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Table 1. EXPECTED EFFICIENCY OF COMMERCIALLY AVAILABLE PACKED COLUMNS

Type Minimum Efficiency
(plates / meter)
a) Adsorbent
Pellicular (35~45 micrometers) 2000~5000
Porous (10 micrometers) 24,000
(5 micrometers) 40,000
b) Reversed-Phase
Pellicular (35 micrometers) 1000
Porous (10 micrometers) 12,000~20,000
(5 micrometers) 35,000~45,000
(3 micrometers) 80,000~100,000
¢) Ion-Exchange
Pellicular (35 micrometers) 1000
Porous (10 micrometers) Anion 10,000
Cation 15,000
d) Size-Exclusion
Porous Silica (10 micrometers) 15,000 ~20,000
Semirigid Organic Gels (10 micrometers) 9000~12,000
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1
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3. 1. Z & & HM[(Column packing material)

SECell A A5 1L o 449 £H/E ojshy,
ubbA) (semirigid) @} 522} A ¥ (cross linked) ¥ 2§
A} v}g] 2} §-7] A (microparticle organic gel) 3} skt
&3 58 2717 24" el EE Ae7Horganic
modified glass or silica)7} 9lvh Al 9, AFEE 5L Q)4
A Ay FAA e BAtefe] ¥l WH-E Tuble 20
Mol 379 gl

ul7bal 7] 4-2 polystyrene -polyvinylbenzene-&
T R-0.5 B GPCeHlA 3-"“ AHgElo] ghom, o]
2} »g—io’—.fal 277 A A 10°~5x 10" E-=beg A g9
£3o] 7158ttt o] S Srllol o & oF7k Wl F(swel-
ling)8twd, o]&o| bead®] HEF uf ol bl Al
2 7] ol A-E-A] fzbel F-olF vigofof ot

Bl el B3 Aol uke} FH o] eF 300psi® g
AR} o)L o) vl LA Aol AEEE, FE 1«-
2 A E3}(sulfonate) = polystyrene %7 ] (bead)&
& SEAAE 8T, A 5
Ak o] A+ $# (prepacked) HA& o] 312 600psi
7k A& 4= slth. Styrened #o|% 2-hydrox-
ymethyl methacrylate®} ethylene dimethacrylate?)|
% oAl ookt FA f71 Sl ALEE
et

o34

m‘in N

= 10um - ] 03

S} (glasses) 2} Al el b= chokgl Al A o] ¢
e E3Hgic) A8 S G ALL o] T 27
£ 7RIk & Ak G902 22 497k Sl
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oA delgte] Ao ge

(1) 34, & ol FAe & &5} Folx H=
w7t dA A =Dk

(2) 43 sbHdAe] gloer® oA E 2}go] 7}
8ot

(3) 7+% +8AA &} v]5Ed A o 5 2} go) 75
g},

vk Ae)gt Al M EE S8 v o g f1e
FEHGA o] JEehy Bapt FA EA Aj85e Be
o A FA G FAIZL At o) & whx|slr] ¢ s
silylation ¥H& el 2|3t B v @438 A} F3}
& ato] A AR % 8l GFColl 4] pH B o] 24 7] &
=g o] FAHE A4y Bk Fig. 1),

Fig. 1. Peak-position calibration for protein-sodium
dodecy! sulfate complexes. Column 175%0.9cm, con-
trolled-pore glass GPC, 255 5A ; mobile phase, 6 M
urea, 0.5% SDS, 0.5M phosphate buffer, pH 7 ; flow-
rate, 0.66m/{/ min : sample, 200u/ : solutes : (4) cytoc-
(6) o-chymotripsin-
(8) aldolase : (9)

ovalbumin ; (1) bovine serum albumin (small a-

hrome C :(5) apomyoglobin ;

ogen A ; (7) rabbit troposyosin .

mount of dimer also present).

GFCol 2] 2| x| Aol )& F-2bale o] A7) & 24
sH= A7) W7H= Tuble 3o AFA) 3] 22ks o] gleh.

3.2. O| B4 Bl
& HPLCH#} t}254) SECe| A9} o] 542 ¥-2)
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Tuble 2. Microparticulate packings for size-exclusion chromatograhpy

Commercial Packing Average Molecular Weignt
Name Material® Pore Size Exclusion
(A) Limit or Range
#Spheragel SP-DVB 50 2% 10°
100 {1to50) x 10°
500 (5to 10) x 10°
1,000 (1 to 50) x 10°
10,000 (1 to 50) x 10
100,000 (1 to 50) x 10"
1,000,000 <10
#Spheragel PS-DVB 100 <7 % 107
500 (5 to 100) x 10°
1,000 (1to0 20) x 10°
10,000 (1 to 20) x 10*
100,000 (1 to 20) x 10°
1,000,000 (1 to 20) x 10*
TSK Type H PS-DVB 40 (0.5 to 10) x 107
250 (0.5 to 10) x 1¢F
1,500 (1 to 60) x 10"
10,000 (0.5 to 40) x 10°
100,000 (0.2 to 400) x 10*
LiChrospher Silica 100 (5 to 8) x 10*
500 (3to 6) x 10"
1,000 (6 to 14) x 107
TSK Type SW 4,000 (2 to 5.8) x 10°
Silica 130 <2x 10
240 <4 x10°
450 <2 x 10°
uBondagel B Silica 125 (2 to 50) x 10°
500 (0.5 to 50) x 10
1,000 (5 to 20) x 107
CPG Porous 40 (1to 8) x 10
Glass 100 (1 to 30) x 10
250 (25 to 125) x 10°
550 (1.1 to 35) x 10*
1,500 (1 to 10) x 10*
2,500 (2 to 15) x 10°

#Abailable in 5 or 10 micrometer particle sizes.

woll e vA A Yoemg dYsE s ¥ grlo]ojo} &,
(1) A&7} 2 o, (3) ARG o] FA Ato)o] FAalolol 2j7h Ful
(2) elEDTE F7H17171 A8 Svle) HEr} 7F zhobx AP FAAE =3} (degrade)A]7] 2]
I xE ExollA A P15 8 B Aol ofof 3,
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27] WA 22rtE Y X (SEC) el ¥ o8 9A

Table 3. 784 biopolymer2] ¥-2lef A5l A o] BA4-& AR sh=

HIHE2X A A2 (Macromolecular Probes)

ghill 2.8 monodisperseo| 2.2 H¥ tHAE 2 FHFc) Ao il I& 5 de

1. 48 ¥7} 23 (Column void Volume).
$0}x] thymus DNAY: &%
2. A8 Z=¥(Calibration).
He Boatek W elel s @A S 78 4
. %' & *H(Surface adsorption).

o~

AR e g3 e}

Z] 74 ¢} 10,000nm o}3}] RE FH Aol 4] vh A g},

5 3181 22 (underivatized) E 9] silanol groupa 2F7} 2814 (negative charge)-2 zt=t}. oF8} 4 (pos-
itive charge)& 7+ vl el lysozyme &3 HF-2-Al o] 913 silanol group®] FX5 AA® 4 gk
4. A3}tz &g x o] W5 (Retention of biological activity).

Azl S Aol FAR BE AR EAS
S (catalytic activity) & i = it

A5 5 ol 445 VA 45 e 2 159 A ¥E

Trysin{- A2{7}E base® & A oA o]’] F7] A4E 28l WA3le] Y33y &F =2 35 (recov-

ery)-& 21§ 2% A 5(performance)&

Arginine®} lysineo] 33 A Y | A4-Bolch

N

37 5 ok

o] & L% AtE A8 (Anionic-exchange interaction).

4 9t} "3} Hed (associate)

FAA 2} A5 sFgo) 98-8 witch syl ¥ ol “FX (ionic strength) & 2+ o]

Az o] #= o Fol

A2X} AE HAHE (Small Molecule Probes)

432l AY Y AHER ¥l (non-)wllA] ARl E ] r) dojvies 2AS U

7 o4& BE A3 dAHES] Rpakd 1.0 #ele}.

o] Lo BN E] HiojriH

EAo) Ao A (solvophobic) AbE AH8-& A 3sh= Fol 39} o] 24 A3 288

o} ## F7E 8] pH 7.05, ¢] 7} % 0.0263] phosphate buffer®] =84 o] %F\fo] & §s}c},
1. o}o} 2 i3}k A% =2h-&(Cationic-exchange interaction).

Glutamic acid, oxalic acid®} citric acid”} B g8 A& AE-o]c},

3. 2~8v) 4 A5 (Solvephobic effect).

Ben.:yl alcohol 4= phenylethanols} 78 24 9] 484

EAE A e Al i AkEolth

(4) AR Ao o) EA &vfol 2lall R-EA (wettab-
ility)s} A& (e B8, swelling)e] o3k
s

(5) Z7)ol) 7= (sensitivity) FHellA oFY (co-

mpatible) & 4= glejo} jbe}.

SECel A Alg=lv 4ole] £f/9 B3A B4L
Tuble 49} 731 53] 71 A2 F p-styragelell A&
s ol A gsA v AR Lol Tuble 54 B
o] 3= vle} et

ob-g2 niA Edel w& &) A 7| EE Tuble
6ol viehict.
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4. EX1E &3

4. 1. @3 My

SEC Z™el ofgt ®-xizk Fe e S5 F
o] A7)e} F2ol o8 AR EE SEC A= HH
Aol Ad Faslch A ExeF Feo] W=
732k A1 (calibration curve)el 218 A3} 2 7%= &4,
Fig. 29} 3¢ A71% F T/ 1A W 34
£ 2o Frf,

Az A A FF 277 FEol el
FAslaz} sl Al H A7 web ok2g dabE
22 10°~5x10° 4= =27] H4 2 5o et
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ol Y ¥ (Fig. 29} 3) F HEAL g BAE
7hdH ez AzbsA BAIE @Ae mzeleays
Fig. 4ol 4] B.o 31 gk
Hig =
1o’ Vo ~4 |\ (R —
10t
_; w0
z \
k3 10+ \
H ‘\
- W0 A
z SELECTIVE
0 < PERMEATION
-l
-
S ok EXCLUSION
g YOTAL
10° - b 3 PERVMEATION
W\ 10— .
o \,xv‘\c
B L !

RETENTION VOLUME, V,

LW s

Fig. 2. Calibration curves for Shim-pack GPC-800

c 0 E £
series columns.

Size-Exclusion Chromatography Fig. 4. Hypothetical calibration plot for a given size-

Q -l exclusion packing column.
@€ -300k Vo ©int ticl !
e X ook o : interparticle volume
O - 1000k V; ! intraparticle volume
ALVz<B : fractionation range
1x 108~
10
§ 1 *
€ LR I'al = or
- B
X
©
gt
o
a0 3
D10
L
W
wt
°
3
10) -
1 ] 1 1 1 i L
16 1.8 .0 22 2.4 28 28 390 n
Vg, mi i__/ l !

Vo RETENTION VOLUME Vg VY1 SOLUTE MASS
Fig. 3. Calibration curves for oganic-modified silica
packings. Columns. u-Bondagel E : mobile phase, wa- Fig. 5. Selection of the proper packing for maximum
ter : samples, dextrans. resolution of two adjacent bands.
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Tuble 4. Properties of solvents commonly used in size-exclulion chromatography

Meltiung Boiling UV Viscosity Refractiv Flash Oral LD. TLV®  Irritant
poing Point Density cutoff @20C  index point 50°(mg/ (rat ‘o skin
Solvents () (t) @20T (nm) cp @20c () Kg)(rat)ppm) & eye Toxicity
Tetrahydrofuran® - 65 66 08892 220 055 14072 14 3000 200  Mild Slight
1.2.4-Trichlorobenzene 17 213 14634 307 1.8%(25C) 15717 99 76 5 Moderate Slight
(TCB)
o-Dichlorobenzene® ~19 180 13048 294 1.26 1.5515 66 500 50 Moderate Moderate
Toluene -95 1105 08699 285 0.59 1.4969 4 5000 100 Moderate Slight
N.N -Dimethylfor- -61 153 09445 275 090 14294 58 3500 10 Moderate Slight
mamide( DMF)
Methylene chloride -97 40.1  1.3266 0.44 14237  None 2136 200g Severe Slight
(dichloromethane)
Ethylene dichloride 36 84 123 0.84 1.4443 13 680 50 Slight Slight
{dichloroethane)
N-Methyl pyrrolidone® —24 202  1.027 262 165 147 95.4 7000 Not set Moderate Verylow
m-Cresol 12 2028 1.034 302 208 1.544 94 242 5 Severe Moderate
Benzene 55 801 08790 280 0.652 15011 27 3800 I° Mild Slight
Dimethylsulfoxide 13 189 1.014 260 224 14770 95.0 20,000 Not set None Very low
(DMS0)
Perchloroethylene -19 121 162 290 1.505 Nome 5000 100 Severe Very low
o - Chiorophenol 7 1756 1241 4.11 1.5473  None 670  Not set Severe Slight
Carbon tetrachloride -~ 23 768 1589 265  0.969 1.4630 None 1770 10 Moderate Slight
Water 0 1000 1.00 1.00 1.33 None — - - -
Trifluorethanol 736 1382 190 200TC 1.2910 40.6 240 Not set Mild Moderate
Chloroform’ - 64 61.7 1483 245 0.8 1.4457 None 2000 log Moderate Slight
Hexafluoroisopropanol —34 582 159 190 1.02(25C) 1.2752  None 1040 Notset Very severe Slight

Aol A F7F ododal Ash Bo) Al sle ¥4
W 2] (fractionation range)2tx 30, &89 "ﬁ"‘ﬂ'i"é
= 3} (selective permeation)ell o1& FHA&) A}& 7}
=g} Bl ¥ W4E Jepdch AL wh Al (ex-
clusion point)ol2hir 817 A% upgh F-#-& FaAl el
23 e gao] AFHA Latw AH e wMiAH=
o3d-g veplith BH-& A5 73 (total permeation
point)o)2t i 3t3 BA whg ¥ FEHE 43l o]
shAs] A% E dod-g epdch weby Ash Bel
upgk o Aol A TZ}%*‘QE Be)7} o) Foix] 717} o
gl

Balete] o} ¥ AES By S8 AR Al
o, A 5 AEel gelur BEH e Tk &
T2 sof sa, A AFAANA B A7
27) (retention volume Vp/MW)7} A4 2 &
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Fi= A Q) Falgo) +5slch(Fig. 59} 6).
F Ar|7h e Al AR FEEerE B
W ASo) FF 278 AP Ade FF 72719 #
017} 1 decade ¥+ ¥/Me F& =7](bimodale]&}x
ot T3 Bt u)seg 5 o) ol 4)e] A S M3
= %} 0] & bimodal pore size configuratione]e}sz
FeH(Fig. 73k 8). o] ¥l o) —'3“%”-§°]7]' A
2} opm Rty Hpyeir)t AdHez g Wsls
oA ol Fg whe}l ol 71&717} 7+-& Fk(separation
capacity, m// decade)-& ¢ v]3kc}.

2} 4 2% A A A (u-styragel?} porous silica mic-
rosphere)ol 2% A3 Held sl Fig. 9ofl Bl F+=
wo} zhr.

HapAds) e e e A3t 2ol Folalct.
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Table 5. Solvent compatibility with u-Styragel

z_}-

Satisfactory Marginal Damaging
Benzene Cyclopentane Acetone

Carbon tetrachloride Cyclopentane Benzyl alcohol
Chloroform Diethylamine Buty! acetate
p-Dioxane Methylene chloride Carbon disulfide

Diethyl ether
Ethyl acetate

Diethylbenzene
Divinylbenzene

m-Cresol
o-Chlorophenol

Pyridine Methylethyl ketone Dimethylformamide
Toluene Triethylamine Dimethylacetamide
Tetrahydrofuran 90% Tetrahydrofuran/ n-Dodecane
Trichlorobenzene methanol 50% Tetrahydrofuran/
Tetrachloroethane methanol
Tetrahydropyran Acetic acid
Tetrahydrothiophene Acetic anhydride
p-Xvlene Acetonitrile
Cyclohexane
Hexafluoroisopropanol
Heptane
Hexane
Isooctane
Trifluorcethanol
Alcohols
Water
Vi =C; —C; logM (10) Fig. 9o 2708 p-styragel& &34 A3 A=

E=1logM=C,/C;— Vg /Cy=A—BVy (11)

}7]A,
Vr 1 &&4-9
Cy 2 kel dadddelae A5
Cy : A8 A 2] 7]-&7](m!/decade)
M gl Bxjsg

3) Aol A zzetEzele) BYA B A9
= O g0 SHYL @ S alom, AR 48 A
A7 Foizl ARl A B4 L)AL o2 Vs
Aol 8357 e ARo) 97l Wil 2
See g, e 4 olis olHol k.

Ao -

2 Aol Faf Asiwal BExjak M7} 5x10°-
1x10°2) M8 ool Felg 7] 918 500A2T 2
7H(A] 10ef412] C; =+ separation capacitygte] 1.
bx2=232)%} 1051&?243‘;1 gt 7N(C, %+ separation ca-
pacitygte] < 3)& 34, AH&3t% %k =3} porous
silica microsphere(PSM) -l 4= 242 W 5-
g Fe BF a1 R0 A 2] el A
Y A Ho} 2igsla A s o] Fojd o) gl
t}. 60AS} 750A B-227]9) PSME 72h7} 2704 4R
AAZH2ZH Fig. 8ol 4] Hef Fi= uhs} 7o 10 o] 4
o] ExpeF W el A3 A} S g
alt}.

4.2. Xl g2Xly 22

SEC #4& %48 & + e 83 ¥4
Al@el Epefat Baled Bxo|c)h A o3 Aw
= AR Bz Rokg e g ¥e)r} e
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Tuble 6. Solvent Selection Guide for Polymeric Material

13A

Polymetric
Material / Solvent

THF

Toluene

N.N-Dimethyl-
formamide

Methylene
Chloride

Chloro-
form

2.2.2.-Tri-
fluoro-
ethanol

1.1.1.3.3.3-
Hexafluoro-
2-propanol

ABS

Acrylics

Alkyds

Amides / Imides
Asphalt

*
*

Butyl Rubbar
Cellulosics
Epoxy

Film - Forming
Polyesters

*ee & ¢

Glycellides

Natural Rubber
Neoprene

Nonionic Surfactants

Nylon

*

*

e

Phenolics
Polyacrylonitrile
Polybutadiene
Polycarbonates
Polyesters / Unsaturated

* o0 o

L K 4

L R 4

Polyethylene*
Polyethylene Oxide
Polyglycols
Polyisobutylene
Polyisoprene

*e

Polyols
Polyphenylene Oxides
Polypropylene™
Polystyrene
Polysulfones

L X

Polyurethane
Polyvinyl acetate
PVC

Silicones

SBR

00 66 40 00

*

L 4
L 4

* These polymers are soluble only at elevated temperatures.

Vol. 7, No. 1, 1994
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(a) : (%)
weé} 106
wl 103
W 104
MW ~
108} 103
102 1 24 +20
10 1 L 1 1 [} 1 1 1
20 80 160
(c) (d)
109 104 103 102 109 104 10?
i ] 1 t ] ] ]
FR]
4 32 KM
K L M
2A + 20 4C

Fig. 6. Combining size-exclusion columns for separating broad-range mixtures of two compounds of similar
size.

10 T
108+ 7
-
PSM 750 A
0’ 7
Mw

w'r .

Lea¥ 7 Fig. 7. Comparison of molecular -weight fractionation
range for pore sizes differing by about 1 decade. Col-
umns, 10x0.78cm each, porous-silica microspheres

lozr 4 (10) ; mobile phase, tetrahydrofuran . temp., 22C

6 0'2' 074 0?6 01_5 10 flowrate, 2.5m{/min : UV detector, 254nm . sample,
NORMALIZED PORE VOLUME 25ul solution of polystyrene standards.

‘Journal of the Korean Society of Analvtical Sciences.
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4 COLUMN SET~PSM PACKINGS
o 60k, 603 7504, 750&
‘\
‘
»
‘\
n! b \
N
Mw “\
104} \\
\
b Y
N
e
A Y
~\
10’ \
~
e
: e
e F N
10 L,, 1
00 120 140 60

RETENTION VOLUME, m(

Fig. 8. Polystyrene molecular -weight calibration cur-

ve with bimodal column set. Conditions same as for
Fig. 7.

o

}t}. Monodispersive sample(Myw / Mpy<1.1)v+ 44 #
132 22 o] B4 &) Rl aet Alg 4}
Z717} F8HEoly ok E IE-S F A A A%
= v}2 A gt olelgh £ o) F4 Fuiete Ay
@] & hydrodynamic size2} #8l HAjo] wighch
Monodispersive sample-d 48 74 §-off B4 A1 82}
w23 38 T2E 713 BEER AP A
gt H-algk AE dS 5 st

Polydispersive sample(My /Mp>1.1)<l e
Halerel] thel JUgr gtol @la dy-Ee nEA E
Aol A= Halapo] o} 3}8tFo} F-2Ql polydisper-
sive systeme]”| wjfell EA2 3 (statistical fun-
ction)ell 21 ¥x1ek, Z, 8T A (number -av-
erage molecular weight, My)olvt 8 3 #21%
(weight -average molecular weight, My) §2.2 7|
<gheh(Table. 7).

SFe BE AME ggolAw, S Had A
oA B4y B4 JFge R Fig 105} 2L 5
e v ARt £3F, B 4, 2382 44
1,2, 32k 7 Hghes Azhshd oldistr] dot

b

fo

de

- Sa

536204 . 1

T 1054

- - -lo‘z.
w0 k-0 -
w 2.4 30cm
(=) -e ® .
8 1 1034 "-b
~ 2
€ ]
g e 500 A i
x
S _
3
: .
a A . -
F ke 3 3004 13004
\‘:;’ [—-— ¥ T 3 10 e PSM
| s0a- - 7504
O A 1 . L 1
102 10} 104 103 108 107

MW SEPARATION RANGE

Fig. 9. Separation capacity versus calibration range for p-Styragel and porous -silica microsphere columns.

Data on PSM columns same as for Fig. 7 . u-Styragel data obtained using : mobile phase, tetrahydrofuran !

temp., 237 : flowrate, 1.0m//min : detector, R sample, 100u/ of polystyrene standard solutions (a) and (b)

represent data on different packing lots.
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Tuble 7. Terms for determining the molecular weight of polydisperse samples.

Formula for

Term Describing Formula for Calculation form

Molecular Weight Symbol Calculation The Chromatogram
Number - Average - TNiMi Wi Thi
molecular weight Mn TNi C S(Wi/MD + (i

=" Mi

Weight - Average S YNiMi® | YWiMi S hiMi
Molecular weight My YNiMi Y Wi Y hi
Z—Ax:erage . .M_Z_ \"'Ni.M%: &i'Mi'g
molecular weight SNiMi’ ShiMi
Viscosity - Average B TNiM; ™ (/e Thi(Mi)® /e
molecular weight My ( Y NiMi ) ( Y hi )
% A% n=KM*
(05=<a<1)d of
Polydispersity —

Index I Mw / Mn

Fig. 108 AAAal o2 2, 25 1070 lab# A e, e AE R 2972 2z ohggt gl A
7 sleba B 2 & & #H el Holrt lemdl o] 374, Akglc},
2em<) 7o) 474, 3em)l 7o) 370 glchisL 3hat. ofuj 2
g o] Zolg] %?01 icmc’fia}%j:l% A8 743y SyF = 1x343~i§i§3x:3 = 2.00cm(¥ 42 =
2} o7l el A emE M &, AFE N & 23 o=

o] & vt}
U (U SEPR o
3 T e
N (3]

(1) 442 (2) 3942

3
2.52

(3) 292

Fig. 10. 2% 3@ ghke) v

(Journal of the Korean Society of Analytical Sciences)



=27] WAl Z22ehE A Z(SEC)S) el 9 & 174

A E = 1*x3+2"x4+3x3 = 2.30cm {7 ¥&

1x3+2x4+3%x3

walA o EolE JFEsich)

o

2% 3+2*x4+3x3

H3}] x FolE i)

olsh o] SRl e AR ARl WS &

x
z INFEASING M
el
-
= Ilmxm AONT OF
‘ A R ELUTING MTERIAL
/ L
7 REGICN

Zm‘_ﬁ_ = 13X3+23X4+33X3 = Z.SZCHX(%‘EE%

8 Jehlzm Z29 Felle Al AEo] viztalA)
E32 vellE A3 Mp=My =M’} "o}(Fig.
11).

=8 My /Mpgte]l 2 s8ajd42 Bajer 227}
Wrhs wo] HBu 2, Fajek FEE Lo Yol e}
Y Jxe 2qlch e Hate wEakd g M,
= I\—/Iw = 1\7127}‘ =},

SECe zzvlEad)e o]falH 37 Bl

¢ (LIGMR § ADITIVE
| mesion | ReGION

Fig. 11. APPROXIMATE LOCATIONS OF VARIOUS MOLECULAR WEIGHT AVERAGES

viene chloride, flow rate 0.5m!/min. Polystyrene
standards 1, 2, 145,000 ; 2, 411,000 ; 3, 170,000 ; 4, 51,
000 : 5, 20,000 : 5, 4000 : 7, 600 : and 8, benzene.

0
” L}
L]
o
L '
i
L]
w . 1 1
(B :'n :
o0} DM I P
[ ]
M-I ‘
. M p
e EERERE !
13 I :
b -3 3 f 3 E ‘ E : S ' : E
IR I L H
ad o R AR 1
P BT TR S T S S
° HEEHE - N N
S0 ™ 4 20 28 30 32 3 34 38 40 2
Vi
[}
Fig. 12. Manual methods for determining the molecu- « 3 ,
lar weight of polydisperse samples.
Fig. 13. Separation of narrow molecular weight poly-
styrene standards on a p-Bondagel column combi-
nation, 125, 300, 500, and 1000 A; mobile phase meth- \4 i
e———————

LIS O T O O O S A N I
2 4 6 8 10 12

Retention Volume, mt
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Ao Y7 EA% & A 4Hmanual method)3h= W
W& Fig. 129} et

1. Mpoly Mw& Al4tslr] $lstod, a2nte23de
#£0.2 digitizedtc} Vi€ 44 ¥riE ¥5H 2E
8<i<202 2 grh(Fig. 122 A1)

2. 7+ Viol ti&h hi& A2 )

38R e depd(dl : Fig. 8)elA 7 Viell o
s Mig 7}

4. Tubie 3] Aol o &) M5} Mw & 78}

X

=

2}

Monodispersive sample?] Z&vlE 18- He%
2922 4257 (Mpeak=Mw=M;,. Fig. 13)
polydispersivedt B HA}E-9o] A-fol = A8 F ¥
g BT EM 2 Y& el 83 48
Halch(Fig. 14).

Monodispersive sample®] %3} &34 & 9] -9
2] 9] %] 7=k (peak position calibration method)®]
AR-EEd], B A9 2AdA BREke] ok U
o] EFEE FAdA A &5 Fald s 13
g TAlHA A HFHE Fig 1564 Hof

L
Sy

T

r T

20 8 % 1 12

10

v r

8

F §
[~ B
O

minutes «—08H0u-o———

Fig. 14. Molecular -weight distribution of a carboxymethylcellulose(CMC) sample. Columns, 30 (.46cm, 1-LiC-
hrospher SI-100, and 1-LiChrospher SI-500 : mobile phase, 0.5 M aqueous sodium acetate, pH 6 : flowrate, 0.5m

//min ; sample, 100u/ of 0.5% solution : detector, RI.

Apparent Molecular Weight

PROTEIN STANOARDS MW
1. Cytochrome C 12500
§‘ g‘ypm Inhilor 24000

! rypsinogen 500
A Ovlyﬂwmg 45X0
5. Sovine Serum Albumia 8000
6. Hexokinase 104000
1. Glucose-6P -OH 135000
8. Gamma Globutin 167000
9. Aldolase 158000
10. Catalase 260000
11. Ferritin Monomer 450000
12. 8lue Oextran >ige

]
3
4

Volume, mi{

Fig. 15. Protein calibration curves for Spherogel TSK -SW 2000 and SW 3000 columns. Mobile phase phosphate

buffer 0.2M, pH 6.8, flow rate 1.0m// min.

.Journal of the Korean Society of Analytical Sciences)



7] WiAl A2etE ) Z(SEC) 9] del ¥ &4 2 F 7} 19A

up9} et

B-9-a] 91x] HeyL HAG BF2F o] 4o AR
gty F2E7 A 89 49 e(solution confor-
mation)7} wlg8la BAEk 22} m27])9ke] gz
7o) AdA=ojo} wtFely A A el E =+
c}.

742 91-2w=Hg} universal calibration method:
hydrodynamic volume$ calibration parameter 2 Al
A &) A B F-F §-5] 9kl $A S BAlss whelh

82} Exe] hydrodynamic volume(Vy)-2 Ein-

steinoll o1& oh& A3} o] EA]Hc)

Vi =[n]M/aNa (12)
o 7]l A
(] 2R A=
Mgl EAE
a  : Simha parameter24] ¥} Rokd mpE =

AFR T BFd A4E 25009, ¥ Y
o] obd qlAbe] A §-& 258} Ach

Ni : AvogadroF™

- PS
e PS "COMB™
Yea <« PS5 TSTARY
& HETERO GRAFT COPOL.
v POLYMETHYLMETHACRYLATE
v+ POLYVINYLCHLORIDE
¥ GRAFT COPOL. PS/PMMA

log [n] M

. e POLYPHENYLSILOXANE
107 = POLYBUTADIENE

& YA S . 4
LLuTIen saLen o

[ S et counsy, 100 SOLVENT

Fig. 16. Universal SEC calibration curve.

Vol. 7. No 1 1004

SECell 4] [nIM2] /'3 & =313t] §533](Vg)2}
o] A4 (12)F o] Aelshd o83 2.

logln | M =C+C'Vg (13)

olw| q1ggt e} Fol ¢ Ao} A= RE u¥a}
EA- o)A log[n M2} Veashs A4l ki gS 1
o} ZFthH(Fig. 16). C2} C'= Tuble 894 Hehd vie}
o] A AR Az Ko a®] Mark Houw-
ink A9} B E) = AP EA ohg) Zo) AR

C=—(a+1)B (14)
C’=logK-+(a+A) (15)

o1714] As} B 4 (11)e vrehd Abgo] s, K2} a
= ohg 2 A E e

(n]=KM"* (16)

E & polystyrene®] peak position calibration met-
hodell &3t Z1=FAd-& o) 4-35)o] mx| m¥a} Bl £
Apepe ehg Aol ol s) A Aka 4 gleh

Mlzl"Kz_ (MZ)aZ]l/ul (17)

M, 1 A Ao Eabe
M;: B% AHIA 2ol A DL Bl
KiShoo : 917 AR} 2 A %

Ky oty @ BE B 39 4 A

of 7] ol 4} K&} agh-& el A 718 MarkHouwink
2] K¢} aoll o3 c}-g-3 7ol A4k = gl

K =6.19x10°(K)'/? (18)
a=[—l—“§—a] (19)

Hydrodynamic volume® ®}et2 2 & universal
calibration method¥ E-E FTE-=2}el] A4 5 gl+
7VeAd-g BEA 2 AFe] FEAo AL of
A7 A) 83 Hrh= A ekt
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Table 8. Mark - Houwink constants for molecular -weight determination by the universal calibration method

Mark - Houwink Molecular -weight
Temperature constants range applicable

Polymer Solvent () & b Tl ., x 107°
Polystyrene THF 25 1.60 0.706 >3
Polystyrene THF 23 68.0 0.766 50~1000
Polystyrene(comb) THF 23 22 0.56 150~11,200
Polystyrene(star) THF 23 0.35 0.74 150~600
Polyvinylchloride THF 23 1.63 0.766 20~170

- 1.50 0.77 20~105

. = 1.60 0.77 10~1000

= = T2 0.61 27~100
Polymethylmethacrylate THF 23 0.93 0.72 170~1300

= = 1.28 0.69 150~1200

== = 21.1 0.406 <3l

— = 1.04 0.697 >31
Polycarbonate THF 25 3.99 0.77 =
Polycarbonate THF 25 4.9 0.67 .00
Polydioxalane THF 25 0.937 0.874 o
Polyvinyl acetate THF 25 35 0.63 10~1000
Polyvinyl bromide THF 20 1.59 0.64 e
Polyvinyl ferrocene THF 30 0.72 0.72 i
Polyisoprene THF 25 1.77 0.735 40~500
Natural rubber THF 25 1.09 0.79 10~1000

(poly -cis-isoprene)
Butyl rubber THF 25 0.85 0.75 4~4000
(isobutene coisoprene) = = — i -
Poly-1, 2 -butadiene THF 20 Mn(PB) =0.167 Mn(PS) 9~25
4. 3. #& 83 (Standard materials) M=o gl
SECHA w|A] Alge] #Ata A E&o2 F 7HA
Astet Baloht A iR Ealo] We| AMEET 588

sl B3] ¥AE FFEH-E &4 #F(molar mass)
o) By} Fov, 1 JAge o8 oz A3
=33} 718 A2} GFCe GPCE Al#s 1 Sl&
BEE, FF 34 2 EAY HH Fo) Tadble 9ol &=

SECS] ¢& Bo}& Tuble 100] Lofsbsich(UA] &
4-2] of|&= " & brochure 3=).
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Tuble 9. Some important polymer reference materials

z27] oA 2EtEIH Z(SEC) S = ¥ &4

21A

A Proteins and viruses My X 10°.g X mol ™!
1. Insulin B-chain(bovine) 34
2. Glucagon 3.5
3. Insulin 5.7
4. Kailikrein 6.5
5. Cytochrome C 12.3
6. Ribonuclease A (from bovine pancreas) 13.7
7. Methemoglobin 17.0
8. Apomyoglobin 17.2
9. Myoglobin (equine) 17.8
10. Trypsin inhibitor (from soybean) 22.0
11. z-Chymotrypsin (from bovine pancreas) 25.0
12. Chymotrypsinogen A (from bovine pancreas) 25.0
13. Tropomyosin (from rabit muscle} 33.5
14. Pepsin 35.5
15. f-Lactoglobulin B 38.0
16. Ovalbumin 45.0
17. Bovine serum albumin (moncmer) 66.0
(dimer) 132.0
(trimer...etc.)

18. Hemocyanin (cross-linked, monomer) 70.0
(dimer) 140.0
(trimer...etc)

19. Transferrin (human) 80.0

20. Aldolase (rabbit muscle) 158.0

21. Alcohol dehydrogenase 150.0

22. ¥-Globulin (bovine) 170.0

23. Catalase (from bovine liver) 232.0
24. Fibrinogen (human) 340.0

25. Ferritin (from horse spleen) 560.0

26. Turntip yellow mosaic virus 36 x 103
27. Tobacco mosaic virus 39 x 10°

The above reference materials are available from the following companies : Boehringer. Mannheim. FRG :
BDH Chemicals Ltd., Poole, UK : Calbiochem. Lucerne. Switzerland : Fluka AG. Buchs. Switzerland : Inter-
med - Export - Import, Berlin GDR : Koch-Light. Laboratories. Colnbrook. UK : E. Merck. Darmstadt. FRG :
Pharmacia Fine Chemicals. AB. Uppsala, Sweden : Reanal Fine Chemicals. Budapest. Hungary : Serva Fein-

biochemica. Heidelberg. FRG : Sigma London Chemical Company. Ltd., Poole. UK.
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Table 10. SEC 3-8-9] F9 Hof

A. Gel Permeation Chromatography
%71 &vlol S8zl A B 5 Eelo BF AL EY, g5 2 ARE 9E 5 Ak
(1) 34 A%
(2) ¥ £
(3) 282 &3 (polymer)ell Ex351= oligomer ¥ A 7HA] (additives)
(4) ¥3|(collection of fractions) ¥ t}& ¥4 Wbl == 717] & 0| &3l +2 2A

B. Gel Filtration Chromatography

T4 AREAH AR B4 A, oprlxal, wlelels, &<pEE F)st 7], £ o]&(macro-
ions), S5 A33HE T2 Felo X5 A, o3 2L FHE AL 3l

(1) ¥2r=f 34
(2) Molecular association constants
a. AF2ke} A E-219] complex
b. Adl #-2}2] §-3 (aggregation)
(3) Molecular fraction®> & &A %4 & 7|} %
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