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Hydrogels belong to the most frequently used form of biomaterials for implants in regenerative
medicine or tissue engineering. Not only that in the related literature the term "hydrogel" is used
quite deliberately, but also the structure of materials is often understood improperly. Covalently
crosslinked hydrogels must contain macroscopic pores, in order to be applicable as tissue
engineering "scaffolds". Therefore, preparation of heterogeneous gels that contain permanent
macroporosity and have well-defined properties represent an important issue in this field.
Unfortunately, the approaches reported in the literature are often just empirical, based on trial-and-
error methods.
Therefore, it is worth of appreciation that the presented work attempts to describe and explain the
relationships between the chemical conditions of gel formation, 3D-morphology of resulting gels and
their mechanical properties very rigorously. In this respect the presented thesis represents one of
the most significant contributions to the field.

The part one - Theoretical part - reviews in a comprehensive way, the most significant reports in
literature, explains the significance of porosity in applications of hydrogels in medical field (Chapter
1.4.), identifies expected experimental difficulties related to rheology measurements of highly
swollen and, consequently, very soft materials (Chapter 1.6) and suggests the techniques, by which
these problems can be solved. The mechanisms, through which the gel preparation conditions, such
as composition of the polymerization mixture, reactivity of crosslinker, activity of the initiator, will
project into different morphology and resulting mechanical properties are logically explained
(Chapter 1.8}.

In Experimental part, a great deal of attention is paid to assuring that the applied methods provide
reproducible and reliable data. Preparation of samples was done under well-defined conditions. The
dynamic rheology measurements were performed with care to assure that the samples are well
equilibrated and in a fully relaxed state. The experimental accuracy (error) of the applied methods
was evaluated and is dully stated. Special effort has been put to eliminating errors related to
rheology measurements of very soft, however, non-flowing samples, namely to the definition of
sample geometry and adjustment of gap size. Supplementary experimental data and procedures are
provided in attachments. These precautions make the experimental part of the work clearly
understandable and the obtained results reliable.

The results are presented and discussed in a hierarchical order, starting from the effect of reaction
conditions on the gel formation, followed by the development of gel morphology and, eventually, the
impact of gel structure on the resulting Theological properties. This scheme of presentation is
apparently based on a good understanding of the whole topic and provides a logical guidance, by
which the resulting gel morphology can be derived from the reaction conditions at gel formation.
Similarly, the deformation properties of gels are related to both the morphology and chemical
structure of the gel phase, which in turn depends on the reaction conditions. Using salting-in and
salting out additives represents a good example, through which it can be demonstrated that the gel
morphology depends on the reaction course of gelation and on the state of gel when reaching the



phase separation and shows that the similar resulting gel morphology can be achieved, irrespective
of the conditions that brought the system to the gel phase separation state.

I have only few questions and/or comments as follows.

Why a redox initiator system has been chosen? Taking into account fast reaction and a short time to
reach gel point or phase separation (e.g. 1 -2 minutes cloud point) are you sure that the formation of
gel proceeded homogenously in whole mold?

The swollen gel samples for morphology studies by SEM were quenched in liquid nitrogen. Have you
checked whether the freezing in liquid nitrogen was sufficiently fast to preclude crystallization of
water and, hence, formation of artifacts, e.g., voids remaining after ice sublimation? It is known that
heat transfer in liquid nitrogen, just at its boiling temperature, is relatively slow because of an
insulating gas layer formed on the surface of freezing object. Have you considered/tested other flash
freezing media, e.g., super-cooled propane, or nitrogen cooled below its boiling point?

What is the explanation for the "humidity effect" on the morphology, as it appears in ESEM?
(page54-55. Fig. 4.9)

In macroporous gels, the elastic modulus decreases with increasing porosity, partly because of
decreasing actual cross-section area due to increased fraction of voids. In your systems, where the
porosity was formed by microsyneresis in the presence of diluent, a nonsolvent for the polymer, the
separating polymer phase is becoming rich in polymer chains and monomers, therefore, it can be
expected that the structure of the gel forming the globules, e.g., in terms of crosslinking density, is
changing with increasing porosity. Would it be possible to evaluate the contribution to the change of
modulus of increased porosity (decreased cross-section area) and changes in the crosslinking density
of the gel (globules) between the voids? Are there any data available on the effect of porosity on
mechanical properties of macroporous gels, in which the pores (voids) have been formed by porogen
leaching (salt-leaching technique) without any phase separation, where we can assume the same
crosslinking density of the gel phase, irrespective of the porogen fraction?

The above questions/comments are present here merely as topics for discussion or suggestions for
possible further work and they are not meant to be any major criticism to the presented work, which
I consider of high quality.

In summary, the presented thesis provides a well done research report and, at the same time, it
represents a good piece of educative text, worth of spreading to those studying or interested in use
of hydrogels. I am pleased to conclude that the applicant achieved all the objectives set for the
doctoral thesis, he proved his ability to carry out an independent research and to obtain meaningful
and scientifically significant results. Based on the evaluation of the presented work I dully
recommend Mr. Evgeny Karpushkin to be awarded with the Ph.D. degree.
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