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Abstract. Xanthan is an important polysaccharide widely used in many industrial fields. It is produced
by the bacteria Xanthomonascampestris. Chemical modification of xanthan can open up new horizons
for its use. In this work, xanthan butyl ester was obtained for the first time by the interaction of xanthan
and bromobutane using sodium hydroxide as a catalyst. The composition and structure of the obtained
new xanthan derivative was studied by elemental analysis, IR spectroscopy, X-ray phase analysis,
scanning electron microscopy and thermal analysis. The introduction of a butyl group into the xanthan
molecule was proved by elemental analysis and IR spectroscopy by the appearance of corresponding
bands. It was shown by X-ray phase analysis that xanthan butyl ether has a more X-ray amorphous
structure in comparison with the original xanthan. It was shown by scanning electron microscopy that
xanthan butyl ether powder consists of particles of a larger size and a layered structure in comparison
with the original xanthan. It has been shown by thermal analysis that xanthan butyl ether is less

thermostable than the starting xanthan.
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AnHoTanus. Kcantan aBinseTcsl BAXXHBIM U IIUPOKO PACIIPOCTPAHEHHBIM BO MHOTHUX 00JaCTAX
MIPOMBIIIJIEHHOCTH nosincaxapuoM. OH npoaynupyercs Oaktepusmu Xanthomonascampestris.
Xumuueckas MofU(UKaIKs KCAHTAHA MOYKET OTKPBITh HOBbIE TOPU30HTHI €r0 UCIIOIb30BaHus. B naHHON
paboTe BIEpBbIE MONYYeH Oy THIIOBBIN 3P KCAaHTaHA ITyTEM B3aNMOJIEHCTBHS KcaHTaHa U OpoMOyTaHa
C UCIIOJIb30BaHUEM FHAPOOKCHIA HATPUA B KauecTBe KaTann3aTopa. CocTaB U CTPOECHHUE Oy YeHHOTO
HOBOT'O NPOMU3BOJHOI0 KCAaHTaHa MU3y4YEeHbl METOJAAMU dJIEeMEHTHOro aHanusa, MK-cnekrpockonuu,
PEHTTeHO-()a30BOr0 aHAIN3a, PACTPOBOIl JTEKTPOHHONH MUKPOCKOIMH U TEPMHUUYECKOI'0 aHATIU3A.
BBenenne OyTHIIBHOM IPYTIIBI B MOJIEKYJTy KCAHTAaHA JJOKa3aHO METOJAMHU JIEMEHTHOTO aHaJIn3a
u UK-criekTpocKonny BO3HUKHOBEHUEM COOTBETCTBYIOIIMX MOJ0C. MeToI0M peHTreHo-(a3oBoro
aHaJIM3a MOKa3aHo, YTO Oy THIIOBBIHM 3P KCaHTaHA UMeeT OoJiee PeHTTeHOaMOp(pHOE CTPOCHHE
B CPaBHEHUU C UCXOAHBIM KCAaHTAaHOM. MeTOIOM pacTpOBON 3JIEKTPOHHON MUKPOCKOIIUU
IIPOJIEMOHCTPHUPOBAHO, UTO IIOPOIIOK Oy THIIOBOTO 3(Hpa KCAaHTaHA COCTOMT M3 YacTHUIl 6oJiee KPyIHOTo
pa3Mepa U CIOMCTON CTPYKTYPHI B CPABHEHUHU C UCXOJHBIM KCAHTAaHOM. METOZ0M TepPMHUYIECKOTO
aHaJIN3a TIOKA3aHO, YTO OyTHIIOBBIHM AP KCaHTaHA SBISCTCS MEHEE TEPMOCTAOMIIBHBIM BEILIECTBOM,

HEXXEJIU UCXOIHBIM KCaHTaH.

KuroueBble ciioBa: kcaHTaH, Oy TUIIOBbIE d(GHUPBI, CTPYKTYpa, Oy THIIOBBIH 2(Up KCaHTaHa.
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1. Introduction

Xanthan gum is a microbial high molecular weight (2000 to 20 000kDa) polysaccharide produced
by the bacteria Xanthomonascampestris [1, 2]. Xanthan is widely used as an additive in various
industrial and biomedical applications such as food and food packaging, cosmetics, water-based paints,
oil, oil production, construction and construction materials, and drug delivery [3-6].

Xanthan has great potential in technical applications, for which various methods of its chemical
modification, including alkylation, are actively used [1, 7]. In [8], alkylated derivatives of xanthanum

were obtained using 1-bromoctane to obtain water-soluble xanthanum products. They achieved
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octyl substitutions of 11 and 21 per 100 structural units. Esterification with alkyl groups promotes
hydrophobic association and hence increases the viscosity of xanthan [7, 8]. Many esterified xanthan
derivatives have good salt and heat resistance, which can be used in oil production, pharmaceuticals,
and the food industry [7, 9, 10].

Alkyl derivatives of various polysaccharides have found wide application in many areas: in
medicine — obtaining capsules for drugs, various lubricants and fillers; in the food industry — obtaining
thickeners and emulsifiers, as food additives; in construction — receiving tile and wallpaper adhesives;
in biology — for the replication of viruses and slowing down the mobility of bacterial and protozoal
cells; in industry — as a sizing in the production of paper and textiles [11-16].

The aim of this work was to synthesis xanthan butyl ether and study it by FTIR spectroscopy,

X-ray diffraction analysis, scanning electron microscopy, and thermal analysis.

2. Experimental part

Xanthan (Sigma-Aldrich) was used in this work.

2.1. Synthesis of xanthan butyl ester

The synthesis of xanthan butyl ester was carried out in a round-bottom flask equipped with a
stirrer at room temperature (25 °C). For this, 2 g of xanthan was added to 50 ml of bromobutane with
constant stirring, the pH was adjusted to neutral with 10% sodium hydroxide solution. The reaction
was carried out for 1 and 24 hours. After carrying out the reaction for the synthesis of xanthan butyl
ether, the reaction mass was dried in an oven at a temperature of 60° C to constant weight. Then the
dried product was ground to fine particles in a porcelain mortar and washed with ethanol on a paper
filter (to remove residues of bromobutane and sodium hydroxide). Then, xanthan butyl ether was dried
in air to constant weight (Fig. 1).

The experimental setup is shown in Fig. 2.

2.2. Investigation of xanthan butyl ether by physicochemical methods
2.2.1. Fourier transform infrared spectroscopy (FTIR)

The FTIR spectra of initial xanthan and xanthan butyl ether were recorded using a Shimadzu

IR Tracer-100 spectrometer (Japan) within the wavelength range of 400-4000 cm™'. The spectral

Br-(CNz):-CH:

NaOH

COOH OH COOR
COOH COOR
R - H, (CH2):-CHs

Fig. 1. Scheme of obtaining xanthan butyl ester
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Fig. 2. Scheme of the experiment for obtaining xanthan butyl ether

information was analysed using the OPUS program (version 5.0). Solid samples for analysis were

prepared in the form of pills in a KBr matrix (2 mg sample/1000 mg KBr).

2.2.2. X-ray diffraction (XRD)

The X-ray diffraction phase analysis was carried out on a DRON-3 X-ray diffractometer using
CuKa monochromatized radiation (A = 0.154 nm), voltage 30 kV, current 25 mA. The scanning step is
0.02 deg; intervals for 1 s per data point. The measurement was carried out in the interval of the Bragg
angles 20 from 5.00 to 70.000.

2.2.3. Scanning electron microscopy (SEM)

Electron micrographswere obtained on a Hitachi TM-1000 scanning electron microscope (Japan)
at an accelerating voltage of 15 kV and a magnification from 100 to 10000x with a resolution of 30 nm.

The electron micrographswere processed using the ImagelJ software (version 1.8.0 112).

2.2.4. Thermogravimetric analysis (TGA)
The thermogravimetric study and data analysis were performed using a NETZSCH STA 449 F1

Jupiter simultaneous thermal analysis instrument (Germany). The thermal degradation of the samples
was analyzed in argon in the temperature range from 30 to 800 °C; the protective and purge gas flow
rates were 20 and 50 ml/min, respectively. The samples were heated in a dynamic temperature regime
(10 °C/min) in corundum crucibles. The measurement results were processed using the NETZSCH

Proteus—Thermal Analysis 5.1.0 software supplied with the instrument.
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3. Results and discussion

3.1. Synthesis of xanthan butyl ester

In order to calculate the degree of substitution in the obtained products, the theoretical ratios
(wt.%) of C, H, O elements were calculated (Table 1). The elementary link xanthan was taken as a
model for the calculation.

The effect of the duration of the process of modifying xanthan gum with butyl groups on the
elemental composition of the resulting products is presented in Table 2. Comparison of the experimental
and theoretical values of the elemental composition was carried out in order to calculate the degree of
substitution in the obtained samples of xanthan gum butyl ether.

The relatively low degree of substitution (15.2%) in the obtained xanthan butyl ether can be
caused by diffusion restrictions and a steric factor that hinder the interaction of reagents with
reactive groups.

For further analyzes, xanthan butyl ether with the maximum degree of substitution was

used.

Table 1. Theoretical values of the effect of the degree of substitution on the elemental composition of xanthan
butyl ether

Elemental composition, wt.% o
Number of butyl groups Substitution rate, %
C H o

0 49.9 5.3 44.8 0.0

1 51.6 5.9 42.5 7.7

2 533 6.4 40.4 15.4
3 54.7 6.8 38.5 23.1

4 56.1 7.2 36.7 30.8
5 57.3 7.6 35.2 38.5
6 58.4 7.9 337 46.2
7 594 8.2 324 53.9
8 60.4 8.5 31.1 61.6
9 61.2 8.8 30.0 69.3
10 62.0 9.0 29.0 77.0
11 62.7 9.3 28.0 84.7
12 63.4 9.5 27.1 92.4
13 64.0 9.7 26.3 100.0

Table 2. Experimental values of the elemental composition of xanthan butyl ether

. Elemental composition, wt.% o
Duration, h Substitution rate, %
C H (¢}
0 48.7 5.6 46.7 0
1 50.9 5.8 433 5.6
24 52.5 6.2 40.7 15.2
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3.2. FTIR spectroscopy

The introduction of a butyl group into a xanthan molecule was proved by FTIR spectroscopy
(Fig. 3).

Absorbance Units
02 03 04 05 06 07

1, J\__f

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1

00 01

Fig. 3. FTIR spectra: 1 — xanthan, 2 — xanthan butyl ether

In the FTIR spectra of xanthan butyl ether, a decrease in the intensity of the absorption band of
vibrations of OH groups and an increase in the intensity of the absorption band of vibrations of CH,
and CH; groups are observed in comparison with the initial xanthan. In the FTIR spectra of xanthan
butyl ether, absorption bands appear at: 2969 cm! (v,), 2872 cm™ (vy), 1340 cm™! (8,), which correspond
to the vibrations of CHs-groups; 2931 cm! (as), 2852 cm™! (s), corresponding to vibrations of CHj,-
groups. In the region of 1490-1390 cm’!, an overlap of absorption bands of stretching vibrations of
CH, and CHj — groups is observed. In addition, the FTIR spectrum of xanthan butyl ether contains
absorption bands at 1060, 878, 818, and 783 cm!, corresponding to the vibrations of the ether bond of
the -C-O-C- groups.

3.3. X-ray diffraction analysis

The starting xanthan gum and its butyl ether were analyzed by XRD (Fig. 4).

According to X-ray phase analysis data, xanthan samples have an amorphous structure.
Comparison of X-ray diffraction patterns of samples of xanthan and its butyl ether showed (Fig. 4)
amorphization of the initial xanthan structure during the addition of the butyl group. On the X-ray
diffraction pattern of the xanthan butyl ether sample, the peak smoothing was observed in the 2°

angular range from 12 to 30°.

3.4. Scanning electron microscopy

The starting xanthan gum and its butyl ether were analyzed by SEM (Fig. 5).

According to the data of scanning electron microscopy, the initial xanthan gum consists of
particles of various sizes and shapes with sizes ranging from 20 to 600 pm. Xanthan butyl ether
consists of particles of various shapes and predominantly layered structure with sizes from 1000 to

1500 microns.
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Fig. 4. X-ray diffraction patterns: 1 — xanthan, 2 — xanthan butyl ether

X250 300 um
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Fig. 5. SEM micrographs: A — initial xanthan, B — xanthan butyl ether

3.5. Thermal analysis

Thermal analysis was performed by differential thermogravimetry (DTG) and differential
scanning calorimetry (DSC) (Fig. 6).

The data shown in Fig. 6 A and B indicate that the weight loss in the temperature range from 30
to 800 °C for the initial xanthan occurs in two stages, and for its ether — in three.

The xanthan DTG curve (Fig. 6B) shows two temperatures corresponding to the maximum
rate of weight loss: 113 and 287 °C. The DSC curve (Fig. 6C) demonstrates an endothermic effect
at 110 — 120 °C, corresponding to the removal of adsorbed water from the samples. DTG analysis of
the xanthan curve showed that desorption of bound water occurs up to a temperature of 170-200 °C.
This fact can be explained by the difficulty in breaking hydrogen bonds between water molecules and
polar functional groups of polysaccharides. Weight loss up to 200 °C is 8.3%. The peak of the main

decomposition is at 287 °C; this temperature range on the DSC curve corresponds to a noticeable
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Fig. 6. Thermal analysis data: A — Thermogravimetric analysis; B — Differential thermogravimetric analysis;
C — Differential scanning calorimetry (1 — xanthan, 2 — xanthan butyl ether)

exothermic peak (288 °C), characteristic of the formation of new bonds. Weight loss up to 500 °C —
66.7%. At the end of pyrolysis (600 °C), the weight loss was 68.8%.

For xanthan butyl ether, the thermolysis pattern differs from the initial xanthan. The nature of the
curves presented also indicates different rates of destruction and, hence, different compositions of the
resulting products. The temperatures of the maximum rates of weight loss are 185, 241, and 378 °C.
An exothermic rise begins on the DSC curve after 150 °C, with a peak at 177 °C. This effect is not
associated with moisture loss, but characterizes the formation of new bonds. The weight loss of the
sample up to 200 °C is 12.2%. The peak of the main decomposition of the compound is shifted to the
region of lower temperatures, compared with the initial substance, and is 241 °C. On the DSC curve
in the range of 250-350 °C, there is a wide exothermic effect, with several peaks (the formation of a
wide range of compounds of similar nature). Weight loss up to 350 °C is equal to 45.3%. The third
stage of the decomposition of xanthan butyl ether ends at 500 °C. This temperature on the DSC curve
corresponds to a noticeable endothermic decomposition effect.

Moreover, the behavior of the curves in the region of 300-500 °C for XG and BOXG is similar,
only butyl ether is less heat-resistant. Weight loss up to 500 °C is 57.1%. At the end of pyrolysis
(600 °C), the weight loss was 58.5%.

Conclusion
For the first time, xanthan butyl ether was obtained by the interaction of xanthan and butyl bromide
(using sodium hydroxide as a catalyst).
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The composition and structure of the obtained new xanthan derivative was studied by
elemental analysis, FTIR spectroscopy, X-ray phase analysis, scanning electron microscopy and
thermal analysis.

The introduction of a butyl group into a xanthan molecule has been proven by elemental analysis
and FTIR spectroscopy. So, in the FTIR spectrum of xanthan butyl ester, in comparison with the
initial xanthan, there are absorption bands at: 2969 c¢cm™ (v,,), 2872 cm™ (s), 1340 cm™ (8,), which
correspond to the vibrations of CHj-groups; 2931 cm'! (as), 2852 cm™! (s), corresponding to vibrations
of CH,-groups; 1060, 878, 818 and 783 cm™, corresponding to the vibrations of the ether bond of the
-C-O-C- groups.

It was shown by X-ray phase analysis that xanthan butyl ether has a more X-ray amorphous
structure in comparison with the original xanthan.

It was shown by scanning electron microscopy that xanthan butyl ether powder consists of
particles of a larger size and a layered structure in comparison with the original xanthan.

It was shown by thermal analysis that the weight loss in the temperature range from 30 to 800 °C
for the initial xanthan occurs in two stages, and for xanthan butyl ester — in three stages. In addition, it

has been shown that xanthan butyl ester is less thermostable than the initial xanthan.
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