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 The following properties of carboxymethylcellulose have been studied: bulk density, 

viscosity, ratio of insoluble residues, content of micro voids, specific volume, specific 

surface area, and characteristical diameter. Using photomicrography, dynamics of 

structural changes in course of interaction with the solvent has been assessed. 

According to the results of spectrophotometric profile analysis, mass fraction of 
chemical elements (oxygen, nitrogen, carbon, sodium, chlorine) was estimated. 
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INTRODUCTION 

 

 Among currently known analogues of pharmaceutical gelatin, anionic polysaccharides are widely used of 

both natural (pectin, carageenan, starch) and synthetic (oxidized starch) origin. [1] Alginates, cellulose 

derivatives, carboxymethylcellulose (CMC), and various gums are widely used abroad. [2] 

 One of classical vegetative gelatin analogues is starch that has been widely used in food industry for a long 

time [3, 4]. Pectins of various types may be regarded as most promising vegetative analogs of gelatin. They are 

currently used in food and pharmaceutical industries. Pectins are capable of forming gel systems characterized 

by a specific set of physicochemical properties. Moreover, it was found that pectin has a favorable effect on 

human organism, and pectin manufacturing resources are virtually unlimited [5, 6]. 

 

Methods: 

 Object of study was vegetative analogue to pharmaceutical gelatin: carboxymethylcellulose CMC Akutsel 

3265. 

 Composition and properties of vegetative analogue to pharmaceutical gelatin were studied for obtaining soft 

capsules. The following properties have been studied: bulk density, viscosity, ratio of insoluble residues, content 

of micro voids, specific volume, specific surface area, and characteristical diameter. Using photomicrography, 

dynamics of structural changes in course of interaction with the solvent has been assessed. According to the 

results of spectrophotometric profile analysis, mass fraction of chemical elements (oxygen, nitrogen, carbon, 

sodium, chlorine) was estimated. 

 In order to investigate the composition of vegetative analogs of pharmaceutical gelatin, the analyzing 

station JEOL JED-2300 was used for electron probe microanalysis on order to obtain spectrometric profiles that 

make it possible to determine the chemical composition of vegetative analogs for pharmaceutical gelatin [8, 9]. 

 Ability to form GDS (foaming capacity) was determined using method of P.A. Rebinder (foam expansion 

method) and shown in percent [6]. 

 GDS Stability for certain duration of time was calculated as the ratio of initial to final GDS height 

expressed in percent [6]. 

 GDS dispersity, size and quantity of air bubbles were defined by means of photomicrography with 

preliminary freezing samples in liquid nitrogen. Results were processed according to the procedures described in 

[6]. 
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Main part: 

 Fig. 1 shows photomicrograph of CMC Akutsel 3265 at magnifications x100, x200 and x500. 

 

  
a      b 

 
c 

 

Fig. 1: Microstructure of CMC Akutsel 3265 at magnification: - x100; b - x200; c - x500. 

 

 From obtained photomicrographs shown in Fig. 1 it can be seen that CMC Akutsel 3265 structure consists 

of disperse elements presented in the form of elongated fibers with uneven surface about of 20-30 µm in 

diameter. CMC Akutsel 3265 has low bulk density of 450 g/dm3. 

 The maximum viscosity of CMC equiconcentrated solutions is observed at pH between 6 and 8 (Fig. 2).  

 
Fig. 2: Dependence of CMC equipotential solutions' viscosity on pH value. 

 

 Most likely, in this pH range macromolecules are straightened by electrostatic repulsion of ionized carboxyl 

groups. At low pH values, ionization of carboxyl groups in an acid form is suppressed, and at high pH values 

repulsive forces are reduced due to large number of sodium ions [10]. From this it follows that in case of 

extreme pH levels, macromolecule of carboxymethylcellulose is coiled, and an optimal pH levels range between 

6 and 9, it is straightened (fig. 3). 
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a       b 

Fig. 3: CMC macromolecule in coiled (a) and straightened (b) form at x5000 magnification. 

 

 Solubility and process properties of CMC are influenced by chain length, fractional substitutionality and 

neutralization [11]. So, if1% of CMC is present in an aqueous solution, its viscosity changes from 20 to 3500 

Pa·s. CMC shows good solubility in water and alkalis, it is slightly soluble in glycerin and acids and practically 

insoluble in organic solvents (Figure 4). CMC solubility can be improved by using more active solvents, one of 

which is diluted solution of sodium hydroxide that makes it possible to increase the degree of substitution up to 

values close to 1.2. 

 
 

Fig. 4: Dependence of undissolved residue CMC on duration of treatment: 1 - in organic solvents; 2 - in acids; 3 

- glycerin; 4 - in water; 5 - in alkali. 

 

 Fig. 5 shows the spectrometric profile of CMC Akutsel 3265 composition. The obtained profile contains 

three distinguished peaks that correspond to carbon, oxygen and nitrogen, and two flat sections that correspond 

to nitrogen and chlorine. Table 4.1.1 shows component composition of CMC Akutsel 3265. 

 

 
Fig. 5: Spectrometric profile of CMC Akutsel 3265 composition. 
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 These results show that oxygen is prevailing in CMC Akutsel 3265 (42.78%). Chlorine is characterized by 

the least content (0.07%).  

 
Table 1: Component composition of CMC Akutsel 3265. 

Element Relative weight ,% 

Carbon 31.15±0.93 

Nitrogen 21.90±0.65 

Oxygen 42.78±1.28 

Sodium 4.01±0.12 

Chlorine 0.07±0.002 

 

 In order to determine micro voids in CMC Akutsel 3265, photomicrograph was used that is shown in Fig. 1 

(a). In this case it became necessary to filter elements present in the background by increasing contrast and by 

correcting mask manually. Results of micro voids detection in CMC Akutsel 3265 are shown in Fig. 6. 

 

   
a      b 

Fig. 6: Results of detecting micro-voids in CMC Akutsel 3265: a -photomicrograph at magnification x100; b - 

mask of photomicrographs shown in Fig. (a). 

 

 By results of the histogram, the desired content of micro voids in CMC Akutsel 3265 was 51.24±2.2 %. 

 

Conclusions: 

 Thus, micro-structure of CMC Akutsel 3265 is characterized by low bulk density of 450 g/dm3, elements of 

which are shown as elongated fibers 20-30 µm in diameter. Chemical composition of CMC Akutsel 3265 

includes elements such as carbon, nitrogen, oxygen, sodium, and chlorine. Micro voids content in the studied 

structure stabilizer was 51.24±2.2%. 
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