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Abstract 

This report summarizes the second year of activities performed at the Institute of Applied Radiation Chemistry 
(IARC) within the framework of the CRP project. It consists of two parts. Part I is a brief account of the 
activities related to design, tests, sample procurement and characterization and formulation of “Protocol for 
determination of intrinsic viscosity of chitosan” designed to be the basis of the interlaboratory study on 
viscometric determination of chitosan molecular weight as well as on radiation degradation of chitosan in 
controlled conditions. Part II contains the text of the Protocol, and is given in the Annex.  
 
PART I.  
 
ACTIVITIES RELATED TO DESIGN, TESTS, SAMPLE PROCUREMENT AND 
CHARACTERIZATION AND FORMULATION OF “PROTOCOL FOR DETERMINATION OF 
INTRINSIC VISCOSITY OF CHITOSAN” 
 
1. INTRODUCTION 
 
Any chemically distinct kind of a polysaccharide, such as chitosan, starch, cellulose, etc, may occur in 
a form of chains of various length, or various molecular weight, depending on the origin, processing 
and storage conditions. It has been demonstrated in numerous studies, that many properties of 
polysaccharides and in particular their suitability for particular applications do depend on the average 
molecular weight. Therefore this parameter is one of the most important characteristics of any 
polysaccharide material. Ability to determine average molecular weight is also of paramount 
importance when elaborating, testing and applying modification techniques, as the radiation technique, 
aimed at changing the average molecular weight of a polysaccharide to adjust it to the range required 
for a particular application. 
Precise determination of molecular weight of any polymer is a complex task; it becomes even 
more complex for biomolecules being at the same time charged macromolecules 
(polyelectrolytes), as chitosan. Well equipped research laboratories use sophisticated 
techniques and costly equipment to reach that goal; often not only an average molecular 
weight but molecular weight distributions are determined. Such studies require the use of 
multi-angle laser light scattering, gel permeation chromatography (preferentially with triple 
detector systems), asymmetric flow field fractionation or matrix-assisted laser 
desorption/ionization techniques. In routine work on polysaccharides or in research not aimed 
specifically at detailed molecular weight analysis but on, e.g., effects of radiation on 
polysaccharides, such methods are not always necessary; moreover, for many labs they are 
not affordable. A reasonable solution in such cases is to use the popular and less costly 
viscometry.  
While in general viscometric determination of molecular weight is a routine technique (when 
care is taken to follow the general rules and conditions regarding capillary selection, 
temperature stability, etc.), a number of issues has to be taken into account when using this 
method for measurements of molecular weights of charged biomolecules as chitosan. As 
typical one-component solvents as pure water are not suitable, multi-component solvents must 
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be applied. The optimum choice of the components and their fractions in the mixture is not 
straightforward, which results in several tens of solvents for chitosan listed in the literature. 
For each solvent intended to be used for molecular weight determination, a set of Mark-
Houwink parameters is needed. Literature values of the latter are determined by various 
methods and with various accuracies. Moreover, since chitosan is a copolymer of 
glucosamine and N-acetylglucosamine units, varying the proportions between them (i.e., 
varying the deacetylation degree, DD) results in changing physicochemical properties, 
including solubility and solution behaviour, as well as the values of Mark-Houwink 
parameters. This may lead to confusion or at least lack of confidence on whether the results 
reported by various labs, obtained using various solvents, different sets of Mark-Houwink 
parameters, samples of various DA, are really comparable. 
In order to harmonize the efforts being currently undertaken at many research and industrial 
labs worldwide to broaden our understanding of radiation effects on chitosan and to apply 
radiation treatment for controlled modification of this polysaccharide, where determination of 
molecular weight and its changes is very important, the partners co-operating within the 
current CRP set to perform an interlaboratory study on that issue. 
 

2. THE IDEA OF INTERLABORATORY STUDY 

 
The interlaboratory study was intended to be performed by each laboratory participating in 
the CRP which agreed to take part. The idea was to let all these labs to perform viscosity 
measurements on identical chitosan samples using the same solvents and conditions, 
according to a uniform protocol. The latter included also procedure for data handling and 
analysis. Furthermore, the labs were supposed to irradiate samples of identical chitosan under 
prescribed conditions, and analyze the resulting intrinsic viscosities and molecular weights.  
The main aim of this study is to check if analyses performed on identical samples and 
according to standardized protocol lead to consistent results, first of all in the terms of 
viscometry results, but also molecular weight vs. dose dependence. A positive outcome would 
increase confidence of the participating labs in the field of chitosan analysis and encourage 
the laboratories to exchange results and undertake common research. The results would also 
help to indentify sources of discrepancies, if any, and suggest appropriate corrective 
measures. Results will also help participating laboratories in performing other research tasks 
planned in the framework of their participation in the CRP. 
The idea of interlaboratory study as well as the procedure was elaborated in co-operation with 
prof. Saphwan Al-Assaf (Phillips Hydrocolloids Centre, Glyndwr University, UK) 
 

3. CHOICE OF CHITOSAN 

 
Chitosans available both as chemicals and as bulk-quantity raw materials vary in origin, purity, degree 
of deacetylation (DD) and molecular weight characteristics. Impurities typically involve proteins and 
insoluble solids. For obvious reasons, high-purity samples were required for the planned tests. 
Chitosan of high DD is typically used in most applications, mainly due to its high solubility and high 
content of ionizable free amine groups. Also most literature data, including information on solvent 
choice, Mark-Houwink constants etc. refers to high-DD samples. It was concluded that a value in the 
range 85 – 95 % would be suitable for the tests. Most chitosans are obtained by alkaline deacetylation 
of chitin, a process that involves also hydrolysis leading to a decrease in molecular weight. The typical 
values for the product, being the most common kind of chitosan on the market, are between 200 kDa 
and 600 kDa. While samples of other molecular weight are also available, it was considered that a 
sample of molecular weight being in the typical, above mentioned range would suit our purpose best, 
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being most common, allowing for precise molecular weight determination by viscometry, and 
providing the possibility to determine this parameter even after degradation caused by irradiation. 
We have approached the Heppe Medical Chitosan GmbH company (Halle, Germany) and asked for 
supplying us with chitosan sample of size, quality and characteristics suitable for the Project. The 
company agreed to provide such sample free of charge and expressed general interest in the Project. 
Characteristics of the provided sample, according to the certification of analysis provided by the 
Heppe company, is the following. 
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Sample was thoroughly mixed, and divided into portions for delivery to participating labs. Each 
portion (ca. 20 g) was sealed in two layers of PE foil and expedited via courier mail with a copy of 
certification of analysis, safety sheet and the protocol. Some labs which indicated also other type of 
measurements (GPC+FFF, LSI), were sent larger samples (ca. 50 g each). 

 

4. CHOICE OF SOLVENT 

 
It was decided to ask the participating laboratories to use two solvents for viscometric analyses on 
chitosan. The first solvent was selected using two basic criteria: literature indications to be probably 
the best (most recommended) typical solvent for determining physicochemical properties of chitosan 
and availability of Mark-Houwink constants for chitosan in the selected solvent, related to the value of 
deacetylation degree. After careful consideration and analysis of numerous recent publications, the 
first solvent was selected as 0.2 M acetic acid / 0.15 M ammonium acetate at 25.0 ºC. The Mark-
Houwink parameters for chitosan of DD = 91.8 % have been reported as K = 9.66 × 10-5 dm3 / g, α = 
0.742 . 
The solvent described above is a typical three-component solvent for chitosan. Water is the main 
dissolving medium, acid provides protonation of the amine groups of chitosan and thus allows for 
molecular dissolution of the polysaccharide and salt partly screens the strong electrostatic repulsive 
interactions between chain segments, allowing the chains to attain coiled conformation, desirable for 
most methods of chitosan characterization. However, preparation of three-component solvent is time 
consuming and the accuracy of concentration setting for each component is limited thus leading to 
accumulation of errors. It should be mentioned as well that even more complex four-component 
solvents have been tested as well. A new alternative is to use a simpler, two-component system, which 
can be actually purchased as ready solution from the major vendors of lab chemicals. Such systems, 
being tested in our lab, consist of water and strong acid. Concentration of the latter, definitely higher 
than stoichiometric for typical chitosan concentrations used in analysis (being in the range of 10 mM), 
serves two purposes: to fully protonate the amine groups of chitosan while the excess of acid over the 
stoichiometric concentration provides similar effect as salt in three component solvents – partial 
screening of charges on the chain and, in consequence, a coil-like conformation of macromolecules. 
Careful study of this issue allowed to propose 0.1 M HCl at 30.0 ºC. The Mark-Houwink parameters 
for chitosan in this newly proposed solvent are not yet known, and therefore the results obtained in the 
second solvent cannot be directly re-calculated into average molecular weights. Parallel study in two 
solvents on non-irradiated and radiation-degraded samples shall allow us to determine the Mark-
Houwink parameters in the novel solvent.  
 

*     *     * 

 
Chitosan samples intended for the harmonization tests have been sent to 14 participants. Up to the 
time of the RCM held in Reims, 9 of these labs have sent their data. Seven partners performed their 
experiments in both recommended solvents, while other two limited the scope of measurements to the 
acetate solvent. In all cases but one the partners declared that they had adhered strictly to the provided 
protocol (albeit minor deviations could be noticed, mainly in the data recording and presentation); in 
one case a different type of viscometer (based on different measurement principle) was used, and this 
was most probably the cause of marked deviation, especially for the irradiated samples, therefore these 
data haven’t been taken into consideration. Preliminary results based on reports from 8 labs for the 
acetate solvent, in terms of intrinsic viscosity and viscosity-average molecular weight, are shown in 
Figs. 1 and 2, respectively. Standard deviation of the data obtained in individual labs amounts to 7.0 % 
of the mean value, which is considered as fully acceptable, taking into account complexity of the 
material and composite nature of the solvent.  
Figs. 3 and 4 illustrate the viscosity and molecular weight data obtained for samples which have been 
degraded by various doses of ionizing radiation. These data can be re-calculated into the radiation-
chemical yields of chain scission, Gs. Values of the latter parameter obtained basing on the data from 
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the participating labs are shown in Fig. 5. Here the standard deviation is 16.6 % of the mean, i.e., 
somewhat higher than in the results for non-irradiated sample (as have been expected because of 
additional uncertainties resulting from irradiation and dosimetric procedures must be considered), but 
still the agreement is satisfactory.  
Since further sets of data are being expected to be sent by other laboratories, the above-presented 
analysis should be considered as preliminary. The final results, analysis, outcomes and conclusions 
will be included in the next report. 
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FIG. 1. Intrinsic viscosities of the non-irradiated chitosan sample in the acetate solvent as determined at eight of the 
participating laboratories.  
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FIG. 2. Viscosity-average molecular weight of the non-irradiated chitosan sample as determined at eight of the 
participating laboratories. 
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FIG. 3. Intrinsic viscosities of chitosan sample in acetate solvent as a function of irradiation dose, determined at eight of the 
participating laboratories.  
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FIG. 4. Viscosity-average molecular weight of chitosan sample in acetate solvent as a function of irradiation dose, 
determined at eight of the participating laboratories. 
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FIG. 5. Values of the radiation-chemical yields of chain scission, calculated on the basis of data determined at eight of the 
participating laboratories.  
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