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Abstract — The moment analysis of lysozyme was implemented using chromatograms that were obtained from weak
cation exchange column in high performance liquid chromatography system. Three elution sodium phosphate buffers
containing 1.0, 0.75, 0.5 M sodium chloride were used. Experiments were conducted by varying flow rate, elution sodium
chloride concentration, and lysozyme solute concentration. The general rate (GR) model was employed to calculate the
first moment and the second moment. By plotting L/u, vs. (u,-ty)/(1-g,)(1-¢;)] equilibrium constants (K) were obtained
from first moment analysis. Intra-particle diffusivity was obtained from theoretical plate number data. Based on the
results of moment analysis, van Deemter plots were drawn in order to investigate the contributions of H,,,, H; and H, to
total Height Equivalent to a Theoretical Plate (HETP, H,,,,). The effect of intra-particle diffusion (H,) was the most
dominant factor contributing to HETP while external mass transfer (H,) was negligible factor.

Key words: Moment Analysis, lysozyme

third moment <=4 2 117}

peak®] WH|E YER = second moment, peak®] thEAdel o+
WA}, A A= peaks] BEESH

i

il

LM B
W E B2 (Moment analysis; MAYS A8 231 A ZulE 73S
Ak AR Yol AlRe] $548 dEstieto] 8l dE 9t

oF3h=t] &2 o] 3tk MAE 19601 th4-E] van Deemter 2 Knox2)]
g Al B2 A2 QT 7)o peake] WA S LER =

zero moment=. A 21510 A 5.9] 28] A|7HS YERY = first moment,

TTo whom correspondence should be addressed.

E-mail: ihkim@cnu.ac.kr

This is an Open-Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

487

UER= fourth momentel] gt A7+ A% QUTh(Fig. 1D[1].
MAQI = 22 HETPS) G-2FAbo) o] B2 A8 a o 2 vehd

it

< )= general rate (GR) model—% Zro g wA Lo gow B
g3gE A8 54 ootehe vl 82A17H peaks] WHIE

YER= first2} second moment‘?l'_:i'_l_ Z o] Wikl & AT
o A= F momentRF TFSITE. First moment= 38 g &eh9]
S W] ujief HFAFEK)E & = 31T} Second momenti=
peak®] vH] ] QIA}E axial dispersion, external mass
transfer, intra-particle diffusion, adsorption/desorption ©. % +-5+3}

o] Z}7}e] AGAITES AT ER AY -9 AN

oJare F=



488

Third moment (i3)

s 1 : Degree of symmetry

E

z ‘ Zeroth moment (g)
§ : Peakarea

A |
’ Second moment (g;)

0 Ll : Band width
: a

2 | 3 4 5 ]
| Time(min)
J

First moment (p4)
: Elution time
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Fig. 2. Scheme of mass transfer processes in the column.
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3-1. M=

3] k5892 pH 9.2 30 mM sodium phosphate buffer (Sigma
aldrich, US.A)S A3 1, 42] $H-8-92 58 ¢-3-8-Ne] sodium
chloride(DUKSAN, Koreays A& & Al 714 2] 55%(0.5, 0.75,
L0 M7} H =5 83lA1A Azt gto] A9 Al 5e HE o
£ 10 mlol| gho] Ak EFA] 5 (Sigma aldrich, U.S.A.)E 30,
50, 70 mg= 4191 3, 5, Tmg/mle] FEE THEIL, A7A] HE|R
ErEg AR

3-2. Hi
5-4-2] W (isocratic method)yS AFE-FIT}. o] 2 w3l FZulE T

A= 2719 o) B4R 9 28 %3011)0] 2937
ol o %ié 20 AREEIA R, B Aol A= o) AT}

Zof A4 £ 3 way valve® ‘?ﬂ@?}ii’ﬁ 110B solvent
delivery module pump(Beckman, USA)E X 1t 2 #3551} 7]
EE filterel A AR L A 55 AEF 8 H.Q1 RHEODYNE
7010 (Rheodyne, California, U.S.A.)% 3 7o) 5um YAL=
AHA 4.6x250 mm Ao} =] HP HENENCHEM, WCX-300
(Aglient, US.A)HAH O ® FUEGITE AP 255 25°CE
A)&}7] $135] BAS LC-22C Temperature Controller (Spectralab Scientific
Inc., Canada) =21 2] A H @ B-& AM8-3}3T}. 783A programmable
absorbance detector (Applied Biosystems, U.S.A.) &2 2] UV}
u}uﬂ@_o] 7].7<1— A} 7 Eol’—‘ 280 nm= A —1611]:]. HEgl x%7] Z Al
% Z Autochro Data Module (Younglin Instrument, Korea) 3~ %2 71
WS E3 tAE A5 2 vpto] PCE RISt HFig. 3). =2
kL 20 ul, BZ 2 F3-2 0.5, 1.0, 1.5 ml/minZ T} A 52 A
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Fig. 3. Flow sheet of the system in this study for lysozyme analysis.

<Elution buffer> <Flow rate> <Solute>
3 mg/ml
5 mg/ml

7 mg/ml
0.5 M Nacl 3 mg/ml

0.75 M NacCl ) 5 mg/ml
7 mg/ml

1.0 M NacCl

3 mg/ml

5 mg/ml

7 mg/ml

Fig. 4. Scheme of 27 experimental cases in this study for analyzing
lysozyme.
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Fig. 5. Chromatograms among different (A) solute concentrations,
(B) three flow rates, and (C) NaCl concentration in elution
buffer in CE-HPLC.
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Fig. 6. Chromatograms for 9 cases with three solute concentrations in
each elution buffer containing (A) 0.5 M, (B) 0.75M, and (C)
1.0 M NaCl at three flow rates.
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Fig. 7. (A) First moment plot of lysozyme at various concentra-
tions in elution buffer containing 1.0 M NaCl, (B) Plots of
the first moment at various elution buffers with a solute
concentration, of 3 mg/ml.
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Table 1. Results about axial dispersion and external mass transfer
coefficients of lysozyme

Superficial NaCl conc. in Elution Buffer
Velocity [em/s] 1.0 M 0.75M 05M

D, <107 [em?/s] 1.72 1.76 1.80
0.093 1.23 1.26 129

D, x107 [em?/s] 0.185 1.25 1.28 131
0.278 1.28 1.30 1.33

k107 [em?/s] - 131 1.28 125
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Table 2. Results about intra particle diffusivity of lysozyme

Solute Superﬁcia] NaCl Conc. in Elution Buffer
Concent-ration Velocity [em/s] 1.0M 0.75M 05M
0.093 5.46 5.32 5.15
3 mg/ml 0.185 7.43 5.98 5.30
0.278 7.90 7.20 5.95
0.093 5.04 497 3.32
D,x108
[cfmz/s] 5 mg/ml 0.185 5.19 5.07 3.47
0.278 6.72 5.36 4.14
0.093 4.46 438 2.64
7 mg/ml 0.185 4.54 4.50 3.20
0.278 5.76 5.26 3.34

Table 3. Van Deemter coefficients; A, B and C
NaCl Conc. in Elution Buffer

1.0M 0.75M 05M
A 2.70x10* 2.70x10* 2.70x10*
B 1.30x1073 1.33x1073 1.36x1073
C 0.260 0.280 0.390

1L.0ME &8 =g o)A 1.5 m/min®E 3 mg/mlS £
7.90x107 em?/s 3L, WFZ 5k 0.5 M) 48] $HE-8-9lof A
0.5 ml/min% 7 mg/mlE 28 ] 2.64x107 cm¥s AT},

035
A —— 1.0 M NaCl
03 — — D75 M Nall
i 0.5 MNall
025
" . |
E, 02}
g
3 015}
=
01
0.05

Htotal (m)

Fig. 8. (A) Correlation between HETP and the flow rate upon chang-
ing the NaCl concentration in elution buffer, (B) Contribution of
each mass component to the H,,,,, in 1.0 M elution buffer.
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Nomenclature
tr : Retention time
ty : hold-up time
K : Partition or equilibrium coefficient
tp : Parking time
L : Column length [cm]

WdsNA Az T oA Bfola

AFA o] mHIE 24 493

: Diameter of a column [cm]

: Axial dispersion coefficient [cm?/s]

: Molecular diffusivity [em*/s]

: Molar volume at the boiling point [cm*/mol]
: Molecular weight [g/mol]

: External mass transfer coefficient [cm?/s]

: Density of particles

: Intra-particle diffusivity [cm?/s]

Greek letters

10.

. Kim, H. M., Kim, A. R,, Lee, C. S., and Kim, I. H.,

. Miyabe, K. and Suzuki,

. Choi, D. Y. and Row, K. H,,

: Capacity factor

: Total porosity of a column

: External porosity of a column

: Internal porosity of a column

: First moment [s]

: Second moment [s]

: Geometrical coefficient

: Degree of aggregation

: Viscosity of the solvent [g/cm-s]
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