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Determination of Aldehyde Group Content in HPC_P 

Studies of cellulose oxidation in the presence of sodium periodate indicate that dialdehyde cellulose 

(DAC) is obtained after the oxidation process. The C2-C3 bond of the AGU is selectively cleaved during 

the periodate oxidation, and two aldehyde groups are created at the specified site via a cyclic iodate diester 

(see Figure S1). 

 

Figure S1. Schematic representation of the formation of DAC by the periodate oxidation of cellulose. 

 

The amount of periodate introduced in the reaction affects the degree of oxidation, i.e., how many 

of the AGUs are converted into the two aldehyde groups. The aldehyde groups of DAC can form new 

structures due to their high reactivity; see Figure S2. Apart from the free aldehyde (4a), the other four 

possible structures are intramolecular and intermolecular hemiacetal (S2b and S2e), hemialdol (S2c), and 

hydrated aldehydes (S2d). The formation of hemiacetal, hydrated aldehyde, and hemialdol are reversible 

reactions that can lead back to free aldehydes. 

 

Figure S2. Schematic representation of the possible structures of DAC: (a) free aldehyde, (b) 

intramolecular hemiacetal, (c) hemialdol, (d) hydrated aldehydes, and (e) intermolecular hemiacetal. 

The degree of oxidation, or aldehyde group content, is the number of C2-C3 bonds that have 

changed into dialdehydes out of the total number of C2-C3 bonds. Various methods have been used to 
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determine the degree of oxidation, the most commonly used being the reaction with hydroxylamine 

hydrochloride, 2NH2OH-HCl, followed by titration with sodium hydroxide. This is an oxime reaction, in 

which the hydroxylamine hydrochloride reacts with all of the available aldehyde groups [1,2], see Figure 

S3. 

 

Figure S3. Reaction between dialdehyde cellulose and hydroxylamine hydrochloride. 

 

Another alternative could be to measure the degree of oxidation using an alkaline dissolution technique, in 

line with the Cannizzaro redox reaction [3]. The amount of introduced aldehyde in our study was 

determined by consumption of alkali in Cannizzaro reaction [4].  

The Cannizzaro reaction of periodate-oxidized HPC proceeds swiftly with a stoichiometric 

consumption of hydroxyl ions per dialdehyde group. Two potential reaction products (2 or 3) are anticipated 

from the Cannizzaro reaction of 2,3-dialdehyde HPC; see Figure S4 [5]. 

 

Figure S4. Schematic representation of possible products from the Cannizzaro reaction. 

Concluding, in our study, aldehyde group content in HPC_P was determined using the alkali 

consumption method. Its principle is that double aldehyde can occur in a Cannizzaro reaction in a molecule 

to determine the dialdehyde content with acid-base titration. 
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