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Abstract: This paper is describing major scientific achievements of the recently late Professor Andrzej 
Duda, Chairman of the Department of Polymer Chemistry of The Centre of Molecular and Macromo-
lecular Studies of Polish Academy of Sciences. Professor Duda published over 100 scientific papers and 
has given several dozens of plenary and invited lectures at the scientific symposia. However, in the pres-
ent paper, we are mostly describing accomplishment that all of us, and also Professor, have considered 
as his seminal work, that solved a long time controversial subject. Namely, how to influence reactivities 
of chiral monomers, using chiral catalysts. Professor Duda had shown, and this subject is mostly de-
scribed, that reactivity of a chiral monomer can be unchanged (when compared with an achiral catalyst) 
when polymerized with catalyst of the same chirality and may be many times depressed (the feature 
highly valuable in several instances) when polymerized with a catalyst with an opposite chirality. This 
feature is very important in the copolymerization processes, when chiral monomer is much more reac-
tive than the other comonomer. Besides, some other contributions of Professor Duda to Polymer Sci-
ences are also, although briefly mentioned. Full list of papers is given in the second part of the paper.
Keywords: chiral monomers, comonomers, reactivity, polymerization, rate of copolymerization.

Pamięci Profesora  Andrzeja Dudy 
Streszczenie: Przedstawiono najważniejsze osiągnięcia naukowe Profesora Andrzeja Dudy, wielolet-
niego Kierownika Zakładu Chemii Polimerów Centrum Badań Molekularnych i Makromolekularnych 
Polskiej Akademii Nauk. Profesor Duda opublikował ponad 100 prac naukowych, wygłosił kilkadziesiąt 
wykładów na zaproszenie, w tym także wykłady plenarne na prestiżowych konferencjach międzynaro-
dowych. W niniejszym, krótkim omówieniu prac Profesora skupiliśmy się przede wszystkim na dwóch 
zagadnieniach, spośród których szczególnie pierwsze było według naszego przekonania głównym osią-
gnięciem, rozwiązującym ważny problem dotyczący kopolimeryzacji monomerów chiralnych. Profesor 
Duda, po raz pierwszy w chemii polimerów, ustalił że polimeryzacja chiralnych monomerów przebiega 
niezmiennie wobec katalizatorów achiralnych oraz chiralnych o takim samym znaku jak znak mono-
meru, natomiast zastosowanie katalizatora o odwrotnej chiralności pozwala na znaczne zmniejszenie 
szybkości polimeryzacji. Jest to zjawisko o zasadniczym znaczeniu w kopolimeryzacji, szczególnie kiedy 
chiralny monomer jest znacznie bardziej reaktywny niż drugi komonomer. Mniej szczegółowo omówio-
no inne osiągnięcia Profesora Andrzeja Dudy, dodano też pełną bibliografię Jego prac.
Słowa kluczowe: monomery chiralne, komonomery, reaktywność, polimeryzacja, szybkość kopolime-
ryzacji.
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This short paper is devoted to the memory of the late 
Professor Andrzej Duda. A long time our principal, co-
worker and friend, with whom we shared several com-
mon interests and fascinations of the scientific works and 
music.

The paper is composed of two parts. In the first one the 
major personal scientific achievements of Andrzej are de-
scribed and in the second one the complete bibliography 
is compiled.

Whenever, after long time, we are looking back on 
these hundreds of papers we have published, we can 
easily find out just a few ones (if we are lucky) that have 
made impact on the field of our activity. With this idea in 
mind we are describing in some details just a few contri-
butions of Andrzej.

In the last decades Andrzej was involved in numerous 
endeavors related to polylactides (PLA). Both scientific 
and organizational of one of the largest project in polymer 
research in Poland, BIOPOL (43 million PLN) that even-
tually has been finalized with construction of two pilot 
plants, namely at the Institute of Biopolymers and Arti-
ficial Fibers in Lodz and in the Chemistry Department 
of the Warsaw Technical University. Andrzej was also in-
volved in the next step – transfer of these technologies to 
the large industrial scale. None would be possible without 
his knowledge and leadership. However the major passion 
of Andrzej was research, mostly understanding the poly-
merization processes on the molecular level and an at-
tempt to describe the studied reactions in the quantitative 
way. He, actually, came to the Centre of the Academy from 
the school of kinetics at the Institute of Radiation Research 
of the Lodz Technical University headed at that time by 
Professor  Jerzy Kroh. This high level education enlarged 
the research possibilities of the Department of Polymer 
Chemistry of the Centre that Andrzej joined in 1976.

The most significant, personal scientific achievements 
of Andrzej have been realized during the last two de-
cades. He believed, that the expression “polylactide is the 
polymer of the XXIst century” is not merely playing with 
words. He believed that finally, this polymer, biobased, 
biocompatible and biodegradable will be one of the larg-
est on the industrial scale in the near future and that it 
will also be needed in Poland with its developed agricul-
ture. The total world production of PLA is already close 
to 0.5 million tons/year.

Thus, Andrzej was looking in improving the exist-
ing process of polylactide synthesis, in the way of un-
derstanding the elementary reactions, and also on the 
enlarging the scope of the PLA applications, as well, as 
mentioned above, in finding ways for PLA to the Polish 
Industry.

The major, personal contribution to the polymer chem-
istry of Andrzej follows from his seminal work on the in-
fluence of chirality of the catalytic ligands on the homo- 
and copolymerization of lactides.

In order to clearly comprehend the importance of these 
works a short further introduction is needed.

STEREOCONTROLLED POLYMERIZATION 
OF RACEMIC LACTIDE (LA) WITH CHIRAL 

INITIATORS

This is an abbreviated title of one of the papers by Andrzej 
that opened a novel field of research of LA polymerization [1].

As it is known, lactide (LA) is a cyclic dimer of lactic 
acid, which has one chiral carbon atom (Scheme A).

Scheme A. L-lactic acid and D-lactic acid

Thus, there are three isomers of LA and racemic mixture, 
as shown in Scheme B, the two homochiral ones with two 
identical chiral centers each, meso-lactide, with two different 
chiral centers, and racemic mixture of two homochiral LA.

Scheme B. Stereo structures of lactides

In this paper only (S,S)-lactide and (R,R)-lactide names 
will be applied as it is easier to follow the stereocontrolled 
polymerizations with catalysts fitted with chiral ligands, al-
though, in the current polymer literature mostly names L,L-
-lactide (or L-lactide) and D,D-lactide are respectively used.

The major industrial polymer is based on (S,S)-lactide, 
(S,S)-LA, that is produced by fermentation (in a similar 
way as ethyl alcohol) from carbohydrates. This could be 
sugar, but at the principal producer (Cargill Co.) the waste 
products of the corn production are the raw materials. 
There is also a synthetic way, which leads to the racemic 
mixture of two homochiral lactides. The polymer of (S,S)-
-LA {poly[(S,S)-LA]} is industrially prepared in the highly 
stereospecific way, i.e., with (almost) complete retention 
of configuration of (S,S)-LA. This is, most obviously lead-
ing to practically pure isotactic polymer, i-poly[(S,S)-LA] 
(later in the text prefix i is omitted) (Scheme C).

Scheme C. Structure of poly[(S,S)-LA], formed from (S,S)-LA 
with retention of configuration
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Poly[(S,S)-LA] is partially crystalline and melts ~ 180 °C. To 
increase its toughness a few percent of (R,R)-LA are added. 
Its physical properties bear resemblance of polystyrene. The 
melting temperature is nevertheless not high enough for sev-
eral applications. However, it is known, that stereocomplex 
composed of two homochiral poly(LA), one poly[(S,S)-LA] 
and one poly[(R,R)-LA], in which van der Waals interactions 
give sufficiently strong bonding, has melting temperature 
much higher, around 210 °C. Having melting temperature in 
this region is important for several applications (e.g. fibers). 
Andrzej has asked a question: let us suppose that we have a 
racemic mixture – how to get the stereocomplex in “one pot” 
synthesis. Solution of this, at that time basic question, has 
been given in his work published in JACS [1]. As it is stated 
in this paper, the stereocontrolled polymerization of lactides 
had already been known, but not the synthesis of stereocom-
plexes the way discovered by Andrzej [1]. The novelty of the 
Andrzej approach had been based on an idea of preparation 
of the block copolymer of poly[(S,S)-LA] and poly[(R,R)-LA], 
assuming that such diblock copolymer would have even 
better properties when converted into stereocomplex, that 
merely a stereocomplex from a mixture of poly[(S,S)-LA] and 
poly[(R,R)-LA]. The pictograms of these two different solu-
tions are given in Scheme D.

Thus, in order to realize practically this idea Andrzej 
applied catalysts with two different chiral ligands, one 
with (S)- and one with (R)-configuration to the consecu-
tive polymerization of racemic mixture of lactides (S,S) 
and (R,R). The structure of the ligand in the prochiral 
form is shown in Scheme E.

Scheme E. Structure of prochiral 2,2’-[1,1’-binaphthyl-2,2’-diyl-bis- 
-(nitrylomethylidene)]diphenol – Schiff base [SB(OH)2]; related chi-
ral ligands have been applied for the synthesis of chiral  catalysts  in 
reaction with Al(OiPr)3, used then in the synthesis of poly[(S,S)-LA]-
-b-poly[(R,R)-LA] copolymer; depending on the position of naph-
thyl rings there are (S)- or (R)-stereoisomers, respectively

The two-steps-one-pot polymerization of rac-LA was 
initiated first by addition of

O
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O

SB(S) OiPr

(S)-2,2’-[1,1’-binaphthyl-2,2’-diyl-bis(nitrylomethylidene)]di- 
phenol [(S)-SB(OH)2] to Al(OiPr)3. Ligand reacted with 
Al(OiPr)3, giving chiral catalyst/initiator. This one poly-
merized in stereoselective way the (S,S)-LA and when its 
polymerization was almost complete (measurements by 
polarimetry) then equimolar quantity of (R)-SB(OH)2 was 
introduced, replacing, at least partially, the (S)-SB ligand 
by (R)-SB ligand, and starting polymerization of the sec-
ond, (R,R)-LA, stereoisomer.

Thus, first poly[(S,S)-LA] is formed, and then, to the 
same macromolecule the second block of poly[(R,R)-LA] 
is attached. In this way a block copolymer poly[(S,S)-LA]-
b-poly[(R,R)-LA] results. It forms mostly with its neighbors 
the corresponding stereocomplexes. In Fig. 1, borrowed in 
part from paper in [1] and slightly modified, the kinetic 
course of the block copolymerization is illustrated.

To complete this part of report, structures of the cata-
lysts with chiral ligands, after reaction with Al(OiPr)3, are 
given in Scheme F.

Scheme F. Structures of catalysts – >AlOiPr with chiral ligands: 
(R)-SBO2-AlOiPr (left) and (S)-SBO2-AlOiPr (right)
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Fig. 1. Simplified kinetics of block copolymer and stereocomplex 
formation; stereoselective polymerization of racemic LA: first (S,S)-
-LA and then (R,R)-LA in consecutive order, governed by >AlOR 
catalyst, first with (S)-ligand and then with (R)-ligand; the detailed 
data (polymerization conditions) are given in the original paper [1]
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The melting temperature Tm of the resulting stereo-
block copolymer of two block copolymers is close to 
240 °C, thus higher than the known values of Tm for ste-
reocomplexes prepared earlier, by mixing two homochi-
ral homopolymers of PLA.

In the further, more detailed studies, which have not 
changed the basic idea and importance of the described 
above work, kinetics of polymerization carried out with  
 
 
 O

Al

O

SB(S) OiPr/(S,S)-LA

 
have shown 28 : 1 preference for the polymerization of (S,S)- 
-LA over (R,R)-LA. Similar results have been observed for the  
 
 
 O

Al

O

SB(R) OiPr/(R,R)-LA

 
pair: preference over (S,S)-LA. Thus, the purity of the 
block copolymer was influenced by gradient copolymers 
formation. The imperfect stereocomplex, in which block 
copolymers have inclusions of foreign units, namely S 
units in polyR block and R units in polyS block (respec-
tively, blue points in red chain and red points in blue 
chain), is shown in Scheme G (taken from the unpub-
lished work of Andrzej).

COPOLYMERIZATION OF LA WITH 
ε-CAPROLACTONE (CL)

After understanding of the influence of stereocontrol 
on polymerization of chiral lactides, Andrzej had moved 
to another unsolved at that time problem and crucial for 
the progress in polymerization of LA. It is related to the 
copolymerization of LA with ε-caprolactone (CL). Poly-
-ε-caprolactone (PCL) is another important industrial 
biodegradable polymer for biomedical and pharmaceu-
tical applications. Poly(S,S)-LA (PLA) and PCL differ 
substantially in their physical properties, PLA is a stiff 
plastic, and PCL may be elastic. Besides, they differ also 
in the rates of biodegradation. For example, PLA has a 
much shorter half-time in vivo (a few weeks) than PCL 
(one year). This comparison of the rates of biodegrada-
tion is for a certain shape of the samples and other con-
ditions that are comparable. Besides, PCL is permeable 
to many drugs with low molecular mass, whereas PLA is 
not. Thus, the LA/CL copolymerization enables the prop-
erties of the resulting polyester to be tuned by varying 
the composition and the mode of distribution of the co-
monomer units. However, the ratios of the rates of the 
monomers consumption during copolymerization at the 
usual copolymerization conditions differ to such an ex-
tent, that, if transesterification is avoided, rather block 

copolymer is prepared then copolymer of statistical dis-
tribution of the comonomer units. This phenomenon had 
been known starting from the works of Teyssié [2] and 
Bero [3] and is illustrated in Fig. 2.

(S,S)-LA is polymerizing first and appreciable con-
sumption of CL starts when polymerization of (S,S)-LA 
is almost over. There was no satisfactory explanation for 
this behavior [in this review an attempt to explain pre-
vailing reactivity of (S,S)-LA in copolymerization will be 
given]. This result was surprising, since in homopoly-
merizations this is CL that is polymerizing many times 
faster than (S,S)-LA [at least, with Al(OiPr)3 – the catalysts 
studied mostly at that time]. At the early and pioneering 
works, like in papers by Teyssié [2], it has been first as-
sumed that a difference in basicities governs the ability 
of CL and (S,S)-LA to react with active species in copoly-
merization. However, the measured basicities of CL and 
(S,S)-LA (measured with proton attraction) were found 
to be too small to be an explanation. In order to get the 
statistical copolymer it was, thus, necessary to decrease 
in copolymerization the rate of (S,S)-LA consumption as 
compared with CL consumption. Andrzej has done it in 
an ingenious way by playing with chirality of ligands 
attached to the Al catalyst [4]. Results are shown in two 
figures, Fig. 3 and Fig. 4. The first one gives comparisons 
of the rates of homopolymerization of CL (achiral), that is 
identical with >AlOiPr initiator with (S)- and (R)-ligands 

O
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O

SB(S) OiPr  and 
O

Al

O

SB(R) OiPr  

with rates of homopolymerization of (S,S)-LA with the 
same catalyst and also with (S)-ligand and (R)-ligand. 
Polymerization of (S,S)-LA has been found much slower 

Scheme G. The structure of stereocomplex formed by block/gradient macromolecules containing long enough consecutive units of 
(S,S)-LA and of (R,R)-LA for stable interactions, required for stereocomplex formation

Polymerization time

CL

Almost complete conversion
( )-LAS,S

ln
(c

on
ve

rs
io

n)

Fig. 2. Rates of consumption of (S,S)-LA and CL in a typical co-
polymerization catalyzed with Al(OiPr)3 (modified from [4])
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with (R)-ligand than with (S)-ligand. The use of two dif-
ferent ligands [“homo” and “hetero”, since this is (S,S)-
-LA] was based on results described in the previously 
cited work of Andrzej [1]. As it is seen from this schematic 
presentation in Figs. 3 and 4 (although copying exactly 
the actual data), Andrzej has found, for the first time, 
a way to keep with the same catalyst the rate of CL un-
changed and the rate of polymerization of (S,S)-LA very 
much decreased, when catalyst with the heteroligand [(R) 
for the (S,S)-LA] was used. In this way a route was estab-
lished to attain comparable rates of consumption of both 
comonomers in copolymerization.

Having established such a large difference in the rates 
of homopolymerization when (S,S)-LA is polymerized in 
the presence of catalyst with (S)-configuration or with 
(R)-configuration, the next, logically natural step, was 

comparison of the rates of both monomers consumption 
at the copolymerization conditions when (R)-ligand (giv-
ing a low rate of LA homopolymerization) is used. This 
comparison of copolymerization of CL with (S,S)-LA [cat-
alyst with (R)-ligand] is shown in Fig. 4. 

Thus, comparison of Fig. 3 and Fig. 4 clearly shows the 
result of this important reverse of rates, having its roots 
in the earlier work of Andrzej [1], when, for the first time 
it has been observed, that for a chiral monomer the rate of 
polymerization depends dramatically on the chirality of 
catalyst (the applied ligand). Polymerization is fast, when 
the catalytic unit and monomer have identical chirality, 
whereas when chiralities are different, then the rate is 
much lower. Although further, more quantitative work 
would be needed along these lines, the general observa-
tion is a corner stone of understanding in which way the 
rates of polymerization of chiral monomers could be al-
tered. It may well be a general rule, although there is no 
quantitative data from the other systems yet.

The results shown in pictures above are illustrated in 
Scheme H, borrowed from the Andrzej paper [4].

Scheme H. The influence of the alteration of active centers con-
figuration on the reactivity ratios, vic, copolymers composition

Both systems studied in THF solvent, at 80 °C. The cor-
responding elementary reactions pertinent to Scheme H 
are given in Scheme I.

The values of the reactivity ratios given above, like rCL 
and rLAare rather apparent, since are calculated for the 
scheme without taking into account the reversibility of 
the propagation and possible aggregations. Schemes H 
and I are illustrating the reactions taking place, and could 
formally describe the course of copolymerization, but not 
yet explaining the reasons for the quantitative ratios of 
rates of these reactions.

During discussions in our group, at the early 2000, of 
the possible reason of the domination in copolymeriza-
tion of (S,S)-LA [with (S)-SBO2-AlOiPr], which is much 
slower in homopolymerization than CL, we turned to the 
well-known anionic copolymerization of styrene with 
1,3-butadiene in non-polar solvents and with Li⊕ coun-
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Fig. 3. The rates of homopolymerizations of (S,S)-LA and CL ca-
talyzed by Al(OiPr)3 with chiral ligands; CL with either (S)- or 
(R)-ligand gives identical rates; (S,S)-LA with (R)-ligand (oppo-
site chirality-heterochiral) polymerizes much slower than with 
(S)-ligand (the same chirality-homochiral); conditions of poly-
merization are given in the original paper [4]
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terion. In this system, recently reexamined by van Bey-
len [5], butadiene is reacting first and only when it prac-
tically reacted, styrene starts to polymerize, although in 
homopolymerizations this is styrene that is much faster. 
The original explanation came from Korotkov [6], who 
assumed, that butadiene (B), because of its structure, may 
preferentially solvate the ion pairs, not allowing styrene 
(S) to approach the active species (Scheme K).

Scheme K. Solvation of active species by butadiene molecules 
related to the proposal of Korotkov [6]

This attractive explanation has been challenged and 
analyses of homo- and crosspropagations, measured in-
dependently [7], have shown, that ~ s⊖, Li⊕, is fast con-
verted into ~ sb⊖, Li⊕, with a very large rate constant ksB, 
which, in turn, is larger than kbS. Although ksS is greater 
than kbB, but practically all of the active species are ended 
up with butadiene molecule. Thus, this is the largest rate 
of crosspropagation (butadiene to ~ s⊖, Li⊕ active species) 
that is mostly responsible for the observed phenomenon. 
However, as pointed out by van Beylen, even this explana-
tion is not sufficient, since active species may form various 
aggregates, and the formal (apparent) rate constants are in 
fact products of the real rate constants and the aggregation 
constants, as discussed also in detail by Elias [8].

These data of the styrene/butadiene copolymerization 
are given in order to show, how difficult it is to properly 
describe such a relatively simple system and to under-
stand better what could happen for the copolymeriza-
tion of CL with (S,S)-LA, when not altered by influence 
of ligands.

Similar approach to explain usual copolymerization 
of (S,S)-LA with CL [not altered by (R)-ligand] is tempt-
ing and has been first taken into consideration. Unfortu-
nately, the rates of crosspropagations have not been mea-
sured for the (S,S)-LA-CL pair and it is not easy to accept 
similar scheme as described above for styrene/butadiene, 
since it would require, that the fastest reaction is addition 

of (S,S)-LA to the active species …-cl* and also to the ac-
tive species …-la*. During these discussions with Andrzej 
(unpublished), it was thus further assumed, that perhaps, 
rather like in the proposal of Korotkov, it is (S,S)-LA that 
is blocking active sites of both kinds. (S,S)-LA has been 
known indeed to exist in various boat conformations [9, 10] 
that could engage, as we theorized, both ester groups in 
interaction with active centers. Therefore, simple measure-
ments of basicities of (S,S)-LA and CL, discussed above 
and engaging only one ester group could be irrelevant.

Thus, perhaps (S,S)-LA could be converted in the vicin-
ity of the active centers to the most energetically favorable 
conformation, that may differ from the privileged boat 
conformations when no interaction is involved [9, 10]. At 
that time we proposed structure, shown in Scheme L, 
with two ester groups directed toward the active species, 
much larger than hydrogen atom, (unpublished, present-
ed at the 8th Hellenic Polymer Conference, Crete, 2005).

Thus, in homopolymerization CL is faster, mostly due 
to the absence of steric hindrance and in copolymeriza-
tion it is (S,S)-LA that prevails, perhaps solvating specifi-
cally active species and not allowing CL to react by re-
stricting its approaching to the active species. However, 
studies of the same (formally) system: styrene-1,3-buta-
diene is much more advanced and bring more sophisti-
cated treatment of similar copolymerization system, in 
which monomer faster in homopolymerization is becom-
ing slower in copolymerization.

Whatever is the proper explanation of the differences 
in the rates of reactions in homo- and copolymerization 
of (S,S)-LA with CL, Andrzej has shown, for the first time, 
how to prepare various kinds of copolymers from (S,S)- 
-LA and CL, by altering the rate of polymerization of 
(S,S)-LA in its copolymerization with CL.

Since the paper of Andrzej appeared, it was followed by 
related approaches, attempting to decrease the reactivity of 
(S,S)-LA in copolymerization with CL. Thus, the approach 
of (S,S)-LA to the (e.g.) Al center should be decreased to the 
larger extent than the rate of CL addition. Thus, Nomura 
[11], a few years after the paper of Andrzej was published, 
has used achiral ligand, otherwise of the structure used by 
Andrzej, but more sterically hindered, in order to hamper 
the addition of more sterically demanding (S,S)-LA.
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Scheme I. Elementary reactions related to Scheme H

(e.g.): ...- , Li

Scheme L. Conformation of (S,S)-LA with two ester groups direc-
ted towards active species, as proposed (unpublished) at the lecture 
given in 2005 (to be published in the review paper, in preparation)
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This highly sterically hindered ligand (structure shown 
in Scheme M) decreased the rate of LA approach to such 
an extent, that statistical copolymerization of LA with CL 
became possible. Nomura gave a nice picture, which is 
shown below, explaining why the LA approach to >AlOR 
is hindered (Scheme N).

However, when we are looking on this picture by Nomu-
ra then it is not clear, why in (b) LA has higher ability for co-
ordination, when only one ester group is involved. We rath-
er think, that it is more proper to take into consideration 
the boat conformation of (S,S)-LA, as we are proposing in 
Scheme L. Then, if (S,S)-LA is presented as in Scheme L, the 
picture (c) from Nomura is easier to comprehend.

The described above pioneering works of Andrzej, 
based on the discovery of the influence of catalysts chi-

rality on the rate of polymerization of chiral monomers 
have also shown how to prevent transesterification when 
bulky catalyst (not necessarily chiral one) is applied. The 
bulky catalysts are slowing down the rate of transesteri-
fication, not changing the rate of propagation.

STEREOCOMPLEXES FROM TRIBLOCK 
COPOLYMERS

The next idea, related to the previously prepared stereo-
complexes of diblock copolymers, pointed to the synthesis 
of triblock copolymers with chiral blocks, poly[(S,S)-LA] in 
one and poly[(R,R)-LA] in the other one. It has been done 
in the work of copolymerization of lactides with cyclic car-
bonate [12], in the following way: first a cyclic carbonate, 
namely trimethylene carbonate (TMC) was polymerized 
with (S)-SBO2Al-OiPr catalyst and after TMC polymeriza-
tion was completed (S,S)-LA was added. When, in turn, 
its polymerization was completed, again TMC monomer 
was added to this diblock, and triblock resulted. In the 
identical way triblock copolymer with (R,R)-LA was pre-
pared, namely poly(tmc)-b-poly[(R,R)-LA]-b-poly(tmc). 
Like the previous works this one was conducted at the 
high-vacuum systems with using break seals. This tech-
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nique allowed triblock copolymers with high purity to be 
prepared.

This sequence of reactions is illustrated in Scheme O.
When these triblock copolymers have been mixed in 

solution the corresponding stereocomplex was formed. 
Its schematic structure is given in Scheme P.

Further studies by DSC allowed determination of the 
thermal properties of these structurally novel stereocom-
plexes.

KINETICS OF AGGREGATION IN THE CHAIN 
GROWTH BY RING-OPENING POLYMERIZATION

As it usually happens when the relatively large re-
search groups decide to solve problems, like fragments 
of the theory of ring-opening polymerization, then there 
are various contributions of the members of such a group 
to the planning, realization and the final result. Some-
times, as shown above, it is exclusively contribution of 
one leader that has got an idea and with consent of other 
members of the group is solving a problem “alone”, with 
a help of, e.g., the Ph. D. candidates. In our group it also 
happened, that Andrzej contributed to investigations of 
problems, when, although being a spiritus movens coop-
erated with others. We are discussing below, in some de-
tails, only one of such a problem. It is so chosen, since it is 
the most general one not only for the polymer chemistry, 
but for the reaction kinetics in general.

When studying polymerization of CL with various 
R2AlOR’ catalysts (I) we observed, that at their low start-
ing concentrations, i.e., low total concentration of the ac-
tive centers P* (since polymerization had been shown to be 
living/controlled, thus [I]0 = [P*]) – rate of polymerization 
(rp) is proportional to [I]0 with a slope equal to one. When 
ln rp was plotted as a function of ln [I]0, then, from a linear 
part, with slope equal to 1 (one) the line is converted, after 
an intermediate period, to the new linear part, with a dif-
ferent slope, approaching 1/2 or 1/3, depending on the size 
of substituent R in R2AlOR’; 1/2 for [(CH3)2CHCH2]2AlOCH3 
and to 1/3 for (C2H5)2AlOCH2-CH=CH2. Such a behavior is 
typical for existence of the equilibrium of active species 
(unimers) with inactivated species, due to their aggrega-

tion. The slightly modified plots are taken from the origi-
nal data, published in the corresponding paper [13] and 
are shown in Fig. 5.

When initiator is complexed with a bulky ligand 
(CH3)2NCH2CH2NHCH2CH3 (Scheme R) then there is 
no aggregation, and linearity of the plot is retained 
with unchanged slope at the higher concentrations. The 
larger is the substituents R, the lower the aggregation 
number.
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Scheme R. A plausible structure of R2AlOR’ complexed with 
(CH3)2NCH2CH2NHCH2CH3

It has to be noted, that in catalyst R2AlOR’ the R-Al 
bonds are inactive and polymerization takes place on the 
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growing, active chain end, whereas R’ becomes a part of 
the other polymer chain end.

Observation of the 1/2 and 1/3 dependence means, 
that there are the corresponding dimeric and trimeric 
inactive aggregates in equilibrium with active unimers 
(Scheme S). The kinetic scheme for such a process is given 
in Scheme T and general description in Scheme U.

Scheme S. An equilibrium between inactive aggregates (dime-
ric) and active unimers

Scheme T. Kinetic scheme of polymerization involving rever-
sible aggregation of active centers; aggregated macromolecules 
are inactive (most probably are not of the same size)

Aggregation may take place for any chemical process, 
not necessarily polymerization and can be presented in 
the following general scheme.

Scheme U. General kinetic scheme for reactions with reversible, 
temporary deactivation, due to aggregation; it could be aggrega-
ted dimer (as shown) or any other (higher) aggregate

It was surprising to find out that in spite of the existence 
of numerous kinetic schemes having analytic solutions, 
this one did not have solution allowing determination of 
the rate constant and equilibrium (aggregation/deaggre-
gation) constant directly from the measurements of the 
rates of reaction. The derivation of the analytical equation 
is given in [14] and discussed in further details in [15].

The complete derivation is rather cumbersome, but the 
final form gives access to both rate constant of reaction 
(kp) and equilibrium constant (Kag) [Eq. (1)] [14].

 rp
1-m = -m/(Kag ∙ kp

m-1) + kp [I]0 ∙ rp
-m (1)

Thus, plotting rp
1-m as a function of [I]0 ∙ rp

-m (m is ei-
ther known or found by the trial and error method, until 
straight line results, rp is the rate of reaction).

The aggregation number m can also be determined 
from the following dependence given in Eq. (2) by plot-
ting the log rp as a function of [I]0.

 log rp = log {kp (Kag/m)1/m} + (1/m) log [I]0 (2)

Application of Eq. (1) gave the values of kp, being in-
dependent on R substituents. It was also found to be ap-
prox. 102 times lower than kp for the anionic polymeriza-
tion [15].

The derived Eq. (1) was successfully used in analysis 
of other Authors data, studying polymerizations with ag-
gregation. The pertinent rate constants and equilibrium 
constants were previously calculated by numerical meth-
ods. Application of Eq. (1) to these published results have 
shown a very good agreement between the published data 
with numerical treatment and application of analytical ap-
proach. These included papers by van Beylen and Smets 
on anionic polymerization of o-methoxystyrene [16], by 
Mueller on anionic polymerization of methylmethacry-
late [17], by Kazanski on anionic polymerization of oxirane 
[18], and by Wilczek and Kennedy on anionic polymeriza-
tion of hexamethyltrisiloxane [19]. This shows the power 
and versatility of this approach and elaborated equations.

CONCLUSIONS

In this short review the major personal achievements 
of Professor Andrzej Duda are described in some details. 
It has been the first observation of the influence of chiral-
ity of the catalyst on the rate of polymerization of a chiral 
monomer. Then, such an influence allows moderating the 
rate in copolymerization and changing the rate of one of 
the comonomers and preparing these ways copolymers 
with required structure. The second problem presented 
is related to analytical solution of the general kinetic situ-
ation, when reactive species (unimers) are in equilibri-
um with aggregated species, and when aggregated, then 
are becoming nonreactive. The solution for such a sys-
tem was used to treat analytically several polymeriza-
tion systems, studied numerically by other authors. It has 
been shown that the developed equations give access to 
the aggregation number, rate constant and equilibrium 
constant of aggregation/deaggregation.

These are just two areas of major contributions of Pro-
fessor Duda. It has to be added, that one has to remem-
ber his role in solving several other problems, as it fol-
lows from attached bibliography, namely determination 
of the thermodynamic polymerization parameters of cy-
clic esters (including lactide), establishing mechanism 
of ring-opening polymerization with Sn(Oct)2 catalyst, 
the most often used in polymerization of lactides and 
ε-caprolactone [20–23]. From the earliest time of his work, 
just two years after Andrzej joined the Centre, comes also 
several papers on sulfur polymerization, starting from a 
paper published in 1978 in Nature [24].

Andrzej has published over 100 papers altogether, only 
very few ones are described in the present Review. The 
complete bibliography is given below. It has to be noted, 
that Andrzej has an impressive number of citations for 
one statistical paper, namely 45. He coauthored five pa-
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pers that have been cited over 200 times and a paper cited 
over 300 times. This is a research paper.

We regret that he has left us closely to the peak of his 
prominent contributions to the Polymer Science. We re-
gret it even more, since in his capacity of the Chairman of 
the Polymer Chemistry Department, Professor Andrzej 
Duda used to be close friend of us, ready to help, whoever 
and when needed to be helped.

REFERENCES

[1] Majerska K., Duda A.: Journal of the American Chemical 
Society 2004, 126, 1026.

 http://dx.doi.org/10.1021/ja0388966
[2] Vion J.M., Jerome R., Teyssie P.: Macromolecules 1986, 

19, 1828.
 http://dx.doi.org/10.1021/ma00161a009 
[3] Kasperczyk J., Bero M.: Macromolecular Chemistry and 

Physics 1991, 192, 1777.
 http://dx.doi.org/10.1002/macp.1991.021920812 
[4] Florczak M., Duda A.: Angewandte Chemie Internation-

al Edition 2008, 47, 9088.
 http://dx.doi.org/10.1002/anie.200803540
[5] Van Beylen M., Morita H.: Macromolecular Symposia 

2011, 308, 12.
 http://dx.doi.org/10.1002/masy.201151003
[6] Korotkov A.A.: Angewandte Chemie 1958, 70, 85.
 http://dx.doi.org/10.1002/ange.19580700313 
[7] O’Driscoll K.F., Kuntz J.: Journal of Polymer Science 

Part A: Polymer Chemistry 1962, 61, 19. 
 http://dx.doi.org/10.1002/pol.1962.1206117104 
[8] Elias H.G.: “Macromolecules” vol. I, Wiley-VCH Ver-

lag GmbH & Co. KGaA,  Weinheim 2005, p. 426. 
[9] Eldessouki M., Gowayed Y., Acevedo O.: 6th Inter-

national Conference on Nanomaterials NANOCON 
2014, Brno, Czech Republik, November 5–7, 2014, p. 
280. 

[10] Aleman C., Bertran O., Houk K.N. et al.: Theoretical 
Chemistry Accounts 2012, 131, 1133. 

 http://dx.doi.org/10.1007/s00214-012-1133-y
[11] Nomura N., Akita A., Ishii R. et al.: Journal of the Amer-

ican Chemical Society 2010, 132, 1750. 
 http://dx.doi.org/10.1021/ja9089395
[12] Socka M., Duda A., Adamus A. et al.: Polymer 2016, 

87, 50.
 http://dx.doi.org/10.1016/j.polymer.2016.01.059
[13] Duda A., Penczek S.: Macromolecular Rapid Communi-

cations 1994, 15, 559.
 http://dx.doi.org/10.1002/marc.1994.030150617
[14] Duda A., Penczek S.: Macromolecules 1994, 27, 4867.
 http://dx.doi.org/10.1021/ma00096a002
[15] Duda A., Penczek S.: Macromolecular Symposia 1991, 

47, 127.
 http://dx.doi.org/10.1002/masy.19910470111
[16] Van Beylen M., Bywater S., Smets G. et al.: Advances 

in Polymer Science 1988, 86, 87. 
 http://dx.doi.org/10.1007/BFb0025275

[17] Kunkel D., Muller A.H.E., Janata M., Lochman L.: 
Macromolecular Symposia 1992, 60, 315.

 http://dx.doi.org/10.1002/masy.19920600128
[18] Kazanskii K.S., Solovyanov A.A., Entelis S.G.: Euro-

pean Polymer Journal 1971, 7, 1421.
 http://dx.doi.org/10.1016/0014-3057(71)90036-X
[19] Wilczek L., Kennedy J.P.: Polymer Journal 1987, 19, 531.
 http://dx.doi.org/10.1295/polymj.19.531
[20] Kowalski A., Libiszowski J., Duda A., Penczek S.: 

Macromolecules 2000, 33, 1964.
 http://dx.doi.org/10.1021/ma991751s
[21] Kowalski A., Duda A., Penczek S.: Macromolecular 

Rapid Communications 1998, 19, 567.
 h t t p : / / d x . d o i . o r g / 1 0 . 1 0 0 2 / ( S I C I ) 1 5 2 1 -

3927(19981101)19:11<567::AID-MARC567>3.0.CO;2-T
[22] Kowalski A., Duda A., Penczek S.: Macromolecules 

2000, 33, 689. 
 http://dx.doi.org/10.1021/ma9906940
[23] Kowalski A., Duda A., Penczek S.: Macromolecules 

2000, 33, 7359.
 http://dx.doi.org/10.1021/ma000125o
[24] Penczek S., Slazak R., Duda A.: Nature 1978, 273, 738.
 http://dx.doi.org/10.1038/273738a0

THE COMPLETE BIBLIOGRAPHY 
OF PROFESSOR ANDRZEJ DUDA

I. Research papers:

(1) Socka M., Duda A., Adamus A., Wach R.A., Ulan-
ski P.: “Lactide/trimethylene carbonate triblock co-
polymers: Controlled sequential polymerization and 
properties”, Polymer 2016, 87, 50.

 http://dx.doi.org/10.1016/j.polymer.2016.01.059
(2) Basko M., Duda A., Kazmierski S., Kubisa P.: “Cat-

ionic copolymerization of racemic-beta-butyrolac-
tone with L,L-lactide: One-pot synthesis of block co-
polymers”, Journal of Polymer Science Part A: Polymer 
Chemistry 2013, 51, 4873.

 http://dx.doi.org/10.1002/pola.26916
(3) Vachaudez M., D’hooge D.R., Socka M., Libiszows-

ki J., Coulembier O., Reyniers M.F., Duda A., Marin 
G.B., Dubois Ph.: “Inverse dependencies on the po-
lymerization rate in atom transfer radical polymer-
ization of N-isopropylacrylamide in aqueous medi-
um”, Reactive & Functional Polymers 2013, 73, 484.

 h t t p : / / d x . d o i . o r g / 1 0 . 1 0 16 / j . r e a c t f u n c t -
polym.2012.11.004

(4) Miksa B., Sochacki M., Libiszowski J., Duda A., Cie-
sielski W., Potrzebowski M.J.: “Application of ionic 
liquid matrices in spectral analysis of poly(lactide) – 
solid state NMR spectroscopy versus matrix-assisted 
laser desorption/ionization time-of-flight (MALDI-
-TOF) mass spectrometry”, Analytical Methods 2012, 
4, 377. http://dx.doi.org/10.1039/c2ay05332b

(5) Sroka-Bartnicka A., Ciesielski W., Libiszowski J., 
Duda A., Sochacki M., Potrzebowski M.J.: “Comple-

http://dx.doi.org/10.1021/ja0388966
http://dx.doi.org/10.1021/ma00161a009
http://dx.doi.org/10.1002/macp.1991.021920812
http://dx.doi.org/10.1002/anie.200803540
http://dx.doi.org/10.1002/masy.201151003
http://dx.doi.org/10.1002/ange.19580700313 
http://dx.doi.org/10.1002/pol.1962.1206117104 
http://dx.doi.org/10.1007/s00214-012-1133-y
http://dx.doi.org/10.1021/ja9089395
http://dx.doi.org/10.1016/j.polymer.2016.01.059
http://dx.doi.org/10.1002/marc.1994.030150617
http://dx.doi.org/10.1021/ma00096a002
http://dx.doi.org/10.1002/masy.19910470111
http://dx.doi.org/10.1007/BFb0025275
http://dx.doi.org/10.1002/masy.19920600128
http://dx.doi.org/10.1016/0014-3057(71)90036-X
http://dx.doi.org/10.1295/polymj.19.531
http://dx.doi.org/10.1021/ma991751s
http://pubs.acs.org/author/Kowalski%2C+Adam
http://pubs.acs.org/author/Duda%2C+Andrzej
http://pubs.acs.org/author/Penczek%2C+Stanislaw
http://dx.doi.org/10.1002/(SICI)1521-3927(19981101)19:11%3c567::AID-MARC567%3e3.0.CO;2-T
http://dx.doi.org/10.1002/(SICI)1521-3927(19981101)19:11%3c567::AID-MARC567%3e3.0.CO;2-T
http://pubs.acs.org/author/Kowalski%2C+Adam
http://pubs.acs.org/author/Duda%2C+Andrzej
http://pubs.acs.org/author/Penczek%2C+Stanislaw
http://dx.doi.org/10.1021/ma9906940
http://pubs.acs.org/author/Kowalski%2C+Adam
http://pubs.acs.org/author/Duda%2C+Andrzej
http://pubs.acs.org/author/Penczek%2C+Stanislaw
http://dx.doi.org/10.1021/ma000125o
http://dx.doi.org/10.1038/273738a0
http://dx.doi.org/10.1016/j.polymer.2016.01.059
http://dx.doi.org/10.1002/pola.26916
http://dx.doi.org/10.1016/j.reactfunctpolym.2012.11.004
http://dx.doi.org/10.1016/j.reactfunctpolym.2012.11.004
http://dx.doi.org/10.1039/c2ay05332b


POLIMERY 2017, 62, nr 4  249

mentarity of solvent-free MALDI TOF and solid-state 
NMR spectroscopy in spectral analysis of polylac-
tides”, Analytical Chemistry 2010, 82, 323.

 http://dx.doi.org/10.1021/ac9020006
(6) Danko M., Libiszowski J., Wolszczak M., Racko D., 

Duda A.: “Fluorescence study of the dynamics of a 
star-shaped poly(ε-caprolactone)s in THF: A com-
parison with a star-shaped poly(L-lactide)s”, Polymer 
2009, 50, 2209.

 http://dx.doi.org/10.1016/j.polymer.2009.03.027
(7) Florczak M., Duda A.: “Effect of the configuration of 

the active center on comonomer reactivities: The case 
of ε-caprolactone/L,L-lactide copolymerization”, An-
gewandte Chemie International Edition 2008, 47, 9088.

 http://dx.doi.org/10.1002/anie.200803540
(8) Tomaszewski W., Duda A., Szadkowski M., Li-

biszowski J., Ciechanska D.: “Poly(L-lactide) nano- 
and microfibers by electrospinning: influence of 
poly(L-lactide) molecular weight”, Macromolecular 
Symposia 2008, 272, 70.

 http://dx.doi.org/10.1002/masy.200851209
(9) Florczak M., Libiszowski J., Mosnacek J., Duda A., 

Penczek S.: “L,L-lactide and ε-caprolactone block co-
polymers by a ‘poly(L,L-lactide) first’ route”, Macro-
molecular Rapid Communications 2007, 28, 1385.

 http://dx.doi.org/10.1002/marc.200700160
(10) Kowalski A., Libiszowski J., Majerska K., Duda 

A., Penczek S.: “Kinetics and mechanism of 
ε-caprolactone and L,L-lactide polymerization initi-
ated with zinc octoate and aluminum tris-acetylace-
tonate: the next proofs for the general alkoxide mech-
anism and synthetic applications”, Polymer 2007, 48, 
3952.

 http://dx.doi.org/10.1016/j.polymer.2007.05.007
(11) Florczak M., Kowalski A., Libiszowski J., Majerska 

K., Duda A.: “Application of the 27Al NMR spectros-
copy to studies of polymerization mechanisms”, Po-
limery 2007, 52 (10), 722.

(12) Biela T., Duda A., Penczek S.: “Enhanced melt sta-
bility of star-shaped stereocomplexes as compared 
with linear stereocomplexes”, Macromolecules 2006, 
39, 3710.

 http://dx.doi.org/10.1021/ma060264r
(13) Libiszowski J., Kowalski A., Biela T., Cypryk M., 

Duda A., Penczek S.: “Kinetics and mechanism of 
cyclic esters polymerization initiated with tin(II) 
octoate. Polymerization of ε-caprolactone and L,L-
-lactide coinitiated with primary amines”, Macromol-
ecules 2005, 38, 8170.

 http://dx.doi.org/10.1021/ma050752j
(14) Duda A., Libiszowski J., Mosnáček J., Penczek S.: 

“Copolymerization of cyclic esters at the living poly-
mer-monomer equilibrium”, Macromolecular Sympo-
sia 2005, 226, 109.

 http://dx.doi.org/10.1002/masy.200550811
(15) Danko M., Libiszowski J., Biela T., Wolszczak M., 

Duda A.: “Molecular dynamics of star-shaped 

poly(L-lactide)s in tetrahydrofuran as solvent moni-
tored by fluorescence spectroscopy”, Journal of Poly-
mer Science Part A: Polymer Chemistry 2005, 43, 4586.

 http://dx.doi.org/10.1002/pola.20932
(16) Biela T., Duda A., Pasch H., Rode K.: “Star-shaped 

poly(L-lactide)s with variable numbers of hydroxyl 
groups at polyester arms chain-ends and directly at-
tached to the star-shaped core – controlled synthe-
sis and characterization”, Journal of Polymer Science 
Part A: Polymer Chemistry 2005, 43, 6116.

 http://dx.doi.org/10.1002/pola.21035
(17) Duda A., Kowalski A., Libiszowski J., Penczek S.: 

“Thermodynamic and kinetic polymerizability of 
cyclic esters”, Macromolecular Symposia 2005, 224, 71.

 http://dx.doi.org/10.1002/masy.200550607
(18) Mosnáček J., Duda A., Libiszowski J., Penczek S.: 

“Copolymerization of L,L-lactide at its living poly-
mer-monomer equilibrium with ε-caprolactone as 
comonomer”, Macromolecules 2005, 38, 2027.

 http://dx.doi.org/10.1021/ma0480446
(19) Libiszowski J., Kowalski A., Biela T., Duda A.: “Ther-

mal stability of poly(L-lactide) prepared by polym-
erization of L,L-lactide with Sn(II) based initiators”, 
Polimery 2004, 49, 690.

(20) Duda A., Majerska K.: “Stereocontrolled polymer-
ization of racemic lactide: combining stereoelection 
and chiral ligand-exchange mechanism”, Journal of 
The American Chemical Society 2004, 126, 1026.

 http://dx.doi.org/10.1021/ja0388966
(21) Libiszowski J., Kowalski A., Szymanski R., Duda A., 

Raquez J.-M., Degee P., Dubois P.: “Monomer–linear 
macromolecules–cyclic oligomers equilibria in the 
polymerization of 1,4-dioxan-2-one”, Macromolecules 
2004, 37, 52.

 http://dx.doi.org/10.1021/ma030244e
(22) Penczek S., Szymanski R., Duda A., Baran J.: “Living 

polymerization of cyclic esters – a route to (bio)de gra-
dable polymers. Influence of chain transfer to poly-
mer on livingness”, Macromolecular Symposia 2003, 201, 
261.

 http://dx.doi.org/10.1002/masy.200351129
(23) Biela T., Duda A., Rode K., Pasch H.: “Characteriza-

tion of star-shaped poly(L-lactide)s in two-dimen-
sional chromatography”, Polymer 2003, 44, 1851.

 http://dx.doi.org/10.1016/S0032-3861(03)00030-2
(24) Ydens I., Degee P., Dubois P., Libiszowski J., Duda A., 

Penczek S.: “Combining ATRP of methacrylates and 
ROP of L,L-dilactide and ε-caprolactone”, Macromo-
lecular Chemistry and Physics 2003, 204, 171.

 http://dx.doi.org/10.1002/macp.200290071
(25) (a) Ydens I., Degee P., Libiszowski J., Duda A., Penczek 

S., Dubois P.: “Controlled synthesis of amphiphilic 
poly(methyl methacrylate)-g-[poly(ester)/poly(ether)] 
graft terpolymers”, American Chemical Society Division 
of Polymer Chemistry. Polymer Preprints  2002, 42 (2), 
39; (b) Ydens I., Degee P., Libiszowski J., Duda A., 
Penczek S., Dubois P.: “Controlled synthesis of am-

http://dx.doi.org/10.1021/ac9020006
http://dx.doi.org/10.1016/j.polymer.2009.03.027
http://dx.doi.org/10.1002/anie.200803540
http://dx.doi.org/10.1002/masy.200851209
http://dx.doi.org/10.1002/marc.200700160
http://dx.doi.org/10.1016/j.polymer.2007.05.007
http://dx.doi.org/10.1021/ma060264r
http://dx.doi.org/10.1021/ma050752j
http://dx.doi.org/10.1002/masy.200550811
http://dx.doi.org/10.1002/pola.20932
http://dx.doi.org/10.1002/pola.21035
http://dx.doi.org/10.1002/masy.200550607
http://dx.doi.org/10.1021/ma0480446
http://dx.doi.org/10.1021/ja0388966
http://dx.doi.org/10.1021/ma030244e
http://dx.doi.org/10.1002/masy.200351129
http://dx.doi.org/10.1016/S0032-3861(03)00030-2
http://dx.doi.org/10.1002/macp.200290071/


250 POLIMERY 2017, 62, nr 4

phiphilic poly(methyl methacrylate)-g-[poly(ester)/
poly(ether)] graft terpolymers” in “Advances in con-
trolled/living radical polymerization” (Ed. Matyjasze-
wski K.), (American Chemical Sciety, Symposium Series 
854), American Chemical Society, Washington DC 
2003, pp. 283–298.

(26) Biela T., Duda A., Penczek S.: “Control of Mn, Mw/Mn, 
end-groups, and kinetics in living polymerization of 
cyclic esters”, Macromolecular Symposia 2002, 183, 1.

 h t t p : / / d x . d o i . o r g / 1 0 . 1 0 0 2 / 1 5 2 1 -
3900(200207)183:1<1::AID-MASY1>3.0.CO;2-Q

(27) Biela T., Duda A., Penczek S., Rode K., Pasch H.: 
“Well-defined star polylactides and their behav-
iour in two-dimensional chromatography”, Journal 
of Polymer Science, Part A: Polymer Chemistry 2002, 40, 
2884. http://dx.doi.org/10.1002/pola.10366

(28) Kulshrestha S., Libiszowski J., Duda A., Penczek S., 
Gross R.: “Enzyme catalyzed lactone polymeriza-
tions: end group functionalization”, American Chem-
ical Society Division of Polymer Chemistry. Polymer Pre-
prints 2002, 42 (2), 1205.

(29) Duda A., Kowalski A., Penczek S., Uyama H., Ko-
bayashi S.: “Kinetics of the ring-opening polymer-
ization of 6-, 7-, 9-, 12-, 13-, 16-, and 17-membered 
lactones. Comparison of chemical and enzymatic 
polymerization”, Macromolecules 2002, 35, 4266.

 http://dx.doi.org/10.1021/ma012207y
(30) Libiszowski J., Kowalski A., Duda A., Penczek S.: 

“Kinetics and mechanism of cyclic esters polymer-
ization initiated with covalent metal carboxylates. 5. 
End-group studies in the model ε-caprolactone and 
L,L-dilactide/tin(II) and zinc octoate/butyl alcohol 
systems”, Macromolecular Chemistry and Physics 2002, 
203, 1694.

 h t t p : / / d x . d o i . o r g / 1 0 . 1 0 0 2 / 1 5 2 1 -
3 9 3 5 ( 2 0 0 2 0 7 ) 2 0 3 : 1 0 / 1 1 < 1 6 9 4 : : A I D -
MACP1694>3.0.CO;2-J

(31) Majerska K., Duda A., Penczek S.: “Kinetics and 
mechanism of cyclic esters polymerization initiated 
with tin(II) octoate. 4. Influence of 2,6-ditertbutylpyr-
idine on kinetics of polymerization of ε-caprolactone 
and L,L-dilactide”, Macromolecular Rapid Communica-
tions 2000, 21, 1327.

 h t t p : / / d x . d o i . o r g / 1 0 . 1 0 0 2 / 1 5 2 1 -
3 9 2 7 ( 2 0 0 0 1 2 0 1 ) 2 1 : 1 8 < 1 3 2 7 : : A I D -
MARC1327>3.3.CO;2-0

(32) Kowalski A., Duda A., Penczek S.: “Kinetics and 
mechanism of cyclic esters polymerization initiated 
with tin(II) octoate. 3. Polymerization of L,L-dilac-
tide”, Macromolecules 2000, 33, 7359.

 http://dx.doi.org/10.1021/ma000125o
(33) Penczek S., Duda A., Kowalski A., Libiszowski J., 

Majerska K., Biela T.: “On the mechanism of polym-
erization of cyclic esters induced by tin(II) octoate”, 
Macromolecular Symposia 2000, 157, 61.

 h t t p : / / d x . d o i . o r g / 1 0 . 1 0 0 2 / 1 5 2 1 -
3900(200007)157:1<61::AID-MASY61>3.0.CO;2-6

(34) Penczek S., Biela T., Duda A.: “Living polymerization 
with reversible chain transfer and reversible deacti-
vation: the case of cyclic esters”, Macromolecular Rapid 
Communications 2000, 21, 941.

 h t t p : / / d x . d o i . o r g / 1 0 . 1 0 0 2 / 1 5 2 1 -
3927(20000901)21:14<941::AID-MARC941>3.0.CO;2-R

(35) Duda A., Penczek S., Kowalski A., Libiszowski J.: 
“Polymerizations of ε-caprolactone and L,L-dilactide 
initiated with stannous octoate and stannous butox-
ide - a comparison”, Macromolecular Symposia 2000, 
153, 41.

 h t t p : / / d x . d o i . o r g / 1 0 . 1 0 0 2 / 1 5 2 1 -
3900(200003)153:1<41::AID-MASY41>3.0.CO;2-I

(36) Kowalski A., Libiszowski J., Duda A., Penczek S.: 
“Polymerization of L,L-dilactide initiated by tin(II) 
butoxide”, Macromolecules 2000, 33, 1964.

 h t t p : / / d x . d o i . o r g / 1 0 . 1 0 0 2 / 1 5 2 1 -
3900(200003)153:1<41::AID-MASY41>3.0.CO;2-I

(37) Kowalski A., Duda A., Penczek S.: “Kinetics and 
mechanism of cyclic esters polymerization initiated 
with tin(II) octoate. 2. Macromolecules fitted with 
tin(II) alkoxide species observed directly in MALDI-
-TOF spectra”, Macromolecules 2000, 33, 689.

 http://dx.doi.org/10.1021/ma9906940
(38) Penczek S., Duda A., Kowalski A., Libiszowski J.: 

“Controlled polymerization of cyclic esters. Cova-
lent metal alkoxides vs carboxylates: Sn(OC4H9)2 vs 
Sn(OC(O)C7H15)2 (viz. Sn(Oct)2)”, Polymeric Materials 
– Science and Engineering 1999, 80, 95.

(39) Kowalski A., Libiszowski J., Duda A., Penczek S.: 
“Kinetics and mechanism of polymerization of cy-
clic esters”, American Chemical Society Division of Poly-
mer Chemistry. Polymer Preprints  1998, 39 (2), 74.

(40) Kowalski A., Duda A., Penczek S.: “Kinetics and 
mechanism of cyclic esters polymerization ini-
tiated with tin(II) octoate. 1. Polymerization of 
ε-caprolactone”, Macromolecular Rapid Communica-
tions 1998, 19, 567.

 h t t p : / / d x . d o i . o r g / 1 0 . 1 0 0 2 / ( S I C I ) 1 5 2 1 -
3927(19981101)19:11<567::AID-MARC567>3.0.CO;2-T

(41) Penczek S., Duda A., Libiszowski J.: “Controlled po-
lymerization of cyclic esters. Structure of initiators 
and of active species related to the selectivity of ini-
tiation and propagation”, Macromolecular Symposia 
1998, 128, 241.

 http://dx.doi.org/10.1002/masy.19981280123
(42) Penczek S., Duda A., Szymanski R.: “Intra- and in-

termolecular chain transfer to macromolecules with 
chain scission. The case of cyclic esters”, Macromo-
lecular Symposia 1998, 132, 441.

 http://dx.doi.org/10.1002/masy.19981320141
(43) Kowalski A., Duda A., Penczek S.: “Polymerization 

of L,L-lactide initiated with aluminum isopropoxide 
trimer or tetramer”, Macromolecules 1998, 31, 2114.

 http://dx.doi.org/10.1021/ma971737k
(44) Duda A., Biela T., Libiszowski J., Penczek S., Dubois 

P., Mecerreyes D., Jerome R.: “Block and random co-

http://dx.doi.org/10.1002/1521-3900(200207)183:1<1::AID-MASY1>3.0.CO;2-Q
http://dx.doi.org/10.1002/1521-3900(200207)183:1<1::AID-MASY1>3.0.CO;2-Q
http://dx.doi.org/10.1002/pola.10366
http://dx.doi.org/10.1021/ma012207y
http://dx.doi.org/10.1002/1521-3935(200207)203:10/11<1694::AID-MACP1694>3.0.CO;2-J
http://dx.doi.org/10.1002/1521-3935(200207)203:10/11<1694::AID-MACP1694>3.0.CO;2-J
http://dx.doi.org/10.1002/1521-3935(200207)203:10/11<1694::AID-MACP1694>3.0.CO;2-J
http://dx.doi.org/10.1002/1521-3927(20001201)21:18<1327::AID-MARC1327>3.3.CO;2-0
http://dx.doi.org/10.1002/1521-3927(20001201)21:18<1327::AID-MARC1327>3.3.CO;2-0
http://dx.doi.org/10.1002/1521-3927(20001201)21:18<1327::AID-MARC1327>3.3.CO;2-0
http://dx.doi.org/10.1021/ma000125o
http://dx.doi.org/10.1002/1521-3900(200007)157:1<61::AID-MASY61>3.0.CO;2-6
http://dx.doi.org/10.1002/1521-3900(200007)157:1<61::AID-MASY61>3.0.CO;2-6
http://dx.doi.org/10.1002/1521-3927(20000901)21:14<941::AID-MARC941>3.0.CO;2-R
http://dx.doi.org/10.1002/1521-3927(20000901)21:14<941::AID-MARC941>3.0.CO;2-R
http://dx.doi.org/10.1002/1521-3900(200003)153:1<41::AID-MASY41>3.0.CO;2-I
http://dx.doi.org/10.1002/1521-3900(200003)153:1<41::AID-MASY41>3.0.CO;2-I
http://dx.doi.org/10.1002/1521-3900(200003)153:1<41::AID-MASY41>3.0.CO;2-I
http://dx.doi.org/10.1002/1521-3900(200003)153:1<41::AID-MASY41>3.0.CO;2-I
http://dx.doi.org/10.1021/ma9906940
http://dx.doi.org/10.1002/(SICI)1521-3927(19981101)19:11<567::AID-MARC567>3.0.CO;2-T
http://dx.doi.org/10.1002/(SICI)1521-3927(19981101)19:11<567::AID-MARC567>3.0.CO;2-T
http://dx.doi.org/10.1002/masy.19981280123
http://dx.doi.org/10.1002/masy.19981320141
http://dx.doi.org/10.1021/ma971737k


POLIMERY 2017, 62, nr 4  251

polymers of ε-caprolactone”, Polymer Degradation and 
Stability 1998, 59, 215.

 http://dx.doi.org/10.1016/S0141-3910(97)00167-5
(45) Simic V., Girardon V., Spassky N., Hubert-Pfalzgraf 

L.G., Duda A.: “Ring-opening polymerization of lac-
tides initiated with yttrium tris-isopropoxyethox-
ide”, Polymer Degradation and Stability 1998, 59, 227.

 http://dx.doi.org/10.1016/S0141-3910(97)00200-0
(46) Duda A.: “Broadening of the polymerization degree 

distribution in living polymerization”, Polimery 1998, 
43, 135.

(47) Baran J., Duda A., Kowalski A., Szymanski R., Pen-
czek S.: “Intermolecular chain transfer to polymer 
with chain scission: General treatment and determi-
nation of kp/ktr in L,L-lactide polymerization”, Macro-
molecular Rapid Communications 1997, 18, 325.

 http://dx.doi.org/10.1002/marc.1997.030180409
(48) Baran J., Duda A., Kowalski A., Szymanski R., Pen-

czek S.: “Quantitative comparison of selectivities in 
the polymerization of cyclic esters”, Macromolecular 
Symposia 1997, 123, 93.

 http://dx.doi.org/10.1002/masy.19971230110
(49) Duda A.: “Polymerization of ε-caprolactone initiated 

by aluminum isopropoxide carried out in the pres-
ence of alcohols and diols. Kinetics and mechanism”, 
Macromolecules 1996, 29, 1399.

 http://dx.doi.org/10.1021/ma951442b
(50) Duda A., Penczek S., Dubois P., Mecerreyes D., Je-

rome R.: “Oligomerization and copolymerization of 
γ-butyrolactone – a monomer known as unable to homo-
polymerize. 1. Copolymerization with ε-caprolactone”, 
Macromolecular Chemistry and Physics 1996, 197, 1273.

 http://dx.doi.org/10.1002/macp.1996.021970408
(51) Biela T., Duda A.: “Solvent effect in the polymer-

ization of ε-caprolactone initiated with diethylalu-
minum ethoxide”, Journal of Polymer Science, Part A: 
Polymer Chemistry 1996, 34, 1807.

 h t t p : / / d x . d o i . o r g / 1 0 . 1 0 0 2 / ( S I C I ) 1 0 9 9 -
0518(19960715)34:9<1807::AID-POLA19>3.0.CO;2-A

(52) (a) Penczek S., Duda A., Szymanski R.: “Selectivity as 
a measure of »livingness«. The case of cyclic esters 
polymerization”, American Chemical Society Division 
of Polymer Chemistry. Polymer Preprints 1996, 37 (1), 
219; (b) Penczek S., Duda A.: “Selectivity as a mea-
sure of »livingness« of the polymerization of cyclic 
esters”, Macromolecular Symposia 1996, 107, 1.

 http://dx.doi.org/10.1002/masy.19961070103
(53) Penczek S., Szymanski R., Duda A.: “Polymerization 

with contribution of covalent and ionic species”, 
Macromolecular Symposia 1995, 98, 193.

 http://dx.doi.org/10.1002/masy.19950980116
(54) Penczek S., Duda A.: “The kinetics and mechanism 

of ε-caprolactone polymerization initiated with co-
valent metal alkoxides”, Polymer Materials Science and 
Engineering 1995, 72, 228.

(55) Duda A., Penczek S.: “Polymerization of ε-capro-
lactone initiated by aluminum isopropoxide trimer 

and/or tetramer”, Macromolecules 1995, 28, 5981.
 http://dx.doi.org/10.1021/ma00122a001
(56) Duda A., Penczek S.: “On the difference of reactivi-

ties of various aggregated forms of aluminum iso-
propoxide in initiating ring-opening polymeriza-
tions”, Macromolecular Rapid Communications 1995, 
16, 67.

 http://dx.doi.org/10.1002/marc.1995.030160112
(57) Biela T., Duda A., Penczek S.: “Factors affecting »liv-

ingness« in polymerization initiated with aluminum 
alkoxides”, American Chemical Society Division of Poly-
mer Chemistry. Polymer Preprints 1994, 35 (2), 508.

(58) Duda A., Penczek S.: “Determination of the absolute 
propagation rate constants in polymerization with 
reversible aggregation of active centers”, Macromol-
ecules 1994, 27, 4867.

 http://dx.doi.org/10.1021/ma00096a002
(59) Duda A.: “Preparation of telechelic polyester oli-

godiols by the chain-transfer polymerization of 
ε-caprolactone”, Macromolecules 1994, 27, 576.

 http://dx.doi.org/10.1021/ma00080a036
(60) Duda A., Penczek S.: “Kinetics of polymerization in-

volving reversible deactivation due to aggregation of 
active centers. Analytical vs. numerical solution for 
the ε-caprolactone/dialkylaluminium alkoxide sys-
tem”, Macromolecular Rapid Communications 1994, 15, 
559. http://dx.doi.org/10.1002/marc.1994.030150617

(61) Penczek S., Duda A., Kaluzynski K., Lapienis G., Nyk 
A., Szymanski R.: “Thermodynamics and kinetics 
of ring-opening polymerization of cyclic alkylene 
phosphates”, Makromolekulare Chemie. Macromolecu-
lar Symposia 1993, 73, 91.

 http://dx.doi.org/10.1002/masy.19930730110
(62) Duda A.: “Anionic polymerization of 4-methyl-2-ox-

etanone (β-butyrolactone)”, Journal of Polymer Science, 
Part A: Polymer Chemistry 1992, 30, 21.

 http://dx.doi.org/10.1002/pola.1992.080300103
(63) (a) Penczek S., Duda A., Slomkowski S.: “Living pseu-

doanionic polymerization of lactones”, American 
Chemical Society Division of Polymer Chemistry. Poly-
mer Preprints 1991, 32 (1), 306; (b) Penczek S., Duda A., 
Slomkowski S.: “The reactivity-selectivity principle. 
The case of polymerization of ε-CL”, Makromolekulare 
Chemie. Macromolecular Symposia 1992, 54/55, 31.

 http://dx.doi.org/10.1002/masy.19920540106
(64) Duda A., Penczek S.: “Kinetics of ε-caprolactone po-

lymerization on dialkylaluminum alkoxides”, Mak-
romolekulare Chemie. Macromolecular Symposia 1991, 
47, 127. http://dx.doi.org/10.1002/masy.19910470111

(65) Penczek S., Duda A.: “Polymerization and copoly-
merization of elemental sulfur”, Phosphorus, Sulfur, 
and Silicon and the Related Elements, 1991, 59, 47.

 http://dx.doi.org/10.1080/10426509108045700
(66) (a) Duda A., Penczek S.: “Anionic and pseudoan-

ionic polymerization of ε-caprolactone”, American 
Chemical Society Division of Polymer Chemistry. Poly-
mer Preprints 1990, 30 (1), 12; (b) Duda A., Penczek S.: 

http://dx.doi.org/10.1016/S0141-3910(97)00167-5
http://dx.doi.org/10.1016/S0141-3910(97)00200-0
http://dx.doi.org/10.1002/marc.1997.030180409
http://dx.doi.org/10.1002/masy.19971230110
http://dx.doi.org/10.1021/ma951442b
http://dx.doi.org/10.1002/macp.1996.021970408
http://dx.doi.org/10.1002/(SICI)1099-0518(19960715)34:9<1807::AID-POLA19>3.0.CO;2-A
http://dx.doi.org/10.1002/(SICI)1099-0518(19960715)34:9<1807::AID-POLA19>3.0.CO;2-A
http://dx.doi.org/10.1002/masy.19961070103
http://dx.doi.org/10.1002/masy.19950980116
http://dx.doi.org/10.1021/ma00122a001
http://dx.doi.org/10.1002/marc.1995.030160112
http://dx.doi.org/10.1021/ma00096a002
http://dx.doi.org/10.1021/ma00080a036
http://dx.doi.org/10.1002/marc.1994.030150617
http://dx.doi.org/10.1002/masy.19930730110
http://dx.doi.org/10.1002/pola.1992.080300103
http://dx.doi.org/10.1002/masy.19920540106
http://dx.doi.org/10.1002/masy.19910470111


252 POLIMERY 2017, 62, nr 4

“Anionic and pseudoanonic polymerization of 
ε-caprolactone”, Makromolekulare Chemie. Macromo-
lecular Symposia 1991, 42/43, 135.

 http://dx.doi.org/10.1002/masy.19910420110
(67) Duda A., Florjanczyk Z., Hofman A., Slomkowski S., 

Penczek S.: “Living pseudoanionic polymerization 
of ε-caprolactone. Poly(ε-caprolactone) free of cyclics 
and with controlled end-groups”, Macromolecules 
1990, 23, 1640.

 http://dx.doi.org/10.1021/ma00208a013
(68) Duda A., Penczek S.: “Thermodynamics of L-lactide 

polymerization”, Macromolecules 1990, 23, 1636.
 http://dx.doi.org/10.1021/ma00208a012
(69) Labuk P., Duda A., Penczek S.: “Reaction of elemen-

tal sulfur with acrylonitrile”, Phosphorus, Sulfur, and 
Silicon and the Related Elements 1989, 42, 107.

 http://dx.doi.org/10.1080/10426508908054883
(70) Duda A., Penczek S.: “Liquid oligomeric diols with 

high sulfur content from elemental sulfur, cyclic sul-
fides and dihydroxypolysulfides”, Die Makromoleku-
lare Chemie, Rapid Communications 1988, 9, 151.

 http://dx.doi.org/10.1002/marc.1988.030090307
(71) Sosnowski S., Duda A., Slomkowski S., Penczek S.: 

“Determination by 31P-NMR of the structure of ac-
tive centers in the anionic polymerization. End-cap-
ping with a P-containing reagent”, Die Makromoleku-
lare Chemie, Rapid Communications 1984, 5, 551.

 http://dx.doi.org/10.1002/marc.1984.030050912
(72) Baran T., Duda A., Penczek S.: “Anionic polymeriza-

tion of exo-3,4,5-trithiatetracyclo[5.5.1.O2,6.O8,12]tridec-
-10-ene (dicyclopentadiene trisulfide)”, Die Makromo-
lekulare Chemie 1984, 185, 2337.

 http://dx.doi.org/10.1002/macp.1984.021851111
(73) Baran T., Duda A., Penczek S.: “Anionic polymeriza-

tion of norbornene trisulfide”, Journal of Polymer Sci-
ence, Polymer Chemistry Edition 1984, 22, 1085.

 http://dx.doi.org/10.1002/pol.1984.170220509
(74) Duda A., Szymanski R., Penczek S.: “Anionic copo-

lymerization of elemental sulfur with propylene sul-
fide. Equilibrium sulphur concentration”, Journal of 
Macromolecular Science: Part A–Chemistry 1983, 20, 
967. http://dx.doi.org/10.1080/00222338308060805

(75) Sokolowska A., Duda A.: „Zastosowanie spektrosko-
pii Ramana do badania kopolimeryzacji siarki ele-
mentarnej”, Polimery 1982, 27, 201.

(76) Duda A., Penczek S.: “Anionic copolymerization of 
elemental sulfur with propylene sulfide”, Macromol-
ecules 1982, 15, 36.

 http://dx.doi.org/10.1021/ma00229a007
(77) Penczek S., Duda A.: “Anionic copolymerization of 

elemental sulfur”, Pure and Applied Chemistry 1981, 
53, 1679. http://dx.doi.org/10.1351/pac198153091679

(78) Duda A., Penczek S.: “Anionic copolymerization of 
elemental sulfur with 2,2-dimethylthiirane”, Makro-
molecular Chemie 1980, 181, 995.

 http://dx.doi.org/10.1002/macp.1980.021810503

(79) Penczek S., Slazak R., Duda A.: “Anionic copolymer-
ization of elemental sulphur”: (a) Nature 1978, 273, 
738. http://dx.doi.org/10.1038/273738a0

 (b) Nature 1979, 280, 846.
 http://dx.doi.org/10.1038/280846c0
(80) Sugier H., Duda A.: “The γ-radiolysis of polycrystal-

line zinc oxide”, Radiochemical and Radioanalytical Let-
ters 1977, 27, 359.

II. Reviews:

(1) Duda A., Kubisa P., Lapienis G., Slomkowski S.: 
“Milestones in development of a ring-opening po-
lymerization of the heterocyclic monomers – view 
from a personal perspective”, Polimery 2014, 59, 9.

(2) Duda A., Kubisa P., Matyjaszewski K., Slomkows-
ki S.: “Professor Stanislaw Penczek – the polymers 
world and not only”, Polimery 2014, 59, 3.

(3) Slomkowski S., Penczek S., Duda A.: “Polylactides - 
an overview”, Polymer Advanced Technology 2014, 25, 
436.

(4) Raquez J.-M., Coulembier O., Duda A., Narayan R., 
Dubois P.: “Recent advances in the synthesis and 
applications of poly(1,4-dioxan-2-one)-based copo-
lymers”, Polimery 2009, 54, 163.

(5) Penczek S., Cypryk M., Duda A., Kubisa P., Slom-
kowski S.: “Living ring-opening polymerizations of 
heterocyclic monomers”, Progress in Polymer Science 
2007, 32, 247.

(6) Duda A., Kowalski A.: „Zdolność do polimeryzacji 
cyklicznych estrów alifatycznych”, Polimery 2007, 52, 
487.

(7) Biela T., Kowalski A., Libiszowski J., Duda A., Pen-
czek S.: “Progress in polymerization of cyclic esters: 
mechanism and synthetic applications”, Macromolec-
ular Symposia 2006, 240, 47.

(8) Duda A., Biela T., Libiszowski J., Kowalski A.: 
“Amines as (co)initiators of cyclic esters polymeriza-
tion”, Polimery 2005, 50, 501.

(9) Duda A.: “Stereocontrolled polymerization of chiral 
heterocyclic monomers”, Polimery 2004, 49, 469.

(10) Duda A., Penczek S.: „Polilaktyd [poli(kwas mle-
kowy)]: Synteza, właściwości i zastosowania”, Po-
limery 2003, 48, 16.

(11) Duda A.: “Controlled synthesis of poly(ε- 
-caprolactone) and poly(L-lactide) of various archi-
tectures”, Polimery 2002, 47, 469.

(12) Penczek S., Duda A., Szymanski R., Biela T.: “What 
we have learned in general from cyclic esters polym-
erization”, Macromolecular Symposia 2000, 153, 1.

(13) Duda A., Kowalski A., Libiszowski J.: „Kinetyka 
i mechanizm polimeryzacji ε-kaprolaktonu inicjo-
wanej oktanianem cynawym”, Polimery 2000, 45, 465.

(14) Duda A., Kubisa P., Penczek S.: “Progress in mech-
anistic studies of anionic and cationic polymeriza-
tions”, Indian Journal of Technology 1993, 31, 222.

http://dx.doi.org/10.1002/masy.19910420110
http://dx.doi.org/10.1021/ma00208a013
http://dx.doi.org/10.1021/ma00208a012
http://dx.doi.org/10.1080/10426508908054883
http://dx.doi.org/10.1002/marc.1988.030090307
http://dx.doi.org/10.1002/marc.1984.030050912
http://dx.doi.org/10.1002/macp.1984.021851111
http://dx.doi.org/10.1002/pol.1984.170220509
http://dx.doi.org/10.1080/00222338308060805
http://dx.doi.org/10.1021/ma00229a007
http://dx.doi.org/10.1351/pac198153091679
http://dx.doi.org/10.1002/macp.1980.021810503
http://dx.doi.org/10.1038/273738a0
http://dx.doi.org/10.1038/280846c0


POLIMERY 2017, 62, nr 4  253

(15) Duda A.: „Zastosowanie zasady łączącej reaktywność 
z selektywnością do analizy procesów polimery-
zacji”, Polimery 1992, 37, 293.

(16) Duda A., Penczek S.: „Polimeryzacja jonowa i pseu-
dojonowa”, Polimery 1989, 34, 429.

III. Chapters in encyclopedias and monographies:

(1) Duda A.: “ROP of cyclic esters. Mechanisms of ionic 
and coordination processes” in “Polymer Science: A 
Comprehensive Reference”, vol. 4, (Ed. Matyjaszews-
ki K., Möller M.), Amsterdam: Elsevier BV 2012, pp. 
213–245.

(2) Penczek S., Cypryk M., Duda A., Kubisa P., Slom-
kowski S.: “Living ring-opening polymerization of 
heterocyclic monomers” in “Controlled and living 
polymerizations. From mechanisms to applications”, 
Chapter 5, (Ed. Matyjaszewski K., Mueller A.H.E.), 
Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 
2009, pp. 241–296.

(3) Duda A., Kowalski A.: “Thermodynamics and kinet-
ics of ring-opening polymerization” in “Handbook 
of ring-opening polymerization”, Chapter 1, (Ed. Du-
bois Ph., Degee Ph., Coulembier O., Raquez J.-M.), 
Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 
2009, pp. 1–51.

(4) Penczek S., Duda A., Kubisa P., Slomkowski S.: “Ion-
ic and coordination ring-opening polymerization” 
in “Macromolecular engineering, precise synthesis, 
material properties, applications”, Vol. 1, Chapter 4 
(Ed. Matyjaszewski K., Gnanou Y., Leilbler L.), Wiley- 
-VCH Verlag GmbH & Co. KGaA, Weinheim 2007, 
pp. 103–159.

(5) Penczek S., Duda A., Kubisa P.: “Living ring-opening 
polymerizations of heterocyclic monomers” in “Liv-

ing and controlled polymerization” (Ed. Grodzins-
ki J.), Nova Science Publishers Inc., New York 2005, 
pp. 173–212.

(6) Duda A., Penczek S.: “Mechanisms of aliphatic poly-
ester formation” in “Biopolymers”, Vol. 3b: “Poly-
esters II – Properties and chemical synthesis” (Ed. 
Steinbüchel A., Doi Y.), Wiley-VCH, Weinheim 2002, 
Chapter 12, pp. 371–430.

(7) Duda A., Penczek S.: “Thermodynamics, kinetics, 
and mechanism of cyclic esters polymerization” in 
“Polymers from renewable resources: biopolyesters 
and biocatalysis” (American Chemical Society, Sym-
posium Series 764) (Ed. Scholz C., Gross R.A.), Ox-
ford University Press – USA, Washington DC 2000, 
pp. 160–199.

(8) Penczek S., Duda A., Szymanski R., Baran J., Li-
biszowski J., Kowalski A.: “Kinetics of elementary 
reactions in cyclic esters polymerization” in “Ionic 
polymerizations and related processes”, (Ed. Puskas 
J.E. et al.), Kluwer Academic Publishers, Amsterdam 
1999, pp. 283–299.

(9) Slomkowski S., Duda A.: “Anionic ring-opening 
polymerization” in “Ring-opening polymeriza-
tion: mechanism, catalysis, structure, utility” (Ed. 
Brunelle D.J.), Hanser Publisher, New York 1993, pp. 
87–128.

(10) (a) Duda A., Penczek S.: “Sulfur-containing poly-
mers” in “Encyclopedia of polymer science and en-
gineering” (Ed. Mark H. et al.), J. Wiley and Sons, 
New York 1989, vol. 16, pp. 246–368; (b) Duda A., Pen-
czek S.: “ Sulfur-containing polymers” in “Concise 
encyclopedia of polymer science and engineering” 
(Ed. Mark H. et al.), J. Wiley and Sons, New York 1990, 
pp. 1141–1148.

Rapid Communications
Przypominamy P.T. Autorom, że publikujemy artykuły typu Rapid Communications. Prace oryginalne 
wyłącznie w języku angielskim o objętości 4 – 5 stron maszynopisu z podwójną interlinią (plus ewen-
tualnie 2 – 3 rysunki lub 1 – 2 tabele), którym umożliwiamy szybką ścieżkę druku (ok. 4  miesiące od 
chwili ich otrzymania przez Redakcję). Artykuł należy przygotować wg wytycznych zamieszczonych 
we wskazówkach dla Autorów.


