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Introduction

polymer %+ B X 7205 poly
meros, & X & “many parts.”

HRAEST vs. BAHRESF

Cellulose (HF#XR) Polyethylene (RZ#)
Polysaccharides (£##) Nylon (JBJ&)

Starches (IE#}) PET (RNZE_HKRZ B
Proteins (EEH i) Polystyrene (REZH)
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1. Thermodynamic
XIA 9775l
2. End group influence

1. Bulk properties

KR THF IR IRE

1. Viscoelastic properties
2. Melt Viscosity

2. Toughness

A,

©2009 viscotek - A Malvern company




WWW.viscotek.com

MW Average | Method MW Range
Mn End Group Analysis <10*
Membrane Osmometry ~10* - 5x10°
Vapor Pressure Osmometry <5 x4104 /FEHE TR ES
Ebulliomet <10
Cryoseopy - 10¢ /zi: AR EI T E
/\/ﬁj‘ EI/J ,lel e
Mw Light Scattering 10°- 10’
Ultracentrifugation 10° - 10’
My Viscometry >10
Mz Ultracentrifugation 10*- 10

GPC w] PLig it —
A5 BB = A

L

©2009 Viscaotek - A Malvern Company



] T™
Vl L L k WWW. viscotek.com

Contents

» Introduction

= SO FA R
» GPC /i ¥ A I 78
> WA

L

©2009 Viscaotek - A Malvern Company



WWW.viscotek.com

Gel Permeation Chromatography (GPC), th#R1E
Size Exclusion Chromatography (SEC) 5%
Gel Filtration Chromatography (GFC),
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L4 15 1F it 2k - Conventional Calibration,
1F 28 K5 BE R 2% - Universal Calibration
B =R ll#s % H - Triple Detection

BEAFRE S a4, g8, 27
Rgfl Rh, ##44 Eintrinsic viscosity, [FitH
o TEN, MR, 4G, ILRARPIER.
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> (£ IE i - Conventional Calibration f Fi — Vi /2 Al
A— PR IERIGPCH: -, AN 701 = MwARl 7 BURE
polydispersity (PD)

> MEERSI AR B AT - 15 FORS A &%, IR EEAG I 5 AR HE IGPC
FE T, $EfLE L) T HEtrue molecular weight, 71 X~ size,
REPERS EE intrinsic viscosity L A 1414 conformation, Zf &
aggregation il & branching{z &

> — il 28% F - Triple Detection 15 F St U K600 2%, ik FEE 4G
i AR A #5 HE L 264 X /1~ =absolute molecular weight,
1 Rl size, FEPERLEintrinsic viscosity, L)%
conformation, 4f &aggregation fl14 4% & branching /s E.
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Refractive Index (mv)
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Overlay of Conventional Calibration Curves
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Molecular Size in Solution

FIGURE 1.

Illustration of the difference in
pervaded volume between a
linear chain and a branched
chain with the same total chain
length.
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A G U R B

Sample Solution

Laser Llight

- Scattered Light

R, =M .c.(dn/dc)?
—

R(0),,, = KcM,

* R(0) is the excess Rayleigh scattering ratio that would be obtained
at detector angle of zero.

* ¢ is the Polymer Concentration in Solution

* M, is the ABSOLUTE Weight Average Molecular Weight

» K'is an Optical Constant ~ (dn/dc)2

L
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Density (g/L) . B K
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In THF at 300C with 3 x Oligo-GPC Columns:
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Response (mV)
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i%_ EU% }D,'i E§ - Hyaluronic Acid

RI-VISC-LS-Chromatograms

20
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88 1
Sample: Hyaluronic Acid 1

Refractive Index

Viscometer
LALS

I I I I
10,9 124 140 155 170 185 20,1 21,6 23,1 246
Retention Volume (mL)
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son ANATEPE R EXHTIE B R R
Refractometer Stiff-Chain Polymers
~ Light Scattering iﬁ H)g )ﬁ @ ( HA ) %_ﬁﬁ‘
: - | BT T
é 0 (Note the Large IV and RG Values)
é 50
e - Retelr;‘gon Volumlgo(mL) - - }A /ZA\ XD% IZ\\] ﬁ EI:] 3—% E:X E](J HA/E\‘
H B % o HUE
\ Vs
50 MR 7 o S R 328 B o R g
R.efractometer }A j\%’é B}IC :IL_% Elj %% E:X E](J HA,E\‘
109 Z;;;(;Ilsliziiering ﬁiﬁ EIj E](J z ﬁj\ :I%h&‘ri
% . (Sigma Chemicals)
g AT P S i
-50 Mw 1,006,000 393,600
— |Mn 296,500 142,500
e 120 140 16.0 180 200 | TV (dL/g) 14.041 7.773
Retention Volume (mL)
Rg(nm) 74 44
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BEE FT I A AR PR P 52

MRS A P SRR 32 B R

Viscometer

Light Scattering X = 2, &

Response (mV)

J5 IR 72 — A ELAT A X I A
PR 405 ) 1) 22 A

Refractometer

oo 120 I%é"?ention \.)(6)'I0ume (m?l_%o 200
L& =2H 7% B 5 R P
Pullulan 400  Hyaluronic Acid —
> Yo
E Pullulan
Mw 383,000 393,600 Y
Mn 367,000 142,500 Z
IV (dL/g) 1.15 7.77 8
i
- S
A, Retention Volume

©2009 Viscaotek - A Malvern Company _



WWW.viscotek.com

%*%7 1@%3 - Polysaccharide Modification

- Triple Chromatogram
Mw = 32,500 o DP
ch2 LS
110 - IVw = 0.38
2
=
o
& 70 A
&
o N\
; 30 -
(¥
T) | SRS
%
_1() -
GMPWxI x2
0.1M NaNO3+5%ACN 106 142 178 214 25.0
, Retention Volume (mL)
0.7ml/min
y N
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%*%7 1@%3 - Polysaccharide Modification

Triple Chromatogram

150

ch3 RI
Mw = 139,000 gﬁg IL)g
0 110 - IVw =0.74
S
S —
' 70 \/ \
o'
O
g 30 - -
o
©
o'
-10 -
GMPWxI x2
0.1M NaNO3+5%ACN | 196 142 178 214 25.0
0.7ml/min Retention Volume (mL)
VN
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Log[Intrisic Viscosity]

%*ﬁf 1@%3 - Polysaccharide Modification
Mark-Houwink Plot

WWW.viscotek.com

1.00

0.38

-0.25

-0.88

CH2 IV LS
CH3 IV LS

&4if5 a=0.699

-1.50

3.50

I I I I I
4.00 4.50 5.00 5.50 6.00

Log(Molecular Weight)
VN
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WAIDNARI G 25

DNA - Recognition of Different Structures

DNA Molecular Weight Intr. Viscosity Hydrodyn. Radius
Structure in 106 g/mol in dl/g in nm
Closed Coil (CC) 3,2 4,6 62,8
Open Coil (OC) 3,2 9,1 77,9
Linear 3,2 12,2 36,8
LA

©2009 Viscaotek - A Malvern Company
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11.0 |
10.0

®
o
|

6.0

4.0 —

Ultra Violet Response (mV)

2.0+

0.0
-1.0

WWW.viscotek.com

DNAFE 5 B 25 B % 51 - Purity of DNA samples

IV =12.5 (Z{:DNA)

—0.900

—0.600

—0.300

0.000

| | | | | | | |
1090 119 126 133 14.0 14.7 154 16.1 16.8
Retention Volume (mL)

Wose o

2009 viscatek - A Malvern company

18.00

| 8.000
- 7.800

—7.600

ity

—7.400

—7.200

—7.000

Log Intrinsic Viscos

—6.800

—6.600

—6.400

—6.200

| 6.000

Log Molecular Weight

IV of linear DNA
matches IV of
shoulder in Open
Coil sample.

So shoulder is
contamination by
linear DNA
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1472,0] 36,0 | 239,0 [ 7,000
1394,01 34,0 -224,0_-6,800
1312,01 32,0 *210!Q>§~6600
1230,01 _ 30,01 - 196,02
S ~ e
§148,0- € 28,0- 18208 6,400
o © oo 6,200
£066,0° § 260 168,09 =)
§984,0- g 2407 1sa 65'6,0005
902,01 & 22,0 Y - 8002
g & 140,05 28003
820,02 20,0 o 8
2 3 | 126,09 5,6002
'}_3738’(} § 100 112,08 5,4008
£056.07 § 16.0- Monomer _ £
®574,01" 14,0 0 =-5.200
84,0 o
492,01 12,0 . 5,000
w00 o HIgh MW Aggregates 00 |
32807 807 (MW >1 Mio D) 950 | 600
246,04 6,0 420 |
164,04 4,0 g0 [ 4400
82,00 2,0 /\ —14,0 [ 4200
0.0- 0.0 T I 1 — T 1 I [ I I I I I I I I I I I I —0.0 4,000
530 56 58 60 62 64 66 68 7,0 7,2 74 76 78 80 82 84 86 88 90 92 94 96 10,00
Retention Volume (mL)
Mw (D) (LS) (Visc) IVw (dl/g) Rh (nm)
Monomer: 66.400 0,056 3,88
Dimer: 133.000 0,071 5,32
Trimer: 4o 201.000 0,095 6,69
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MO 45 2 AR ) 52 BAR - Hydrodynamic Radius

Data File: 2005-08-04_13;42;17_BSA 02.vdt Method: Proteins SEC-0004.vcm
201,0 | 1,300
51600+ 1,100
£
©144,0 -
w
5 1,000
2128,0 -
@ x
$112,0 4 709008’
©
<
2 96,0
3 0,800
& 80,0
h's
64,0 0,700
48,0 0,600
32,0
0,500
16,0
0,0 0,400
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
790 85 90 95 100 105 11,0 11,5 12,0 125 13,0 13,5 14,0 145 150 155 16,0 17,00
Retention Volume (mL)

y_
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FIFERIEE A MR, BRI — 48
Phih . RGEEAHE R R 3R

o H A R

- Protein Conformation

FRIIX A o
Y EENERADEA SV
FAETH A
Sample Id Mw v Rh
With Ca 77,445 0.0531 4.016
Without Ca 78,887 0.5134 8.616
L

©2009 Viscaotek - A Malvern Company

od: EDFA-020313Z6-0001.ve o
© 2w e e e @ o
8N o o 2 B I 882
o 2 9 o o o
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000000

I I
16.0 18.0
ion Volume (mL)

Viscometer
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I
(N
7
N
-
Wy

139,07 4710 ] ["7.000
456,0
132,0
437,04 [-6,800
126,0 |
418,0
120,0 - (6,600
399,04
Log Mw vs. RV
380,04 L
Og S. 6,400
108,0 |
361,04
10204 4100 | |-6.200
96,0 3230
£ (6,000
~ 900493040 4
2 2
E S
E S =
g 84052850 |-5800%
5 o ]
& 78,0 4 2266,0 =
@ £ &
H 2 56003
§ 72,043247,0 78
2 2 S
£ 2 =
2 66092280 >
5 66095 54008
8 2
= [=
3 60,0 22090
E1000
5401219004 |-5.200
1710
48,0 4
{5,000
152,0 |
42,04
1330 -
36,0 (4,800
1140
30,0 4
.
950 - . L4600
24,0 4 .
76,0 4 H
18,0 = {4,400
57,0 4 =
.
12,0 .
38,0 - .
. [-4,200
601 190
10| 00 4,000
| | | | | | | ] ] ] ] ] ] ] | | | [ [ [ | ]

]
11,7012,0 123 126 12,9 13,2 13,5 13,8 14,1 144 14,7 15,0 15,3 15,6 159 16,2 16.5 16.8 171 174 177 18,0 18,3 18,6 19,10

Retention Volume
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=<1 Proteasom 20S
.| Proteasom 20S

RI Response

H AW E S - Filled* Biomolecules

(% HlE1A20S A 4tz C)

(Proteasom 20S filled with Cytochrome C)

filled Molecular Weights:

Proteasom 20S: 695.000 D

Proteasom 20S filled: 791.000 D

HFE T 8/ Cytochrome C
(it R C Mw : 12.000 D)

Retention Volume

L
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