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Hydroxyethyl methylcellulose (HEMC) is widely used in the pharmaceutical, food and construction industries to impart 

desirable qualities, such as rheology, thixotropy, anti-sedimentation and water retention, to water-dispersible systems. 

The main application area of the mentioned cellulose ether is in the creation of different construction compositions, in 

particular, dry mixtures. We studied the hydrolysis of three samples of HEMC, with different degrees of 

polymerization, under the action of aqueous solutions of perchloric acid (HClO4) at a concentration of 1%, 2%, 3% and 

4% and temperature of 80, 90, 100 and 110 °C in a microwave reactor. The completeness of hydrolysis was estimated 

by the disappearance of the acetal carbon atom signal in the 
13

C NMR spectrum. It has been shown that the increase in 

temperature affects less, while the concentration of the acid has the greatest influence on the rate of hydrolysis, and the 

reaction time is even shorter. Using comparative analysis of the completeness of hydrolysis of various HEMC samples, 

it was possible to assess the degrees of polymerization of the cellulose ethers qualitatively. The structure of the 

hydrolysis products was studied by 
13

C NMR spectroscopy, as a result, the substitution parameters at the 2, 3 and 6 

positions (DS
C-2

, DS
C-3

 and DS
C-6

) and the number of methyl (DS
Me

) and hydroxyethyl groups (DS
HE

) were determined, 

and the total degree of substitution (DStotal) was calculated. Thus, the optimum conditions for the hydrolysis of 

hydroxyethyl methylcellulose were selected and defined by the polymer structure, including both distribution of 

substituents at different positions and the number of each type of substituents in the anhydroglucose unit. 

 

Keywords: hydrolysis, NMR spectra, cellulose, hydroxyethyl methylcellulose, perchloric acid, degree of substitution, 

substituent distribution, integral intensity 

 

INTRODUCTION 

Nowadays, mixed cellulose ethers are widely 

used in various branches of industry.1-3 One of the 

most significant and widely used representatives 

of this group of chemical substances is 

hydroxyethyl methylcellulose (HEMC). For 

example, HEMC is applied for the production of 

ceramic tile adhesive mortars,
4
 Portland cement

5
 

and dry plaster mixture formulas.6 The usage of 

HEMC in water-disperse systems greatly 

increases their viscosity and, as a result, improves 

the stability and homogeneity of the produced 

consistence.7 Also, polymers based on cellulose 

ethers are used in the development of amorphous 

solid pharmaceutical dispersions.8 

 

 

The ability of HEMC to increase the viscosity 

of water-disperse systems is the result of the 

presence of methyl and hydroxyethyl radicals at 

certain positions of the glucopyranose cycle.
9
 

Cellulose etherification leads to the destruction of 

intermolecular hydrogen bonds between cellulose 

chains and gives the cellulose ether the ability to 

dissolve in water. 

Manufacturers of HEMC and other cellulose 

ethers typically offer products with different 

substitution parameters, properties and purity. For 

this reason, the main consumers of this product 

are interested in creating high-performance 

methods for determining the structural 

characteristics of HEMC, the most important of 
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which are the degree of substitution (DS) and 

molar substitution (MS).10 Structural fragments of 

HEMC molecules are shown in Figure 1. 

In accordance with the parameters of cellulose 

etherification by the treatment with ethylene 

oxide and methyl chloride under alkaline 

conditions, hydroxyethyl methylcellulose is 

produced with different distribution of 

substituents in the anhydroglucose unit. A scheme 

for the synthesis of hydroxyethyl methylcellulose 

is shown in Figure 2. 

At present, various analytical methods are 

used to determine the substitution characteristics 

of cellulose ethers.10 Most often, chromatographic 

methods are used to determine their structural 

characteristics. Since the distribution and number 

of the substituents have a great impact on the 

properties of cellulose ethers, the determination of 

substitution parameters is one of the most 

important tasks in the chemistry of cellulose 

derivatives. 

The structure of cellulose ethers, including 

HEMC, is described by the degree of substitution 

(DS) and the molar substitution (MS). Each 

anhydroglucose unit in the cellulose chain has 

three hydroxyl groups available for modification. 

Thus, if all three available positions of each unit 

are substituted, the DS is designated as 3; if, on 

the average, two positions of each ring reacted, 

the DS is 2. The term DS is reserved for 

substituents that block the reactive hydroxyl 

groups (methoxyl groups). The substitution is 

described by the MS, i.e. the number of moles of 

hydroxyethoxyl group per mole of 

anhydroglucose unit in the chain.
10

 

The easiest way to determine molar 

substitution (MS) is the Zeisel method. This 

method allows the quantitative determination of 

the number of alkyl groups connected to the 

oxygen atom of an ether or ester by heating the 

mixture of the substrate with hydroiodic acid (HI) 

and trapping the evolving alkyl iodide with silver 

nitrate.
11

 The original Zeisel determination has 

been modified, and after treatment of cellulose 

ether by hydroiodic acid, the amount of produced 

alkyl iodide was measured with the help of gas-

liquid
12-13

 or high-performance liquid 

chromatography.14 The determination of 

substitution parameters in methyl 

hydroxypropylcellulose is carried out through 

GLC-MS (gas-liquid chromatography-mass 

spectrometry) analysis of the products generated 

after chemical processing of the cellulose ether, 

including deuteromethylation, partial 

depolymerization and reductive amination with p-

aminobenzoic acid.
15 

 

 
Figure 1: A fragment of the structure of hydroxyethyl methylcellulose (HEMC) 

 

 
Figure 2: Scheme for the production of hydroxyethyl methylcellulose 
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The structure of hydroxyethyl methylcellulose 

was investigated in the following way: the level 

of substitution by methyl radicals was determined 

after hydrolysis, reduction and acetalization via 

GLC-MS analysis; the level of substitution by 

hydroxyethyl radicals – after 

perdeuteromethylation, partial acid hydrolysis 

reductive amination with propylamine and 

subsequent permethylation with generation of 

completely O-alkylated and N-alkylated 

derivatives was determined by laser desorptive 

ionization mass spectrometry.
16

 Thus, all 

chromatographic and mass-spectrometric methods 

require preliminary chemical processing, often 

including several stages and also the use of a 

standard substance. 

In recent years, NMR spectroscopy has been 

widely used for research on the structure of 

cellulose ethers. The investigation of methyl-, 

hydroxypropyl- and methyl 

hydroxypropylcellulose was conducted by 13C 

NMR spectroscopy of their aqueous solution.
17

 

Ethyl hydroxyethylcellulose was investigated by 
13C NMR spectroscopy in solution and in a solid 

state.
18

 The structure of methylcellulose was 

studied by solid state NMR 13C to establish the 

value of DS (degree of substitution).19 In a 

number of papers discussing the determination of 

substitution parameters, 1H and 13C NMR 

spectroscopy of the hydrolysis products of 

cellulose ethers was used: by 
13

C NMR 

spectroscopy, partially depolymerized samples of 

hydroxyethyl-, hydroxypropyl and hydroxyethyl 

methylcelluloses were investigated,
20

 acid 

hydrolysis of hydroxyethyl methylcellulose under 

the action of sulfuric acid being used,21 and in the 

readings – enzymatic hydrolysis of hydroxyl ethyl 

cellulose was analyzed.
22

 On the whole, it is 

possible to claim that for the analysis of the 

structure of cellulose ethers, 
13

C NMR 

spectroscopy of both polymers and the products 

of their hydrolysis has been actively used in 

recent years. Especially often, it happens in the 

cases when highly viscous solutions are produced 

during the dissolution of cellulose ether. 

Recording the NMR spectra for these samples is 

difficult because of the significant increase in the 

spin-lattice relaxation time and the decrease in the 

resonance signal. On the basis of 
13

C NMR 

(CPMAS) results, a relatively easy non-

destructive method for determining the 

substitution parameters for cellulose ethers of 

different structure is considered.
23

 However, this 

method does not allow determining the 

distribution of substituents according to the 

different positions of the glucopyranose unit. This 

article provides data on the determination of the 

substitution characteristics for different 

commercial samples of hydroxyethyl 

methylcellulose (HEMC) with different physical 

properties, namely, with various viscosity of 

aqueous solutions. It is worth mentioning that, in 

spite of a large number of papers concerning the 

determination of the substitution parameters for 

different cellulose ethers, the analysis of methyl 

hydroxyethylcellulose is considered insufficient. 

In this paper, the content of substituents in 

several samples of HEMC was determined by 13C 

NMR spectroscopy of the products after acid-

catalyzed hydrolysis of the polymer under the 

action of perchloric acid (HClO4). The obtained 

results were compared with the data stated from 

the manufacturer of HEMC, which indicated high 

accuracy of the method. 

Previously,20,21 we showed that accurate 

information on the assignment of substituents in 

the anhydroglucose unit of the hydroxyethyl 

methylcellulose can be obtained on the basis of 
13

C NMR spectra of the products after acid-

catalyzed hydrolysis. In these studies, a 35% 

solution of H2SO4 was used for hydrolysis, which 

caused several difficulties, viz. requirement of 

acid neutralization after hydrolysis and formation 

of furfural derivatives as by-products. Therefore, 

the aim of the present study has been the 

modification of the method to find milder 

hydrolysis conditions, namely, a decrease in the 

concentration of the acid, with the simplification 

of its subsequent removal, and lower reaction 

temperature. In this work, we propose to use a 4% 

solution of HClO4 in water and a microwave 

reactor for the hydrolysis of cellulose ethers, 

which can significantly accelerate and simplify 

the process of hydrolytic cleavage of cellulose 

ether. 

 

EXPERIMENTAL 
Materials and research methods 

For the study, three samples of hydroxyethyl 

methylcellulose solutions, with different viscosity, 

were selected. The list of investigated samples and 

their common characteristics is shown in Table 1. All 

the initial samples were in the form of finely divided 

polymeric white powder. 

The 
13

C NMR spectra of HEMC I–III hydrolysates 

and model compounds were recorded on a JEOL JNM-

ECX400 spectrometer (9.39 T, 100.5 MHz) for 

solutions in D2O/H2O (50-60 mg in 0.7 mL of D2O and 

H2O in a ratio of 9:1), at a frequency of 100.5 MHz, 
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using a standard pulse sequence with an increase in the 

relaxation time (T1) to 5 seconds, without using the 

nuclear Overhauser effect (NOE), at 40 °C. These 

conditions for recording the NMR spectra were 

selected in accordance with a series of experiments, 

with different pulse durations, in order to obtain the 

same signal intensity of different types of carbon 

atoms in standard samples of D-glucose, methyl-β-D-

glucopyranoside and cellobiose. The signals of sodium 

salt of 4,4-dimethyl-4-silapentane-1-sulfonic acid were 

used as reference in the spectra. 

The spectra were processed using the ACD/NMR 

Processor Academic Edition program, Ver. 12.01. 

 

Hydrolysis of cellulose ethers 

Hydrolysis of hydroxyethyl methylcellulose 

samples I–III was performed by the following 

procedure: 0.20 g of cellulose ether was dissolved in 

10 mL of HClO4 solution at a concentration from 1% 

to 4%, and was heated in a microwave reactor 

(Monowave 300, Anton Paar) at 80, 90, 100, 110 °C 

for 60 or 90 minutes. After completion of the process, 

the reaction mixture was neutralized with KOH. The 

resulting solution was evaporated on a rotary 

evaporator to half of the initial volume, and 

precipitated KClO4 was filtered off. The mother liquor 

was evaporated to dryness in vacuo. 

The resulting residue was dissolved in 1 mL of 

D2O, centrifuged, and analyzed by 
13

C NMR 

spectroscopy. A control experiment of D-glucose 

heating with 4% solution of HClO4 at 110 °C showed 

that glucose does not undergo any chemical reactions 

under these conditions. 

 

RESULTS AND DISCUSSION 

The correction factors (α) for the intensity of 

the signals of different carbon atom types were 

calculated (Table 2) on the basis of the 13C NMR 

spectra of D-glucose and methyl-β-D-

glucopyranoside as standard samples.
25,26

 

The optimum conditions of hydrolysis were 

found according to the analysis of 13C NMR 

spectra of the HEMC I–III hydrolysates obtained 

at different reaction time, temperature and 

concentration of HClO4 solution. As an example, 

Figure 3 shows the 
13

C NMR spectra of the 

hydrolyzed HEMC II samples obtained at 

different acid concentrations.  

As can be seen from the spectra shown in 

Figure 3, at the same duration of hydrolysis and 

temperature, an increase of the acid concentration 

leads to the disappearance of the signal in the 

field ~102.6 ppm, corresponding to an acetal atom 

at C-1. Simultaneously, the intensity increases in 

the case of the signals at ~96.0 ppm and 92.3 

ppm, corresponding to α- and β-hemiacetal atom 

C-1, respectively. In addition, an improvement of 

the signal-to-noise ratio is observed, which is 

apparently caused by a decrease of the viscosity 

of the solutions. 

Thus, the completeness of hydrolysis can be 

estimated by the absence of the acetal carbon 

atom signal (~102.6 ppm) in the spectra. The 

content of monosaccharides in molar percent can 

be determined by Equation 1 as the ratio of the 

total intensity of β- and α-hemiacetal carbon atom 

signals (β – I95.7-96.2, α – I92.1-92.4) to the sum of 

intensities of hemiacetal and acetal (I102.0-102.8) 

carbon atom signals: 

 (1) 

Hereinafter, the parameters with the general 

designation In-m mean the integral intensity of the 

corresponding spectral area. 

Table 3 shows the mole percent (ω, %) of the 

monosaccharide products in the hydrolysates 

depending on the duration of hydrolysis (t, min), 

reaction temperature (T, °C) and the 

concentration of perchloric acid (c, %). 

Figure 4 shows the dependence of the 

conversion of HEMC to monosaccharides on the 

reaction temperature and acid concentration. 

Figure 5 presents the conversion of HEMC I–III 

into monosaccharides as a function of HClO4 

concentration at different temperatures. 

 
 

Table 1 

Characteristics of studied samples of hydroxyethyl methylcellulose
24

 

 

Content of groups 

(WT, %) Designation 

Heppler viscosity at 25 °C  

(2% aqueous solution), 

MPa.s MeO HOCH2CH2O 

DS 

I (Tylose® MH 200 YP2) 200 18.0-22.0 4.0-12.0 1.40±0.20 

II (Tylose® MH 30000 YP4) 30000 19.0-25.0 5.0-13.0 1.50±0.20 

III (Tylose® MH 150000 P4) 150000 20.0-26.0 6.0-14.0 1.70±0.20 
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Table 2 

Values of correction intensity factors for carbon atoms of the pyranose ring and CH2 and CH3 groups 

 

Carbon atom type С-1 (hemiacetal) С-1 (acetal) С-2 С-3 С-4 С-5 C-6 СН2 СН3 

Relative intensity 1.00 1.00 1.03 1.01 1.03 1.02 1.00 1.00 1.38 

Correction factors (α) 1.00 1.00 0.97 0.99 0.97 0.98 1.00 1.00 0.72 

 

 

 

 

 

 

 

 

 
Figure 3: 

13
C NMR spectra of the products of acid-catalyzed hydrolysis of HEMC II in D2O/H2O at different 

concentrations of HClO4 (60 min, 90 °C): a – 1% HClO4, b – 2% HClO4, c – 3% HClO4, d – 4% HClO4 

 

As can be seen from the charts, increasing the 

reaction temperature for HEMC II from 80 °C to 

110 °C for the same time (t) and concentration (c) 

(e.g., t = 90 min) leads to increasing the 

conversion: for 1% solution of HClO4 – by 22%, 

for 2% – by 50%, for 3% – by 95%, for 4% – 

100%. Increasing the reaction time under 

otherwise equal conditions (temperature and 

concentration) affects somewhat less the 

conversion, for example, in the case of HEMC II 

at 100 °C and 3% HClO4 changing the reaction 

time from 60 minutes to 90 minutes results in 

increased conversion (18% only). 

Thus, it can be concluded that the greatest 

impact on the completeness of the hydrolysis 

process is exerted by the concentration of HClO4: 

when it increases from 1% to 4%, the conversion 

of HEMC to monomers increases and reaches 

100% at a reaction temperature of 100 to 110 °C 

(Fig. 5). 

When comparing the obtained data with the 

results of other studies,20,21 where sulfuric acid 

was used for hydrolysis, it becomes apparent that 

the use of HClO4 has several advantages: 

reducing the acid concentration, simplifying the 

processing procedures of the reaction mixture and 

reducing the hydrolysis time. A higher catalytic 

ability of HClO4 is realized due to its significantly 

higher acidity (pKa = -15.2)
27

 in comparison with 

that of H2SO4 (pKa1 = -2.8; pKa2 = 1.92).28 

Thus, in this work, we used HClO4 to 

hydrolyze cellulose ethers for the first time, and 

we have found optimal conditions for complete 

hydrolysis of HEMC. The products of hydrolysis 

are glucose derivatives with various substitution, 

formed by splitting the β(1-4)-glycosidic bond. 

Having in mind manufacturers’ data on the total 

degree of substitution (DS), we supposed that the 

anhydroglucose unit cannot be substituted at more 

than 2 positions at a time, therefore, mainly 

monosubstituted and disubstituted glucose 

derivatives will be present in the reaction mixture. 

The mentioned derivatives of glucose that can be 

formed by the hydrolysis of HEMC are presented 

in Figure 6. Moreover, the configuration of the С-

1 atom can be related to both α- and β-forms. 
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Table 4 lists the chemical shift of carbon 

atoms of the expected hydrolysis products 1–9, 

calculated using the BIOPSEL program.
25,26

 The 

algorithm of the BIOPSEL software greatly 

exceeds the quantum mechanical approaches used 

for NMR studies both in the prediction accuracy 

of the 
13

C NMR chemical shifts of carbohydrates 

in aqueous solutions and in terms of speed.
26

 

 

 
 

 

 

 

Table 3 

Dependence of HEMC conversion to monosaccharides on concentration of HClO4 (c, %), duration of hydrolysis (t, 

min) and reaction temperature (T, °С) 

 

ω, % 
c (HClO4), % t, min T, °C 

HEMC I HEMC II HEMC III 

80 6 3 1 

90 11 8 6 

100 17 12 10 
60 

110 24 18 17 

80 7 6 4 

90 12 11 8 

100 19 17 15 

1 

90 

110 27 22 20 

80 11 8 6 

90 22 16 14 

100 37 32 25 
60 

110 65 44 38 

80 16 11 8 

90 29 21 16 

100 41 34 30 

2 

90 

110 72 50 46 

80 20 16 14 

90 36 32 29 

100 57 49 43 
60 

110 86 66 59 

80 37 24 20 

90 57 41 35 

100 76 67 58 

3 

90 

110 100 95 80 

80 46 32 24 

90 66 51 46 

100 86 76 68 
60 

110 100 100 90 

80 58 43 38 

90 80 62 58 

100 100 89 79 

4 

90 

110 100 100 100 
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Figure 4: Dependence of HEMC I–III conversion into monosaccharides on reaction temperature at different reaction 

times: a – 60 min; b – 90 min 
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Figure 5: Dependence of HEMC conversion into monosaccharides on concentration of HClO4 at different 

temperatures: a – HEMC I; b – HEMC II; c – HEMC III 

 
Figure 6: Structure of glucose derivatives obtained after hydrolysis of HEMC samples 

 

Table 4 

Calculated 
13

C NMR spectra of compounds 1–9 

 
С-1, ppm 

Compound 
α- β- 

С-2, 

ppm 

С-3, 

ppm 

С-4, 

ppm 

С-5, 

ppm 

С-6, 

ppm 

CH3,  

ppm 

CH2CH2, 

ppm 

1 92.1 96.2 90.0 75.4 72.1 78.8 72.3 59.6 71.0; 72.8 

2 93.0 96.1 73.8 85.4 69.6 78.1 72.3 59.6 62.4; 72.8 

3 93.0 96.1 73.5 85.0 69.3 78.4 71.8 57.7 70.6; 61.3 

4 90.5 96.0 91.2 75.1 72.1 76.5 71.8 57.7 70.6; 61.3 

5 92.1 96.8 73.5 84.6 69.3 79.1 72.3 59.6 (at С-6); 57.7 (at С-3) – 

6 92.1 96.1 90.2 75.1 72.1 78.8 72.3 59.6 (at С-6); 57.7 (at С-2) – 

7 92.8 96.0 72.2 72.6 71.8 75.5 71.8 70.6; 61.3  

8 91.5 96.3 90.0 75.4 71.8 78.3 60.2 71.0; 62.8  

9 92.8 95.2 73.8 85.4 69.3 77.5 60.2 72.8; 62.4  
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Figure 7: 13C NMR spectra of the products of acid-catalyzed hydrolysis of HEMC I–III samples in D2O/H2O 

(3% HClO4, 90 min, 110 °C): a – HEMC I sample, b – HEMC II sample, c – HEMC III sample 

 

The 13C NMR spectra of the products of acid-

catalyzed hydrolysis of the studied HEMC 

samples are quite complex and contain a large 

number of signals in the region of 65-100 ppm 

(Fig. 7). The degree of hydrolysis increases as 

follows: HEMC I > HEMC II > HEMC III, which 

is directly dependent on the viscosity of the 

aqueous solutions of these ethers (Table 1). This 

result can be explained by the fact that in this 

series the degree of polymerization rises 

according to the evidenced increase of the 

viscosity of the aqueous HEMC solutions. Thus, 

when studying the hydrolysis process, a 

qualitative assessment of the degree of 

polymerization of cellulose ethers with the same 

structure can be obtained. 

The assignment of signals in the 
13

C NMR 

spectra was carried out using calculated data 

(Table 4). The classification of the signals in the 
13

C NMR spectra was made by computation data 

(Table 3). Therefore, the signals at ~96 ppm in all 

the spectra correspond to β-hemiacetal carbon 

atoms, when the signals of α-hemiacetal carbon 

atoms are at ~92 ppm. The chemical shifts of C-2 

and C-3 atoms, which substituted acidic 

hydrogen, differ significantly from the analogical 

atoms without substituted hydroxyl group. The 

chemical shifts of C-4 and C-5 atoms don’t differ 

greatly for various types of derivatives and are in 

the range of 69-72 ppm (for С-4) and 75-80 ppm 

(for С-5). The value of the chemical shift of C-6 

atom depends rather strongly both on the presence 

of the substituent in the hydroxyl group and on its 

type. The chemical shift of the carbon atom in the 

methoxyl group is in the range of 57-59 ppm. The 

carbon atoms of the hydroxyethyl fragment differ 

greatly: 60-62 ppm (for –СН2–ОН) and 69-71 

ppm (for –О-СН2–). The correct assignment of 

the secondary carbon atoms signals is confirmed 

by DEPT135 experiment (Fig. 8). 

The degree of substitution of the hydroxyl 

group at С-2 position (DS
C-2) can be calculated as 

the ratio of the C-2 signal integral intensity in the 

presence of substituted hydroxyl group (~89.6 

ppm) to the total intensity of all the signals 

belonging to partially acetal carbon atoms, in 

accordance with Equation 2: 

             (2) 

The degree of substitution of the hydroxyl 

group at the С-3 position (DS
C-3

) can be 

calculated as the ratio of the C-3 signal integral 

intensity in the presence of the substituted 

hydroxyl group (~85.0-85.6 ppm) to the total 

intensity of all the signals corresponding to 

partially acetal carbon atoms, in accordance with 

Equation 3: 

            (3) 
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Figure 8: 
13

C NMR spectra of the products of acid-catalyzed hydrolysis of HEMC II samples in D2O/H2O 

(4% HClO4, 90 min, 110 °C): a – DEPT135 spectrum, b – normal spectrum 

 

 
 

Figure 9: Fragment of hydroxyethyl methylcellulose molecule 

 

The degree of substitution of the hydroxyl 

group at the С-6 atom in HEMC (DS
C-6) can be 

calculated by comparing the signal intensities of 

unsubstituted and substituted C-6 atoms, their 

chemical shifts differ significantly. The signals of 

unsubstituted C-6 atoms have a chemical shift at 

~59.5-61.3 ppm, and the signals of substituted C-

6 atoms are observed at ~71.0-72.0 ppm, so the 

degree of substitution DS
C-6 can be calculated in 

accordance with Equation 4: 

            (4) 

The total degree of substitution for all the 

samples of HEMC (DS
total

) is the sum of all the 

degrees of substitution of the hydroxyl groups at 

С-2, С-3 and С-6 positions (Eq. 5): 

           (5) 

The total degree of substitution of the 

hydroxyl group with methyl radicals DS
Me

 is the 

ratio of the total intensity of all the signals 

belonging to methoxy groups (~57.5-59.2 ppm) to 

the total intensity of partially acetal carbon atoms 

(Eq. 6): 

             (6) 

It is worth mentioning the possibility of 

hydroxyl substitution in the hydroxyethyl 

fragment, which can lead to the generation of 

cellulose ether with the structure shown in Figure 

9. 

To determine the amount of the methyl 

fragments bonded with the hydroxyethyl groups 
Me

HEDS , it is proposed to calculate the total 

substitution of the hydroxyethyl fragments of the 

glucopyranose unit, in accordance with other data, 

and then calculate the mentioned parameter as a 

difference. 
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Table 5 

Resulted calculations of substitution parameters for HEMC (I–III) 

 

HEMC DSHE DSMe Me

HEDS  DSC-2 DSC-3 DSC-6 DStotal DS [21] 

I 0.42 1.02 0.18 0.55 0.22 0.62 1.39 ~1.4 

II 0.49 1.11 0.20 0.58 0.24 0.69 1.51 ~1.5 

III 0.67 1.26 0.23 0.64 0.29 0.73 1.7 ~1.7 

 

The total degree of hydroxyl substitution with 

hydroxyethyl groups for HEMC samples DS
HE

 

can be calculated as the ratio of the intensity of all 

the carbon atoms in the hydroxyethoxyl 

fragments, except the end group (СН2ОН) (60.0-

61.0 ppm), to the total intensity of unsubstituted 

C-6 atoms and the end carbon atoms of 

hydroxyethyl fragments (СН2ОН) (60.0-61.0 

ppm), including the substituted С-6 atom (71.0-

72.0 ppm) (Eq. 7): 

            (7) 

Then, the degree of substitution of the 

hydroxyethyl fragment with methyl radicals 
Me

HEDS  can be calculated in accordance with the 

following condition: if the common degree of 

substitution with methoxyl groups DS
Me, 

calculated according to Equation 6, is greater than 

the value of the difference DS
total

 – DS
HE, then the 

additional substitution to the methyl radical in the 

hydroxyethyl fragment has taken place. It can be 

quantified according to Equation 8: 

            (8) 

The resulted calculations of the substitution 

parameters for the investigated samples (I–III) of 

hydroxyethyl methylcellulose are shown in Table 

5. Partial hydroxyl substitution of 2-

hydroxyethoxy fragments is observed for all the 

samples, reaching 32-43%, because of the higher 

reactive capacity of primary hydroxyl. Overall, 

the total DS values of the investigated ethers fit 

well with the values indicated by the 

manufacturers. Thus, it is possible to claim that 
13

C NMR spectroscopy of the products formed in 

the process of acid-catalyzed hydrolysis of 

HEMC can be used for determining the polymer’s 

structure, distribution of substituents at С-2, С-3 

and С-6 positions of the glucopyranose unit and 

degree of substitution. 

 

CONCLUSION 

In this work, the structure of hydroxyethyl 

methylcellulose, represented by three commercial 

samples of cellulose ethers, was defined 

according to the products of their acid-catalyzed 

hydrolysis under the action of perchloric acid. To 

find the solution in question of the assignment of 

chemical shifts to different carbon atoms of 

HEMC, calculations with the help of the 

BIOPSEL program were carried out. The signals 

were assigned on the basis of the obtained values, 

and an approach to calculations of the substitution 

parameters of the anhydroglucose unit was 

proposed. The precise data on the degree of 

substitution in the positions 2, 3 and 6 (DSC-2, 

DS
C-3

and DS
C-6

, respectively) and the total degree 

of substitution, DStotal, were calculated. It was 

shown that the positions C-6 and C-2 and the 

hydroxyl of the hydroxyethyl fragment have the 

highest reactive capacity. The completeness of 

the hydrolysis increases in the following order: I 

> II > III, which is directly dependent on the 

molecular weight of the polymers. So, taking into 

account the importance of the DS determination 

and the distribution of substituents as the most 

significant parameters of cellulose ethers, a 

universal and quite precise analysis of these key 

parameters was carried out. In further work, it is 

planned to investigate other mixed cellulose 

ethers, in particular, commercial samples of 

methyl hydroxypropylcellulose. 
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