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1. Methods

Determination of chitosan Mw

Mw of produced chitosan samples was determined by gel permeation chromatography (GPC) 

calibrated with pullulan standards correlating measured sample intrinsic viscosity to Mw. 

 (1)[𝜂] = 𝐾 ∙ 𝑀𝑤𝛼

According to the Mark-Houwink equation (1), sample Mw can be calculated with measured 

intrinsic viscosity [η], predetermined Mark-Houwink parameters K and α reported by Kasaai et al. 

in an acetic acid buffer consisted of 0.25 M acetic acid and 0.25 M sodium acetate.1 We measured 

the Mw value of commercial HMwChs, as received from Sigma Aldrich, by GPC, using the 

solution reported by Kasaai et al., namely an acetic acid buffer consisted of 0.25 M acetic acid and 

0.25 M sodium acetate.1 A Mw value of 2686.9 kDa was obtained reproducibly. While the vendor 

suggests that the Mw of this sample is in a range between 310 and 375 kDa, they do not disclose 

the method for this evaluation. It has been reported before that because chitosan is a long polymer 

which can be heavily entangled by randomly formed hydrogen bonds,2 aggregation can take place 

and lead to significant overestimation of the Mw number.3-5  Another possible factor contributing 
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to the discrepancy between the calculated and suggested numbers is its high polydispersity, which 

can cause the overestimation of the weight average Mw of the polymer as well.5 Last but not least, 

the calibration curve (Figure S3) was obtained by fitting the plot in a 5th-degree polynomial. With 

the least degree of depolymerization obtained with 2eq/m30, the sample largely remained with 

high polydispersity, thus had more particles exceeding the largest Mw of the standards (788 kDa). 

With the steep slope of the calibration curve outside the range of the standards due to the nature 

of 5th-degree polynomial, any small inconsistency in retention and defining the area of peak for 

calculation will lead to large inconsistency and error in calculated Mw and also the confidence 

interval. At any rate, this discrepancy should not affect the quality of the data we disclose since all 

Mw measurements were obtained via the exact same method and are thus entirely self-consistent.  

Data statistic method

Data on chitosan molecular weight were processed and analysed in the study using Excel for Mac.

2. Supplementary Tables and Figures

Table S1. Mass balance for conditions where the lowest Mw and PDI were achieved.
H3PO4
equiv.

Lowest Mw
(kDa) PDI Water

(mL)
NaOH
(mg)

Milling
(m)

Aging
(h)

Yield 
(%)

2 51.1 2.1 160 335 90 48 92
4 19.5 1.8 160 670 30 48 52



S6

Table S2. Comparison of H3PO4 source on Mw reduction and PDI change of HMwChs. 

HMwChs was milled with 85% or crystalline H3PO4 in PTFE jar and aged in a humidity 

chamber at 50˚C and 98% RH.
85% H3PO4 Crystalline H3PO4

Acid 
equiv.

Milling 
(min)

Aging 
(h)

Mw 
(kDa) SD PDI Mw 

(kDa) SD PDI

0 858.7 61.1 9.7 408.0 52.5 5.2
3 297.9 8.7 3.7 245.7 11.7 3.3
6 198.8 6.2 2.3 191.5 5.3 3.1
12 145.4 8.8 2.9 146.2 3.0 2.5
24 113.7 1.9 2.6 76.8 0.8 2.2

30

48 72.2 1.1 2.2 61.1 0.7 2.2
0 325.2 18.0 5.0 247.9 9.5 3.5
3 209.1 2.7 2.9 162.2 3.2 2.8
6 156.2 8.6 2.7 146.2 3.0 2.5
12 122.1 11.1 2.5 103.7 3.0 2.5
24 78.6 0.9 2.2 77.6 1.2 2.2

60

48 66.7 1.2 2.2 59.6 0.3 2.2
0 225.0 5.7 3.8 190.5 2.5 2.9
3 150.5 5.7 2.7 162.7 6.2 2.8
6 88.8 1.5 2.3 118.5 5.4 2.4
12 82.2 1.9 2.1 95.0 2.3 2.2
24 73.0 2.0 2.1 80.7 0.6 2.2

2

90

48 51.1 0.9 2.1 63.9 0.6 2.1
0 116.8 4.5 2.5 134.9 3.9 2.7
3 105.1 3.1 2.3 75.3 0.8 2.1
6 83.0 0.4 2.2 57.4 0.4 2.1
12 44.9 0.3 2.0 35.3 0.2 1.9
24 27.0 0.3 1.9 20.7 0.1 2.0

30

48 19.5 0.2 1.8 18.5 0.1 1.9
0 97.7 0.5 2.2 67.4 0.7 2.3
3 57.3 1.0 2.2 58.7 0.7 2.2
6 42.8 2.2 2.1 44.9 0.6 2.1
12 36.1 0.6 1.9 32.8 0.1 2.0
24 23.5 0.3 1.9 20.9 0.2 1.9

4

60

48 20.0 0.1 1.9 16.7 0.1 1.9
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SD = standard deviation

0 77.3 2.7 2.3 56.7 1.0 2.3
3 51.7 0.5 2.1 41.9 0.7 2.3
6 44.0 0.6 2.2 35.5 0.5 2.0
12 38.0 2.4 2.0 29.7 0.3 2.0
24 25.3 0.1 1.9 21.6 0.1 2.0

90

48 20.7 0.3 1.9 20.4 0.0 2.0
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Figure S1. Representative 13C magic angle spinning nuclear magnetic resonance (MAS-NMR) 

spectrum of chitosan after hydrolysis (HMwChs, 2eq/30m)
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Figure S2. Representative 31P NMR spectrum of chitosan after hydrolysis (2eq/30m).

Figure S3. GPC column calibration plot.




