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27kl HA

GCe gAlE 939 London® National Institute
for Medical Researchdl] =589 A. T. James$} A,
J. P. Martinol] 2j¢t d¥e] ZAZEH A3gt
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A} 1942d Tiselius® Claesson'®e] 1951 3 ¥l
A 2H& HE71& dstg i, Vanderheuvel o
Sipos®ell Sl8f 7jAo] BTk LCAN F8 HE7]
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FE3 HA ol o} AL 2 EDE A
A4 4L BYslE e High Performance
Liquid Chromatography (HPLC)2tx E-&]$-A %
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LSC: Liquid-solid chromatography
GSC: Gas-—solid chromatography

10

LLC: Liquid-liquid chromatography
GLC: Gas-liquid chromatography
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Zone electrophoresis
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£FolA grevhe(E%E #H, Stationary phase)? ©|
o}, wgx azelEasgdAe] 84 £7€ olF
2} (mobile phase)3} 317 4 (stationary phase)2 A}
&35l o] RoiFLY, o] g AA| 2D WE AEnA}
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e tE Ho= FFEY, B2 £ dovie
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(1) OHAI: (Resolution)

AzntEaztye] £4E AR F A4 7k 74
AES 2E2 Food A AE £ AR 53
® AE vty 3%, RE thE 23 o] Fof
Ax 23 290 el R
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Aq7|A try, tree T A FJBAA EHE AFEAY
AFA )3 At tnd teed] Aol wy F W
w9 7| AR A WA Yol (peak width)E A7t
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I8l 2. JIAE: (Resolution)

o2 e AU,

AFdM e 71AL (Hilf) e G’ 9329 B
HIRUS FAE F Jonz 38y A7E A
Ashe AL A9 gast 9a¥, R ol 04 B}
< A5e N8 F 27 olAate] AR &g
3= & g7 glen, sldEe] 05 o]delH Al
7t R e R FAHAE X & F Aok gt
o2 AFEAE & A5 R gtel 10 o’do] Hojo}
ot A H S gole WY 5 AY $2 A& band
width® €924 AY A&4 (column efficiency)
€ =ole Ao vk HYY L84S &9 §4,
FAEAY o] 77, 2 Wy, &g HAE F
o &JEte] AP o] HY BEA ] AHEA w}
14 LCY LA o] fo] Hrix & + AAT . R &
& Mdste WY F9o e ZHEe Hdx
(Selectivity) & vHte W] it MY ee 2
oo FuzRel gty ojste AFET 2
29 FE AdA ez gol] F7M7IH &8 A7t
dolA e @Ho| Sl ddE: R g2 F714u.

(2) &&d0| &84 (Column Efficlency)

338 & ool gl BAY 743 azvEg
oty ZlAbe R AR Y] BEAdE Aok
vh ot B&/do] Wohd E&AE wolREA &%
g3 58 771 A 299 BEL o AdM B
=ol AFHez 34 + U (¥ 3 FR).
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N=(%‘)=16(t;’*)2=5.5(t—“)2 @

W2

9] AelM we 712 A A 7229 Yolola wip
< "3 Fol9 12 He FoA 929 Yololt}, ¢
9] Ao g oA AR FAAE] HHFE A2
7} g39] gel g AR 201 o) v E849
AL g ML (band spreading) ¥ 81 vj$-
F2 HAE A @t &3 N2 o8& %
(Theoretical Plate Number)'Vglz ¥2W Zznlg
= A9 dolg vidled 2 A¥Y 5 &
F7t Z7HE) AgA o B gAEl e AP Aol
od 7R 4 FrF gen #Ye Hols sl
AYe] 2EAS 4 davt gl o] &% fo 423
& #Jl, H ®% HEPT (height equivalent to
theoretical plate)v HHY E24S A= dd $ 4
ZHe W M2 ZHel7l & dYe AgAHE
v ZE 71 A7) W&ol o] & o]8W $8 B
A7t e

L
H=HETP=1¢ &)
o2 FojAth

YoM Le 2 Fo] (BF mm) o)n N& o]
% solth HPLC ZE & 2 # o] (Plate height)
7H001 A 10 mm o]th. & $¢ FAY 48 H
gl A
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(8) &l MEIT (Column Selectivity)

LCE AHg3td 84 e84 =S wole
e Y e e ofF Aol 1A A4S ulE
oz HYPo] AEE (Selectivity) & Fo|= o]
o AYe degee 47 Sujitole] Fadgo)
A Jlsola Y FeAe 1 Fae
9] B8 (£, Kinetics)® 7]%°]t}.

ottty t'r K,

a= =- —=
tri—tw t'm K

4

] AN tmF tee 22 A1 JE29) AF
AlZHO| AL tne A FEA S AE (SrjA) 2] A
FAZIH, t' j? t e 47 AR 17 P72
o] € AFA T (corrected retention time), K12
Koz 4213 4829 FulA o)t (29 4).

AZtEIEY FRoAM F82H (dead volume),
Vool AEs e AHo] izl 23 Rale] vk Axr}
Hed Y g8ty AMFHA e 2EE EE Y
2 32 F 2 840 HPAA voe AFE AN
ZAA%}.  Deuterium Oxide #Z& EBAL
reverse-phase LCS] 7% #dd 93le] AR
Aol o}7| Wi Fol, Vi 387 A% AQEAR
24 7} 9,

(4) &9l 2=40IK} (Capacity Factor), k'
£3UAE g 2ol Aodd,
. CEEET BT

.._ulum_mm_._.
. TAARAD (tp)

RPARANL (tp)
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N__

]
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1
1
! |
1 ]
) [}
' )
| 1
' '
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] 1
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[} [}
{ [}
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] ]
] 1
[}
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tR—tm

KVs _ VR—Vm _
Ve  Va  tn ©)

k'=

k'#tol €43 PN AFHA G2 v AHE
9] ¥ (unretained peak)ell 717 {250 A8
o] &7} 2 < "o}, whdel k' ko] A A7 B
gl AEY BN Te] Ao mAE A&
et LCAA Hay Wi=e] $21%3 Ve (Vg =
tr - flow rate)

Vi = Vo + KV; & FoA|&H (6)

A

Vm = ©]%749] SA443 (void volume)dt 7)A€
dead volume = tn - flow rate

Vee T4 AlA 438, A3 MA (Exclusion L2}
Easyle 9 e ZUA(FE 220818y
9] A% o]t}

Bl A<= (Distribution coefficient), K& partition
coefficient ¥+ permeation coefficient 528 £%)
W 1344 §AFEE 0| £d¥EE UE
Aoltt 4 (6) & 249 AFAAL AFHA v
EZY AFAH, Vool 21 AL §8l87] 98
g o] A AA, KV,& ¥ Ao @k K &
o] Arte AL A Aol dig o] Ak A
= Yu|ta ) AFALE ZAE) ek 2y
AYE BAeY 2 4 AF, V& uFez &
A A E ¢ 71 DA flow rate (£9)9) o) BEEN}
A9 4L HYxd o7y 98-S nAx £
o FujAl g K& vhte AL £28 ul 2 A, o) %
&% vHEAY (pH, ionic strength, 24), 14 A&
vl A (MFe 27, FaAA 9] EBRE W&
A §) o|Fo)Ah

(6) & 20| (Column Length)
ZHYo dolg ¥ vlE 31X Zone spreading &

T S718t thE Ao BREo] 4k RE A 2
oje} Aol W@t

2
N=16(tR) -L @

w

od71M te} At7} Lol Wldldta t/w= VL of H)



dstez w = VLo Hleigt geba
Aot Lo
R—W i vL olt} (8)

HPLC HZE9 dolE 10 cm A X9 &L ARE
100 cm A =2 7] A7A] gy €21+ 95 @
A%, AR FE LS AR 7718 AA s
gl 830 AL Ao, A&7Y HAPEU=IL
2L ol f 2, % s (overload)7t B F the
A& WAsor & Aeoltt,

(6) OHAIC. RE =ol= &

41,4 @ 4 ©F 2834, A 184,
MY, $3AR) BAE AP BAY A2 o
g3t 2ol W & o,

R=

m(%l)(k,k—jrl) ©)

1
4

Ae] AoM Nol e & Bd &84 (Column
Efficiency) WA1£ Rolm F ¥4 g2 dHe AH
A (Selectivity) & WA & FEol1 viA Y & &%
(Capacity) 2 Vel golt}, nteld &4 Hee
o] Al  F o= FUE AT ZA AHNE 7}
ek ¢ 9 4 A FEste] Yale FEFRYE ¥
M 27H e HAE RE A7) 98 R 5 At
g 4 gtk

Nw=16 B (KFL) (-21) o

Nrg &3 HETP 34 #o23RH 93l 84 &
& 9% ZH9 HolE AL 71 Ut

L= (HETP) (N ) (11)

o]} HF=E Fol7l A A WHES 12
Hokth & 4Y 2948 47 HM e e 22
AEE 222A Shofoltt & Zolrt

1. 29 azngady e F8 2340 7497}
? 849 ¢ E2d7t? ojd EH FEUN?
Ee SYede AREHA7 ?

AR0tE2Ie| HiRl &R
- 1. iR YRoue| 12 -

2. Ao RE FANEE EEdhe Rol $83717?

3. AFEHo] Wi ol Fxe] F¥E} &
FEe7t ?

4, NE8 FRRE AE 5 Hstd R /A e
A& ARLZL ?

5 & W # /IR Alg7t EAE o} gt ?

6. olm g 7| FES AHESfoTtstal oW Hxo 7
& o] gTHE?

4. I20IE2CHI ROIM B2 B8

azngdgye ¥od 2L o5 494 1
A ol Eviete gl €& 4 e 9
T dd F2 PaEle ERE 13 g = B
HEe 2280 B2 a2nEdey AL E
gt Aoz n3 Ao #F Fuldol v
#laled BFEL DA &8 (Elution)gtt.

£4g olF Aol & Wivt BH L F3lq 220}
Engy AlA"S g3l o)2g By F FHo]
AzutEay A2 s RS SEE
a2t AW (development)8F ek Al 7FR] A2}
Easty] ANE AUHPE &iFA (elution
development), XA 7 (displacement development)
o} AYEAN (frontal analysis)o|t}, BERE 715
A 24 LCAAM XA} ARE e A& A da
£ GC, LC ¥3], &e4/N7t 4% AN el
vt A2etE a8y (TLOCME 9# 717 S
Zte 7t AdEA e ofdte] g2 ol W AR
o] a2 LAM st QALY :

o] Rio T o AAF WE2 FEY 3B
360l 71e= o] ok

(1) 221820 (Eiution Development)

S| AN, A8t Agnlg s A2 4]
g 5 ZPoM U AR A&F o -5
293 & AXE A& T3 22dEasty dY
& B3l £30] o] F3le AL A4 W 29 59
X BE GCeHLC 8 & B3l el £ o
A Un ol A4 2 A e &§HdFE7L
Gauss $r3 e =2 el A gUth iR o) & &8 &
Gauss ¥ e & REI F N Fel dAA
49 EX= M2 o gy 78k GCY 7
- 7189 24 4o YL, 44 EA ¥y
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TJ&l 5. Mass Transfer &}

AEse] 13 408 o7 &8 84 A7t 2
A AL HE AEE FEF £F VR E 53]
NARHZ EAZ 8&o] 2 W, FAFHD LCA
Aol olF Ael oM ® BATY A& b0
AT+ denzs 24 WG 44 EX 5
7k "J‘ (% A3 o) "J’ 7re] ¥e) A8 A
8] B AT E 7 vk F 2o A&
AL 9qA oz JY Hog A 12 o

T ol ¥A Y wEA olF e BEL olF 4
-1 449 F2S A% Hud R (1Y
A7 vy o) ANEAFA Hed ol 2
VER AT (29 5).

ojg| gt A gtel wet GC LC E5F o] HA ¢
Fol e olF e £49 Fre 14 g9 HY
A2l &AFEE WA Atk olF A oAy
peak?] % F-Eo] 84L& HHE hA] o] F7] s
o 13 oz ALHer Eoi/lA Ha, 539 |
& BEd oM e wi@Ae] dojuA dd F
EF5%5Y (concentration profile)e] ¢o & &2 ¢ld|
ute}, 13 Ao glojAe] B3 fAREM e A
9] $AFET BT AVAA d) gefA &
AL 3% A& WA = YL A o] 77 9
8l o) F Ao o] FdA "l oA WHeE &
o] B RRoJA o]F o R o]Fdy WA gF
BollM 33 Ao 2 A Aoz 848 A=)

16

2z Al2gE o] Fe He Aotk §29] o
(band)e Q] B £E3l7] Hote] AU g

FHA AdE el o)A BA9 HEo 1 Fo
ZRE o]% 408 £ (net transfer)o] &t
o] FOAA Hil WA § GFAAME o]F Jony
B 1% 4o &4t (net transfer)ol] o3 AL
B 2ot}

(2) K&t & (Displacement Development)

A#AN e FZA S Y vsle] §23te]
AR gEla  8de] FWd FHHe
liquid-solidAl N A% Ffstct, XA A] 28] A
AR BE A¥o] 2y Ao ZE3] F3E o
o] ofF Aol 3t &l @ 7 JPA ol H
A3 geldth Alge 28, 29 AR of
R EYE 2 Ad o g3 73 4 £ Sle
4o 9l A@Et (RPA; displacerzt Ed
th. 7)o A BEHEC] AP dojA A & £4 &
R3o] 7hed 2H 9 F-HE AR A% AR o]
dolg Aolx 7V 7M7he 2A9 3% Fe 74
78] RaE AP o5t 23} Fert € Flejn
Ag7t A9 wEbs F39)el wakA, o F3 7}
T e vhEeg AE AR gt X
o o] & Ao|t}. oY Hoz AR BE ¥ F
AR o wa}t AE QoA £ XA E Aol A
AZE FHZFE7 AY we A5 AR A9 ¢
FERE AY A R }RA6A 2 Aol EA3te]

=
(9% %)

8
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Felg SR Yot o E A AgA FH
oo atzd] /Mg Falgol 4d AL, NBAN} F
AH, o]F Aoz $Xo AP T BE (FYF
23 W RR) oz $xoM wy gd @ @
A &Y £4¢ AEIT waty AR F&
2 AREL AR AYS waly, AR Bl
Sl 82 AAH 2 YojuA Hid 9 de
F49 £40| ool Q& &2 (YTFIM WS T
U Ao) g,

Ag7)d] 7128 o AR B 2We 1Y 6
o veht gled &8 AzvEasta e vpislA
2 238 ga7} 9 &AM ma B9 A A
o, 7 we] o7} o Wole EFE Zo| EA)
shE §-29) ool M| Aolth o] EFHe] A
714 2 Hde $34L A2 A B gEos
Aot} RE £AL a2 BHAN VoA M=
A 1 AAZE 9o e TE 59 &4
3} HolA drth NgdAe BHE AzctEas)y
ol A& ALLER %a glom ARE LA 7}
B 29} B3t Ay fAMNY WL & 7
$- oFzre] X @A HAsL Gehded o] A AR
o tigRed £go] BP0 W

(3) MEHEAM (Frontal Analysis)

AGENo] gEdNg the AL F 7HA Holrh
AR, AGEA AoAME Nae €T dHay

449 (Eluent) %
49 ¥%

|

az0tET2aH|e| R0 AR
- 1. FERL MBSl 12 -

EE olF Aol & ez BY ASHez
Hglo] = &8 ARntEagydxE 4%
A g7t 29l wdd F 297k 2 Fd AAds.
AR LA oM e EFEY ZE ¥
Zzt Az 297t 4 § v AdEAdd slolde
A WA QR dREol vuH ¢ FHR 48
o, 2 ¥ 7+ JEL2 Aol 4219 AR} M7 H
th 7k el 374A RS e EREC] o B
of Y Ao A% glo] HH ARHeg F
E/8E-AA FAL o ool 2o

423 17 33te] EAZLY ) QR 4 842
4o M2 g Fx9 AYor 7ae o
¥3 =€ BUAS K9 A71d wat g2isled

R EEC 12

K =

AQ7IA Co ol WHE ol F 4 Wil 849
F2ola, CE olF AW Gt FY3H e
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- ABSTRACT -

THEORY AND APPLICATION OF CHROMATOGRAPHY
-1. An Introduction and theory of separation of matters -

Song Han, D.D.S.. Ph. D.

Department of Oral Biochemistry College of Dentistry, Kangnung National University

The purpose of this article, the first part of series, is to describe the general theory applicable to various
chromatographic procedures. History of chromatography, separation of matters, classification of chromatography,
underlying principles of separation in chromatography, covering resolution, column efficiency, column selectivity, and -
capacity factor, movement of solute in chromatographic phase, including elution development, displacement development,
and frontal analysis, were discussed. Mathematical description of plate theory and thermodynamic viewpoint of retention
were emphasized.

Key words : chromatography, resolution, colunn
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Height equivalent to an effective plate, Hey : H Zol& FEBTE UE A Hy= NLEH-

Height equivalent to a theoretical plate, H : Z¥ Zo|g& o|8¥FE JF A

=L _ H
H N HETP = r

Integral detector : 4&71& Ave Al&Q FF 237t €d FE7).
Internal standard : ©|v] ¥3ne €5 42 YAFE FYstd A5 HES 5] 9§
Interstitial volume : packed columndlA] ©]% Atel] <& A4 AA.
Mobile phase: ©I'F A& ; GCAM € Fi7l29t Y.
Moving phase : Mobile phase® £4.
Net retention time, Vn :
Pressure gradient correction factor® J3ld 2 HE A FAIZL, Wy =j V'
Packed column : 2% &F3A2 b7 HY Ee 45 o2 39€ AR AN F,
Partition coefficient : Distribution constant (Z¥]4<)e} 5.
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Peak : .
AT, M3 YA Edo| EEHolM g A%, A2V ¥EE 7183
AZvEaYe) 4B B4 Ut ESGAT A5, £ o449 dEe] e MAR verd
T itk
Peak area ' Band area®t U3 peak®} peak baseZ F|#Q1 HA,
Peak base : peak®] 7|45 Ale]9] 7]A A,
Peak height, h :
3 HA 9 Ba 71AR Afole] AT, A7t A LR A7) g Fol HHPLR
22,
Peak maximum : A&7} A Y& of A&7/ HA2 bkgdhe A,
Peak resolution, R, : F #HF(peak)?] ¥2|H =5 HF peak widthZ LERY.
20tg  24t'R
Watwy, Wt wyp

R.=

Peak width, wy :
oA FZFe] o= §Fe WFHA 2zt Wako g AlZtolu HFHe 2o FY A
UEllE peak base?) bar segment
Peak width at half-height, wn :
peak height® F&sln WA F 7 E wA}8e A4 Byil, peak baseoll #3) st
A3 e Ad&02 F9H) A9 do|,
Polarity : 34.
Potentiometric recorder : AZrMEIELY HE7|AN &Y= EE HH3ld 23§ 73t A
Pyrometer 279 #Hle] 93 255 Ae VT
Retention time (absolute), tg -
AFAIZE AB7F FAE FRE FALEY AT HAAFEY 715 A AA
Retention volume (absolute), Vg : A FAH 2¥7kay §& x AFAIL
Resolution, 31*4¥ : Peak resolution® #2 %, F HF (peak)Atele] ¥ =& e J.
Separation efficiency, N/L :
AYo] drh & 718 2F%E 8 @9 AY doF o] BFE VERY,
Separation fraction, @, @ 4 A8t &4 Al B2 A, B EHu]-&e] v,

Solute : A& <t Sle o8 83
Solvent : A 4 ( mobile phase)? &L &
Specific retention volume Vi :
213Vn _ jV'R
TW;, TW,,
Stationary phase : ©]% 4 ; GLCAAE A g A4 GSCAM Al FAAE 23
Stationary phase fraction, & : 23 ¥ HHe] W9 Wa F nyite] M3F
Stationary phase volume, V. @ A XEZ ol e 2349 F A4
Surface area : 33 4 F2A|e] XHEA
Theoretical plate number : ©] <Abe FHEY &AW HF Hd =(sharpness)S 9u| g},
ak rention time 2 tr \2
N=16(P d ) = 165)

2% 4 1g%9 net retention volume (0CHA), V, =
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Trennzah! number, Tz :
Separation numbers} ¥|Zzate, F 7§ A&HQl gEtpi Alolg] HFHo2RE AT,
_ tre—tri _
T.= (Wi +(Wh)e 1
van Deemter equation
A Re FAAR AYE AY 9 band spreading®] FEE ERdTE
HEPT(H)=A + % +Cu
HEPT = height equivalent to a theoretical plate
u : olEAe gas 4 £ (GClA)
A YA “Eddy” #ite AHete 4
B: ZY Ze Weko g9 7|AY BAFNE APste 45
C: &4do 2 &7 E24E& Az mjeo] Ao vidste 45

Retention volume, Vr
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Dead | ]
volume, ! '
Vo t
-~ ; Peak width at 0.607 (h) (20)
' i .
: ! Peak width at 0.5 (h)
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. '
Dead time,! t Peak wldth at base
oo fon ti E
et i Retention time, {g -
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vl P-

>C\orrected retention time,t'gr
Elution point of
unretained solute

I8l 12, AZeEaYe] BAR

W - RetEay] IAEE FEH A FEY Lo AA 3 7lEHe] s

28



