
~ 
Ufl'Yl 9 

n,,.; tA"i1~t-fft1"i~'l !1 LA"iaJ1 L(1ln"i1~ 

{Analysis of Samples by Chromatography) 

LUUL'Ylflii.flm1LLEJnWntb::nEl1J~1..1') 1~mfl~ElU~~-nrllJfl1flLfl~ElU~ (Mobile 

phase) ~hU1lJ111flEl~rl1J~ (stationary phase) ~..1L 'Ylflii.fld'~u~1J L~U un~qn~~n~~f"1111 
i'~Ltnu Michael Tswett tl 1906 ~..1Lliiiinm1 separation 'l~ ')';I::L ~111::L'rh 

Chromatography 1 u~1U1.h::i'Y1n111~ L 'Ylflii.fl~1 u '), application. 

1::u1.1 chromatography ';J::LUU1::1.11.1LL1.11.1El~1Jfl~ (Ideal) ~'iElLliLUUEl~11fl~ (Non-
~ ~ 

"'~~ " ... ... ..r 
ideal) n ~~ 'Ylt"J~lJ'Y11..1 chromatography El1~tJ~U_!1W'lJEl" continuous model 'iil::~Eh1 
t. ... .. 
~..1 ~1111 ~;i1Ufl El .. 

1.fl1111L"li11"liU"liEl..1fii'1nn~::~1U (solute) LU stationary phase LL~:: mobile phase 
'II 

~ I I • 

';J!:L"l.I1~~11~~ElU1..111~L 11 
'II , 

2.n11LLWin1::';J1tJ"l.IEl..1fii'1nn~::~1tJLU mobile phase ~~El~ column 'iil::~El..1ii 
'II 

... 
Ur:J£J111n 

3.~1~1.111-;)LU column ~'iEl liquid phase~ coat l.IU mobile phase ~El-l 
~ . 

~1i1L~11El 

... ... 
Chromatography 3J 4 1f"IPI 

1. Partiation (Displacement) chromatography 

~Gtnm1~r:J L11~~ml"liEl..1~1th::nau"il::n'l::';J1Ufii'1"llr:J..13TuLr:J..11::Wh-1 phase J..1a-r:J..1~Lli 
~ 

!"I .f "" .... .ol t. . . ' .... 
~::~1muULUm~u1nu 6JJ..1"l.l1 (polanty) "l.IEJ..1 stat1onary phase LL~:: mobile phase ';J::m..1nu 

mn LL~:: stationary phase Ltlu inert absorbent ~..1Lfl~r:Jl.li1£J high polarity liquid ~..1';1:: 
Lm::~~nu~1LL\i.u hJL~n~"l.IEl..1~11~qj'r:J..1n11LL£Jn (A+B) -;J::rm load uu Column ~ pack , ~ 

i1u inert absorbent ~..1 A, B -;J::EJciLU mobile phase ~..11J1..1~1U"l1El..1 A, B -;J::~::~1ULU 
~ 

stationary phase Lria load solvent (S) ~..1LtJ n1 B rm absorbed mnni1 A ';J::i1ni1 A 
~ 
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..., fill t ..... ~ ~ • • 

LLa::rm eluted c;nr.J solvent n~::~uw ') e:mn~1nfiEJa3.n.l. fl.:! stationary phase LLa:: mob1le 
~ 

., .. ...~... ~ ' ... . 'i" .a ... :: rt 
phase ~::"EJ.:IL~EJmnn«11'flll~ll1Vi"ll1"1.:1mu . .nn ') (polanty) UJLftJliU1aJ'2J'Jfl\ltfttft1ll 

it . .1 ..a ... :: t """" ..... :: rt it -·· """" ..... :: .JI '., tiEl '"Lnftf1aJ'!I'J aJLftflftfl LaJaJ'2J'Jfl\ltfttft1lliltl '"Lnftf1 LIJIJ'2J1 111 '111«13J11flLLr.Jn«11' u • u 
""'~~"' , A . ..~ r r 

EJEJmnnn~ L" L"ll''\.1. paper chromatography '11'.:1 stat1onary phase ll"ll1 (polar) L"r.J LllL~n~ • 
. t A .. ~ • ' A :'1 .ol ' iJ 'II ' 

"1JEI.:I~1'1l'.:lll"lJ1~.:1Lfi~EIUEir.J'U'\.I.n1::"1~ '11'.:1Lu'\.1.«11LUEir.J ~1'\.1. mobile phase L '\.l."lJEI.:IL'II\~1 Lll 
~ ~ 

... 2: ... 2: tJ .,j., 'II• • ...~ 
ll"1J1 (non polar) ""'\.1.~«11 7::nEJUfl"El.:ln11LLEJn";J::rm LflEIElnll1L11'YI~" 

~ . 
2. Size-Exclusion chromatography (Gel filtration) 

.... • ..; .. I .... • .... ~ A ... 
'lllflnm7f1El «17'Yl";J::rmLLr.Jn~::LflEJmn'\.1.111111fiElr.Jnufl(stationary phase) '1l'.:lll1 

~ ':oJ ~ ~ 

V'l1'U.LLfl::"ll~1"~1-:~n'U.t'lnu••~•1lln'U.L ~EJ~"La EJn«17Lll Lfln~~' 'Ill ~~1'\.1.~1n1nn1fiEJ ~nu~'l ~ 
• ~ • • ':oJ 'U 

L1fl1~1-:~n~~.:~ii1llL~nfl~~El.:ln17LLEJn";J::fln load L"li1,UL'U. column hn~nfl~ii"JJ'U.1"L~n 
• 'U • 

«1ll11t'1 ~1~ 7Vi1'\.l."ll EJ.:~ ~1'\.1. 1'nn1 fl a ~nu~ Lt1~ Lll Lfln fl'll'\.1. 1 "~.:~nfl1.:1~:: ~1'\.1.~1'\.1. 1nn1fl a~ 
'U • ':oJ 'U • ':oJ 'U 

nu~"JJ'U.1nna1.:~ 'a.iW1ll17t'1 ~1~~1"U.1lJ111fl a ~nu~"li'\.1.1"L~n L3JLa~a~ii"li'U.1" 1 'Ill q!ii~1'U. 'tJ 
Lflr.J'a.i''lllflL"li17L" Ll!Lfln~~ii"ll'U.1"L'IIIni~~"~::mm~1n column riEJ'\.1. Lt1~Ll!Lflnflnfl1.:1 

'U • ., • • 

LLfl::Lann~::~1'\.I.EJEJn~1nfiElill1l'"li1ni1 m7LLr.Jn~1r.J Gel filtration dii.r.JllL"liLLr.Jn«17~ii 
LllL~nflL'IIIni . .. 

tn3J1"7"1JEI.:I«17fl::~1r.J~ elute Ll!Lfl~flL'IIIq!ElEln~1n column ~El void volume 0/0) 

.1': ..1 L .. A .1': ., , A "' , 
u7ll1"7"1JEI.:I«17fl::~1r.J'YI elute l!Lfl~flL~n'll'.:lu73J1"1"EI.:Ill1nn11 V0 '1l'.:IL7r.Jn11 

total permeation volume (V1) 

V1 = Vt- Vo 

nlJnTl separation ind'~a compound ~ii"ll'\.1.1"~1-:~n'\.1. 10% «1ll11t'1LLr.Jn'l'U. 

column L~mn~'~ inUitr.JllL"liLLr.Jn'"ll~'\.1., waxes 'lll'iEJ m&J.i1LLllfl.:IEJEJn~1nEJ1'11111'~ 
Size Exclution Chromatography LLU.:I,~LU'\.1. 2 "l!'it" 

1.Gel Filtration Chromatography 
' ... 

Stationary phase : LU~Vi1n hydrophilic (n~llYi"li'EIU'\.b) • 
Mobile phase : Ltlwvnn H20 

1.h:: Lr.J"l!'l! : LLr.Jn«11Vnn hh~~ElEln~1n amino acid LLfl::Vi1n peptide 

ihhv1'1!n 1llL~n~~1 • 

158 

2. Gel Permeation Chromatography 

Stationary phase : dJwvnn hydrophobic 

Mobile phase : Lil~'il1fi1fl::~1r.J~'U.'Y11Ef 
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th::LtJ11U: L"li'V11\hVIUnL11L£l~£l"llEh'lW1~'Vi1n polymer "ll\1.1~L'VIqjLLa::W1~lf~~11111~ 
(natural products) 

3. Adsorption Chromatography (Liquid-solid Chromatography) L'Ylfl'ii.fld''li 

LLtJn W1~1.h::n EJUat.l. 'Y17~~ Ell~ tJ'VI Knm~~~iu'VI;Elm~di ~ at.l.~~n'im (interaction) ~::wh~ 
~ 

........ .... ..!:cl .o~........ 'l ...... 
wnnu~1~~'1J1J (absorbent) 'lJ_,Lu\1. stationary phase '11_,~1~~'1JUEJ1';J';J::nnu~,-, Lt.l.f1El£l11\l. 

~ ~ ~ ~ 

'VI;ElLf\aElUU\l.LL~\1.~1 L~tJ'V\Knn1~~-;h solute LLa:: solvent ';l::LL"ll_,,Yt.l.nt.l.n1'li'UnU~1LL'VIU_, 
Ut.l.~h"llEl_, stationary phase ~_,tt1 '\J-;,:: 1 i silica gel, alumina 'VI7mht.l. LU\l."ll El_,LL ij_,~ih 

~ 

..1 • 0 .. ..1 :'1 ..1 .... ::: 1 .. 
'Vi~\1. LLa::-;,1nn1'l'Yl stat1onary phase 'Yl1'VIt.l.1'Y1Lut.l. absorber 'Y1~1tl~1 (rigid) 'Y1_, f\~_,~1_, 

~ 

LLa::~1LL'VIU_,"llEl_,,f1 ~_,·rhL 'VIin-d\aiL 'V\111::~';1:: L"liLLtJn~l~~LU\1. polar group 'V17uW1'l£l::£l1tJ 

rnmi'1Lttu_,';J1mi'1-;,::nn~_,~~ (absorp) ~ stationary phase '~L~1111n 
'II ~ 

4. !on-Exchange Chromatography 

LU\l.L 'Ylfl'ii.fl~'l "liLLtJn L11Lana~ii\J~::-;,'VI;u111 Lana~iif\1111 ~11111n 'l t.l.n1'lLL~m111 ~ 
~ ~ ~ 

\J~::';JuEJn-;,1nnt.l. 1~u gel matrix ~ii\J~::-;,m..'lnwn111~_,El~~~1"llEJ_, stationary phase LLa:: 
~ ~ ~ 

ion L\l, mobile phase ';J::ii\J'l::~L'VIilEJt.l.nu ion ~~El_,n1'lLLtJn LLa:: ion _d'';J::~111nu group ~ 
EJ~Ut.l.~1"llEl_, gel matrix Lt.l.Kn1!1-nt:: ion pair L~El'l~u~::';J~~11~arf LL£l::~11l1'lnnmL'Ylt.l.~ 

'II ~'II ~ 'II 

~1 u L11Lana ~t.l. ~£ifl1111W1111~n 'l t.l.m~iunu L ,-.Ut.l. '~1ini1L "li1111LL"ll_,,rt.l.LL~_,i'u ti1 'EJ EJ EJ\1. 
~ 

"lJEl_,W1~.i'1EJ ~1_, L \l.W1'l£l::£l1 tJiiU'l::';l~LL ,-_,nil counter ion n';J::L "li1 '\J LL 'Yl\1. ~ counter ion 
~ 

1~ui'unu ionic group "llEl_,EJU111flLn~ ion-pair LL'YlU 
~ 

Stationary phase LUU"ll El_,LLii_,~£i'V13J~£i\J,-::";J~~ Eln'\.1.~1 tJ~'\.I.lf::'Yl1_, Lfl£i~L1 uni1 
'II ~ 

lon exchange resin 'VI'1El.i''Jn£l1_,LL£lnLU~tJ'\.I.U'l::';J (lon exchanger) 
~ 

Mobile phase 'l"liW1'l£l::a1tJ buffer ii counter ion ~ii\J'l::';J~'l_,"li111TIU ionic charge "llEl_, 
~ 

... ··"' ... Gl1LLamuiUJ"mHl" (!on-exchanger) 

1.LUU"1'l'Vi1nL'l'ftui.,Lfl'l1::~ (Synthetic resin) 'VI1El polysaccharide L"rlu Cellulose, 
'.,t,. d fl '"'l ..: .f ..1... .1.,; .1 

detran, agarose W1'lL 'VI£l1U11~'Vi'lU'lJ_,,::LuU~a~ un1~L Vi 11'ViU 'Y1~1"ll El_, LLElnL ua tJUu'l::';J 
~ ~ ~ 

2. LU'\.1."1'l~i.3Ja::a1tJ (insoluble matrix) LLa::dju~1~L~EltJ 
3. m'l\tlL 'l'fit.l.1l1Ui'ULL~..'l LTI'l..'l~·h~'l"'Lii~ covalent bond nu Functional group 

L1tJni1 Ligand 
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L"ii1ULU"LiJ\6 2 n~IJ 
1. LLfl'YI~EIEI'\.LLEJniJi'L"ll''\.L,)L,-tftu (Cation exchange resin) 

LU'\.LL'liBU"ll'U~LL~ntl~rJUti1'::';11J1n (+) '~LLri sulfonic group (S03 
2
- ), 

~ 

0 .. .,j :"1 '.,j ""tl Carboxyl group 'Y11'VI'\.L1'Y1Lu'\.L'VI3J'YI3J 'l::';l~lJ ,. ~ 

~1LL~mtl~rJ'\.L~EIEI'\.L~U1J3JL"li'lun~3Jd\~LLri Carboxymethyl cellulose) 
~ 

2. LLEI'\.L~EIEI'\.LLEJniJi'L"ll''\.L,)L,-iBu (Anion exchange resin 'VI'iEI Anion exchanger) 

LU'\.LL'liBU"ll'U~LL~ntl~rJ'\.Ltl'l::';l~lJ (-)~"Counter ion ';l::~El..,~th::';l~lJ (anion,-) 
~ ~ 

L'liBulun~3Jii't~LLrivnnEJw~·wrrnEJ"LLEI3J 13JL \tv L~'U. DEAE cellulose (Diethylaminoethyl 
~ , 

cellulose) quaternary amino group, aromatic or aliphatic amino group) ~"rh1~~1LL~n 
Ltl~rJ'\.LLEJEJEI'\.LLU'\.LVnn weakly basic anion exchanger 

nTtt11uan1'VtL"ii,.ua::n111m~t1 (Regenerate resin and Storage) 

• i1" Cathion exchange resin ~1£.Jn'~~ 

• i1..1 Anion exchange resin ~1r.J~1..1 

e Y'hL.XLL~-1 

• m1 Lfi'Ln'liJ a"nw;J ~'" 'Y116 ~EJ" LUULn'l~LaJ LL~n~1 Lilu~ EJ au 
~ 

"' 0 ... 

1Jil;J1n~11il'l1 ion-exchange chromatography 

+ 2+ 3+ 4+ 
Na < Ca < AI < Th 

.,j .. .. ; "'tl ... tl.,j tl ..: ..f "' 2. 'Yifl113JL'2!3J'21'\.L~1LL~::mu.'V1113J n~ n17LL~m ~r.J'\.L 7::';l';l::L'W3J'2!'\.LL3JEI atomic 
, 'II , 

..: ..f + + + 2+ 2 + 
number L'W3J"ll'\.L Li < Na < K , Zn < Ba 

3. ~fl113JL'li3J'liu~" nTm~mtl~tJ'\.Ltl7::';l';l::~~~"t11~1 activity coefficient ~";f'" 
'II , 'II 

m'lLL~mtl~ tJU';l::3J1ni1'u LL~:: 1 U1J1"n,-ntla a au ~iltl'l::';l~1';l::il~n13J Ln 3J1'lt11 un11 , 
tl

.,j \'1 \'1 .. ..f ' + + 
LL~nL ~£.1'\.L ~ElElEl'IH~~..1"1J'\.L L"ll'U Na < Ca 

'II 

tl
..l + - ..f .... 

4. n11'LL~m ~tJU potential '2!El..1 H LL~:: OH ions "ll'\.LnlJ functional group LL~:: 
A t.l 1 ~ ,¥ .J 

hydrogen'VI'lEl hydroxyl ion t11fl113J LL 1\1'21 El\lm~ LL~::~n\IL 'W 3J"ll'\.Ln17LL~mtl ~ tJUtl'l::~';)::~~~.., 

s. laaau"1Ja..1~17au'Y116~iitt1witn hJL~n~~.., ~ V~1a~,-tl,-::na1JLi..1snau"1Ja..1 1~'~'~=~,.., ~ ~ 
, \I 
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• r r 
~t1~tJLL~::LL1~ LL 1\I.L~ en El~a 

6. ~e:mLVI11ii~~ ') L\Ltn1~:a1£J~Lal'l"liJ1VI'iEJwna::a1r.J~i'u~n12JL"li2Jen\t~~ 'J nTl 
~ \1 'II \1 

LL~mtl~ £JW~J El~LEI El El\L~ihh::';l LVI~ El\Lrl\L LaiL ~2Ji1'\Lm2.1J1V11!n EJ::~ EJ2JVI'iEIJ1VI1Xn L2JLan~~ 
~ , 

..: ,k 
L'V'l2J~\L 

11111h:::un<n"L!f lon exchange chromatography t'"n11~Lft11:::lf~ii<nnmrri'D1'V111 • 
1. LL£Jn t~VI::Iih-.1 ') 11il £J"ih \ ~dililtn11h::n u1JL .lB..1'1iE1u"lfitlil LLEI\L LEI El EI\Lrl1JT1~ ElL 11iil.E1 EIEI\L 

Vli..1';11n~\L'litn1a::a1£JL~L~V1::~1~'J uEJn';J1nTlui2JlL1~r.JTl11JTl2JTl112JL"li2J"li\L~El~Tl~EIL1~ • 
'tuuuu L"liutn1VI\L LTl1Liir.J2J ~::rt1 i..1n::i ~u.,'liL1~\L~i.,LTl11::\(vhfl1!'tnVIi'u't~1aVI::vht 

\1 

2. m1LL£Jnn1~EI::ii1 \L Llil~Tl11JTl2J pH ~El~tn1a::a1r.J~';J::L~~n1~EI::ii1 \L';l1nTlEii2Jl! , 
'l inu ~11h::n uu~ iitl'l::';JVI'iu tn1~ LLiilm\1 'l ~1.11::';1 

~ ~ 

3. n11'ti1J1u'i~Ylf J11.11::1.11iiLLili1~VI~1r.J"lfitCilti\LEltJ L"li\L LVI~n Cil::rt1 LL2J~mit~ 
• ~ \1 

LL2JnULsn£J2J tsnL~£J2J t1JLLCil~Lsn£J2J LLa::LLTlaLsnmJ ~El ii~..1LLTl'YILEIEIEI\L LLa::LLEI\LLEIEIEI\1. in 
LLr.Jn Llil £J ~1\L ,r, a..11J\LTl ui2Jl!~iiLLTlY1 LEI El EI\L LL~::LLEI\1. LEIEI EI\LL 1~\L ~ djwnitliln1~ LLri LL~:: 
L1J~LLnL\L11.IH+ LLa:: OH- L"li\L ti1J1iiLL2Jnii.LiJ1£J2JTl~EIL1ifiU\LEitJ Mg+

2 ';l::LL~nLU~tJU H+ ';11n 
\1 'II 

LLTlYlLEIEIEI\LL~ H+ 2 li11 LLa:: Cf 2 lii'1';11n MgCI2 ';l::LLamtl~tJ\LLEIEIEI\L OH- ';11n 

LLEI\LLEielEl\LL1'B\LL~ OH- 2 Cil-;n"li\Lrl\1. Cil..1lf\L LL2JnitLfJ1£J2JLEIEHl\LLLa::T~aEihli11£lu£l\L';J::Lm: 
t1 cinu L 1'B\L \ \LTl Eli 2.1,r J1~ au n';l1 nT~ u i2J,r';l:: L tl\L ,r 1u'i~., ~La! ii1 ~VI:: a El nm 

\1 • .. 
4. m1LL£Jmnaa 

REVERSE PHASE 

Polu.r n\obil pha.se 

l 
@npo~ 

Nonpolar s~1rfncc nf 
•,L:l.t.Jona.l·y pha::.~ 

nTnif 9.1 LL~~~~ll11::"1JEl~Lv.J~LTl~El\L~ 
~2.11 ; Dennis D. Miller, 1998 
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N'(.)RMAL PHASO 

Nonpola.r rnobil ph.:&st.!! 

Polur "urfac.:c-, o:..•f 
~.tatli._HJ•u·y phase 

1 

161 



YlfJ1!tDitl1f'nfitJ1ULflU'lfltJflTUL!Jn .. Tt {~Uil1AULYIAlhlYI1\J{fl·nn{tln11~ 

'Ylt']~~d't~ ff1!11&ii1fl El~11'1lmJ~ a ElnLiJ\41'IIt~. ') (Zone) Li'EJni1 theoretical plates 

fl1111ff~LL~a:: l'II\4 Vli'El height equivalent to theoretical plate (HETP) 
'II ... ... .. 

11 2 'Ylt']~LJ fltl 

..,.lo .. ~ 'l"' 1. Height equivalent to a theoretical plates (HETP) ~'Yl1.1.1Ltl1'Ylt'J~i]\4111 "1J 
..l ... 0 0 4 0 ... .r A I I 

LnEJ1n1J part1t1on chromatography fltl Martm LLa:: Synge 'Ylt']~i]\4ff11~~11 column LLlJ~ 

f'l 4 I 'Ill !-'I" A ' 'l ' ~ ElElnLu\4 2 zone L1Ufl'l1 theoretical plate (HETP) LLa::vn ~~ ~~£Jff1111~11 \4LL~a::"1J\4~:: , 
Ln~L'f11~a~ff111J'ltU 1"::VIi1~ Gas phase LL&'I:: liquid phase ~~th::i'Yln-Tl1Vi'ilrN column 

, 'II 

ff1111'lt1VI11.~~1mh\41\4 plate (N) Vli'Elfl111lff~'ilEl~ zone 
'II 

H =UN 

L = length of column 

L\4 GC fi1 H ~::~1ni1 1-3 1111. 

L\4 HPLC fl1 H~::~1ni1fi1 H LU GC 1h::111n1. 1-2 LYh 

ff'lU column ~ii efficiency ff~~El~ii N ff~ 
, 'II 'II 

ff'lU column ~ii efficiency ff~~El~ii H ~1 
, 'II 

trvrl'u plate theory ~::uEJn'l~i'11 tl1el<il'l1LVI&'I'ilEl~LLriff~1Vi1 (flow rate) L~11;fu 
'II 

HETP ~::iifiTIZElEJa~ 

' I A ,;I( ., 
0 

~1~ ') LLa::n7::1J11.1.n11"Ln~LLfllJ'Yln11~ (band broademng process) 'ilEl~ chromatogram 

~~~ El~ 1 i'Yltl~~ L~ £J1rlutJ~71fl1111 L11 (Rate theory) EJn1J1 EJ ~n'l!tm::'il EJ~ 
chromatogram 'Ylt']'M~if;funu~1LLU1"~1~ ') L"lit~. el~'l1n11"thEJL'Yl111&'11"::VI11~ stationary 

phase LL&'I:: mobile phase el~1"1n11"LLWin1"::~1EJ'ilt1~~1flnt'1::&'11£JLU column el~'l1n17LVI&'I 
'II 

'ilEl~LLriffLL&'I::hydrodynamic 'iltl~ mobile phase 

n11"~LL~&'I:: zone ~::LLr.JntJtJmnnnt~.L~111ntttJEJL~EJ~L~citJ11~1.1.EltJrl1J~1LLth 3 "11\i.~ 
'II 

1. n11LL'Win't~;J1ULLtJtJfi11a.J~1 (ordinary diffusion) Ln~~1nfl1111LL~n~1~ 
1 A .1.- toll 1&-' Q,oo lol t; ~ Q,o :::. ,cl A • .I 

1"::VI11~1J1"L1nl. 'Y13Jfl1111 L 'il11'iltl.ff~n1Jfl1111 L "ll3J"lltl.m ~~W\.1. ~~ Ln~n11"Lfl&'l El\4 'Yl'il El~ff11~1n 
'II 

lJ~L 1nl. ~iifi1111L,] 11it~.ff~LU U~lJ~L 1 ru. ~iifl1111 L i11i\4~1 i.u'l wn~'Yl1~ ~111fl El&r11'1l n11" 
'II 
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I A 1 

2.fl1"SLLTt"ifl"S::v1ULUJ1.J Eddy {Eddy diffusion) Ln~-;:nnr~113JLL~n~1~"l1El·-1n11' 

t~fl"l!El~ mobile phase tl11'\.l.ii~Yl1~~1~ ') Wl1'~1El~1~~tlnLLr.Jn';J::L~Elmfi~El'\.1.~11J1'\.I. 
~ 

ii~n1~~1~ ')~1 £J mobile phase ~~';I::W1Ln1't11t~L711'\.I.fl1~~ni1~ Lfi~El'\.l.~"ll'11 '\.l.fl1~1~fl~ 
LLfiU L~ El«11'Lfl~ El'\.1. ~ L i1 t1J1 '\.l.fl Eli3J~';J::~11 iu1~ 13.1 Lflnfl"ll El~ Wl1'Lfl ~ El'\.1. ~tut~L 11ni1 LLfl:: , 
t~,.:: £J::n1~3.11nni1 u1~ 13.1 Lflnfl El1';1 Lfl ~ EJ'\.1. ~tut~'li1 LLfl:: t.r,.:: £J::n1~ i'\.l.ni1 n1'::U1'\.I.n11' , 
LLwim::';I1£JLLUU Eddy diffusion ~~LU'\.I.~fl';J1nm1't"'fl"l1El~Wl1'~1El~1~t~fl'l'\.l.f1Eli3J~~ii 
"lia~11~~t1i ~~1 L~3J El LLfl:: El'\.1.111 fi~';J::i Lfl1'1::\{ij"ll'\.l. 1~ ~1~ ')rl'\.1. , 

3. A'l13J 1a..hUJ(;liU"Tt1::LL~" {Local Equilibrium) LttEJ~';J1ml~1'1n11'Ln~H3J~fltJ . , 
~flEl~fl ai3J~LL~n~1~n'\.l. LU'\.I.~fl1 ir~113JL"li3Ji'\.l."ll El~Wl,.~1 a ~1~~Lfl~ El'\.1.~3J1rlEl'\.l. 
~1'\.l.nfl1~LLfl::~1'\.l. 'Yi'1 £J LL~n~1~rl'\.l. :O.::,_f'\.1. 1 '\.I.L'f1'\.l."ll El~f1Eli3J~LL~fl::~1'\.I.';I::Y-l £J1 £J13JYh 1 iLn~ 
~3J~fl tf~1 £Jn11'LU~ £J'\.I.fi113J L "1i3.1i'\.l."ll El~ll]111fl Lfi~El'\.1. ~ (mobile phase) L "li'\.1.1J1~flf~fi113J , 

...... .:. .K ::: ... ... 'I ..r"' ..,1 ..r'l I 
L "li3J"li'\.I.L Y-l3J"ll'\.l. 1J1~fl1'~fi113J L "li3J"ll'\.l.fl~ fl~ ~ '\.l.n1'::1J1'\.I.n11'W;J::Ln~fi113J ~3.1 ~3J~fl"ll'\.l. ~ '\.I.LL~fl:: • 
theoretical plate 

"'l"..., 'II .... ..I ..I.:..K !'I .,:. 'Ill 
m ~ El~1'1n11' L~ fl"ll El~1l]111fl Lflfl El'\.1. Y\L Y-l3J"lJ'\.I.';I::L u'\.l.n11'L Y-l3Jf1113J ~3.1 

'1.
..... .K 

~3J~fl v1Ln~3J1n"ll'\.l. , 

Column efficiency 

n11'LL£Jn a11.i1 m nr~it~ 1r~1'3J11 nn11~ Lmu~ LL£Jn 1.iu1~r~f~ LLfllJ (sharp) 1J1~r~f~ 
ni1~ (broad) vt~ii'L tta~';l1nm1'n1'::';11 £J"ll a~ 13.1 Lflnfl"l!El~ Wl1'~~1n11'LL£Jmn~m,.Lrl£J~ LU'\.1. • 
Lfl~';J1nfi113Jt1i~3J~fl1'::~i1~ stationary phase flU mobile phase L-:;£Jni1 n11'.i1'\.l.fl1'\.l. , 
m11~fl"l1El~Wl1' (resiatance to mass transfer) 

m1'1"' fl"ll a~ 111 Lfln fl 'l '\.1. 1:: £J::n1~~ LL~n ~1~n wil ::ii ~1 L"' ~ 3.11';11 n i n~ru.::"ll a~ El'\.1.111 r~ . . , 
"liEJ~Wl1'~1J1'1'\IL'\.I. column LLfl::anLnm~~rt\I~Eln11'LLwi1'\.I.LL'\.1.1n11't'V\fl"liEl\l mobile phase . , 
m11~ column efficiency 1111£J~';J1mh theoretical plates (N) 

~ 

N = (l.r I w) 
2 

tr = retention time 
... 

w = fi113Jn11\l"l1El\1!1'\.l. peak 

tUJ3J~ column Lfl~';J1n plates 'VIfl1£J plates 3J11'13Jrl'\.I.LL~fl:: plate \l::di~~3J~fl"l1El\ln11' , . 
m::-;nt.J"l1El\l~'ltlnfl::~1tl1'::w:h\l stationary phase LLfl:: mobile phase tl1 N ii~hmn 

~ 

ffi 
. ....r 

column e 1c1ency ';l::~"ll'\.1. 
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Sample 
(A+ B) 

Column---+-

Detector 

~ . ~ 
fl1WYI 9.2 LL"~·m17L"i!El"ii1>1Ln1~::~1tH'U. mobile phase 

~111 : Larry G. Hargis, (1988) 
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