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Study of the Kkinetics of Bombyx mori chitosan ascorbate formation

In this work, for the first time, a water-soluble natural biopolymer of chitosan ascorbate based on Bombyx
mori chitosan and ascorbic acid was obtained and kinetic features of the process were determined. Samples of
chitosan ascorbate were synthesized, the interaction of chitosan with ascorbic acid was studied by analytical
titration. The synthesis was carried out in order to determine the activation energy of formation of the reac-
tion of chitosan ascorbate, in the ratio of chitosan and ascorbic acid (4:1) components for 15 minutes with a
reaction temperature ranging from 25 °C to 65 °C. The results of the kinetic studies show that in the interac-
tion under the study the reaction order on ascorbic acid concentration exceeds the reaction order on chitosan
concentration, while the reaction activation energy was determined, which equals to 13.38 kJ/mol. This result
allows us to conclude that during the formation of chitosan ascorbate at 55 °C the highest equilibrium con-
stant is established, and a further increase in temperature leads to a decrease in the yield and equilibrium con-
stant. The results obtained indicate that with an increase in the concentration of ascorbic acid compared to the
one of chitosan, the reaction rate increased almost twice. It was found that with an increase in the reaction
time, the average rate of synthesis gradually decreases. This is due to the fact that with an increase in the du-
ration of the reaction in the solution the concentration of unbound (free) ascorbic acid decreases, and as a re-
sult, the reaction rate decreases as well.
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Introduction

Ascorbic acid plays an important role in metabolism, acting as both an acceptor and a proton donor in
enzymatic systems, due to the mobility of hydrogen atoms in enol hydroxyls at C-3 (pK, = 4.2) and C-2
(pK, = 11.6). Chitosan is biodegradable, nontoxic biopolymer and has properties to stimulate plant growth
and inhibit phytopathogenic fungi [1, 2]. Water-soluble, environmentally safe derivatives of chitosan, in par-
ticular, chitosan ascorbate are of great interest in the world. A wide possibility of chitosan (CS) modification
allows to obtain its water-soluble derivatives, which exhibits pronounced bioactivity in the growth and de-
velopment of plants [2, 3].

In the literature, there are different views about the mechanisms of interaction of chitosan with ascorbic
acid, therefore, the study of the structural and kinetic characteristics of chitosan ascorbate remains relevant.
The formation of chitosan ascorbate could be explained based on the interaction of the third (C3-OH) enol
hydroxyl group of ascorbic acid and the chitosan amino group with the formation of a donor-acceptor
bond [2].

As the authors’ [2-6] work shows, donor-acceptor bonds are formed due to the more reactive third
(C2-0OH, C3-0H) enol hydroxyl group of ascorbic acid with the amino group of chitosan. In the reaction of a
lone electron pair, the amino groups possess donor properties and confirmed the structure of ascorbate chi-
tosan by using NMR and IR spectroscopy. For obtaining chitosan ascorbate, a potential source of raw mate-
rials is chitosan obtained from chitin of Bombyx mori silkworm pupae and widely available ascorbic acid.
Scientific research in this aspect is in the initial stage in spite of the fact that there is a great demand for chi-
tosan ascorbate in agriculture. It is known from the scientific literature that the optimal conditions and kinetic
features of the reaction of chitosan ascorbate formation are not well understood, therefore, it's synthesizing
and the study of the physicochemical and kinetic aspects of the formation of chitosan ascorbate is an urgent
task, with special attention being paid to the rational use of natural resources. Chitosan ascorbate was synthe-
sized, kinetic characteristics and energy activation of the process were established on this purpose.
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Experimental

For the purpose of determining £,, we used the rheology method in the temperature range 20-50 °C ac-
cording to the Arrhenius equation [7]. We have carried out a synthesis, for the first time determined the order
of reaction and the activation energy of the reaction of chitosan ascorbate formation. We carried out the reac-
tion of the formation of chitosan ascorbate under the constant conditions with varying concentrations of the
initial chitosan to determine the reaction order of the formation of ascorbate chitosan from the concentration
of chitosan. The reaction took 30 minutes and the molar concentration differed in the interval of 0.0125—
0.1 M of ascorbic acid. The degree of binding of chitosan (CS) to ascorbic acid (AA) was evaluated by the
ratio of (Maa) exp./(Maa) calc. The reaction rate (v) was calculated by the formula,

_AC

txv’
where AC is the change in AA concentration during the complexation reaction; v is the volume of the reac-
tion mixture.

Ethyl alcohol in a 1:3 ratio to the reaction system was used as a precipitate. The excess amount of
ascorbic acid was determined by the alkaline titration method with phenolphthalein indicator or iodometric
titration on the basis of the following equation [2]:

A\

CsH,0s—COH + NaOH =——= [CsH;0s—CO—]Na" + HOH
2C5H705_COH + Jz pr— 2[C5H705*C:O] + 2HJ

The influence of synthesis time and ratio of the initial components on the formation chitosan ascorbate
were studied by potentiometric titration.

Results and Discussion

The results of potentiometric studies were shown that changing molecular weight of initial chitosan
slightly effects on formation of chitosan ascorbate. There was detected an increase in the pH of the medium
to 6.3 over 30 minutes during the formation of the reaction of the chitosan ascorbate. Then, the pH remains
constant [8], which could be explained by the maximum interaction of ascorbic acid with chitosan. There-
fore, the experiments were carried out during 15-30 minutes. The results are presented in Table 1.

Table 1

Dependence of binding degree of chitosan with ascorbic acid and chitosan ascorbate formation reaction rates
from molar concentration of chitosan

Concentration of CS, mol/l AA Z%lizggf tion, Degree of binding, % | Reaction rate 10~ mol/l s
0.2 0.0531 53.1 1.20
0.3 0.0604 60.4 1.47
0.4 0.0670 67.0 1.70
0.5 0.0710 71.0 1.90

* .
AA concentration change

It was clear from the results that there is an increased degree of binding of ascorbic acid and the average
reaction rate of ascorbate chitosan formation by increasing molar ratio of initial chitosan compared to ascor-
bic acid. To estimate the order of the reaction, the dependence of the logarithm of the reaction rate of
ascorbate chitosan formation on the concentration of initial chitosan were compiled and the necessary value
was determined from the angle.

Figure 1 shows that with an increase in the amount of chitosan, an increase in rate occurs, and the tan-

gent of the angle of inclination is 0.8, which corresponds to the order of chitosan.
In order to determine the reaction order of the formation of chitosan ascorbate by the amount of ascorbic ac-
id, we synthesized chitosan ascorbate under constant conditions with varying initial acid concentrations. The
reaction time is 30 minutes and the molar concentration of chitosan is 0.1 M. The results are presented in
Table 2.
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The results of experiments showed that with an increase in the molar ratio of the starting ascorbic acid
compared to chitosan, its percentage in the composition of the obtained chitosan ascorbate increases, while
with an increase in the ratio of ascorbic acid, the degree of binding decreases.
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Figure 1. Dependence of the logarithm of the reaction rate of chitosan ascorbate formation
on the concentration of the initial chitosan

Table 2

Dependence of the degree of ascorbic acid binding and the rate of chitosan ascorbate formation reaction on the
molar concentration of chitosan (t = 25 °C, T = 30 minutes). The molar concentration of chitosan is 0.1 mol/l

Molar concentration AA, mol/l Concez%a;zr; /;) FAA, Degree of binding, % | Reaction rate-10° mol/l s
0.0125 0.00875 70.0 0.49
0.025 0.01835 73.4 1.10
0.0375 0.03075 82.0 1.70
0.0500 0.0315 63.0 1.75

To estimate the order of the reaction, the dependence of the logarithm of reaction rate of ascorbate chi-
tosan formation on the concentration of initial ascorbic acid was compiled and the order of the reaction of
ascorbate chitosan formation was determined from the slope.
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Figure 2. Dependence of the logarithm of the reaction rate of chitosan ascorbate formation on the concentration of the
initial ascorbic acid

Figure 2 shows that with an increase in the amount of ascorbic acid, an increase in rate is observed, and
the slope is 1.5, which corresponds to the order of reaction of ascorbic acid. Thus, the reaction rate of the
formation of chitosan ascorbate is noticeably higher with an increase in ascorbic acid compared to chitosan.
In order to determine the energy, we activated the reaction of ascorbate chitosan formation in the ratio of the
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components CS: AA 4:1 for 15 minutes with the reaction temperature varying from 25 °C to 65 °C. The con-
centration of ascorbic acid is 0.033 M. The data obtained are presented in Table 3.

Table 3

Dependence of the degree of ascorbic acid binding and the rate of chitosan ascorbate formation reaction
on the reaction temperature. The ratio of the components of CS:AA = 0.132:0.033 mol/l, T = 15 minutes

T °C N. % Estimated concentra- | Experimental concen- | Degree of binding, K Reacsztion rate
’ ’ tion AA, C% tration AA, C% % ¢ 10 mol/l s
25 3.95 20.0 11.2 55.0 1.04 2.01
35 3.77 20.0 14.0 70.0 3.20 2.56
45 3.74 20.0 15.1 75.5 5.08 2.77
55 3.71 20.0 15.4 77.0 5.80 2.83
65 3.75 20.0 14.6 73.3 4.20 2.72

The results show that with increasing temperature there is an increase in the content (in the range from
11.2 % to 15.4 %) and in the degree of binding of ascorbic acid. In this case, an increase in the reaction rate
from 2.01-10" to 2.83-10~° was found. With an increase of the content of ascorbic acid, a decrease of the
fraction of elemental nitrogen was found which confirms the dependence on temperature.

However, after the temperature rises above 55 °C, there is no increase in the content of ascorbic acid,
which could be explained by the establishment of a high equilibrium constant under the influence of high
temperatures. To calculate the activation energy of the reaction to form a chitosan ascorbate, a graph of the
inverse temperature dependence of the reaction rate logarithm was constructed (Fig. 3), and the activation
energy is determined from the angle of inclination tangent by the following formula:

A E g 22.3Rlog(V2—Vl)Tl><T2
V. 1 1] AT
2 R s
I T,
where V7, V, are the reaction rate values; R is the universal gas constant; 7} — 75 is the temperature change.
log(V, -V)) i XT, _
AT

b

tgo,

where tg a is equal to the sum of equations.
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Figure 3. Dependence of the logarithm of the reaction rate of chitosan ascorbate formation
on the versus inverse temperature

From the obtained calculations it is clear that the activation energy of the reaction of ascorbate chitosan
formation is 13.38 kJ/mol. This suggests that with increasing temperature, the reaction rate increases gradu-
ally and affects the value of activation energy. This result allows us to conclude that during the formation of
chitosan ascorbate at 55 °C, the highest equilibrium constant is established and a further increase in tempera-
ture leads to a decrease in the yield and reaction formation constant.
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Conclusions

The reaction orders for the formation of chitosan ascorbate by chitosan and ascorbic acid were deter-
mined and were equal to 0.8 — 1.5, respectively, which indicates that with an increase in the concentration
of ascorbic acid compared to chitosan, the reaction rate almost doubled. The effect of temperature on the chi-
tosan ascorbate formation reaction were determined and the results confirmed that temperature 55 °C was the
optimal condition. Decreases in equilibrium constant and ascorbic acid binding degree were found at temper-
atures above 55 °C. The activation energy value of the reaction confirmed the interaction of chitosan with
ascorbic acid to form a donor-acceptor bond.
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K.K. ITupuuszos, C.I1. Pamugosa

Bombyx mori ackop0aT XMTO3aHBIHBIH Naii1a 00,1y KHHETUKACHIH 3epTTEy

Maxkana anrant petr Bombyx mori xuto3assl (X3) jkoHe acKOpOWH KbIIIKBUIBIHEIH (AK) Herizinze cyna epuTin
Taburyu OuomnonnMep ackopOar xuro3aHsl (AX3) anbIHFAH XKOHE KMHETHKAIBIK CPEKIIETIKTepl aHBIKTaIFaH.
XuTo3aH acKOpOATHIHBIH YJTiIepi CHHTE3AENAl, XMTO3aHHBIH AaCKOPOMH KbILIKBUIBIMEH aHAIUTHUKAIBIK
THTpJICY apKbUIbl OpEKeTTecyi 3epTTeifi. XHUTo3aH acKOpOaThIHBIH TY311y PEaKLMSACHIHBIH aKTUBTCHAIPY
SHEPrHsCHIH aHBIKTAy YLIH 0i3 KoMmmoHeHTTepAiH apakaTtbiHackl X3:AK 4:1 Oonranma, 15 munyT
apabIFBIMEH peakius Temmeparypacsl 25 °C-teH 65 °C-ke aeitin 6akpuianabl. KuHeTHKaNBIK 3epTTeyaepaiy
HOTIDKEIIEP] 3epTTENTreH 03apa dpeKeTTeCyAe aCKOPOUH KBIIKBIIBIHEIH KOHIIEHTPAMACH OOMBIHIIA peaKius
TOpTiOl XMTO3aHHBIH KOHIEHTPAIMSACHIHIAFEI PEaKIUsl TOPTIOIHEH achlll KETETiHIH, PeaKIUSIHBIH aKTUBTCHY
SHEPrusCH Oip yaKbITTa AHBIKTAIATBIHABIFBIH JkoHEe 13,38 k/Dk/Moibre TeH OOJATHIHIBIFBIH KOPCETTI.
Hotmwxenep Teme-TeHMIKTIH €H SJKOFapbl TypakThl MoHI 55 °C-te ackop0aTThl XWTO3aH Ty3UITEHIE,
TEMIIEpaTypaHblH apTYbIMEH PEaKUUs TYPAKThl JKOHE TOMEHJEyiHe OKeNETIHAIriH pacranbl. PeakuusHbIH
opramia SKbULIAMJIBIFBI PEAKUMs Y3aKTHIFbIHBIH apTybIMEH TOMEHIEreHi aHbIKTanAbl. byn peaxius
Y3aKTBIFBIHBIH YJIFAIObIHA OalIaHBICTBI epiTiHAizeri 60C acKOpPOWH KBIIIKBUIBIHBIH KOHIIEHTPAIMSCHIHBIH
TeMeH/eyiHe GallJIaHbICTBI PeaKLUs JKbUIIaM/IbIFbIHBIH TOMEH/CYIH CHIIATTAHIbI.

Kinm ce30ep: xwuTo3aH ackopOaTrhl, acKOPOMH KBIMIKBUIBI, JIOHOP-aKIENTOPIBIK OaiilaHbIC, peaKIus
JKBUIIAaM/IBIFBL, OalJIaHEICY TopesKect.

K.K. IMupuuszos, C.IL. Pamugosa

HN3yuyeHue KMHEeTUKH 00pa3oBaHuA ackopOaTa xuro3ana Bombyx mori

B crarbe BrepBble ObUT OJTydeH BOAOPACTBOPUMBIH IPUPOIHBII OHomoIMep — ackopOar xuro3ana (AX3)
Ha ocHOBe xuTo3aHa (X3) Bombyx mori u ackopounoBoii kucinotsl (AK) u onpeneneHsl KHHETHYECKHE 0CO-
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6enHocTH. CUHTE3UpOBaHbl 00pa3Lbl ackopOaTa XUTO3aHa, U3YYCHO B3aHMMOJCHCTBHE XMTO3aHA C acKopoOu-
HOBOH KHCJIOTOH aHaIUTHYECKUM TUTpoBaHHeM. C LeNbIo OMpeeNICHUs] SHEPTUM aKTHBAIIUU PeaKkluu obpa-
30BaHUS ackopOaTa XUTO3aHA MPOBOJMIM CHHTE3 B COOTHOIIeHHH KoMnoHeHTOB X3:AK 4:1 B Teuenue 15
MUH C BapbUPOBAHUEM TeMIIEpaTypsl peakuuu oT 25 no 65 °C. Pe3ynbraTsl IpOBEJCHHBIX KHUHETUYECKUX
HCCIIE0BaHUN TIOKAa3bIBAIOT, YTO B M3y4aeMOM B3aNMOJICHCTBUY MOPSIOK PEaKIUH 0 KOHIICHTPAIINU acCKOp-
OMHOBOI KHCIIOTHI NIPEBBIIIAET MOPSIOK PEaKIUH MO0 KOHIEHTPAIMN XUTO3aHa, OJHOBPEMEHHO OIpeJiesieHa
SHEprHs aKTUBAIMS PeakIuH, KoTopas paBHseTcs 13,38 xJ[x/Monb. JlaHHBIH pe3yabTaT MO3BOISET CAENATh
BBIBOJI O TOM, YTO B Mpoliecce 00pa3oBaHus ackopbaTa xuro3ana npu 55 °C ycTaHaBIUBaeTCs caMast BHICOKast
KOHCTaHTa PaBHOBECHS, a JajbHelIIee yBeIUIeHHEe TEMIIEPaTypbl MPUBOAUT K YMEHBIIEHHUIO BBIXOJA U KOH-
cTaHThl paBHOBecHs. [lomydeHHbIe pe3yabTaThl CBUAECTENBCTBYIOT O TOM, YTO C YBEIHYEHHEM KOHLEHTPALUH
acCKOpOMHOBOH KHCIIOTBI MO CPAaBHEHHIO C XUTO3aHOM CKOPOCTh PEAKLUH NMOBBICHIACH MPAKTUYECKH B JBA
pas3a. YCTaHOBIICHO, YTO C YBEJIHMYCHHEM BPEMEHM PEaKIMM IIOCTEICHHO YMEHBILIAETCS CPEAHSAS CKOPOCTh
CHHTEe3a. DTO CBS3aHO C TEM, YTO C ITOBBHIIIEHHEM HPOJOJLKUTENBHOCTH PEAKIUU B PACTBOPE YMEHBIIACTCS
KOHIICHTpaNUsl HECBSI3aHHOU (CBOOOIHOIT) acKOpOMHOBOM KHCIOTHI, BCIEIACTBHE 3TOTO IIPOMCXOJUT CHIDKE-
HUE CKOPOCTH PEAKLIUH.

Kniouesvie cnosa: aCKOp6aT XHUTO3aHa, aCKOp6I/IHOBa$I KHCJIOTA, NOHOPHO-AKICITOpHAsA CBA3b, CKOPOCTH
peaKkunu, CTEIICHb CBA3bIBAHUA.
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