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Figure S2. Humidity uptake 
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Figure S3. Nitrogen sorption isotherms and BJH pore sizes distributions for all chitosan concentrations 

 

①   Warm plate  

③ Aerogel 

②   Cold plate   

Figure S1. Thermal conductivity device 
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Figure S4. Burning test SCD 10% m/v chitosan aerogel 

 
 

 

 

Figure S5. Simulated reaction between 100'000 amino groups and 833'333 urea molecules (equivalent to a urea:d-glucosamine ratio of 
6, and a degree of deacetylation of 72%), assuming equal probabilities for the end-capping (ureido) and cross-linking (ureylene) 
reaction. Because of the large urea excess, probability for cross-linking (a reaction between a ureido group and an amino group) 
remains low and the final fraction of ureylene cross-linking is limited to 3%.
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Table S1: Reagent concentrations 

 Chitosan 

[% m/v] 

HCl  

[M] 

HCl sol. 

[mL] 

Chitosan 

[g] 

Urea 

[g] 

CTAC 

[mL] 

SCD 
Samples 

3 % 0.34 M 

40 

1.2 2.68 

0.030 

5 % 0.56 M 2.0 4.47 

8 % 0.89 M 3.2 7.16 

10 % 1.12 M 4 9 

12 % 1.34 M 4.8 10.73 

APD 
Samples 

3 % 0.34 M 

120 

3.6 8.04 

0.090 

5 % 0.56 M 6 13.41 

8 % 0.89 M 9.6 21.48 

10 % 1.12 M 12 27 

12 % 1.34 M 14.4 32.19 

 

     

Table S2: Influence of chitosan:urea ratio on gelation and properties  

10% (m/v) of chitosan in HCl aq. (1.12M) 

Ratio 
 

[Chitosan:Urea] 

Gelation after 24h 
at 80°C 

λ  

[mW /(m·K)]  

1:0,5 No - 

1:1 No - 

1:2 No - 

1:3 No - 

1:4 Yes 28.1 ± 0.2 

1:6 Yes 23.1 ± 0.3 
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Table S3: Temperature and time reaction influence  

5% (m/v) of chitosan in HCl aq. (0.56 M) 

Chitosan:Urea = 1:6 

Reaction temperature and time = 80 °C, 24h 

T 

 [°C] 

Time  

[h] 

Gelation λ  

[mW /(m·K)]  

70 24 No - 

70 48 No - 

80 5 Yes 22.6 ± 0.1 

80 12 Yes 22.8 ± 0.2 

80 24 Yes 25.5 ± 0.2   

80 48 Yes 23.5 ± 0.2 

90 5 Yes 23.6 ± 0.1 

90 12 Yes 24.4 ± 0.3 

90 24 Yes 22.1 ± 0.1 

90 48 Yes 25.4 ± 0.3 

  

 

Table S4: HCl concentration influence  

Chitosan:Urea = 1:6 

Reaction temperature and time = 80 °C, 24h 

Protonation  
Chitosan HW 

conc. 
HCl conc. 

Gelation λ  

[mW /(m·K)] 

76.5 % 3 % 0.14 M Yes 37.9 ± 0.2 

90 % 3 % 0.17 M  Yes 36.1 ± 0.2 

90 % 10 % 0.56 M Yes 40.1 ± 0.5 

180 % 10 % 1.12 M Reference: Yes 22.4 ± 0.3 
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Table S5: Chitosan molecular weight influence  

Low molecular weight (LW), 50'000–190'000 g/mol; η <200 mPa·s (1% acetic acid, 20 °C) 

Medium molecular weight (MW), 190'000-310'000 g/mol; η=200-400 mPa·s (1% acetic acid, 20 °C) 

High molecular weight (HW) = 310'000 – 375'000 g/mol; η = >400 mPa·s (1% acetic acid, 20 °C) 

Chitosan:Urea = 1:6, Reaction temperature and time = 80 °C, 24h 

Molecular weight Gelation 

LW No 

MW No 

HW Yes 

 

 

Table S6: Solubility of chitosan HW in different acids 

Dissolving temperature = 70 °C 

Chitosan 

% [m/v] 
Acid 

Acid 
conc. 

Dissolution 
time 

Observation 

10 % Acetic acid 99% 2 h No dissolution 

5 % Acetic acid 99% 6 h No dissolution 

5 % Acetic acid in water 50 % 4 h Very viscous gel, not usable 

10 % Trichloroacetic acid 99% 6 h No dissolution 

10 % Trichloroacetic acid 50% 6 h No dissolution 

10 % Trifluoroacetic acid 95% 10 min 
Dissolved but after aging 

got carbonized 

10 % Trifluoroacetic acid in water 50 % 2h 30 min 
Dissolved but after aging 

got carbonized 
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Table S7: Peak positions, assignment and intensities of Solid-state CP-MAS 13C NMR 

    

 Assignment   
δ13C # Central band ssb Intensity a Intensity (total) a,b 

[ppm]       [%] [%] 
240.8 9*  Ureido 1  
214.4 7*  Acetyl C=O 5  
200.9 9*  Ureido 11  
174.5 7 Acetyl C=O  11 22 
161.2 9 Ureido  51 77 
144.7 1*  Chitosan C1 3  
134.9 7*  Acetyl C=O 6  
123.4 4*  Chitosan C4 4  
121.6 9*  Ureido 13  
115.2 3/5*  Chitosan C3+C5 10  
104.6 1 Chitosan C1  97 100 
96.5 2*  Chitosan C2 13  
83.3 4 Chitosan C4  92 108 
75.2 3/5 Chitosan C3+C5  206 225 
61.2 6 Chitosan C6  87 91 
56.1 2 Chitosan C2  103 120 
44.3 4*  Chitosan C4 12  
35.6 3/5*  Chitosan C3+C5 10  
23.9 8 Acetyl CH3  23 23 
21.1 6*  Chitosan C6 4  
16.4 2*   Chitosan C2 4   

ssb: spinning sideband    
a Integrated intensity, as a percentage of the chitosan C1 total intensity 
b Sum of central band and spinning sidebands   
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Table S8: FTIR peak positions and assignments 

Urea 
Assignment 

Chitosan Aerogel:  
Chitosan-Urea Assignment  Wavenumber 

[cm-1] 
Wavenumber 

[cm-1] 
Wavenumber 

[cm-1] 
1000 C-N stretching 992  

C-O stretching 1046 NH2 rocking 1030 1030 
  1065 1067 
   1111 

C-O-C stretching 
1152 NH2 rocking 1151 1156 

  1198 1203 
OH bending 

  1258 1263 
  1307 1309 C-N stretching Amide III 

  1376 1376 CH bending 
CH3 deformation 

1457 C-N stretching 1422  CH2 bending 
   1560 N-H bending Amide II 

1590 NH2 scissoring 1590  NH2 scissoring 
1678  C=O stretching 1650 1650 C=O stretching Amide I  

  2871 2877 
C-H stretching 

  2919 2941 
   3118 

N-H stretching 
3255 

N-H stretching 
3290 3282 

3329 3358 3361 O3-H stretching 
3429  3453 O6-H stretching 

     
 

 

Table S 9. Theoretical relationships between surface area and particle size 

 

 

 

 

 

 

 

Single particle 1 g chitosan @1.59 g/cm3
diameter_p volume_1p area_1p volume_1g #particles_1g surface area_1g
[m] [m3] [m2] [m3] [m2/g]
0.00000009 3.815E-22 2.54462E-14 6.28931E-07 1.64857E+15 41.9
0.00000005 6.5415E-23 7.85375E-15 6.28931E-07 9.61447E+15 75.5
0.00000002 4.18656E-24 1.2566E-15 6.28931E-07 1.50226E+17 188.8

 =(4/3)*π*(diameter_p/2)^3  =π*(diameter_p)^2  =10^-6/1.59  =volume_1g/volume_1p  =#particles_1g*area_1p
𝑉 = 4/3𝜋𝑟3 𝐴 = 4𝜋𝑟2
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Table S10. Chitosan-urea aerogel properties 
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Table S11  

See separate Excel file. 
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