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Abstract 
An interpolymer membrane based on Chitosan and sodium carboxymethyl-
cellulose was formed using the synthetic boundary method in an analytical 
ultracentrifuge. Membrane formation was monitored by the optical system, 
enabling quantitative evaluation of thickness, symmetry, and homogeneity. 
The effects of polymer concentration, pH, and molecular weight on membrane 
formation kinetics were investigated. 
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1. Introduction 

Recent studies on polyelectrolyte interpolymer complexes demonstrate rapid pro-
gress in this field, driven by the expanding range of complex-forming components, 
including polysaccharides and proteins, as well as growing interest in their appli-
cations in medicine, technology, and agriculture [1]-[5]. The most common ap-
proach to polyelectrolyte complex (PEC) formation involves mixing aqueous so-
lutions of oppositely charged polymers [6]. However, obtaining molecularly orga-
nized PECs requires advanced methods that enable control over key factors gov-
erning complete complexation. 

The synthetic boundary technique, first applied by Wandray [7] using an ana-
lytical ultracentrifuge. Regarding other methods of obtaining polymer films and 
their analysis the synthetic boundary method allows real-time monitoring of mem-
brane formation kinetics and quantitative characterization of membrane proper-
ties. This method has been successfully employed for several polysaccharide systems, 
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including sodium alginate, poly (L-lysine) hydrobromide, and Chitosan. Among 
such systems, the Na-carboxymethylcellulose—Chitosan pair has attracted con-
siderable attention as a biodegradable polyelectrolyte complex with promising ap-
plications in agriculture and medicine [8]. 

2. Materials and Methods 

Chitosan samples with degrees of deacetylation (DD) of 85% (Chitosan-1, viscos-
ity 400 mPa·s) and 82% (Chitosan-2, viscosity 200 mPa·s) were obtained and pu-
rified as described in [9]. Sodium carboxymethylcellulose (Na-CMC) was sup-
plied by CARBONAM LTD CO (Uzbekistan). Its purification procedure, degree 
of substitution, and molecular weight were determined according to [10]. 

Chitosans were labeled with the hydrophobic chromophore 9-anthraldehyde 
(Aldrich, F22502-1G). Labeling efficiency was monitored by UV spectroscopy and 
analytical ultracentrifugation following procedures described in [11] [12]. Each 
Chitosan sample was labeled at two substitution degrees (0.5% and 1%), and the 
incorporated label was quantified using absorption maxima at 240 and 340 nm [11]. 
The sensitivity of the UV optical system of the analytical ultracentrifuge to solution 
concentration, absorption wavelength, and rotor speed was established previously. 

The Na-CMC-Chitosan polyelectrolyte pair was selected due to the presence of 
well-dissociated anionic and cationic groups, respectively, and their significance 
as biodegradable biopolymers with promising applications. For the first time, Chi-
tosan derived from Bombyx mori mulberry silk and Na-CMC obtained from cot-
ton cellulose were used in the synthetic boundary method. Since interactions in 
this system are well documented and membranes have been previously obtained 
by conventional solution mixing [8], the synthetic boundary approach enables di-
rect comparison and provides additional kinetic and structural information dur-
ing membrane formation. 

All experiments were performed using an Optima XL-A/XL-I analytical ultra-
centrifuge (Beckman, Palo Alto, CA, USA) equipped with UV-visible and Rayleigh 
interference optical systems for real-time monitoring. 

The synthetic boundary method was applied using a double-sector cell. Prior to 
centrifugation, the higher-density Chitosan solution was placed in the lower sec-
tor, while the lower-density Na-CMC solution was placed in the upper sector. Upon 
rotor acceleration, layering occurred at the capillary interface, leading to membrane 
formation between the two solutions [13]. The process was monitored online by 
both optical systems. 

Analysis of peak shape, area, width, and symmetry during scanning enabled 
quantitative determination of membrane formation kinetics and evaluation of 
structural parameters, including membrane thickness (MT), homogeneity (MH), 
and symmetry (MS). 

3. Results and Discussion 

Interpolymer interactions between Chitosan and Na-CMC were investigated us-
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ing samples with the characteristics summarized in Table 1. Two Chitosan sam-
ples differing in molecular weight and degree of deacetylation, as well as Na-CMC, 
were selected to evaluate the influence of polymer properties on membrane for-
mation. 

 
Table 1. Some characteristics of the used samples of Chitosan and Na-CMC. 

Samples 
Lost mass during  
freeze drying, (%) 

Degree of  
deacetylation (%) 

Degree of  
substitution 

Molecular  
weight (g/mol) 

Chitosan-1 9.90 85 - 100,000 

Chitosan-2 - 82 - 50,000 

Na-CMC 7.20 - 0.68 120,000 

 
Membrane formation was monitored using the UV optical system of the ana-

lytical ultracentrifuge. For examples, representative UV scan profiles obtained un-
der some experimental conditions are shown in Figure 1 and Figure 2. 

 

 
Figure 1. AUC absorbance scans at 240 nm for chitosan layered with Na-CMC. Experiment (b) in 
Table 2. 3000 rpm, 25˚C, 100 scans, scan delay 5 min for the 24 first scans. 

 
The effects of polymer molecular weight, solution concentration, and pH on 

the interaction process were systematically studied by varying these parameters, 
as summarized in Table 2. 
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Figure 2. AUC absorbance scans at 240 nm for Chitosan layered with Na-CMC. Experiment (e) in 
Table 2. 3000 rpm, 25˚C, 100 scans, scan delay 2 min for the 25 first scans. 

 
Table 2. Composition of the interacting polymers solutions of each experiment selected for the discussion. 

Experiment 
Sample, molecular  

weight (g/mol) 
Concentration (%) 

Sample, molecular  
weight (g/mol) 

Concentration (%) pH 

a Chitosan-1 2.0 Na-CMC 1.0 4.5 

b Chitosan-1 2.5 Na-CMC 1.0 4.5 

c Chitosan-1 3.0 Na-CMC 1.0 4.5 

d Chitosan-2 2.0 Na-CMC 1.0 4.5 

e Chitosan-2 2.5 Na-CMC 1.0 4.5 

f Chitosan-2 3.0 Na-CMC 1.0 4.5 

g Chitosan-1 2.5 Na-CMC 1.0 3.6 

h Chitosan-1 2.5 Na-CMC 1.0 5.5 

 
Analysis of scan width evolution over time allowed assessment of membrane 

formation kinetics, while scan shape analysis provided quantitative evaluation of 
membrane thickness, homogeneity and symmetry following the approach de-
scribed in [13]. The appearance of a distinct peak under all investigated conditions 
confirms the formation of an interpolymer membrane due to electrostatic inter-
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actions between Сhitosan and Na-CMC. 
However, variations in peak geometry indicate that membrane structure strongly 

depends on experimental parameters. Differences in symmetry, compactness, and 
peak intensity reflect changes in polymer diffusion behavior and complexation 
efficiency. Under conditions of pH 4.5, chitosan concentration 2.0% (M = 100,000 
g/mol), and Na-CMC concentration 1.0% (M = 120,000 g/mol), Na-CMC diffuses 
more rapidly and forms a more compact structure, while Chitosan exhibits slower 
mobility. 

The presence of asymmetric Chitosan signals suggests incomplete incorpora-
tion of Chitosan into the membrane, leading to structural asymmetry and reduced 
membrane compactness. This conclusion is supported by the lower absorption 
intensity of the corresponding peaks. Overall, the results demonstrate that molec-
ular weight, concentration ratio, and pH play a decisive role in determining the 
kinetics and structural characteristics of Chitosan-Na-CMC interpolymer mem-
branes. 

When the pH was adjusted to 3.6 and 5.5, interaction between the polymer 
components was detected; however, no well-defined membrane was formed. This 
behavior can be attributed to increased solubility of the components under these 
conditions, leading to unfavorable macromolecular conformations that hinder ef-
fective complexation. 

Quantitative analysis of the UV scan images was performed to evaluate mem-
brane formation kinetics and structural characteristics of the resulting mem-
branes. The corresponding kinetic parameters and structural metrics are summa-
rized in Table 3. 

Figure 3 illustrates the kinetics of membrane growth as a function of the con-
centration of the interacting components and reflects the rate of membrane for-
mation. An increase in Chitosan concentration leads to a corresponding increase 
in membrane growth rate and final thickness. The most pronounced acceleration 
of membrane formation is observed at a Na-CMC/Chitosan concentration ratio 
of 1%/2.5%, compared with other compositions. At lower Chitosan concentra-
tions, less dense initial networks are likely formed, facilitating diffusion and sub-
sequent incorporation of additional Chitosan macromolecules into the growing 
membrane. Membrane thickness increases continuously, reaching an apparent 
plateau after approximately 60 minutes at a Chitosan concentration of 2.0%. 

The steep initial slope of the growth curves at Chitosan concentrations of 2.0 
and 2.5% within the first 20 - 30 minutes indicates spontaneous membrane for-
mation, which can be attributed to rapid chain contact and diffusion of both Chi-
tosan and Na-CMC at the early stage of the process. 

To evaluate the efficiency of the synthetic boundary method, membranes ob-
tained by this approach were compared with those formed by conventional solu-
tion layering using optical microscopy. Membranes produced by the synthetic 
boundary method exhibited noticeably higher surface homogeneity than those 
obtained by the conventional method. 
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Figure 3. Membrane growth as a function of time at various concentration of Chitosan: 
2.0% (solid line), 2.5% (dashed line), 3.0% (dotted line). 

 
Table 3. Parameters of the formed membrane between Chitosan and Na-CMC in AUC: 
membrane thickness (MT), membrane homogeneity (MH), membrane symmetry (MS). 

Concentration of 
Chitosan, % 

pH MT, µm MH MS 

Chitosan-1/Na-CMC 

2.0 4.5 470 0.66 0.64 

2.5 4.5 565 0.87 0.80 

3.0 4.5 655 0.73 0.60 

Chitosan-2/Na-CMC 

2.0 4.5 525 0.67 0.55 

2.5 4.5 630 0.70 0.35 

3.0 4.5 650 0.76 0.74 

 
Quantitative analysis shows (Table 3) that the highest membrane homogeneity, 

symmetry, and thickness were achieved using Chitosan with a molecular weight 
of 100,000 g/mol at a concentration of 2.5%, combined with 1.0% Na-CMC at pH 
4.5.  

4. Conclusion 

The results clearly demonstrate that polymer concentration, pH, and molecular 
weight critically influence the formation of Chitosan-Na-CMC polyelectrolyte 
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complex membranes at a well-defined planar interface generated in an analytical 
ultracentrifuge. The synthetic boundary method provides valuable kinetic and 
structural information on membrane formation, including thickness, homogene-
ity, and symmetry. This approach represents an effective tool for comparative anal-
ysis of membrane formation in different polyelectrolyte systems and enables the 
establishment of quantitative relationships between polymer properties, experi-
mental conditions, and membrane characteristics, supporting the rational design 
of membranes for specific applications. 
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