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This study investigated how subtle variations in the number of substituent groups in hydroxypropyl methyl-
cellulose (HPMC) affect its interaction with chitosan surfaces. We used a model system with ultra-thin chitosan
films on QCM-D sensors to probe the adsorption of various HPMC grades. The HPMCs had similar molecular
weights but differed in their degree of substitution, which was shown to affect their solubility. Hansen solubility
parameters and dynamic light scattering (DLS) data revealed that lower solubility and higher aggregation led to
stronger adsorption. QCM-D measurements confirmed irreversible adsorption for all HPMC variants, with the
least soluble grade exhibiting the highest adsorption. These findings demonstrate that lower solubility enhances

HPMC adsorption onto chitosan, providing valuable insights for optimizing polymer interactions in applications

such as oral film formulations.

1. Introduction

Cellulose derivatives are an important class of semisynthetic poly-
mers that have garnered traction in formulations for pharmaceutical and
food applications [1]. This is primarily attributable to their renewable
origin and outstanding physicochemical properties. Native cellulose is
composed of f-D-anhydroglucose units connected via $-1,4 bonds. The
resistance of native cellulose to dissolution in common solvents is
typically ascribed to its hierarchical structure and strong inter- and
intramolecular interactions [2]. However, an emerging concept of cel-
lulose amphiphilicity is postulated to be the cause of cellulose's non-
solvability [3]. The presence of three hydroxyl groups per unit of
anhydrous glucose provides excellent opportunities for chemically
modifying the cellulose chain and tuning its physicochemical properties,
particularly solubility and thermal behavior [4]. Consequently, there are
many cellulose derivatives available on the market. The principal de-
terminants of the physicochemical behavior of cellulose derivatives are
the type of modification and the degree of substitution. Methylcellulose
and ethyl cellulose are outstanding examples of the effect of different
substituents on the properties of cellulose derivatives. With the same
degree of substitution, the former dissolves in water while the latter does
not [5]. Carboxymethyl cellulose is a commercially significant cellulose
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derivative whose water solubility varies with the degree of substitution.
In general, only degrees of substitution of 0.7 or higher are water-
soluble, whereas the others are insoluble [6].

Hydroxypropyl methylcellulose (HPMC), also known as hypro-
mellose, is one of the important cellulose derivatives, and it is mainly
used in thermoresponsive gels and pharmaceutical formulations [5].
HPMC has been shown to be an excellent candidate as a release con-
trolling agent for drug delivery from hydrophilic matrix tablets [5,7-9].
Viriden et al., has shown that differences in the degree of substitution
and the substitution pattern can significantly affect the release profiles
of the HPMC matrix tablets [8,9] also in film formulations, HPMC has
been shown to be useful as a film former, and various grades (e.g. degree
of substitution, substitution pattern and molecular weight) can be used
to tailor the release properties [10]. Recently, Bizmark et al. have
explored the thermal behavior of different types of HPMCs, it was
observed that the amount of hydroxypropyl groups has a significant
effect on the thermal phase transition of HPMCs [11-13]. Apart from
aforementioned applications, HPMCs are used as thickening agents,
emulsifying agents and film-forming agents, etc. [5]. In many of these
applications, HPMC serves a critical role. Cellulose derivatives are often
combined with other polysaccharides, such as cellulose and chitosan, for
material formulations, e.g. in pharmaceutical preparations [14]. The
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Table 1
Calculated HSP values for the HPMC grades. Degree of substitution provided by
the supplier and the HSP values of water are taken from Hansen [26].

Material DSmethoxy DShydroxypropoxy dq D Sy
@em™HY  Jem™Y  Jem Y
2 2 2
HPMC 60 1.9 0.25 13.5 6.8 15.7
SH
4000
HPMC 1.8 0.15 18.6 7.2 16.5
65SH
4000
HPMC 90 1.4 0.20 19.0 7.9 17.7
SH
4000
Water - - 15.5 16 42.3

interactions of these cellulose derivatives with other components are of
great importance for the performance of the material. One of the main
challenges in the development of formulations based on cellulose de-
rivatives is to identify the right polysaccharide derivatives for the target
application from the plethora of choices available in the market.

Chitosan is a natural cationic linear polysaccharide, composed of
B-(1-4)-linked D-glucosamine and N-acetyl-D-glucosamine. It is ob-
tained from chitin, which can be found in exoskeletons of crabs, shrimps
and other crustaceans, as well as in insects and fungi cell walls [15-17].
Deacetylation (> DDA 50 %) of chitin under alkaline treatment results in
chitosan [15] where the supramolecular fibrillar structure is lost. Chi-
tosan is widely used in biomedical and pharmaceutical applications due
to its desirable properties, such as non-toxicity, biocompatibility, anti-
microbial properties and biodegradability [18,19]. Examples of use
include wound-healing materials, excipients in various pharmaceutical
dosage forms (e.g. films, gels, vaginal preparations, eye drops) and bone
tissue engineering scaffolds. Chitosan is only soluble in acidic conditions
below its pKa (approx. 6.3), when its amino groups are protonated. Its
presence of free hydroxyl and amino groups is advantageous for the
formation of hydrogen bonding with other polymers, mucin and various
hydrophilic surfaces [18].

The combination of HPMC and chitosan is highly promising for oral
film formulations, as they are known to be compatible and can exhibit
synergistic properties [20]. This synergy is likely due to the hydrogen
bonds between their hydrophilic functional groups [21,22], as well as
differences in their solubility at neutral pH (e.g., in the pH in the oral
cavity, 5.5-7) [23,24]. Both HPMC and chitosan are also known to be
mucoadhesive [23-25], meaning that they interact with mucosal sur-
faces. This property can be leveraged to prolong the contact time of
drug-containing films with the mucosal surface, thereby ensuring
confined release of the drug, either for local effect or for absorption
through the mucosal membrane [22,25]. In this study, we aim to
investigate the influence of the substituent groups of hydroxypropyl
methylcellulose on interaction with chitosan. A model system approach
has been employed, in which ultra-thin films of chitosan have been used
in quartz crystal microbalance with dissipation (QCM-D) to probe the
interaction of HPMCs with the chitosan surface. We evaluated applica-
bility of Hansen solubility parameters (HSP) to predict the interaction of
HPMCs with different degree of substitution with chitosan surfaces. We
anticipate that our results can help to make informed choices in material
formulations, for instance in development of oral films formulations.

2. Materials and methods
2.1. Materials

Hydroxypropyl methylcelluloses with trade names 60SH 4000, 65SH
4000 and 90SH 4000 were obtained from Shin-Etsu Chemical Co. Ltd.,

Japan, and used as received. Specific details regarding the substituent
are provided in Table 1. Chitosan with the tradename Chitopharm™ CM
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(degree of deacetylation: 98 %) was received from Chitinor, Norway.
Acetic acid and sodium hydroxide (NaOH) were obtained from Sigma
Aldrich.

2.2. Dynamic light scattering (DLS)

The hydrodynamic size of HPMCs in different concentrations was
determined using DLS (Litesizer 500, Anton Paar, Austria). HPMC so-
lutions with a concentration ranging from 0.005 wt% to 1 wt% were
prepared by dissolving HPMC in Milli-Q water and stirring overnight to
ensure complete dissolution. Prior to characterization, all solutions were
filtered through 0.45 pm hydrophilic PTFE syringe filters. Dynamic Light
Scattering (DLS) measurements were conducted at 25 °C using dispos-
able plastic cuvettes. Each sample was measured in triplicate, with each
measurement consisting of 25 individual runs. For the determination of
the hydrodynamic diameter, a refractive index of 1.55 was used for
HPMC. Additionally, the analysis accounted for concentration-
dependent changes in solution viscosity to ensure accurate particle
size calculations.

2.3. Viscosity of the HPMC solutions

The viscosities of HPMC solutions at concentrations of 0.005, 0.01,
0.05, and 0.1 wt% were measured using a Brookfield DV2T viscometer
(Middleboro, MA, USA) equipped with a 40Z spindle. Measurements
were performed at 25 °C with a sample volume of 500 pl, an endpoint of
2 min, and a rotation speed of 30 rpm. Each sample was measured in
triplicate.

2.4. Preparation of chitosan ultra-thin films

Ultrathin films of chitosan were prepared according to the method
reported by Katan et al. with a slight modification [27]. Briefly, chitosan
powder was dissolved in 1 % (v/v) acetic acid solution to obtain 1 %
chitosan solution. The solutions were stirred overnight to ensure com-
plete dissolution and filtered through 0.2 pm syringe filter to remove
undissolved chitosan. The 150 pl of chitosan solution was then spin-
coated on a cleaned SiO» coated QCM-D sensor (5000 rpm, accelera-
tion 2500 rpm/min, for 60 s). The spin-coated sensors were then
immersed in 0.5 M NaOH solution for 10 min to neutralize the films and
thereby obtain stability. The films were then cleaned with water, dried
with nitrogen and stored in a desiccator until use.

2.5. Atomic force microscopy

The film morphology and uniformity were analyzed using atomic
force microscopy (INTEGRA Prima setup NT-MDT Spectrum In-
struments, Moscow, Russia). The height profiles of three random spots
on the film were recorded in semi-contact mode, and the root-mean-
square roughness was calculated using Gwyddion software to assess
the quality of the film.

2.6. Stability studies of chitosan thin films

The stability of chitosan films was studied using QCM-D (Biolin
scientific, Gothenburg, Sweden). The chitosan-coated surfaces were
placed in QCM-D flow cell, and solutions of different pH (7-3) were
injected into the flow cell. The frequency and dissipation responses were
monitored to check the film stability.

2.7. Adsorption studies using Quartz crystal microbalance

The interactions of HPMCs with chitosan surfaces were studied using
QCM-D at 25 °C. The HPMC solutions (0.1 % w/w) for adsorption ex-
periments were prepared by dissolving HPMC in MilliQ water and stir-
red overnight to ensure complete dissolution. The spin-coated chitosan
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Fig. 1. The distance between different HPMCs and water in Hansen's solubility space. R, is the HSP distance between water and different HPMCs.

films were then placed in the flow cell and equilibrated in water for 30
min to obtain a stable baseline. 0.1 % HPMC solutions were then injected
into the flow cell, and frequency shift and dissipation response were
monitored. After reaching the equilibrium, water was reintroduced to
the flow cell to remove the loosely bound HPMC chain from the chitosan
surface. The frequency response at this point would correspond to the
irreversibly attached HPMC on the surface. The adsorbed mass of HPMC
on chitosan thin films was computed using Johannsmann's model [28].

2.8. Hansen solubility parameters

Hansen solubility parameter (HSP) is an effective tool in the pre-
diction of the miscibility of components. It is an extended version of
Hildebrand's solubility parameters. Hansen solubility parameter con-
siders three different types of molecular interactions, namely non-polar
interactions due to dispersive forces, polar interactions due to perma-
nent dipoles in molecular structure and hydrogen bonding [29]. The
total squared HSP is defined as the ratio of the total cohesive energy
(Etot) to the molar volume (Vmolar), and it can be expressed as the sum
of squares of aforementioned interaction-components, as follows.

Ewe Ep+Ep+Ey
Vror Vror

62

TOT —

= 8p% +8p% +8u” (@]

The individual solubility parameters for HPMCs were computed by
using the method suggested by Hoftyzer and van Krevelen (VKH) [30].
The VKH equations for the different solubility parameters are given by
following equations

> niFy
% = S Vi 2
8 = 7@’% 3)
>onVi

[ miEy
O = > Vi )

where the contribution from each molecular structural component to
dispersive forces, polar interactions and hydrogen bonding are weighted
against an average degree of substitution (n;) of each group in a
monomer unit. The dispersion components (Fd), polar components (Fp),
hydrogen bond energy components (Eh) and Fedor's molar volumes (VF)
of different groups in hydroxypropyl methylcellulose were taken from
literature [30].

The Hansen solubility parameters can be represented in a 3-dimen-
sional space, The distance between two compounds (R,) in the Hansen
solubility space can provide information on their miscibility.

(Ra)* = 4(8a2 — 8a1)* + (82 — 81)” + (Bha — 1) (6)

3. Results and discussions

3.1.1. Hansen solubility parameters and solution properties of
hydroxypropyl methylcellulose

Hydroxypropyl methylcelluloses (HPMCs) with similar molecular
weights but varying degrees of substitution were selected to evaluate the
influence of substituents on solubility. First, the Hansen solubility pa-
rameters (HSPs) of the different HPMCs were calculated using the group
contribution method (Table 1). The solubility radii (R,) between water
and each HPMC were then determined and are presented in Fig. 1.

According to HSP calculations, HPMC 90SH 4000 exhibited the
strongest interaction with water, as evidenced by its smallest solubility
radius in Hansen space (Fig. 1). In contrast, HPMC 60SH 4000 displayed
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Fig. 2. The viscosity (left) and hydrodynamic diameter measured by dynamic light scattering (right) of HPMCs in different concentrations.
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Fig. 3. a) Illustration of chitosan-coated QCM-D sensor, b, ¢) AFM micrograph of chitosan thin film on QCM-D sensor, d) High profile of chitosan thin films, e)
Frequency and dissipation response of chitosan thin films in different pH conditions (between pH = 6 to pH = 2).

a comparatively weaker interaction, reflected in its larger solubility
radius.

To further assess the solution behavior of these polymers, viscosity
and DLS measurements were conducted at various polymer concentra-
tions (see Fig. 2). The viscosity increases as expected with increasing
HPMC concentration. All samples, except HPMC 65SH, showed similar
hydrodynamic diameters. Notably, the hydrodynamic diameter of
HPMC 65SH increased markedly from about 60 nm to 730 nm, indi-
cating substantial aggregation or association of polymer chains in so-
lutions. Although Hansen solubility parameters (HSPs) predicted HPMC
60SH to be the least soluble, experimental data indicated that HPMC
65SH exhibited greater association in aqueous solution. This suggests
HPMC 65SH has a lower effective interaction with water than

anticipated. This discrepancy between predicted and observed behavior
likely arises because HSP calculations do not account for the relative
positioning of functional groups, which plays a decisive role in deter-
mining solution properties and polymer association, as noted by Viriden
et al. [26].

3.1.2. Interaction of different hydroxypropyl methylcellulose with chitosan
studied using quartz crystal microbalance with dissipation (QCM-D)

The uniformity and stability of chitosan thin films on the SiO»-coated
QCM-D sensors are crucial to extract in order to get reliable information
from the interaction studies. Therefore, the spin coated chitosan films
were evaluated for uniformity and stability using atomic force micro-
scopy and pH dependent frequency response in QCM-D. Fig. 3a) shows a
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the chitosan surface. The standard deviation is based on at least three independent measurements.

representative AFM micrograph of spin coated chitosan thin films on
QCM-D sensor. The spin coated chitosan films exhibited a uniform
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smooth morphology with an average root mean square roughness of
0.67 nm (Fig. 3b-d), which is lower compared to the value reported by
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Katan et al., probably due to the differences in the chitosan grade used
for spin coating [27]). However, the morphological features were
comparable.

The frequency and dissipation response of chitosan films in different
pH conditions is shown in Fig. 3e). From the figure, the frequency
doesn't change appreciably when switching from water to pH 6 and pH
5. However, the introduction of a solution with pH 4 resulted in a sudden
decrease in frequency, corresponding to swelling, followed by an im-
mediate increase up to 600 Hz, indicating detachment of the chitosan
film from the surface. At acidic conditions, the amino groups in chitosan
become protonated, which increases the solubility of chitosan in water.
The dissipation response was also in agreement with the instability of
films under acidic conditions. All the HPMC solutions used in the
interaction studies had a neutral pH; therefore, the films were stable in
the measurement conditions.

Figs. 4a-c show representative QCM-D response curves for adsorp-
tion of different HPMC grades on cellulose surfaces. In all cases, the
injection of HPMC solutions led to an immediate decrease in frequency,
indicating the adsorption of HPMC at the interface. Rinsing with water
did not result in any increase in frequency for any of the HPMC grades
examined, suggesting that HPMC adsorbs irreversibly onto the chitosan
surface. The relatively high dissipation values further confirm that the
adsorbed layers are viscoelastic, as expected. The amount of HPMC
adsorbed on the chitosan surface was calculated using Johannsmann's
model and is presented in Fig. 4d. Among the tested variants, HPMC
65SH 4000 exhibited significantly higher adsorption compared to HPMC
60SH 4000 and HPMC 90SH 4000. These results clearly demonstrate
that the degree and type of substituent groups influence the interaction
of HPMC with the chitosan surface.

To investigate morphological changes, the QCM-D sensors were
characterized using AFM following the adsorption process (Fig. 5a-c).
Interestingly, the surface morphology remained largely unchanged post-
adsorption, despite the DLS data indicating HPMC aggregation in the
bulk solution. Analysis of the D—F plots (dissipation vs. frequency)
provided further insight into the interfacial dynamics (Fig. 5d-f). In all
cases, the initial adsorption phase exhibited a linear relationship, fol-
lowed by a distinct change in slope except in the case of HPMC 90SH
where the frequency-dissipation relationship was almost linear.

The change in slop of D—F plots in the case of 60SH 4000 and 65SH
4000 suggests significant conformational reorganization of the polymer
chains at the interface. These combined results imply that while the
polymers exist as aggregates in solution, they undergo structural reor-
ganization upon contact with the chitosan surface to form a more uni-
form distribution.

The observed differences in the adsorption can be rationalized using
the framework proposed by Scheutjens and Fleer, who describe poly-
electrolyte adsorption in terms of four key parameters: y (polymer-
-solvent interaction), ys (polymer segment-surface interaction), qm
(surface charge), and o (polymer segmental charge) [31]. While HPMCs
are non-ionic, rendering qn,, and oy irrelevant, and adsorption is solely
governed by y and y;. In this context, lower solubility (higher ) typically
enhances adsorption, as the polymer favors interaction with the surface
over remaining solvated in bulk. This trend aligns well with our obser-
vations: HPMC 65SH, which exhibited lower solubility as indicated by
dynamic light scattering, showed the highest level of adsorption,
whereas the more soluble HPMC 60SH displayed the lowest adsorption
onto the chitosan surface [32].

Hydroxypropyl (HP) substituents in HPMC can, due to their chem-
istry, react with each other and form short HP chains. Previous studies
using enzymatic degradation and MALDI analysis have shown that this
tendency is more pronounced in hydroxypropyl cellulose (HPC) than in
HPMC; for HPMC, mainly mono-HP or short oligomers with two HP
groups were detected [33]. To the best of our knowledge, no systematic
studies have yet addressed the effect of HP chaining or substitution
heterogeneity on HPMC adsorption mechanisms.

Colloid and Interface Science Communications 70 (2026) 100867

4. Conclusions

This study provides a comprehensive investigation into how the
degree of substitution in HPMC influences its solubility and interactions
with chitosan surfaces. The dynamic light scattering revealed that subtle
variations in methoxy and hydroxypropoxy substitution significantly
affect the aqueous behavior of HPMC, particularly in terms of aggre-
gation and effective solubility. This behavior was not captured in Han-
sen solubility parameters, since the HSP calculations do not consider the
relative positions of functional groups. The QCM-D measurements
demonstrated that all HPMC variants adsorb onto chitosan films, with
HPMC 65SH 4000 exhibiting the highest adsorption. This behavior was
rationalized using the Scheutjens-Fleer framework, where lower solu-
bility (higher y) enhances surface affinity due to reduced polymer-
—solvent interactions. The findings underscore the importance of
substitutional chemistry in tailoring polymer-polymer interactions and
provide valuable insights for the rational design of cellulose-based for-
mulations, particularly in applications such as oral films, hydrogels, and
controlled-release systems.

CRediT authorship contribution statement

Vishnu Arumughan: Writing — review & editing, Writing — original
draft, Visualization, Methodology, Investigation, Formal analysis, Data
curation, Conceptualization. Karin Korele: Writing — review & editing,
Writing — original draft, Methodology, Investigation, Formal analysis,
Data curation. Ingunn Tho: Writing - review & editing, Validation,
Supervision, Resources, Project administration, Funding acquisition,
Conceptualization. Anette Larsson: Writing — review & editing, Vali-
dation, Supervision, Resources, Project administration, Funding acqui-
sition, Conceptualization.

Declaration of competing interest

Authors declare no financial interest or personal relationships that
could have appeared to influence the work reported in this paper.

Acknowledgements

The authors would like to acknowledge the generous gift of chitosan,
Chitopharm™ from Chitinor, Norway. Support from the NordForsk,
funded the Nordic University Hub project #85352 (Nordic POP, Patient
Oriented Products), is greatly appreciated.

Data availability
Data will be made available on request.

References

[1] W. Burchard, Solubility and solution structure of cellulose derivatives, Cellulose 10
(3) (2003) 213-225.

[2] N. Le Moigne, P. Navard, Dissolution mechanisms of wood cellulose fibres in
NaOH-water, Cellulose 17 (1) (2010) 31-45.

[3] B. Lindman, G. Karlstrom, L. Stigsson, On the mechanism of dissolution of
cellulose, J. Mol. Liq. [Internet] 156 (1) (2010) 76-81. Available from: https://doi.
0rg/10.1016/j.molliq.2010.04.016.

[4] T. Heinze, O.A. El Seoud, A. Koschella, Cellulose Derivatives: Synthesis, Structure,
and Properties, Springer, 2018.

[5] R.C. Rowe, P.J. Sheskey, W.G. Cook, M.E. Fenton, Handbook of Pharmaceutical
Excipients, Seventh edition, Pharmaceutical Press, 2012.

[6] C.G. Lopez, S.E. Rogers, R.H. Colby, P. Graham, J.T. Cabral, Structure of sodium
carboxymethyl cellulose aqueous solutions: a SANS and rheology study, J. Polym.
Sci. Part B Polym. Phys. 53 (7) (2015) 492-501.

[7] J.L. Ford, Design and evaluation of hydroxypropyl methylcellulose matrix tablets
for oral controlled release: a historical perspective, AAPS Adv. Pharm. Sci. Ser.
(2014) 17-51.

[8] A. Viridén, A. Larsson, H. Schagerlof, B. Wittgren, Model drug release from matrix
tablets composed of HPMC with different substituent heterogeneity, Int. J. Pharm.
401 (1-2) (2010) 60-67.


http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0005
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0005
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0010
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0010
https://doi.org/10.1016/j.molliq.2010.04.016
https://doi.org/10.1016/j.molliq.2010.04.016
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0020
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0020
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0025
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0025
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0030
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0030
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0030
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0035
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0035
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0035
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0040
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0040
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0040

V. Arumughan et al.

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]
[18]
[19]

[20]

[21]

A. Viridén, A. Larsson, B. Wittgren, The effect of substitution pattern of HPMC on
polymer release from matrix tablets, Int. J. Pharm. 389 (1-2) (2010) 147-156.
M.S. Gupta, T.P. Kumar, D.V. Gowda, J.M. Rosenholm, Orodispersible films:
conception to quality by design, Adv. Drug Deliv. Rev. 178 (2021) 113983. .
Available from: https://doi.org/10.1016/j.addr.2021.113983.

N. Bizmark, N.J. Caggiano, J.X. Liu, C.B. Arnold, R.K. Prud’homme, S.S. Datta, et
al., Hysteresis in the thermally induced phase transition of cellulose ethers, Soft
Matter 18 (33) (2022) 6254-6263.

A. Gémez-Carracedo, C. Alvarez-Lorenzo, J. Gomez-Amoza, A. Concheiro,
Chemical structure and glass transition temperature of non-ionic cellulose ethers,
J. Therm. Anal. Calorim. 73 (2) (2003) 587-596. Available from, https://doi.org/1
0.1023/A:1025434314396.

M. Larsson, A. Viridén, M. Stading, A. Larsson, The influence of HPMC substitution
pattern on solid-state properties, Carbohydr. Polym. 82 (4) (2010) 1074-1081.
Available from: https://doi.org/10.1016/j.carbpol.2010.06.030.

Y. Hu, S. Zhang, D. Han, Z. Ding, S. Zeng, X. Xiao, Construction and evaluation of
the hydroxypropyl methyl cellulose-sodium alginate composite hydrogel system
for sustained drug release, J. Polym. Res. 25 (7) (2018).

1. Younes, M. Rinaudo, Chitin and chitosan preparation from marine sources.
Structure, properties and applications, Mar. Drugs 13 (3) (2015) 1133-1174.

V. Arumughan, H. Medipally, A. Torris, T. Leva, H.C. Grimm, T. Tammelin, et al.,
Bioinspired Nanochitin-based porous constructs for light-driven whole-cell
biotransformations, Adv. Mater. 37 (22) (2025) e2413058.

L. Bai, L. Liu, M. Esquivel, B.L. Tardy, S. Huan, X. Niu, et al., Nanochitin: chemistry,
structure, assembly, and applications, Chem. Rev. 122 (13) (2022) 11604-11674.
R.C.F. Cheung, T.B. Ng, J.H. Wong, W.Y. Chan, Chitosan: an update on potential
biomedical and pharmaceutical applications, Mar. Drugs 13 (8) (2015) 5156-5186.
E. Szymanska, K. Winnicka, Stability of chitosan - a challenge for pharmaceutical
and biomedical applications, Mar. Drugs 13 (4) (2015) 1819-1846.

H. Moller, S. Grelier, P. Pardon, V. Coma, Antimicrobial and physicochemical
properties of chitosan - HPMC-based films, J. Agric. Food Chem. 52 (21) (2004)
6585-6591.

A. Pawlak, M. Mucha, Thermogravimetric and FTIR studies of chitosan blends,
Thermochim. Acta 396 (1-2) (2003) 153-166.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]
[30]

[31]

[32]

[33]

Colloid and Interface Science Communications 70 (2026) 100867

D.M. Rajaram, S.D. Laxman, Buccal mucoadhesive films: a review, Syst. Rev.
Pharm. 8 (1) (2016) 31-38.

J.F. Alopaeus, M. Hellfritzsch, T. Gutowski, R. Scherlie, A. Almeida, B. Sarmento,
et al., Mucoadhesive buccal films based on a graft co-polymer — a mucin-retentive
hydrogel scaffold, Eur. J. Pharm. Sci. 142 (2020) 105142.

K. Korelc, B.S. Larsen, M. Gasperlin, I. Tho, Water-soluble chitosan eases
development of mucoadhesive buccal films and wafers for children, Int. J. Pharm.
631 (2023) 122544.

Q. Zhang, X. Li, B.R. Jasti, Role of physicochemical properties of some grades of
hydroxypropyl methylcellulose on in vitro mucoadhesion, Int. J. Pharm. 609
(2021) 121218.

A. Viridén, B. Wittgren, A. Larsson, Investigation of critical polymer properties for
polymer release and swelling of HPMC matrix tablets, Eur. J. Pharm. Sci. 36 (2-3)
(2009) 297-309.

T. Katan, R. Kargl, T. Mohan, T. Steindorfer, M. Mozetic, J. Kovac, et al., Solid
phase peptide synthesis on chitosan thin films, Biomacromolecules 23 (3) (2022)
731-742.

D. Johannsmann, Viscoelastic, mechanical, and dielectric measurements on
complex samples with the quartz crystal microbalance, Phys. Chem. Chem. Phys.
10 (31) (2008) 4516-4534.

C.M. Hansen, Hansen Solubility Parameters, CRC Press, 2007.

D.W. Van Krevelen, K. te Nijenhuis, Properties of polymers: Their correlation with
chemical structure, in: Their Numerical Estimation and Prediction from Additive
Group Contributions, 4th ed, Elsevier, 2009.

J.M.H.M. Scheutjens, G.J. Fleer, Statistical theory of the adsorption of interacting
chain molecules. 1. Partition function, segment density distribution, and
adsorption isotherms, J. Phys. Chem. 83 (12) (1979) 1619-1635.

V. Arumughan, T. Nypel6, M. Hasani, A. Larsson, Calcium ion-induced structural
changes in carboxymethylcellulose solutions and their effects on adsorption on
cellulose surfaces, Biomacromolecules 23 (1) (2022) 47-56.

D. Momcilovic, H. Schagerlof, B. Wittgren, K.G. Wahlund, G. Brinkmalm, Improved
chemical analysis of cellulose ethers using dialkylamine derivatization and mass
spectrometry, Biomacromolecules 6 (5) (2005) 2793-2799.


http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0045
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0045
https://doi.org/10.1016/j.addr.2021.113983
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0055
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0055
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0055
https://doi.org/10.1023/A:1025434314396
https://doi.org/10.1023/A:1025434314396
https://doi.org/10.1016/j.carbpol.2010.06.030
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0070
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0070
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0070
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0075
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0075
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0080
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0080
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0080
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0085
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0085
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0090
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0090
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0095
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0095
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0100
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0100
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0100
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0105
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0105
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0110
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0110
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0120
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0120
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0120
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0125
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0125
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0125
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0115
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0115
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0115
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0145
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0145
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0145
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0150
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0150
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0150
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0130
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0130
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0130
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0140
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0135
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0135
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0135
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0155
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0155
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0155
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0160
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0160
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0160
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0165
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0165
http://refhub.elsevier.com/S2215-0382(25)00051-2/rf0165

	The influence of substituents of cellulose ethers on their interaction with chitosan surfaces
	1 Introduction
	2 Materials and methods
	2.1 Materials
	2.2 Dynamic light scattering (DLS)
	2.3 Viscosity of the HPMC solutions
	2.4 Preparation of chitosan ultra-thin films
	2.5 Atomic force microscopy
	2.6 Stability studies of chitosan thin films
	2.7 Adsorption studies using Quartz crystal microbalance
	2.8 Hansen solubility parameters

	3 Results and discussions
	undefined
	3.1.1 Hansen solubility parameters and solution properties of hydroxypropyl methylcellulose
	3.1.2 Interaction of different hydroxypropyl methylcellulose with chitosan studied using quartz crystal microbalance with d ...


	4 Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Data availability
	References


