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Hocaioceno ximiuni mpancgopmauii moougixosanozo xoaazeny 0ns
npoznosyeants epexmusnozo Qopmysanns ma cmabinizauii cmpyxmypu
Odepmu 3 GUKOPUCAHHAM OUCNEPCIll MOHMMOPUNOHIMY, W0 00pobaeni pi3-
Humu mooudixamopamu. Ioenmugixayito ximiunux 63aemooiii ouinroganu
3a donomozoro II-cnexmpockoniunux 00CaidNHceHb HA HeeaamuHi, amino-
KUCA0mHUll CKAA0 K020 O1U3bKUll 00 KONazeHy.

Hasenicmo 6 cmpyxmypi koJazeny axmueHux 00 63aemooii kapooxcurs-
HUX, AMIHO-, NENMUOHUX MA BOOHEBUX ZPYN CNPUSE ePeKMUBHOMY CMPYK-
mypyeantio depmu. ITio wac nepepodxu wxyp 6 Hamypairviy wkipy eiodyea-
Emobca mpanchopmauis 36'a3ki6 y konazeni. Ipu ybomy ximiuni mamepianu
63aemooiromnv i3 QynxyionanvHumu epynamu 6ika ma ymeopioromo HoGi
ximiuni 36 asxu. Ile cnpusie cmabinizauii cmpyxmypu oepmu. B pesynromami
dopmyemvcsa 06'emna Kaniapro-nopucma cmpyxmypa 3 Heooxionum pie-
HeM eKCnayamayiitHux ma 2izieHiMHUX 6,1aCMUB0Cmen WKip.

I9-cnexmpockoniunuii ananiz eusasue epexmushny Qizuxo-ximiuny 63a-
€MO0110 MidC KONazeHOM Ma MOOUPIKoeaHUMU OUCNEPCIAMU MOHMMOPU-
aonimy. Ie niomeeporceno ymeopennam uucenvHux 36°43ki6 3a yuacmio
QynKuionanvHux epyn dHcenamuny ma AKMUSHUMU UESHMPAMU MiHePaAy.
Haiibinvwi 3minu cnocmepizaiomvCs Y 6UCOKOHACMOMHIL MA HU3LKOUAC-
momuiii oonacmsx. Bionosiono, cnexmpu xapaxmepusyiomo eajenmmi
Konueamnns, axi 6epymo yuacmo 6 ymeopeni 600He6UX, IOHHUX 1 KOGAEHM -
nux 36’asxie. Ile 0o3eonse cmeeporycysamu, wo nonepeoHso Xpomosa-
Huil Jscenamun, i 6 nodanvuomy o00pobenull amominili-mooudixosarnoro
ducnepciero MoHmmopuaonimy, mae Ginvue Koopounauiiinux 36’asxis. Ile
3ymoseno 2iopoxcoxomniexcruumu ionamu Cr (III) ma Al (I11), axi snaxo-
Osambes Midie cunixamuumu wapamu. Boonouac npucymuicmo nonepeonvo
XPOMOBAH020 Jiceamuny 3adesneuye ymeopeHus 000amKo8uUx MiNcMoaeKy-
JAPHUX 36°A3K16, W0 MOJICe NOZHAAMUCH HA CMADIbHOCMI 6acmueocmert
ma cmpyxmypyeanui Koaazeny oepmu.

Taxum wunom, € nidcmasu cmeepoyicyeamu npo MoNCaUsicmv Oiivut
eexmueH020 GUKOPUCMAHHA CROJYK XpoMy ni0 uac npouecy OYoaeHHs.
3a paxynox e6edenns KOMNO3UULL Ha OCHOBI MOOUPIK08aH020 COTYKAMU
ATOMIHII0 MOHMMOPUNOHIMY OYOe 00CAZHYMO IMEHUEHHS BUMPAM XPOMO-
eux cnonyx. Ile nadacmv moxcausicmv eupiwumu 3a60aHHA €KON0IZAUTT
8UPOOHUYMEA MA NIOGUUEHHA OE3NEUHOCME HAMYPATLHUX WKIP 0N OUms-
4020 63ymms

Kmouosi caoea: ximiuna 63aemoois, oucnepcis, MOHMMOPUTIOHIM,
0yoOnents, xpomoei ma anOMiHI€6i CRONYKU, BUPOOHUUMBO WKID
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1. Introduction

Quality formation of structure and properties of leather
is the result of the implementation of the tanning process. A
series of compounds of organic and inorganic nature, which
are capable to interact with derma collagen are applied for
this. The existence of active in interaction carboxylic, ami-
no-, peptide and hydrogen groups in the collagen structure
makes it possible to make the bonds with tanning com-
pounds of different nature and contributes to the effective
structuring of derma. These actions provide the formation of
a complex of functional properties of finished leather, which
include physical and mechanical resistance to breaking,
stretching, deformation, wear and tear, etc., as well as stabi-
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lization of the capillary-porous structure with the required
level of hygienic properties.

An innovative direction of effective tanning of leather is
the use of tanning compositions based on montmorillonite
dispersions [1]. This contributes to the complex formation of
the structure of derma via formation of bonds not only be-
tween collagen and tanning compound, but also between the
mineral, tanning compound and collagen. To enhance the
effectiveness of the above-mentioned method of tanning, it
is important to establish and identify chemical interactions
both for the modified mineral, and for derma collagen after
treatment with obtained tannic compositions.

Accordingly, it is necessary to consider that research,
aimed at the application of modified montmorillonite dis-



persions for the effective structuring of collagen of derma,
is relevant. In this case, the application of the infrared spec-
troscopic studies will allow evaluating the chemical nature
of the bonds between the basic groups of atoms both in the
modified mineral and in the collagen of derma after the
treatment with designed compositions. At the same time, it
will offer an opportunity to identify the changes in the prop-
erties of modified montmorillonite dispersions by analyzing
the changes in intensity of the vibration bands of absorption.

2. Literature review and problem statement

In recent years, a large number of studies have focused on
the implementation of environmentally-oriented technolo-
gies, aimed at the use of the compositions based on bentonite
clays for the production of leather for different purposes.
According to the results of the presented studies [2], this
is caused by the special colloid-chemical properties of the
basic mineral of bentonite clays — montmorillonite. Thus,
research [3] proved the enhancement of physical-mechanical
indicators of finished leather, improvement of state of waste
water of leather producing enterprises and improvement of
ecological safety of production, indicating the prospects of
the application of montmorillonite and compositions on its
basis for treatment of skins. The results of the presented
papers [2—4] note the possibility of creation of modern ma-
terials for the production of leather, however, the problems
devoted to structuring and formation of collagen of derma
remain unresolved.

In paper [5], the interaction of chromed gelatin with
active groups of acrylic emulsion and modified montmoril-
lonite was studied based on the IR-spectroscopic analysis.
We will note that the conducted studies involve the use of
the polymer-mineral composition only for filling the leather
semi-finished product. Accordingly, the results of the study
do not substantiate the general problems of stabilization of
the collagen structure of derma during the technological
process.

In addition, article [6] contains the results of research
into the interaction of chromium compounds with collagen
and their influence on structuring of derma. The more thor-
ough research results are given in paper [7], which analyzed
physical and chemical interaction between chromed gelatin
and chrome-modified dispersion of montmorillonite that was
the basis for the creation of the composition for the tanning
process. Despite the practical relevance of these results, the
change of the modifier of the mineral with the aim of reduc-
ing the number of chromium compounds requires further
development. To solve this problem, in papers [8, 9], the
studies of the interaction of aluminum sulfate with collagen
of derma were carried out, based on which it is possible to
argue that Al (IIT) forms complexes with carboxylic groups
in collagen. As a result, aluminum compounds can act as a
modifier of montmorillonite dispersions for further efficient
use as auxiliary tanning compositions. However, no IR-spec-
troscopic studies on detecting the interaction between colla-
gen and montmorillonite dispersions treated with aluminum
compounds were conducted to prove this hypothesis.

In addition, in paper [10], the impact of Al (III) and
Cr (III) during leather tanning was explored, while the
interaction of aluminum and chromium compounds with
montmorillonite dispersions and their influence on struc-
turing of collagen of derma were not. That is why all this

gives grounds to assert that it is important to carry out IR
spectroscopic studies and analysis of the interaction between
the basic groups of atoms in both the modified mineral, and
collagen of derma after its treatment with the developed
compositions based on montmorillonite.

3. The aim and objectives of the study

The aim of this study is to investigate chemical interac-
tions in the structure of modified montmorillonite disper-
sions and the compositions on their basis with collagen of
derma. This would make it possible to predict the effective
formation and stabilization of the collagen structure of der-
ma using tanning compositions based on modified montmo-
rillonite dispersions.

To achieve the set aim, the following tasks have been
solved:

— to explore a change in the intensities of light absorp-
tion of the characteristic montmorillonite bands, treated
with different modifiers in order to substantiate the chemi-
cal interactions in its structure;

—to explore the nature and effectiveness of chemical
transformations in the structure of gelatin, treated with
compositions based on modified montmorillonite;

—to analyze different types of H-bound gelatin water
and gelatin, treated with compositions based on modified
montmorillonite;

—to substantiate the influence of modified montmo-
rillonite dispersions on the effectiveness of structuring of
collagen of derma.

4. Materials and methods to study the chemical
interactions of montmorillonite dispersions with modifiers
and collagen of derma

Bentonite clays from Dashukivsky deposit (Cherkasy
oblast, Ukraine) were used for the research. The content of
montmorillonite in bentonite clays was 85 %. Modification
was carried out stage by stage by sodium carbonate, basic
chromium sulfate or potassium aluminum sulfate. At the first
phase, sodium carbonate in the amount of 6 % of the weight of
dry mineral in the form of 10 % solution was introduced into
aqueous dispersion of montmorillonite of the concentration of
100 g/1 and thoroughly stirred. The resulting montmorillon-
ite dispersion was kept for one day at room temperature after
being treated with sodium salts (MM Txy).

The next stage included the modification of the dispersion
(after multiple washing with distilled water) of MM Ty, with
the solution of basic chrome Cry(SO4),(OH)g 2, with basici-
ty OH/Cr=1.5 (TU 645PK56041730A0-001-2001, Kazakh-
stan, Aktiubinsk plant of chromium compounds) in the amount
of 6.0 % in conversion for CryO3 of the weight of dry mineral
(montmorillonite). The third stage of the modification implied
the modification of dispersion of MMTy, with the solution
of potassium aluminum sulfate (AIK(SOy)2.12H,0) in the
amount of 10 % in conversion for Al,O3 of the weight of dry
mineral (montmorillonite). Subsequently, all samples of dis-
persions were thoroughly stirred and left for a day to complete
ion exchange processes [11]. As a result, dispersions (MMT¢,)
modified with chrome compounds and montmorillonite dis-
persions (MMT,) modified with aluminum compounds were
obtained.



To study the interactions of the resulting montmorillon-
ite dispersions and their constituents with collagen of derma,
technical quickly soluble gelatin obtained by acid method,
amino acid composition of which is close to collagen, was
applied. 5 % solution of gelatin was prepared to evaluate
the chemical interaction of montmorillonite with collagen
of derma.

The identification of the characteristic bands was per-
formed for gelatin (G) and gelatin treated with different tan-
nic compounds and compositions based on modified mont-
morillonite. Sequential introduction of tanning substances
and compositions based on montmorillonite was applied to
identify the effectiveness of the tanning action. After treat-
ing with tanning compounds and compositions, the modi-
fied gelatin solutions were poured on Teflon substrates and
dried at room temperature for 72 hours to obtain films. The
obtained films were taken off and stirred into a powdered
state. The studied samples had a different kind of a tanning
compound, consumption and sequence of their introduction.
According to the options of treatment, the following was
introduced into the gelatin solution:

— tanning compounds of chrome in the amount of 5 % of
chrome oxide of the weight of dry protein; the G+Cr sample
was obtained;

— tanning compounds of aluminum in the amount of 8 %
of aluminum oxide of the aluminum of the weight of dry pro-
tein; the G+Al sample was obtained;

— modified dispersion of MMTc, in the amount of 6 %
of the mineral of the weight of dry protein; the G+FMMT¢,
sample was obtained;

— modified dispersion of MMTy,, in the amount of 8 %
of the mineral of the weight of dry protein; the G+MMTy;
sample was obtained;

— tanning compounds of chrome in the amount of 5 % of
chromium oxide, followed by the introduction of modified
dispersion of MMTy,; in the amount of 8 % of the mineral
of the weight of dry protein, the G+Cr+MMTy,; sample was
obtained.

IR-spectroscopic research was carried out on the mod-
ern universal Fourier — IR-spectrometer TENSOR-37
(BRUKER, Germany) within 4,000—-400 cm~'. The char-
acter and effectiveness of the interactions of functional
groups of montmorillonites with active gelatin groups were
evaluated by the change of intensity of light absorption of
the corresponding absorption bands. According to sources
[12—15], the analysis of vibration bands of absorption in the
IR-spectra of resulting substances and the products of their
interaction according to frequencies of vibration of charac-
teristic groups of atoms was performed.

Indicators of areas of peaks of relative indicators of light
absorption were determined from the Gauss equation [15].
Assessment of the changes in the absorption bands and their
shift makes it possible to identify chemical interactions in
the treatment of collagen by different tanning agents.

5. Results of research into chemical interaction of
montmorillonite dispersions with collagen of derma

5. 1. Research into chemical interactions in the struc-
ture of modified montmorillonite dispersions

IR-spectroscopic analysis of modified montmorillonite
MMTy. (Table 1, Fig. 1) is characterized by the intensive
band of 1,077-1,034 cm™ !, which is characteristic of silicic

acid structures, less intensive — 783 cm™! and strong bands—
531 and 463 cm™".

According to sources [14, 16], the spectrum of the MM T-
Na sample is characterized by a wide band (Table 1, Fig. 1)
with the frequency of vibration of 1,038 cm™'. This band
corresponds to valence fluctuations of tetrahedrals of silicic
acid groups Si—O-Si in the structure of the mineral, which
indicates the perfection of the crystalline lattice of montmo-
rillonite.

Table 1

Characteristic bands of absorption bands of modified
montmorillonite and a change of their light absorption

Frequency Light absorption, A/A,
of vibration (for peak areas)
. . Group of atoms
in maximum
peak, cm~! MMTy, | MMTc¢, | MMTy
3,639; 3,640; — VOHjyee 448 92 -
3,452; 3,435;
3394 vOHpound 1023 703 651
—; 3,031; 3,163 vOH - 882 221
—; 2,924; 2982 H,0, vOH - 8 239
—; —; 2,905 H,0, vOH - - 210
—; —; 2,475 H,0, vOH - - 37
1,937; —; — S0H 16 - -
1,643; 1,641; Si-0,
11658 6(H7071_1)1)<>111'L(l 14 93 308
1,451; 1,459; — 8A103 OH 8 23 -
o v(Si-0O-Si) 3 3
- —; 1,094 AL-O-AL S=O 2,246
1,077; 1,074; v(Si—O-Si)
1071 AL_O-Al 1,177 2,299 711
v(Si-0-Si),
1,038; —; — AlOy — tetrahe- 76 - -
drals
1,034; 1,029; — v(Si—O-Si) 475 274 -
— — 904 S3(Al-O-H) - - 105
783; 784; 781 SiOy, AlOy4 46 65 38
. v(Al-O) 3 3
— — 695 V(Al-0-Si) 137
-, —, 610 Si-0O, S-0O - - 49
o 8(0-Si-0), 3 3
,—, 998 SO2 165
-, —, 572 Al-O-Si - - 69
8(0-Si-0),
531, 528, 520 Me—O 249 352 177
8(0-Si-0),
463, 462, 429 Me_O 162 218 56

Characteristic bands of 531 cm™ and 463 cm™! are typ-
ical for dioctahedral minerals of the montmorillonite type
and indicate the vibration of bonds (O—Si—0) and (Me—0).
The band in the interval 783 cm™! corresponds to SiOy, vi-
brations of rings from AlOy tetrahedrals. The band in the re-
gion of 1,451 cm™'is characteristic of deformation vibrations
of the structural hydroxylic groups of the mineral, which are
bound by AI?* cations.

The intensive band with vibration frequency of 3,452—
3,639 cm™! and the band of 1,937 cm™! belongs to OH-va-
lence and deformation vibrations of free and bound water.
Peaks of 3,639 cm~!and 3,452 cm~! should be referred to va-
lence fluctuations of structural hydroxylic groups Al3*-OH,
which indicates the existence of inter-layer exchange cations



that are formed after the treatment of montmorillonite with
a modifier. A weak band in the MM Ty, sample with vibra-
tion frequency of 1,643 cm™!is characteristic for deformation
vibrations of H-O—H groups.
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Fig. 1. Spectra of absorption of different intervals of

montmorillonite before (1) and after (2) modifications by potassium
aluminum sulfate or basic chromium sulfate (3) in the intervals
of frequencies: @ — 3,900—2,300 cm™'; b — 2,020—1,420 cm™";

c—1,300—800 cm™"; d— 840—400 cm™!

Analysis of the spectra of the MMTCr sample reveals
that absorption bands are very close to basic MMTNa (Ta-
ble 1, Fig. 1). The exception is small changes in magnitudes
of absorption frequencies that belong to fluctuations of
covalent bonds of Si—O-Si and AI-O-Si in the region of
800-1,074 cm ™.

The area after the peak of 3,640 cm™!, which belongs
to free inter-package molecular water, decreased almost by
5times in comparison with the MMTy, sample (Table 1).
Absorption at frequencies of 3,435 cm™ and 3,031 cm™! is
referred to bound absorbed water in volume phase [14].

The absorption band at the frequency of 3,435 cm! of the
MMTc, sample is shifted to the low-frequency region with a
decrease in its area as a result of the compaction of OH-groups
and emergence of an intensive band at 3,031 cm™ (Fig. 1, a),
which indicates the redistribution of intra-molecular bonds.

Deformation vibrations of bound water in the region of fre-
quencies of 1,641 cm™! for MM T, have the area of peaks that is
7 times larger in comparison with the MM Ty, sample (Table 1,
Fig. 1, b). This was caused by the fact that water molecules
in the MM T, crystal are bound by much stronger hydrogen
bonds in comparison with the basic sample [17, 18].

Bands of 528 and 462 cm ™!, which correspond to valence
fluctuations of the bond Cr—O and deformation vibrations
of O—Si—0, have the area that is at least 1.5 times larger in
comparison with the spectrum of MM Ty, (Table 1).

1,420

Frequency, cm!

400
Frequency, cm!

The essential difference of the spectrum of MM T, sam-
ple from the MM Ty, sample is an increase in the intensity of
the absorption band in the region of 1,658 cm™!, appearance
of intensive bands in the region of 1,094 and 598 cm™?, ap-

pearance of peaks in the region of 3,163; 2,982; 2,905;
2,475;904; 695; 610 and 572 cm™! and disappearance of
absorption bands at 3,639; 1,937; 1,451 and 1,038 cm™".

Deformation vibrations of HyO in the MMT,; sam-
ple are observed in the region of higher frequencies of
1,658 cm™!, in addition, they are characterized by the
intensity that is by 22 times higher in comparison with
the MM Ty, sample. This is explained by the fact that
water molecules in the MMTj,; crystal are bound by
stronger bonds, and at an increase in concentration of
molecular water, the inter-package distance in the crys-
talline lattice of MMTy increases.

The bands at 2,982 and 2,905 cm™! (Fig. 1, a) be-
long to silanolic groups of micropores bound by H-bond,
but not for molecular-adsorbed water, which is indicat-
ed by the absence of the absorption band of §-vibrations
in the region of 1,600—1,618 cm™! (Fig. 1, b).

The disappearance of the absorption band at the
frequency of 3,639 cm™! and appearance of the new
peaks at frequencies of 3,394; 3,163; 2,982; 2,905;
2,475 cm ™!, which are referred to bound adsorbed water
in the volume phase, testify to the creation of hydrogen
bonds. An increase in distinct maximum at 1,658 cm™!
is overlapping the spectra of capillary-condensed water
in wide pores and monomolecular water adsorbed in
micropores of silicate [19].

The appearance of the intensive band for the
MMT,; sample at 695 cm™" Si—O(Al) (Fig. 1, ¢), and
an increase in the intensity of the band at 1,094 cm™!
of vibrations of the Si—O-Si framework of the min-
eral and its shift to the high-frequency region in the
spectrum, indicates that hydroxyls characterized by
these bands take part in the reaction of the cation
exchange (Fig. 1, d).

According to the literary data [20], the existence of the
surface OH-groups only at the “peripheral: areas of the plates
of the mineral is characteristic of montmorillonite. The typical
result of the formation of H-bond is the shift of the band to the
long-wave region along with an increase in its width and total
area of the peaks. Hydroxyls that are responsible for H-bonds
with cations of AI**, characterized by the bands with the fre-
quency of vibration of 3,394 cm™! and 904 cm™!, have weak
acidic properties; the proton of these hydroxyls is an exchange
proton in the interaction with the metal cation.

The disappearance of the absorption band at the fre-
quency of 3,639 cm™" and the appearance of new peaks at
frequencies of 3,394; 3,163; 2,982; 2,905; 2,475 cm™!, which
are referred to bound adsorbed water in volume phase,
testify to the formation of hydrogen bonds. An increase in
distinct maximum at 1,658 cm™! is overlapping of spectra of
capillary-condensed water in wide pores and monomolecular
water adsorbed in micropores of silicate [19].

5.2. Research into chemical interactions in the
structure of gelatin, treated with compositions based on
modified montmorillonite

When evaluating the absorption bands in the spec-
trum of gelatin (G) (Table 2, Fig.2), it is possible to
separate the most characteristic spectra that are located
in the intervals of frequencies of 3,500-3,100 cm™' and



1,640-900 cm™! and less intensive in the interval of 900—
400 cm' [21, 22].

The peaks within the absorption band of 3,500-
3,200 cm™! characterize valence fluctuations of associated
NH,, NH and OH-groups that take part in the formation of
hydrogen bonds. The peak of 3,413 cm™! is referred to bound
valence NH-groups that take part in the formation of inter-
nally molecular hydrogen bonds. The absorption in the range
of the spectrum of 2,955 cm™" and 2,834 cm™! is referred to
asymmetric and symmetric valence fluctuations of the CH,
groups.

For sample G, it is possible to observe the deformation vi-
brations of bonds NH (Amide I) and (Amide IT) in the region
of spectrum 1,645-1,532 cm™!, deformation vibrations of
bond of O—H in the region of peaks of 1,333-1,201 cm™!and
valence fluctuations of C—N-groups in amides (Amide III).

The interval of the spectrum for sample G in the range
of 1,161-922 cm™! combines the set of bands that indicate
the pendulum vibrations of NH3" groups (1,161 cm™),
characteristic for valence fluctuations of groups CN, C-O
and C=C (1,082cm™" and 1,032cm™') and the bands
that are characteristic for bound NH groups (922 cm™")
(Fig. 2, o).

In spectrum (G), the wide and less intensive band is
manifested in the range of 873-550 cm™!, which character-
izes deformation vibrations of bound NH-groups with peaks
of 873 cm™ (Amide V) and 550 cm™! (Amide V).

The band of 1,448 cm™! characterizes scissor vibrations
of CH, groups, the band of 2,834 cm™ indicates the va-
lence symmetric vibrations of —~CHy— chains, the band of
2,955 cm~! indicates the valence asymmetric vibrations of
CH, groups [23, 24].

After the treatment of gelatin with chromium tanning agent
(G+Cr) (Table 2, Fig.2), the most characteristic absorption
is observed in the interval of frequencies of 3,500—3,200 cm ™!
in the spectrum region of 1,654-1,037 cm ™! and less intensive
in the region of the spectrum of 685-537 cm™![25].

The band in the frequency range of 3500-3200 c¢m™!
(Fig. 2) is characterized by the regions of valence vibra-
tions of associated amino-, imino- and hydroxyl groups that
are involved in the formation of hydrogen intermolecular
bonds [23].

The bands of carbonyl absorption are manifested some-
what stronger than the band of Amide II that occurs as a
result of valence vibrations of CN-groups, at the time when
bond C—N to a greater extent shows the nature of the double
bond due to the resonance with carbonyl group [24].

The existence of residues of amino acids in the structure of
the G+Cr sample is proved by bands of 1,659 cm™ (Amide 1)
and 1,536 cm™! (Amide I1). These bands characterize car-
bonyl absorptions and deformation vibrations of NH-groups
and valence fluctuations of CN-groups (Fig. 2, b).

Vibrations in the range of 11601034 cm™" also demon-
strate active interaction of gelatin with chromium tanning
agent (G+Cr). The band of 1,160 cm™" indicates the pen-
dulum vibrations of NH3" groups, the band of 1,081 cm™
is characteristic of SO4* groups, the band of 1,034 cm™
indicates the valence groups of CN, C—O and C=C. The
formation of the collagen structure at tanning occurs due
to participation of finished carboxyl and amino groups of
protein, which is proved by disappearance of the band at
1,201 cm~!and appearance of the band at 1,122 cm™![23].

The appearance at 685-604 cm™! (Fig. 2) of the frequen-
cies, which are observed for Amide V, for the G+Cr sample,

characterize deformation vibrations of the complex ether
fragment and the chrome complex, at the same time, the
frequency of 537 cm™" (of Amide V1) is characteristic of de-
formation vibrations of C=0 groups and deformation vibra-
tions of the NH-groups, which may indicate the interaction
of chromium with active groups of gelatin.

Table 2
Characteristic bands of absorption gelatin and chromed gelatin
G G+Cr
Vibration fre- Group of Vibration fre- Groups of
quency, cm ™! atoms quency, cm ! atoms
3,413; vNHpounds 3,337; vNH bound.,
3,200-3,500 vOH 3,200-3,500 vOH
VNHpounds vNH bOHHd.,
3,082 VCN 3,072 VCN
2,955 vCHj asym. 2954 vCH, asym.
2,834 vCHj sym. 2,813 vCHj sym.
Amide I, Amide I,
1,645 nC=0 1,654 vC=0
Amide II, Amide II,
1,532 3 NH, vCN 1,547 SNH, vCN
1,448 CHy, scissor 1,454 CH, scissor
C=0 val.
- - 1,398 (CO0)
Amide 111, Amide III,
1,333 vCN+8NH 1,337 vCN+6NH
1,237 vCN, NH 1,245 vCN, 8NH
1,201 Amide III, B B
vCN, NH
1,161 NH, 1,160 NH,
- S=0,NHJ,
- 1,122 SO42
1,082 vCN, dOH 1,081 vCN, ESZQH,
SOy
1,032 vC-0, vC=C 1,034 vC-0, vC=C
922 vC=C, vNH 973 vC=C, vNH
873 v(C-0-C), 685 SN, Amide
dNH V, Cr*3
Amide VI, Amide V,
550 dNH, 6C=0 604 SNH, Cr*?
471 5(C—C) Amide VI,
537 5 NI

On the spectrum of (Fig. 2), like on the initial spectrum
of gelatin, at 3,422 cm™' we observe a wide band that is
characteristic of all proteins, caused by valence fluctuations
of the N—H bond in groups NHy, which take part in the for-
mation of hydrogen bonds. Valence fluctuations of the bonds
in OH groups at 3,500—3,200 cm™" are also characteristic.
Absorption bands of 3,158-3,089 ¢cm~" and 1,663 cm™! cor-
responds to valence fluctuations and deformation vibrations
of N-H bond in NH3" groups.

The appearance of the absorption band in the spectra
of the G+Al sample of valence fluctuations at 2,951 cm™!
indicate the formation of H-bonds of the “bridge” type. The
bands formed in this region point out the existence of weakly
bound moisture [24].

The existence of the intensive band of valence vibra-
tions for the sample G+Al of associated carbonylic groups
C=0 (Amide I) at 1,663 cm™" is explained by the interac-
tion of the functional groups of gelatin with sulfate com-
plex of aluminum. The band Amide is somehow weaker



than the bands of carbonyl absorption. Absorption bands
at 1,532 cm ™! are caused by deformation vibration of NH-
groups of amino acids in the composition of the protein
part of gelatin.
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Fig. 2. Spectra of absorption of different intervals of gelatin before
(1) and after (2) modification of potassium aluminum sulfate or basic
solutions of chromium sulfate (3) in the intervals of frequencies:
a—3,800—2,600 cm™"; b— 1,900—1,300 cm™'; ¢ — 1,300—400 cm™"

The band for the G+Al sample in the region of 1,234 ¢cm ™!
characterizes deformation vibrations of NH-groups (Am-
ide IIT). Vibrations within the band of 1,128-1,053 cm™",
which point out pendulum vibrations of NH3" groups,
SO4% groups and valence groups CN, C-O and C=C are
more intensive in comparison with sample G. It is probably
the result of the interaction of carboxylic and amino groups
of gelatin with hydroxo-complex ions of Al, in the internal
sphere of which there are sulfate-ions.

Analysis of the IR-spectrum of the G+Al sample indi-
cates that the interaction of tanning compounds of alumi-
num results into the formation of the complexes with sul-
fate-ions in the internal sphere, and binding of the complex
with protein occurs with the help of the bond of aluminum
and amino groups of gelatin [21].

Changes in relative indicators of light absorption in
spectra G and in modified G+Cr, G+Al, GFMMT,; and
G+Cr+MMT, are represented in Table 5. Analysis of IR
spectra (Table 3, Fig.2,3) made it possible to determine
the bands of absorption and enables determining the set of
bands which is more sensitive to the influence of tanning
compounds on collagen.

Spectra of G+MMT,; (Table 3, Fig. 3) are different
from the spectra of the G+Al sample in the region of
valence —NH fluctuations of nitrogen-containing groups

Frequency, cm™

of gelatin and valence vibrations of structuring hydroxyl
groups AI(OH)3. The band of 3,462 cm™" is related to
OH-vibrations of the molecules of absorbed water that
take part in hydrogen bonds. The specified band shifted
to low-frequency region by 23 cm™! has smaller area
under the peak. Appearance of the medium peak at
3,387 cm~! and more intensive at 3,354 cm™! for the
sample G+tMM T}, indicate the inter-layer exchange
cations and are proved by the existence of the pro-
nounced maximum in the IR-range at 3,080 cm™!.

The bands of valence fluctuations of Amides
I, IT and IIT for the G+MMTy,; sample reveal a
certain influence on the structure of gelatin in
comparison with the spectrum of G+Al In this
case, the area under the peaks of 1,663 cm™!,
1,532 cm™! and 1,241 cm™! decreases in comparison
with maxima in the spectrum of the G+Al sample.

In the spectral range of 1,161-1,016 cm™!, va-
lence fluctuations of CN-groups, sulfogroups and
NHj vibrations of gelatin, valence fluctuations
of Si(OH)AI, as well as vibrations of free surface
deformation of OH-groups of SiO vibrations are
manifested for the sample G+MMTAI There is
a significant increase in the area of the peak of
1,088 cm ™!, for the sample of G+MMTAI, as well as
the shift of the band of 1,161 cm™! by 33 cm™ to the
region of higher frequencies (Fig. 3, ¢) [1].

In the region of spectrum of 780-615cm™!
for the G+FMMTAI sample, there are the bands of
valence fluctuations and deformation vibrations of
peptides (Amide V and Amide VI) and the alumi-
num complex. In the spectrum of the G+MMTAI
sample, the wide absorption band is divided into
four maxima at 780 cm™!, 699cm~!, 659 cm~! and
615 cm™!, unlike one-layer peak at 611 cm™! in the
G+Al sample (Fig. 3,d). This can indicate the partic-
ipation of OH-groups in the formation of hydrogen
interaction Si—OH---O-C.

Appearance of peaks of 525 and 426 cm™' for
the G+ MMTAI sample, which characterize deforma-
tion vibrations of C=0-groups, O-Si—O and valence
fluctuations of Al-O may indicate the formation of
hydrogen bonds between the functional groups of gel-
atin and MMTAI of the Si—O...H-N type with NH-
groups of protein and Si—-O...H-C with CH-groups of
protein [20].

For the spectrum of the sample of G+Cr+MMTAI (Ta-
ble 3, Fig.3), valence fluctuations of OH-groups in the
region of 3,400 cm™! are the most sensitive to the presence
of hydrogen bonds. Their location depends on the concen-
tration of water, conditions of obtaining the spectra that
are easily separated from the absorption bands of other
groups [22].

In the IR-spectrum of the G+Cr+MMTAI sample,
adsorption moisture is characterized by wide absorption
bands in the interval of 3,500—3,000 cm™!* A wide adsorp-
tion band with two peaks at 3,391 and 3,379 cm™! shifted
to the low-frequency region, but with a larger area in com-
parison with the GFMMTAI sample, is caused by valence
vibrations of H-bound OH-groups and their compactness.
This fact is proved by a decrease in the sample of weakly
bound moisture, characterized by the peak maximum at
3,077 cm ! (Fig. 3, a).



Table 3

Characteristic bands of absorption of modified gelatin and a change in their light absorption

Vibration frequency in the maximum Light absorption, A/Ao (for areas of peaks)
Group of atoms 1
of peak, cm G G+Al | G+MMTAI | G+Cr | G+Cr+MMTAI
VNHypound 3,436; 3,422; 3,399 3,462; 3,391 525 584 388 287 554
VOHpound — = 3,387; - 3,379 - - 93 - 156
vSi(OH)AI — — 3,354; 3,216; — - - 247 332 -
vSi(OH)AI 3,137; 3,158; —; —; —, 261 4 - - -
VNHypound, NHs* —; 3,089; 3,080; —; 3,077 - 73 106 - 66
v (CH3), vOH - 2,951, — — — - 58 - - -
v (CH3), vVOH 2,926; 2,927; 2,931; 2,926; 2,937 26 370 24 112 318
H,0, vOH 2,894; —; 2,879; 2,882; —; — 204 - 202 282 -
Amide I,
vC=0, 1,670; 1,663; 1,663; 1,659;1,667 184 256 226 147 177
d(H-O-H) 1,638; — — —1,649 14 - - - 41
Amide 11, SNH+ vCN 1,531; 1,532; 1,532; 1,536; 1,537 43 41 42 62 65
Amide III, vCN, 8 NH 1,234; 1,234; 1,241; 1,243; 1,242 14 26 10 12 10
Amide III, vCN, § NH 1,200; —; —; —; — 10 - - - -
Amide 111, NH; 1,159; 1,128; 1,161; 1,150; 1,119 10 38 36 17 122
vCN, 80H, vSi(OH)AI 1,080; 1,097; 1,088; 1,084; 1,097 25 38 77 28 15
SO?{, NH;, vSi(OH)AI 1,032; 1,053; 1,016; 1,030; 1,041 20 34 27 13 89
vC-0,vC=C 976; —; —974; — 6 - - 2 -
8SiOH, — —780;732; 754 - - 14 29 27
v(C-0-C), VNH, 662; —; 699; —; — 47 - 35 - -
8 (AI-OH), AlOy, 652; —; —659; 637; — 51 - 15 47 -
COO ", Me-O — 611; 615; 592; 609 - 127 14 8 53
(CS,CC=9C) 584; 586; — —; — 2 12 - - _
Me_O 544; —; 561; —; — 11 - 10 - -
AL — —525; 534; 522 - - 36 27 20
81(\/?6_—%), 478; 472; 463; 464; 462 21 14 12 10 10
Me-0O,
3(0-Si-0) 426 - - B 6 B B
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Fig. 3. Spectra of absorption of difference intervals of gelatin modified by potassium aluminum sulfate (1), basic chromium

sulfate (2), MMT, (3) or basic chromium sulfate and MMT , combined (4) in the frequency range: @ — 3,500—2,700 cm™';

b—1,800—1,400 cm™"; ¢ — 1,400—800 cm~'; d— 800—400 cm™'

’

Analysis of the spectra of the G+Cr and G+Cr+MMTy
samples indicates that chromed gelatin has more active
coordination bonds between chrome and OH-groups of
protein. It is also proved by the interval of the spectrum
of 1,667-1,242 cm™!, which characterizes the existence
of valence groups of Amides I, IT and III (Fig. 3, b). At
the same time, bands of 1,119-1,041 cm™! correspond to
vibrations C—N of valence groups, NH and NH; deforma-
tion vibrations, as well as sulfogroups of chromium and
aluminum complexes. The band of 1,119 cm™' has the area

that is by 3.4 times larger and shifted by 42 cm™' to the
low-frequency region in comparison with the G+FMMTy;
sample (Fig. 3, ¢).

The shift of the peak of 1,041 cm™' by 25 cm™ to the
high-frequency region, as well as the shift of the bands of
754 and 609 cm~! and an increase in their area, which is
characteristic of COO~, Me—O groups (Fig. 3, d), can in-
dicate the formation of coordination bonds mainly between
the ions of chromium and carboxylic groups —~COOH of the
side chains of gelatin.



5. 3. Analysis of different types of H-bound water of
gelatin and gelatin, treated with compositions based on
modified montmorillonite

Analysis of the spectra of the studied samples in the
area of the absorption of water and hydroxyl groups allows
arguing that the molecules of adsorption moisture are on
the surface of gelatin and the mineral. Their location is also
possible in empty crystalline lattices, in channels-capillaries,
in the internal coordination sphere of hydrated metal, where
they are bound by the weak van der Waals forces, sometimes
by hydrogen bonds. At the same time, in some samples, wa-
ter molecules in the crystal are bound by stronger hydrogen
bonds in comparison with others. This leads to an increase
in the inter-package distance in the crystalline lattice of the
mineral.

That is why in order to study various types of H-bound
water for the samples of gelatin and those of modified gela-
tin, relative intensity of light absorption bands was calculat-
ed using the indicators of strongly bound (R;) and weakly
bound moisture (R»).

The band of 1,530 cm™!, which was caused by defor-
mation vibration of NH-groups of amino acids (Table 3,
Fig. 3, b) that objectively describes a change in the state
of water in the studied samples, was selected as the calcu-
lation standard.

Calculation of Ry and Ry from formulas (1), (2) is pre-
sented below as an example:

S0t S

R1 — 167; 1640 , (1)
1530

R2 — 52950 + §2930 + 52890 , (2)

1530

where R is the indicator of strongly bound moisture; R
is the indicator of weakly bound moisture; S is the sum
for the areas of peaks at the corresponding frequency of
vibrations [26].

According to the above results of calculations (Tables 4, 5),
relative intensity of absorption bands of gelatin and gelatin
modified by potassium aluminium sulfate, basic chromium
sulfate, MM T, and sequential treatment by basic chrome
sulfate and MMTy, characterizes the largest existence of
free and bound groups of water in the G+Al sample, and
least — in the G+Cr sample.

In this case, the least number of free groups of water is in
the G+Cr+MMT},), sample, which indicate strengthening of
the structure of the studied sample, caused by hydroxo-com-
plex ions of Cr (I1I) and Al (I1T), which are located between
silicate layers.

Table 5
Relative intensities of free water in studied samples
. Indicator of
Studied
%arl:l 1lccs S2950 | S2930 | S2s00 | X | Siszo | weakly bound
samp moisture (Ry)
G - 26 | 204 | 230 | 43 5.35
G+Cr - 112 | 282 | 394 | 62 6.35
G+Al 58 | 370 - 428 | 41 10.44
G+MMTy - 24 | 202 | 226 | 42 5.38
G+Cr+MMTy | — | 318 | - | 318 | 65 4.89

6. Discussion of results of studying the chemical
interaction of montmorillonite dispersions with modifiers
and their influence on structuring of collagen of derma

The results of IR-spectroscopic studies of montmoril-
lonite revealed that the spectra of the mineral modified by
sodium carbonate indicate the perfection of the crystalline
lattice of montmorillonite.

Montmorillonite dispersions modified by chromium
compounds are characterized by strengthening of the role
of hydrogen and valence bonds Si—O-Si and Al-O-Si. In
addition, there are Cr—O and O-Si—O bonds, indicating
the formation of the systematized crystalline structure of
chromium ions on the surface of the mineral.

Considering that in solutions of Cr (III salts), there
occur complexing phenomena [16-18], accompanied by
a change in the charge of hydroxo-complex ions and an
increase in molecular weight, it is possible to argue about
strengthening of the structure of the MM Ty, sample with an
increase in siloxane groups in MM T¢; due to the role of the
hydroxocomplex ions of Cr (I11).

Montmorillonite modified by aluminum compounds
is characterized by substantial changes of deformation
vibrations of free and bound water, which is proved by the
intensity that is by 22 times higher in comparison with the
MMTy, sample and the area of peaks that is by 3 times
larger in comparison with MMTc,. Besides, the analysis
of the spectra in the region of absorption of water and
hydroxylic groups allows arguing that MMTy,; is in the
conditions of higher activity of water than in the MM Ty,
sample. This conclusion is based on the fact that there
are fewer weakly bound hydroxylic groups in the MM Ty,
sample than in the MM Ty, sample, and more water in the
inter-layer space.

However, we cannot but note that replace-

Table 4 ent of Na* cation with AI** cation for the

Relative intensities of bound water in studied samples MMT, sample in the Si—OH-groups must lead

to an increase in frequency of Si—O(Al). It is

Studied samples | Sigro | Sieno | Sys30 }I)I;iiggt;{)iosftztrf?éb)’ proved by an increase in Vibratipns of Si-O-Si
1 of the mineral framework and its shift to the

G 184 1 198 43 46 high—fgequency.rangelin the spectru.m..At the

same time, a shift of Si—O bands can indicate an

G+Cr 147 - 147 62 2.37 increase in “hardness” of the system. In this case,
there is a redistribution of hydroxyl groups on

G+al 256 B 256 41 6.24 the surface of MM Ty, which is characterized by

G+ MMTAI 996 B 296 49 538 weak acid properties and caused the formation
of the strong H-bond with AI3" molecules. This

GHCr+MMTAL | 177 41 218 65 3.35 phenomenon points out the possibility of more




effective formation of the derma structure in case of using
MMT}, for leather tanning.

After the treatment by chromium gelatin or by alu-
minum tanning agent, the most significant changes are
observed in the regions characteristic for absorption of
OH-groups, carboxylic or amino groups. These changes
indicate a possibility of formation of additional intermo-
lecular bonds through the interaction with the Cr (I1T) or
Al (I11) ion, respectively, displacing sulfate ion from the
inner coordination sphere.

Gelatin treated with modified montmorillonite dis-
persions is characterized by the existence of nitrogen-con-
taining and hydroxylic groups. This is proved by the
formation of hydrogen bonds between the nitrogen atoms
of gelatin and protons of inter-package water. In addition,
the existence of valence fluctuations of amine groups
shows that hydrogen bonds are formed between the nitro-
gen atoms of gelatin aminogroups and protone of water in
the inter-layer space of the G+Al sample with the cations
in the exchange complex.

Existence of valence fluctuations of the CN-groups
and sulfogroups for gelatin treated by MMT,; allow ar-
guing about the formation of electrovalent bonds between
the active groups of protein component and the charged
surface of the MMT,; and hydrogen bonds with the sur-
face hydroxyl groups of montmorillonites.

Gelatin, sequentially treated by chromium compounds
and modified montmorillonite dispersions, is character-
ized by the existence of active coordination bonds be-
tween chromium and OH-groups of protein. The predict-
ed strengthening of the structure of treated gelatin can
also be the manifestation of an increase in siloxane groups,
which is caused by hydroxo-complex ions of Cr (III) and
Al (I11), located between the silicate layers of the mineral
as a result of compression by OH-groups.

Thus, sequential treatment of collagen by chromium
compounds and montmorillonite dispersions modified by
aluminum compounds can contribute to most effective
protein structuring and ensure higher hydrothermal re-
sistance of the collagen structure of derma as a result of
technological treatments.

7. Conclusions

1. The identification of chemical interactions in the
structure of montmorillonite dispersions treated by different
modifying agents revealed the existence of the inter-layer
exchange cations after the modification of montmorillonite
by sodium salts. It was discovered that the role of hydrogen
and valence bonds after the modification of the mineral by
chromium compounds strengthened. At the same time, for
montmorillonite, modified by aluminum compounds, we de-
tected substantial changes of deformation vibrations of free
and bound water, which indicated the possibility of more
efficient formation of the structure of derma in case its use
for leather tanning.

2. The conducted research found that changes of the
properties of collagen during leather tanning can be char-
acterized by different phenomena. The formation of the
aluminum-involving transversal bonds between the lateral
chains of collagen and hydroxyl groups of molecules of
already bound peptides of previously chromed gelatin was
discovered. The totality of interactions ensures formation of
hydrogen, ionic and covalent bonds, which can influence the
stability of properties and collagen structuring.

3. Different types and H-bound water for the samples
of gelatin and modified gelatin were analyzed. Calculations
of relative intensity of light absorption bands indicate the
existence of the least amount of weakly bound water in the
G+Cr+MMT,j, which will consequently contribute to most
effective protein structuring and ensure higher hydrother-
mal stability of collagen structure of derma.

4. Tt was substantiated that the introduction of modified
montmorillonite at the stage of tanning ensures creation of
additional bonds in the structure of derma, which will cause
more effective interaction of compounds of chromium and
aluminum with collagen and, respectively, will contribute to
more effective derma structuring. In this regard, it is possi-
ble to predict more rational use of chromium compounds for
tanning due to the introduction of the composition based of
montmorillonite modified by aluminum compounds. This
will solve the task of making production ecologically friend-
ly and enhancing the safety of leather for children’s footwear.
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