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Abstract

The average molecular weight (M,,), gyration radius (<Ry>), second virial coefficient (A,) and fractal dimension (dy) of waxy corn
amylopectin in aqueous solution were characterized by static light scattering. The results indicated that the single waxy corn amylopectin
molecule had a compact structure compared with the linear polymer and was like a swollen branched cluster. The associated waxy corn
amylopectin molecule was like a non-swollen branched cluster. The dynamics of waxy corn amylopectin in dilute aqueous solution were
investigated by dynamic light scattering. When gR, <2 (where g is the scattering vector and R, is the gyration radius of amylopectin), the single
line-width distribution was found, which was caused by the translational diffusion of waxy corn amylopectin in dilute aqueous solution. The
average hydrodynamic radius <Ry, > could be obtained through Stokes-Einstein equation. When gR, > 2, the dynamics of waxy corn amylopectin
were dominated by the internal motion of waxy corn amylopectin branching sections, and the first cuamulant line-width (<1 >) could be scaled to
the scattering vector (g) as <I'> ~¢" (n=2.73+0.06). It was found that some internal motions were not found at certain observation length by
dynamic laser light scattering and some internal motions were suppressed due to the hyperbranched structure of amylopectin. The reduced
cumulant I'* = <TI'>/(¢*kgT/Mo) could not approach a plateau value with increase of the qRg, and the <T’ > /(¢ kg TIMo) value of waxy corn
amylopectin was much lower than the value of the linear polymer due to the branched structure and rigid chain of waxy corn amylopectin.

© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Starch is the second most abundant natural polysaccharide,
and is widely used in food industry, paper industry and
degrading plastic industry. Amylopectin is one of the two main
components of starch and is a highly and nonrandom branching
polysaccharide. Amylopectin consists of D-glucopyranose
monomers and connected by either o-(1,4) or a-(1,6)-
glucosidic bonds. Sequence of a-(1,4) connected monomers
produces a linear stretch of chain, whereas o-(1,6) bonds act as
branching point for further linear stretch. The fine structure of
amyplopectin was described as ‘cluster’ model and non-
random branching macromolecule (Bertoft, 2004; Nikuni,
1978; Robin, Mercier, Duprat, Charbonniére, & Guilbot, 1975;
Thompson, 2000).
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The molecular weight, gyration radius and hydrodynamic
radius of amyplopectin were extensively investigated by laser
light scattering and size exclusion chromatography (Bello-
Pérez, Roger, Colonna, & Paredes-Lopez, 1998; Durrani &
Donald, 2000; Galinsky & Burchard, 1995; Hanselmann,
Burchard, Ehrat, & Widmer, 1996; Millard, Wolf, Dintzis, &
Willett, 1999; Roger, Bello-Pérez, & Colonna, 1999; Yoo &
Jane, 2002). However, the results obtained by these authors
were very different from each other partly due to the different
origin of sample and partly due to the samples preparation
method. The molecular weight of non-degraded amylopectin
was reported to range from 1.70X 10® g/mol to 5.60 X 10® g/
mol, and the gyration radius of non-degraded amylopectin was
reported to vary from 170 to 342 nm.

The dynamics of amylopectin in dilute solution were less
considered than its static properties. Only a few paper dwelled
on the dynamics of amylopectin. The dynamics of degraded
potato starch (Galinsky & Burchard, 1996, 1997), corn
amylopectin and high amylose content starch (Bello-Pérez,
Roger, Colonna, & Paredes-Ldpez, 1998; Roger, Bello-Pérez,
& Colonna, 1999) in dilute aqueous solution had been
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investigated by dynamic light scattering. In dynamic light
scattering, the diffusion coefficient and hydrodynamic radius of
amylopectin can be evaluated from the intensity-intensity
correlation function when the relaxation motion is attributed to
the pure translational diffusion motion. In the case of large gR,
(where g is the scattering vector and R, is the gyration radius of
amylopectin), the internal motion of amylopectin would be
found and the dynamic behaviors of starch in aqueous solution
were determined by their structure and composition. However,
the influence of polydispersity and branched structure on the
internal motion of amylopectin was still an open question.

The dynamics of polymer chain in dilute solution is a
fundamental problem in polymer physics and was extensively
studied by experiment and theory (de Gennes, 1967; Han &
Akcasu, 1981; Teraoka, 2002; Wu, Chan, & Xia, 1995; Wu &
Zhou, 1996). The dynamics of individual long chain polymer
include the diffusion motion and internal motion of segment.
When gR,>> 1, the intensity-intensity correlation function was
dominated by the internal motion of linear chain. In this case, the
first cumulant line-width <I'> could be scaled to g as <I'>
~ q3 (Teraoka, 2002). With the increase of the gRg, the reduced
cumulant [*=<T >/(q3kBT /mo) could approach the plateau
value 0.071 and 0.079 predicated by theory with or without a
preaverage Onseen tensor, where <I'>, g, kg, T and 7 are the
first cumulant line-width, scattering vector, Boltzmann con-
stant, absolute temperature and solvent viscosity (Han &
Akcasu, 1981). On the other hand, there is yet no theory that
deals with the dynamics of branched polymer in dilute solution.
Furthermore, the difficulty of synthesizing the branched
polymer with high molecular weight and narrow molecular
weight distribution limited the study of their dynamics in
experiment (Trappe, Bauer, Weissmiiller, & Burchard, 1997).

The high branching density and large size with relatively
narrow distribution of waxy corn amylopectin make it a good
model to investigate the dynamics of branched polymer. In
present study, the waxy corn amylopectin was chosen to study
the dynamics of amylopectin in aqueous solution. This
amylose-free amylopectin could avoid the influence of
the translation diffusion of the small weight amylose on the
internal motion of the amylopectin. Here we focused on the
effect of the structure, temperature and the kind of the solvent
on the internal motion of waxy corn amylopectin.

2. Experiment Section
2.1. Materials

Amylopectin from waxy corn was purchased from Tokyo
Kasei Kogyo Co., Ltd, Japan. The amylopectin was dissolved in
0.5 M NaOH solution or DMSO/H,0 (90% wt/wt) with magnetic
stirring for 18 h at room temperature (10+2°C). After
centrifuging with 5000 r/min for 20 min, the dilute NaOH
aqueous solutions or DMSO/H20 (90% wt/wt) solutions of
amylopectin were passed through the 0.45 pym Millipore filter
into a dust-free cell to remove the dust for light scattering
experiment. The final concentration of amylopectin in aqueous
solution was 6 X 107> —2X 10~ * g/mL.

2.2. Laser light scattering

A modified commercial laser light scattering spectrometer
(ALV/DLS/SLS-5022F) was used, which was equipped with
an ALV-5000 multi-t digital time correlator and a He—Ne laser
(Uniphase, output power =20 mW at A=632.8 nm). In static
LLS, angular dependence of the excess absolute time-average
scattered intensity, i.e. Rayleigh ratio R,(g), of dilute solution
can lead to the weight-average molar mass M,,, the second
virial coefficient A,, and the root-mean-square z-average radius
<R§>;/2 (or simply as <R,>). The specific refractive index
increments dn/dc of amylopectin in 0.5 M NaOH solution and
DMSO/H,0 (90 %wt/wt) were used as 0.142 and 0.074 mL/g,
respectively. In dynamic LLS, the intensity-intensity time
correlation function G*(t,g) in the self-beating mode was
measured, where ¢ is the delay time. G(z)(t,q) can be related to
the normalized first-order electric field-electric field time
correlation function |gV (7, )| = [<E(0, ¢)E* (1, ¢)>] as (Chu,
1991; Berne & Pecora, 1976)

G(t,q) = (10, I(t, @NAIL + BlgV (1, )] (1)

where A[= <I(0)>?] is the measured baseline and 8 is the
coherent factor, depending on the detection optics. For broadly
distributed relaxation, | g(l) (t,g)| is related to a characteristic
line-width distribution G(I") as

1500, q)l = JG(P)e‘”dr @)
0

G(I') can be calculated from the Laplace inversion of the
measured G®(1,q) on the basis of Eqgs. (1) and (2). |g"(1,9)|
was analyzed by a Cumulant analysis to obtain the relative line-
width distribution width u,/<I" >2, where average line-width
<I'>= [y TG(IAI' and u,= [ G(I'(I' —<I'>)’dI'. The
polydispersity index (M/M,) of macromolecule is related to
the relative line-width distribution width u./<I'>? as
(Teraoka, 2002)

MM, = exp((uo/ < I>?) (11v%)) 3)

where v is the Flory exponent for the macromolecule. The
Flory exponent v for amylopectin in NaOH solution was used
as 0.48 in this study (Galinsky & Burchard, 1995). For a pure
diffusive relaxation, (F/qz)qHO,CHO leads to the translational
diffusion coefficient D, which is further related to the
hydrodynamic radius R, by the Stokes-Einstein equation:
R,=kgT/(6mnD), with kg, T, and 7 being the Boltzmann
constant, the absolute temperature, and the solvent viscosity,
respectively. The laser light scattering experiments were
carried out at 10+0.1, 17+0.1 and 25+0.1°C. The
concentrations of amylopectin for static light scattering
experiment were 6X 1075, 1X10"* and 2x10~* g/mL and
the concentration of amylopectin for dynamic light scattering
experiment was 2 X 10~ % g/mL. The concentrations of amylo-
pectin for light scattering experiment were the same at different
temperatures.
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3. Results and discussion

The molecular weight and the gyration radius of amylo-
pectin are so large that interpretation of the scattering data is
different from that of the linear polymer. For linear polymer,
the molecular weight, gyration radius and second virial
coefficient can be evaluated from Zimm-Plots of dependence
of scattering light strength on scattering angle and concen-
tration. For amylopectin, however, the angular envelope is not
a line in a Zimm-Plots but shows a curvature at small scattering
vector (g) that can cause difficulties in the required
extrapolation. In these cases, the molecular weight, gyration
radius and second virial coefficient can be evaluated from the
Berry plot (Bello-Pérez, Roger, Colonna, & Paredes-Lopez,
1998; Galinsky & Burchard, 1995). Fig. 1 shows the Berry plot
of the scattered light from waxy corn amylopectin in NaOH
aqueous solution at 10+ 0.1 °C. The average molecular weight
M,,, the z-average gyration radius <R,> and the second virial
coefficient A, of waxy corn amylopectin obtained from the
Berry plot were listed in Table 1. The M,,, <R,> and A, of
waxy corn amylopectin in NaOH solution at 10 °C were similar
with those at 17 °C. However, at 25 °C, M,, and <R,> of
waxy corn amylopectin in NaOH solution increased to 5.3 X
10® g/mol and 276 nm, respectively, and A, decreased to
2.16X 10~ * mol mL/g>. The larger M, and <R,> of
amylopectin at 25 °C could be attributed to the association of
amylopectin at higher temperature. The lower A, of amylo-
pectin at 25 °C indicated that the hydrogen bond interaction
between the amylopectin and water decreased and the
polymer—polymer interaction increased with the rise in
temperature. This caused the amylopectin association in
aqueous solutions. Even in dilute solution, the amylopectin
could associate and re-crysatllize from the aqueous solution
with the increase of the store time (Putaux, Buléon, & Chanzy,
2000). The association and recrysatllization of starch in the
solution is so-called retrogradation of the starch in food
industry (Kohyama, Matsuki, Yasui, & Sasaki, 2004; Silverio,
Fredriksson, Andersson, Eliasson, & Aman, 2000). The
retrogradation of the starch is related directly to the store
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Fig. 1. Typical Berry plot of waxy amylopectin in 0.5 M NaOH solution at
T=10°C.

Table 1

Molecular characteristics of waxy corn amylopectin in aqueous solutions

Solvent Temperature M, A, (R (Ry)
(0 (g/mol) (molmL/g*) (nm)  (nm)

0.5M NaOH 10 129x10°  94x107% 223 172

solution

0.5M NaOH 17 1.42x10°  88x107% 228 175

solution

0.5M NaOH 25 53%10° 22X107% 276 282

solution

DMSO/H,0 25 1.5%10° 55%x107% 238 190

(90 %wt/wt)

period and quality of starch-based food. In present study, the
molecular weight of amylopectin at 25 °C was 4 times that at
10 °C, i.e. the associated number was about 4 at 25 °C. The
associated waxy corn amylopectin was found to be capable of
dispersing stably in NaOH solution at 25 °C for a long time
without increase of the associated number.

Amylopectin separated from different starch have different
molecular weights and sizes. Yoo & Jane (2002) reported that
the M,, and <R,> of amylopectin separated from different
starch varied from 7.0X 107 to 5.7X10° g/mol and 191 to
782 nm, respectively. They found amylopectins of waxy
starches had substantially larger M,, than did those of normal
starch counterparts. The degradation or association of
amylopectin induced by samples preparation methods have
significant effect on the M, and <R,> of amylopectin. It was
found the M,, of waxy maize varied from 2.5X10® to 7.5X
10® g/mol depending on the starch dispersion preparation
methods, such as direct dispersion-solubilization into solvent,
extrusion followed by dispersion-solubilization into solvent,
and jet-cooking of an aqueous starch slurry followed by
transfer into solvent, and so on (Millard et al., 1997).
Hanselmann et al. (1996) reported that with the heating time
at 175 °C increasing from 20 to 40 min, the M, and <R,> of
waxy corn starch decreased from 3.6 X 10% to 3.75 X 10" g/mol
and from 320 to 121 nm, respectively. Roger et al. (1999)
found that the M,, and <R,> of corn amylopectin decreased
from 2.7X10° to 1.1X10° g/mol and from 259 to 190 nm,
respectively, when the microwave heating time increased from
35 to 70 s. The M,, and <R,> of waxy corn amylopectin in
this study were of the same order of magnitude as those of corn
amylopectin reported by Hanselmann et al. (1996) and Roger
et al. (1999). However, the M,, and <R,> of the single waxy
corn amylopectin chain in present study were smaller than
those of non-degraded amylopectin reported by Hanselmann
et al. (1996) and Roger et al. (1999).

Fig. 2 shows the IgP(g) plot with Ig(¢R,) for waxy corn
amylopectin in NaOH aqueous solution at 10°C. At the
asymptote regime, the 1gP(¢)-1g(¢R,) was a line with the slope
—2.114+0.01, i.e. the waxy corn amylopectin in NaOH
aqueous solution was self-similar with fractal dimension d;=
2.11. At the 25 °C, the d; of associated waxy corn amylopectin
increased to 2.5. For linear polymer chain in good solvent and
theta solvent, the fractal dimension is 1.67 and 2.00,
respectively. For fully swollen cluster and non-swollen cluster,



C. Yang et al. / Carbohydrate Polymers 64 (2006) 190-196 193

10°
o 5 o . .
o .
Og.
o'do
SRl
o
Slop: -2.12 + 0.01
102 L
100 10t
gR

g

Fig. 2. Typical plot of P(g) vs gR, for waxy amylopectin in 0.5 M NaOH
solution at 7=10 °C.

the fractal dimension d; predicated by percolation theory was
2.0 and 2.5, respectively (Stauffer, 1985). Obviously, waxy
amylopectin chain has the compact structure compared with
the linear polymer chain. The single waxy corn amylopectin
molecule was like a fully swollen cluster and the associated
waxy corn amylopectin was like a non-swollen cluster.

Fig. 3 shows the first cumulant line-width < I"> plot with ¢*
at the small scattering angle (gR, <2). The plot of <I'> with q
is a line passing through the origin. This indicated that what we
observed was the translational diffusion motion of amylopectin
at the small scattering angle. According to Stokes-Einstein
equation, the hydrodynamic radius (<Rp>) could be eval-
uated. By evaluating the exact hydrodynamic radius (<R, >)
and combining it with the gyration radius (<R,>), we could
give the shape of amylopectin. p= <R,>/<R,> was 1.3 and
0.98 for a single waxy corn amylopectin chain in NaOH solution
at 10°C and associated waxy corn amylopectin in NaOH
solution at 25 °C, respectively. The typical p of a flexible chain
in the good solvent is ~ 1.7 and deceases with the branching of
chain. The typical p of a star polymer with 4 arms is 1.33 and
typical p of a star polymer with arms >>1 is~1.079 (Brown,
1996). Because the associated waxy corn amylopectin was
composed of four single amylopectin molecules, it was not
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Fig. 3. The first cumulant average line-width (<1 >) dependence of scattering
vector (g) for waxy amylopectin in 0.5 M NaOH solution at small scattering
angle (gR,<2) at T=10°C.

difficult to understand why the p of the associated waxy corn
amylopectin was lower than that of a single waxy corn molecule.
With p combined with dr of the waxy amylopectin in NaOH
solution, the single waxy corn amylopectin and associated waxy
corn amylopectin in aqueous solution were speculated as
swollen and non-swollen branched cluster, respectively.

Although the M,, and <R,> of the single waxy corn
amylopectin chain in present study were smaller than those of
non-degraded corn amylopectin reported by Roger et al.
(1999), the p of the single waxy corn amylopectin chain was
similar to the p of corn amylopectin investigated by Roger et al.
(1999). They reported that the p of corn amylopectin deceased
from 1.3 to 1.1 with increase of microwave heating time or
store time. This indicated that the degradation or association of
amylopectin induced by different samples preparation methods
might have more significant effect on the molecular weight and
size than the internal structure of amylopectin.

When gR,> 2, the first cumulant line-width <I'> was not
a dependence of the g*. Fig. 4 shows that <I'> could be
scaled to g as <I'> ~¢", where n=2.73+0.06, 2.724+0.02
and 2.70 1 0.05 for amylopectin in NaOH solution at 10, 17 and
25 °C, respectively and n=2.701+0.02 for amyliopectin in
DMSO/H,0. Considering the acceptable experimental error,
the n value could be taken as a universal value 2.73 +0.06 for
amylopectin in NaOH solution and DMSO/H,O. The first
cumulant <I'> dependence of ¢*7**°% indicated that
relaxation motion measured by dynamic laser light scattering
was not the pure translational diffusion motion. Instead it
should be attributed to the internal motion of waxy corn
amylopectin. For a flexible polymer chain, the theory predicted
that the first cumulant line-width <I'> could be scaled to g as
q"(n=3.0) when gR,>>>1 and it was found the » value varied
between 2.85-3.0 in experiments. No theory has been set up for
the internal motion of branched polymer.

Roger et al. (1999) found that the n values for low and high
amylose content starch were changed from 2.8-2.89 at short
sample treatment time and n value could change with the
increase of the sample treatment time. Trappe et al. (1997)
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Fig. 4. The first cumulant average line-width (< I">) dependence of scattering
vector (g) for waxy amylopectin in 0.5 M NaOH solution at large scattering
angle (qR,>2) at T=10 °C. The insert is the first cumulant average line-width
(<I'>) dependence of scattering vector (g) for waxy amylopectin in
DMSO/H20 at large scattering angle (gR,>2) at T=25 °C.
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found the n value varied between 2.8 and 2.85 for the randomly
branched polyester. In present study, the n=2.73 for waxy corn
amylopectin was smaller than the n value for the randomly
branched polyester (Trappe, Bauer, Weissmiiller, & Burchard,
1997) and the n value for some starch with high amylose
content (Roger, Bello-Pérez, & Colonna, 1999). One possible
reason for lower n value could be the polydispersity of
polymer. For polydispersity system, the translational diffusion
motion of small size molecules will couple with the internal
motion of the large size amylopectin, because <I'> of the
pure translational diffusion could be scaled to the g as <I'>
~q2, it will make the n decrease. However, although the size
distribution of random branched polyester (M,/M, ~370, as
reported by Trappe (1997)) and high amylose content starch
was much broader than that of the waxy corn amylopectin in
present study (M, /M, =1.9), the n value for random branched
polymer and the n value for high amylose content starch were
higher than the n value for waxy corn amylopectin in present
study. This indicated that the reason for lower n value for waxy
corn amylopectin was not dominated by its polydispersity.
Another possible reason for the lower n value could be some
internal motion modes were not able to find due to the
observation length (1/g). The internal motions are composed of
many orders motion and have a distribution spectrum. Wu &
Zhou (1996) found that some internal motions were not
observable due to the observation length scale (1/g). For detail
discussion of the influence of the polydispersity and the
observation length on the internal motion of the waxy corn
amylopectin, the CONTIN FIT for the correlation function of
amylopectin was carried out to obtain the line-width
distribution of amylopectin. Fig. 5 shows the scattering vector
normalized line-width distribution of amylopectin in DMSO/
H,0. When gR, <2, there existed only one single peak and the
position of the peak remained nearly unchanged in spite of the
change of the scattering angle, and the single peak was
attributed to the pure translational diffusion. When gR,>2,
however, the second peak at larger I'/g* appeared, and the first
peak broadened and shifted to larger I'/¢* due to mixing with
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Fig. 5. Typical line-width distribution G(I'/¢*) of waxy corn amylopectin in

DMSO/H,0 at T=25°C. The insert shows a fivefold enlargement of the
second peak in the range of the 1X 1073 <T/g? <1X10~ % cm?s.
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Fig. 6. The average line-width of second peak (<I'>..>) dependence of
scattering vector (g) for waxy corn amylopectin in DMSO/H,0 at T=25 °C.
The line (slope is 3) is just to guide the eye.

larger I resulted from internal motion of amylopectin. Fig. 6
shows the line-width <I'> .. of second peak plot with g.
The fact that the line-width of second peak was not a
dependence of ¢* indicated that the second peak was caused
by the internal motion of amylopectin rather than originated
from the translational diffusion motion of small size
amylopectin due to the polydispersity. This also indicated
that influence of the polydispersity of amylopectin on its
internal motion was small. Fig. 5 also showed that when gR, <
4 and gR,>5.7 the line-width distribution broadened and
shifted to larger I'/¢* with the increase of the qR,.

However, when 4<qR,<5.7 the line-width distribution
narrowed and shifted to larger I'/¢”. This indicated indeed that
some internal motions were not found at certain observation
length (1/q) of dynamic light scattering. Our experimental
result was in agreement with the discussion by Wu & Zhou
(1996). According to their calculation, they found that some
energetically favorable internal motions were not ‘seen’ in
dynamic light scattering in a certain range of gR,.

For a flexible polymer chain, when gR,~1, the internal
motion of polymer chain would be found, while the internal
motion of microgels which was strongly suppressed due to the
cross-linking could only be found when gR,> 13 (Wu & Zhou
1996). In present study, we observed the internal motion of
amylopectin when gR,>2, this was because amylopectin has
branched structure which suppressed the internal motions of
amylopectin. Fig. 7 shows the ‘cluster’ model of amylopectin.
It could be divided into many local motion units for
amylopectin according to its branched structure. With the
decreasing of the observed length (1/g), we could ‘see’ more
motion mode originating from the small motion units. Thus, the
line-width distribution gradually shifted to the larger I'/¢* (as
shown in Fig. 5). However, the minimum observed length (1/g)
was 39 nm for our dynamic laser light scattering. Some internal
motions originating from the motion units smaller than 39 nm
could not be found by dynamic laser light scattering. Note also
that the amylopectin was a hyperbranched macromolecule with
4-4.5% branching density (Thompson, 2000; Galinsky &
Burchard, 1995). As this density of amylopectin was higher
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Internal
motion units

Translational
diffusion unit

Fig. 7. The schematic of the translational diffusion unit and internal motion
units of waxy corn amylopectin according to the cluster model of amylopection
depicted by Robin et al. (1975).

than that of branched polyester and high amylose content
starch, more internal motions of amylopectin were suppressed
and ignored than that of the branched polyester and high
amylose content starch. This could possibly be the dominated
reason for the lower n value of waxy corn amylopectin.

For alinear flexible polymer chain, with the increase of gR,, <
I'>/(¢*ksT/IMo) could approach to the plateau values 0.071 and
0.079 theoretically predicted with or without a preaverage
Onseen tensor. It was found in experiment that for linear flexible
polymer the plateau value was about 0.05-0.06 (Wu, Chan, &
Xia, 1995; Wu &Zhou, 1996). Fig. 8 indicated that <I'>/
(¢ ksT/mo) for amylopectin could not approach the plateau value
with the increase of the gR,. As discussed above, this could be
explained by some internal motions of amylopectin being
ignored. The apparent average hydrodynamic radius increased
due to the association of waxy corn amylopectin at 25 °C. This
made <I'>/(g3kgT/mg) at 25 °C lower than at 10 °C at the small
qR.. However, at large gR,, the <I'>/ (¢ ks TImo) values at fixed
q were similar at different temperature. On the other hand, Fig. 8
indicated that the <I >/(q3kBT/n0) values at fixed g for waxy
corn amylopectin in DMSO/H,0 were in agreement with that for
waxy corn amylopectin in NaOH solution at large gR,. Note that
the DMSO/H,0O and NaOH solutions were all the good solvent for
waxy corn amylopectin (second virial coefficient A,>0). These
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E a A T =25°in NaOH solution
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Fig. 8. Plots of <I'>/(q*kgT/Mo) Vs gR, for waxy amylopectin in aqueous
solution.

indicated that <I >/(q3kBT/n0) at large gR, had the universal
value for waxy corn amylopectin in good solvent. The <I' >/
(¢*kgTIMo) values at fixed g for waxy corn amylopectin were
much smaller than that of linear flexible polymer. Note also that
< I'> has the meaning of areciprocal time. It was reasonable that
the <I >/(q3kBT/n0) values at fixed g were lower than that of
linear polymer chain due to the rigid chain and hyperbranched
structure of amylopectin, which constrain the relaxation of the
segment of the amylopectin, increasing the relaxation time of
amylopectin segment.

4. Conclusion

Waxy amylopectin had a compact structure compared with
the linear polymer. The fractal dimension dyand p= <R,>/<
R, > for single waxy corn amylopectin in NaOH solution were
2.11 and 1.3, respectively. With the increasing of the
temperature, waxy corn amylopectin could associate. The d;
and p= <R,>/<R,> of associated waxy corn amylopectin
in NaOH solution were 2.5 and 0.98, respectively. At small
scattering angle (gR,<2), only the translational diffusion
motion of amylopectin was found. When gR,>2, the internal
motion dominated the dynamics of amylopectin, the first
cumulant line-width (<I'>) could be scaled to the scattering
vector (q) as <I'>~ q2'73i0'06. Some internal motions were
not observed by dynamic laser light scattering due to the
observation length. The <I'>/(¢*kgT/n,) did not approach a
plateau value with the increase of the gR, and had much lower
value than that of linear flexible polymer.
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