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Abstract
Inulin is a natural polymer widely used for various purposes. Considering the unique prop-

erties of inulin, this study presents data on obtaining new inulin derivatives. The modification 
was aimed at introducing functional groups capable of imparting new reactive and ionic char-
acteristics to the polymer matrix. Preliminary chemical modification of inulin by periodate 
oxidation was carried out. The next stage involved chemical immobilization of sulfaminic acid 
molecules into the structure of oxidized inulin. The composition and structure of the synthe-
sized inulin derivatives with polyanion properties were substantiated using physicochemical 
analysis methods.
Keywords: inulin, periodic oxidation, sulfamic acid, chemical modification, physico-chemical 
properties

Introduction
Inulin is a plant-derived natural polysac-

charide consisting mainly of fructose units 
connected by β- (2→1) -glycosidic bonds and 
ending with a  small amount of glucose res-
idues (Rakhmonberdiev G., Ibragimova K., 
Tilakov J., Khusenov A., 2023; Qin Yu. Q., 
Wang L. Y., Yang X. Yu., Xu Yi. J., 2023). Due 
to its biocompatibility, non-toxicity, and abil-
ity to undergo chemical modification, inulin 
is a  promising polymer matrix for creating 

functional derivatives with specified physico-
chemical and biological properties. In recent 
years, inulin ionogenic derivatives have been 
of particular interest, which have found ap-
plication as components of biocompatible 
hydrogels, nanoparticle stabilizers, drug car-
riers, and sorbents for removing metal ions 
from aqueous media. Modification of inulin 
by introducing anionic ionogenic groups (e. g., 
carboxyl, sulfo- or phosphate) allows for a sig-
nificant change in the charge nature of the 
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macromolecule, its solubility, hydrophilici-
ty, and complexing ability (Rahul R., Jha U., 
Sen G., Mishra S., 2014; Usman M., Zhang C., 
Patil P. J., Mehmood A., Li X., Bilal M., Haid-
er J., Ahmad S., 2021; Kokubun S., Ratcliffe I., 
Williams P. A., 2018). Such functional groups 
provide the possibility of targeted interaction 
with cationic compounds, biomolecules, or 
drug substances, making inulin anionic deriv-
atives in demand in pharmaceutical, biomedi-
cal, and environmental fields.

Despite extensive research on the chem-
ical modification of polysaccharides, inulin 
remains less studied compared to other nat-
ural biopolymers such as cellulose, chitosan, 
or starch. This is due to both the peculiarities 
of its structure and its limited solubility in 
organic solvents, which makes it difficult to 
carry out functionalization reactions. In this 
regard, the development of effective meth-
ods for introducing anionic ionogenic groups 
into the inulin structure with a controlled de-
gree of substitution and preservation of the 
polymer’s biocompatibility is a pressing task. 
Studying the relationship between the struc-
tural features of modified derivatives and 
their physicochemical characteristics will al-
low for the purposeful regulation of the prop-
erties of the obtained materials and expand 
the possibilities of their practical application.

The purpose of this study is to develop 
methods for the synthesis of inulin deriva-
tives containing anionic ionogenic groups, as 
well as to investigate the influence of reaction 
conditions on the degree of modification and 
the physicochemical properties of the ob-
tained products.

Materials and methods
1–2 g of thoroughly dried inulin (sepa-

rated from Topinambur plant tubers with 
M = 5.6 Da) was placed in a  heat-resistant 
300 ml dark glass container and 100 ml of 
acetate buffer with pH = 5 and 0.2 N of fresh-
ly prepared sodium periodate solution at an 
inulin: NaIO4 = 1:1 molar ratio were added. 
The reaction mixture was left to stir in the 
dark for 1–5 hours at t=20–25 °C. To com-
plete the reaction, 30 ml of ethylene glycol 
was added. Upon completion of the reaction, 
the resulting mixture was dialyzed against 
distilled water to completely eliminate IO4

– 
and IO3

– ion residues (control was carried 

out using silver nitrate solution). The final 
products were isolated by sublimation drying 
and analyzed by titration (Tunik T. V., Nem-
chenko U. M., Ganenko T. V., Yurinova G. V., 
Dzhioev Yu.P., Sukhov B. G., Zlobin V. I., Tro-
fimov B. A., 2019).

Next 0.5–1.0 g of dialdehyde inulin (DAI) 
with varying oxidation states was dissolved 
in 50 ml of water at room temperature un-
til a  clear solution was formed. After this, 
during intensive mixing, sulfaminic acid was 
added at a DAI: H2N-SO3Na= 1:2.5 molar ra-
tio. The resulting solution was stirred for 1 
hour at t = 25 oC (pH=8.0). Upon completion 
of the reaction, a  clear solution was placed 
in a  dialysis membrane and left to be puri-
fied against distilled water for 24–36 hours. 
The reaction products were isolated by sub-
limation drying. Elemental nitrogen analy-
sis was conducted using the Keldal method 
(Bremner J. M., 1960).

The FTIR spectra of the synthesized com-
pounds were obtained on a  Vector‑22 IR 
spectrometer in the 400–4000 cm–1 wave-
length region in KBr tablets (3–5 mg of sam-
ple/300 mg of KBr).

The supramolecular structure of inulin 
and synthesized derivatives was studied us-
ing X-ray structural analysis on an XRD‑6100 
powder diffractometer (Shimadzu, Japan).

The molecular mass of the synthesized 
samples was determined using exclusive liq-
uid chromatography on Yedrogel columns 
100, 500, and 1000 of the “Waters, USA” com-
pany, at a temperature of 20 ± 1 °C, equipped 
with a  special refractometric detector. 
A 0.1 N NaCl solution was used as an eluent. 
The flow rate was 0.1 ml/min. Calibration of 
the graph was carried out using narrow mo-
lecular-mass distribution dextrans.

Determination of the pKa values of inulin-
containing amino derivatives. 100–150 mg 
of the dried sample was dissolved in water, 
then a 0.1 N sodium hydroxide solution was 
added to the solution. Then, titration was 
initiated by adding aliquotas of 0.1 N hydro-
chloric acid solution while constantly stirring. 
The pKα value of the samples was calculated 
based on the pH value, at which the middle 
of the plateau was located on the resulting 
titration curve (Rawlinson L. B., Ryan S. M., 
Mantovani G., Syrett J. A., Haddleton D. M., 
Brayden D. J., 2010).
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The ζ-potential of the samples was cal-
culated on a Zetasizer Nano ZS device (Mal-
vern, Great Britain) in plastic cuvettes using 
a ZEN1002 immersion cell.

Results and discussions
It is known that polysaccharide derivatives 

containing electrophilic aldehydes have high 
reactivity and can interact with molecules con-
taining primary amino groups (El-Atawy A., 
Naoum M. M., Al-Zahrani S. A., Ahmed H. A. 
2021; Desai S. R., Desai V. G., 2022). Such in-

teractions open up broad possibilities for cre-
ating functional biomaterials with adjustable 
chemical and biological properties.It is these 
features that are characteristic of dialdehyde 
derivatives of polysaccharides, which are 
widely used for the chemical immobilization 
of low molecular weight biologically active 
substances. When aldehyde groups react with 
primary amines, Schiff bases (or azomethine 
bond -C = N-) are formed. For these reasons, 
we obtained dialdehydes inulin according to 
the following scheme:
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The main physico-chemical characteris-
tics of DAI with varying oxidation states, ob-
tained by varying the reaction time, are pre-
sented in Table 1.

Summarizing the data presented in Table 
1, we can conclude that with an increase in 
the duration of the periodic oxidation reac-

tion of inulin, a decrease in the initial molec-
ular mass of inulin is observed. In this case, 
the color of the resulting reaction products 
changes from white to cream. This indicates 
that during the periodic oxidation of inulin, 
hydrolysis is observed.

Table 1. Physico-chemical characteristics of DAI with different oxidation degree

No. DAI oxidation 
degree, mol% [ƞ], dl/g М×10–4, Da Sample color

1. 13 0.64 5.4 White
2. 20 0.58 5.1 White
3. 28 0.52 4.8 White
4. 35 0.45 3.7 Creamy
5. 37 0.41 3.0 Creamy

Analysis of the X-ray diffraction data 
presented in (Fig. 1) indicates that perio-
date oxidation of inulin is accompanied by 
the destruction of its crystalline structure. 
This structural disruption can significantly 
affect the solubility and reactivity of inulin, 
making it more accessible for subsequent 
chemical modifications. Such alterations 
in the molecular arrangement lead to a  re-
duction in intermolecular hydrogen bond-
ing and packing density, which is directly 
reflected in the diffraction pattern.This is 
confirmed by a decrease in the intensity of 

diffraction peaks in the 2θ range of 19–21°, 
characteristic of ordered regions of the orig-
inal inulin. Furthermore, the gradual shift 
and broadening of peaks suggest the forma-
tion of new structural domains within the 
polymer matrix. The appearance of broad-
er and less pronounced peaks in the alde-
hyde derivatives indicates the transition of 
the raw material to a predominantly amor-
phous state. As the oxidation state increas-
es, a consistent decrease in this intensity is 
observed, indicating increased amorphism 
in the modified inulin.
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Figure 1. X-ray diffraction patterns of inulin (1) and DAI 
with an oxidation state of 13 (2) and 25 (3) mol%

As noted above, dialdehyde and inulin de-
rivatives react with nucleophilic compounds 
and form azomethine bonds. During this pro-
cess, the carbonyl group of the aldehyde under-
goes nucleophilic attack by the amino group, 
forming an unstable intermediate. This reac-
tion is highly selective, allowing targeted modi-
fication of specific amino-containing molecules 

without affecting other functional groups. The 
process typically proceeds under mild condi-
tions and can be controlled by factors such as 
pH, temperature, and the ratio of reactants, 
which influence the yield and stability of the 
resulting Schiff bases. The mechanism of for-
mation of covalent azomethine bonds when al-
dehydes react with amines is as follows:

Considering the high reactivity of the -CHO 
groups of oxidized inulin derivatives, we stud-

ied the patterns of the nucleophilic substitution 
reaction of some sulfamic acids with DAI.
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From the data presented in Table 2, it can 
be seen that with an increase in the oxidation 
state of the modified inulin, the nitrogen con-
tent in the nucleophilic substitution reaction 
products increases. In this case, the value of 

pKα and the value of ζ-potential of all synthe-
sized compounds prove that the chemical im-
mobilization of sulfamic acid molecules into 
the monomer units of oxidized inulin con-
tributes to the production of polymeric acids.

Table 2. Characteristics of synthesized inulin derivatives

No. DAI oxidation 
degree, mol% Nitrogen content, % pKα ζ-potential, мV

1. 13 1,0 4,0 –13,0±1,3

2. 20 1.5 3.8 –21.3±1.8
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No. DAI oxidation 
degree, mol% Nitrogen content, % pKα ζ-potential, мV

3. 28 2.0 3.5 –25.6 ± 1.5

4. 35 2.7 3.3 – 30.3 ± 2.0

5. 37 2.9 3.1 – 31.1 ± 1.4

When studying inulin sulfamide deriva-
tives by FTIR spectroscopy, absorption bands 
in the region of 1634–1652 cm–1 were detect-
ed, which proves the presence of Schiff bases 
in the reaction products.

Conclusion
Thus, in the conducted research, inulin 

derivatives containing ionogenic groups in 

the polymer chain were synthesized. It has 
been proven by physicochemical research 
methods that the chemical immobilization 
of sulfamic acid molecules into the inulin 
structure leads to the formation of poly-
meric compounds with the properties of 
polyanions. Synthesized inulin derivatives 
can find applications in various scientific 
studies.
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