
Supplementary information 

Chitosan glutaraldegyde cryogels for wastewaters 

treatment and extraction of silver nanoparticles 

Dmitriy Berillo 1,2,3* and Aknazar Arysbek 3,4 

1 School of Applied Sciences, University of Brighton, Huxley Building, Lewes Road, 

Brighton BN2 4GJ, United Kingdom. 
2 Department of chemistry and chemical engineering, Institute of Chemical and 

Biological Technologies (IHBT), Satbayev University Almaty 050013, Kazakhstan  
3 Department of pharmaceutical and toxicological chemistry, pharmacognosy and botany, 

Asfendiyarov Kazakh National Medical University, 050000 Almaty, Republic of 

Kazakhstan.  
4 Tufts University, 419 Boston Ave, Medford, MA 02155, USA Aknazar.Arysbek@tufts.edu 

; 

* Correspondence: e-mail: d.berillo@satbayev.university   

 

Methods 

AgNPs Synthesis  

Ethanol  (70%) tincture of flowers Calendula off. production LLP "Pharmacy 2010", Kazakhstan, 

Karaganda; silver nitrate 99 % and aqueous solution of ammonia (25 %) LabChemProm(Almaty, 

Kazakhstan) were used without preliminary treatment. AgNPs were synthesized according to 

previously reported method with some modifications[1]. A solution of 1 mM silver nitrate was mixed 

with the ethanol (70%) plant extract of Calendula off. flowers, diluted with purified water in a ratio of 

1:50.  The plant extract was used as a stabilizer and reducing agent. The final concentration of the 

reaction mixture was: 1% alcohol tincture of Calendula off. and 0.008% silver nitrate and the pH was 

adjusted to 9 by ammonia solution. Then that reaction mixture was left under sunlight for 

approximately 48h and the obtained AgNPs suspension was stored at + 4 °C.  

Characterization of physical properties of cryogels 

Physical properties of the cryogels were evaluated using the following equations.  

Swelling ratio: 

 𝑆𝑅 =
𝑊𝑡

𝑊𝑑

× 100% eq.S1 

Water uptake: 
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 𝑊𝑈 =
(𝑊𝑡 − 𝑊𝑑)

𝑊𝑑

× 100 eq.S2 

Porosity: 

 𝑃 = (1 −
𝑑0

𝑑3

) × 100 eq.S3 

• Where 𝑾𝒕 and 𝑾𝒅 represent the weights of the hydrogel in swollen state at time 𝑡, and 

respectively in dried state;  

• 𝑾𝒆 is the weight of swollen hydrogel at equilibrium;  

• 𝑑0 is the density of the dried cross-linked polymer and 𝑑3 is the density of the equilibrium 

swollen cross-linked polymer.  

Results 

Figure S1 FTIR spectra of dry samples of: CHI in native state, freeze dried CHI dissolved in  

acetic acid and cryogel CHI-GA.  



 

 

Figure S1. A) Histogram of size distribution of AgNPs stabilized by the Calendula off flower 

extract. B) Zeta potential of AgNPs stabilized by the Calendula off flower extract. 



 

 
Figure S3. Compression test of cryogels, average data, n=4: A) CHI-GA 0.25%; B) 

comparison CHI-GA 0.5%  and CHI-GA 0.25%; 
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Figure S4.  TGA of freeze dried cryogels in an atmosphere of air: a) CHI-GA; CHI-GA 

reduced by NaBH4. 
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Figure S5 DSC diagram of freeze dried samples: A) solution of CHI*HAc B) cryogel CHI-

GA. 
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Figure S6 Isotherm of low temperature nitrogen adsorption SBET (red), desorption (blue) 

by cryogels: A) CHI–GA0.25%. 



 

Figure S7 Low temperature nitrogen adsorption data using BJH method CHI–GA0.25%. 

 



 

Figure S8 Low temperature nitrogen adsorption data using BJH method CHI–GA0.25%. 



 

Figure S 9 Low temperature nitrogen adsorption data using DFT method CHI–GA 0.25%. 

 



 

Figure S 10 Calibration curve of: A) OD420 vs concentration of AgNPs stabilized by 

Calendula extract, concentration confirmed using AAS; B) breakthrough area vs 

concentration of AgNPs stabilized by Calendula extract. 
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Figure S11.  Dynamic adsorption breakthrough curve for CHI-GA cryogel  AgNPs SPR absorption 

peak at 420 nm and a flow rate of 0.8 mL/min: A and B) 18mg/L AgNPs stock solution; C and D) 14 

mg/L AgNPs stock solution. 
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Figure S12 Thomas model fitting before and after breakthrough  

Table S1. Variables in calculating the adsorption capacity 

Variable Value Units 

Inlet concentration  14 mg/L 

Kth (Thomas const) 0.000378227 = Slope/Co 

Slope 0.003 absolute value 

Intercept 4.8813  

Thomas Equation y = (Kth ∙ Qo ∙ m/Q) - (KT ∙ Co ∙ t)  

Q (flowrate) 0.8 mL/min 

y = -0.003x + 4.8813
R² = 0.9314
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Qo (capacity) 132 mg/g 
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