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This paper’s main concern is with the investigation of the elution properties of water-soluble polysaccharides in Size-

exclusion chromatography (SEC) using multiangle laser light scattering and differential refractive index detectors in aqueous 
solvents. Chromatographic data on influence of nature of solvent to the formation of polymer aggregates is presented. We have 
shown that in pure water as eluent the bimodal and multimodal chromatograms of Na-carboxymethylcellulose (Na-CMC) and 
arabinogalactans (AG) were received. This phenomenon indicates of presence of intermolecular enthalpic interactions in solu-
tions. We found that aqueous eluents containing 0,1 M NaCl for Na-CMC and 0,14 M NaNO3 for AG are preferred to prevent 
of secondary effects distorting of SEC separation mechanism.  

Keywords: modified carboxymethylcellulose, arabinogalactan (AG), aggregate formation, polyelectrolyte effects, size 
exclusion chromatography. 

Introduction 

Gel Permeation Chromatography or Size-exclusion chromatography is one of the most versatile and power-
ful analytical techniques for investigation and determination of molecular mass distribution of polymers [1]. Com-
pared to other methods of analysis such as osmometry or static light scattering, it has the advantage that it deter-
mines complete distributions of molar masses as opposed to merely an average molecular weight. The chroma-
tographic behavior of solutes separated by SEC can be described by the general chromatographic equation: 

K SEC = (VR-V0) / (Vt-V0), (1) 

where VR is the measured peak elution volume, Vt the total column volume, and V0 the exclusion (or void) volume.  
In practice, interaction between the packing and the solute molecules is observed and, therefore, KSEC can be 

defined by eq. (2).  

KSEC=KDKP, (2) 

where KD is the distribution coefficient for pure size exclusion and Kp is the distribution coefficient for so-
lute/stationary phase interactions [2]. If solute molecules are separated solely by size-exclusion and no enthalpic 
interactions are observed, then KP is unity and the retention volume for SEC is given by eq.(1). This has to be 
checked for new polymers and modified systems. 

SEC of water-soluble polymers has been a field of 
intense activity in recent years due to the short-time con-
suming of this separation technique [3]. In contrast to the 
elution mechanism of polymers in organic media [4], the 
understanding of the separation mechanisms of hydro-
philic polymers in aqueous media demands much more 
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theoretical and experimental attention, mainly due to the multitude of so-called secondary effects referred to as poly-
mer-gel interactions distorting a pure size-exclusion mechanism [1]. Because of the presence of polar, and often  
anionic groups in the stationary phases used in SEC, the mobile phase must be carefully chosen to repress electro-
static interaction. This is particularly important in SEC of polar molecules such as carbohydrates [3]. Such interaction 
can be prevented by the use of an electrolyte solution of sufficiently high ionic strength as the mobile phase.  

SEC has been and will continue to be an important tool in the characterization and analysis of cellulose and 
its derivatives [5–10]. One of the most demanding problems in polysaccharide solutions is the tendency for aggre-
gate formation of macromolecules and intermolecular associates. With increasing polymer concentration the hy-
drodynamic size of molecular aggregates will increase [11]. This aggregation complicates the investigations of 
structural and molecular mass properties of isolated macromolecules by chromatographic methods. In this paper 
we studied the influence of aqueous salt solutions on the elution properties of polymeric drug carrier on the basis 
of modified Na-carboxymethylcellulose (CMC) and arabinogalactans in SEC with dual detection.  

The aim of this paper is to investigate of polymer-gel interactions in SEC of Na-CMC and arabinogalactan 
in order to determine of the suitable aqueous eluent for true size-exclusion separation mechanism of these macro-
molecules.  

Materials and Methods 

SEC was performed with the following components: isocratic pump Merk-Hitachi L-6000A model, Shodex 
RI-101 refractive index detector, multiangle laser light scattering detector DAWN DSP =632,8 nm (Wyatt Tech-
nology Santa Barbara, USA), manual sample injector Rheodyne 2104, with loop volume 100 L, eluent degasser 
and two chromatographic columns PL Aquagel-OH Mixed, I.D.: 7,8 mm, length: 300 mm (Agilent Technologies) 
connected in series. Data acquisition and processing were carried out using the ASTRA IV software (Wyatt tech-
nologies). The aqueous eluents having NaN3, NaCl or NaNO3 dissolved in the water at a concentration of 0,1 mol/l 
and samples were filtered through a 0,1 m and 0,45 m hydrophilic PTFE membrane (Omnipore; Millipore, 
USA) correspondingly before use. SEC conditions were as follows: the sample concentration of 0,05–0,2% (w/V), 
injection volume of 100 L, flow rate of 0,8 mL/min and the column temperature of 25 °C. The detector cells of 
MALLS and RI were kept at ambient temperature. Synthesis of modified Na-CMC and arabinogalactan from larch 
wood were described in [12, 13], respectively.  

Results and discussion  

In most cases, SEC of polymers in organic media occurs without any enthalpic interactions in the polymer–
gel system. SEC of water-soluble polymers exhibits a number of specific features. The point is that many hydro-
philic polymers are polyelectrolytes and, therefore, their elution properties is complicated by various non-exclusion 
effects, such as ion exclusion (IE), polyelectrolyte expansion (PE), molecular adsorption, and aggregate formation, 
which distort the normal SEC separation mechanism. The IE and PE effects can be eliminated by increasing the 
ionic strength and changing the pH of the eluent so as to decrease the degree of dissociation of ionic groups both in 
the macromolecular chain and on the sorbent surface [14]. To suppress molecular adsorption, organic solvents, 
such as methanol, acetonitrile, etc., are added to aqueous eluents.  

A typical molar mass sensitive detector is a multi angle laser light scattering (MALLS). This detector has 
the advantage of providing structural information in addition to the molar masses. However, to make full use of 
this advanced characterization method it is necessary to develop an interaction free SEC method, which relies on 
an optimum stationary phase (column material) and a matching eluent system. Analysis of CMC by SEC in 0,1  
NaNO3 solutions were complicated by the presence of low amounts of associates formed due to intermolecular 
interactions [15, 16]. Hoogendam [16] demonstrated that aggregates can be avoided by dissolving the Na-CMC in 
a first step in pure water and subsequently add NaNO3 to  a  final  concentration  of  0,1  M.  For  CMC we have  re-
ceived chromatograms from MALLS detection in SEC analysis with a bimodal distribution when NaNO3 with a 
concentration of 0,1 mol/l in water was used as eluent (Fig. 1a). The same result was obtained, when we used 
0,1 M NaN3 in water as eluent. However, when 0,1 M NaCl was used as eluent, the first peak in the chromatogram 
disappeared indicating that the formation of molecular aggregates is suppressed. Further investigations of cellulose 
derivatives were conducted by SEC using 0,1 M NaCl in water (Fig. 1b). The presence of microgels as a result of 
small but significant amounts of very high molecular weight CMC was revealed using a MALLS detector. While 
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the MALLS signal is very sensitive towards the very high molecular mass, the microgel was detected by the refrac-
tive index (RI) detector only as very small peak due to its less sensitivity than MALLS. The concentration of the 
sample effects the the SEC analysis in different ways. First, elution volume shifts with changes in sample concen-
tration. The shift in elution volume is large even at low concentrations (Fig. 2).  

Chromatograms were obtained with sample concentrations of 0,2, 0,8, 2, or 4 g/l respectively. The asym-
metric shape of the chromatogram of the sample can be explained as follows. The polymer solution is injected into 
a narrow zone of the chromatographic column. The zone smears as it migrates along the column together with the 
eluent flow. The polymer concentration at the center of the chromatogram is always higher than at its edges. 
Therefore, molecules located in the region of the leading edge of the zone unfold to a higher degree due to a de-
crease in the concentration and, consequently, move faster than molecules located at the center of the zone. Mole-
cules located at the trailing edge also unfold to a higher extent because of a decrease in the concentration and, 
therefore, catch up with slower molecules at the center of the chromatographic zone. This phenomenon occurs only 
if the PE effect is present, when the stationary phase (sorbent) is uncharged while the polymer is charged positively 
or negatively. If the polymer and sorbent surface have same charge polarity, the PE effect is superimposed with the 
ion exclusion effect, and both effects acting in the same direction. 

 

 

Fig. 1. Gel chromatograms of the modified Na-CMC having Mw=2,18 ·104 g/mol detected by  MALLS (1) and  
RI detector (2) in 0,1 M NaNO3 (a) and 0,1 M NaCl (b) 
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Fig. 2. Chromatograms of 
Na-CMC at various injected 
sample concentrations, g/l:  
1 – 0,2; 2 – 0,8; 3 – 2; 4 – 4.  
Eluent: Water 

 

Fig. 3. Chromatograms of arabinogalactan in water (a,b) and 0,01 M Phosphate  buffer (pH 7,4) with 0,14 M 
NaNO3 (c) 

In SEC of arabinogalactans in water, multimodal chromatograms were found: the first peak appears at the 
void volume of the column (fig. 3a). As stated in reference [17] this phenomenon can be related to the formation of 
aggregates due to inter/intramolecular interactions of the chain of AG or a partial ion-exclusion effect. These inter-
actions were suppressed by using 0,01 M Phosphate  buffer (pH 7,4) with 0,14 M NaNO3 as eluent (fig. 3b). The 
chromatograms in Fig. 3 (a) were received in the following polymer concentrations: 0,3; 0,75; 1,5; 3; 6 g/l and no 
concentration effect was observed in separation of AG in water. With decreasing concentrations of injected poly-
mer from 6 to 0,3 g/l retention volumes of samples remained constant. Shapes of chromatograms did not change 
with the concentration of the sample. 
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Conclusion 

Specific polymer-solvent interactions of polysaccharides like CMC and AG in aqueous  solution can lead to 
formation of aggregates and polyelectrolyte effects. Dual detection in SEC allows determining and evaluating the 
degree of aggregation. In SEC of CMC low amount of aggregates were detected in 0,1 M NaNO3, but to eliminate 
of aggregates and realize pure SEC separation mechanism using of 0,1 M NaCl as eluent can be recommended. In 
case of AG 0,01 M Phosphate buffer (pH 7,4) with 0,14 M NaNO3 allows to prevent of polymer-solvent interac-
tions and SEC analysis of molecular weight distribution of AG can be performed.  
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