement) 

~ ... .r ..1... .ol 0 111.1 
0 
~ .... I ~ 

n1W'li'W~'Yl'WnL~rl~1 ~u~1u73J1ni."J.Irl\IA17~1rltl1\l~~ 

-~ .. ... ... f'l tl.. 1 ... .r ....~.. .r .I 
u73J1tu.W17~7rlfl113JL1.13J"ll~"llrl\IA17';J:Lu~ {11l1fl ~£1~7\lmJ'W~'Yl~n n17~1~~'YlA13J17tl 

YhL~~~1uiil ~LL~~:L 'Ylflitfl';J:: l ~fl113JL ~£1..:1~7..:1~~1\lrl~ iiiLfl71::~1in17'Yh calibration 
..1'1 ... ... ... I ... ... ... .. .r ....~ ... 

curve ';11nW173J1~7;;1~'Yl ~~fl113JL1.13J1.1~~1\I "n~n1Jf1113JA\I"llrl\l~n~7rl~~'Yl~n n11~1 
.. J 'II 

tl'i3.11tu."ll rl\IA17~1 rl ti1..:1n11i Lfl71:~1~ £J LiA1l11::L~£J1fllJW173J1~7;;1~ fl113J H\1Wn~1rl 
.. 'II 

vt~~wniblu~1~';11n calibration plot l~L~£1 

n111.h::unt11tf' HPLC 1'Wiiltlfi1'Mn111Jil1'M11' • • 
1. iLfl71::'\·hni~1D~~\I~rJtiL~7U water soluble vitamins LL~:: fat- soluble 

vitamin 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

'II 'II 

1Lfl71::\{l-nrJ::D1 ~LLEJtn~ \~m~11 

1Lf171::~ 1u7~~\~m~17 

1Lfl71::~ L"JJ3J~l~m~17 

1Lf171:\{ mi1ulen~7~ 

iLfl71::\{ W17~~'Yl1m ~m~,, 

iLfl71::\{vn Mycotoxins l ~ L3J~~tftyW"ll 

iLfl71:\{~1 Food additives LL~:: Food preservatives 

i Lfl71::~~1 £J1'J.h LL3J~\I L 'U.rl1~17 

10. iLfl71::~~1W17~Lifl113J"ll3JL~rl1~17, Phenolic compounds L'U.Lfl~rl\1~3.1 
.. 

LLEJ~nEll!El~ 

11. iLfl'l1::\{~1 Organic bases 

12. iLfl71::\{~1 N - Nitroso compounds L'U.El1~17LL~::Lfl~Eh1~3J 
13. iLfl71::~~1 Polycyclic Aromatic Hydrocarbons 

14. iLfl71::~~1 Anion LL~:: Cations l~m~11 
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' ' 
Internal Standard R~fl'il'Eh1~~11nlt1 

1. Wl'l~';l:: l"ll'Lilu internal standard -;J::~EJ-311lLtl"U.a-17~hidj1.1.th'l~1h::nEJU'III1El~Elci 
'\1 

luW17i1t~ci1-3 

2. Internal standard -;J::~EJ-3LU'U.Wl7U1a''Y11f 
~ 

3. Wl'l~LU'U. internal standard -;J::~EJ~LLtJnEJEJn';J1fiW17i1EJV1-31~aci1-3a'1JUlnt 
'\1 

4. Internal standard ~ L&i1J~-31tlf117iif1111JL "lill"li"U. lm~\~ tJ-3nUW17i1 EJ ci1~~~EJ~m7 
lLf171::~'1111tJi"3J1CU. 

5. Internal standard -;J::~EJ-311lihtl~n1tJ1nuW17i1EJci1-3 

6. Internal standard ~Lif117-;J::~EJ~Ltl'U. linear relation lw7i1-3f1111lL"li1l"li'U. 
~., - ~ 
Yl~ El~fi171Lf171::'VI 

Internal standard ~UtlllLiii 3 in~EJ 

1. Classical Method 1~tJ,t-3Wl71l1~7;r1u~i'J1'111UnLL'I-i"U.EJ'I.I. ~a-1lnUW17i1EJV1-3~ 
.. '\1 

" .. fl" 
~EJ-3n171Lf"!n::'VI 

2. Stock Solution Method l-rlmiLdEJW17i1EIV1~'Yi1n17lLf171::~a'~1La'1JEI WlllTHl 

L~~tJ1lW171l1~7;r1u 1 it "lft~'111~1 tJf"lf-3 Ld EJ-;J:: l ifhi.1mL~ EJ';J1~~11l~~1'1.1. 1m 1 i .. 
3. Calibration method 1~m~~EJ1JWl'l1l1~7;r1'1.1.'111~1tlf1111lL"li1l"li"U. LL~1th1tl .. 

.. fl" .f ... ... ~ .. .. •. 1 .f ... ... ... fl" ' .r ... 
1 Lf171::'VI '1111Vl'U. Yl 'Ill ~-3';)1fi '1.1. 'U.nL "ll tl'U.fi7Tn1J1~'l;i1Wll'U.1J1 L Vl El'V\1 f1111J a'3JY<l'U.1!'l::'VI11-3Vl'U. Y1 .. 
LL~::f1111JL "li11"liu L rl mt 11l1iLf171::~'VI11fimcu."llEJ-3Wl'li1 EJ ci1-3~ EJ ltl 
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mango 1 ,lnJ I, U\16000LP A 460nm -
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0 t J ------
l-------..,o----2.,...o,__ ____ 3,......o ___ ..,..4o ____ 5o __ -so ____ 7o 
0 

Minutes 

"" ll1Ytfl 12.6 LLH~hlL~rnnLflLLnnJ"llEh1 B carotene -;nmJ::2h~L"ll'flEn.t1.1.~ 

~2.11 : 1Lfl'l1::~1~u Lfi~El~ HPLC model Thermo Separation products 

Column: 10 J..lm C-18 bonded phase, 30 em X 4 mm 

Mobile phase : CH30H 100% 

Flow rate 1 ml I min 

Detector: Uv absorption, 254 nm 
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·: ;--r··· -· . -·· . -· ......... . Cashew2,1nj1, UV6000LP A 450nm 

70 ) 
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I 
I 
I 

~ :s 50 

'E 
40-

0 10 

~ 
~Cashew 

___ ·----

20 30 40 50 60 
Minutes 

.a~ A ..... A . 
'11111 : 1Lfl1'1::VI~1EJLfl1'El-:l HPLC model Thermo Separation Products 

Column: 10 J..Lm C-18 bonded phase, 30 em X 4 mm 

Mobile phase : CH30H 100% 

Flow rate 1 ml I min 

Detector: Uv absorption, 254 nm 

FDT 2301 (FT 331) 

70 

215 



6 

2 5 

4 
( ii) 4 

3 
2 5 

5 min 

n1wff 12.8 nTlLmr.Jm fir.J'tl 1fl11111 'YILLn111L~em.J~mu vh~Lfl~£1\1.~ 

~111 : Marvin C. McMaster. HPLC: A practical User's Guide 

Column: 10 J..lm C-18 bonded phase, 30 em X 4 mm 

Mobile phase : CH30H/H20 50:50 both containing 0.005 
-3 

Mol dm pentane sulphonic acid pH 2.5 

Detector: 

Sample: 

3 -1 
Flow rate 2 em min 

Uv absorption, 254 nm 

1 = maleic acid 2 = phenylephrine 

3 = norephedrine 4 = naphazoline 

5 = phenacetin 6 = pyrilamine 

6 
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Monuron Cl H 0 CH1 

b I II I 
CI-<Q>-N-C-N 

\cH3 
! -r 

A = O.Ql 

.J __ 
-r 
A = 0.005 

_I_ 

I " /H' 
CI-©--N-C-N 

\ 
\ CH3 

\ 

' '·-
Manu ron Linuron 

Fenuron 

H 0 CH, 
I II I 

@-N-C-\ ·-. 

Cti 3 

Cl H 0 
b I II /H, 

Cl --<!:::!!- N - C- N 
I \ 

j OCH 3 

i 

H 0 CH3 I II I 
CI-@-N-C-N 

/ \H, 
,,-'/.; Diuron 

__ _..-·· Cl H 0 CH
3 'b_ I II I 

CI-<Q(-N-C-N\ 

/ CH3 

--~--·-·/ 

/ 
/ N~tburon 

/ Cl H 0 CH 

//c~-@-LL/ ' 
I \ 

Sotv'int 

/ ICH21,CH, 

7,5 

Time (min) 

Ia) 

15 1~ 

Time {min) 

(b) 

30 

111ft~ 12.9 n11L1flEJULfit11Jchromatogram "l1Eh1 urea L~ElLi mobile phase ~h:n)u 

(a) nonpolar mobile phase 0.1% dioxane in hexane 

(b) polar mobile phase 35% methanol in water 

~111 : Larry G. Hargis, (1988) 

... If' 

flmUJU: 8 x100 mm Jl-Bondapak C18 (a reverse phase column) 

1i]1l1f1Lfl~m.~~ (Mobile phase) 0.5% phosphoric acid in 40% aqueous methanol 

Detector : UV detector 

... ... ... 
01~LGI"HJIJLfl'HNIJtl 

1. n1El-.11!)1l1f1Lfl~ e:J'\.1. ~LL~:Wl7~::£n tl~1 El ci1-.1 thU,Lfl~e:J-.1n7El-.1~.., L i 

"ll'\.1.1~ 0.4-0.5 l11fl7e:JU 

membrane 

2. tlii.Jf11111~ULULf'l~El-.1 HPLC L~111iiu~ 800 psi 
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tl
... ... "" .I .. .... .. 3. ,-u flow rate 1!]111~L~HUlUfl 1 3JL'I£Hl~,., U1fl 

4. Lil~ UV detector 

5. 'VIllU. injector lever Ltlflload 
~ 

... tf 
fl111LA11t'M211'UJ11J11,!1" 

1. 1t1Lti~Ln,.L'I:£~1tl m-methoxybenzoic acid 1.00 mM ~1W'lU 5.0 ii£~~~~,. 

(inter nal standard), 0.200 mM caffeine LLL'I: 1.00 mM benzoic acid 'lwm~,-tl"lfllvi 
'II 'II 

"11\1.1~ 25 ii£~~~~,. L"ll~,'l~L"li1ri\m£~:n,.El~ 

2. inject Ln,-a::£~1tJ 50 ii£~~a~,. 

'l
., .. .-t. .. 

3. "lfL1£111L~,-1:'VIfl~'VI11~ 15 U1fl 

4. ';)~fi1 peak area, relative area LLL'I: molar response ratio "11El~Wn~ inject L"li1'lu .. 
LmEl~ HPLC 

.a. ~ """" I 

fl111LA11t'Mif111J110tl1" 

1. 1t1Lti~L~~El~~ll~1El~1~fi~El~m,-1L~,.,:l{ 5 iia~~~,. 'll1Ltln,-El~ 
2. L~11 internal standard 5.00 ii§l~~~,. LU"111~,-tl"lfllvi"11U1~ 25 ii£~~~~,. L"11~1L~ 

'II 'II ., ... 
L "111nULL£~:n,-El~ 

3. inject Ln,.£~::£~1tJ~1El~1~ 25 iiaaa~,. 

4. ';)~fi1 peak are, relative area LL£1:: molar response ratio "11El~wnfl inject L"li1Lll. 

"" LmEl~ HPLC 

5. ~1U1U~1111L "Ji11"JiW'l!El~Ln,-~1 El~1~L fl tJUnULn,-3.11 ~,-;;1\1, 'VI'~b mtJuni'11/ a~,-., 
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