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Abstract

The capability of field-programmed separation in frit inlet asymmetrical flow field-flow fractionation (FI-AFIFFF) has been examined for
separating a high molecular weight sodium hyaluronate (NaHA) by varying the field programming parameters. Experiments were performed
with on-line coupling of the field programming FI-AFIFFF and multiangle light scattering (MALS) detection. Sample relaxation, a pre-requisite
step to establish equilibrium states of sample materials prior to the beginning of separation in most forms of FFF techniques, is obtained by
hydrodynamically in FI-AFIFFF without stopping the migration flow. Thus, the procedures of sample injection — hydrodynamic relaxation
— separation in FI-AFIFFF are continuously achieved without halting the sample migration. In this study, field programming in FI-AFIFFF
was investigated for the separation of NaHA, water-soluble polysaccharides, by examining the influence of field decay pattern, initial field
strength condition, and ionic strength of carrier solution on the successful separation of a degraded NaHA sample. Results were compared with
molecular weight calculations of eluting materials among different field programming conditions from multiangle light scattering (MALS)
signals. It was found that when the field programming was utilized in FI-AFIFFF, a proper selection of initial cross-flow rate, the field decay
pattern, and an appropriate control of final field strength needed to be carefully selected in achieving a successful separation of a broad
molecular weight water-soluble polymer sample.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction components begin migration, they are required to achieve
equilibrium states in advance at certain distances away from
Flow field-flow fractionation (FIFFF) is an elution-based the channel accumulation wall. At the equilibrium positions,
technique that is capable of separating and characterizingthe field force (from cross-flow movement) exerted to sam-
colloidal particles, proteins, and macromolecules according ple materials and the diffusion of sample components are
to the differences in hydrodynamic size of sample compo- counterbalanced. This process is referred as the relaxation
nents[1]. In FIFFF, separation is carried out in a thin, empty process, which is essential in most FFF techniques and it
channel with the use of migration flow, while cross-flow, a is achieved by applying cross-flow only with the temporary
driving force to retain sample components within the channel, halt of the migration flow. When sample components achieve
is simultaneously applied to the direction perpendicular to the equilibrium states, they are differentially distributed against
axial migration flow (or channel flowjp—5]. Before sample  the accumulation wall according to sizes and therefore, they
will migrate at different velocities when axial flow is then
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retaining components (large molecular weight) at a constant
field strength condition may not elute properly when separat-
ing a broad molecular weight sample in FI-AFIFFF, a subse-
guent decrease in field strength during elution will be useful
to elevate sample components from the vicinity of channel
wall toward the fast flow streamline during run. This makes
sample components eluting in a reduced time. In a previous
study, it was demonstrated that programmed FI-AFIFFF can
successfully expand the dynamic separation range of molec-
PUMPI @ ular weight utilizing polystyrene sulfonate standards in the
injector pulse molecular weight range of 4-1000 K[&].
damper Inthis study, field programming in FI-AFIFFF was applied
for the separation of sodium hyaluronate, a sodium salt of

Fig. 1. Schematic diagram of fritinlet asymmetrical flow field-flow fraction- hyaluromc aC.Id, which is a nat,ural and very high mo.lec-
ation/multiangle light scattering/refractive index (FI-AFIFFF/MALS/RI)  ular weight linear polysaccharide composed of a disac-
with the cross-flow circulation for programmed field operation. charide repeating unitp¢gluconic acid andN-acetylp-
gluconsamine). NaHA has been found in various body tissues
ues and migrate faster at equilibrium positions that are higherand fluids such as vitreous humour or umbilical cord, and
than those reached by the larger ones. This is due to the differ-utilized pharmaceutically for hydrogel formation or as a sub-
ences in the flow velocities within the parabolic flow profile stitute for vitreous humor after opthalmic surgg¢tB—16]
of the mobile phase that moves through a thin empty channel. The molecular weight of NaHA has been known as a few
Thus, separation in FIFFF is achieved in the order of increas- millions in Daltons, and the size characterization of NaHA in
ing diameter or molecular weight of sample components.  aqueous solution isimportant for certain desired applications.
Frit inlet asymmetrical flow field-flow fractionation (FI-  The analysis of NaHA molecules has been carried out mostly
AFIFFF) utilizes a modified channel that was designed to using size exclusion chromatography (SHEC3,17] How-
bypass the stop-flow relaxation procedyge-8]. In FI- ever, when using SEC, a traditional size separation technique
AFIFFF, sample materials are introduced through the channelfor polymers, difficulties in obtaining an accurate molecular
inlet while a relatively high flow rate is applied through the weight arise from the followings such as a lack of suitable
inlet frit, as it is schematically representedkig. 1. Due calibration standards for NaHA, aloss of resolution above the
to the compression role of the frit flow, sample materials exclusion limit due to the nature of the ultra-high molecular
injected at low injection flow rate (usually ca. 20 times lower weight of NaHA, a possible polymeric chain degradation due
than the frit flow rate) are quickly pushed toward the accu- tothe shear, and a possible sample adsorption at the surface of
mulation wall by incoming frit flow, and then they achieve packing materials. Recently, a study was reported on the size
hydrodynamic relaxation. Thus, sample relaxation and sep-characterization of NaHA by FIFFF-MALS but it was car-
aration processes are continuously achieved without haltingried out with a conventional asymmetrical flow FFF channel
the sample migration that is normally required for the conven- [18]. Since the sample relaxation in the conventional asym-
tional FIFFF methods. While earlier studies on FI-AFIFFF metrical FIFFF channel is achieved by focusing the two flows
channel showed that hydrodynamic relaxation can be suc-from both the channel inlet and outlet for a certain period of
cessfully utilized to separate particles or macromolecules time, sample migration during the focusing procedure is tem-
with a stopless flow operation, it always required the use of porarily stopped and then after the completion the separation
a high speed frit flow relative to the sample flow in order to begins by inverting the flow direction to the channel outlet.
assure sample relaxation. It might however reduce the flexi- In the current work, FI-AFIFFF has been employed for the
bility of selecting separation conditions for highly retaining separation of high molecular weight NaHA with the use of
materials, such as very high molecular weight materials. The field programming. This study focused on the evaluation of
lack of flexibility can be overcome by applying field pro- the programming conditions such as the initial field strength
gramming to FI-AFIFFF in which an initial field strength and field decay patterns on NaHA separation. It was also
or cross-flow rate (normally set to be the same as frit flow examined with the effect of ionic strength of carrier solution
rate) is applied sufficiently high enough to assure a successfuland injection amount on the retention of sodium hyaluronate
hydrodynamic relaxation and then it is decreased gradually by field programmed FI-AFIFFF. For the evaluation of sep-
to fasten the elution. Field programming in FIFFF was not aration effectiveness, on-line coupling of multiangle light
as popular as in other FFF techniques such as sedimentascattering (MALS) detection along with refractometer (RI
tion FFF and thermal FFF but the potential of incorporating detector) was utilized for FI-AFIFFF and the resulting calcu-
programming was already demonstrated in a few studieslation in the molecular weight values or root-mean-square
[4,5,9-12] Field programming in FI-AFIFFF can be very (RMS) radius of eluting NaHA materials were compared
easily employed by circulating the cross-flow to the frit flow when varying FI-AFIFFF run conditions. By applying the
and reducing the circulation flow rate with time. Since highly field programming technique to FI-AFIFFF and on-line cou-
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pling of MALS, it was demonstrated that polymers of a broad
molecular weight can be well fractionated.
2. Theory
2.1. Programmed separation in FI-AFIFFF
Separation in an FI-AFIFFF channel is carried out with

a stopless operation of both injection and separation pro-
cedure using hydrodynamic relaxati¢®,7,19] Once the
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Rayleigh ratioRy at the scattering angl@) in each small
fraction eluting from FIFFF. The scattered light has a rela-
tionship with molecular weight according to the following
equation24J:

Kc 1 1 424
_— C
M, 2

Ry~ P(O)

where M,, is the molecular weightd; is the second virial
coefficient, andK is a scattering constant containing the
refractive index of solvent, andh@tic (refractive index incre-
ment with concentration). The form facte() is to compen-

4)

hydrodynamic relaxation of sample components is success-sate for the phase difference caused by the scattering of light

fully provided, sample retention in an FI-AFIFFF channel
follows the basic principle of FFF found elsewh§gé.

In an FI-AFIFFF channel, the total flow rates introduced
to the channel have a mass balance with the total outgoing
flow rates as:

Vs + V]‘ = Vout + Vc (1)

whereV is the volumetric flow rate (mL/min) specified with
subscriptss, f, out, andc, which represent sample flow, frit
flow, outflow leading to detector, and cross-flow, respectively.
When field programming is applied to an FI-AFIFFF channel,
the frit flow rate is set to be the same as cross-flow rate so
that cross-flow is circulated to the frit flow and decreased with
time. In the case of using the power programming, cross-flow
rate decreases as presented by the following relatiofShip

)p
whereV,(7) is the cross-flow-rate at time Vg is the initial
cross-flow-ratet; is the initial time delay which is the period
in which constant flow-rate is maintained before detais

a time parametert{=—pt;), andp is a power value set to
2, which is known to provide a uniform fractionating power

in flow FFF[19]. The linear field (cross-flow) decay can be
expressed in the following forij®]:

)

wherety, is the transient time for programming and/, isthe
decrease in cross-flow rate during the program (thats, =
Veo — Ve(t1 +1,)). Eq.(3) is valid forsy <t < 11 +1,,. For
t<ty, V.(r) is fixed atinitial flow rateV.o, and forr > 11 + 1,
V.(t) is equal toV.g — AV,.

n—1
t—1,

V() = Vco( @

t—1n

Vo(t) = Veo — AV, ( 3

p

2.2. Multiangle light scattering

On-line coupling of FFF and MALS has become pop-
ular for the fractionation of water-soluble polymers and
for the simultaneous measurement of absolute molecular
weight, especially with asymmetrical FIFFF (or AFIFFF)
[9,11,20-23]Since the FIFFF provides size and shape based
separation of macromolecules, coupling of FIFFF to multian-
gle light scattering measurement makes it possible to obtain

in different parts of macromolecules as:

o (3)

where(ré)l/2 is the root-mean-square radius (RMS radius).
From the above equations, signals from MALS can provide
calculations of molecular weight and RMS radius of each
slice (volume slice) based on the consequent measurement
of concentration by a refractive index detector connected
in-line. This allows one to measure both molecular weight
distribution and the conformational information of polymer
sample by examining the molecular weight dependence of
the RMS radius.
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3. Experimental
3.1. Reagents

A thermally degraded NaHA sample was obtained from
LG Life Sciences (Daejon, Korea). The sample was dissolved
in 0.1 M NaNQ; solution ata concentration of 1.6 mg/mL and
20pL of the sample solution was injected for each injec-
tion during the all runs except the study of the influence
of injection amount on separation. For the examination of
injection amount, sample concentration was varied to 0.8,
1.6 and 3.2 mg/mL with an injection volume fixed at;20.

For the study of ionic influence of carrier solution on sep-
aration, the NaHA sample was dissolved at a concentration
of 1.6 mg/mL in each different NaNg§solution (0.01, 0.05,
and 0.1 M). When tested with samples dissolved in differ-
entionic strength solutions, each corresponding solution was
used as carrier solution for FI-AFIFFF separation. All carrier
solutions were prepared from deionized water (>18)Mon-
taining 0.02% NaN (I = 3.0 mM) as a bactericide and filtered
prior to use.

3.2. FI-AFIFFF/MALS/RI

The FI-AFIFFF channel was builtin-house as described in
the literaturg6,7]. The small inlet frit installed at the begin-
ning end of the depletion wall has a length of 3.0cm. The
channel has a tip-to-tip length of 27.2 cm and a thickness of
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178u.m, the thickness of a Mylar spacer. The channel was cut Scitial delay
into atrapezoidal shape, which has aninitial breadth of 2.0 cm A s,
and a final breadth of 1.0 cm. A regenerated cellulose mem-
brane, PLCGC from Millipore Corp. (Billerica, MA, USA)
having a molecular weight cutoff of 10 kDa, was layered at
the accumulation wall.

Sample injection was made with a model 7125 loop injec-
tor from Rheodyne (Cotati, CA, USA). The sample solution
was delivered to FI-AFIFFF channel by a model 305 HPLC
pump from Gilson (Villers Le Bell, France) and the frit flow
was delivered by a model M930 HPLC pump from Young-
Lin Co. (Seoul, Korea). As shown Fig. 1, cross-flow exiting
from the channel accumulation wall was circulated to the
frit flow with the use of a fluid reservoir to minimize pump
pulse in between. For field programming, the frit flow rate
(or cross-flow rate) was decreased during run according to 10°
field decay patterns. Eluted sample was sequentially moni- initial delay
tored by DAWN-DSP mulitangle light scattering detector ata +3 min,
wavelength of 632.8 nm and an Optilab DSP interferometric :
refractometer (690 nm) from Wyatt Technology (Santa Bar-
bara, CA, USA) as shown iRig. 1 For the calibration of
scattering intensity of MALS, filtered toluene was used. For
the normalization of the MALS instrument, albumin (BSA)
was used to detect the scattered light at 90 degree at a flow
rate of 0.10 mL/min using a model KDS 100 syringe pump
from KD scientific (New Hope, PA, USA). The value of
dn/dc of the NaHA sample used in this study was 0.165
using the DNDC5 software from Wyatt Technology from M=~ NI & [
the RI signals that were measured from the direct injection $ X W @& # 1N
of NaHA molecules by varying the concentration of NaHA
under the carrier solution used in FI-AFIFFF. Data collec- 107
tion and molecular weight calculation were carried out with initial delay :
ASTRA software from Wyatt Technology. For the calculation _:3min. °
of molecular weight and the RMS radius, the light scatter- :
ing signals obtained at various angles were processed with
a third-order polynomial fitting by using the Berry method
of the Debye plot and the signals from the detector numbers
4-10th were used.
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4.1. Effect of programming on FI-AFIFFF separation of
NaHA

‘ T v T J T Y T T 10

0 20 40 6 80 100 120
The effect of field programming on the fractionation of (©) Time(min.)

NaHA molecules by FI-AFIFFF was examined by varying

field decay pattern and the initial field strength (or cross-flow Fig- 2. Fractograms (LS-9@nd Rl signals) of field programmed separation

rate).Fig. 2 shows the fractograms of the degraded NaHA of sodium hyaluronate by FI-AFIFFF at different programming parameters:
9. 9 9 (a) a linear decay (the program-I listed Table J); (b) a power program

sample obtained at the three different field programs by vary- (the program-Il); and (c) a mixed decay pattern using linear and power pro-
ing the decay pattern and the initial delay tirRey. 2a shows gram (the program-I11)Vou = V; = 0.05 mL/min. All runs were obtained
the RI signal (solid line) superimposed with the LS signal atV; = V.. The final field strength (or cross-flow rate) of the program-Iii
recorded at 90(represented with filled circles) for the NaHA ~ was fixed at 0.02mL/min from 42 min.

sample by FI-AFIFFF. The dotted line represents the decay

pattern of cross-flow ratey., using a linear program (the

program-| as listed iMable 1 with an initial delay period
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Table 1

207

Flow rate conditions, programming parameters, and the type of field programming used in this study

Program no. Field decay pattern t1 pre-decay V.o intial cross-flow ch final cross-flow Vout = Vi (mL/min)
time (min) rate (mL/min) rate (mL/min)
| Linear 5 1.0 0.1 0.05
Il Power 3 1.0 a 0.05
1} Power +linear 3 1.0 0.02 0.05
v Power 3 2.0 a 0.1
\% Linear 3 2.0 0.02 0.1
2 Not fixed.

of 5min. The initial cross-flow rate began with 1.0 mL/min
and it decreased to 0.2 mL/min during 15 min, to 0.1 mL/min
for 10 min and then it was fixed until the end of the run.
Since the field programming in FI-AFIFFF was achieved
by circulating the cross-flow to the inlet of the frit flow as
shown inFig. 1, the frit flow rate and cross-flow rate were

ported that the size fractionation of NaHA molecules at the
peak maximum was not properly made. However, the fast and
continuous decrease of field strength was found to be useful
to shorten retention. The molecular weight values plotted in
Fig. 2b showed that there was a fluctuation in the calculated
values. It supported that there was a serious loss of resolu-

adjusted to be the same and therefore the outflow rate wagion after the peak maximum point due to the sudden loss of
the same as sample flow ratg, The injection flow rate used  field strength. When it was used with a longer initial delay
in Fig. 2a was maintained at 0.05 mL/min throughout the run time (5 min), field decay pattern was relatively shallow and
according to the earlier studies which suggested the use of arelution peak was extended with a broader distribution (the
optimum ratio (1/20) of the sample flow rate to the frit flow result was not shown here) as it was observedim 2a.

rate for a successful hydrodynamic relaxation in FI-AFIFFF. From the variation of decaying pattern, a modified field pro-
During the field-programmed run, RI baseline drifts were gram using the combination of power decay and linear decay
observed. In order to compensate the baseline drifts, the curpatterns was selected with the minimum field strength fixed
rent fractogram was corrected by subtracting each blank runat a certain level of flow rate as shownHig. 2c. The decay
signal measured after each corresponding sample run usingattern used irFig. 2c began with the power program as

the Corona software (v.1.40) from Wyatt Technology. While
the Rl signals of eluted NaHA iRig. 2a showed a broad dis-

tribution with a small shoulder at around 75 min of retention,
the LS signal showed a distinct bimodal distribution. The
difference in the signal intensities between RI and MALS

used inFig. 2b until 20min (0.1 mL/min up to this time),
and it decreased linearly to 0.02 mL/min for 25 min, and then
it was maintained at 0.02 mL/min until the end of run. The
incorporation of the fixed final cross-flow rate was helpful
to keep sample components from being swept abruptly when

originates from the fact that the light scattering detection is field strength reached to nearly zero. The lower limit used
more sensitive for large molecular weight components than in Fig. 2c was selected from the variation of different min-
a concentration detector such as RI. Molecular weight val- imum flow rates.Fig. 2c showed a continuous increase in
ues were calculated at each volume slice of the fractogram bymolecular weight values according to the increase of reten-
extrapolating the LS signals at different angles using ASTRA tion time. FromFig. 2c, it can be thought that the apparent
software and they were superimposed as open circles inbimodal distribution observed Big. 2a was induced from the
Fig. 2a. As retention time increases, it appeared that molec- difference in field decay patterns. The weight average molec-
ular weight value increases continuously but there appearsular weight values were 0.2910° for the program-I and
with a slow increase in the middle of apparent bimodal peak. 1.15x 10° obtained for the program-IIl. Due to the severe
Ifthere is a distinct bimodality in the distribution, the increase scattering in the calculation, the average value for the run
of molecular weight values should be constistent. However, obtained from the program-Il was not meaningful to include
it was not clear to determine with this data alone whether here.

the real distribution of the NaHA sample used in this study  In Fig. 3, a higher cross-flow rate (equal to frit flow rate
was bimodal or it was induced by an inadequate selection of in programmed FI-AFIFFF) was employed to check any dif-
field decay pattern. The same sample was examined with aference in FI-AFIFFF retention of the NaHA sample. Since
power program (the program-Il) given in E@) and the frac- an increase of frit flow rate in an FI-AFIFFF channel also
togram was shown ifrig. 2b obtained at the same inti&}. increases the movement of effective migration flow, separa-
but at a reduced initial delay timé; & 3 min). Sample flow  tion can be achieved without incurring a significant increase
and outflow rate were kept the same as usédgn2a. Due to in retention time even though the cross-flow rate was simul-
the relatively fast decay of field strength in power program- taneously raisd. In addition, using a higher frit flow rate can
ming caused by a shorter initial delay period, it appeared allow one to use an increased sample injection flow rate as
that late eluting components of the NaHA sample shifted well as outflow rateFig. 3showed the comparison of elution
to the shorter time scale but the LS signals were scatteredprofiles of the NaHA sample between the two programmed
at the peak maximum. Fluctuations in the LS signals sup- decay patterns; a power decay for the program-1V (expressed
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Fig. 3. Superimposed fractograms of NaHA obtained at two different Lo
decay patterns (the program-1V (power decay) and -V (linear decay)) by
FI-AFIFFF. The initial cross-flow rateV.o, was 2.0 mL/min andVout = _E 0.8 Prosmm
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ment of the ratio (1/20) of the injection flow rate to the z s
. . .. . A S 0.24
frit flow rate in FI-AFIFFF, sample injection ifrig. 3 was <
made at 0.1 mL/min along with the simultaneous increase o
. e
of the outflow rate which was doubled from the value used 0.0

10° 107

108
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in Fig. 2 Peaks obtained from both runs were represented
with RI signals and LS signals simultaneously. By utilizing
a higher frit flow rate and outflow rate, separation speed was Fig. 4. (a) Comparison of the LS signals obtained at two different flow rate
greatly improved. However, when the program-1V was uti- conditions (the program-Iil and -V) along with the calculated molecular
lized, retention of the NaHA sample appeared with a bimodal We?ght v_alu_es e_lt each retention time slit;e and (b) th_e cumulative mql_ecular
distribution in LS signal as it was observed with the program- weight distribution curves for NaHA obtained at two different run conditions.

I while the RI signal showed a broad but nearly unimodal

distribution. A serious splitting of distribution disappeared values at the upper limit, and the weight average molecular
when the program-V was employed. The decay pattern of weight value was calculated as 1.29.0° obtained for the
the program-V followed the three stages of linear decreaseprogram-lil and 1.04 10° for the program-V. The polydis-

in cross-flow rate (listed ifable ) and it was fixed at the  persity values for both runs were 2.09 and 1.42, respectively.
same lower limit of final cross-flow rate, 0.02 mL/min, from Both run conditions appeared to provide similar average MW
25 min. Except a small shoulder in the LS signal obtained by values, but an advantage of using the higher initial frit flow
the program-V, separation appeared to be made without beingrate and higher outflow rate condition yielded with a faster

(b)

splitted throughout the run. It was noted that light scattering
detection of the high molecular weight NaHA sample was
sensitive to the slight difference in the field decay patterns.

In order to evaluate the efficiency of size fractionation
of the NaHA sample between the two field decaying pro-

separation of the NaHA sample as well as with an efficient
fractionation according to the MWD curve showrFig. 4b.

The recovery values were found to be 82.33.1% a=3)

and 87.1-13.1% @ =4) for the runs from the program-Ii|
and -V, respectively. The recovery value was based on the

grams (lll and V), the calculated molecular weight values
were plotted against elution time along with LS2@fgnals in and without applying the field strength. The recovery val-
Fig. 4a and they were compared in cumulative scak&gn4b. ues were similar to those reported for FI AFIFFF system
Both calculations showed that molecular weight value of [25]. From the above experiments, it was found that the field
each slice increased with the increase of retention time. Thisprogramming technique in FI-AFIFFF channel demonstrated
observation supported that the fractionation of NaHA by pro- the capability of separating a broad molecular weight range
grammed separation of FI-AFIFFF was accomplished with an about 2 orders of magnitude. In case of using a constant field
increasing order of molecular weight value. When comparing strength in a typical flow FFF run, it often encountered with
size calculations, both runs showed similar molecular weight a certain limitation in molecular weight range of separation.

comparison of the LS signal area between runs obtained with
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[ a longer time scale. Since the electrical double layer formed
§ 0.053M I at the channel wall decreased as the ionic strength of carrier
solution increased, it can be thought that NaHA molecules
0.103M 100 migrated closer to the channel wall at a carrier solution
E of a higher ionic strength and thus, they retained longer.
In considering the hydrophobic interactions among NaHA
molecules caused by the difference in ionic strengths, it was
helpful to compare the RMS values calculated from MALS
data obtained at the different ionic strength conditions. When
comparing the calculated RMS values betwéer®.053 M
andl =0.103 M, the NaHA sample began eluting at nearly
the same time~20 min), but the RMS values obtained from
y ' ! ' ! the lower ionic strength condition (represented as filled star
Time(min.) symbols) appeared to be higher than those from the higher
ionic strength condition (open circles). This represented that
Fig. 5. The effect of ionic sterngths of the carrier solution (NaN@th NaHA molecules migrated at more elevated positions away
0.02% NaN) on FI-AFIFFF separation of the degraded NaHA and on the  from the channel wall at a lower ionic strength. The electrical
c_alculate_d values of_ RMS radius_ at each slice._ The ionic strength of car- double layer at a lower ionic strength solution became more
rier solution was varied by changing concentration of NaNi©m 0.01 to . . . .
0.1M). The run condition used was the program-V. diffuse at the channel wall and this can increase the equilib-
rium heights of sample migration, which in turn fasten the
However, the results ifrig. 4 provided that the molecular  elution. The current study was focused on the optimization of
weight calculations were consistently made without being NaHA separation in FI-AFIFFF, details on the structure and
affected from the difference in separation conditions once the size of NaHA molecules was not thoroughly examined

field
% program

1=0.053M

1=0,013M

90° LS signal

= 10
1=0,103M b

RMS Radius (nm)

they were fractionated properly in FI-AFIFFF. in this article. However, the calculated RMS values did not
increase smoothly as retention time increased except the run
4.2. Effect of ionic strength condition of 1=0.103 M. It supported that 0.1 M NaNO

solution appeared to be suitable for the separation of NaHA
The behavior of macromolecules in solution is compli- by field programmed FI-AFIFFF.

cated due to the molecular interaction caused by electrostatic
forces, and it is related with a proper selection of salt con- 4.3. Effect of injection amount
centration of polymer solution that determines an accurate
size and conformation information of aqueous polymers. Influence of injection amount on the retention of NaHA
lonic strength of carrier solution used in FIFFF separation is molecules was examined by varying the sample concentration
an important parameter when separating aqueous polymersut at a fixed volume (2QL) of injection. The purpose of
since it will influence the electrostatic interactions among using a fixed injection volume was to keep from inducing
NaHA molecules or the interaction between HA molecules any band broadening caused by the difference in the injection
and the channel wall. The intramolecular electrostatic periods. In case of using a very low sample flow rate in an Fl-
repulsion may also change the hydrodynamic size of HA AFIFFF channel, an additional band broadening may occur
molecules in solution. This will eventually result in the when time period of injection differs by varying injection
change of retention time in FIFFF. In order to study the effect volume.Fig. 6 was obtained by injecting NaHA solutions
of ionic strength of carrier solution on the retention of NaHA, varied at three different sample concentrations: 0.8, 1.6, and
field-programmed separation of NaHA was performed at 3.2 mg/mL. The flow rate conditions were the same as used
three different concentrations (0.01, 0.05, and 0.1 M) of in Fig. 4with the program-VFig. 6 showed a similar elution
NaNQ; solution. The total ionic strength values of each profile that was observed without a distinct shift of retention
solution including NaN (=0.003 M) werel =0.013, 0.053, time when injected amount of NaHA was doubled fromuts
and 0.103 M.. The sample solution was separately prepared0.8 mg/mL) to 33.g. In case of 32.g injected, it was not
by dissolving the NaHA sample at each corresponding significantly different from the repeated run. However, when
carrier solution. Fractionation of the NaHA sample was 64ugof NaHA was injected ata concentration of 3.2 mg/mL,
carried out by applying the program-V as utilizedrig. 4. the NaHA peak maximum time and its distribution shifted
Fig. 5 compared the different LS fractograms obtained at toward alittle longertime scale. In addition, the peak intensity
the different ionic strengths along with the calculated RMS did not increase correspondingly as it was expected. It can
radius values from the LS signals. The peaks showed thatbe explained with possibilities such as the aggregation of
there was a significant difference in the retention time and NaHA molecules or the poor solubility of NaHA molecules
the distribution of NaHA as ionic strength varies. When in a more concentrated sample solution. The first one may
the ionic strength of the carrier solution increased from result in the shift of retention time and the second may lead
1 =0.013 to 0.103 M, the retention of NaHA was extended to to an insufficient sampling by microsyringe. Experimentally,
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- aration range of MW and to retrieve long retaining sample
\ w32 mg/mL component.

1.6 mg/mL.
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