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Characterization of Acetyl Starch by Means
of NMR Spectroscopy and SEC/MALLS in Comparison
with Hydroxyethyl Starch
Dorothee Heins, Werner-Michael Kulicke,

Peter Kduper and Heiko Thielking,
Hamburg (Germany)

The properties of starch derivatives which may be used as plasphes investigated had a DS of 0.42 to 0.81, comparable to HES, but the
substitutes, are dependent upon the molecular structure. Seven acegibselective substitution pattern revealed differences. While for HES
starch (AS) samples were determined and compared with results fribve position C-2 is preferred and the position C-3 has nearly no substi-
hydroxyethyl starch (HES) samples. tuent, for AS both positions, C-2 and C-3, are substituted likewise.

The molar masses and their distributions were determined with fBegradability bya-amylase was tested in the laboratory for AS as well
combination of size exclusion chromatography and light scatterirms for HES having nearly the same degree of substitution and molar
Slightly asymmetric distributions were determined with a polydispemass, but C-2/C-6 = 2 for AS and C-2/C-6 = 1.4 for HES. An exponen-
sity M,,/M,, J2.4 and weight-average molar masses @f#V250,000— tial decrease in the molar mass was observed over time, down to a
300,000 g/mol for six AS samples ang,Ml,, 03.6 and a weight-aver- limiting molar mass N} 750,000 g/mol for AS and [y1.730,000 g/mol

age molar mass of 766,000 g/mol for one AS sample. for HES, the degradation of AS occurred more slowly.

The average degrees of substitution (DS) and the substitution pattern

were determined by high resolution NMR spectroscopy. The AS sam-

1 Introduction product such as HES can result in anaphylactoid reactions,
and also has persistent fractions which accumulate in the
Colloidal plasma substitutes are aqueous solutions reticulo-endothelial system [1]. In addition it has been
colloids and electrolytes isotonic with blood, which are usedported that HES may cause a long-lasting itching, which is
to replace lost blood. They stabilise the circulation, dilute thesistant to therapy. Other side-effects of HES may include
blood (haemodilution) and improve the microcirculation. influences on the function of the kidneys and on blood
The best way to replace a lost volume of blood still irelotting [1, 4].
volves supplying stored blood. However, there is a conti- In recent years a lot of research has been aimed at cor-
nuously growing market for man-made colloidal plasmalating the molecular structure of HES with the unwanted
substitutes because they exclude the risk of disease beg-effects. It has been shown that the degree of substitution
transmitted and ensure sterility of the product. The polymiey hydroxyethyl groups, especially their distribution over
solutions have a long shelf life, are easy to store, are av#tile various different positions, has a significant effect on
able in any quantity and are cheap to produce [1]. the retention time in the human body. Substitution at position
Plasma substitutes need to have the same colloid-osm@i2 means that cleavage of tnglycosidic bond byr-amy-
pressure as the original blood plasma. Therefore, polymease is subject to strong steric hindrance, whereas this effect
substances such as polyvinylpyrrolidone, gelatine, dextrasnonly weak when substitution is at position C-6 [5].
or hydroxyethyl starch have been or still are used. As a func-The molar mass and molar mass distributions were deter-
tion of the concentration, these substances are not only ahlaed for laboratory and commercial products. The results
to make up the lost volume, but also increase the osmatimowed very different distributions with respect to the high
pressure and make interstitial water move into the blooatolar mass tail. For instance, a commercially available HES
stream. These are the so called plasma volume expandaraple with a mean molar mass of 40,000 g/mol had molar
[2]. masses up to several million g/mol [6]. The high molar mass
Today hydroxyethyl starch (HES) is one of the most cortail is said to be responsible for side-effects such as anaphy-
monly used plasma substitutes: in 1996 its share of the Gactoid reactions.
man market was 81 %, that of gelatine 17 % and dextran 2 %Recent research activities have looked at acetyl starch as a
[3]. Polyvinylpyrrolidone is no longer used because it accsubstitute for common HES products [7]. Since starch is
mulates in the human body [2]. But even a highly developeetained as the starting material, the products are expected to
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have comparable colloid-osmotic properties. Taking thweas routed into a differential refractive index detector (DRI)
acetyl group as a substituent should lead to a more horStrodex RI SE-51 (Showa Denko, Tokyo, Japan). The carrier
geneous functionalization because a second substitutiors@tition was deionized, double distilled water containing
the same atom is ruled out (see formula in Figure 1, n > 10rimM sodium nitrate or sodium acetate/acetic acid was used
the formula of HES indicates multiple substitution). as a polyelectrolyte and 0.02% (w/w) of sodium azide as a
In addition, it has been reported that degradation of HE&ctericide. The solutions were purified by filtration
is slow and incomplete because etherification hinders t{elum) and degassed on-line (Knauer, Bad Homburg,
attack of thea-amylase [7]. Prolonged application of HESGermany). The samples were dissolved in the carrier solu-
may lead to accumulation in the human body which is saidtton overnight without stirring. The injection volumes were
be responsible for long-lasting itching. Changing the eth&#d0uL and 25QuL with an amount of 0.002 mg and 0.05mg
bond to an ester bond increases the biological degradabifidy each sample. The DAWN-F was calibrated with ultra-
of the polymeric backbone because the ester bond, whpmire toluene and eighteen fixed scattering angles were nor-
would otherwise hinder the attack of theamylase, is split malized with a dispersed solution of gold having a known
by esterases [7]. diameter. The “spider” plot method [8] was used for deter-
A set of these novel products is investigated by methogsnation of the interdetector volume. The signal of the DRI
of polymer analysis. The parameters of interest include ttetector was routed to the DAWN-F, which was interfaced to
chemical and solution structures as determined by the degaeeAT computer.
of substitution, the substitution pattern, molar mass distribu- L .
tions and root mean square radii. The aim is to gain a fiRgfractive index increment
impression of the expected properties, based on the knowrAll samples were measured in acetate buffer and no
structure-property-relationships for common HES producevidence was found of the refractive index increment being
Furthermore, interest also focuses on whether the enzymagpendent upon molar mass (as known from other polymer
degradation of the acetyl group has different kinetics to thadlvent systems). The measurements were performed with a
of HES. Wood RF-600 (Wood Co., PA, USA) and a Shodex Rl SE-51
(Showa Denko K.K., Tokyo, Japan). On the basis of the
. . above results only two samples were measured in sodium
2 Experimental Section nitrate to obtain the corresponding refractive index incre-
13C NMR spectroscopy ment.
The {H}- 13C NMR spectra were recorded by means of Materials
MSL 300 spectrometer (Bruker, Germany) with a 10mm The acetyl starches investigated were a set of samples
probehead. Deuterium oxide solutions, 10 % with respectwith differing degrees of substitution. Apart from sample
the polymer, were used. To enable the proton decoupk8/e 7 which had a nominal molar mass of 400,000 g/mol,
spectra to be quantitatively evaluated, the inverse gatdtl the remaining samples had a nominal molar mass of
decoupling technique (IGATED) for complete suppressid?00,000 g/mol. The hydroxyethyl starch sample had a nomi-
of the nuclearOverhausereffect (nOe) was applied. Thenal molar mass of 200,000 g/mol. All acetyl starch samples
spectra were recorded at room temperature with a minimane abbreviated to AS, and the hydroxyethyl starch sample
of 2,500 scans. The operating parameters were as follotesHES. During synthesis natural starch has to be degraded
frequency 75.47 MHz, sweep width 17.2kHz, relaxatioto obtain the appropriate molar mass range. Some of the
delay 10s, pulse angle 60 degrees, reference trimethylsilsdmples were degraded by acid (indicated by an “a” after the
propionic acid-d sodium salt § = —2.78 ppm). Quantitative letters) instead of the usual enzymatic process (indicated by
evaluation of the spectra was carried out by fitting a setaf “e”). The moisture content of the samples was measured
Lorentzian lines to the spectra with the aid of the Brukénermogravimetrically.
software WinNMR on a PC.
Enzymatic degradation
SEC/MALLS Enzymatic degradation was carried out under conditions
A schematic diagram of the system used in this study casembling those in the bloodstream (phosphate buffer,
be found in ref [6]. Four TSK-columns (Toso Haas, StuttgagH = 7.4, T = 310K, 2.5mmol/L C& with an amylase
Germany) with decreasing exclusion limit were coupled toaativity of 144 units/L. The samples were dissolved in
DAWN-F light scattering photometer (Wyatt Technologylouble distilled water (3% w/w) and poured into the condi-
Corp., Santa Barbara, CA, USA) and from there the elugined amylase solution. After a defined time, the enzymatic
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degradation was stopped by heating the mixture up to 35!

. . C-23,4,5
for five min. 1

C-1 at 2subst. C-6 unsubst.

3 Determination of the Chemical
Structure

The starch derivatives investigated are the reaction p
duct of an etherification or esterification. The backbone
this class of polymers is starch, a branched polymer cc

sisting of a-(1,4) glycosidic-linked anhydroglucose units ‘ ' ‘ —
(AGU), the chain branchings are formed @1,6) glyco- 100 80 60 40 20
sidic bonds. Each AGU has three remaining hydroxyl grou {ppm)

at positions two, three and six, which are available for
chemical modification, see Figure 1. The so-called averaFig. 2.{*H}-**C-NMR spectrum of the acetyl starch AS/a 2 (DS = 0.5)
degree of substitution (DS) is a value representing the tcin deuterium oxiQe with signal gssignments (subst. = substituted; un-
number of substituted hydroxyl functions per AGU. Unsulsubst. = unsubstituted). The region of the carboxyl signal at 175.6 ppm
stituted starch has a DS value of zero and completely s'S "0t Shown-
stituted starch is identified by a DS of three. A

A more detailed description has to differentiate betwet DS=2Cc-8 )
three possible substitution positions on the AGU: the part Aca
degree of substitution;,x The subscript “i” indicates the

position two, three or six. The partial degrees of substituti X, = ACLypaim 3)
range from zero to one and their sum is the DS. 2 Acy

DS =%+ X3+ Xg 1) = Db @

§ =
Ac_

The hydroxyethyl substituent enables multiple substitutic.. B unsvs.
to take place at one position of the AGU, as shown in X3 = DS — % — X (5)
Figure 1 for n>0. As a result the production of HES can lead
to a most complicated substitution pattern. A significant difference in the molecular structure of these

The use of quantitatively evaluable carbon NMR spetwo plasma substitutes can be clearly seen. The preferred
troscopy leads to the determination of the DS and the thpesition for substitution in HES is position two, with the sub-
partial degrees of substitution. Figure 2 shows the spectrstituent located nearest to the glycosidic linkage. In contrast,
of the acetyl starch AS/a 2 (without the carboxyl region). Thmsition three is preferred in the AS-samples investigated
signal assignment has not yet been published so it was ¢teare.
ried out by comparing the spectrum of acetyl starch with
another well-known acetyl derivative, the cellulose aceta&eCh . . f the Soluti
(similar to the starch derivative, differing only in the glyco- aracterization of the Solution
sidic linkage 3-(1,4) instead ofr-(1,4). The chemical shifts Structure
of the signals of a cellulose acetate with a DS = 2.0 in
Me,SO-d; [9] and of the acetyl starch AS/a 2 are presented in The properties of polymer solutions are influenced by
Table 1. the chemical structure of the polymer chain as well as by the

Equation 2 below enables the DS to be determined. Tdistributions of molar mass and hydrodynamic radius. The
three partial degrees of substitution are calculated with equaean molar mass is often used to estimate the intravascular
tions 3-5. The determined chemical structure parametegtention time in the human circulatory system. However,
(DS and y of the investigated AS-samples are summarizéshowledge of the mean molar mass alone is not sufficient for
in Table 2. For comparison a set of HES data from published

sources had been added [6]. Tab. 2. Summary of the chemical structural data of the seven different
acetyl starches investigated, the hydroxyethyl starch HES/e 1 and, for

Tab. 1. 3C-NMR chemical shifts of cellulose acetate referencecomparison, three hydroxyethyl starches taken from the literature [6].

against TMS (= 0 ppm) [9] and chemical shifts of acetyl starch refere

ced against TSP (=— 2.78 ppm) in ppm. Sample bS ¥ X3 Xs
Acetyl starches
Sample Cellulose acetate Acetyl starch AS/a2aS/e 1 0.42 0.17 0.15 0.10
(DS =25) _ AS/a2 0.50 0.18 0.27 0.05
in Me,SO-d in DO AS/e3 0.58 0.18 0.31 0.09
_ ’ AS/a4 0.50 0.16 0.27 0.07
C-1 unsubstltu.ted 102.6 102.1 AS/e5 078 023 0.42 013
C-1 at 2 substituted 99.6 98.9 AS/a6 0.81 0.29 0.43 0.09
C-2,3,4,5 80.2-72.0 79.0-73.6 ASle7 0.48 0.21 0.19 0.08
C-6 substituted 62.6 66.1 Hydroxyethyl starches
C-6 unsubstituted 59.4 62.8 ;')50%9318 g-gi 8-5{; 8-82 8-32
c-7 171.3-170.1 175.6 200/0.47 0.42 0.32 0.04 0.06
C-8 20.4/20.1 22.8 200/0.64 0.65 0.42 0.09 0.14
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controlling the quality of the product. An acceptable chara
terization has to include the complete molar mass dist
bution. Components with low molar mass will be promptl
excreted via the kidneys so that the volume effect decrea:
High molar mass components are said to give a persist
fraction or to lead to a delayed volume effect [10].

A complete determination of the molar mass distributic
is therefore of great interest for the evaluation of these st
stances. Coupling a fractionation unit, such as size exclus
chromatography (SEC), with a tandem system of a mul
angle laser light-scattering photometer (MALLS), whicl
allows the molar mass to be determined absolutely for e¢ s | ; ! s !
fraction, and a concentration detector (e.g. a different 24 28 32 36 40
refractive index detector (DRI)) gives an analytical toc
(SEC/MALLS/DRI) for the absolute determination of mola.

mass dlstrlbutlons. [6, 11]. . ) Fig. 3. Elution profile and molar mass obtained by SEC/MALLS/DRI
Formulations of the theory of light scattering were plior sample AS/a2. (T = 298K, in v sodium nitrate solution con-

forward byEinstein[12], Raman13], Debye[14] andZimm taining 0.02 % (w/w) sodium azidé = 632.8 nm2 = 3°~160°).

[15], and concise, well-presented summaries of their wa

can be found in any modern textbook (e.g. reference [1€

MALLS involves measuring the intensity of the scatteregolymer solvent pair. All samples were measured in acetate

light emitted by the sample molecules at different scatteribgffer and no evidence was found of the refractive index

angles. For each eluted fraction a molar mass M and a rdatrement being dependent upon molar mass. On the basis of

mean square radius (RMS) can be calculated using the fotluis results only two samples were measured in sodium

Molar mass (g/mol)
=
T T

—_—
<
4

Elution volume (mL)

wing equations: nitrate to obtain the corresponding refractive index in-
crement. The results are compiled in Table3 and used for

&:L[%i+2m2m:+__m (6) the calculation of the SEC/MALLS/DRI measurements.

Ry P@) ™M b Figure 3 shows such a result for an SEC/MALLS/DRI mea-

and surement. The polymer concentration is given by the signal
of the DRI-detector. In addition to the concentration signal,
P(ﬁ):1—a1(2ksin(79/2))2+a2(2ksin(19/2))4—... (7) the corresponding molar masses calculated from the light

scattering intensities are also shown. According to the elu-
where K is a light scattering constant, containing the wavien mechanism (size exclusion) the molecules with the
length A, of the incident light, the refractive indey of the highest molar mass (and the largest hydrodynamic radius)
pure eluent and the refractive index increment dn/dc; c is #lete first followed by the smaller ones. Because the light
concentration, Ris the exces®Rayleighratio and P§) a scattering intensity is proportional to the square of the molar
general form of a scattering function, i& the second virial mass, the detectability decreases on the “right hand side” of
coefficient. For very low concentrations, the second artlde elution profile, where the smallest molecules elute. The
higher order terms of equation 6 can usually be neglecteéétectable molar masses of the sample AS/a 2 range from 3 -
Plotting Kc/R§9) against sif(9/2) gives M from the inter- 10 g/mol down to about 6 - £§/mol. Weighting the molar
cept with the ordinate. In addition to this a RMS &R5 mass values with their frequency (concentration signal)
can be derived from the angular dependence of the intengjtyes the absolutely determined molar mass distribution
of the scattered light, which is included in and higher (MMD). Knowing the MMD enables the usual mean values
order terms of equation7. For molecules below 10ntn be calculated. All samples were investigated inm0.1
(= A/20) the precision of the root mean square radius derividdNO; solution and in acetate buffer. The values obtained
from light scattering ad, = 633 nm begins to deterioratefrom measurements in acetate buffer were slightly higher
rapidly. than those in 0.1 NaNG; solution. The collated values for
In equation 6 all the constants are given except the refréiee acetyl starch samples in Table 3 are the arithmetical mean
tive index increment, which has to be measured for eachlues of both experimental blocks. Natural starch has molar

Tab. 3. Compilation of the values of refractive index increment in acetate buffer andMnNaRNO;, molar mass and polydispersity of the inve-
stigated acetyl starch samples. The molar mass distributions were measured by SEC/MALLS/DRI.

Sample dn/dc* dn/dc** M M M My/M, <R2>05

w z G~ z,.exp
(mL/g) (mL/g) (g/mol) (g/mol) (g/mol) -) (nm)
ASlel 0.135 - 130,000 295,000 660,000 2.4 17
AS/a2 0.139 - 124,000 302,000 876,000 25 18
AS/e3 0.139 0.133 126,000 288,000 678,000 2.3 17
AS/a4 0.139 0.133 103,000 252,000 789,000 2.5 18
AS/e5 0.139 - 126,000 301,000 759,000 25 18
AS/a6 0.135 - 117,000 275,000 773,000 2.4 18
ASle7 0.139 - 227,000 766,000 2,619,000 3.6 27

* Refractive index increment in acetate buffer.
**Refractive index increment in O NaNO; — 0.02 % w/w Naly.
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masses of up to several million; for clinical application
molar masses in the range of ten thousand to one million
needed. In technical applications various different degrac
tion methods are used to obtain starch samples with the “c
rect” molar masses: for example using enzymatic or ultras
nic degradation, or subjecting the sample to acid hydrolys
The samples investigated were degraded by enzymes an
acid. From the theoretical point of view two totally differen
types of distribution might have been obtained. Acid hydr
lysis is a random process whereas enzymatic degradatio
systematic. But when the cumulative molar mass distribu i
ons in Figure 4 were compared, no significant differences 0.0 AR
“appearance” and polydispersity were found (see also cal 104 105 106 107 104 105 106 107
lated polydispersities MIM,,, Table 3).

As mentioned above, a correct determination of the RN
by MALLS is only possible for the large molecules of the S
distribution (high molar mass tail), but these values can _Flg. 4._Cumu|at|ve distributions of the molar mass for the AS sa_mples
used to extrapolate the whole distribution. The results E|nvest|gate(.j (left) and the hydroxyethyl starch sample investigated,
given in Table 3. HES/e 1, (right).

Another way to gain information about the molecule
dimensions of the acetyl starch samples is to use the intrir
viscosity or a hydrodynamic radius of an equivalent sphebie Enzymatic Degradation
for approximation. Equation8 correlates the mean molar

—
<

=
5o

HES/e 1

& =
= =N

i
o

Cumulative weight fraction

Molar mass (g/mol)

mass with the intrinsic viscosity. Plasma substitutes should have a defined retention time
after which they are completely eliminated. HES is degraded
(1] = kjyM?@ (8) by a-amylase and is excreted via the kidneys.

The degradation behaviour of HES and AS in blood is of
Geometric aspects and Equation 8 link the molar massfimdamental interest. Therefore the sample AS/e3 and a

a hydrodynamic diameteg.g,) hydroxyethyl starch sample (HES/e1) with a comparable
_— molar mass and molar mass distribution (see Figure 4) and a
d. =3 6k, M2t comparable degree of substitution were both treatedowith
eq(m ~ \‘m (9) amylase. The reduction in molar mass was measured by

SEC/MALLS/DRI. The results are compiled in Table 5. The

Using the parameters a ang, kor HES in 0.1v sodium alteration of the molar mass distribution of acetyl starch is
nitrate solution [17] (equation 10) gives representive valusBown in Figure5. It can be seen that the width of the molar
for two of the samples included in Table 4. mass distribution decreases which corresponds to the poly-

[n] =0.291M035 (10)

1.2

From the theoretical point of view it is incorrect to use tr
HES parameters but it can be shown that there is only a sli
difference in the solution structure between HES and A
The calculatedrj] value can be transformed into a root mea
square radius by applying the theoryFbdry andFox [18]
(equations 11-13).

= —_—
oo [
T T

Differential weight fraction
o=
(=2}
T

<RZ >05= K, (" (11) o4
02
v=(a+1)/3 (12) 00 T
3 103 104 105 106 107
k, = \‘k[ﬂ]/(a (13) Molar mass (g/mol)

These da.ta can be c_ompared .Wlth RMS values measuﬁ%d 5. Enzymatic degradation of the acetyl starch AS/e 3ramy-
during the light scattering experiments. As can be seen ..

Table 4, there is a good agreement between the measureCpifrerential distribution curves determined absolutely by SEC/MALLS/
the calculated RMS values, which proves the assumptipri of the non-degraded acetyl starch (0) and after different degrada-
that the solution structures of HES and AS are equivalenttion times (1: 38 min 2: 90 min, 3: 417 min, 4: 1367 min).

Tab. 4. Molecular dimensions of two acetyl starch samples with different molar masses calculated using the EhegraiodFox [18] on the
basis of hydroxyethyl starch relationships [17].

Sample M, [’]] deq(n)w deq(r])z < R(Z;>9,'05alc < R%>(z),'e5xp
(g/mol) (mL/g) (nm) (nm) (nm) (nm)

AS/a4 252,000 23 19 32 18 18

ASle7 766,000 33 32 55 30 27
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Tab. 5. Compilation of the molar mass and polydispersity values of the natural and the enzymatically degraded acetyl and hydeoghethyl s
(control) samples (AS/e 3 and HES/e 1). The molar mass distributions were measured by SEC/MALLS/DRI.

Acetyl starch Hydroxyethyl starch
time M, My M, M,/M,, time M, My M, M.,./M,,
(min) (g/mol) (g/mol) (g/mol) ) (min) (g/mol) (g/mol) (g/mol) -)
0 101,000 282,000 709,000 2.8 0 99,000 237,000 540,000 24
5 86,000 245,000 548,000 2.8 5 78,000 187,000 407,000 2.4
10 93,000 233,000 512,000 25 10 70,000 165,000 337,000 2.4
20 77,000 208,000 506,000 2.7 20 68,000 148,000 300,000 2.2
38 75,000 181,000 413,000 2.4 40 57,000 116,000 230,000 2.0
90 60,000 138,000 324,000 2.3 90 43,000 85,000 173,000 2.0
183 51,000 114,000 259,000 2.2 180 35,000 63,000 115,000 1.8
417 36,000 79,000 167,000 2.2 385 25,000 47,000 87,000 1.9
1367 25,000 50,000 101,000 2.0 1335 17,000 29,000 49,000 17

mer becoming more homogeneous. The decrease in m@aSymbols and Abbreviations

mass over time is shown in Figure 6. The molar masses at the
ordinate were standardized over the measured undegraded
molar masses. HES/el and AS/e3 show an exponential
decrease over time. The decrease in the molar mass of aggtyl
starch is less than that of hydroxyethyl starch. a

The degradability of the starch derivativesdamylase % -
depends on the degree of substitution. Besides the degre‘é@ﬂ‘-J
substitution, the substitution pattern is also a very importaht
factor in degradation byr-amylase. It has been shown foid,
HES that substitution at position C-2 causes a pronoungg
steric hindrance effect for tieamylase, whereas this effect eq/((’;)w'z
is only weak for substitution at position C-6. The C-2/C-6qn ¢
ratio is therefore a simplified description of the substituticdR!
pattern [19], and hence of the biological degradability. =~ DS

The hydroxyethyl starch sample HES/e 1 has a C-2/C+6-
ratio of 1.4. The acetyl starch sample investigated, AS/e 3,
has a C-2/C-6-ratio of 2.0. Based on this model of stro
and weak hindrance of the substitution at C-2 and C8.""
hydroxyethyl starch would thus be expected to undergo
faster enzymatic fragmentation.

The sample HES/e 1 is a specially prepared laboratd¥y .
product. However, when HES/e 1 is compared with the comtALLS
mercially available products (as listed in Table 2), then it ¢
be seen that the latter have a ratio of C-2/G4 It may .
therefore be assumed that the AS (even without any addil'i\éﬁ
nal cleavage of the substituents by esterase) is broken d
in the body better than the customary HES. <RZ>05
Rs
RMS

Xi

1.0 #—

W, norm

Time (min)

second virial coefficient in th&Zimm-Debye
equation

exponent oMark-Houwink([7]M) equation
virial coefficients

anhydroglucose unit

concentration

hydrodynamic diameter

hydrodynamic diameter calculated frony,M
refractive index increment
differential refractive index
degree of substitution

light scattering constant, equal

4n.2|:dn|:% 2

1o Do ™
NaAS

constant in f]M-/RM-relationship

2mmy/Ag

molar mass

number/weight/z- average molar mass

multi-angle laser light scattering

refractive index of pure solvent

Avogadronumber

scattering function

z-average root mean square radius

excesdRayleighratio

root mean square

partial degree of substitution

Greek Characters

scattering angle
expansion coefficiente(= 2v - 1)
Flory-Foxconstan{@= ¢ - (1 —2.63 + 2.862))

Flory-Fox constant for the unperturbed state
(¢ =3.69 - 18 mol?) [20]

intrinsic viscosity
exponent of RM equatiorvE (a + 1)/3)
vacuum wavelength of incident light

Fig. 6. Enzymatic degradation hy-amylase of the acetyl starch AS/e 37 Acknowledgements

(rhombus) and the hydroxyethyl starch HES/e 1 (square).

Standardised weight-average molar masg,ih = Mw/M o Austria.
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