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REVIEW OF DOCTORAL THESIS 

of Mrs. Amcnch Mikaeeli, titled: 

"Thermal and E/ectrical Properties of Nanolayer Polymers" 

under supervision of dr hab. Michał Pawlak, prof. NCU, and Prof. J\ndreas D. Wiecie 

The doctora! thesis was conducted as part of a double degree program belween the Nicolaus Copernicus 
Univcrsity in Toru11, Poland, and the Ruhr Un.iversity i.n Bochum, Germany. 
The report on the thesis of Mrs. Arneneh Mikaeel i was done due to the request of the Chairman of Lhe 
Physical Sciences Discipline council, dr hab. Piotr Masłowski, prof. NCU. 

Assessme11t of topie of the thesis, its timeli11ess and originality 

The thesis concerns characterization of thermal and electrical properties of conductive 
poly(3,4-ethylenedioxythiophene):poly(styrenesulfonaLe) - PEDOT:PSS thin films. The topie is timely 
and contributes to expanding knowledge on thermal and electronic transport in polymer materials. Mrs. 
Ameneh Mikaeeli is co-author of 6 international articles, in four of them as the firs author and other 
articles as a second and third author, which confirms her important role in the work. The results were 
published in the international journals, i.e. Nanomaterials, Materials, Applied Sciences, The Journal of 
Physical Chemistry C. PhD student presented results at international conferences in the form of orał and 
poster presentations. The quantitative and qualitative output of Mrs. Mikaeeli mcets typical requirements 
for doctora! candiclates. 

The originality of the tbesis lies primarily in the systematic analysis of thermal and elcctrical 
properties of conductive polymers in the form of thin films. The Author elaborated technological 
procedure of electric field assisted deposition wi th emphasis on modification of process parameters, like 
application of a latcral electric field and real time current monitoring during film deposition. Further, 
the application of electric field resultccl in anisotropy of electrical propcrties of the film. The ability to 
manipulatc the electric or therrnal conductivities is important for materials dedicated for flexible 
electronic and energy conversion applications. The author correctly identified that thennal transport in 
such systems is far less studied than electrical transport. The strengths of the work I.ie in a clearly defined, 
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- page 30, Eq (3. J 7), kl.!, in the legend should be the cross piane thermal conductivily and not thennal

diffusivity.

- page 42 and 45, repeated sentences: "For n = 3, the model corresponcls to tlu·ee dimensional hopping ... ,

However, interpreting Lhe climensionaliLy parameter requires caution."

- page 46 and 47, Eq. (4.5) and (4.6) - conflict of symbol designations for cro.

- page 48, Fig. 4.7, page 51, fig. 4.13, characteristics marked in black and blue, not fully vis i ble on the

graph.

- page 57, Fig. 5.2, results for layer of tbiekness 300 m11 on GaAs substrate missing? It woulcl be better

rneasure layers with the same thickness, e.g. 240 lll), 320 1m1, 480 nm deposited on different substrates

- no results for the 240 run layer on glass and the 320 mn layer on GaAs. There is incomplete clescription

of Figure 5.2. "The thickness dependence of T l  and T2 for PEDOT:PSS (F HC Solar) thin films coated

on glass substrate."

- page 58 and 59, repeated descriptions of Table 5.2 in the text: "Table 5.2 summarizes the fitting

parameters obtainecl ... The consistently high fitting quality demonstrates that the Lunneling model

accurately <lescribes the temperature-dependent elcctrical concluctivity for all investigated samples."

- Page 61, Fig. 5.4, AFM results presentcd only for laycrs deposited on glass, lack of results for laycrs

dcposited on GaAs:Si substrates. W hat is the sizc of the images?

- page 62, Table 5.4 - wrong temperature scale, missing symbols in the last colurnn.

- page 63, Fig. 5.6 temperature dependence of sheet resistance - Jack of fitting for graph a)

- page 73, Table 6.1 - poor quality screenshot, it is vety difficult to read the data from the table.

- page 11 and page 91 repeated figures Fig. 2.1 and Fig. 7.3. - this is Lhe same graph.

- page 68, Fig 5.8 - poor qualily graphs, 1Y1isleading labeling of the theorelical models used above the

graphs.

- page 106, Fig. 7 .11 poor quality of C-AFM graphs, lack of scale of graph g). W hat is the size of images.

It is difficult to compare results from images of different size.

Fin al co11clusio11 

Tn summary, J conclucle that the doctora! thesis is an original achievement of the author, and 

clearly indicate Lhat the PhD student has clemonstratecl the necessary knowledge, the abilily to use 

various research tcchniques, and has the abiliLy to independently design and conduct scientific research. 

The aulhor correctly cmphasizes that thermaJ transport in concluctive polymers remains significantly 

less explored than electrical transport. The thesis therefore addresses an important rescarch gap by 

providing a simultaneous and co1Telated analysis of thermal and electrical transport properties in the 

same PEDOT:PSS system. Despite critical conunents, the thesis fulfills the statutory requirements set 

forth by the currently bincling Act on Acaclemic Degrees and Academic Ti tle. Therefore, J hereby requesl 

that it be admitted to a public defense before the Council of the Discipline of Physical Sciences at the 

Nicolaus Copernicus University. 
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