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A series of polymeric surfactants based on monodehydroabietyl 
polyoxyethylene(5) ether (DHA(EO)5H) and hydroxyethyl chitosan (HEC) 
were prepared through a three-step process. First, DHA(EO)5H was oxidized 
using activated MnO2 and transformed into dehydroabietyl polyethylene 
glycol(5) aldehyde (DHA(EO)4CH2CHO). Then, the DHA(EO)4CH2CHO was 
reacted with HEC and converted into Schiff-base. Finally, the polymeric 
surfactant, DHA(EO)4CH2CHO modified HEC (DHA(EO)4CH2CHO-m-HEC), 
was obtained by reducing the Schiff-base with sodium borohydride. The 
grafting degree (DG) of DHA(EO)4CH2CHO substitution onto HEC for 
DHA(EO)4CH2CHO-m-HECs was determined using elemental analysis (EA), 
and the surface activities and foam performance of DHA(EO)4CH2CHO-m-
HECs in aqueous solution were investigated respectively. The emulsifying 
capacities of DHA(EO)4CH2CHO-m-HECs were evaluated according to the 
stability times of emulsion composed of water and liquid paraffin. The 
experimental results showed the DG could have significant influence on the 
critical micelle concentration (cmc) of DHA(EO)4CH2CHO-m-HECs and their 
surface tensions at cmc (γcmc), but nearly no effect on their minimum surface 
tensions (γmin) in aqueous solution. Among the synthetic polymeric 
surfactants in this investigation, DHA(EO)4CH2CHO-m-HEC with DG of 56.95% 
exhibited the best emulsification and foam properties.  
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INTRODUCTION 
 

Polymeric surfactants are soluble macromolecules having both hydrophobic and 

hydrophilic groups in their molecular structure simultaneously (Afolabi et al. 2022). 

According to the relative distribution of hydrophilic and lipophilic parts, polymeric 

surfactants are divided into polysoaps and macrosurfactants. Macromolecules constituted 

by repeating units of intrinsically amphiphilic monomers or oligomers are generally 

referred to as polysoaps, while polymers in which there is a clear spatial segregation 

between the hydrophilic groups and hydrophilic groups are called macrosurfactants (Raffa 

et al. 2015).  
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Compared with the low-molecular weight surfactants, polymeric surfactants 

possess a much higher structural complexity that results in very different behavior. For 

example, they show interesting association phenomena in selective solvents and result in 

peculiar rheological behavior and the formation of self-assembled structures (Farrokhpay 

2009). In the last few decades, polymeric surfactants have received increasing attention, 

especially in agriculture (Yan et al. 2017; Zhang et al. 2020), coatings (Creutz et al. 1998), 

enhanced oil recovery (Raffa et al. 2016; Afolabi et al. 2022), nanotechnology (Pirsaheb 

et al. 2022; Son et al. 2022), biotechnology (Sagnella and Mai-Ngam 2005; Mai-ngam 

2006), emulsions (Deng et al. 2019; Chen et al. 2020), and pharmacology (Kirtil et al. 

2022), etc. 

Hydroxyethyl chitosan (HEC) is the hydroxyethylation derivative of chitosan 

(CTS). The presence of hydroxyethyl groups in the sugar chain can weaken the inter-

molecular forces and endow it with excellent properties, such as water-solubility, 

moisturizing, and film-forming (Wan et al. 2004; Wang et al. 2017). These properties can 

provide the HEC with the ability to be applied as an antioxidant, tissue engineering 

material, medicine carrier, medical dressing, and others (Liu et al. 2007; Dash et al. 2011). 

Meanwhile, HEC has been employed as one of components for preparing amphiphilic 

chitosan derivatives, and these derivatives have been utilized for the delivery of drugs (Li 

et al. 2010; Huo et al. 2012, 2016). 

Disproportionated rosin consists of derivatives of gum rosin, a natural product 

obtained by heating pine oleoresin, and with dehydroabietic acid (DHAA) as main 

component (Sacripante et al. 2015). Dehydroabietinol (DHA) is a derivative of DHAA and 

can be prepared from methyl dehydroabietate or DHAA through reduction reaction (Fieser 

and Campbell 1939; Popova et al. 2013). Because of its hydrogenated phenanthrene 

nucleus, which can endow the DHA and DHAA with lipophilicity and rigidity (Lei et al. 

2017), the DHA and DHAA have been utilized as a basic material for preparing green 

surfactants, such as monodehydroabietyl polyethylene glycol(n) ether (DHA(EO)nH) 

(Roloff et al. 2008) and poly(oxyethylene) dehydroabietate (Persson et al. 1980), 2-

hydroxy-3-dehydroabietyloxypropyl chitooligosaccharides (Cai et al. 2017), and others. 

DHA and DHA(EO)nH can be converted into dehydroabietyl glycidyl ether (DAGE) and 

dehydroabietyl polyoxyethylene(n) glycidyl ether (DHA(EO)nGE) by reacting with 

epichlorohydrin respectively, and the epoxy group existed in the DAGE and DHA(EO)nGE 

can endow them with the capability to react with the compounds containing hydroxyl or 

amino group, thus introducing the hydrophobic phenanthrene nucleus into these 

compounds. Meanwhile, the primary alcohol structure existed in DHA and DHA(EO)nH 

can also be converted into aldehyde group by oxidation, and the formation of aldehyde 

can endow the oxidative product with the ability to react with amino group and form Schiff 

base.  

In previous works, a series of water-soluble amphiphilic polymers with HEC, 

hydroxypropyl chitosan (HPC), DAGE, and DHA(EO)10GE as basic materials were 

synthesized, and their physicochemical properties in aqueous solution were investigated 

(Wang et al. 2019; Guo et al. 2020; Huang et al. 2022). This study reports the synthesis 

of a novel polymeric surfactant, dehydroabietyl polyethylene glycol(5) aldehyde modified 

HEC (DHA(EO)4CH2CHO-m-HEC) with mono dehydroabietyl polyethylene glycol(5) 

ether (DHA(EO)5H) and HEC as basic materials. These were studied relative to their 

surface activities, foam performance, and emulsifying capacities. The detailed procedure 

for preparing DHA(EO)4CH2CHO-m-HECs is shown in Fig. 1. 
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Fig. 1. Procedure for preparing DHA(EO)4CH2CHO-m-HECs 

 
 

EXPERIMENTAL 
 
Materials 

The monodehydroabietyl polyethylene glycol(5) ether (DHA(EO)5H) was 

prepared as described previously (Huang et al. 2022), except that the molar ratio of oxirane 

versus DHA was changed from 10.0 to 5.0. Activated MnO2 was prepared according to Li 

et al (1996). The HEC was prepared according to literature (Wang et al. 2019), and its 

degree of substitution (DS) was 112.4% (determined by elemental analysis). The sodium 

borohydride (NaBH4), liquid paraffin and ethyl acetate were purchased from Sinopharm 

Chemical Reagent Co. (Shanghai, China). The dialysis bag (MW cut-off =3000 Da) was 

purchased from Biosharp Co. (Beijing, China). All other chemicals were of reagent grade 

and used without purification as received. 

 
Instruments and Equipment 

The Fourier transform infrared (FTIR) spectra were recorded with potassium 

bromide (KBr) pellets on a Nicolet Nexux 670 spectrometer (Thermo Fischer Scientific, 

Waltham, MA, USA). The DHA(EO)5H and its oxidized product were referenced against 

KBr pellets, while the HEC and its modified products were referenced against air. The 1H 

NMR pattern was obtained at 500.13 MHz with a Bruker DRX-500 spectrometer (Billerica, 

MA, USA) at 30 ± 0.5 C, and the sample was dissolved in a 5 mm diameter tube at a 

concentration of approximately 20 mg/mL with D2O as solvent. The measurement of 

surface tension (γ) of aqueous solution was carried out with a JYM-200D automatic 

tensiometer (Shipeng Testing Equipment Co., Ltd of Chengde, P. R. China) at 25.0 C. 

Elemental analysis (C, H, and N) were performed on a FLASH 2000 Vario micro elemental 

analyzer (THERMO Inc., Waltham, MA, USA). The ultraviolet-visible (UV-Vis) spectra 

were measured on a TU-1810 PC ultraviolet visible spectrophotometer (Persee General 

Co., Ltd. of Beijing, P. R. China). 
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Preparation of Dehydroabietyl Polyethylene Glycol(5) Aldehyde 
(DHA(EO)4CH2CHO) 

The DHA(EO)4CH2CHO was prepared by oxidizing the DHA(EO)5H with active 

MnO2 as oxidant. Briefly, the DHA(EO)5H (56.66 g, 0.10 mol) was added into ethyl 

acetate (200 mL) at room temperature (RT) with continuous stirring until it dissolved 

completely, followed by adding 86.94 g of active MnO2 (1.0 mol) in batches at RT. After 

the MnO2 was added into totally, the temperature of reaction mixture was raised to 80 C 

and stirred at this temperature for 4.0 h. Then, the solids in the reaction mixture were 

separated by filtration and washed using ethyl acetate 3 times, followed by collecting the 

organic phase and drying it using anhydrous sodium sulfate. Finally, the 

DHA(EO)4CH2CHO, an oil-like liquid with light yellow, was obtained by recovering ethyl 

acetate through vacuum distillation. 

 
Synthesis of DHA(EO)4CH2CHO-m-HECs 

The DHA(EO)4CH2CHO-m-HECs were synthesized through nucleophilic addition 

condensation reaction between DHA(EO)4CH2CHO and HEC, and reduction reaction 

between NaBH4 and Schiff-base. Briefly, dried HEC (2.16 g, 10 mmol sugar unit) was 

dissolved by ca. 100 mL of distilled water at RT. Then, metrological DHA(EO)4CH2CHO, 

which was dissolved in ca. 50 mL of ethanol previously, was added into the reactant, and 

the mixture was stirred at RT for forming Schiff-base. After 8.0 h, metrological NaBH4, 

which was dissolved in ca. 100 mL of distilled water previously, was added dropwisely 

into the reactant and reacted at RT for 12.0 h, followed by removing the water and ethanol 

from the reaction mixture using vacuum distillation. The distillation residue was extracted 

with ethanol 3 times, and then was dispersed in ca. 200 mL of distilled water before 

transferring into dialysis bag and dialyzing against deionized water for 48.0 h. Finally, 

DHA(EO)4CH2CHO-m-HECs were obtained by concentrating the dialyzed aqueous 

solution using vacuum distillation and lyophilizing the concentrated solution under vacuum.  

 

Determination of Substitution Degrees of DHA(EO)4CH2CHO-m-HECs 
The grafting degree (DG) of DHA(EO)4CH2CHO into the sugar unit of HEC for 

DHA(EO)4CH2CHO-m-HECs was determined according to the results of elemental 

analysis (EA) and calculated using Eq. 1,   

               (1) 

where DSHE is the substitution degree of hydroxyethylation of HEC (112.4%), DG is the 

grafting degree of DHA(EO)4CH2CHO onto HEC of DHA(EO)4CH2CHO-m-HEC, DD is 

the degree of deacetylation of CTS (88.0%, result of chemical titration analysis), and C/N 

is the mass ratio of carbon versus nitrogen of samples. 

 

Evaluation of Critical Micelle Concentration (cmc), Surface Tension at cmc 
(γcmc) and Minimum Surface Tension (γmin) 

The cmc, γcmc and γmin of DHA(EO)4CH2CHO-m-HECs in aqueous solution were 

determined according to the relation between the surface tension (γ) and their concentration 

(C) in aqueous solution, and the temperature for measuring the γ of aqueous solution was 

maintained at 25.0 °C. A concentrated stock solution was prepared by direct dissolving 

quantitative DHA(EO)4CH2CHO-m-HECs in double distilled water. The stock solution 

was well soluble and aged at 25.0 °C for 12.0 h to reach equilibrium, and then diluted using 

7×C/N- 48 +12DD -12DSHE

180
DG= × 100%

https://www.baidu.com/link?url=pUmntRcp3Jbw1WubQCH3NF4N3ldTBl_dMQc3uEYPCj_Rd4evrjl6vNwhDyhATzzuQS5bNicwTXUdIXYQcoGN8t3fs__JyqcCEOhhFGnLXby&wd=&eqid=8892a83e0000cb030000000564cf3806
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double diluting method. The diluted solutions were equilibrated in a thermostatic bath at 

25.0 °C over 12.0 h before measurement. The γ of double distilled water was confirmed as 

being in the range of 72.0±0.20 mN/m at 25.0 °C prior to measurements. For each 

concentration, the γ was measured three times with an average deviation was less than 0.20 

mN/m.  

The curves reflecting the relation between γ and logC were well structured, and the 

concentration and surface tension at inflexion were regarded as the cmc and γcmc 

respectively. The γmin of solution was determined according to final various trend of surface 

tension with the increase of DHA(EO)4CH2CHO-m-HECs in aqueous solution. 

 

Foam Performance of DHA(EO)4CH2CHO-m-HECs 
Firstly, 40 mL of DHA(EO)4CH2CHO-m-HECs aqueous solution, its concentration 

was of 0.10% (w/w), was transferred into a 100 mL stoppered cylinder, then shaken up and 

down 25 times vigorously, and the foam height at 0 min (H0) and that at 5.0 min (H5) were 

recorded respectively. The ratio of the foam height at 5.0 min to that at 0 min was taken as 

the foam retention of the surfactant. The above operation was repeated three times and the 

average value was utilized for evaluating the foam performance of the 

DHA(EO)4CH2CHO-m-HECs. 

 

Evaluation of Emulsifying Property  
The emulsifying property of DHA(EO)4CH2CHO-m-HECs was evaluated 

according to their emulsifying capacity. Briefly, the sample of DHA(EO)4CH2CHO-m-

HECs (0.10 g) was dissolved in double distilled water (99.90 g), and the aqueous solution, 

in which the mass concentration of DHA(EO)4CH2CHO-m-HECs was 0.10 % (w/w), was 

obtained. 40.0 mL of the above aqueous solution was added into 100 mL of a measuring 

cylinder with stopper and mixed with 40.0 mL of liquid paraffin. The mixture was surged 

up and down five times drastically. After standing for 1.0 min, the mixture was surged up 

and down another five times drastically. This operation was repeated five times, and the 

interval between initial stage and that for separating 10.0 mL of aqueous solution from the 

emulsion after the last vibration was recorded. The experiments were conducted at 25.0 °C 

in triplicate, and the times required for this interval were averaged and defined as stability 

time of emulsion. The stability time could be regarded as the relative emulsifying capacity 

of DHA(EO)4CH2CHO-m-HECs. 

 

 
RESULTS AND DISCUSSION 
 

Results of the Grafting Degree (DG) of the DHA(EO)4CH2CHO-m-HECs 
Five kinds of DHA(EO)4CH2CHO-m-HECs were obtained with different mass 

ratios of DHA(EO)4CH2CHO versus sugar unit of HEC, and the results concerned with 

their EA and calculated DG are shown in Table 1. The increase of the mass ratio of 

DHA(EO)4CH2CHO versus sugar unit of HEC could result in the increase of DG of 

DHA(EO)4CH2CHO-m-HECs. The increase of DHA(EO)4CH2CHO in the reactant could 

provide much more opportunity for the reaction between DHA(EO)4CH2CHO and HEC, 

and it was favorable for much more DHA(EO)4CH2CHO to react with the amino group 

existing in the sugar chain. 
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Table 1. Results of EA of the DHA(EO)4CH2CHO-m-HECs and their DG Values 

Sample 
n(DHA(EO)4CH2CHO):
n(sugar unit) 

C Content 
(w, %) 

N Content 
(w, %) 

DG% 

DHA(EO)4CH2CHO-m-HEC1 0.50 57.49 3.99 27.74 

DHA(EO)4CH2CHO-m-HEC2 1.0 61.08 3.11 48.04 

DHA(EO)4CH2CHO-m-HEC3 1.5 62.19 2.84 56.95 

DHA(EO)4CH2CHO-m-HEC4 2.0 62.59 2.74 60.57 

DHA(EO)4CH2CHO-m-HEC5 3.0 63.09 2.62 65.44 

 
Results of FTIR, UV, and 1H NMR Analysis and Their Ascription 

The FTIR spectra of DHA(EO)5H and DHA(EO)4CH2CHO are shown in Fig. 2, 

and that of HEC and DHA(EO)4CH2CHO-m-HEC3 are shown in Fig. 3. In the FTIR 

spectrum of DHA(EO)5H, the peak at 3352 cm-1 was ascribed to νO-H of hydroxyl, the 

peaks at 2924 and 2864 cm-1 were ascribed to νC-H of methyl and methylene respectively, 

and the peak at 1105 cm-1 was ascribed to the νC-O of ether bond. Compared with the FTIR 

spectrum of DHA(EO)5H, a new peak appeared at 1725 cm-1, which could be ascribed to 

the νC=O of aldehyde, and the peak at 3352 cm-1 had almost disappeared in the FTIR 

spectrum of DHA(EO)5CH2CHO. All of these indicated the DHA(EO)5H had been 

transformed into DHA(EO)4CH2CHO.  

 

 
 

Fig. 2. FTIR spectra of DHA(EO)5H and DHA(EO)4CH2CHO  
               

 
 

Fig. 3. FTIR spectra of HEC and DHA(EO)4CH2CHO-m-HEC3 

Wavenumbers (cm-1) 

Wavenumbers (cm-1) 
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Compared the FTIR spectrum of DHA(EO)4CH2CHO-m-HEC3 with that of HEC, 

it could be seen that the intensity of peaks at 2924 cm-1 and 2870 cm-1 that were associated 

with νC-H of CH3, CH2 and CH, and peaks at 1463 cm-1 and 1384 cm-1 that were associated 

with δνC-H of CH3, CH2 and CH, had become remarkable increased in the FTIR spectrum 

of DHA(EO)4CH2CHO-m-HEC3, and all of these indicated that more methyl, methylene 

and methyne were present in the structure of DHA(EO)4CH2CHO-m-HEC3. Meanwhile, 

a new peak appeared at ca. 1725 cm-1, which could be ascribed to the νC=N remained in 

Schiff-base that had not been reduced completely.  

The UV spectra of HEC and DHA(EO)4CH2CHO-m-HEC3 were shown in Fig. 4. 

The 1H NMR spectrum of DHA(EO)4CH2CHO-m-HEC3 was shown in Fig. 5.  
 

 
 

 
Fig. 4. UV absorption spectra of HEC and DHA(EO)4CH2CHO-m-HEC3 
 

It can be seen from Fig. 4 that there were some differences between the UV 

absorption spectrum of DHA(EO)4CH2CHO-m-HEC3 aqueous solution and that of HEC 

aqueous solution. The appearance of two absorption bands at 269 nm and 277 nm in the 

UV absorption spectrum of DHA(EO)4CH2CHO-m-HEC3 indicated the presence of 

hydrogenated phenanthrene nucleus in its structure. 

 

 
 

Fig. 5. 1H NMR spectrum of DHA(EO)4CH2CHO-m-HEC3 
 

In the 1H NMR spectrum of DHA(EO)4CH2CHO-m-HEC3, the peak at 8.37 was 

ascribed to the H of CH of Schiff-base remained in the modified HEC, and that at 7.16, 

6.96, and 6.77 were ascribed to the H of benzene ring of the hydrogenated phenanthrene 

nucleus. The peak at 4.50 to 4.10 represented the proton on C1 of sugar unit, and the peaks 

Wavelength (nm) 
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at 4.10 to 3.80 represented the proton on C5 of sugar unit. Peaks at 3.80 to 3.62, and 3.62 

to 3.10 represented the proton of methylene of polyoxyethylene chain and hydroxyethyl, 

and the proton on C2 of sugar unit. The peaks at 3.05 to 2.75, 2.75 to 2.50, and 2.50 to 

2.30 were associated with the protons on C4, C3, and C6 of the sugar unit, respectively. 

The peaks at 1.75 to 2.0 were associated with the protons of hydroxyl and that on C2 of 

sugar unit of chitosan Schiff-base. The peaks at 1.50 to 0.85 represented the H on methyl, 

methylene, and methyne of the hydrogenated phenanthrene nucleus. All of these results 

indicated that the structure of dehydroabietyl polyoxyethylene had been introduced into 

the sugar chain of HEC. 

 
Values of cmc, γcmc, γmin and H5/H0 of DHA(EO)4CH2CHO-m-HECs in Aqueous 
Solution 

Plots reflecting the relationship between the surface tensions (γ, mN.m-1) of 

DHA(EO)4CH2CHO-m-HECs and their concentration (C, g.L-1) in aqueous solution are 

shown in Fig. 6. The cmc, γcmc , γmin and H5/H0 of DHA(EO)4CH2CHO-m-HECs in 

aqueous solution are shown in Table 2. 

 
 

Fig. 6. Relationship between surface tension and concentration of different DHA(EO)4CH2CHO-
m-HECs in aqueous solution 
 

Table 2. The cmc, γcmc , γmin and H5/H0 Values of DHA(EO)4CH2CHO-m-HECs in 
Aqueous Solution 

Sample cmc, g /L γcmc, N/m γmin, mN/m H5/H0, mm/mm 

DHA(EO)4CH2CHO-g-HEC1 0.077 45.64 37.98 5/85 

DHA(EO)4CH2CHO-g-HEC2 0.057 42.13 37.43 10/85 

DHA(EO)4CH2CHO-g-HEC3 0.055 44.42 37.87 19/91 

DHA(EO)4CH2CHO-g-HEC4 0.042 44.51 38.22 14/88 

DHA(EO)4CH2CHO-g-HEC5 0.032 40.52 38.01 13/92 

TX-10 0.0313* 29.01* - - 

HEC - - - 0/10 

*Results of literature (Xu et al. 2013). “-” means no data. 

 
Combining the data of Table 2 with that of Table 1, it is apparent that the cmc and 

γcmc of DHA(EO)4CH2CHO-m-HECs in aqueous solution decreased with the increase of 

DG, and their γmin was nearly equal to each other. It also could be seen from the data of 
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Table 2 that the cmc of DHA(EO)4CH2CHO-g-HEC5  was almost equal to that of TX-10, 

and its γcmc was higher than that of TX-10 in aqueous solution.  The DHA(EO)4CH2CHO-

m-HECs was able to form and retain foam retention to some extent, and the capability of 

DHA(EO)4CH2CHO-m-HEC (DG=56.95%) was better than others. These trends were 

related to the effect of DG on the hydrophobic properties of DHA(EO)4CH2CHO-m-HECs. 

Increased DG resulted in the increase of hydrophobic property of DHA(EO)4CH2CHO-m-

HECs, and could promote them to migrate to the surface of aqueous solution in some 

extent. The increase of DG could also improve the capability of DHA(EO)4CH2CHO-m-

HECs to aggregate together in the solution, so that they formed micelles at lower 

concentration. The γmin of different DHA(EO)4CH2CHO-m-HECs depended on the amount 

of hydrophobic group of per unit surface at their status of saturated adsorption. Because of 

the hydrophilic nature and bendable feature of sugar chain of HEC, the DG of 

DHA(EO)4CH2CHO onto HEC for DHA(EO)4CH2CHO-m-HECs was less than 100%. 

Due to the rigidity of hydrogenated phenanthrene nucleus, the amount of hydrophobic 

group of per unit surface at saturated adsorption for different DHA(EO)4CH2CHO-m-

HECs was almost equal to each other. Thus, their hydrophobicities at saturated adsorption 

were almost the same. 

Meanwhile, it also could be seen from Fig. 6 that the surface tension of aqueous 

solution containing HEC decreased with the increase of HEC in the solution to some extent, 

but there was no obvious inflection point in the γ~log C curve. This result indicated the 

HEC could not be regarded as surfactant. 

 

Results of Emulsifying Experiment for DAGE-g-N,O-HECTSs 
The intervals for separating 10.0 mL of aqueous solution from emulsions after the 

last vibration with various DHA(EO)4CH2CHO-m-HECs as emulsifying agent are shown 

in Fig. 7.  

 

 
 

Fig. 7. Stability time of emulsion with different DHA(EO)4CH2CHO-m-HECs as emulsifier  
 

The results of emulsifying experiments showed that all the stability time of 

emulsion with DHA(EO)4CH2CHO-m-HECs as emulsifier was longer than that with TX-

10 as emulsifier under the experimental conditions. When the DG was lower than 56.95%, 

its increase could result in the increase of stability time of emulsion with DAGE-g-N,O-

HECTSs as emulsifier. The stability time of emulsion with DHA(EO)4CH2CHO-m-HEC 

(DG=57.0%) as emulsifier was the longest one among all of investigated emulsion. The 

reasons resulted in these trends may relate to the influence of DG on the surface activities,  

the properties of hydrophile-lipophile balance of DHA(EO)4CH2CHO-m-HECs, and the 
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stability of membrane existed on the interface between aqueous solution and 

liquid paraffin. The increase of DG could result in the increase of surface activities of 

DHA(EO)4CH2CHO-m-HECs and favored a decrease of interfacial tension of paraffin-

water interface. The increase of DG could also result in the improvement of mechanical 

strength of an interfacial film present between paraffin and water, and lead to the increase 

of resistance of dispersed liquid paraffin to aggregate into oil phase. All of these were 

favorable for increasing the stability of emulsion. Meanwhile, because the HLB value of 

the emulsifier is closer to the HLB value required for the oil to be emulsified to form an oil 

in water (O/W) emulsion, the more stable it is to use this emulsifier to promote the oil to 

form an O/W emulsion (Ren et al. 2001). When the DG of DHA(EO)4CH2CHO-m-HEC 

was ca. 57%,  its HLB value could  close to the HLB value required for liquid paraffin to 

form O/W emulsion, so the emulsion consisting of the aqueous solution of 

DHA(EO)4CH2CHO-m-HEC3 and liquid paraffin behaved the better stability.  

 

 

CONCLUSIONS 
 

1.   Dehydroabietyl polyethylene glycol(5) aldehyde modified hydroxyethyl chitosan 

(DHA(EO)4CH2CHO-m-HEC) could be prepared with mono dehydroabietyl 

polyethylene glycol(5) ether (DHA(EO)5H) and hydroxyethyl chitosan (HEC) as basic 

materials through a three-step process: DHA(EO)5H was oxidized into dehydroabietyl 

polyethylene glycol aldehyde (DHA(EO)4CH2CHO) using activated MnO2 firstly, 

then the DHA(EO)4CH2CHO was reacted with HEC and converted into Schiff-base, 

and the final product was obtained by reducing the Schiff-base with sodium 

borohydride.  

2.  The grafting degree (DG) of DHA(EO)4CH2CHO onto HEC for DHA(EO)4CH2CHO-

m-HECincreased with the increase of the mass ratio of DHA(EO)4CH2CHO versus 

sugar unit of HEC. 

3.  DHA(EO)4CH2CHO-m-HEC compounds in aqueous solution could exhibit typical 

behaviour of polymeric surfactants, and their surface activities increased with the 

increase of DG. 

4.  The DHA(EO)4CH2CHO-m-HECs could exhibit foaming property and foam retention 

to some extent, and the capability of DHA(EO)4CH2CHO-m-HEC with DG of 57.0% 

was greater than others.  

5.  The DHA(EO)4CH2CHO-m-HECs could be utilized as emulsifier for improving the 

stability of emulsion composed of water and liquid paraffin. All of their ability to 

stabilize the emulsion was better than that of TX-10 under the experimental condition. 

In addition the stability time of emulsion using DHA(EO)4CH2CHO-m-HEC with DG 

of 57.0% as emulsifier was the longest one among all investigated emulsion. 

 

 
  

javascript:;
javascript:;


 

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Yang et al. (2023). “Polymeric surfactants,” BioResources 18(4), 7041-7053.  7051 

ACKNOWLEDGEMENTS  
 

The authors gratefully acknowledge the support of the National Natural Science 

Foundation of China (Grant No. 32071706 and 32201503) and the Key Laboratory of 

Biomass Energy and Material of Jiangsu Province (Grant No. JSBEM-S-202205) for 

funding. The authors are also thankful for the support of the Key and Open Laboratory on 

Forest Chemical Engineering, SFA and Analysis and Test Center of Yancheng Institute of 

Technology for assistance with the analysis. 

 

 

REFERENCES CITED 
 

Afolabi, F., Mahmood,S. M., Yekeen, N., Akbari, S., and Sharifigaliuk, H. (2022). 

“Polymeric surfactants for enhanced oil recovery: A review of recent progress,” 

Journal of Petroleum Science and Engineering 208, Article no. 109358. DOI: 

10.1016/j.petrol.2021.109358 

Afolabi, F., Mahmood, S. M., Sharifigaliuk, H., Kamarozaman, M.’I. H. B., and Mansor, 

F. N. N. B. M. (2022). “Investigations on the enhanced oil recovery capacity of 

novel bio-based polymeric surfactants,” Journal of Molecular Liquids 368, Article 

no. 120813. DOI: 10.1016/j.molliq.2022.120813 

Cai, Z.-S, Jiang, S.-M, Zhu, X.-M, Zhang, H.-H, Zhao, L.-L, Yu, G.-Y, and Shang, S.-B 

(2017). “Method for preparation of 2-hydroxy-3-dehydroabietyloxypropyl 

chitooligosaccharides,” China Patent CN103965373 A, 2014-08-06 

Chen, X., Li, Y., Gao, W., and Chen, C. (2020). “Experimental investigation on 

transport property and emulsification mechanism of polymeric surfactants in porous 

media,” Journal of Petroleum Science and Engineering 186, Article no. 106687. 

DOI: 10.1016/j.petrol.2019.106687 

Creutz, S., Jérôme, R., Kaptijn, G.M.P., Werf, A.W., and Akkerman, J.M. (1998). 

“Design of polymeric dispersants for waterborne coatings,” Journal of Coatings 

Technology 70, 41-46. DOI: 10.1007/BF02720518 

Dash, M., Chiellini, Ottenbrite, F. R.M., and Chiellini, E. (2011). “Chitosan – A 

versatile semi-synthetic polymer in biomedical applications,” Progress in Polymer 

Science 36, 981-1014. DOI: 10.1016/j.progpolymsci.2011.02.001 

Deng, Y., Huang, L., Zhang, C., Xie, P., Cheng, J., Wang, X., and Li, S. (2019). 

“Physicochemical and functional properties of Chinese quince seed protein isolate,” 

Food Chemistry 283(16), 539-548. DOI:10.1016/j.foodchem.2019.01.083 

Farrokhpay, S. (2009). “A review of polymeric dispersant stabilisation of titania 

pigment,” Advances in Colloid and Interface Science 151, 24-32. DOI: 

10.1016/j.cis.2009.07.004 

Fieser, L. F., and Campbell, W. P. (1939). “Hydroxyl and amino derivatives of 

dehydroabietic acid and dehydroabietinol,” Journal of the American Chemical 

Society 61, 2528-2534. DOI: 10.1021/ja01878a080 

Guo, W., Cai, Z.-s., Xu, Q., Sun, K.-y., Huang, X.-j., and Cao, Z. (2020). “Synthesis and 

properties of dehydroabietyl glycidyl ether grafted hydroxypropyl chitosan,” 

BioResources 15(2), 4110-4123. DOI: 10.15376/biores.15.2.4110-4123 

Huang, X.-J., Ding, Z.-Q., Cai, Z.-S., Wang, T., Yang, X.-X., and Shang S.-B. (2022). 

“Preparation and characterization of hydrogels based on dehydroabietyl 

polyoxyethylene glycidyl ether grafted hydroxyethyl chitosans and their capability 



 

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Yang et al. (2023). “Polymeric surfactants,” BioResources 18(4), 7041-7053.  7052 

for loading and controlled release of chloramphenicol,” BioResources 15(2), 4110-

4123. DOI: 10.15376/biores.17.3.4331-4346 

Huo, M., Liu, Y., Wang, L., Yin, T., Qin, C., Xiao, Y., Yin, L., Liu, J., and Zhou J. 

(2016). “Redox-sensitive micelles based on o,n-hydroxyethyl chitosan-octylamine 

conjugates for triggered intracellular delivery of paclitaxel,” Molecular 

Pharmaceutics 13, 1750-1762. DOI: 10.1021/acs.molpharmaceut.5b00696 

Huo, M., Zou, A., Yao, C., Zhang, Y., Zhou, J., Wang, J., Zhu, Q., Li, J., and Zhang, Q. 

(2012). “Somatostatin receptor-mediated tumor-targeting drug delivery using 

octreotide-PEG-deoxycholic acid conjugate-modified N-deoxycholic acid-O,N-

hydroxyethylation chitosan micelles,” Biomaterials 33, 6393-6407. DOI: 

10.1016/j.biomaterials.2012.05.052 

Kirtil, E., Svitova, T., Radke, C. J., Oztop, M. H., and Sahin, S. (2022). “Investigation of 

surface properties of quince seed extract as a novel polymeric surfactant,” Food 

Hydrocolloids 123, article 107185. DOI: 10.1016/j.foodhyd.2021.107185 

Lei, L., Xie, D., Song, B., Jiang, J., Pei, X., and Cui, Z. (2017). “Photoresponsive foams 

generated by a rigid surfactant derived from dehydroabietic acid,” Langmuir 33(32), 

7908-7916. DOI: 10.1021/acs.langmuir.7b00934 

Li, H., Huo M., Zhou, J., Dai, Y., Deng Y., Shi, X., and Masoud, J. (2010). “Enhanced 

oral absorption of paclitaxel in n-deoxycholic acid-n, o-hydroxyethyl chitosan 

micellar system,” Journal of Pharmaceutical Sciences 99(11), 9543-9553. DOI: 

10.1002/jps.22159 

Li, W. S., Jiang, L. C., Xie, G. Y., and Jiang, X. (1996). “Effect of H2SO4 concentration 

on preparation and activity of activated manganese dioxide,” Journal of Power 

Sources 58(2), 235-237. DOI: 10.1016/S0378-7753(96)02375-0 

Liu, X., Song, L., Li, L., Li, S., and Yao, K. (2007). “Antibacterial effects of chitosan 

and its water-soluble derivatives on E. coli, plasmids DNA, and mRNA,” Journal of 

Applied Polymer Science 103, 3521-3528. DOI: 10.1002/app.25421 

Mai-ngam, K. (2006). “Comblike poly(ethylene oxide)/hydrophobic C6 branched 

chitosan surfactant polymers as anti-infection surface modifying agents,” Colloids 

and Surfaces B: Biointerfaces 49, 117-125. DOI:10.1016/j.colsurfb.2006.03.007 

Persson, M., Stenius, P., Stroem, G., Oedberg, L., Bolmgren, I., Ljusberg-Wahren, H. 

and Norin, T. (1980). “Solubilization, micellization, and phase equilibriums of 

polyoxyethylene derivatives of dehydroabietic acid,” Journal of Physical Chemistry 

84(12), 1557-1560. DOI: 10.1021/j100449a024 

Pirsaheb, M., Gholami, T., Seifi, H., Yousif, Q. A., and Salavati-Niasari M. (2022). 

“Investigate of electrochemical hydrogen storage and coulombic efficiency of 

NiAl2O4/NiO synthesized by cationic, anionic and polymeric surfactants: Green 

synthesis and characterization,” International Journal of Hydrogen Energy 47, 

34994-35002. DOI:10.1016/j.ijhydene.2022.08.072 

Popova, L. M., Gorbenko, A. N., Chernetsova, Yu, V., and Vershilov, S. V. (2013). 

“Synthesis of abietinol and dehydroabietinol polyfluoropolyoxaalkylacylates,” 

Russian Journal of Applied Chemistry 86(3), 371-375. DOI: 

10.1134/S1070427213030142 

Raffa, P., Broekhuis, A. A., and Picchioni, F. (2016). “Amphiphilic copolymers based 

on PEG-acrylate as surface active water viscosifiers: Towards new potential systems 

for enhanced oil recovery,” Journal of Applied Polymer Science.  DOI: 

10.1002/APP.44100 

Raffa, P., Wever, D. A. Z., Picchioni, F., and Broekhuis, A. A. (2015). “Polymeric 



 

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Yang et al. (2023). “Polymeric surfactants,” BioResources 18(4), 7041-7053.  7053 

surfactants: Synthesis, properties, and links to applications,” Chemical Reviews 115, 

8504-8563. DOI: 10.1021/cr500129h 

Ren, Z., Chen, Z.-R., and Lu, D.-W. (2001). “Studies on the HLB rule for non-ionic 

surfactant,” Journal of Zhejiang University (Engineering Science) 35, 471-478. 

DOI:1008-973X(2001)05-0471-08 

Roloff, T., Hoemberg, K., Schliwka, T., Mausberg, T., Breuer, W. H., Rhubright, D., 

and Wiggins, M. (2008). “Nonionic surfactants for emulsion polymerization,” 

US20080262132 A1. 

Sacripante, G. G., Zhou, K., and Farooque, M. (2015). “Sustainable polyester resins 

derived from rosins,” Macromolecules 48(19), 6876-6881. DOI: 

10.1021/acs.macromol.5b01462 

Sagnella, S., and Mai-Ngam, K. (2005). “Chitosan based surfactant polymers designed 

to improve blood compatibility on biomaterials,” Colloids and Surfaces B: 

Biointerfaces 42, 147-155. DOI:10.1016/j.colsurfb.2004.07.001 

Son, S., Park, H., Jang, W.-D., and Ju, S.-Y. (2022). “Larger diameter selection of 

carbon nanotubes by two phase extraction using amphiphilic polymeric surfactant,” 

Journal of Molecular Liquids 367, article 120425. DOI: 

10.1016/j.molliq.2022.120425 

Wan, Y., Creber, K., Peppley, B., and Bui, V. T. (2004). “Ionic conductivity and tensile 

properties of hydroxyethyl and hydroxypropyl chitosan membranes,” Journal of 

Polymer Science (B), 42(8), 1379-1397. DOI:10.1002/polb.20007 

Wang, T., Cai, Z.-S., Zhang, T.-T., Li, M., Fang, G.-G., and Zhu, X.-M. (2019). 

“Dehydroabietyl glycidyl ether grafted hydroxyethyl chitosan: Synthesis, 

characterization and physicochemical properties,” Tensile Surfactants Detergents 

56(3), 252-259. DOI: 10.3139/113.110618 

Wang, Y., Qian, J., Zhao, N., Liu, T., Xu, W., and Suo, A. (2017). “Novel hydroxyethyl 

chitosan/cellulose scaffolds with bubble-like porous structure for bone tissue 

engineering,” Carbohydrate Polymers 167, 44-51. DOI: 

10.1016/j.carbpol.2017.03.030 

Xu, G.-C., Gu, Z.-Y., Xu, D.-J., and Xu, X.-L. (2013). “Screening of surfactants for 

promoting the efficiency of pesticide used in paddy field,” Scientia Agricultura 

Sinica 46, 1370-1379. DOI: 10.3864/j.issn.0578-1752.2013.07.007 

Yan, X. Y., Zhai, Z. L., Song, Z. Q., Shang, S. B., and Rao, X. P. (2017). “Synthesis of 

comb-like polymeric surfactants with a tricyclic rigid core and their use as 

dispersants in pymetrozine water suspension concentrates,” RSC Advances 7, 55741-

55747. DOI: 10.1039/C7RA09992D 

Zhang, S., Yang, X., Tu, Z., Hua, W., He, P., Li, H., Zhang, B., and Ren, T. (2020). 

“Influence of the hydrophilic moiety of polymeric surfactant on their surface activity 

and physical stability of pesticide suspension concentrate,” Journal of Molecular 

Liquids 317, article 114136. DOI: 10.1016/j.molliq.2020.114136 

 

Article submitted: July 6, 2023; Peer review completed: July 22, 2023; Revised version 

received and accepted: August 10, 2023; Published: August 17, 2023. 

DOI: 10.15376/biores.18.4.7041-7053 


