
Reduction of silver ions using chitosan and investigation 

of their reactivity

D. I. Mendeleev University of Chemical Technology of Russia

Department of High Energy Chemistry and Radioecology

Jay.friero@gmail.com

antropovai@inbox.ru

Antropova Irina G., Panferova Natalia V. and Magomedbekov Eldar P.



2

Chitosan was manufactured by 

«Bioprogress», Russia

Мw(CS) = 11 kDa and 48 kDa

Spectrophotometer SF-2000, 

Russia

Fluorat-02-Panorama, Russia
Х-ray, P = 3Gy/s

hν, A = 2,6·1018 quantum/s

Irradiation



Determination of the relative rate constant of the interaction of 
chitosan (CS) with a hydroxyl radical
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Table. Preparation of solutions

№ V(Accept

or), ml

V(CS), ml V(H2O), 

ml
1 1 0 3
2 1 0,1 2,9
3 1 0,25 2,75
4 1 0,5 2,5
5 1 1 2

6 1 1.5 1.5

1(control)

2 3

4

5

6

11 кDа

Fluorat-02-panorama
+ ˙ОН →

CS + ˙ОН → CS-OH,  unknown k 

k = 3,3 · 1010 L/mol·s

Dose, Gy

I(lum)

λ, ex = 312 nm

λ, reg = 430 nm



Effect of molecular weight on the reactivity of 
chitosan with a hydroxyl radical
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11 kDа

48 kDа

tgββββ0/tgββββi

C(sys)/C(Acceptor)

It is established that the molecular weight (Mw) of a chemical compound affects on their reactivity in a reaction with a hydroxyl radical. 

In reaction with a OH-radical, the reactivity of CS(11 kDa)/H2O < CS(48 kDa)/H2O and for the system CS (11 kDa)/Ag+ > CS (48 kDa)/ Ag+.



Radiolysis. Change in the optical density of CS/Ag+ from the dose 
in the presence of oxygen
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Line on 360 – 500 nm

CS 11 kDaA

Wavelength, nm

3_5 min (3Gy/s)

3a_5min

3_15 min

3a_15 min

3_30 min

3a_30 min

3_50 min

3a_50 min

3_2 hours

Line 12

3a_2 hours

CS 48 кDa
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Photolysis. Evolution of the optical absorption 

spectra of CS/water/Ag+ as a function of the 

photo-action time (min). 

11 кDа

nm

λ, nm

Initial

5 min

10 min

15 min

20 min

Chitosan/Ag

Initial

20 min

40 min

60 min

90 min

Chitosan/Ag kinetics

Wavelength, nm
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A
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20-40 nm, D = 2.4 kGy

TEM-analysis (Hitachi HT7700 Microscope)

30 – 60 nm, 
D = 2.4kGy

40-50 nm,D=7.2kGy50-80 nm,D = 7,2kGy

100 nm

1 μm
200 nm

100 nm

50 nm

200 nm
2 μm

200 nm

The analysis was carried out at the Institute of Organic Chemistry named Zelinsky, Russia

Мw(Cs) = 11 кDа Мw(Cs) 48 кDа Мw(Cs) = 11 кDа
Мw(Cs) = 48 кDа



 TEM-image of silver nanoparticles synthesized in the СS 11 (kDa)Ag+ system under the action 
of photo-radiation and X-ray radiation
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~40 nm
Х-ray=7.2 

kGy
~60 nm

20 min (3,1·1021

quantum)

~20-40 nm, D = 2.4 кGy

500 nm

200 nm 50 nm

1 μm

radiation particle size, nm SPR, nm

Radiolysis

2.4 кGy

7.2 кGy

30 - 60 (CS, Mw = 11 кDа)

20 – 40 (CS, Mw=48 кDа)

50-80 (CS, Мw = 11 кDа)

40-50 (CS, Мw = 48 кDа)

360-500

photolysis 30 – 60 350-600 

λmax ~420, 477 nm
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Сonclusions

2. When studying the system of CS with silver ions, it is shown that the relative rate 

constant of the reactions of CS (11 kDa) / Ag+ is 2 times higher than that for the system of CS 

(48 kDa)/ Ag+. The antioxidant properties of CS is higher in the presence of silver nitrate.

3. It is shown that under X-ray at a dose of 2.4 kGy on the CS/ Ag+ system, the silver 

nanoparticle size is 30-60 nm when using CS with Mw 11 kDa, the size is 20-40 nm when using 

CS with Mw 48 kDa (SPR in the region of 360-500 nm), and at photoactivity the size of silver 

nanoparticle is 30-60 nm (SPR in the region of 350-600 nm). It can be concluded that when the 

X-ray beam acts on CS solutions, the particle sizes than smaller, than higher the molecular 

weight of CS, and it is also noted that the particle size is smaller when X-ray radiation is applied 

than when photo-radiation is applied.

1. The relative reaction rate constant CS is established, which is equal to 2.6×10^10

L/mol·s for CS with Mw=11 kDa, and 4.0×10^10 L/mol·s for CS with Mw=48 kDa. The 

molecular weight of the polymer CS affects its reactivity in the reaction with the hydroxyl 

radical. It is antioxidant properties of CS.
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