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REVIEW OF THE Ph.D. THESIS OF RASHMI RUNJHUN 

 

 The Ph.D. dissertation prepared by Rashmi Runjhun entitled „From selected lead 

halid perovskite materials to solar cell devices” has been performed under supervision of 

prof. Janusz Lewiński from Institute of Physical Chemistry, Polish Academy of Sciences 

(Instytut Chemii Fizycznej Polskiej Akademii Nauk w Warszawie) as thesis advisor, and prof. 

Michael Grätzel from Swiss Federal Institute of Technology Lausanne (École Polytechnique 

Fédérale de Lausanne) as auxiliary thesis advisor. 

This dissertation concentrates on important issues concerning the development, 

performance and limitations of operation of three-dimensional metal-halide perovskite solar 

cells. Special attention has been paid to the studies concentrating on “compositional 

engineering” of photoactive perovskite layers for higher efficiency and better stability of solar 

cell devices. Among other important issues are the environmental  friendliness of synthetic 

procedures of stable perovskite materials and the related solar cell components, correlation of 

the composition with the intrinsic electronic properties, the development and probing of 

appropriate semiconducting materials capable of effectively operating as electron and hole 

transporting layers, respectively, as well as the feasibility of stabilization of the systems’ 

interfaces through chemical passivation. The obtained results, described and discussed in the 

dissertation, are certainly of importance to the development of photovoltaic technologies, and 

they have contributed to progress and commercialization potential in the field of perovskite 

solar cells.  

For example, in the work, the author concentrates on synthesis of perovskites using the 

mechanochemical approach, which is not only efficient but also environmentally friendly, and 

produces the perovskite layers efficiently operating in solar cells. Three distinct potential 

spacer organic cations (i.e.,  A-site cations in the A2MAn-1PbnI3n+1 type perovskite materials),  
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such as n-butylammonium (linear), 2-phenylethylammonium (aromatic), and guanidinium 

(cyclic), have been considered, and their utility has been thoroughly discussed in the study. 

Depending on the size and chemical identity of A-site cation, different crystal structures or 

phases have been formed and different performances have been observed. Electronic 

properties of single cation and double cation perovskite have also been addressed.  It has been 

clearly stated that iodide migration is strongly dependent on the crystallographic structure and 

its dynamics tends to increase upon the lattice expansion, e.g., in the presence of large 

guanidinium cations.  Furthermore, a unique approach utilizing one-step processing technique 

have been proposed to fabricate both cesium and formamidinium containing three-

dimensional double-A-cation perovskite systems. The resulting materials form highly 

homogeneous and smooth perovskite layers which have been further utilized in mesoscopic 

perovskite solar cells. On fundamental grounds, a concept based on the exploration of 

zwitterion encapsulated ZnO quantum dots to form the electron transporting layers 

(subsequently passivated with certain ammonium halides) is also of importance because it has 

led to the improvement of the solar cell performance. 

The doctoral dissertation of Rashmi Runjhun is organized in a way that it consists of 

six chapters. At the beginning, Acknowledgements, Statement of originality, Scientific 

achievements of the author, as well as List of abbreviations and Abstracts (both in English 

and Polish) are furnished. The first formal part provides a literature review (Chapter 1), in 

which crucial items of information concerning basic photovoltaic principles, perovskite solar 

cells, development of hybrid organic-inorganic metal halide perovskites and electron 

transporting layers, synthetic methods, as well as objectives and outline of the thesis have 

been carefully addressed. In addition to general characteristics, the Author concentrates on the 

critical overview and addresses the operation principles, choices of the component materials, 

whiles emphasizing the importance of the environmentally friendly synthetic approaches. 

What is even more important, such fundamental issues as structure and properties, as well as 

stability are highlighted. When it comes to the perovskite solar cell technology, the Author 

focuses on hybrid organic-inorganic metal halide perovskites as the light-harvesting active 

layers. Perovskite solar cells have intensely been studied in recent years and they are 

becoming the fast-advancing fairly-inexpensive solar technology capable of achieving high 

efficiencies but suffering from insufficient long-term stability. Perhaps more attention could 

have been paid to the stabilization issues and to the feasibility of scaling up the perovskite 

absorber layer as well as charge-transport layers and electrodes. 
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In Chapter 2, the author describes the experimental methods, preparative procedures 

and characterization techniques. The synthetic approaches and characterization of lead-based 

halide perovskite materials are explored in Chapter 3. An interesting concept of engineering 

of cesium and formamidinium based double-cation perovskites toward fabrication of high-

efficiency mesoscopic solar cells is a subject of Chapter 4. The results permitting interfacial 

engineering of zinc oxide quantum dots within electron-transporting layers for high-efficiency 

planar perovskite solar cells are of practical importance, and they are described in Chapter 5. 

Conclusions and future outlook are provided in Chapter 6. At the end of the doctoral 

dissertation, Rashmi Runjhun provides 228 references carefully cited in the text.  

It should also be mentioned that research pursued toward the doctoral dissertation has 

been supported by the European Union Horizon 2020 Research and Innovation  Program 

under the Maria Skłodowska-Curie Actions as well the Polish Ministry of Science and Higher 

Education.  

Rashmi Runjun appears as coauthor of seven publications, out of which two are under 

preparation, and five positions constitute a basis of the doctoral dissertation. These works 

have been published in very good journals of international circulation (e.g., Chemistry of 

Materials, Journal of Physical Chemistry C, Phys. Chem. Chem. Phys., and Journal of 

American Chemical Society). Furthermore, she is listed as author of one oral and two poster 

presentations. 

Going to the substantive evaluation of the dissertation, I would like to mention the 

important observations and achievements described therein. First, it has been concluded that, 

by using the solution processing method, highly-efficient solar cells based on double-cation 

perovskite layers can be fabricated in a form uniform films of improved crystallinity and 

longer carrier life-times. Consequently, a solar cell device characterized by the high efficiency 

of 20.6% has been proposed. Furthermore, a concept of the improvement of the 

ZnO/perovskite interface through application of the passivated zwitterion (betaine) 

encapsulated ZnO quantum dot planar system as the electron transporting layer has resulted in 

the interfacial refinement of band alignment and minimizing non-radiative recombination, 

thus in the increase of such parameters as fill factor (FF = 71.5%) and power conversion 

efficiency (PCE = 21.9%) of the proposed solar cell.  On the whole, an idea of exploring 

mesoporous architectures has occurred successful.  

Valuable observations refer also to the role of various passivating agents including 

distinct ammonium halides (NH4F, NH4Cl, NH4Br). The author also emphasizes importance 

of the choice of a synthetic method depending of needs and experimental conditions required. 
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The results described within the dissertation contribute to better understanding of operation 

and to optimization of the performance of perovskite solar cells. 

Upon reading the doctoral dissertation, my general impression is that the work is well-

written, and the results are carefully described and interpreted. I also evaluate highly the 

editorial form of the dissertation. Both the results and conclusions are convincing.  

 I have got a few questions or comments that could be easily answered or explained 

during the doctoral defense. 

(1)  As far high-efficiency perovskite-solar-cell devices have not necessarily been stable or 

possible to fabricate at large scale. What are the prospects for maintaining high efficiencies 

of the proposed systems while achieving stability in large-area modules? 

(2)  Critical comparison of performance of the proposed systems against the achievements 

described in literature would helpful and informative. 

(3)  With the proposed systems, would it make sense to consider protective coatings (e.g., 

cation exchange resins or self-healing polymers) to reduce lead leakage?    

(4)  Having in mind very complex solid-state chemistry (or even electrochemistry) of 

iodide/iodine systems (e.g., in composite deposits with different metals), as well as special 

position of iodine in the periodic table of elements (large electron cloud around nucleus, 

feasibility of conducting electricity), I would expect contributions from semiconducting, 

semi-metallic (or even electron self-exchange) phenomena, in addition to physical 

migration of iodides in the mentioned charge propagation model. 

(5)  Being aware of limitations in performance of perovskite solar cells, what are the prospects 

for all-perovskite tandem solar cells, where two perovskite compounds with different 

bandgaps are stacked on top of each other? 

 

In conclusion, I would like to express my high appreciation to the efforts of the author, 

emphasize high scientific value of the obtained results and evaluate very positively the 

doctoral dissertation. Furthermore, I would like to state that the dissertation meets the formal 

and customary criteria and expectations for doctoral works in the area of exact and natural 

sciences and chemistry discipline. Thus I am convinced that Rashmi Runjhun should be 

readily admitted to the public doctoral defense at the Institute of Physical Chemistry of Polish 

Academy of Sciences. 

Having in mind importance of the pursued research, quality of presentation, as well as 

high scientific value and application potential of the results obtained (presented in five 

valuable publications onto which the dissertation is based), I would like to recommend 
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awarding the dissertation and conferring the Ph.D. degree to Rashmi Runjhun with 

distinction. The cardinal achievement refers to the progress in the development of carefully 

engineered hybrid organic and inorganic perovskite materials and other components of utility 

to high-efficiency solar cells. 

          

         

Pawel J. Kulesza 

 

 


