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ABSTRACT 

Starting from the chitin obtained from the lobster carapace, chitosan was obtained. This polymer, due to its high biodegradability, 

biocompatibility and mucoadhesivity, has a wide use in the pharmaceutical and food industry. Currently, it has great importance in the 

development of biomaterials for the regeneration of bone and cartilaginous tissues. However, its applications are limited by the 

insolubility at pH greater than 6. To increase its solubility, different methodologies have been reported. The intensive methylation of the 

chitosan has been one of the methodologies that have been studied in the last years, generating the N,N,N-trimethylchitosan. This 

molecule has the characteristic of having permanent positive charges in the chain as a consequence of the quaternization of the amino 

groups present in the structure of chitosan. Previous studies showed the influence of the agitation rate and the reaction time on the 

methylation process of the chitosan, using as an alkylating agent the dimethyl sulfate. This allowed to establish a technological process 

to transform the chitosan. The aim of this work was to obtain N,N,N-trimethylchitosan chloride from chitosan obtained chitin from 

lobster carapace bench scale. Infrared spectroscopy, Energy dispersive X-ray spectrometry, Nuclear Magnetic Resonance and Intrinsic 

viscosity were used to characterize the product obtained. The results of the analysis by Infrared spectroscopy, Energy dispersive X-ray 

spectrometry and Nuclear Magnetic Resonance showed that the methylation process of the chitosan proposed in this work was effective 

to obtain the desired product. The degree of quaternization, degree of dimethylation and degree of acetylation were 49.2%, 57.5% and 

13.3%, respectively. While the value of the intrinsic viscosity [ɳ] of the sample was 78.5 cm3/g. The results corroborate the possibility of 

modifying chitosan by applying the methodology proposed in this work. 
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1. INTRODUCTION 

 Chitosan is a derivative of chitin, a natural polymer present 

in the exoskeleton of crustaceans such as crabs and lobsters. 

Hydrolysis in basic medium of chitin causes deacetylation with 

formation of chitosan. This polymer has a high biodegradability, 

biocompatibility and mucoadhesiveness, making it a raw material 

of interest for the pharmaceutical and food industry. Depending on 

the process of obtaining, the molecular mass of the polymer of 

chitosan can vary, as well as the degrees of deacetylation or free 

amino groups, which determine the quality and later use. 

However, despite the advantages presented by these biopolymers, 

their applications are affected by the insolubility of these 

components at a higher pH 6 [1-9]. 

 Chitosan is a polymer composed of monosaccharides 

linked by glycosidic bonds [10, 11], with three types of reactive 

functional groups. An amino or acetamido group and two 

hydroxyl groups in carbons C-2, C-3 and C-6, respectively. These 

characteristics determine their chemical and biological properties. 

The main reactions involve the primary amino group, a powerful 

nucleophile that can undergo N acylation, quaternization, 

reductive amination and Schiff reactions among others, allowing 

introducing different functional groups in the molecule and 

therefore modifying their properties [10-16].  

Various alternatives to increase the solubility of chitosan have 

been studied. One of the main routes studied has been the 

intensive methylation of the amino groups present in the molecule 

[6].   

 Britto et al, [17] established a methodology in which 

dimethyl sulfate is used as an alkylating agent, which is less toxic 

and less expensive than the other agents described in the literature. 

Furthermore, when evaluating the influence of temperature on the 

synthesis they confirm that the reaction yield decreases as the 

temperature increases. On the other hand, Rodriguez-Chanfrau et 

al, [18] recently published a study on the influence of the stirring 

rate and reaction time in the synthesis process described by Britto 

et al, [17]. A significant influence of the agitation rate was 

observed.  

 The aim of this work was to obtain N,N,N-

trimethylchitosan chloride from chitosan obtained chitin from 

lobster carapace bench scale. 

 

2. MATERIALS AND METHODS 

 Chitosan supplied by the Centro de Investigación y 

Desarrollo de Medicamentos (CIDEM, Habana, Cuba) was used.  

Synthesis Method. 

Chitosan trimethylation process was performed at bank scale (2 L) 

according to the methodology established by Rodriguez-Chanfrau 

et al, [18]. A glass reactor (stirred tank type) of 5 L capacity with 

a marine propeller agitator and gas extraction and heating system 

was used during the synthesis process. The stirring speed was 300 

rpm and the agitation time was 2 h.  

Characterization of the Sample.  

Determination of the yield, viscosity and solubility. The yield was 

determined by the following expression: 
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Where M is the mass in grams of TMQ and Mo is the mass in 

grams of chitosan. 

 Viscosity was determined according to the methodology 

described by de la Paz et al, [19]. A rotary viscometer (Visco 

STAR PLUS, Spain) was used using the L1 spindle, at a speed of 

200 rpm at 25°C. A 1% w/v TMQ solution was prepared in 

sodium chloride solution (0.2 mol / L). The determinations were 

made five times. 

Solubility was determined according to the methodology described 

by Jia et al, [20]. 0,4 g of TMQ sample was transferred to a test 

tube and 2,0 mL of deionized water was added slowly. It was 

observed if a total dissolution of the sample occurs. If not, 2.0 mL 

more are added slowly and so until the total dissolution. The 

solubility in water was expressed in g/mL. 

FTIR spectroscopy. FTIR spectra of the bacterial cellulose 

samples were measured on a FTIR - VERTEX 70/ BRUKER 

spectrometer (Germany). 64 cumulative scans were taken, with a 

resolution of 4 cm-1, in the frequency range of 4000 to 400 cm-1, in 

transmission mode.  

Energy dispersive X-ray spectrometry (EDS). The determination 

of the elemental chemical composition of the samples studied was 

made by means of scanning electron microscopy (FEG-MEV; 

JEOL 7500F) associated with electron dispersive spectroscopy 

(EDS) (Thermo Scientific Ultratry). The EDS counting time (Live 

time) was 100 s per analysis. 

Determination of the degree of quaternization (DQ), degree of 

methylation (DM) and degree of acetylation (DA). The 1H and 13C 

NMR spectra were acquired using a Bruker/Avance DPX-250F 

(Germany) device configured with a 5 mm QNP-250 probe. For 

this analysis, samples were dissolved in deuterated chloroform 

(CDCl3) at a concentration of 10 g/L at a temperature of 80 °C to 

ensure maximum resolution during the analysis. The parameters 

for the acquisition of the NMR spectra were obtained at a 

frequency of 250.13 MHz, with 32 sweeps, 8k of data acquisition, 

a spectral width of 1500 Hz, and a pulse of 7 μs (90°). The spectra 

were processed with the software MestReNova version 6.0.2-5475 

with a Fourier transform modulated by an exponential function 

(LB 0.3Hz). Chemical shifts were recorded on the δ scale (ppm). 

The signal of Trimethylsilane (TMS) was used as a reference. 

DQ, DM and DA applying the methodology described by Kotze et 

al, [21] were determined.  

Determination of intrinsic viscosity. Capillary viscometer type 

Ubbelhode No. 2121R (Bioblock scientific SP), equipped with a 

thermostatic bath controlled by a water recirculator (Haake, 

Germany) at 25 ° C was used. An M 5 measuring system with an 

NV std concentric cylinder sensor, in a speed gradient range 

between 0 and 500 s–1, at a temperature of 20 ± 0.1ºC was used. 

The samples were prepared using 0.1 mol / L sodium chloride as 

solvent, as reported by Britto et al, [17]. The initial concentration 

of the polymer was 9.95 g/L, with four dilutions prepared (7,88; 

6,30; 4,33 and 3,19 g/L). A solution of 4% TMQ in 0.1 mol / L 

sodium chloride solution was prepared, using 9 mL as the test 

portion. To determine the viscosimetric parameters, the decay time 

of each of the polymer dilutions (n = 5) was measured. The 

analysis was performed in triplicate. The intrinsic viscosity was 

determined using the Huggins equation. The average viscosity 

molecular weight was calculated [19, 22, 23]. 

3. RESULTS  

 A yield of 99.1% was obtained. While the viscosity was 

10.3 ± 0.0514 cps and the solubility of 0.0931 g/mL. These results 

were similar to those obtained in previous works and published by 

Rodriguez Chanfrau et al, [18]. 

 Figure 1 shows the FTIR spectrum of the samples of 

chitosan and TMQ. The spectrum corresponding to the chitosan 

sample (a) shows bands at 3371 cm-1 and 3292 cm-1 representative 

of the presence of NH and CH groups, respectively. The band that 

appears at 1649 cm-1 shows the presence of amino groups, while 

in the area between 1500 cm-1 and 1000 cm-1 there are bands that 

correspond to vibrations of pyranosic groups (1064 cm-1) and 

vibrations of C-O-C groups (1026 cm-1), all characteristics of 

chitosan. These results are similar to those reported by other 

authors for chitosan samples obtained from chitin from lobster 

carapace [2, 5]. 

 On the other hand, the spectrum corresponding to the 

sample of TMQ (b) shows bands at 3426 cm-1 (presence of OH 

groups), band at 1385 cm-1 corresponding to the C-H vibration of 

the methyl groups (not present in the spectrum of the starting 

chitosan) and a group of bands between 1150 cm-1 and 1000 cm-1 

which are assigned to vibrations (streching) C-C and C-O. The 

band due to the angular deformation of the N-H in amino groups 

assigned near 1577 cm-1 se reduce, being overlaid by the signal at 

1614 cm-1. A small band at 1271 cm-1 appears, corresponding to 

the presence of S-O groups [24], a small trace remaining from the 

product synthesis process. These results were similar to the results 

reported by Britto et al, [17]. 

 
Figure 1. FTIR spectrum of the samples of chitosan (a) and TMQ (b). 

 

SEM-EDS analysis showed the presence of chlorine in the 

samples, which corroborates the formation of TMQ during the 

synthesis process (Figure 2). It is also observed the presence of 

sodium and sulfur, both impurities that were left of the process. 

Similar results were reported by Campana-Filho et al, [25] 

confirming that the synthesis process occurred under the 

conditions studied. 
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Figure 2. Results of the SEM-EDS analysis. 

 

In the 1H-NMR spectrum (Figure 3), two signals that show the 

methylation process is observed. One signal with chemical 

displacement () = 3.53 ppm that integrates for 3H, was assigned 

to the methoxylate of position C3 (N(CH3)3). This signal is directly 

related to the ocurrence of quartenization, corresponding to the 

hydrogen of a methyl group bonded to quaternary nitrogen [17]. 

 
Figure 3. 

1H-NMR spectrum. 

 

 Another signal with chemical shift () = 3.14 ppm, 

assigned to methyl groups bound to nitrogen ((N(CH3)2) was 

observed. We also observe another group of signals between 3.8 < 

 < 4.0 that correspond to the rest of the protons present in the 

molecule. 

 The 13C-NMR spectrum showed two signals at 57.5 and 

49.1 ppm corresponding to methoxy and methyls, respectively 

(Figure 4). 

The degree of acetylation and the degree of substitution of 

the amino group (quaternization) are the most important 

characteristics of chitosan and its derivatives. Of all the techniques 

known for its determination, 1H NMR provides the most accurate 

results [13]. 

The DQ (%), DM (%) and DA (%) were determined from 

the 1H-NMR spectra. The results were 49.2%, 57.5% and 13.3%, 

respectively. The DQ value obtained is within the mean values 

reported by different authors [17, 18, 21, 26]. 

The DM value (%) shows that the quaternization process of 

the amino groups does not occur completely, so there is the 

presence of N, N-dimethylated sites in the final product. This 

corresponds to the results referenced by other authors in the 

literature [17, 18, 26-28]. 

 

 

 
Figure 4. 

13C-NMR spectrum. 

   

  

   

 This result shows that the quaternization did not occur at 

100%, which coincides with the results reported by other authors 

who have applied this synthesis variant [17, 18, 27].  

 This aspect is very controversial in the literature and 

several modifications were proposed such as making a greater 

number of successive alkylations in the multi-stage methods or 

increasing the reaction time in order to achieve a higher degree of 

alkylation. This last aspect, according to Torres [27], must be well 

studied because an increase in the reaction time by applying the 

Britto [17] methodology could increase the degree of 

trimethylation but at the cost of a parallel increase in 

methoxylation of the product. It is therefore undesirable to achieve 

a process of trimethylation in a shorter time is satisfactory. 

 On the other hand, Torres [27] in his work suggests that the 

control of methoxylation is an aspect that should be studied in 

greater depth, because it will not always be an undesired 

phenomenon. Previous work published by Rodriguez Chanfrau et 

al, [18] was shown that by increasing the speed of agitation in the 

synthesis process proposed by Britto et al, [17] an adequate 

trimetilation process was guaranteed, in a shorter time, obtaining a 

product with a low content of ortho methylation. 

 The values of DA (%) are considered low. This is an 

indication that the degree of conversion of chitin to chitosan by 

deacetylation was satisfactory [5]. 

 The degradation process that occurred during the reaction 

was evaluated by measuring the intrinsic viscosity (η), since (η) is 

directly related to the average molar mass [17, 29]. The intrinsic 

viscosity was calculated using the Mark-Houwink-Sakurada 

equation.  

 The value of the intrinsic viscosity [ɳ] of the sample was 

78.5 cm3/g. The average molecular weight of the viscosity of the 

sample calculated as Mv was approximately 33,546.8 g/mol. This 

results showed that the intrinsic viscosity [ɳ] of the chitosan 

sample ([ɳ] = 281.5 Paz et al, [5]) after the trimethylation process 

is reduced by approximately 50%. Britto et al, [17]. obtained 

similar results. These results demonstrate the degradation of the 

polymer during the quaternization reaction. 
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4. CONCLUSIONS 

 FTIR and NMR spectroscopy showed that the synthesis 

process used at bench scale transforms chitosan into TMQ. The 

values of degree of quaternization, degree of methylation and 

degree of acetylation are adequate, as well as the yield achieved. 

The result of the measurement of intrinsic viscosity confirms 

polymer degradation during the quaternization reaction. 

In conclusion, the results showed that the established synthesis 

procedure modifies the chitosan from chitin obtained from lobster 

carapace in N,N,N-trimethylchitosan chloride. 
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