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Chitosan Macromolecules on a Substrate: Deposition

from Solutions in sc CO2 and Reorganisation in

Vapours
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Summary: Specially pretreated chitosan macromolecules possess limited solubility in

supercritical carbon dioxide. When deposited on mica substrate from such solutions

they adopt somewhat extended conformation. The adsorbed macromolecules

become mobile on the interface when exposed to water vapour as revealed by

environmental scanning force microscopy. During the exposure in the presence of

coadsorbed water layer the chitosan strands demonstrate slight tendency to adopt

more compact but still two-dimensional conformation on the substrate.
Keywords: atomic force microscopy (AFM); chitosan; conformational analysis; single

macromolecules; surfaces
Introduction

Chitosan is a copolymer of D-glucosamine

andN-acetyl-D-glucosamine (see the scheme

below) and can be obtained in industrial

quantities from rather abundant natural

polysaccharide chitin.
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Chitosan is considered to be a very

important material for possible biomedical

usages because it demonstrates a unique

complex of promising properties: it is non-

toxic, biodegradable, bio- and haemo-
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compatible, anticoagulating, antimicrobial,

apyrogenic, hypoallergenic, etc.[1,2] A chitosan

molecule contains free amino groups that

allows it to bind protons in aqueous media at

low pH and thus to get an extra positive

charge. These polycationic properties are

rather unique for a natural polymer and

may be very useful from the viewpoint of a

variety of applications.[1,2] On the one hand,

such polycationsmay be used to coat and hide

possible bio- or haemo- incompatible residual

sites at the surface of artificially stabilised

xenotissue to be used inside a body as a

bioprosthetic material.[3,4] On the other hand,

such polycationsmay be applied together with

polyanionic chitosan derivatives to prepare

layer-by-layer stabilised coatings at the surface

of biomedical articles.[3]

Recently we focused on preparation of

chitosan coatings from water-free solutions

in supercritical carbon dioxide (sc CO2).
[5]

This fluid is not a liquid and may be

continuously converted in a closed vessel

from a dense sc state (a solvent for some

polymers) to a gaseous state (a non-solvent

for polymers) without formation of a liquid

phase. Such a scheme eliminates coexis-

tence of drying droplets or films of a liquid

at the surface with the polymer structures
, Weinheim wileyonlinelibrary.com
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being deposited. As a result, a morphology

reorganisation of the material on a sub-

strate due to inevitable influence of surface

tension gradients or capillary forces is

suppressed (such reorganisation is a typical

drawback when a deposition scheme from

usual liquid solutions is applied). Following

this approach, we achieved before high

uniformity and mechanical stability of sc-

deposited nanosized ultrathin films of

different fluoropolymers, including com-

mercial copolymer Teflon AF 2400[6] and

commercial low molecular weight PTFE.[7]

Special benefits of sc CO2 are most

advantageous when it is applied to modify

porous substrates. Indeed, in distinct from

liquid solvents sc CO2 ensures both: i)

absolute permeating ability (into a porous

matrix), and ii) complete removal from the

matrix after decompression. Thus, super-

hydrophobic surfaces were produced by a

treatment of porous structures having

highly developed (rough) surfaces in solu-

tions of hydrophobic polymers in sc CO2.
[8]

Further, regularly packed fluorinated

dendrimers were sc-deposited as small

ordered patches of 2D hexagonal arrays

with the ca. 6 nm lattice parameter.[9] Also

high degree of regularity was detected for

sc-deposited self-assembled toroidal

nanoobjects formed by semifluorinated

(perfluoroalkyl)alkanes.[10] Therefore, it

seems to be very promising to perform

systematic studies of individual macromo-

lecules, supramolecular structures and

ultrathin films as deposited directly from

such a peculiar non-liquid solvent.

Possible additional advantages of the

technique of direct deposition from solu-

tions in sc CO2 may be related also to the

expected improved mechanical stability of

the chitosan coatings thus obtained. Indeed,

we have shown before that single chitosan

macromolecules are deposited from solu-

tions in sc CO2 on a substrate in a rather

extended conformation, which ensures a

high amount of entanglements of polymer

chains and thus goodmechanical properties

of the coatings finally formed.[5] Besides,

there are no acidic residues in the coatings

prepared from sc CO2 in distinct from the
Copyright � 2010 WILEY-VCH Verlag GmbH & Co. KGaA
films typically cast from aqueous (acidic)

solutions of chitosan. Such acidic residues

may deteriorate mechanical stability and

adhesion of the coatings in the presence of

water.

Unfortunately, there is a serious obsta-

cle for the proposed approach due to the

fact that the all so far tested chitosan

materials and their derivatives either are

completely insoluble in sc CO2, or show

only very poor solubility, not suitable for

real applications. It is not clear yet, whether

the solubility may be improved further

either by chemical modification of the

macromolecular structure, or by admixture

of some non-toxic and hypoallergenic

cosolvents (e.g., water) to the sc CO2

media.

Nevertheless, the achieved poor solubi-

lity is already enough for deposition of single

isolated chitosan macromolecules onto

different substrates. On model ultraflat

substrates (such as, for example, mica) they

may be directly observed using scanning

force microscopy (SFM). This technique has

been extensively applied in order to study

directly the conformational properties of

single individual chains of different poly-

saccharides, including chitosan, as adsorbed,

mainly, from aqueous solutions.[11–15]

In the present paper we address the

question about the stability of macromole-

cular conformation for single chitosan

chains as deposited from sc CO2 and then

exposed to water vapour. Indeed, it is

known that conformation of adsorbed

macromolecules may become unstable in

different vapours.[16–20] But in real biome-

dical applications the chitosan coatings are

to be subjected to aqueous surroundings.

Thus, even provided that one may indeed

manage to deposit very uniform coatings

from solutions sc CO2, the next important

question concerns stability of the films in

contact with water. This is especially

important if the films are ultrathin (with a

nanometer scale thickness). Model experi-

ments would be useful to predict the

stability of such films and thus to draw a

conclusion about benefits of using the

coatings prepared from sc CO2 in real
, Weinheim www.ms-journal.de
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applications. The most gentle and control-

lable way to introduce model contact with

water is to expose the hydrophilic substrate

with the adsorbed polymer structures

to saturated water vapour. If adsorbed

single macromolecules will demonstrate

considerable conformational changes in

the presence of coadsorbed water on a

substrate, one may expect strong tendency

towards morphology reorganisation for the

more dense chitosan coatings as well. In

that case the mechanical stability and

adhesion of the coatings will be presumably

poor. The real-time following of the

possible vapour-induced transformations

using environmental SFM seems to be a

rather powerful tool to study macromole-

cular response onto such an external

stimulus at the really single-macromolecule

level. Therefore, the results of such sys-

tematic observations may be useful not

only to verify general uniformity but

also to predict the stability and mechanical

properties of the chitosan coatings as

prepared by direct deposition from solu-

tions in sc CO2.
Experimental Part

We used chitin and chitosan from ZAO

Sonat (Russia). The chitosan samples had

different degrees of N-acetylation (DA):

2% and 15%. The samples with 26%, 35%,

and 50%DAwere prepared bymeans of N-

reacetylation of the chitosan with 15% DA

as received. The N-reacetylation was per-

formed in methanol solutions of acetic

anhydride in two steps: first at pH 5.0 up to

26% or 35%DA, and then at pH 8.0 (in the

presence of NaOH) up to 50% DA as

described in Ref. [21]. The homogeneous

N-reacetylation results in the products with

uniform statistic distribution of acetyl

groups and even the sample with 50%

DA is quite soluble in acidic aqueous

solutions. The molecular weights (Mv) of

the obtained samples were in range of 100–

150 kg/mol. These values were determined

by viscosity measurements (25 8C, aqueous
solution, 2% acetic acid, 0.2M sodium
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acetate) using Mark-Kuhn-Houwink

equation with previously described coeffi-

cients according to Ref. [22].

Two different types of pre-treatments

among several tested procedures indeed

improved polymer solubility in sc CO2. The

first type of the pre-treatment was a

reprecipitation of the chitosan material

from dichloracetic acid aqueous solutions

into an alkaline medium (this reprecipita-

tion procedure was performed for chitosan

samples with 2%, 15%, and 50% DA, here

labelled as chitosan-0.98, chitosan-0.85, and

chitosan-0.50, respectively). The second

type of the pre-treatment included a

preparation of chitosan-Ca complex by

means of N-deacetylation of chitin impreg-

nated with CaCO3, that resulted in a sample

with 15% DA incorporating some amount

of calcium hydroxide (here labelled as

chitosan-0.85-Ca). The deacetylation was

performed with NaOH as described in

Ref. [23]. The amount of inorganic residual

calcium hydroxide in the sample was 17%

by weight, as determined by elemental

analysis. The molecular weight (Mv) was

about 150 kg/mol.

In the experiments we used CO2 of high

purity (>99.997%, Linde Gas Rus, Russia).

The experimental setup and the experi-

mental procedure were the same as

described before.[6-10] The setup consists

of a pressure generator equipped with

pressure sensors and a thermostatically

controlled stainless steal reactor (inner

volume 10ml), which are united together

by a set of capillaries. The setup can sustain

the pressures up to 80MPa (as limited by

the reactor). Mica (muscovite, Plano

GmbH, Germany) was used as a substrate

for the deposition of polymer structures

from solutions in sc CO2.

The purity of the reactor was of extreme

importance for the success of the experi-

ments on deposition of ultrasmall quanti-

ties of the chitosan material. Before each

experiment with a new chitosan sample the

reactor was wiped with a new clean cotton

tissue and then washed successively with

acidic water solutions (freshly prepared

using Milli-Q water), then with liquid
, Weinheim www.ms-journal.de
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solvents of an analytical grade (for liquid

chromatography, Aldrich) and, finally, with

sc CO2. The purity of the system was

checked by means of a control exposure of

freshly cleaved mica substrate in the reactor

with sc CO2 but without any polymer at the

same conditions (temperature, pressure,

time of exposure), as in real experiments

in the presence of polymer. After the control

exposure the substrate was checked with

SFM. The purity of the system was con-

sidered to be acceptable only if there were

no adsorbed structures visualized by SFM.

Otherwise the cleaning procedure was

repeated. The applied procedure is appar-

ently not very optimal as far as we indeed

occasionally have to repeat it several times.

Gravimetric tests on solubility were

performed with Ohaus AP250D balance

(guaranteed reproducibility 0.02mg) for

chitosan samples with weights in range of

1–10mg. We measured and analysed the

mass loss of the samples as a result of the

exposure to sc CO2 in the reactor.

The deposition of macromolecules was

performed as illustrated by Figure 1. In the

reactor we put a freshly cleaved piece of

mica with a surface area of about 1.5 cm2

and small amount of chitosan (0.2–0.5mg).

The reactor was closed, tightened, and

thoroughly purged with CO2. Then it was

filled with sc CO2 and exposed for 2–4hours

at constant temperature (70 8C) and pres-

sure (70MPa). The exposure was finished by

a rather fast decompression: the complete

removal of CO2 from the reactor took about
Figure 1.

Scheme of direct deposition of chitosan macromolecul

Copyright � 2010 WILEY-VCH Verlag GmbH & Co. KGaA
10 sec. Then the substrate was retrieved

from the disassembled reactor and scanned

with SFM.When successive series of several

exposure cycles were repeated, at every

cycle a new freshly cleaved mica substrate

was put into the reactor (for the following

SFM analysis after the exposure), but the

chitosan was not added: the amount still

remaining in the reactor was supposed to be

redissolved and redeposited.

The static SFM observations were car-

ried out in a tapping mode in air at room

conditions (relative humidity ca. 40–60%)

using a MultiMode microscope with a

Nanoscope-IIIa controller (Digital Instru-

ments, USA). When imaging dynamics

of vapour-induced transformations we

applied constant water vapour flow throw

a hollow tip directly to the small surface

area just being scanned. The air flow was

generated by an air pump andwas saturated

with vapours in a bubbling system. SFM

images were collected with an information

density of 512� 512 points at 1Hz scanning

frequency. We used silicon NCH-W canti-

levers (NanoWorld AG, Switzerland) with

a resonance frequency of about 320 kHz.

Editing of the SFM images and image

analysis including height measurements

were performed by means of NanoScope

software (Digital Instruments, USA). In

order to estimate reliably the heights of the

depositedmacromolecules above a substrate

level we performed many repetitive mea-

surements in different places of the sample

and then applied averaging procedure. This
es onto mica substrate from solutions in sc CO2.

, Weinheim www.ms-journal.de
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scheme resulted in a confidence range of the

measured heights.
Results and Discussion

At the first stage, we tested solubility of

several different chitosan samples with

different DAs and different molecular

weights, including some chitosan deriva-

tives. As it was already discussed in Ref. [5],

mostly, they were completely insoluble in sc

CO2. In order to check solubility we applied

two approaches: i) SFM testing of a

precipitate on a substrate after exposing

it to sc CO2 in the presence of polymer,

ii) gravimetrical analysis of the difference

between the amount of chitosan put in

the reactor initially and the amount found

in the reactor after the exposure. The

approach with the SFM analysis of the

precipitate is a very sensitive method to

check solubility as far as it may allow one to

detect even single polymer molecules on a

substrate after dissolution and following

precipitation. Yet, in many cases we did not

find any structures, which might be related

to the precipitated polymer material. Thus

in such cases we drew a conclusion about

complete insolubility of the material tested.

Such a conclusion was always in general
Figure 2.

Micrographs of Ca-complexed macromolecules of chitosan

from solution in sc CO2 (exposure conditions: 70 MPa, 70 8C
cycle. SFM images of different sizes: a) 4� 4mm2, b) 2�
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agreement with the gravimetric data, in

spite of the fact that reproducibility of

gravimetric analysis was rather poor from

one experiment to another (apparently, due

to occasional sample losses not related to

real dissolution and reprecipitation).

Chitosan-0.85-Ca (15% DA) complexed

with calcium hydroxide is the one of the

samples, which has demonstrated some

solubility (yet also very limited one). For

that material the reason for the enhanced

solubility may be related to some affinity

between calcium ions and CO2 molecules.

On the other hand, it may also be related to

a reduced amount of hydrogen bonds in

such a rather bulky macromolecular com-

plex. In our previous paper[5] we reported

high degree of supramolecular aggregation

for that material as deposited on mica from

solutions in sc CO2. Later on we have found

out that the chitosan-0.85-Ca macromole-

cules may be deposited also as more

isolated strands if the exposure/decompres-

sion cycles are repeated a few times with

the same chitosan material remaining in the

reaction chamber after every decompres-

sion step (the piece of mica substrate is to

be changed for a new one at the every

cycle). Typical images of chitosan-0.85-Ca

macromolecules deposited from sc CO2 are

presented in Figure 2.
-0.85-Ca sample on mica substrate as deposited directly

, 4 h) as a results of the second exposure/decompression

2mm2. Bar size 500 nm, height scale 10 nm.

, Weinheim www.ms-journal.de
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One can see here well resolved indivi-

dual polysaccharide chains as deposited

from the solution in sc CO2. They adopt

somewhat extended conformation of an

adsorbed two-dimensional coil. Thus, solu-

bility of this material is enough to be

deposited on a substrate as single individual

macromolecules from the sc CO2-solution

for the following SFM observation, but that

implies still very small concentrations.

Indeed, from the viewpoint of possible

applications the detected solubility is yet

discouragingly poor both for that macro-

molecular complex and for the all other so

far tested materials as well (among those

demonstrating any detectable solubility

at all).

The heights of the visualised polymer

chains (Figure 2) above the substrate level

are typically in range of 1.5–1.9 nm coincid-

ing well with the previously reported values

for chitosan-0.85 sample.[5] Taking into

account these values it is clear, that

molecular conformation is not highly

extended. Instead, themacromolecules keep

some elements of a secondary structure and

demonstrate pronounced local folding and

bending. In the images of Figure 2 one can

notice some helical formations and hairpins.

Such features of the macromolecular

conformation contribute to the increased

height as compared to the one expected for

a hypothetic fully stretched chain, that is

below 1.1 nm.[24–30] It is interesting to relate

this peculiarity of the observed macromole-

cular morphology to the behaviour of the

polysaccharide chains in aqueous solutions.

Chitosan macromolecules in aqueous

solutions are typically described as semi-rigid

(or semi-flexible) worm-like chains.[31–53] At

low pH the mutual electrostatic repulsion

of different macromolecular segments is

supposed to contribute significantly to the

increased stiffness. But with increase of

the ionic strength and thus screening of the

electrostatic interaction, the macromolecular

flexibility is increasing and finally the intrinsic

stiffness of the polymer chains may be

revealed. Still, even this intrinsic stiffness is

supposed to be rather large because of some

ordered, presumably, helicalmacromolecular
Copyright � 2010 WILEY-VCH Verlag GmbH & Co. KGaA
conformation.[1,51,52] It should be pointed out

that the conformation of themacromolecules

dissolved in nonpolar sc CO2 is not affected

by electrostatics. Thus the observed hairpins

and helical structures as well as some other

clearly visible (Figure 2) indicators of strong

intra- (and inter-) macromolecular associa-

tion for polymer chains deposited from

solution in sc CO2 may be the very reasons

for the rather large intrinsic stiffness of

chitosan macromolecules as typically

observed in experiments.[31–53]

Of course, complexation with Ca may

also affect a macromolecular conformation.

Thus we tested solubility in sc CO2 for pure

(non-complexed) chitosan samples with

different DAs. Among the tested materials,

we did not detect any solubility of the

samples prepared by precipitation from

acetic acid into alkaline media. On the

contrary, some of the exactly the same

materials became soluble in sc CO2 after

precipitation from dichloracetic acid into

alkaline media. In distinct from acetic acid,

the dichloracetic acid is known to be an

effective acceptor of hydrogen bonds thus

such a pre-treatment produces a chitosan

material with reduced hydrogen bond-

ing.[54,55] It appears that reduction of

hydrogen bonding promotes solubility.

Nevertheless, for chitosan-0.98 (2%

DA) the solubility was still rather small

even after such a pre-treatment and we

were not able to resolve reliably any

deposited macromolecules on a substrate

surface after the exposure in sc CO2 in the

presence of this material. For chitosan-0.85

(15% DA) the solubility was the highest

one as detected both gravimetrically and by

means of SFM analysis of the precipitate.

Some typical images of the chitosan-0.85

macromolecules as deposited from sc CO2

are presented in our previous paper.[5] The

macromolecules adopt rather extended con-

formation thus it is possible to measure their

contour lengths and then to perform a

quantitative conformational analysis, see

Ref. [5]. The measured heights of the macro-

molecular SFM-profiles above the substrate

levels are mostly in the range of 1.3–2.0nm

similarly to that for chitosan-0.85-Ca sample.
, Weinheim www.ms-journal.de
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Thus, the increasedheights hereareapparently

again explained by some local compaction of

the macromolecules: folding, bending, forma-

tion of hairpins and helixes.

For chitosan-0.50 (50% DA) the solu-

bility was intermediate one, i.e. it was

higher as compared to the chitosan-0.98

sample, but smaller as compared to the

chitosan-0.85. Typical images of some sc-

deposited chitosan-0.50 macromolecules

are presented in Figure 3 (see also

Figure 4). Usually, the contours of the

adsorbed from sc CO2 chitosan-0.50 macro-

molecules are noticeably shorter as com-

pared to chitosan-0.85-Ca and chitosan-0.85

samples and the heights of the macromo-

lecular SFM-profiles above the substrate

level are larger: they are in range of 1.9–

2.9 nm. Apparently, the chitosan-0.50

macromolecules during adsorption from

sc CO2 adopt more compact conformation

on a substrate because of different chemical

composition (larger amount of acetamido

groups).

Sc CO2 is an unusual solvent possessing

rather peculiar properties. One of them is

high intensity of density fluctuations, which

may affect strongly the conformation of a

dissolved polymer chain.[56–61] The influence

of such fluctuations on the macromolecular

conformation is especially profound in the
Figure 3.

Micrographs of chitosan-0.50 macromolecules on mica

results of the third exposure/decompression cycle. SFM im

size 250 nm, height scale 10 nm.
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proximity of a critical point.[56–61] Our

system is far away from the CO2 critical

point (7.4MPa, 31 8C) during the exposure

stage (70MPa, 70 8C): both pressure and

temperature are much higher than the

critical values. Yet during the subsequent

decompression stage the system may

approach the critical point more closely as

far as at this stage the pressure decrease is

always associated with some decrease of

temperature. Indeed, when density of sc

fluid is being reduced (i.e. the mean

intermolecular distance is increasing), the

potential energy of CO2 molecules interac-

tion is increasing too and that increase is to

be compensated by corresponding decrease

of their kinetic energy (thus, reduction of

temperature). Therefore, the conformation

of adsorbed macromolecules as prepared by

deposition from sc CO2 may be affected by

strong density fluctuations of the solvent and

thus may be rather atypical as compared to

the same macromolecules deposited from

usual liquid media. Indeed, the general

appearance of the chitosan macromolecules

in the SFM images as presented here and in

Ref. [5] is dissimilar as compared to typical

appearance of the polysaccharide chains

deposited from aqueous solutions.[11–15]

Therefore, the deposited from sc CO2

macromolecules may adopt rather peculiar
substrate, deposited from sc CO2 (70 MPa, 70 8C) as a

ages of different sizes: a) 2� 2mm2, b) 1� 1mm2. Bar

, Weinheim www.ms-journal.de



Figure 4.

Micrographs of chitosan-0.50 macromolecules on mica substrate: influence of exposure to water vapour. a:

macromolecules as deposited from sc CO2 (70 MPa, 70 8C); b–c: the same macromolecules during exposure to

water vapour being performed for 40 min (b) and in dry conditions after 2 h of exposure to water vapour (c). Scan

size: 1� 1mm2, bar size 250 nm, height scale 10 nm.
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conformation determined by such a specific

solvent influence. After solvent removal this

conformation become non-equilibrium one,

trapped by adhesion to the substrate.

Indeed, the macromolecular mobility on

mica is strongly suppressed after solvent

removal and reorganisation is kinetically

frozen.[16–20]

Yet, it is known that surface-trapped

conformations may be transferred intomore

relaxed ones if the adsorbed macromole-

cules are exposed to water vapour.[18,20,62–65]

This effect is well established for amphiphi-

lic polymer chains adsorbed on substrates

with high surface energy (e.g. mica, silicon,

etc.) when there is an ultrathin water layer

coadsorbed from vapour phase.[16–20,62–65]

The coadsorption of water molecules

unfreezes macromolecular mobility and

the amphiphilic polymer chains having sur-

face active properties expand in order to

maximize occupied surface area at the

interface (thus reducing interfacial tension).

This effect is similar to the long known

extension of some amphiphilic polymer

molecules at water surface (though they

are insoluble in water in a bulk).[66–70]

Taking into account the results of those

observations[16–20,62–70] we expected that

chitosan-0.50 strands would unfold on a

substrate during exposure to water vapour.

Indeed, the chitosan-0.50 macromolecules

have amphiphilic nature comprising both

hydrophilic and hydrophobic moieties in

the macromolecular structure. The factual
Copyright � 2010 WILEY-VCH Verlag GmbH & Co. KGaA
dynamics observed using environmental

SFM during exposure to water vapour is

depicted in Figure 4.

In the images of Figure 4 one can see

that the macromolecules indeed acquire

some mobility and demonstrate some

reorganisation as a result of the exposure

to water vapour. But they do not expand: on

the contrary, they are getting more com-

pact. Still, the height of themacromolecules

above the substrate level is not changing,

that means they are not being displaced

from the interface and are keeping the same

occupied surface area. Thus, such beha-

viour is not in contradiction with the model

proposed in Refs. [16–20] The observed

compaction is of a two-dimensional type

and may be explained by hydrophobic

attraction of acetamido groups resulting

in intramolecular association.
Conclusion

We performed SFM studies of individual

chitosan macromolecules as deposited

directly from such a peculiar non-liquid

solvent as sc CO2. Using the procedure of

direct deposition from polymer solutions in

sc CO2 one can eliminate the disturbing

influence of surface tension gradients or

capillary forces on the morphology of the

structures being deposited. We have system-

atically tested several chitosanmaterials with

different DAs and pre-treated in different
, Weinheim www.ms-journal.de
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manners for the possibility to be dissolved

and reprecipitated on a substrate surface

during an exposure in a reactor with sc CO2.

Only a few among many tested chitosan

samples have demonstrated any detectable

solubility (yet very limited one) at the

laboratory achievable conditions (regarding

temperature and pressure of the sc medium).

The employed deposition strategy has

allowed us to visualise single individual

chitosan macromolecules adsorbed on a

substrate from sc CO2 in a somewhat

extended conformation.

At the same time, atypical nature of a

highly fluctuating sc fluid raises the question

about possible specific influence of the

solvent on the conformation of the depos-

ited macromolecules. If the acquired con-

formation is strongly non-equilibrium one,

the adsorbed macromolecules may show

pronounced tendency towards relaxation,

provided the macromolecular mobility on a

substrate is somehow unfrozen. In that case

onemay expect that for increased amount of

deposited macromolecules (i.e. for thin films

of the polysaccharide) there will be also

strong tendency towards morphological

reorganisation. Consequently, the sc-depos-

ited coatings will apparently demonstrate

poor stability, deterioration of mechanical

properties and delamination. In order to

model and check this mechanism it is

possible to enhance macromolecular mobi-

lity on a substrate by means of an exposure

to water vapour. Possible vapour-induced

reorganisations can then be followed in real

time by environmental SFM. For chitosan

macromolecules deposited from sc CO2 and

exposed to water vapour we have found only

slight tendency towards transformation into

more compact but still two-dimensional

structures. More experiments are yet

required to reveal general features of

vapour-induced conformational transitions

of different chitosan macromolecules (with

different chemical composition, DAs, mole-

cular weights) directly adsorbed on a

substrate from solutions in sc CO2.
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